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Transitions to material
efficiency in the UK
steel economy
Julian M. Allwood

Department of Engineering, University of Cambridge,
Trumpington Street, Cambridge CB2 1PZ, UK

Steel production is energy intensive so already has
achieved impressive levels of energy efficiency. If
the emissions associated with steel must be reduced
in line with the requirements of the UK Climate
Change Act, demand for new steel must be reduced.
The strategies of ‘material efficiency’ aim to achieve
such a reduction, while delivering the same final
services. To meet the emissions targets set into UK
law, UK consumption of steel must be reduced to
30 per cent of present levels by 2050. Previous work
has revealed six strategies that could contribute to
this target, and this paper presents an approximate
analysis of the required transition. A macro-economic
analysis of steel in the UK shows that while the
steel industry is relatively small, the construction and
manufacturing sectors are large, and it would be
politically unacceptable to pursue options that lead
to a major contraction in other sectors. Alternative
business models are therefore required, and these
are explored through four representative products—
one for each final sector with particular emphasis
given to options for reducing product weight, and
extending product life. Preliminary evidence on the
triggers that would lead to customers preferring these
options is presented and organized in order to predict
required policy measures. The estimated analysis of
transitions explored in this paper is used to define
target questions for future research in the area.

1. Introduction
In previous work, we have shown that implementing
energy and process efficiency measures is insufficient
to meet scientific or government targets for industrial
emissions reductions, because the energy-intensive
(material producing) industries are already remarkably
efficient [1]: we estimated that the technical potential for

c© 2013 The Author(s) Published by the Royal Society. All rights reserved.
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future energy efficiency in the steel industry would lead to a maximum reduction of 34 per cent
of current energy use per tonne of new steel, and this would require extraordinary international
focus on implementation. This limit to future process efficiency motivates the pursuit of material
efficiency, which we define by the ratio of material service delivered over new material produced.
Thus, material efficiency aims to deliver the same services provided by materials today, but
with less new materials production. In a ‘white paper’ on the topic based on a comprehensive
literature review, we attempted to set out the broad range of strategies that could be deployed to
achieve material efficiency, to identify barriers to their adoption and anticipate means to overcome
the barriers [2]. In parallel, through a major UK Government funded research programme
‘WellMet2050’, working in close co-operation with a large industrial consortium, we have aimed
to give reality to the potential for material efficiency in the energy-intensive materials production
sectors, particularly for steel and aluminium. This work has led to a book Sustainable materials:
with both eyes open [3] which identifies six ways of reducing demand for new materials production
while delivering the same ‘material services’.

— Light-weight design. Most products could be 25–30% lighter if they were optimized, but we
currently use excess material to exploit economies of scale, as insurance against uncertain
loads, and to support loads experienced during installation.

— Reducing yield losses. 25 per cent of all liquid steel and 40 per cent of all liquid aluminium
produced globally each year is never used in final products, but becomes production
scrap and is recycled. The resulting perpetual loop of scrap could be reduced significantly
through a co-operative effort between design and production.

— Diverting manufacturing scrap. Some opportunities exist to divert production scrap away
from re-melting and into alternative fabrication processes, to avoid the high melting
energy of recycling.

— Re-using metal components. Larger components from end-of-life products, particularly
steel I-beams from old buildings, could be re-used directly without recycling. This is
currently inhibited by the need for rapid demolition of old buildings and the lack of an
agreed standard for re-certifying old steel, but is already profitable for a number of small
operators.

— Delaying end-of-life. Most buildings and products are replaced long before their physical
end-of-life owing to changed user requirements or competition from new designs.
Alternative design strategies could be deployed to achieve a much longer life for high-
embodied-energy structural components, while allowing more frequent replacement of
components that deliver style or functions. Although in some cases this delay might delay
adoption of efficiencies in product use, in most cases we currently replace goods earlier
than would be required to minimize total energy requirements.

— Using products more intensively. Most office buildings are unoccupied for around 100 h of
each 168 h week, and the 28 million 5-seat cars licensed in the UK are used for 4 h per
week each by an average of 1.6 people. More intensive use of products would reduce
total required capacity.

Analysis in [3, §19] of the potential for applying these six strategies across the full catalogue
of steel and aluminium using products showed that light-weight design, delayed end of life and
more intensive use are the three most effective options to reduce emissions as they all lead to
reduced demand for production of primary material. The other three strategies divert material
from recycling, but as this is already less energy intensive than primary materials production,
they have less overall effect.

Our work to date has focused on the motivation for material efficiency, and assessment
of the potential material efficiency strategies that could be implemented in practice. This has
provided clear evidence that material efficiency offers sufficient options to achieve targets for
industrial emissions reduction [3, §19] but as yet has not explored the means to bring it about.
This paper therefore aims at a preliminary exploration of the transition to material efficiency,
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Figure 1. UK production, consumption and employment since 1990 (adapted from UK Steel [5]). (Online version in colour.)

through anticipating the operation of a future UK steel economy. The next section provides a
macro-economic view of material efficiency in the UK steel economy. Section 3 translates this
macro-economic view into requirements for specific exemplar products, and §4 estimates the
customer and producer triggers that might bring about the necessary transition in order to
anticipate relevant policy options. The paper is developed out of the analysis and case studies of
the WellMet2050 research programme and overtly uses estimates in order to give some definition
to the key research questions that underpin future transitions towards material efficiency.

2. The UK steel economy now and with material efficiency
This section aims to characterize the UK ‘steel economy’ now and in 2050, assuming that the
80 per cent emission reduction targets of the UK Climate Change Act [4] are met. The phrase
‘steel economy’ is used to describe the complete sequence of physical and economic activities
required to deliver final services from the use of steel in the UK. Because the transformation
required by the Climate Change Act is so dramatic, only an approximate characterization of the
UK steel economy is required in order to identify the scale of the challenge. This requires firstly a
physical and secondly an economic description.

The recent history of the UK steel economy is summarized in figure 1. UK steel production,
which is mainly primary production from ore owing to the legacy of assets constructed 50 years
ago, declined dramatically in the early 1980s, and figure 1 then shows a steadier decline in the past
20 years from approximately 15 million tonnes per year to 10 million tonnes per year in 2010 [6].
Employment has declined in proportion to output, but the graph shows that the UK’s demand
for steel has (until the financial crisis of late 2008) steadily grown, serviced by increased imports.
Although UK climate policy is currently restricted to emissions on UK territory, figure 1 clearly
demonstrates how this is artificial. Barrett et al. [7], using input–output tables to predict the UK’s
true emissions based on consumption, show that in contrast to national figures showing a small
reduction in UK production emissions since signing the Kyoto protocol in 1990, UK emissions
driven by consumption have in reality risen by 20–30% in the past 20 years. The difference
between the two figures is because of the ‘carbon leakage’ implied by figure 1: our demand for
steel (and the outputs of other energy-intensive industries) is increasingly met by producers in
other countries.
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Figure 2. Mass flow analysis of UK steel consumption. (Online version in colour.)

The most recent published analysis of the detailed steel flows through the UK is that of
Dahlstöm & Ekins [8] using 2001 data and their numbers have been used to construct the right-
hand side of figure 2. The figure shows the transformation of imported iron ore and domestic
steel scrap into new liquid steel, intermediate stock steel products (bars and coils of strip steel,
for example) and final goods (cars or domestic appliances, for example). Dahlström and Ekins’
analysis aimed to characterize flows only within the borders of the UK, so to illustrate the
artifice of ‘carbon leakage’ the left-hand side of figure 2 connects Dahlström and Ekins’ import
requirements to an estimate of the activity in the rest of the world required to supply the UK.

The figure assumes that all scrap exported from the UK is used to supply UK imports, and
assumes that yields in upstream steel production (the ratio of useful steel produced over total
steel produced in the furnace) are the same as those in the UK. However, the figure assumes that
yields in manufacturing are lower than those within the UK, because much of the steel imported
to the UK (particularly in cars) is fabricated from sheet rather than long products. In a detailed
analysis of yields along steel supply chains, Milford et al. [9] show that globally around 25 per cent
of all liquid steel produced each year is cut off during production and internally recycled. Using
results from Hatayama et al. [10] also, this ratio results from a combination of lower losses (approx.
5–15%) for long products (such as steel sections and reinforcement bars) and higher losses
(approx. 35–50%) for components made from sheet steel. Accordingly, the estimate in figure 2
assumes that total production scrap in the rest of the world is equal to the total mass of steel in
final goods imported to the UK—and hence the total offshore production required to service UK
consumption is greater in figure 2 than that reported in figure 1, and similar to the 32 million
tonnes predicted in [7].

Dahlström & Ekins [8] complement their analysis of mass flow for UK steel with an estimate of
the monetary value of the steel flows, and these money flows are summarized in figure 3. Figure 3
shows the consequences of £6.2 billion UK spending on intermediate steel stock products in 2001,
confirms the balance of trade in both stock products and crude steel seen in figure 2 and shows
how this spending is used to add value to around £300 million of iron ore imports. However, in
anticipating how the UK steel economy might change towards material efficiency, this figure is
insufficient, because the outputs of the steel industry are all intermediate and not final products.
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Figure 3. Value flow for UK steel production and trade in 2001. EAF, electric arc furnace; BOF, basic oxygen furnace. (Online
version in colour.)

The analysis must continue forward through other sectors, until the steel has become part of final
demand, in order to understand the role of steel in the UK economy.

It is possible to see the wider role of steel in the UK economy by exploring money flows
between the steel industry, its immediate downstream sector (component manufacture), the four
major end-use sectors of construction, equipment manufacture, vehicle manufacture, other metal
goods (including domestic appliances for example)—and a seventh ‘rest of economy’ sector.
These flows are shown in figure 4 with, on the left, flows showing how each sector distributes
its revenue through purchasing, paying wages and taxes and generating a surplus, and on the
right, the sources of revenue flowing into each sector. (The data used to construct figure 4 come
from the most recent set of UK input–output tables created with 2004 data by Turner [11] based
on [12]. The numerical basis of figure 4 is given in the electronic supplementary material.)

Figure 4 is designed to illustrate the sources and destinations of the turnover of the six sectors
of interest. The magnitudes of the flows at the extreme right- and left-hand sides of the figure are
identical: all income is expended. In the centre of the diagram, four categories of exchange are
defined. The two middle categories show intermediate consumption—trade between sectors. The
upper category shows trade between the six sectors and the rest of the world. The fourth category
shows two indicators of how these sectors contribute to UK gross domestic product—with the
income approach on the left and the expenditure approach on the right. (Figure 4 uses 2004 data,
while figures 2 and 3 use 2001 data. Steel prices vary rapidly as it is a globally traded commodity,
and during the period 2000–2009, the price of new steel sections in the UK varied between £200
and £750 per tonne. This reinforces the need to take only an approximate view of money and mass
flows when anticipating the future of steel in the UK, as the sector is so strongly influenced by
activity elsewhere.)

Figure 4 demonstrates several key features of the UK steel economy.

— The income to the steel sector on the right-hand side of the diagram and almost all income
to the metal components sector arise not from final demand, exports or ‘other UK sectors’
but from within the six selected sectors. This confirms that these sectors are the ones
required to represent the UK ‘steel economy’.

— The steel sector is small compared with the downstream sectors which depend on it.
— The UK has a positive balance of trade for these six sectors, particularly through exporting

equipment and vehicles, although with no export related to construction.
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Figure 4. The UK steel economy in 2004. GDP, gross domestic product; BoT, balance of trade. (Online version in colour.)

— The gross value added by these sectors to the national economy (tax plus wages plus
surplus) is less than their total income from other sectors; however, they contribute
a substantial net consumption of intermediate goods within the UK—they have a
considerable ‘knock-on’ effect within the economy.

The most important message of figure 4 is that because the output of the steel sector is
entirely consumed as intermediate consumption by construction and manufacturing, UK steel
demand can be cut only if these downstream sectors can continue to function well, with much
less new steel. Evidence in [3,13] makes clear that there are no viable substitute materials that can
replace steel without increasing emissions, so a reduction in national steel demand requires that
the (much larger) downstream sectors change their designs, their production processes or their
customer offerings, to require one third less steel without themselves shrinking.

Figures 2 and 4 now give a basis for defining a target for the UK steel economy in 2050, within
the requirements of the UK Climate Change Act. Müller et al. [14] have shown that developed
economies reach a stable stock of steel per person, beyond which further increases in wealth do
not lead to increased steel ownership. The UK reached this position in around 1975, so current
demand of around 530 kg per person per year is mainly to replace existing goods. Even though
the UK population is expected to increase by 15 per cent by 2050 [15], for the sake of simplicity,
we will assume that demand in 2050 is approximately the same as today. In [3, §10] we conducted
a comprehensive analysis of every possible energy and process efficiency measure that might be
applied to existing production of steel. The mid-range of our forecast is that by 2050, recycling
rates will reach 90 per cent of all end of life steel, all existing primary processes will be 14 per
cent more energy efficient, electric motors in downstream fabrication will be 50 per cent more
energy efficient, 20 per cent of all electricity production will be decarbonized, and there will be
some adoption of novel processes linked to carbon capture and storage. In total, this strongly
optimistic projection would lead to reducing the total emissions of existing production to 65 per
cent of current levels. The UK Climate Change Act mandates a reduction to 20 per cent of current
levels, so in addition to all known energy and process efficiencies, this requires that our demand
for new steel must be reduced to 30 per cent of present levels.

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

16
 A

ug
us

t 2
02

1 
6  



7

rsta.royalsocietypublishing.org
PhilTransRSocA371:20110577

......................................................

Can the UK economy function well, while reducing our steel demand from today’s level of
530 kg per person per year to this target level of 160 kg per person per year? The next section
will examine this question for four representative products, but the evidence presented in this
section shows that such a change would have repercussions across many sectors of the economy.
Reducing steel output will lead to a loss of employment both in the steel industry and its
suppliers, although this could potentially be reduced by policies to replace some imported steel
with domestically produced material. However, the downstream sectors which use steel as an
input are crucial to UK welfare, and cannot be allowed to shrink in proportion to steel output.
This is therefore a rich area for future study: if downstream sectors including construction and
manufacturing shift from current dependence on new steel to applying the material efficiency
strategies listed in the introduction, what will be the consequences for prices and employment,
and what will be the knock-on effects for other sectors?

The key research question arising in this section is therefore about redeployment: at present,
construction and manufacturing businesses are mainly driven by sales growth related to
delivery of new goods. Can these businesses transform to achieve equivalent sales, with similar
employment, while using one third of the new steel required at present? More specifically:

— Having given priority to light-weight design, more intensive use and longer lasting
products in the review of §1, is it possible to deliver these strategies in construction
and manufacturing without significant job losses? Are there other value-adding activities
that do not require significant material inputs that could absorb spare labour from
construction and manufacturing? For example, will customers pay for the increased costs
of labour producing ‘heritage standard’ buildings to compensate reduced overall rates of
new building? Is there a viable business model for servicing cars over 30 years, with a
similar ratio of income to labour as in producing new cars at present that might last for
around 15 years?

— What other knock-on and dynamic effects would a reduction of steel consumption
have within the economy? Which other sectors currently benefiting from the ‘balance
of intermediate consumption’ shown in figure 4 could or could not adjust to lower steel
output?

— Are there missing national statistics that would illuminate material flows more clearly,
and that would in turn help to inform and motivate customers and businesses towards
material efficiency strategies?

— Can the UK’s current balance of trade in steel and steel-intensive goods be adjusted to
provide some economic comfort to compensate for reduced overall steel demand?

— Are there new policy opportunities for national governments to regulate emissions
from onshore material efficiency rather than trying to negotiate treaties that influence
emissions elsewhere associated with offshore production?

3. Material efficiency for steel-intensive products
The review of previous work in §1 demonstrated that the most effective material efficiency
strategies are to reduce material demand per unit of service (through light-weight design or more
intensive use) or to reduce replacement rates by maintaining goods for longer. In this section, we
will examine the implementation of these approaches to meet the target from §2—to reduce UK
demand for new steel to 160 kg per person per year. In order to explore this challenge, table 1
translates the current macro-economic figures of §2 into per capita equivalents of current use
and then demonstrates the physical significance of these through an approximate translation of
these numbers into four representative products. The intention of table 1 is to give some physical
reality of the material efficiency targets of §2, not to make precise numerical predictions, and the
justification for the data in the table is provided in the electronic supplementary material.
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Table 1. UKmaterial efficiency targets translated into representative products. (Product datamainly taken from [3], production
yield data from [9,10]. Further details of the origin of numbers in this table are given in the electronic supplementary material.
The letter labels of each row, shown in the second column, are used to demonstrate how the calculated rows arise from the
data rows.)

construction equipment vehicles other goods

UK figures
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

mass flow (million tonnes per year) a 18 5 4 5
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

total spend (£billion per year) b 170 48 100 38
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

average pay in sector (£ per hour) c 11 18 18 18
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

per capita figures
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

mass (kg per year) a/0.06 300 83 67 83
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

spend (£ per year) b/0.06 2800 800 1700 630
representative product office block rolling mill car refrigerator

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

mass of steel in product (kg) d 1 000 000 5 000 000 960 50
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

estimated yield ratio in production e 94% 80% 50% 80%
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

capacity (persons served by product) f 630 200 000 2.2 3
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

mass of liquid steel (kg per person) g= d/(e∗f) 1700 31 870 21
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

lifespan before replacement (years) h 40 18 15 8
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

mass of liquid steel (kg per person per year) j= g/h 43 1.7 58 3
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

price (£) (for whole product) k 14 000 000 20 000 000 20 000 300
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

annual spend (£ per person per year) m= k/(f∗h) 560 6 600 13
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

equivalent labour (hours per person per year) n= m/c 50 0.3 33 1
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

material efficiency limits
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

minimum steel mass (kg) p 700 000 4 500 000 300 25
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

maximum possible lifespan (years) q 100 30 20 40
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

maximum possible capacity r 940 250 000 3 3
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

limit of liquid steel (kg per person) s= p/(e∗r) 790 23 200 10
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The ‘representative product’ category of table 1 introduces several interesting measures of steel
consumption. The mass of steel in the product is the mass over the lifespan—reflecting the fact
that the ‘work rolls’ in rolling mills wear out in operation, and must be replaced approximately
every 2 years, and the lifespan of the mill is therefore averaged over its components. The ‘capacity’
measure indicates the number of people in the UK served by each product—for example, we have
an average of one car per 2.2 people. This allows derivation of two per capita measures of steel use.
‘Mass of liquid steel (kg per person)’ is a measure of stock, and ‘mass of liquid steel (kg per person
per year)’ is a measure of annual consumption. For example, the table shows that out of the 530 kg
per year of liquid steel each person in the UK consumes, 58 kg per year is used to make cars.
The row ‘equivalent labour (hours per person per year)’ translates average annual per person
spending on each product into an equivalent labour input, using estimated UK labour rates: on
average, each person in the UK pays for 33 h of labour in vehicle manufacturing each year.

The penultimate three rows of table 1 estimate the probable limits to the three key material
efficiency strategies reviewed at the beginning of this section.

— Light-weighting. Steel framed buildings could be produced with around 30 per cent less
steel than at present by optimization [16]. It is difficult to reduce the mass of rolling mills,
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which is determined by the loads they experience. Car mass can be reduced significantly,
as low as 300 kg [17], and refrigerators could be smaller and hence lighter.

— Increased lifespan. Office and commercial buildings in the UK are typically designed for 50
year lifespans, but 100–200 years is routinely possible. However, they are replaced after
40 years because of changes in user requirements, or changes in mechanical or electrical
technology (ventilation, insulation, Internet, etc.) but this could be overcome through
reconfigurable design [3, §16]. The rolls in rolling mills are currently wholly replaced
when the surface is worn, but replaceable sleeves might allow great extension in the life
of the bulk of the embodied material [18]. It seems unlikely that the lifespans of cars
can be increased significantly, while car technology is changing rapidly, but refrigerator
specifications change slowly, and refrigerators could be designed for maintenance to
allow very significant life extension.

— More intensive use. Office buildings are largely unoccupied for at least two thirds of each
week—outside ‘office hours’—so plausibly could be used more intensively. It would be
difficult to change the number of people served by each refrigerator—inevitably each
household will require a refrigerator, and the table assumes only a modest possible
increase in car utilization—equivalent to a reduction to one car per household.

The final row of table 1 shows how the options to reduce product weight and those to allow
more intensive use combine to reduce the total mass per person required by each product. These
numbers are scaled back to mass of liquid steel, assuming no change in manufacturing yield.
The intention of table 1 is to provide only illustrative data, and more detailed analysis would
be required to evaluate the material efficiency strategies for each product in realistic detail: for
example, it is probable that there may be trade-offs between different strategies, which limit their
total impact.

The targets to achieve material efficiency—to reduce the requirement for new steel per person
per year to 30 per cent of present levels—are now illustrated for the four products of table 1 on the
graph of figure 5: the x-axis has been chosen as the replacement rate (1/lifespan) so that contours
with constant values of mass-per-person times replacement rate (shown as straight lines as both
axes are logarithmic) show rates of steel demand per person per year.

The solid contours show existing personal demand rates for the four representative products,
from table 1, and the dashed lines show the corresponding material efficiency targets at 30 per cent
of these levels. For each product, a triangle is shown—with the upper right vertex showing
current use, and the other two vertices defining the limits to life extension and mass per person
defined by the last rows of table 1. Any combination of life extension and mass per person
reduction along the dashed line meets the 2050 target. In most cases a reduction in both measures
is required. However for the car, sufficient weight saving is possible, that in the limit, a car with
300 kg of steel with a reduced lifespan of around 11 years would meet the target. Also for the
refrigerator, if the lifespan was extended from 8 years to the limiting value of 40 years proposed,
the mass per person could increase by up to 50 per cent. For the office and the rolling mill, both
weight reduction and life extension are required. (For some products, there will be a relationship
between mass and energy required in use, and this is explored further in [3, §16].)

Figure 5 is static—and shows options to ensure that by 2050 all products have shifted from
current parameters to those of the material efficiency targets on the dashed contours. However,
this ignores the existing stock of products and their lifespan. For any product category, there will
be some distribution of remaining lifespans for the UK’s current stock, so it is possible that some
of the current stock will not be replaced before 2050. This effect provides a further ‘boundary
condition’ on the transition to material efficiency, and is illustrated in figure 6, which shows three
illustrative pathways from current to future products.

Pathway 1 shows a smooth transition based on reducing the mass of steel per person required
as each product is replaced. If the mass is reduced—either by light-weight design or more
intensive use of products—at a rate of approximately 3 per cent per year, the requirement will
have dropped to 30 per cent by 2050. Pathway 2 illustrates a possible transition if existing products
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mass of steel in product per
person served (kg per person) office

car

fridge

rolling mill

now
2050

58 kg per person per year
43 kg per person per year

17 kg per person per year
13 kg per person per year

2.6 kg per person per year

1.7 kg per person per year

0.8 kg per person per year

0.5 kg per person per year

replacement rate = 
1/lifespan (years)

1/101/251/1001/2501/1000
1

10

100

1000

Figure 5. Plausible targets for material efficiency for representative products. (Online version in colour.)

mass of steel per product
per person needed to make
replacement goods

existing
design

target
(30%)

existing
lifespan

possible transition paths
1.  reduce mass per person, for product with
 same lifespan, by 3% each year
2.  immediately maintain products of existing
 design for three times existing lifespan
3.  change product design now so future
 products last more than three times longer

1

3

2

20502012 time

Figure 6. Three transition paths for achieving 2050 material efficiency target. (Online version in colour.)

are kept for three times longer. If this is possible—it is probably what would happen automatically
in a crisis such as war—without any change of product design, it could be implemented at any
time between now and 2050, so for illustration, the figure shows an instant change. Demand for
replacement steel drops to zero in the short term, as products due to be replaced now would be
maintained for a two further lifespans, and then rises to an average of 30 per cent of previous
levels. Pathway 3 assumes that in order to maintain products for substantially longer, their
design must be changed—perhaps even requiring more steel than used at present. Thus steel
requirements initially increase, until the existing stock has been replaced. For refrigerators and
cars, with current lifespans less than 38 years, this is possible before 2050—but for buildings it
cannot be applied. Therefore, the range of transitions illustrated in figure 5 may not all be feasible
for products with a longer lifespan. Figure 6 is in effect a template for any ‘roadmap’ of transition.

Table 2 gives specific examples of implementation related to the discussion of this section,
showing for each of the representative products of table 1 examples of the physical requirements
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for each of the three key material efficiency strategies and commenting on the business
implications of the change.

This section has demonstrated that it is possible to find technical options to achieve the mass
savings specified in §2, and to envisage business models for some if not all of these options.
However, to date, there has been no move in this direction, so the next section of the paper
discusses the triggers that might initiate the required transition.

The key research question arising from this section is about business models: for all major
steel-intensive products, is there a plausible business model in which current employment can be
maintained, while reducing the required mass of steel per unit of service to 30 per cent of current
levels? With more detail:

— Table 2 gives examples based on estimates. What specific options exist for each major
steel using product, and is there a business case for each option?

— What design principles lead to products requiring less steel per unit of service, while
delivering sufficient robustness to allow long life?

— How can existing longer-life product designs (such as buildings) be upgraded for longer
life most effectively?

— At present the cost of steel is generally low compared with the cost of labour: are
there production technologies, design strategies or business models that can help
us to overcome current diseconomies of scale in producing optimized light-weight
components?

— What co-benefits would customers find sufficiently attractive to motivate a switch to
light-weight or long-life designs?

— Current asset and project valuation methods based on discounting rates appear to remove
all accounting benefit from investing in future longevity: would other valuation methods
give a higher priority to longer-life assets?

— If we assume unchanged spending rates (product price divided by lifespan) for major
product types, what repair or upgrades can be achieved with the available money
(labour) and can this be improved?

4. Triggers for the transition to material efficiency
The previous section aimed to give specific examples of strategies that would bring about material
efficiency for four representative products. To summarize the different motivations identified in
table 2, table 3 summarizes the triggers that might lead to either purchasers or producers opting
for material efficiency over current practice.

However, at present, neither purchasers nor producers are pursuing these options and we
have few if any examples of where socially motivated behaviour choice alone has led to a
significant reduction in demand, even when—as in the case of smoking—continued consumption
causes direct personal harm. It is therefore probable that some policy intervention is required to
trigger material efficiency, and two features of this intervention can be deduced from tables 2
and 3:

— there is as yet insufficient motivation for businesses and their customers to opt for
material efficiency and

— we lack experience of the implementation of material efficiency, so there is low awareness
of its potential and value.

Figure 7 uses these two features to structure a set of possible policy opportunities that might
promote a transition to material efficiency. Figure 7 is speculative, but demonstrates a range of
policy opportunities, based on our estimated purchaser and producer triggers in table 3. The
key research question arising from this discussion is about policy: what triggers would drive
businesses and individuals to prefer material efficiency options? More specifically:
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committed

uninterested

solutions known solutions unknown

1

2

compliance
— increase awareness of
 solutions and benefits
— update standards, targets
 and bans
— procurement policy
— subsidies and trade support
— environmental policies

coaxing
— awareness raising through
 e.g. national statistics
— seek niches with higher
 motivation than sector
— subsidise pilot studies and
 demonstrators
— R&D funding

evolution
— market forces
— internalize externalities to
 avoid problem exchange
— remove distortions and
 barriers
— certification and recognition
 of good practice

innovation
— remove barriers to change
— facilitate collaboration
— R&D funding

Figure 7. Possible policy interventions that might support material efficiency. (Online version in colour.)

Table 3. Summary of potential triggers for material efficiency.

triggers for purchasers triggers for producers

• changes in costs (taxes) related to product ownership, • regulation (planning, bans, standards)

material purchase or disposal • production technology innovations to reduce

• co-benefits (e.g. faster construction, better performance, costs of optimization

speed of repair, convenience) • customer preference or specification

• reduced purchase price or costs of use • material scarcity or (substantial) material price

• use of different asset valuation models—based on increases

replacement not initial outlay, leading to • business models that reduce search costs for

different risk assessment one-off customers

• heritage status—valuing products beyond their

replacement costs

• leasing models to allow for changes in capacity or performance

• trend/fashion for material efficiency

• crises such as war or recession
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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— For each key steel-intensive product, where is it currently positioned in figure 7, and
therefore what specific policy measures are required to move towards the upper left
quadrant?

— Are there over-arching national policy measures that would support a widespread shift
in business motivation along the vertical axis of figure 7?

— How can solutions identified for particular products, such as those discussed in the
previous section, be generalized to provide a solutions manual for material efficiency
across sectors and materials?

5. Conclusion
This paper has aimed to provide a broad overview of the transition to material efficiency required
if the emissions associated with UK steel consumption are to be reduced in line with the targets set
into law in the UK Climate Change Act. Most of the evidence gathered in the paper is estimated,
so is not intended to provide precise predictions, but has been used in an attempt to give reality
to the required transition. Relating national targets to four representative products has shown
that government policy aiming to support material efficiency is unlikely to be a single broad-
brush measure, but instead more subtle measures can be used to find intersections in the triggers
that would drive purchasers and producers to prefer material efficiency solutions. The paper
has proposed a research agenda by which the estimates for the UK steel economy used in this
work can give much more detail and then be generalized across materials and sectors to provide
national guidance.
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Climate policy objectives require zero emissions across all sectors including steelmaking. The funda-
mental process changes needed for reaching this target are yet relatively unexplored. In this paper, we
propose and assess a potential design for a fossil-free steelmaking process based on direct reduction of
iron ore with hydrogen. We show that hydrogen direct reduction steelmaking needs 3.48MWh of
electricity per tonne of liquid steel, mainly for the electrolyser hydrogen production. If renewable
electricity is used the process will have essentially zero emissions. Total production costs are in the range
of 361e640 EUR per tonne of steel, and are highly sensitive to the electricity price and the amount of
scrap used. Hydrogen direct reduction becomes cost competitive with an integrated steel plant at a
carbon price of 34e68 EUR per tonne CO2 and electricity costs of 40 EUR/MWh. A key feature of the
process is flexibility in production and electricity demand, which allows for grid balancing through
storage of hydrogen and hot-briquetted iron, or variations in the share of scrap used.
© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

A rapid and deep reduction of emissions in the energy-intensive
industries is needed to avoid the risk of dangerous climate change.
Global industrial CO2 emissions account for 31% of the total, with
steel and cement industries as the largest single contributors
(Fischedick et al., 2014b). The Paris Agreement implies that these
sectors must reach zero emissions by 2060e2080 (Åhman et al.,
2017), while the European Union seeks to achieve a 80e95%
reduction of greenhouse gases by 2050 compared to 1990
(European Commission, 2011). For the steel industry, meeting these
targets requires fundamental technology and process changes
combined with a reduction of material demand and increased
recycling (Fischedick et al., 2014b; Allwood and Cullen, 2012;
Milford et al., 2013).

Today's dominant blast furnacee basic oxygen furnace (BF/BOF)
production route relies on the use of coking coal and its mechanical
properties, which makes it difficult to switch to other reduction
agents in the blast furnace. Global steel production is forecast to
double between 2012 and 2050 with demand growth mainly in
developing countries (Allwood and Cullen, 2012; Pauliuk et al.,
2013). Consequently, fundamental changes in steelmaking pro-
cesses are required and there are two principal options for low
l).

Ltd. This is an open access article u
emission steelmaking: (i) continued use of fossil fuels but with
carbon capture and storage (CCS), and (ii) the use of renewable
electricity for producing hydrogen as reduction agent or directly in
(yet undeveloped) electrolytic processes.

In light of climate targets and the reductions in costs for
renewable electricity, the option of electrification and the use of
hydrogen for ironmaking has gained increased attention. Several
European steelmakers initiatedmajor projects in 2016e2017 on the
use of hydrogen in steelmaking. These include GrInHy (Salzgitter)
and H2FUTURE (Voestalpine) focussing on electrolyser develop-
ment, and HYBRIT (SSAB, LKAB and Vattenfall) aiming to develop an
entire fossil-free value chain for primary steel. In the latter, the
basic concept is to use a hydrogen direct reduction (H-DR) process
to produce direct reduced iron (DRI) which is then converted to
steel in an electric arc furnace (EAF).

There is so far very little information on the hydrogen direct
reduction (H-DR) process in the scientific literature. The only
commercial application of hydrogen in direct reduction was in
Trinidad, where DRI was produced in fluidised bed reactors with
hydrogen from steam reforming (Nuber et al., 2006). Otto et al.
(2017) used this process as a basis for their assessment of the
emissions saving potential of direct reduction with hydrogen.
Fischedick et al. (2014a) and Weigel et al. (2016) identified H-DR as
the most promising production route through a multi-criteria
analysis (including economy, safety, ecology, society and politics),
comparing it with electrowinning and blast furnace steelmaking
with and without the use of carbon capture and storage (CCS).
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Abbreviations

H-DR Hydrogen direct reduction
tLS Tonne liquid steel (metric)
BF/BOF Blast furnace/basic oxygen furnace
DRI Direct reduced iron
EAF Electric arc furnace
SEC Specific energy consumption
CAPEX Capital expenses
OPEX Operating expenses
MAC Marginal abatement cost
HBI Hot-briquetted iron
FeO Wuestite
Fe2O3 Hematite
l Hydrogen feed ratio
LHV Lower heating value
HHV Higher heating value
PEM Proton exchange membrane
O&M Operation and maintenance
GEI Grid emission intensity
SOE Solid oxide electrolysis
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Germeshuizen and Blom (2013) studied direct reduction with
hydrogen produced in a hybrid sulphur process using nuclear
process heat. Other options to reduce BF/BOF emissions were re-
ported, such as through hydrogen injection or top gas recycling, for
example, but maximum CO2 reductions reported were 21% and
24%, respectively, thus insufficient for the necessary deep decar-
bonisation (Yilmaz,Wendelstorf& Turek, 2017; Abdul Quader et al.,
2016). Although several publications mention H-DR as a possibility
Fig. 1. Proposed process design for hydro
to decarbonise steelmaking (Hasanbeigi et al., 2014; Ranzani da
Costa et al., 2013; Abdul Quader et al., 2016) there are no studies
published on process designs and their performance.

Our objective in this paper is to present a potential process
design for the H-DR process and assess its energy use, CO2 emission
mitigation potential and economic performance. A better under-
standing of H-DR technology is important for developing viable
decarbonisation pathways for the steel industry and for its inte-
gration into decarbonised electricity systems.
2. Method

To assess H-DR steelmaking a mechanistic process model was
developed. The approach was chosen to be able to identify causal
links in the process and thus to improve process understanding.
The model was designed to enable the variation of crucial input
parameters and to analyse their effect on energy consumption and
production cost. These parameters include the metallisation of HBI,
the amount of hydrogen fed into the shaft, and the amount of inert
substances representing impurities in pellet and scrap feeds.
Furthermore, the amount of scrap fed into the EAF and the cost for
electricity is varied in order to investigate their influence on energy
demand and costs.

Material and energy balances were set up for the system in or-
der to determine the energy demand and act as a foundation for
further calculations on production cost. The system boundaries
were drawn around the system depicted in Fig. 1. Inputs to the
modelled system are iron ore pellets, carbon, lime and scrap,
whereas liquid steel as the main product as well as slag and oxygen
represent outputs. In a continuous operation without hydrogen
losses, no water flows across system boundaries. The iron ore pel-
lets considered contain 95% hematite (Fe2O3) and 5% inert sub-
stances. Scrap charged to the EAF contains 95% iron and 5% inert
gen direct reduction (H-DR) process.



1 National grid emission intensities are used solely for illustrative purposes. The
authors are aware that European electricity grids are interconnected and grid in-
tensities are not bound the nation borders.
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substances. The liquid steel product contains only iron, whereas all
other elements leave the EAF through the slag. Heat capacities of
inert substances have been assumed equal to the main component
of the corresponding flow.

Besides material balances several chemical reactions occur in
the process. Water is split into hydrogen and oxygen in the elec-
trolyser and iron ore is reduced to sponge iron in the shaft. The
reactions considered in the electrolyser and the reduction shaft are
shown in equations (1)e(3). To keep the model simple only the
major reactions of the process have been considered and simplifi-
cations were made. The reactions in the EAF were, for example, not
considered and replaced by a linear energy model based on liter-
ature data. It is assumed that all iron entering the EAF leaves the
process through the liquid steel product. The equilibrium nature of
the reduction reactions in the shaft was also neglected. Instead it is
assumed, that hematite reacts to iron and wuestite (FeO) depend-
ing on the prescribed metallisation that can be achieved in the
shaft. Metallisation is defined as the share of moles present as pure
iron among all iron leaving the shaft. All non-metallised iron is
assumed to be bound in FeO. All modelled reactions are listed
below. Data to determine reaction enthalpies and heat capacities
was adopted from VDI heat atlas for hydrogen (Kleiber and Joh,
2010) and water (Wagner and Kretzschmar, 2010) as well as the
U.S. Department of Commerce for all iron materials (Domalski and
Hearing, n.d.). The reaction enthalpies of the FeO formation re-
actions were neglected as only high metallisation (>90%) is inves-
tigated and the amount of FeO is thus always small.

H2OðgÞ/H2 þ
1
2
O DHR ¼ þ242

kJ
mol

(1)

Fe2O3 þ 3H2/ 2Fe þ 3H2OðgÞ DHR ¼ þ99:5
kJ
mol

(2)

Fe2O3 þ H2/ 2FeO þ H2OðgÞ (3)

Solving the set of equations is informed by a series of assump-
tions and boundary conditions (a complete list is provided in the
supplementary information). The operating temperatures of the
electrolyser and the shaft are 70 �C and 800 �C respectively. As
reference conditions, 25 �C is used and all system components are
considered to operate under atmospheric pressure.

The condenser serves as a heat recovery unit and enables the
separation of water from hydrogen gas in the shaft off-gas stream.
The recovered heat is used to heat the hydrogen feed to the shaft.
An efficiency of 70% based on the higher heating value and a water
outlet temperature of 70 �C was assumed for the condenser. The
amount of hydrogen supplied to the shaft is characterised by the
value of l (see equation (4)). l is defined as the moles supplied to
the moles necessary for full conversion of iron ore in the shaft. A
value of l¼ 1.5 therefore means a 50% oversupply of hydrogen. The
amount of heat recovered thereby varies due to the set value for l,
the metallisation of HBI and the efficiency of the condenser. It is
assumed that surplus heat can be used to partially heat the
reduction shaft. This is the case if the reduction off-gas energy
content exceeds the heating demand of the hydrogen fed to the
shaft. All additional heating for the process is assumed to be electric
and further heating losses are neglected. Heating is necessary to
provide energy in the electrolyser and the shaft as well as for ore
feed and hydrogen feed to the shaft depending on the value of l.

l ¼ H2 feed to shaft
H2 needed for complete reduction of ore

�
mol
mol

�
(4)

The specific energy consumption (SEC) of the arc furnace is
based on literature data by Worrell et al. (2008) combined with a
submodel that draws on the work of C�ardenas et al. (2007). It
adjusts the energy consumption with regards to the metallisation
of HBI and the amount of scrap charged to the EAF. A SEC of
0.667MWh per tonne liquid steel (tLS) was used for the operation
on pure scrap feed. The SEC is then adjusted upwards if the share of
HBI in the EAF charge increases. If the metallisation of HBI is lower
than 94% this additionally increases the SEC of the EAF. Both de-
pendencies (HBI charge, metallisation) were implemented as linear
functions. Moreover, a lime consumption in the EAF of 50 kg/tLS
was assumed for the EAF.

For the electrolyser an efficiency based on the lower heating
value (LHV) of 72% was assumed. This is in line with recent 2030
projections for proton exchange membrane (PEM) electrolysers
(Schiebahn et al., 2015; Mergel et al., 2013; Bertuccioli et al., 2014;
Saba et al., 2018). The emission intensities of Germany and Poland
of electricity draw on national CO2 emission intensities1 reported
by the European Environment Agency (2016). National grid emis-
sion intensities use the emissions arising from public electricity
production and excluding heat production, which were reported as
greenhouse inventory under the UNFCCC, and divide them by na-
tional gross electricity consumption. To estimate the implications of
a switch from BF/BOF to H-DR on a national scale, steel production
data for the primary productionwere adopted from theWorld Steel
Association (2017). National energy cost (2016/2017 values) and
total gross production (2016 values) are based on data from
Eurostat (2017).

CaCO3/CaOþ CO2 (5)

The CO2 emissions from in the EAF were estimated through the
corresponding chemical reactions. For lime, 1mol of CO2 is created
for each mole of calcium oxide according to equation (5) and the
flow to the EAF is considered to be pure CaO. Graphite electrodes
emit 1mol of CO2 per mole of carbon that is consumed according to
the abovementioned chosen consumption rate. Emissions from
carbon added to the EAF are also considered. It was assumed that
half of the supplied carbon enters the steel, whereas the other half
is converted to CO2.

2.1. Economics

Capital expenses (CAPEX) are comprised of values for electro-
lyser, EAF and shaft. The electrolyser CAPEX is based on an esti-
mation for proton exchange membrane (PEM) and alkaline
electrolysis in 2030 by Mergel et al. (2013), who reported specific
investment cost of 0.585 EUR/W installed capacity for both PEM
and alkaline technology. Data for the EAF and the shaft were
adopted from W€ortler et al. (2013) and their Midrex shaft CAPEX
was adopted for the H-DR shaft in the present process. It was
assumed that capital expenses for the shaft and the EAF for the
present process are equal to current commercial DRI plants based,
which work with natural gas.

Operating expenses (OPEX) comprises of resource cost (ore,
lime, scrap, alloys), electricity cost and other variable cost (O&M,
labour, graphite electrodes). Iron ore, scrap, lime and graphite
electrodes are internationally traded commodities with fluctuating
market prices. The cost assumptions for these materials were based
on market prices reported between 2015 and 2018. For iron ore
pellets, a cost of 100 EUR/t have been assumed based on current
market prices of iron ore plus a pellet premium. The assumed scrap
cost is 180 EUR/t, which is in line with the values used in similar
studies (Pardo et al., 2012; Germeshuizen and Blom, 2013). For lime,
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a cost of 100 EUR/t was assumed. Alloy use in the EAF was set at
11 kg per tonne of steel (Remus et al., 2013). In the EAF graphite
electrodes are consumed at a rate of 2 kg/tLS (Remus et al., 2013)
and costs of 4 EUR/kg was assumed for the electrodes. Operation
andmaintenance cost (3% of total CAPEX, which includes refractory
lining), the alloy costs (1777 EUR/t) and labour cost (53.2 EUR/tLS)
were adopted from Fischedick et al. (2014a). Returns from oxygen
are included in variable costs and we adopted the assumptions by
Pardo et al. (2012) that 60% of oxygen can be sold at a price of 60.8
EUR/t. This rests on the assumption of one or more large near-by
customer of oxygen, and that a part of it can be used in down-
stream heating and rolling, for example in oxyfuel burners. A
complete list of data used for all calculations is provided in the
supplementary information, including the breakdown of costs
included in the OPEX calculations.

Production cost are the sum of OPEX and annual capital cost. To
derive annual capital cost from CAPEX a lifetime of 10 years at 8760
operating hours was assumed for the electrolyser, which is similar
to the predicted lifetime of 80,000 operating hours reported by
Schiebahn et al. (2015). For all other components, a lifetime of 20
years was used. A 5% interest rate was assumed. Hydrogen pro-
duction cost are comprised of electrolyser energy and O&M cost, as
well as annual capital cost for the electrolyser investment.

Marginal carbon abatement cost (MAC) were calculated for
different electricity costs in three different cases: (a) the substitu-
tion of an existing BF/BOF plant at the point of necessary relining,
(b) a decision between H-DR and a brownfield BF/BOF investment,
and (c) between H-DR and a greenfield investment into BF/BOF.
MAC were calculated as the difference in production cost over CO2
abatement potential. This potential is 1817 kgCO2/tLS, which is
comprised of the emissions of the BF/BOF process (IEAGHG (2013))
minus the emissions of the H-DR process. CAPEX for blast furnace
relining was adopted from IEAGHG (2013) as 48 EUR/t, for a BF/BOF
brownfield investment as 170 EUR/t and for a greenfield invest-
ment as 442 EUR/t and discounted with the same lifetime and in-
terest rate as shaft and EAF (20 years, 5%). For MAC calculations, the
embedded CO2 emissions from lime productionwere considered. A
discussion of emissions embedded in lime and through addition of
carbon to the H-DR process will follow in Section 3.2.

2.2. Modelling assumptions

Some general assumptions should be noted. No choice was
made on the technology of the electrolyser, but an operating
temperature of 70 �C was chosen so that results are relevant for
either alkaline or PEM technology. The reduction shaft is a well-
established technology and in operation in numerous DRI plants
around the world, mainly in the form of commercially available
Midrex or HYL/Energiron reactors. EAFs are under operation in
scrap recycling as well as DRI plants, which together account for
29% of global steel production. While we regard the described
configuration as the most realistic design option for hydrogen
direct reduction, we do assume that other variants are possible.

The model purposefully includes only basic chemical process
calculations, as it does not seek to go into detail of the chemical
processes performed in the single unit operations. Furthermore, the
aim is to go beyond the process level and analyse wider system
implications of H-DR steelmaking. Minor material and energy
flows, for example energy required to compact DRI to HBI, were
thus excluded for the same reasons. The set system boundaries
purposefully do not include downstream processes such as casting
and rolling. As a consequence, not all emissions from the integrated
route are considered. We assume that downstream processes in the
H-DR route are similar to those operated in the integrated route and
that emissions from these manufacturing steps can be brought to
zero through electrification and energy efficiency measures.

3. Results and discussion

The following section presents the assessment of the H-DR
process. We present a possible process design for H-DR as the basis
for our assessment. Then we discuss the energy use of the process
and its single components before we explain the influence of
different parameters on the energy efficiency. Subsequently, results
of a cost assessment are shown, including capital and operating
expenses, as well as production and marginal carbon abatement
cost. Finally, we discuss the flexibility of H-DR and the different
operating strategies it allows, such as balancing variable electricity
loads, for instance.

In Fig. 1, we show the design of the hydrogen direct reduction
(H-DR) process on which the developed chemical process model
presented later on in this chapter is based. Iron ore is pre-heated
and fed into a reduction shaft, where it is converted to direct
reduced iron (DRI) and further compacted to hot briquetted iron
(HBI). Hydrogen generated in an electrolysis unit is pre-heated in a
condenser before being supplied to the shaft where it acts as the
reducing agent. Surplus hydrogen is recycled back to the shaft feed
and generated water is supplied back to the electrolyser. HBI is fed
into an electric arc furnace (EAF) where it is melted and converted
to liquid steel.

This process design is based on existing technologies. It can be
regarded as similar to direct reduction with natural gas for which
the steam reformer is substituted by an electrolyser. State-of-the-
art direct reduction plants have production capacities of 1.5
million tonnes of steel per year and higher. Electric arc furnaces are
used widely in industry, but the introduction of hydrogen might
require changes in the way carbon is brought into the process. A
conventional Midrex reduction shaft is adopted in the ironmaking
stage. Minor changes in reactor design may be necessary due to the
switch from natural gas or syngas to hydrogen. Electrolyser tech-
nology is mature and usually provided in modular units that can be
combined to yield large capacities.

For continuous operation on 100% HBI, the production of one
tonne of steel requires 1504 kg of iron ore pellets. Without
considering hydrogen losses, 51 kg of hydrogen is needed per tonne
of steel output. If the EAF is charged with equal shares of HBI and
scrap, 738 kg of pellets, 536 kg of scrap and 25 kg of hydrogen are
needed per tonne of steel.

3.1. Energy

A specific energy consumption (SEC) of 3.48MWh/t of liquid
steel was calculated for the base case. A blast furnace within
comparable system boundaries consumes 13.3 GJ/t steel
(3.68MWh/t) mainly in the form of coal and coke (Otto et al., 2017).
The electrolyser consumes two thirds of the energy, with the
electric arc furnace and the ore heating processes as further large
energy users. The energy consumption of the shaft is very small,
which can be explained through the use of recovered heat from the
condenser. The breakdown for the unit operations is shown in
Fig. 2. If scaled up to replace today's BF/BOF route this would
represent a substantial increase in electricity demand. For example,
if the current German (29.5Mt/y) or Swedish (3.10Mt/y) primary
steel production would be operated on the H-DR process it would
require about 103 TWh and 10.8 TWh of electricity, respectively. At
the same time, fossil fuel use would be reduced by 392 PJ/y in
Germany and 41.2 PJ/y in Sweden. These values do only consider
iron- and steelmaking without the further energy demand in the
pelletizing process as well as in secondary metallurgy, casting and
rolling. For pelletizing and rolling an additional 2.2 GJ/t of fuel as



Fig. 2. Specific energy consumption (SEC) of the H-DR process as a function of the scrap charged into the EAF [MWh/tLS].
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well as 140 kWh/t electricity are required irrespective of the pro-
duction route (Worrell et al., 2008).

As shown in Fig. 2, the SEC is highly sensitive to the amount of
scrap added to the EAF. Themajor reason for this is that less iron ore
is required per output, which leads to lower energy consumption in
all process steps before the EAF. For example, if the EAF charge
consists of 50% scrap, the electrolyser energy consumption is
halved. In addition, producing steel in the EAF from scrap requires
less energy (0.667MWh/tLS) than from pure DRI (0.753MWh/tLS).

The SEC result is also sensitive to several other process factors.
First, the achievable metallisation in the shaft influences overall
energy consumption. While low HBI metallisation leads to an in-
crease of energy consumption in the EAF, total SEC is reduced. This
is mainly due to the smaller amount of hydrogen needed in the
reduction and a consequently lower electrolyser load. In addition, a
lower metallisation of the HBI means that less heat is consumed in
the shaft, and less energy is available for recovery in the condenser.
However, this effect is sensitive to the losses in the process'
hydrogen cycle and losses in the EAF and could be reversed if the
relative magnitudes of these losses change.

Second, energy consumption depends on how much excess
hydrogen is supplied to the shaft. l is defined as the ratio of
hydrogen fed to the reduction shaft to the amount of hydrogen
needed to convert the entire iron ore feed to pure iron (see equation
(4)). Sensitivity analyses show that the SEC for the entire process
increases by 41.0 kWh/tLS if l is increased by one (for example from
1.5 to 2.5). Up to l¼ 5 heat can be recovered in the heat exchanger.
Above l¼ 6 no heat can be recovered anymore and used to heat the
shaft, but additional heating for the hydrogen feed to the reactor is
required. Thus, low values of l lead to low energy consumption. For
the base case a value of l¼ 1.5 was set. A more detailed optimisa-
tion of l would have to take detailed reaction kinetics and the
chemical equilibrium of the iron ore reduction into account.

Finally, heat might be lost between the shaft and the arc furnace.
In the case of long HBI storage or other reasons, causing it to cool
down additional energy is required to re-heat the HBI. For the base
case, using cold HBI requires 159 kWh/tLS more than if the hot HBI
is directly fed to the EAF. In the present case, liquid steel and slag
leave the EAF as hot products. Energy efficiency can be increased if
heat from EAF outputs can be recovered or used in further
processing.
3.2. CO2 emissions

As the process is assumed to be entirely electrified, the emis-
sions mainly depend on the power grid emission intensity (GEI). A
higher share of renewable energy in a power grid will thus increase
the emissions saving potential for replacing a blast furnace with an
H-DR plant. To compare the performance with a typical integrated
production route, a break-even GEI was calculated. We define it as
the emissions embedded in grid electricity (in kgCO2/MWh), which
would result in the same emissions from the H-DR and BF/BOF
processes (1870 kg CO2/tLS). In Fig. 3, we show the break-even GEI
as a function of the scrap share in the EAF charge. At pure HBI
operation, the break-even GEI is 532 kgCO2/MWh. Power grids in
most European steelmaking countries have GEIs below this level
today and they are projected to decrease as fossil fuels are phased
out in electricity production. At a 25% scrap charge in the EAF, the
break-even GEI reaches 661 kgCO2/MWh. This corresponds
approximately to the current emission intensity of the Polish power
grid (EEA, 2016). It can be concluded that a switch from the BF/BOF
route to H-DR would reduce emissions in most of Europe today.

A large share of CO2 emissions from BF/BOF steelmaking can be
avoided in the H-DR route if renewable electricity is available.
However, zero emission electricity is not sufficient for producing
zero emission steel. CO2 emissions are still embedded in, for
example, the extraction and generation of iron ore and limestone,
in lime calcination and through the addition of carbon as an
essential component of steel. Avoiding the process emissions from
lime calcination would require carbon capture and storage in lime
production. Another option is the substitution of lime with other
materials that can provide the functions of lime in the EAF, namely
slag foaming, sulphur removal and slag basicity adjustment. Simi-
larly, the iron ore may have embedded emissions unless it is
extracted and processed in an emissions-free manner.

Furthermore, small amounts of carbonmust be added to the EAF
in the H-DR process to make steel from iron. In commercial direct
reduction, carbon is added through the natural gas stream.



Fig. 3. Break-even grid emission intensity (GEI) as a function of the scrap charged into the EAF. The break-even GEI describes the emissions embedded in electricity for H-DR to
result in the same emissions as the BF/BOF route.
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However, when pure hydrogen is used as the reducing agent
another carbon source is needed. This could be done through the
injection of pulverised coal, but also bio-methane or other sources
of biogenic carbon could be used. Even if the CO2 emissions from
carbon and lime are taken into account, this would result in much
lower emission intensities than those of today's integrated route.
Emissions from carbon and lime use and consumption of the
graphite electrodes would result in emissions of 53 kg CO2 per
tonne of steel, which is equal to 2.8% of emissions from the BF/BOF
route.
3.3. Economics

Capital expenditures (CAPEX) and operational expenses (OPEX)
were calculated for the base case and based on the energy results.
Production costs were further derived from these results and
finally, marginal carbon abatement cost are reported. Our CAPEX
assessment is based on 2030 technology for the main components
of the system. While electrolyser CAPEX are expected to decrease,
shaft and EAF are mature technologies so we assumed no signifi-
cant cost reductions. Operating expenses were assessed with
respect to current market prices and with the aim to use average
market prices between 2015 and 2018.

The CAPEX for a H-DR plant was calculated as 574 EUR per tonne
capacity, which is 30% higher than for a greenfield integrated BF/
BOF steel plant (W€ortler et al., 2013). It includes 160 EUR/t capacity
for the electrolyser, 230 EUR/t for the shaft and 184 EUR/t for the
EAF (Mergel et al., 2013; W€ortler et al., 2013). Another study
(Fischedick et al., 2014a) reported a CAPEX of 874 EUR per tonne
capacity for the H-DR route. However, they assumed electrolyser
operation mainly in times of inexpensive peak electricity, which
requires amuch larger investments in electrolyser capacity running
on fewer operating hours and including large-scale storage of
hydrogen.

Production costs for steel in the proposed process are presented
in Figs. 4 and 5 for pure HBI operation and a 50% scrap charge
respectively. The results show that the production costs are highly
sensitive to the electricity price. Energy costs account for 32% of
production costs at electricity costs of 40 EUR/MWh and 47% at 80
EUR/MWh. This sensitivity is reduced when more scrap is charged
to the arc furnace. A 50:50 charge of HBI and scrap reduces the
overall production cost compared to pure HBI operation. Resource
costs increase slightly with more scrap fed into the arc furnace as a
result of the higher scrap than pellet prices. Both ore and scrap
market prices vary substantially, which can reverse this trend in
certainmarket conditions. Electrode costs amount to 8 EUR/tLS, but
assume the easing of recent price increases for graphite electrodes.
The production cost of the H-DR process are generally higher than
those of the BF/BOF route, but come close to competitive if the
electricity price is low.

At an electricity cost of 60 EUR/MWh hydrogen cost is 3.30 EUR/
t (0.270 EUR/Nm3). It is a linear function of the electricity cost and
varies between 1.43 EUR/kg (20 EUR/MWh) and 5.17 (100 EUR/
MWh) for the base case. Mergel et al. (2013) estimate possible
hydrogen cost of 2e4 EUR/kg 2030 from renewable energy through
electrolysis. Next to hydrogen, large amounts of oxygen are pro-
duced in the electrolyser. For every tonne of liquid steel, 411 kg of
oxygen are produced. Finding a market for these large amounts of
oxygen would reduce operating expenses considerably. Oxygen
revenues of 14.9 EUR/tLS are included in the non-energy variable
cost. However, if all oxygen could be sold at current market prices
this revenue would be several times higher.

Marginal carbon abatement costs are shown as a function of
electricity cost for six cases in Fig. 6. We assume emission-free
electricity and compare against a traditional BF/BOF route with an
emission intensity of 1870 kg CO2 per tonne crude steel. Three cases
for BF/BOF replacement are considered: (a) at the time of relining of
an existing blast furnace (called MAC relining), (b) for a brownfield
investment choice between a blast furnace or H-DR (called MAC
brownfield), and (c) for a greenfield investment choice between a
blast furnace or H-DR (called MAC greenfield). The results show
that a carbon price of 46 EUR/tCO2 is needed for brownfield in-
vestments to be competitive at an electricity cost of 40 EUR/MWh
and 50% scrap use. If only DRI is charged to the EAF this value in-
creases to 62 EUR/tCO2. An H-DR plant can be competitive with BF
relining at a carbon price of 68 EUR/tCO2 (only DRI) and 52 EUR/



Fig. 4. Production cost of steel via the H-DR process route as a function of the electricity cost (scrap charge 0%).

Fig. 5. Production cost via the H-DR process route as a function of the electricity cost (scrap charge 50%).
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tCO2 (50% scrap) respectively. If greenfield investments are
compared, carbon prices need to be 52 EUR/tCO2 and 34 EUR/tCO2

respectively for the projects to be competitive. However, in light of
global overcapacities the industry might not consider any green-
field investments in the near future.

Finally, it should be noted that the efficiency of the electrolyser
is a key parameter for both energy consumption and subsequent
production cost. Electrolyser efficiency is primarily influenced by
the choice of technology. PEM electrolysers are a promising option
for the process. Saba et al. (2018) expect improvements in PEM
technology due to technical developments, economies of scale and
learning effects. In addition, the use of alkaline or solid oxide
electrolysis (SOE) is possible. Alkaline electrolysers already operate
in industry today with capacity installations of over 100MW in
Norway and Egypt. However, their efficiency potential is lower and
their load range for dynamic operation smaller than that of PEM



Fig. 6. Marginal abatement cost (MAC) for investing in an H-DR plant versus (a) relining a blast furnace, (b) a BF/BOF brownfield investment, and (c) a BF/BOF greenfield investment.
Two cases are shown: 100% HBI operation and a 50% scrap charge to the EAF.
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technology (Schiebahn et al., 2015; Saba et al., 2018). SOE is not yet
a commercial reality, but promises high efficiencies and lower in-
vestment cost than PEM and alkaline options (Mathiesen et al.,
2013). The similarly high operating temperatures of the SOE and
the shaft make it possible to integrate heat demand between the
processes, which in turn could improve the overall energy
efficiency.
2 For DRI using natural gas the trend seems to go to bigger plants. The largest DRI
plants by Tosyali in Algeria (Midrex) and Nucor in Louisiana (HYL/Energiron) have
capacities of 2.5Mt/y.
3.4. Flexibility of operation and load balancing

The development of the H-DR process as a fossil-free option
depends on the concurrent transition to emission-free and zero-
GEI power systems. The H-DR process if scaled-up represents a
large additional electricity demand (3.5 TWh per million tonne
steel) but it can also support the grid through its operational pro-
cess flexibility. This in turn allows for electricity demand flexibility
and grid balancing services.

A key feature of the H-DR process is that the set-up allows for
operational flexibility and this for several reasons. The only part of
the system in Fig. 1 that is designed to run in continuous mode is
the reduction shaft. The electric arc furnace is a batch process
(approximately 2 h per batch) and the electrolyser is built of many
single units, which allows for flexible operation. The extent of
balancing ability depends on whether PEM, alkaline or solid oxide
electrolyser design is used. The amount of scrap charged to the
electric arc furnace can be adjusted in the H-DR process allowing
for flexibility in total electricity use. Quality requirements for the
steel product might set boundaries to the flexible use of scrap. By
using the hydrogen storage and through the possibility to store DRI
as HBI the continuous operation of the shaft can be maintained. If
these options are combined, a number of different operating stra-
tegies can be pursued.

Hydrogen storage enables a detachment of the electrolyser from
the rest of the process and can act as a buffer, so that part of the H-
DR process can still be operated continuously. By installing addi-
tional electrolyser capacity, excess stored hydrogen can then be
used in times of high electricity prices or alternatively sold or even
re-converted to electricity in fuel cells. The extra investment cost in
electrolyser capacity must be motivated by varying electricity pri-
ces or balancing payments.

Additional degrees of freedom are gained from storing DRI
through conversion to HBI. Due to the flexible use of HBI and scrap,
the H-DR process resembles a hybrid between primary and sec-
ondary steelmaking. Through increasing the charge of scrap to the
EAF the process becomes more like a mini-mill, whereas it re-
sembles a typical DRI plant for steelmaking from mainly HBI. DRI
cannot be stored but compaction to HBI allows for long-term
storage and transport over long distances, which in turn opens
the way for new operational strategies. When scrap prices are low,
HBI can be stored and the amount of scrap increased in the EAF, and
vice versa. HBI can also be transported and sold to other secondary
steel makers. When combined with HBI storage, the EAF process
can, as a batch process, be flexible on a day-to-day basis and would
enable production strategies that react to electricity, scrap and HBI
markets in a dynamic manner.

To illustrate the order of magnitude for grid balancing services
of an H-DR steel plant, we assume a plant capacity of 1.5Mt/y2 that
for optimal continuous operation needs 129MW of installed EAF
capacity and 411MW in electrolyser, resulting in an electricity
consumption of 5.22 TWh/y. If the electrolyser is dimensioned 30%
larger than required, an instantaneous negative reserve power of
123MW could be provided when electricity prices are low. This
would result in a storage flow of 8.8 tonnes hydrogen per hour
(107,000 Nm3/h). Hydrogen from storage then opens up the
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possibility to offer positive reserve power by reducing the elec-
trolyser load when electricity prices are high. An option for positive
reserve power on the day-ahead spot market is a flexible EAF
operation, which is already practiced today. If the EAF is used as a
positive reserve (shut down), the HBI produced in the shaft can be
stored or directly sold to customers. Finally, adjusting the scrap
share of the EAF charge leads to significant changes in electricity
consumption. A switch from pure DRI to pure scrap operation frees
up 468MW, if both the electrolyser and the shaft are shut down.

The economics of flexible operation need further investigation.
Its actual use in practical operations depends on electricity price
volatility and electricity market design, as well as steel and scrap
markets and on technical considerations.

4. Conclusion and outlook

The assessment of a hydrogen direct reduction steelmaking
process shows that total energy demand is similar to the traditional
steelmaking route (blast furnace - basic oxygen furnace), but
instead of coal and coke the process runs on electricity. The total
production costs for liquid steel from HBI depend strongly on the
price of electricity and the amount of scrap used in the process.
Production cost range from 361 to 640 per tonne for electricity
costs of 20e100 EUR/MWh. Production cost of the H-DR route are
generally higher than those of the integrated BF/BOF route, but
come close to competitive at very low electricity cost (20 EUR/
MWh). At 40 EUR/MWh production cost of the H-DR route are 36%
higher than for the BF/BOF route. Consequently, an H-DR plant
becomes competitive with a BF/BOF brownfield investment at a
carbon price of 62 EUR per tonne of CO2. The economic viability of
the hydrogen-based process is thus highly dependent on the
availability of low cost clean electricity or, conversely, higher prices
for carbon emissions.

The process can be flexible in production and electricity demand
through storage of hydrogen and hot-briquetted iron, or variations
in the share of scrap used. The process design allows for new
operational strategies and businesses beyond traditional steel-
making, such as grid balancing through load shifting and large-
scale oxygen production. The expected variability of electricity
prices over hours, days, weeks and seasons is therefore important
to consider in the sizing of unit operations and storage capacity of
hydrogen and hot briquetted iron.

The assessment shows that the outlook for hydrogen direct
reduction steelmaking appears promising assuming successful
technology and process development and favourable market con-
ditions in terms of relative prices for electricity and carbon emis-
sions. Technological developments in the fields of hydrogen storage
and electrolysis are crucial to the competitiveness of the process. H-
DR is an option to achieve EU emissions targets for 2050 as CO2
emissions for the process are minimal compared to today's pro-
duction. A precondition for this, however, is the decarbonisation of
electricity production.
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There is intense debate about how to close the gap 
between current climate policy and the aim of the Paris 
Agreement to achieve close to net-zero emissions by 
mid-century. Heavy industry holds a central place in the-
se discussions. The materials and chemicals it produces 
are essential inputs to major value chains: transportation, 
infrastructure, construction, consumer goods, agricul-
ture, and more. Yet their production also releases large 
amounts of CO

2
-emissions: more than 500 Mt per year, 

or 14% of the EU total. Their emissions have long been 
considered ‘hard to abate’ compared to those from se-
ctors such as buildings or electricity. 

Policymakers and companies thus have a major task 
ahead. There is an urgent need to clarify what it would 
take to reconcile a prosperous industrial base with net 
zero emissions, and how to get there in the 30 remaining 
years to 2050. The journey starts from a point of often 
challenging market conditions for EU companies, and the 
EU and its companies rightly is asking how climate and 
wider industrial strategy can be joined together. There is 
no doubt that significant innovation and entrepreneurship 
will be required, by companies, policymakers, cities, and 
a range of other actors. 

This study seeks to support these discussions. It charac-
terises how net zero emissions can be achieved by 2050 
from the largest sources of ‘hard to abate’ emissions: 
steel, plastics, ammonia, and cement. The approach 
starts from a broad mapping of options to eliminate fossil 
CO

2
-emissions from production, including many emerging 

innovations in production processes. Equally important, 
it integrates these with the potential for a more circular 
economy: making better use of the materials already pro-
duced, and so reducing the need for new production. Gi-
ven the uncertainties, the study explores several different 
2050 end points as well as the pathways there, in each 
case quantifying the cost to consumers and companies, 
and the requirements in terms of innovation, investment, 
inputs, and infrastructure. The ambition is to explore how 

preface
the myriad of new technologies and business models be-
ing discussed can fit together into consistent European 
industrial strategies to combine a prosperous industrial 
base with Paris compatibility, and what big choices and 
‘no regrets’ Europe faces when developing such industrial 
strategies.

This report thus explores the technical and economic 
aspects of the transition but stops short of concrete po-
licy recommendations. In a separate report, An Industrial 
Strategy for a Climate Neutral Europe, a group of policy 
experts explore what European policy is best suited to 
achieve a balanced transition. 
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executive
summary

This study explores multiple ways to achieve net-zero 
emissions from EU steel, plastics, ammonia and cement 
production while keeping that production in the EU. It quan-
tifies the potential impact of different solutions and finds that 
emissions from those industries can be reduced to net zero 
by 2050, confirming the findings of the pathways present-
ed in the Commission’s A Clean Planet for All. Many new 
solutions are emerging, thanks to a more circular economy 
with greater materials efficiency and extensive recycling of 
plastics and steel, as well as innovative industrial processes 
and carbon capture and storage.

Many different industrial strategies and pathways can be 
combined to achieve net-zero emissions. The analysis finds 
that the impact on end-user/consumer costs will be less 
than 1% regardless of the path pursued – but all pathways 
require new production processes that are considerably 
costlier to industry, as well as significant near-term capital 
investment equivalent to a 25–60% increase on today’s 
rates. Keeping EU companies competitive as they pursue 
deep cuts to emissions will thus require a new net-zero 
CO

2
 industrial strategy and policy agenda. There is a need 

to accelerate innovation, enable early investment, support 
costlier low-CO

2
 production, overcome barriers to circular 

economy solutions, and ensure that companies can access 
the large amounts of clean electricity and other new inputs 
and infrastructure they need. Time is short, with 2050 only 
one investment cycle away, and any further delays will hugely 
complicate the transition. As the EU ponders its industrial 
future, this transformation should be a clear priority.
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NET-ZERO EMISSIONS FROM EU HEAVY INDUSTRY IS POSSIBLE BY 2050

opportunities for materials efficiency: achieving the same 
benefits and functionality with less material. The opportunity 
is surprisingly wide-ranging, including new manufacturing 
and construction techniques to reduce waste, coordination 
along value chains for circular product design and end-of-life 
practices, new circular business models based on sharing 
and service provision; substitution with high-strength and 
low-CO

2
 materials; and less over-use of materials in many 

large product categories. For example, many construction 
projects use 30–50% more cement and steel than would be 
necessary with an end-to-end optimisation. Similarly, new 
business models could cut the materials intensity of passen-
ger transportation by more than half, while reducing the cost 
of travel. Much like energy efficiency is indispensable to the 
overall energy transition, improving materials efficiency can 
make a large contribution in a transition to net-zero emis-
sions from industry. In a stretch case achieving extensive 
coordination and a deep shift in how Europe uses materials, 
these solutions can reduce material needs from today’s 800 
kg per person per year to 550-600 kg, reducing emissions 
as much as 171 Mt CO

2
 per year by 2050. In a more tradi-

tional pathway, emphasising supply-side measures instead, 
the reductions could be at a lower 58 Mt CO

2
.

The EU has set out a vision to achieve net-zero greenhouse 
gas emissions by mid-century as a contribution to achieving 
the Paris Agreement objectives of limiting global warming.

Resource and energy intensive industry holds a central place 
in this vision. The production of key materials and chemicals – 
steel, plastics, ammonia and cement – emits some 500 million 
tonnes of CO

2
 per year, 14% of the EU total. Materials needs 

are still growing, and on the current course, EU emissions 
from these sectors might increase as well. Globally, these 
emissions are growing faster still, already accounting for 
20% of the total. The EU needs to lead the way in combining 
the essential industrial base of a modern economy with the 
deep cuts to emissions required to meet climate targets.

To date, emissions from these sectors have been consid-
ered especially ‘hard to abate’. Existing industrial low-carbon 
roadmaps left up to 40% of emissions in place in 2050. This 
would make industrial emissions one of the main roadblocks 
to overall net-zero emissions. The European Commission’s A 
Clean Planet for All broke new ground by also considering 
pathways that eliminate nearly all emissions from industry.

A WIDE RANGE OF SOLUTIONS FOR NET-ZERO INDUSTRY IS AVAILABLE AND EMERGING
There are many paths to net-zero emissions, and a wide 
portfolio of options provides some choice and redundancy. 
At the same time, industry will need a clear sense of direc-
tion, so there is a need to debate and investigate the pros 
and cons of different options.

This study seeks to enable such discussion. It aims to be 
as comprehensive as possible in describing the available 
solutions and finds an encouraging breadth of available op-
tions. It explores multiple different pathways, each with its 
own benefits and requirements, and facing different road-
blocks. All pathways reach net zero, reducing emissions by 
more than 500 Mt per year in 2050, but reflect different 
degrees of success in mobilising four different strategies for 
emissions reductions:

A. Increased materials efficiency throughout major val-
ue chains (58–171 Mt CO

2
 per year by 2050). The EU 

uses 800 kg per person and year of the main materials 
and chemicals considered here. However, there is in fact 
nothing fixed about these amounts. This study carries out a 
comprehensive review of opportunities to improve the pro-
ductivity of materials use in major chains such as construc-
tion, transportation, and packaged goods. All offer major 

This study confirms that it is possible to reduce emissions 
from industry to net zero by 2050. It reaches this conclu-
sion by considering a much wider solution set than what 
is often discussed. Whereas most existing analyses have 
emphasised carbon capture and storage as the main op-
tion for deep cuts, a range of additional solutions are now 
emerging. A more circular economy is a large part of the 
answer. Innovations in industrial processes, digitisation, and 
renewable energy technologies can also enable deeper re-
ductions over time.  

Crucially, these deep cuts to emissions need not com-
promise prosperity. Steel, chemicals and cement fulfil es-
sential functions, underpinning transportation, infrastruc-
ture, packaging, and a myriad of other crucial functions. 
The analysis of this study is based on the premise that all 
these benefits continue, and also that the EU continues 
to produce the materials it needs within its borders to the 
same extent as today. 
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B. High-quality materials recirculation (82–183 Mt CO
2
 

per year by 2050). Large emissions reductions can also 
be achieved by reusing materials that have already been 
produced. Steel recycling is already integral to steel produc-
tion, substantially reducing CO

2
 emissions. The opportunity 

will grow over the next decades as the amount of available 
scrap increases, and as emissions from electricity fall. The 
share of scrap in EU steel production can be increased by 
reducing contamination of end-of-life steel with other met-
als, especially copper. With plastics, mechanical recycling 
can grow significantly but also needs to be complement-
ed by chemical recycling, with end-of-life plastics that can-
not be mechanically recycled used as feedstock for new 
production. Unlike most other forms of recycling, chemical 
recycling of plastics requires lots of energy, but is almost 
indispensable to closing the ‘societal carbon loop’, thus es-
caping the need for constant additions of fossil oil and gas 
feedstock that in turn becomes a major source of CO

2
 emis-

sions as plastic products reach their end of life. By 2050, 
a stretch case could see 70% steel and plastics produced 
through recycling, directly bypassing many CO

2
 emissions, 

as steel and plastics recycling can use green electricity and 
hydrogen inputs. The total emissions reductions could be 
183 Mt CO

2
 per year in a highly circular pathway, but just 

82 Mt if these are less successfully mobilised. 

C. New production processes (143–241 Mt CO
2
 per year 

by 2050). While the opportunity to improve materials use and 
reuse is large, the EU will also need some 180–320 Mt of 
new materials production per year. As many current industrial 
processes are so tightly linked to carbon for either energy 
or feedstock, deep cuts often require novel processes and 
inputs. Ten years ago, the options were limited, but emerging 
solutions can now offer deep cuts to CO

2 
emissions. For steel, 

several EU companies are exploring production routes that 
switch from carbon to hydrogen. In cement, new cementitious 
materials like mechanically activated pozzolans or calcined 
clays offer low-CO

2 
alternatives to conventional clinker. For 

chemicals, several proven routes can be repurposed to use 
non-fossil feedstocks such as biomass or end-of-life plastics. 
Across the board, innovations are emerging to use electricity 
to produce high-temperature heat. Many solutions are proven 
or in advanced development, but economics have kept them 
from reaching commercial scale. They now need to be rapidly 
developed and deployed if they are to reach large shares by 

2050. In addition, large amounts of zero-emissions electricity 
will be needed, either directly or indirectly to produce hydro-
gen. In a pathway heavily reliant on new production routes, 
as much as 241 Mt CO

2
 could be cut in 2050 by deploying 

these new industrial processes, falling to 143 Mt in a route 
that emphasises other solutions instead.

D. Carbon capture and storage / use (45–235 Mt CO
2
 

per year by 2050). The main alternative to mobilising new 
processes is to fit carbon capture and storage or use 
(CCS/U) to current processes. This can make for less dis-
ruptive change: less reliance on processes and feedstocks 
not yet deployed at scale and continued use of more of 
current industrial capacity. It also reduces the need for elec-
tricity otherwise required for new processes. However, CCU 
is viable in a wider net-zero economy only in very particular 
circumstances, where emissions to the atmosphere are per-
manently avoided. CCS/U also faces challenges. In steel, 
the main one is to achieve high rates of carbon capture 
from current integrated steel plants. Doing so may require 
cross-sectoral coupling to use end-of-life plastic waste, 
or else the introduction of new processes such as direct 
smelting in place of today’s blast furnaces. For chemicals, 
it would be necessary not just to fit the core steam cracking 
process with carbon capture, but also to capture CO

2
 up-

stream from refining, and downstream from many hundreds 
of waste incineration plants. Cement production similarly 
takes place at around 200 geographically dispersed plants, 
so universal CCS is challenging. Across all sectors, CCS 
would require public acceptance and access to suitable 
transport and storage infrastructure. These considerations 
mean that CCS/U is far from a ‘plug and play’ solution ap-
plicable to all emissions. Still, it is required to some degree 
in every pathway explored in this study. High-priority areas 
could include cement process emissions; the production 
of hydrogen from natural gas; the incineration of end-of-life 
plastics; high-temperature heat in cement kilns and crackers 
in the chemical industry; and potentially the use of off-gases 
from steel production as feedstock for chemicals. In a high 
case, the total amount of CO

2
 permanently stored could 

reach 235 Mt per year in 2050, requiring around 3,200 
Mt of CO

2
 storage capacity. However, it also is possible to 

reach net-zero emissions with CCS/U used mainly for pro-
cess emissions from cement production. In this case, the 
amount captured would be around 45 Mt per year.
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Net-zero emissions from 
EU heavy industry is 
possible by 2050.
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ADDITIONAL COSTS TO CONSUMERS ARE LESS THAN 1%, BUT COMPANIES FACE 20–115% 
HIGHER PRODUCTION COSTS 

An analysis of the costs of achieving net-zero emissions 
reveals a telling contradiction. On the one hand, the total 
costs are manageable in all pathways: consumer prices of 
cars, houses, packaged goods, etc. would increase by less 
than 1% to pay for more expensive materials. Overall, the ad-
ditional cost of reducing emissions to zero are 40-50 billion 
EUR per year by 2050, around 0.2% of projected EU GDP. 
The average abatement cost is 75-91 EUR per tonne of CO

2
. 

On the other hand, the business-to-business impact is large 
and must be managed. All pathways to net-zero require the use 
of new low-CO

2
 production routes that cost 20-30% more for 

steel, 20-80% for cement and chemicals, and up to 115% for 
some of the very ‘last tonnes’ that must be cut. These differenc-
es cannot be borne by companies facing both internal EU and 
international competition, so supporting policy will be essential. 

Cost alone is not a basis for choosing one pathway over 
another. Total costs are similar whether the emphasis is on CCS 
or on new production technologies. The attractiveness of solu-
tions will vary across the EU, not least depending on electricity 
prices. A more circular economy and affordable electricity are 
among the most important factors to keep overall costs low. 

Most EU companies know the current status quo offers 
little intrinsic advantage in a situation of trade uncertain-
ties, global over-capacity, and often lower fossil feed-
stock and energy costs in other geographies. Low-car-
bon routes emphasising deep value chain integration, 
continued process and product innovation, and reliance 
on local end-of-life resources may well prove a more sus-
tainable route for EU competitiveness. It will also offer a 
head start in developing solutions that will eventually be 
needed globally. In the longer run, low-CO

2
 production 

systems may in fact be the more promising route to keep 
EU industry competitive.

A low-CO2 industrial transition can offer similar em-
ployment levels as today, provided that economic activity 
does not migrate from the EU. Overall, circular economy 
solutions are more rather than less labour-intensive, so 
implementing them would create additional jobs in the 
overall value chains. Changes to industrial production, 
meanwhile, would likely still occur on current sites and in 
existing clusters, with little systemic impact on industrial 
employment.
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THE TRANSITION WILL REQUIRE A 25–60% INCREASE IN INDUSTRIAL INVESTMENT, 
WITH IMPORTANT NEAR-TERM DECISIONS
All pathways also require an increase in capital expen-
diture. Whereas the baseline rate of investment in the core 
industrial production processes is around 4.8–5.4 billion 
EUR per year, it rises by up to 5.5 billion EUR per year in 
net-zero pathways, and reaches 12–14 billion EUR per year 
in the 2030s. Investment in other parts of the economy also 
will be key, including some 5–8 billion EUR per year in new 
electricity generation to meet growing industrial demand.

How much is invested and where depends on the pathway, 
with generally much lower investment requirements for materials 
efficiency and circular economy solutions than for traditional pro-
duction. Some additional investment occurs because low-CO

2
 

routes are inherently more capital-intensive, but many others are 
one-off transition costs for demonstration, site conversion, and to 
provide redundancy in uncertain situations. Investment also will 
be required in infrastructure for electricity grids, CO

2
 transporta-

tion and storage, and handling of end-of-life flows.

For society as a whole these are not, in fact, large amounts. 
They correspond to just 0.2% of gross fixed capital formation 
and would be fully covered, including a return on capital, by 

Steel, cement, plastics and ammonia production together 
use 8.4 EJ of mostly imported oil, coal and natural gas. A 
major benefit of a more circular economy would be to re-
duce these needs by up to 3.1 EJ per year in 2050 through 
improved materials efficiency, new business models in ma-
jor value chains, and large shares of materials recirculation. 

Remaining needs would be replaced by sustainably 
sourced biomass (1.1–1.3 EJ), used primarily as feedstock, 
and large amounts of electricity (2.5–3.6 EJ), used directly 
or for the production of hydrogen. The remaining fossil fuels 
and feedstock would be as low as 0.2 EJ, though with high 
levels of CCS, 3.1 EJ could remain. All in all, Europe could 
become much less dependent on imports of inputs to its 
industrial production, even if some basic constituents (such 
as ammonia or hydrogen) were eventually to be imported.

Industry electricity demand will increase significantly. In 
a maximum case, an additional 710 TWh per year is re-
quired (for comparison, all of industry and manufacturing 
uses 1,000 TWh today). However, up to four times larger 
amounts are proposed in other analyses that envision a 
greater use of CO

2
 and ‘Power-to-X’ as feedstock to decar-

paying on average 30 EUR per tonne more for plastics and steel 
that often cost 600-1,500 EUR per tonne in today’s markets. 

For companies, however, the investment will be a ma-
jor challenge. The case for investment in the EU’s indus-
trial base has been challenged for more than a decade. 
All investment relies on a reasonable prospect of future 
profitability. In capital-intensive sectors, choosing a low-
CO

2
 solution instead of reinvesting in current facilities can 

amount to a ‘bet the company’ decision – especially when 
future technical and commercial viability is uncertain. In-
vestment in demonstration and other innovation often has 
highly uncertain returns. For all these reasons, strong poli-
cy support will therefore be needed in the near term.

In all pathways, EU companies will make important invest-
ment decisions in the next few years. Each will create a risk of 
lock-in unless low-CO

2
 options are viable at these forks in the 

road. Changes to value chains and business models, mean-
while, may take decades to get established. There is time for 
deep change until 2050, but it will have to happen at a rapid 
pace, and any delay will hugely complicate the transition.

bonise industry. Electricity must be all but zero-emissions, 
or emissions would simply migrate to the energy sector. It 
also needs to be affordable (the cost estimates presented 
here assume a price of 40–60 EUR per MWh, depending on 
the application). The main ways to reduce electricity needs 
is to achieve a more circular economy, which can reduce re-
quirements by 310 TWh, or large-scale deployment of CCS, 
which can cut some 275 TWh. 

Sustainable biomass is a scarce resource, and industry 
must prioritise how it is used. Nearly all biomass used in the 
pathways is as feedstock for chemicals, to enable a ‘soci-
etal carbon loop’ for plastics and other chemicals without 
new additions of fossil carbon from oil and gas. The 85–
105 Mt required are within available resources, especially 
if non-conventional streams such as mixed waste can be 
mobilised. Still, it is key to minimise the amount of biomass 
required. The main ways to do so are high recycling rates 
(mechanical and chemical) for plastics, increased materi-
als efficiency, innovation to enable new polymers suited to 
bio-feedstock, and CCS to enable some continued use of 
fossil feedstock. 

NET-ZERO INDUSTRY WILL REQUIRE LARGE AMOUNTS OF ELECTRICITY AND BIOMASS 
AS WELL AS A MORE CIRCULAR ECONOMY
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12

There is time for deep change 
until 2050, but it will have to 
happen at a rapid pace. Any 
delay will hugely complicate the 
transition.

38  



12 13

Industrial Transformation 2050 – Pathways to Net-Zero Emissions from EU Heavy Industry  /  Executive Summary

THE TRANSFORMATION REQUIRES STRONG SUPPORT ACROSS CLIMATE AND INDUSTRIAL POLICY
A successful transition will require concerted efforts by 
government, industrial companies, companies in major val-
ue chains, cities, civil society, and individuals. The transition 
is technically feasible but requires a step-change in sup-
port to be economically plausible. The next 5–10 years will 
be crucial in enabling EU heavy industry and major value 
chains to chart a low-CO

2
 course.

Many EU industrial companies know that ‘doing nothing’ 
is a far from viable approach. Indeed, EU industry has long 
gravitated towards increased specialisation, performance 
and efficiency to counter pressures ranging from energy 
costs, trade practices or global overcapacity. A low-CO

2
 

track would be a continuation and acceleration of these 
trends. Low-CO

2
 solutions pioneered and commercialised 

in Europe will eventually be needed globally in a world with 
large unmet materials needs. Meanwhile, the EU would tran-
sition to a much more secure position: a more materials-pro-
ductive economy that is less reliant on imported fossil fuels 
and feedstock, and more attuned to domestic sources of 
comparative advantage: local integration, digitisation, end-
of-life resources, etc.

Nonetheless, the first steps of this transition will not oc-
cur without a step-change both in policy and in company 
strategic choices. To launch a new economic and low-CO

2
 

agenda for EU heavy industry, major policy innovation and 
entrepreneurship will be required. The EU ETS provides a 
fundamental framework, but many stakeholders see limits 
to the credible commitments to future CO

2
 prices that it 

can provide, not least given international competition. On 
its own, carbon pricing also does not provide sufficient in-
centives for innovation, nor does it address market failures 
that hold back many circular economy solutions. 

While all pathways require broad policy support, require-
ments differ for different options. Effective policy therefore 
must start from a deep understanding of the change re-
quired, and the business case for different options. Just like 
the solution set for net-zero industry is wide-ranging, this 
policy agenda must have many parts, each addressing dif-
ferent aspects of the transition. Options currently not in use 
but which can be considered include:

•	 Launch major new mechanisms for innovation. 
This includes some industrial R&D ‘moonshots’ and 
mission-driven innovation. Equally important will be to 
support the later stages towards fully commercial solu-
tions: define and embed an innovation agenda in all EU 
and national programs, provide direct public finance for 
demonstration, emphasise early learning by doing (de-
ployment), and develop new joint public-private models 
for large demonstration plants.

•	 Create lead markets for low-carbon production.
This starts with creating an initial business case to 

enable companies to make a near-term strategic choice 
for low-CO

2
 production. It also requires a commitment to 

continued support. The EU ETS offers an option, but wider 
climate policy offers a broad menu of fiscal/financial sup-
port and regulatory instruments that could be deployed, 
such as contracts for differences for low-CO

2
 production, 

standards for materials’ or products’ CO
2
 performances, 

public procurement, and possible trade and investment 
mechanisms to ensure fair international competition. 

•	 Enable early investment and reduce the risk of 
lock-in. Especially early in the transition, before techni-
cal and commercial risk can be fully resolved, financing 
instruments for direct investment supports will likely be 
required. Options include using public financial institu-
tions, risk-sharing models, concessional finance, and 
early direct public investment. It also will be necessary to 
handle the risk of stranded assets.

•	 Create systems for high-quality materials recircu-
lation. Both steel and plastics recycling are indispensable 
parts of any net-zero materials system, but incentives for 
clean end-of-life flows are skewed and insufficient. Regula-
tory change is required to open up waste flows as a major, 
large-scale feedstock resource, regulate against contam-
ination of end-of-life flows, and optimise product design 
and end-of-life dismantling for high-quality recovery. 

•	 Integrate materials efficiency and new business mod-
els in key value chains. As with energy efficiency, policy 
can help overcome barriers and market failures such as 
incomplete contracts and split incentives, large transaction 
costs and missing markets, and incomplete information. 
Standards, quotas, labelling and other approaches in ener-
gy efficiency policy need rapid translation to major materi-
als-using value chains – while avoiding undesired outcomes 
of such regulations, including potential hidden costs.

•	 Safeguard access to key inputs and infrastructure. 
Key policy objectives in this area include public or reg-
ulated models for carbon transport and storage, hydro-
gen supply for major industrial clusters, an accelerating 
electricity system transition, and modified incentives for 
biomass use that maximise the benefits of its use. Pol-
icies that encourage industrial clusters and symbiosis 
for heat, hydrogen and other flows also can contribute.

Perhaps the most important near-term prerequisite for suc-
cess will be to create a shared expectation: that, much like the 
energy sector now focuses nearly all its efforts on low-carbon 
resources, the EU heavy industry and major materials-using 
value chains will now direct innovation and investment towards 
solutions that enable deep cuts to CO

2
 emissions. The sooner 

this is achieved, the greater the likelihood of success – and the 
greater the opportunity to build an EU industrial advantage in 
low-CO

2
 production and in circular economy business models.
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1. Achieving 
prosperous, 
net-zero EU 
industry by 2050
1.1 Net-zero materials – the need for a new 
answer to industrial CO2
There is intense debate about how to close 
the gap between current climate policy and the 
aim of the Paris Agreement to achieve close to 
net-zero emissions by mid-century.

Heavy industry holds a central place in this 
vision. The production of key materials and 
chemicals – steel, plastics, ammonia and ce-
ment – emits more than 530 million tonnes of 
CO

2
 per year (including electricity and end-of-

life emissions). Materials needs are still grow-
ing, and on the current course, EU emissions 
from these sectors would be little lower in 2050 
than they are today. 

Globally, these emissions are growing faster 
still, already accounting for 20% of the total. In 
fact, without deep change, the production of ba-
sic materials alone would exhaust the available 
‘carbon budget’ for a 2°C objective, and make 
it completely impossible to keep warming ‘well 
below’ 2°C. Thus, in finding a way to maintain 

the robust industrial base of modern economies 
while making deep cuts to emissions, the EU 
can not only help achieve its climate targets, but 
also develop and demonstrate solutions that are 
urgently needed across the globe.

Yet emissions from these sectors have long 
been considered ‘hard to abate’. Carbon is inex-
tricably linked into current production process-
es, either as a building block of the material 
(plastic), or in the process chemistry of their 
production (ammonia, cement, steel). Existing 
industrial low-carbon roadmaps have eschewed 
significant change, emphasising carbon capture 
as the key route to deep cuts – but still leaving 
some 30–40% of emissions in place in 2050. 
Industrial emissions are thus one of the main 
roadblocks to a net-zero economy. Recognising 
the need to address this problem, the European 
Commission’s A Clean Planet for All broke new 
ground by considering pathways that eliminate 
nearly all emissions from industry as well.
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This study confirms that it is possible to achieve 
net-zero emissions from industry – if one consid-
ers a much wider solution set than is typically 
envisioned. Carbon capture still plays a role, but 
many other solutions also hold significant potential. 
A large part of the answer lies in a more circular 
economy and new business models, both to im-
prove materials efficiency and to enable the recircu-
lation of end-of-life plastic and steel as feedstock for 
new production. Innovations in industrial processes, 
digitisation, and renewable energy technology like-
wise help enable deeper reductions over time.

Crucially, these deep cuts to emissions need 
not compromise prosperity. Steel, chemicals, 
and cement fulfil essential functions, underpin-
ning transportation, infrastructure, packaging, 
and many other crucial functions. The pathways 
in this study start from the premise that all these 
benefits continue, and also that the EU keeps 
producing the materials it needs within its bor-
ders to the same extent as today. 

However, technical feasibility is only a start. 
The transition to net-zero emissions will require 
profound change throughout the materials sys-
tem: in core production processes, in how mate-
rials are used in major value chains, and in how 
they are treated at end of life.

This raises understandable concerns. The 
current business and policy environment is not 
conducive to these industries undertaking such 
an investment- and innovation-heavy transition. 

On the contrary, many companies in the relevant 
sectors have struggled in the aftermath of the fi-
nancial crisis. They also face unfavourable inter-
national market conditions, including overcapac-
ity, trade uncertainty, and adverse structural shifts 
in energy and feedstock prices. A major transfor-
mation from this starting point will be daunting for 
many. In a capital-intensive industry with long-lived 
assets, investing in a low-CO

2
 option instead of 

reinvesting in current high-CO
2
 processes could 

amount to a ‘bet the company’ decision.

This study attempts to address those con-
cerns directly, by describing not just a set of 
solutions to reduce emissions, but different po-
tential pathways to net-zero by 2050, recognising 
today’s realities. It quantifies the cost, investment, 
input requirements, and innovation needs of 
each approach. The aim is to show what it would 
take to reach net-zero in each sector, both for 
business leaders making decisions about their 
companies’ path ahead, and for policy-makers 
who need to create an enabling policy environ-
ment. The analysis recognises that achievement 
of climate objectives must go hand in hand with 
continued competitiveness of EU industry. While 
clarifying what needs to change for low-CO

2
 

solutions to be viable, it also shows how a suc-
cessful transition will involve profound innovation, 
new sources of value throughout the major value 
chains, and opportunities for EU companies to 
lead in the creation of solutions that will eventu-
ally be required globally.
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THE EU MATERIALS SYSTEM – THE PRODUCTION, USE AND END OF LIFE OF KEY MATERIALS
The scope in this study is four major materials and chem-
icals: steel, cement and concrete, plastics, and ammonia.  
 
The EU is a major producer of all these. In 2015, EU com-
panies produced 413 million tonnes (Mt), equivalent to 
812 kilograms (kg) for every person in the EU. This activity 
employs half a million people and adds €40 billion to the 
EU’s gross domestic product (GDP) each year. European 
companies were pioneers in the development of heavy in-
dustry, and Europe is still home to large production assets, 
with more than 50 steam crackers, about 200 steel plants, 
200 cement plants, and 42 ammonia production facilities 
at the core. These operations are complex and highly inte-
grated, having been carefully optimised over their lifetimes. 
 
Overall, production has held steady or grown modestly over 
the long term. However, in the aftermath of the 2008 financial 
crisis, there was a major shift, as both steel and cement pro-
duction dropped by a third, with only partial recovery since. 
 
Most of these products are commodities, with significant 
international trade and price competition. For example, the 
EU exports 14% of its steel production and 29% of its plastic 
production, and imports comparable amounts. Although EU 
producers have largely maintained their market position, inter-
national competition is a challenge. In steel, massive increases 
in production in China have led to global overcapacity and de-
pressed prices and profitability. In chemicals, the cost of both 
ethylene and ammonia production can be as much as three 
times more expensive in the EU than in regions with access 
to cheap natural gas fossil feedstock. Cement remains a local 
market, but seaborne imports are a real possibility if large cost 
differences were to develop between the EU and its neighbours. 
 

The core materials and chemicals produced by these 
industries are used in major value chains of the economy. 
Transportation, construction, packaging, and food account 
for as much as 70% of use. Infrastructure and machinery 
add another 20%. The business models, manufacturing 
and construction methods, materials choices, and design 
principles in these value chains thus directly determine 
how much of each material is needed to underpin essential 
economic functions. This is why, as discussed below, these 
value chains are crucial in a transition towards a more cir-
cular economy that can significantly reduce CO

2
 emissions. 

 
Large amounts of these materials also exit econom-
ic use each year, as products or structures reach the 
end of their lives. For example, EU citizens discard 
about twice their weight in packaging. There are simi-
larly large volumes of end-of-life vehicles and demol-
ished buildings. In some cases, these flows have a large 
economic value. For example, the 90 Mt of steel scrap 
generated in Europe each year is worth some €20–25 
billion when it is either exported or reprocessed in the 
EU to make new steel. The other materials are far less 
circular and preserve less of the original materials val-
ue. Plastic recycling is still limited, producing volumes 
corresponding to around 10% of total plastics use.  
 
Together, the production, use and end-of-life flow of 
materials make up the EU materials system: a set of in-
terlocking production processes, products, business mod-
els, infrastructures, and end-of-life handling involving large 
economic values – and as described below, also large 
CO

2
 emissions. To reduce these emissions, change across 

the entire system is possible.
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The EU materials system: more than 400 million tonnes  
of steel, cement, plastics, and ammonia flow through 

the EU economy each year

Exhibit 1.1
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SOURCE: MATERIAL ECONOMICS ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.10
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MATERIALS AND CO2 EMISSIONS – WHY INDUSTRY IS SEEN AS ‘HARD TO ABATE’ 
These four heavy industries are major energy users and 
large sources of carbon dioxide (CO

2
) emissions. For ev-

ery kilogram of cement that is produced, 0.7 kg of CO
2
 is 

released into the air. The equivalent figure for the primary 
production of steel in the EU is just under 2 kg of CO

2
, while 

1 kg of plastic leads to 4.6 kg of CO
2
, more than half of 

which results from embedded emissions that are released 
if plastics are incinerated at end of life. Including electricity 
and end-of-life emissions, total annual emissions from these 
materials were 536 Mt of CO

2
 in the EU in 2015. That is 14% 

of the EU’s total CO
2
 emissions from energy and industry.11 

Continuing today’s pattern of materials use in an ex-
panding EU economy would require an estimated 14% in-
crease in materials production and use by 2050. Thus, 
in a baseline scenario, overall emissions from the four 
industries would also grow (Exhibit 1.2). Incremental im-
provement in energy efficiency and some fuel switching 
would slightly reduce production emissions, but EU plans 
to phase out landfilling would lead to much greater levels 
of incineration of plastics, causing additional fossil CO

2
 

emissions. 

Without deep change, CO2 emissions from steel, chemicals, 
and cement would remain at more than 500 Mt CO2 per year

Exhibit 1.2
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technologies
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changes end-of-life treatment 

of plastics. Increased 
incineration by 60% leads 

to increasing end-of-life
 emissions from plastics.

E�ciency improvements 
in the range of 5-10% 

in primary steel and cement 
production, and around 

30% for plastics production,
reduces emissions in the 

current production system

�e power sector is expected 
to decarbonise until 2050.
 However, as electricity is 
not the dominant energy 

source, this will have 
limited impact on emissions.

SOURCE: MATERIAL ECONOMICS MODELLING AS DESCRIBED IN SECTOR CHAPTERS.
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Total annual emmisions 
from these materials represent 
14% of the EU´s total CO2  
emissions from energy 
and industry.
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Any strategy to reduce emissions needs to address the 
main sources of CO

2
. For the sectors in scope here, three 

issues are particularly important: high-temperature heat, 
process emissions, and end-of-life emissions. These togeth-
er make up as much as 84% of emissions from the four 
sectors (Exhibit 1.3):

•	 High temperature heat: The core processes to melt 
and form steel, crack hydrocarbons into bulk chem-
icals, and transform limestone to cement clinker re-
quire very high temperatures, 850–1,600°C. This sets 
strict requirements for the energy sources and tech-
nologies used. In particular, while electricity already 
is used for some for these (notably, in electric arc 
furnaces to melt steel), in most cases neither the tech-
nologies nor the economics are yet in place to do so.  

•	 Process emissions: All major processes in the four 
sectors use carbon not just for energy, but also as 
an integrated part of their process chemistry, with 
significant CO

2
 emissions as a result. In the case of 

steel, carbon is used to remove oxygen from iron ore 
to produce iron. In the case of cement, the calcination 
of limestone to produce calcium oxide releases large 
amounts of carbon contained in the rock. In steam 
cracking, some 35–45% of the carbon in the feedstock 
ends up not as high-value chemicals, but as hydrocar-
bon by-products that release fossil CO

2
 when burnt as 

fuel. And in the case of ammonia, CO
2
 is released in 

the production of hydrogen from natural gas. Eliminat-
ing these emissions requires changing the fundamen-
tals of the underlying industrial processes – not just 
the energy sources, but the feedstocks and equipment.  

•	 End-of-life emissions: In the case of plastics, carbon 
is built into the materials which is released as CO

2
 when 

incinerated at end of life. On average, as much as 2.7 
kg of CO

2
 is emitted for every kg of plastic. To address 

these, the carbon can be recirculated instead, while 
new feedstock must be changed to a non-fossil source 
of carbon (notably, biomass).12
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Why CO2 emissions from industry are ‘hard to abate’
Exhibit 1.3

Process emissions from carbon 
used as an integrated part of the process 
chemistry of materials production, e.g. 
carbon used in reduction of iron ore, 

calcination of limestone, and hydrocarbons 
in fuel-grade by-products 

in steam cracking

PROCESS EMISSIONS

Low- and mid temperature heat for e.g. 
plastic polymerisation and processing

LOW- AND MID TEMPERATURE HEAT 

SOURCES OF CO2 EMISSIONS FROM STEEL, CEMENT, PLASTICS, AND AMMONIA
Mt, 2015

End of life treatment, emissions from 
incineration of plastics

48%
Process emissions resulting from the process chemistry 

of e.g. cement calcination and coke reduction.

8%

11% END OF LIFE TREATMENT

27%

5%

100%

PROCESS EMISSIONS

ELECTRICITY

Electricity, production of 275 TWh to serve 
industrial processes.

High-temperature heat, 1100-1600°C for e.g. 
steam crackers, blast furnaces, and clinker production.

HIGH-TEMPERATURE HEAT

546

248

High-temperature heat,  
1100-1600°C for core processes 

of melting and forming steel, steam 
cracking, and clinker production

HIGH-TEMPERATURE HEAT

143

End-of-life treatment, carbon built into the 
plastics is released when plastics is 

incinerated at the end of life 

END-OF-LIFE TREATMENT
59

ELECTRICITY

Electricity, production of 213 TWh 
to serve industrial processes 

Low- and mid temperature heat for 
e.g. plastic polymerisation and processing

LOW- AND MID TEMPERATURE HEAT 

64
22

SOURCES OF CO2 EMISSIONS FROM STEEL, CEMENT, PLASTICS, AND AMMONIA (100% = 536 Mt CO2)
Mt CO2, 2015

84%
‘HARD TO ABATE’
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METHODOLOGY AND MODELLING APPROACH
The study covers cement and concrete, plastics (production of olefins and aromatics and po-
lymerisation), primary and secondary steel (including downsream processing), and ammonia. 
The modelling approach starts from a characterisation of future activity levels. A baseline scena-
rio for demand in 2050 is estimated using a range of models. For steel, the principal tool is a 
dynamic materials flow analysis along with assumptions about future saturation levels for the ste-
el stock in different end use segments. For plastics, cement and ammonia, activity levels are ba-
sed on scenarios for future construction, mobility, food production, and other activity. In the ba-
seline scenario, no major shift in materials intensity or industry structure is assumed. As the aim 
is to characterise an EU net-zero CO

2
 industrial system, no change in net imports is assumed. 

The next step defines a wide range of low-CO
2
 production routes. The analysis characterises 

the technological maturity, investment requirements, energy and feedstock inputs, other ope-
rating costs, mass balance, and CO

2
 emissions of each process. Costs of energy inputs are ba-

sed on widely used energy-economic scenarios from the International Energy Agency and other 
organisations. The scope of CO

2
 emissions includes emissions from electricity generation, 

but also the carbon contained in products that may be released as CO
2
 at end of life.14 Electri-

city generation is assumed to be fully carbon free by 2050, but the analysis explores scenarios 
where this is not the case. On the other hand, CO

2
 created in the production of other raw ma-

terials (such as the extraction of oil and gas or mining of iron ore) are not included, nor are im-
pacts on transportation estimated (e.g., the reduced transportation activity from lower materials 
requirements). In addition to new production routes, current production routes are characterised, 
including the reinvestment requirements and scope for process and energy efficiency improvement.  

Alongside the production side, the analysis uses a range of models to explore opportunities for circu-
lar economy opportunities: improved materials efficiency and increased materials circulation. A model 
of packaging characterises 35 classes of packaging and estimates opportunities for reduced materi-
als use, as well as options for substitution with other materials. Models of the mobility and buildings 
value chains estimate the potential for a range of materials efficiency strategies, as well as for changed 
use patterns (eg. based on sharing models) with new business models. Other quantities estimated 
include potential to reduce scrap generation in manufacturing, cement levels in concrete, food waste, 
fertiliser application through increased precsision, etc. Costs and input requirements of these mea-
sures are estimated and included alongside the production routes.15 In all cases, the estimates are 
based on the premise that the underlying service or benefit provided (e.g., passenger-kilometres for 
mobility, shelter from buildings, protection from packaging) should be maintained as in the baseline. 

The third component is a characterisation of end-of-life flows of materials and production routes that 
use these as inputs for new materials production. For steel, a dynamic materials flow model is used to 
estimate future availability of steel scrap and scenarios for scrap generation, collection rates, and le-
vels of tramp elements. For plastics, a range of end-of-life flows are estimated based on levels of stock 
buildup and product lifetimes, and are mapped for their suitability for mechanical recycling, including 
impacts on yields, quality, and resulting effective replacement of new plastics production. Chemical 
recycling is characterised as a new plastics production route, with focus on routes with high carbon 
mass balance. The incineration of plastics at end-of-life is modelled and the CO

2
 accounted for. For 

cement, the potential for recycling of concrete fines and recovery of unhydrated cement are estimated. 

These three components are put together in a scenario analysis. All scenarios are constructed to 
achieve close to zero emissions of CO

2
 from industrial production by 2050. Backcasting is used to 

create pathways in five-yearly intervals, accounting for capital stock turnover, gradualy improvement in 
technological maturity, lead times for construction, and other constraints. The aim of the pathways is 
to describe ‘what it would take’ to achieve net-zero emissions in each of the four industrial sectors. The 
aim is not to find one optimal pathway, but to illustrate both ‘no regret’ moves and important choices 
ahead. Further details on the assumptions and approach are contained in the sector-specific chapters 
of this report, as well as in Appendices.

48  



22 23

Industrial Transformation 2050 – Pathways to Net-Zero Emissions from EU Heavy Industry 
Achieving prosperous, net-zero EU industry by 2050

THE BUILDING BLOCKS OF NET-ZERO EU INDUSTRY

The aim of this study is to lay out pathways for the steel, 
plastics, ammonia, and cement industries to achieve net-ze-
ro emissions by 2050. This is far more ambitious than 
many existing analyses or ‘roadmaps’, which have typically 
focused on near-term opportunities or laid out scenarios 
that still leave up to 40% of industry emissions in place in 
2050.16 

A focus on a net-zero economy requires a different 
approach (see Box to the left for more details about the 
methodology used). First, it is necessary to consider sys-
tem-wide emissions, including emissions from electricity 
generation and from end-of-life treatment. This is to avoid 
solutions that reduce emissions from industrial production 
only to shift them to other parts of the economy. Second, 
the focus must be on fully zero-CO

2
 production routes. 

There are many measures that achieve partial reductions 
of CO

2,
 and that can make important contributions to ear-

ly emissions reductions. However, in this study they are 
always accompanied by a full transition to fully fossil CO

2
-

free production in 2050.17 

Finally, for deep cuts, all solutions must be included. A 
major focus of this study is to include opportunities for more 
efficient use and reuse of materials, which in turn reduces 
the need for new production.

On the other hand, the study does not consider ‘offsets’, 
whereby ‘negative emissions’ in other parts of the economy 
would compensate for continued emissions in industry. It 
also does not consider the reduction of emissions through 
increased imports. Both are very real possibilities. The anal-
ysis of costs and potentials in this study can be an important 
contribution to debates about how they should be handled. 

The study includes four main categories of emissions 
reduction strategies (Exhibit 1.4):

•	 Materials efficiency and new business models in 
major value chains: These consist of opportunities 
to reduce the amount of materials needed to deliver a 
given benefit or service, thus achieving CO

2
 reductions 

without having to compromise on economic or socie-
tal benefits. This is analogous to the role of energy ef-
ficiency in the wider energy transition, and this study 
builds on other work that finds that ‘materials efficien-
cy’ should be considered a major climate solution.18 

•	 Materials recirculation and substitution: Recirculat-
ing steel, plastics, and cement can bypass the process 
emissions of primary production processes, avoid end-of-
life emissions, and significantly reduce energy use com-
pared with new production. This study also considers the 
option of switching from high-CO

2
 to lower-CO

2
 materials. 

•	 New low-emissions processes: These opportunities 
consist of fundamental changes to the underlying pro-
duction processes and feedstocks, often eliminating 
fossil carbon from the outset. Only processes that are 
proven or at advanced stages of development are in-
cluded in this study. Even so, many options are avail-
able. Several use electricity as input, either directly or in 
the production of hydrogen, or else they use biomass 
as an alternative to fossil sources of carbon feedstock. 

•	 Carbon capture and storage/use (CCS/U): These 
consist of processes to capture and permanently store 
nearly all the CO

2 
emissions from production, feedstock 

production, or end-of-life incineration. Opportunities for 
carbon capture and use (CCU) also are considered, but 
always with end-of-life emissions in mind. Only CCS/U 
solutions that achieve very high capture rates can sig-
nificantly contribute to net-zero objectives, and often they 
require a major reconfiguration of production processes.
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Using end-of-life materials as input to  
new production, or using low-CO

2
 alternative  

materials that provide the same function

 A solution set for achieving... 
Exhibit 1.4

CIRCULAR ECONOMY IN MAJOR VALUE CHAINS

SHARING BUSINESS MODELS AND  
INCREASED LIFETIME OF PRODUCTS
•Sharing business models to increase utilisation 
and amount of services gained from each product

•Product designs adapted to sharing and high 
utilisation

•Design for increased product- and component 
longevity

•Reuse and remanufacturing of products and 
individual components

MATERIALS EFFICIENCY
•New design principles to reduce materials use

•Reduce over-specification and overuse

•Use of high-performance materials to reduce the 
amounts required

•Optimise component design and manufacturing 
processes to reduce process waste

Reducing the amount of materials used for a  
given product or structure, or increasing the lifetime  

and utilisation through new business models

MATERIALS RECIRCULATION 
AND SUBSTITUTION

MATERIALS RECIRCULATION
•Increase collection rates

•Improve sorting and decrease contamination for 
higher quality of reycled materials

•Increase process waste recovery and recycling

•Design for disassembly to facilitate materials 
separation

MATERIALS SUBSTITUTION
•Switch to low-CO

2
 materials that can provide 

similar functionality

MATERIALS EFFICIENCY 
AND CIRCULAR BUSINESS MODELS 
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NEW AND IMPROVED PROCESSES
Shifting production processes and feedstocks to 

eliminate fossil CO
2
 emissions

CARBON CAPTURE
Capture and permanent storage of CO

2
  from 

production and end-of-life treatment of materials, 
or use of captured CO

2
 in industrial processes

CLEAN PRODUCTION OF NEW MATERIALS

...a low-CO2 materials system

CARBON CAPTURE AND STORAGE
•CCS on existing production and end-of-life 
processes

•Reconfigure production processes to enable 
high concentration of CO

2
 and consequently 

higher capture rates

CLEAN UP CURRENT PROCESSES
•Increase process- and energy efficiency

•Switch to lower-CO
2
 fuels and electricity

CARBON CAPTURE AND UTILISATION
•Use of captured carbon as feedstock in ways 
that permanently prevent release to the atmosp-
here as CO

2
 emissions

NEW PROCESSES AND FEEDSTOCKS
•Steel: hydrogen-based steelmaking, smelting 
reduction, CCU

•Chemicals: bio-based polymers, chemical 
recycling processes, new processes for 
by-products

•Ammonia: CO
2
-free hydrogen

•Cement: electrification, new binders

ELECTRIFICATION
•Electrification of production processes and 
production of key inputs, including hydrogen
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A. Circular economy - materials efficiency and new business 
models in major value chains (58–171 Mt CO2 potential). 

As noted, the EU uses more than 800 kg of steel, cement, 
plastics, and ammonia per person per year. On the current 
course, this could increase to 870 kg by 2050. However, 
there is nothing fixed or absolute about these amounts. Ma-
terials are not consumed for their own benefit, but for the 
services they provide: structure in buildings or vehicles, pro-
tection and barrier properties in packaging, etc. The idea 
of materials efficiency is to provide the same benefits and 
functionality with less materials use – or, equivalently, get-
ting more useful service out of every tonne used.

This concept is hardly new to climate policy. Indeed, for energy, 
the EU has adopted a principle of ‘efficiency first’.19 The large 
policy attention devoted to energy efficiency is based on the 

proven potential to achieve the same lighting, mobility, thermal 
comfort, etc., with less energy input. Materials efficiency plays an 
analogous role in the transition to a low-CO

2
 industrial economy. 

This study builds on an extensive review of opportunities to 
improve the productivity of materials use in large value chains 
including construction, transportation, and packaged goods. 
It finds that the opportunity is surprisingly large: whereas A 
Clean Planet for All explored reductions of 6–11% of materials 
use, this study finds potential to reduce steel, plastics, ammo-
nia and cement use from 870 to 570 kg per person per year, 
without compromise on the underlying benefits – a reduction 
of 35%. This translates to a reduction of CO

2
 emissions of 171 

Mt CO
2
 per year, or 31%, in an ambitious case (Exhibit 1.5).

Therefore, a key finding is that materials efficiency can 
make a major contribution to climate objectives. 

Materials efficiency and new business models 
in major value chains can cut emissions by 31%

Exhibit 1.5

EMISSION REDUCTIONS FROM MATERIALS EFFICIENCY AND CIRCULAR BUSINESS MODELS
Mt CO2 PER YEAR, EU, 2050

BASELINE

545

58

65
48

STEEL CHEMICALS CEMENT CIRCULAR ECONOMY 
SCENARIO

-31%

375

• Shared mobility reduces steel 
needed per passenger-kilometre

• Optimised steel use in construc-
tion by e.g. less overspeci�cation, 

use of high-strength steel
• Reduced process waste 

• Light weighting, 
remanufacturing, and product-

as-a-service business models

• Reduced overuse and over-
speci�cation of plastics 

in e.g. packaging
• Sharing business models 
such as car-sharing reduces

plastics demand per
passenger-kilometre

• Precision agriculture and 
reduced overuse of fertilisers

• Optimisation of concrete 
recipes to reduce cement content

• Reduced overspeci�cation in ready- 
mix concrete and in exposure classes

• Reduced waste through 
use of pre-fabricated parts

• Optimisation of concrete elements
• Reconstruction and re-use 

instead of demolition

SOURCE: MATERIAL ECONOMICS MODELLING AS DESCRIBED IN SECTOR CHAPTERS.
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Materials efficiency place 
an analogous role in the 
transition to a low-CO2
circular economy.
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The opportunities range widely, including:21

•	 Improved design: Redesign of products with materi-
als efficiency in mind can result in significant savings. 
Innovation in design is also critical for recycling (see 
next section).

•	 High-performance materials: For example, high-
strength steel and techniques such as post-tensioning 
can reduce the amount of steel needed for some con-
struction projects by 30%, with similar opportunities for 
high-performance concrete.

•	 Reduced waste during production: Scrap in some 
manufacturing chains can be cut by up to 50%, both by 
adopting current best practice, through more pre-fabri-
cation, and through advanced production techniques 
like 3D printing. In construction, some 15% of some 
classes of building materials are wasted.

•	 Less over-specification: Construction projects often 
use 35–45% more steel than is strictly necessary. Sim-
ilarly, it is often possible to achieve the same structural 
strength with only 50–60% as much cement as used 
today, both by reducing the cement content of concrete 
and by using less concrete in structures.

•	 Higher intensity of use: New business models based 
on digitisation, such as car-sharing and product-as-a-
service arrangements, enable more concurrent bene-
fits from products, but are also major enablers of other 
materials efficiency measures. For example, a shared 
mobility system would enable longer-lived vehicles, 
improved maintenance, variation in car sizes, and in-

creased use-intensity that jointly can reduce materials 
use in transport by 50–70% per passenger-kilometre 
(Exhibit 1.6).

•	 Longer lifetimes for products and structures: A 
combination of reuse and remanufacturing can ensure 
materials and products stay in use much longer, reduc-
ing the need for new material.

These measures require changes by multiple actors in 
the main value chains: construction companies, concrete 
producers, car manufacturers, shared-mobility providers, 
technology providers, packaging producers, etc. Digitisa-
tion is often a key enabler. As with energy efficiency, a long 
value chain with multiple actors means there are many barri-
ers and market failures, including split incentives, coordina-
tion, incomplete contracts, and missing markets. The policy 
agenda thus needs to not just send the right price signals, 
but also overcome many other barriers.

An analysis of costs also finds that mobilising these mea-
sures can improve the cost-effectiveness of reducing emis-
sions. Many, such as car-sharing, are significant productivity 
opportunities of new business models, where reduced ma-
terials use is one consequence of an overall much more ef-
ficient use of resources. In other cases, using less materials 
requires new inputs: use of data, increased labour inputs, 
increased inventory and logistics costs, etc. For example, 
optimising concrete elements or steel beams to reduce total 
materials use often comes at the cost of increased complex-
ity and coordination, and a need for increased pre-fabrica-
tion. Overall, however, the cost of this potential is lower than 
that of many low-carbon production opportunities.22
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EXHIBIT 5.12v3

VEHICLES RE-DESIGNED AND 
MANAGED TO MAXIMISE RUN TIME

LONGER  VEHICLE LIFETIMES

High returns to durability 
Longer-lived electric vehicles pro�table 
Professionally maintained �eet

HIGHER PROFITABILITY OF 
CIRCULAR BUSINESS MODELS

END-OF-LIFE VALUE

Higher EOL value (modularity, 
valuable materials etc.)
EOL �ows more predictable in �eet 
owned system

LOWER COST OF TRANSPORT

New design and high utilisation reduce 
total cost
Competitiveness with other modes of 
transport increases

HIGHER UTILISATION PER CAR

SHARING BUSINESS MODELS

New business models to suit new 
customer groups
Integration with public transport system

DIGITISATION AND AUTOMATION

Self-driving cars enable new service 
models
Data-intensive optimisation of tra�c

MODULARITY AND REUSE

Design for quick repair and upgrade-
ability
Reuse built into vehicle design

LOWER VEHICLE WEIGHT

More varied car sizes with shared �eet
Advanced materials more pro�table

MAJOR SHIFT OF INNOVATION FOCUS

FROM: Maximizing upfront sales volume and price
TO: Making the car a well-functioning effective part of urban mobility  

Shared mobility can dramatically cut emissions from 
mobility and reduce materials intensity of transportation

Exhibit 1.6

SOURCE: MATERIAL ECONOMICS (2018) .23

55  



30

Industrial Transformation 2050 – Pathways to Net-Zero Emissions from EU Heavy Industry
Achieving prosperous, net-zero EU industry by 2050

B. Materials circularity and substitution (82–183 Mt 
CO2 potential). 

These solutions focus on recirculating steel, plastics, and 
cement as inputs to new production, instead of making new 
materials from scratch. Increasing the share of recirculation 
materials can lead to significant emissions reductions, for 
three reasons:

1. Recirculation bypasses the process emissions of new 
production, so it eliminates some of the hardest-to-
abate emissions. 

2. The energy requirements are much smaller in most 
cases, and recycling typically can use electricity, which 
is much easier to render CO

2
-free than are fuels used 

in primary production.

3. In the case of plastics, recirculation helps avoid the 
emissions from end-of-life incineration.

Steel recycling is already well established, with a large-
ly electrified process. Its use could increase to 2050, as 
more scrap will become available in the future as the EU 
steel stock saturates. The EU could therefore choose a path 
where it meets up to 70% of its needs for iron for steelmak-
ing through recycling. However, this would require signifi-
cant changes to current practice. Today’s product design, 
end-of-life dismantling, and scrap handling processes re-
sult in end-of-life steel being polluted with ‘tramp elements’ 
(especially copper) that degrade quality and cannot be re-
moved. A concerted agenda to reduce copper contamina-
tion should thus be high on an industrial climate agenda. 
Alternatively, the EU could export its steel scrap, reducing 
the need for new iron production in other countries. In either 
case, preventing the downgrading of the steel stock would 
make an important contribution to global climate objectives.

In contrast to steel, plastics recycling is only a minor part 
of the industry. Today’s effort focuses on ‘mechanical’ re-
cycling, where plastic is cleaned and re-melted. However, 
despite significant efforts, the effective replacement of new 
plastics production through mechanical recycling in the EU 
is likely only around 5-10% of the total.24 Much higher rates 
are possible, but will require major changes. The most im-
portant is in how products are designed and used in the first 
place; even small adaptations can drastically improve the 
chances of high-quality recycling. Other measures include 
significant improvements in collection and sorting of plastic 
waste, and reduced contamination of recycling streams. In 

a stretch case, mechanical recycling could supply up to a 
third of total plastic needs. 

For deep emissions cuts, higher rates of recirculation 
are needed than can be achieved by mechanical recycling 
alone. ‘Chemical’ recycling of plastics will be needed. These 
methods break down plastic molecules and reconstitute 
them into new products. The idea would be to make end-of-
life plastics a major source of feedstock for the EU chemi-
cal industry. The processes required are largely known, but 
need to be further developed to become commercially via-
ble, and there is large scope for innovation. Doing so is a 
crucial step towards enabling a ‘societal carbon loop’ that 
keeps the carbon from plastics circulating in society, instead 
of escaping into the atmosphere as CO

2
. Together, the two 

approaches to recycling could recirculate up to 60-70% of 
the carbon in plastics, approaching the recycling levels for 
aluminium today. Where possible, mechanical recycling is 
preferable, as it is much more energy- and CO

2
-efficient. 

Chemical recycling requires large amounts of energy input 
in pyrolysis and electrified crackers, and for hydrogen pro-
duction.

Recycling opportunities also exist for cement, where the 
reuse of concrete ‘fines’ (particles with a small diameter) 
can reduce process emissions by substituting for new ce-
ment. It also is possible to recover some unreacted cement 
from existing concrete, and to use this in place of new ce-
ment.

Another option is to replace materials that are hard to 
make emissions-free with ones that provide similar func-
tion but whose emissions (process, energy and end-of-life) 
are easier to cut. Key examples include the use of mate-
rials based on wood fibre instead of plastics in packag-
ing, and the use of wood instead of concrete and steel in 
construction. Another is to use alternatives to clinker in ce-
ment-making, such as calcined clays or natural pozzolans. 
CO

2
 savings could be substantial, but the benefits of such 

substitution depend heavily on achieving zero emissions 
from the substituting material. For wood, a key requirement 
is that the underlying forestry practices capture at least as 
much carbon as do standing forests (this often is the case 
with managed silviculture in the EU today).

The total potential for recirculation is large. By 2050, in-
creased recycling of steel, plastics and cement could re-
place some 150 Mt of new materials production. By also 
rendering the recycling processes CO

2
-free, it is possible to 

cut emissions by 187 Mt. 
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Increased materials recirculation  
and substitution can reduce emissions by 33%

Exhibit 1.7

EMISSION REDUCTIONS FROM MATERIALS RECIRCULATION AND SUBSTITUTION
Mt CO2 PER YEAR, EU, 2050

BASELINE

545

64

100

STEEL CHEMICALS CEMENT CIRCULAR ECONOMY 
SCENARIO

-33%

364
18

• Increased share of scrap-
based production

• Higher scrap collection rates
• Reduced contamination of ’

tramp elements’ in steel 
recycling for higher-quality 

recycled steel

• Mechanical and chemical 
recycling of end-of-life 
plastics to replace new 
feedstock in production

• Substitution of plastics 
with �bre-based materials 

in e.g. packaging 

• Clinker substitution with 
natural pozzolans and 

calcined clays
• Substitution of concrete 

and steel with wood 
in construction

• Recycling of cement 
�nes and recovery of 

unreacted clinker

NOTE: INDIVIDUAL NUMBERS DO NOT SUM UP TO TOTAL DUE TO ROUNDING.
SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN SECTOR CHAPTERS.
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C. New low-emissions processes (143-241 Mt CO2 po-
tential). 

In a baseline case, annual primary production (i.e., new 
production from new raw materials, as opposed to recy-
cling) of steel, plastics, ammonia, and cement in the EU 
would amount to some 380 Mt in 2050. Increased materials 
efficiency and recirculation can cut the need for new pro-
duction substantially, but 180–320 Mt will still be required. 
Globally, the need is still larger, as the opportunities for re-
circulation are lower in economies that have not yet built 
up their stock of materials to the same level as the EU. For 
net-zero emissions to be possible, new materials and chem-
icals production therefore must be rendered CO

2
-free.

Such solutions exist or are emerging across all four ma-
terials and chemicals (Exhibit 1.8). They have in common 
that they replace or substantially modify the current core in-
dustrial processes. Many are already proven or in advanced 
development, but need to be further developed and brought 
to deployment and full commercial scale. In many cases, 
the new processes require large amounts of electricity – 
either directly, or indirectly for the production of hydrogen.25 
Changing to new processes therefore depends on simulta-
neously achieving a CO

2
-free wider energy system.

Added to that, switching to new processes requires a com-
plex transition from the current production plant, which has a 
cumulative sunk asset value measured in billions of euros. Fi-
nally, Europe must ensure that the new methods are commer-
cially viable, even when they cost more than current methods.

Prominent examples include:

•	 For steel, the two main options are hydrogen-based 
direct reduction (H-DRI) and smelting reduction. H-DRI 
builds on existing DRI iron-making technologies, which 
use natural gas to remove oxygen from iron ore. H-DRI 
replaces natural gas with hydrogen, eliminating carbon 
from this step. Direct smelting reduces the number 
emissions sources from integrated steelmaking, cutting 

energy use. However, its main benefit from a CO
2
 per-

spective is that it concentrates emissions to the point 
where CCS/U is much more feasible (see below). 

•	 For chemicals, new processes are needed to enable 
the use of non-fossil feedstocks: biomass and recircu-
lated plastics. New process steps are also required to 
process large flows of carbon in fuel-grade products 
into useful chemicals, thus avoiding process emissions. 
The new processes would be variations of ones already 
used extensively in chemicals production. Proven gas-
ification, pyrolysis, digestion, reforming and other steps 
combine with new platform chemicals and routes (no-
tably, methanol-to-olefins). Together, these can achieve 
the carbon mass balance of 95–100% required for 
net-zero production.

•	 In current cement production, 26% of the Portland 
cement clinker is already replaced with low-CO

2
 ce-

mentitious materials, such as blast-furnace slag or fly 
ash. These will need to be gradually replaced by alter-
natives, including natural pozzolans and calcined clays, 
while also eliminating CO

2
 from their production and 

processing. 

•	 High-temperature processes need to be electrified. 
This includes electrification of steam crackers, cement 
kilns, iron ore sintering, steel reheating furnaces, and 
high-temperature steam production. Several technolo-
gies are being investigated and/or developed, including 
plasma, induction, and microwave energy. In the steel 
sector, electric arc furnaces are already being used to 
re-melt steel scrap to new steel. Plasma heating has 
been successfully used to provide the heat for calcina-
tion in cement production. In some cases, substantial 
energy savings and process improvements could be 
achieved through electrification.

Producing materials and chemicals through these pro-
cesses would cut emissions by as much as 241 Mt CO

2
 per 

year by 2050, compared to using current processes. 
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Key new industrial production processes 
for a low-CO2 industry transformation

Exhibit 1.8

• Hydrogen direct reduction of iron. Replacing natural gas with pure hydrogen in direct reduction ironmaking
• Smelt reduction. New metallurgy to reduce iron in a molten stage, reducing energy needs while increasing the 
feasibility of high rates of CO2 capture for CCS
• Blast furnace + CCU. A combination of a) switching to largely circular or bio-based inputs, b) recycling and 
reprocessing off-gases for chemicals production, and c) CCS on residual emissions
• Electrowinning. Producing steel through direct electrolysis (not included in pathways)
• Electrification of other process steps, including ore sintering and reheating furnaces (c 1200°C)

steel

chemicals

Plastics
• Bio-based plastics produced from biomass. Key routes include anaerobic digestion or gasification into methanol, 
and production of olefins via methanol-to-olefins (MTO), or production of bio-ethylene via fermentation of biomass 
into ethanol
• Chemical recycling of end-of-life plastics through e.g. depolymerisation, solvolysis, gasification or pyrolysis + 
steam cracking
• Electrification of steam crackers and reprocessing of by-products into chemicals (e.g. via methanol and 
MTO) to avoid fuel emissions
• Reprocessing of by-products from cracking processes into olefins via e.g. methane-to-methanol and metha-
nol-to-olefins (MTO) to avoid fuel emissions from burning of by-products
• Innovation and further development including a) polymers from biomass with closer affinity to the molecular 
composition of biomass, to increase mass balance and reduce energy demand and b) a range of new catalysts to 
improve efficiency of all process step

Ammonia
• Hydrogen production via electrolysis for ammonia production using renewable electricity and water.

• Electrification of sintering and calcination processes (1450 °C) e.g. via plasma or microwave options
• Alternative binders such as efficient low-CO2 processing of natural pozzolans or calcined clays for use as 
cementitious materialsCEMENT

CROSS-CUTTING
THEMES

• Further development of electrolysis for energy-efficient production of hydrogen through e.g. solid oxide 
electrolysis cell (SOEC) 
• Electrification of other core processes such as steam boiling, and low/medium temperature heat

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN SECTOR CHAPTERS.
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D. Carbon capture and storage or use (CCS/U) (45–
235 Mt CO2 potential). 

CCS relies on trapping carbon dioxide at its source, then 
permanently storing it so it cannot escape to the atmo-
sphere (normally underground). CCU is a variation on this, 
embedding it in products instead. In a net-zero economy, 
CCU would need to provide equivalent certainty that the 
carbon will not be released as CO

2
 emissions.

The potential attraction of CCS is that it would allow the 
continued use of current processes and production assets, 
and reduce the need to mobilise large amounts of electric-
ity and biomass. In the four industries studied, CCS could 
be deployed in a range of settings, both on existing indus-
trial processes, to produce feedstock (especially hydrogen 
from natural gas), and to handle end-of-life emissions, by 
combining waste incineration with CCS.

Technology to capture CO
2
 is already in an advanced 

stage, and there are few technical obstacles to prevent 
the capture of large amounts of CO

2
 from the existing in-

dustrial base to provide immediate, near-term reductions 
in emissions. However, neither large-scale demonstration 
plants nor CO

2
 transport and storage infrastructure are yet 

in place for any of the sectors under consideration here. A 
significant acceleration of effort would be needed if CCS is 
to be a large-scale solution by 2050.

Moreover, CCS is far from a ‘plug-and-play’ solution for 
deep emissions cuts from the industrial sectors consid-
ered here. Significant further development would be need-
ed to achieve the capture rates of 90% or more required 
for a net-zero outcome:

•	 In integrated iron- and steel-making, there are mul-
tiple, interlinked emissions sources, which makes it 
highly challenging to capture more than 60% of emis-
sions. Therefore, to achieve deep cuts through CCS, 
new ‘smelting reduction’ processes need to be de-
veloped that concentrate CO

2
 emissions to a single 

source, and some process steps, such as ore sintering, 
will need to be electrified. The alternative is a combina-
tion of CCU and CCS, involving significant modification 
to the current use of blast-furnace production, with recy-
cling and reprocessing of off-gases in combination with 
using bio-based or recirculated carbon for much of the 
feedstock, and CCS for the remaining CO

2
. Both cases 

would major changes to current production, amounting to 
the introduction of altogether new production processes.

•	 For chemicals, even if high capture rates were achieved 
from steam crackers, the ‘embedded’ carbon in the prod-
uct would still remain, as would the upstream emissions 
to produce feedstock in refineries. CCS works best on 
large point sources with highly concentrated CO

2
 emis-

sions in proximity to suitable storage. In contrast, CCS 
as a solution to plastics emissions would require capture 
not just at the roughly 50 steam crackers in the EU, but 
also on many hundred widely distributed waste incinera-
tion plants and on upstream refineries. 

•	 For cement and end-of-life emissions from plastics, 
the challenge is similar to waste incineration, in that 
these industries are highly dispersed. There are nearly 
200 cement kilns scattered across the EU. Deep cuts 
through CCS alone would require near-universal trans-
port and storage infrastructure throughout the EU.

Finally, large-scale use of carbon capture technologies re-
quires an extensive transport and storage infrastructure. Pub-
lic provision and/or regulation may be a requirement. Public 
acceptance of CO

2
 storage has also been a major stumbling 

block to early attempts to scale up CCS.

Despite these challenges, there is no question that CCS 
could provide valuable early emissions reductions and play 
a role in a fully net-zero production. High capture rates of 
90% or more could be combined with bio-based inputs for a 
truly net zero-CO

2
 solution. In a stretch case, some 235 Mt of 

CO
2
 could be captured from a wide range of sources in the 

overall materials system (Exhibit 1.9).
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CCS could be used across a wide range of industrial 
sources, with 235 Mt CO2 captured by 2050 in a stretch case

Exhibit 1.9

CARBON CAPTURE AND STORAGE (CCS)
Mt CO2 CAPTURED PER YEAR, 2050

45-47 Mt CO2 CAPTURED IN LOW-CCS PATHWAYS

85CEMENT

TOTAL

HYDROGEN PRODUCTION

STEEL

CHEMICALS
(STEAM CRACKING

AND REFINING)

CHEMICALS
(END-OF-LIFE 

INCINERATION)

63

12

47

29

235

Some share of CCS will be required to handle process 
emissions from cement production, but total amount 
captured can be managed with other measures.

New processes are required (smelt reduction, CCU) to 
achieve deep emission reductions (>85%) from steel 
through CCS.

CCS can cut more than 90% of emissions from steam 
crackers, but is also required on re�nery emissions for 
truly deep emissions cuts.

CCS on waste incineration plants can reduce 
end-of-life emissions.

Using CCS in hydrogen production can reduce 
electricity needs (for steam methane reforming, or 
emerging solutions such as methane pyrolysis).

In a stretch scenario for CCS, 235 Mt of CO2 is 
captured per year in 2050 to achieve net-zero emissions.

235 Mt CO2 CAPTURED IN HIGH-CCS PATHWAY

NOTE: INDIVIDUAL NUMBERS DO NOT SUM UP DUE TO ROUNDING.
SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN SECTOR CHAPTERS.
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1.2 The choice ahead: pathways to net-zero 
emissions for industry
The sheer breadth of solutions across the four strategies 
for emissions reductions is encouraging. However, views 
will inevitably differ on which solution is most promising. 
Conversations with a large number of industry and other 
stakeholders for this study reveal large differences of opin-
ion about which solutions will be easiest to mobilise rapidly 
and at scale, with the greatest advantages for European 
competitiveness.

The intention of the analysis is to aid both policy-makers 
seeking to enable a low-CO

2
 transition industry, and com-

panies setting their strategy in highly uncertain times. The 
pathways show some no-regret options, such as solutions 
required in all three pathways, and innovation and infrastruc-
ture priorities. 

They also illustrate some of the major dependencies, sen-
sitivities and choices ahead. (For example, if the electrici-

New Processes relies heavily on  
new core industrial processes,  

often driven by electricity.

Circular Economy hinges on the 
potential of a more circular economy 

for materials recirculation and in-
creased materials efficiency.

Carbon Capture emphasises  
a greater role for carbon capture 

and storage (CCS).

The approach taken here is therefore not to try and pre-
dict a most likely (let alone an ‘optimal’) path ahead. In-
stead, the study recognises that EU companies and society 
can choose different ways, and explores three illustrative 
pathways (Exhibit 1.10). All three have in common that they 
leave no or very few emissions in place in 2050, and all 
three use the full set of solutions for net-zero industry, but 
each with different emphasis (see figure below).

ty requirements in one pathway seem unmanageable, how 
much could they be reduced by mobilising circular econo-
my solutions or CCS? Alternatively, if large-scale CCS were 
to prove difficult, how quickly would new, non-fossil produc-
tion processes need to scale?) The analysis also estimates 
the costs (to society, to consumers, and to companies) of 
achieving net-zero emissions, as well as the requirements in 
terms of investment and inputs. 
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Pathways to net-zero emissions FOR Steel
Exhibit 1.10

536 545

• Relies heavily on new core industrial 
processes driven by electricity, either 
directly or through the use of hydrogen
• Key enablers are abundant and 
cost-competitive electricity supply and 
rapid commercialisation of new processes

EMISSION REDUCTIONS FROM STEEL, CHEMICALS, AND CEMENT
Mt CO2/YEAR

NEW PROCESSES 
Pathway

CIRCULAR ECONOMY
Pathway

• Hinges on the potential of a more 
circular economy for materials recircula-
tion and increased materials e�ciency
• Key enablers are new business models, 
digitisation and extensive coordination 
across the value chain

• Emphasis on a greater role for carbon 
capture and storage (CCS)
• Key enablers are a critical mass of 
infrastructure and risk distribution for CCS, 
and recon�guration of production processes to 
allow for high CO2 capture rates

CARBON CAPTURE
Pathway

NEW PROCESSES

CARBON CAPTURE AND STORAGE

REMAINING EMISSIONS

MATERIALS EFFICIENCY AND CIRCULAR BUSINESS MODELS

MATERIALS RECIRCULATION AND SUBSTITUTION

Baseline

536 545
Baseline

0

150

2015

300

450

241

183

73

45

143

182

171

47

167

82
58

235

0

150

2015 2050

300

450

536 545
Baseline

0

150

2015 2050

300

450

Remaining
Emissions

2050

Remaining
Emissions

Remaining
Emissions

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN SECTOR CHAPTERS.
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New Processes pathway

In this scenario, most emissions 
reductions are achieved through the 
introduction of new core production 
processes and new feedstocks. This 
is near a maximal electricity demand 
scenario, and also emphasises new 
feedstocks including end-of-life plas-
tics and bio-based inputs for chemi-
cals. Key themes are innovation, elec-
trification and investment.

To get on this pathway, innovation 
must accelerate significantly. Emerg-
ing low-CO

2
 production routes need 

to be rapidly developed and start 
large-scale commercialisation by the 
2030s, followed by rapid investment 
and deployment. Current industrial 
companies are key actors, making 
early decisions to adjust production 
to new production routes. Policy must 
enable the associated investment and 
provide the basis for an underlying 
business case. The more abundant 
and cost-competitive that zero-carbon 
electricity becomes, the easier this 
pathway becomes.

Circular Economy pathway

Here the EU succeeds in a transition 
to a much more circular economy, 
capturing a large share of the poten-
tial for materials recirculation, materi-
als efficiency, and new business mod-
els. Jointly, these account for nearly 
50% of the emissions abatement. As 
a result, the need for materials pro-
duction from raw materials falls to just 
180 Mt, as compared with 380 Mt in 
the baseline.

Much of the abatement is undertak-
en by actors in the main materials-us-
ing value chains: concrete producers, 
building companies, manufacturers, 
new mobility providers, retailers and 
packaging companies, etc. Innovation 
in product design and digitisation to 
measure and track materials use are 
major enablers, as are new business 
models based on sharing and prod-
uct-as-a-service, and the deployment 
of new construction and manufactur-
ing techniques. In addition, the path-
way requires tight control and large 
mobilisation of end-of-life materials 
flows (steel scrap, demolition waste, 
end-of-life plastics, and other waste).

In this pathway, new clean produc-
tion processes are also required, with 
emphasis on those that have close af-
finity to recycling: H-DRI used jointly 
with a high share of scrap in steel pro-
duction, and new processes for chem-
ical recycling in plastics production.

Carbon Capture pathway

In this pathway, a critical mass of 
infrastructure for carbon capture is a 
key enabler of major emissions cuts. 
Most of the 235 Mt of captured CO

2
 

is stored underground. CCU can play 
a role, notably in sector coupling of 
steel and chemicals production. Ex-
tensive carbon capture provides early 
emissions reductions, buying time for 
a more gradual introduction of new 
processes. It also reduces electricity 
demand relative to the New Process-
es pathway. 

In this pathway, there is concert-
ed effort to demonstrate the viability 
of CCS across multiple uses, with 
demonstration plans in place by the 
early 2020s across multiple sec-
tors and uses. Companies across 
all sectors need to start the devel-
opment agenda to adapt production 
processes as required for high CO

2
 

capture rates. Policy plays a key role 
not only in giving confidence that the 
increase costs to companies can be 
recovered, but also in coordinating 
carbon capture with the building and 
operation of infrastructure for trans-
port and storage. Social acceptance 
of carbon storage is a requirement. 
By 2050, CCS is a standard feature 
across industrial production and  
waste-to-energy plants.

NOTES: RANGES FOR CIRCULAR ECONOMY PATHWAY COSTS REPRESENT LOW AND HIGH COST ESTIMATES.
SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN SECTOR CHAPTERS.
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Costs, investments and input requirements 
for net-zero emissions in 2050

Exhibit 1.11

TOTAL ADDITIONAL COST OF PATHWAYS
BILLION EUR PER YEAR, 2050

ADDITIONAL INVESTMENTS
BILLION EUR PER YEAR, AVERAGE

AVERAGE ABATEMENT COST
EUR PER TONNE CO2 AVOIDED

ELECTRICITY
TWh PER YEAR, 2050

BIOMASS
EJ PER YEAR, 2050

HYDROGEN
Mt PER YEAR, 2050

CO2 CAPTURE
Mt CO2 /YEAR, 2050

75 79

8,8

47

NEW PROCESSES 
Pathway

CIRCULAR ECONOMY
Pathway

CARBON CAPTURE
Pathway

Requirements

Costs

49 41 7-41 43

5.5

91

3.9 4.2

12-75 79

965

45

659 693

1.3

13.0

235

1.1 1.3

8.8 6.8

45 47

NOTES: RANGES FOR CIRCULAR ECONOMY PATHWAY COSTS REPRESENT LOW AND HIGH COST ESTIMATES.
SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN SECTOR CHAPTERS.
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TOTAL COSTS TO THE ECONOMY ARE MODEST, BUT INDUSTRIAL COMPANIES WOULD FACE 
COSTS UP TO 115% HIGHER THAN CURRENT PRODUCTION
An analysis of the costs of achieving net-zero emissions 
in the four industries reveals a telling contradiction.

On one hand, the total costs for consumers and the overall 
economy are manageable. The prices of end products such 
as cars, houses, and packaged goods would increase by 
less than 1% to pay for more expensive materials. Therefore, 
the added cost of low-CO

2
 materials will barely be notice-

able in the 2050 cost of transportation, infrastructure, build-
ings, packaging and consumer goods.

On the other hand, the business-to-business impact is 
large. New low-carbon production routes cost 20–30% 
more for steel, 70–115% more for cement, and potentially 
15–60% for chemicals (plastics and ammonia), consider-

ing both capital and operating expenditures (Exhibit 1.13). 
Significant policy support will therefore be required for 
low-CO

2
 processes to become viable. Many of the rele-

vant products are sold on commodity markets, where sys-
tematic cost differences cannot be borne. Finding a way 
to handle this is essential for a successful EU industrial 
transition: both to avoid EU companies losing out to inter-
national competitors (‘leakage’), and to enable pioneers 
within the EU. 

Policy-makers need to keep both issues in mind. The 
transition need not be costly to consumers, or have a large 
impact on GDP, but a successful transition to net-zero in-
dustry nonetheless depends on ensuring that companies 
remain profitable and competitive.
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Costs for end-users increase by less 
than 1% in net-zero pathways 

Exhibit 1.12

SOFT DRINK

CAR

+1.0%

+0.5%

TOTAL PRODUCT COST INCREASE WITH INCREASED MATERIAL COSTS
% INCREASE

HOUSE
+0.4%

SOURCE: MATERIAL ANALYSIS, SEE ENDNOTE.26
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A succesful transition to net-zero 
industry depends on ensuring that 
companies remain profitable and 
competitive.
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Costs of materials production increase 
in a low-CO2 transition

Exhibit 1.13

Steam methane reforming

Steam methane reforming with 
CCS, electrolysis

Steam cracking

Steam cracking with CCS, electric steam 
cracking, bio-based plastics production, 
chemical recycling

AMMONIA 
EUR / TONNE

PLASTICS 
EUR / TONNE

CEMENT 
EUR / TONNE

STEEL 
EUR / TONNE

Current cement production

CURRENT PRODUCTION COST

COST OF LOW-CO2 PRODUCTION 
TECHNOLOGIES

+20-30%

CURRENT PRODUCTION COST

COST OF LOW-CO2 PRODUCTION 
TECHNOLOGIES

CURRENT PRODUCTION COST

COST OF LOW-CO2 PRODUCTION 
TECHNOLOGIES

CURRENT PRODUCTION COST

COST OF LOW-CO2 PRODUCTION 
TECHNOLOGIES

+74-86%

547

578-
645

Electric arc furnace, direct smelting with 
CCS, hydrogen direct reduction, CCU

Integrated blast furnace route (BF-BOF)

1,242

1,491-1,822 +20-45%

354

418-553 +15-60%

51

88-109 +70-115% CCS, electri�ed heat and CCS

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN SECTOR CHAPTERS.
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Specifically, the estimated cost of providing the required ma-
terials and chemicals in a baseline scenario is €201 billion per 
year (this refers to core processes only, not to finished prod-
ucts). In the pathways this increases by 3–25%, to €208–251 
billion per year. The average abatement cost is €12–91 per 
tonne of CO

2 
(Exhibit 1.14).

There are differences between pathways, but not to the point 
where cost alone is a basis for choosing one production route 
over another. More emphasis on CCS does not appear system-
atically cheaper than new production processes, if electricity 
prices remain below €50 per MWh. 

Instead, the main difference between pathways is that a more 
circular economy could capture some significant productivity im-
provements that reduce costs. In the Circular Economy pathway, 
costs could be as low as €208 billion, just 3% higher than in the 
baseline. The average abatement cost would then be just €12 

per tonne of CO
2
. This is because some of the measures offer 

productivity opportunities and thus cost savings compared with 
the production of new materials. Examples include car-sharing 
models for mobility, reduced contamination of end-of-life flows, 
reduced waste in manufacturing, construction enabled by new 
manufacturing techniques, and co-benefits from the reduction of 
other externalities.

On the other hand, estimates of the cost of demand-side 
measure are much less developed than are ones of pro-
duction. As with energy efficiency, there is a possibility that 
there are ‘hidden’ transaction costs that are missing from 
bottom-up estimates. A highly conservative approach would 
be to entirely exclude the possibility of cost savings (so 
that no measure is ever cheaper than the production of an 
equivalent amount of new materials). In such a scenario, 
costs would rise to €242 billion per year, virtually identical 
to the CCS pathway.

There are differences between pathways, 
but not to the point where cost alone 
is a basis for choosing one production 
route over another.
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The total cost of achieving the net-zero pathways 
is 3-25% higher than in the baseline

Exhibit 1.14

TOTAL COST OF PATHWAYS, 2050
BILLION EUR PER YEAR

CIRCULAR ECONOMY
Pathway

CARBON CAPTURE
Pathway

NEW PROCESSES 
Pathway

ABATEMENT COST
EUR PER TONNE CO2

201

251

208

242 244

+3-25%

BASELINE LOW ESTIMATE HIGH ESTIMATE

787591 12

NOTE: THE HIGH COST ESTIMATE HAS BEEN USED IN THE CIRCUALR ECONOMY PATHWAY. 
INCLUDES CORE INDUSTRIAL PRODUCTION AND CIRCULAR ECONOMY SOLUTIONS.

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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For the zero-CO2 production opportunities, the main deter-
minant is the cost of inputs. The estimates presented here are 
based on fossil fuel and biomass prices in widely accepted 
climate scenarios, and similar to today’s levels.28 For elec-
tricity, the price range is €40–60 per megawatt-hour (MWh), 
depending on application. The higher end of the range is for 
‘always on’ loads, such as electrified heating, and is similar 
to ‘whole system’ cost estimates for a system largely based 
on renewable energy.29 The lower end of the range is based 
instead on prices available to flexible loads, and specifically 
to hydrogen production.30 These prices rely on continued re-
ductions in the price of renewable electricity generation. 

Costs of electricity as well as other resources will vary both 
across the EU and over time. This is another reason why cost 
alone is not a basis for choosing between different produc-
tion routes at this point in time. 

Arguably, these estimates of future costs are conservative, 
as they rely solely on currently known processes. Innovation 
may well lead to substantial cost cuts, particularly if R&D in 
these areas is enhanced. Nonetheless, the safe bet for EU 
policy is that low-emissions cement and chemicals produc-
tion, in particular, will still face a cost disadvantage relative 
to production based on fossil fuels.

Input costs will also affect processes and thus pathways 
in different ways. In general, average abatement costs are 
similar across pathways for electricity prices up to €50 per 
MWh (Exhibit 1.15). After that point, the New Processes 
pathway starts to become more expensive, reflecting its 
higher dependence on electricity. This illustrates how the cir-
cular economy and carbon capture pathways provide ways 
to insulate against scenarios with very high electricity costs.

AVERAGE ABATEMENT COST IN PATHWAYS FOR DIFFERENT ELECTRICITY PRICES, 2050
EUR per tonne CO2

CARBON CAPTURE Pathway

NEW PROCESSES Pathway

CIRCULAR ECONOMY Pathway - Low estimate

CIRCULAR ECONOMY Pathway - High estimate

56

20-40 EUR / MWh

-6
30-50 EUR / MWh 40-60 EUR / MWh 50-60 EUR / MWh 60-80 EUR / MWh

62 61

3

65
71 76

12

75 79
91

22

84 87

106

31

94 96

121

The average cost of abatement varies from €56–121 / t CO2 
depending on electricity cost and pathway

Exhibit 1.15

NOTE: THE LOWER END OF THE RANGE REFLECTS THE COST OF ELECTRICITY FOR FLEXIBLE HYDROGEN ELECTROLYSIS. 
THE HIGHER END OF THE RANGE REFLECTS PRICES FOR NEAR-CONSTANT LOADS, SUCH AS ELECTRICAL PROCESS HEATING. 

THE BAR CHART IN THE MIDDLE (40-60 EUR/MWH) IS USED IN THE PATHWAYS.
SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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THE TRANSITION WILL REQUIRE ADDITIONAL INVESTMENTS OF €3.9–5.5 BILLION PER YEAR
All pathways require an increase in capital expenditure. 
Whereas the baseline rate of investment in the core indus-
trial production processes is around €5.1 billion per year, 
it rises by up to €5.5 billion per year in net-zero pathways, 
reaching €11–14 billion per year in the 2030s. Investments 
are highest in the New Processes pathway. In the Circular 
Economy pathway, less investment capital is needed be-

cause many solutions are less capital-intensive than is new 
production. In the Carbon Capture pathway, somewhat less 
investment is required because more of existing production 
assets can be maintained, but from a 2050 perspective, 
the effect is relatively modest. Overall, investments thus in-
crease by 76–107% on a baseline scenario where current 
production routes are maintained.

BILLION EUR PER YEAR

CEMENT

CHEMICALS

STEEL

INCREASE RELATIVE TO BASELINE

+107 % +76 % +81 %

+ X %

BASELINE

0

2

4

6

8

10

12

14

16

INVESTMENTS IN PRODUCTION OF CRUDE STEEL, CEMENT, AND CHEMICALS  

2020       2030              2040        2050

NEW PROCESSES 
Pathway

CIRCULAR ECONOMY
Pathway

CARBON CAPTURE
Pathway

2020       2030              2040        2050 2020       2030              2040        2050

10

13

6
7

14

12

11

6

10

8

9

13

12

6

10 11

6

8

11

10

9

Investment needs increase by 76–107% across the pathways
Exhibit 1.16

NOTE: INVESTMENT IN CORE INDUSTRIAL PROCESSES ONLY, DOES NOT INCLUDE DOWNSTREAM PRODUCTION. 
SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN SECTOR CHAPTERS.
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For society as a whole these are not, in fact, large 
amounts. They correspond to just 0.2% of gross fixed capital 
formation. For steel and plastics, they could be recovered, 
including a return on capital, by paying on average €30 per 
tonne more for products that often cost €600–1,500 per 
tonne in today’s markets. 

For industrial companies, however, the investment will be 
a major challenge. In capital-intensive sectors, choosing a 
low-CO

2
 solution instead of reinvesting in current facilities 

can amount to a ‘bet the company’ decision – especially 
when future technical and commercial viability are uncer-
tain. Added to this, the underlying case for investment in 
the EU’s industrial base has been challenged for more than 
a decade. Strong policy support will be required for invest-
ment to be viable. 

In addition to investment in the materials system itself, 
there is a need for investment in new infrastructure. For ex-
ample, whereas oil and gas require investment in new explo-
ration and extraction (largely outside the EU), mobilising the 
additional electricity required for a low-CO

2
 industry would 

require on the order of €5–8 billion per year. A similar logic 
applies to the transport and storage infrastructure required 
for CCS at scale, and (to a lesser extent) to new waste 
handling, logistics, and other infrastructure required for in-
creased materials recirculation.

The most important policy instrument for investment in 
low-CO

2
 production is to ensure a future business case for 

higher-cost production routes. However, doing this right re-
quires understanding why increased investment is needed 
at different points in the transition. There are five distinct 
reasons, each with their own dynamic (Exhibit 1.17).

Many of these investment decisions are imminent. While 
2050 is more than 30 years away, many core production 
assets have a lifetime of 20–50 years or more. Many EU 
industrial facilities such as coke ovens, blast furnaces and 
steam crackers will need replacement or large re-invest-
ment in the next 15 years. There is a risk of lock-in un-
less low-CO

2
 options are viable at these forks in the road. 

Changes to value chains and business models, mean-
while, may take decades to get established. There is time 
for deep change until 2050, but it will have to happen at 
a rapid pace, and any delay will hugely complicate the 
transition.

In the Circular Economy pathway, investments are low-
er than those in traditional production. This is especially 
so as the additional investments in electricity generation 
and in carbon transport and storage (not included above) 
are not required. Still, some investment is required in as-
sets ranging from new waste handling infrastructure to new 
systems for tracking and sorting materials. In addition to 
mobilising more capital, it will therefore be necessary to 
enable a new set of actors to invest, and to enable existing 
producers to vertically integrate into these new sources of 
value creation. As with any shift in the type of actor and 
investor, new sources of finance will need to be mobilised.

The most important policy instrument 
for investment in low-CO2 production 
is to ensure a future business case for 
higher-cost production routes.
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Investment needs increase by 76–107% across the pathways
Exhibit 1.17

INCREASING INVESTMENT 
REQUIREMENTS OVER TIME
2020 - 2050

2020s

INNOVATION COST
Pilot and demonstration plants

RISK
Higher �nancing cost while 
solutions remain unproven

Cost for the adaption of 
brown�eld sites

2030s 2040s 2050s

CONVERSION COST

Maintaining parallel 
systems

TRANSITION COST

Increased capex of low-carbon production routes 
and carbon capture and storage

HIGHER CAPEX INTENSITY

Accelerated depreciation 
of existing plants

TRANSITION COST

3

1

2020s

INNOVATION COST
Pilot and demonstration plants

2
RISK
Higher �nancing cost while 
solutions remain unproven

Cost for the adaption of 
brown�eld sites

2030s 2040s 2050s

CONVERSION COST

4 Maintaining parallel 
systems

TRANSITION COST

5 Increased capex of low-carbon production routes 
and carbon capture and storage

HIGHER CAPEX INTENSITY

Accelerated depreciation 
of existing plants

TRANSITION COST

3

1

2

4

5

Innovation costs:  
Early on in the transition, it will be necessary to invest in pilot and 
demonstration plants. The investment amounts required are not, in fact, 
large compared with overall investment volumes in the sectors. For indi-
vidual companies they can be among the most challenging, as demon-
stration rarely offers a return in its own right. As much of the benefit 
from these innovations go to society as a whole, there is a high risk of 
underinvestment without policy support.

Increased risk: 
 The early investments will be undertaken in a situation of significant 
uncertainty about technical viability, future availability and cost of new 
inputs, and degree of policy support. Increased risk in turn increases 
the bar for raising capital, and the cost of both debt and equity.

Conversion costs: 
 Additional investment will be required to adapt current production sites. 
Much of the new, low-CO

2
 production capacity will be on the same loca-

tions as current industrial facilities. Switching the process then requires 
investment not just in the core production machinery, but also in a range 
of supporting and integrating functions: raw materials loading and stor-
age, site transportation, pipeline networks, electricity and utility supply, 
buildings to house new production, etc. These one-off costs come when 
the new technologies are first put in place, and in steel and chemicals, 
they can be substantial.

Transition costs: 
Many companies will want to keep their options open and maintain 

some degree of redundancy, to avoid fully committing themselves to 

a risky solution. The gradual transition from one system to another will 
thus require some degree of parallel production systems, with dual in-
vestment requirements as a result. In addition, unless all investments 
are perfectly timed, there is a risk that existing assets must be written 
off ahead of the end of their technical lifetime.

Higher capex intensity: 
From the mid-2030s, the main reason for increased investment will be 

the intrinsic higher capex associated with some low-CO
2
 processes and 

with carbon capture and storage. This is particularly marked in chem-
icals, where there is a need to replace a single core process (steam 
crackers) with alternatives containing multiple loops to achieve a high 
carbon balance and very low CO

2
 emissions.
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INPUTS – FROM IMPORTED FOSSIL FUELS TO INDIGENOUS RESOURCES 
AND LARGE ELECTRICITY USE
In all sectors, the transition to net-zero emissions takes 
place through a marked shift in the inputs used for materials 
production. Steel, cement, plastics, and ammonia produc-
tion together use 8.4 EJ of mostly imported oil, coal and 
natural gas, rising to 9.1 EJ in a baseline scenario. In the 
pathways, this is largely replaced by domestic resources: 
increased materials efficiency, recirculated steel and plas-
tics, electricity, hydrogen and biomass (Exhibit 1.18). Only 
with widespread use of CCS does substantial use of fossil 
fuel and feedstock persist, amounting to 3.1 EJ in 2050.  
 
Circular economy solutions play a major part in enabling 
this transition away from fossil resources. As much as 

3.1 EJ of fossil fuels and fossil feedstock can be avoided 
through the recirculation of materials and more efficient 
use in major value chains. The main reason is the mate-
rials efficiency solutions substitute energy and feedstock 
resources for other inputs: labour, digitisation, logistics, 
and comparatively simple industrial and manufacturing 
processes. The other reason is that recirculating materials 
is much less energy-intensive, and it eliminates the need 
for new feedstock materials. The main exception here is 
chemical recycling: while this eliminates the need for new 
feedstock, it can require as much energy as today’s pro-
duction routes in order to achieve the very low emissions 
required for net-zero solutions.

ENERGY NEED AND MIX, TODAY AND IN 2050
EJ PER YEAR

2015 2050

8.4

FOSSIL FUELS 

ELECTRICITY 

MATERIALS EFFICIENCY AND RECIRCULATION

MORE EFFICIENT PROCESSES

BIOMASS 

END-OF-LIFE PLASTICS 

CURRENT DEMAND

OIL

COAL

NATURAL GAS1.5

0.8

1.8

4.0

0.2 0.1

NEW PROCESSES 
Pathway

CIRCULAR ECONOMY
Pathway

1.9

1.3

3.5

0.9

1.4

0.1

1.6

1.1

2.4

0.3

3.1

0.5

1.3

2.5

3.1

0.9
0.4

0.9

5.4

7.8
6.8

9.1 EJ in a 2050 
baseline scenario

CARBON CAPTURE
Pathway

The transition to net-zero emissions industry entails a reduction 
in energy and feedstock use and a major change in inputs

Exhibit 1.18

 
SOURCE: MATERIAL ECONOMICS MODELLING AS DESCRIBED IN SECTOR CHAPTERS.
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ELECTRICITY REQUIREMENTS WOULD GROW BY 450–750 TWh
Electricity needs are particularly large. Depending on 
the pathway, 450–750 terawatt-hours (TWh) of additional 
low-carbon electricity will be needed in the production of 
steel, plastics, ammonia and cement (Exhibit 1.19). For 
comparison, all EU industries today use 1000 TWh per 
year, which is 32% of total electricity production in the EU 
today and corresponds to 200,000 wind turbines.31 In the 
pathways, the chemicals sector uses the largest amount, fol-
lowed by steel. In both cases, a major source of demand for 
electricity is water electrolysis for the production of hydro-
gen, which varies between 7 and 13 Mt per year in 2050.

Despite the large numbers, these levels of electricity de-
mand are significantly lower than in some other analyses of 
a net-zero emissions future for industry. For instance, one 
report for the chemicals sector estimated that for the chemi-
cals industry to achieve major emissions cuts would require 
4,900 TWh of low-emissions power.32 

There are two major reasons why the estimates in this 
study are lower. First, some previous analyses have gone 
‘all in’ to illustrate what would happen if all production were 
electrified. In contrast, all three pathways in this study use 
a range of solutions. Instead of resorting solely to very 
electricity-intensive options, some degree of materials effi-
ciency, materials recirculation, and carbon capture play a 
role even in the electrification-reliant New Processes path-
way.

Second, this study largely eschews solutions based on 
synthetic chemistry that uses CO

2
 as feedstock to make ma-

terials like plastic or fuels (synthetic fuels, or ‘synfuels’). Such 
solutions are particularly electricity-intensive. For illustration, 
capturing CO

2
 from the atmosphere (‘direct air capture’) and 

then using hydrogen from electrolysis to synthesise high-val-
ue chemicals requires three times as much electricity as pro-
ducing the same chemicals from recirculated plastics. 
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2050

CURRENT DEMAND

2015

ELECTRICITY DEMAND PER PATHWAY IN A NET-ZERO CO2 EMISSIONS INDUSTRY
TWh

CEMENT

CHEMICALS

STEEL

NEW PROCESSES 
Pathway

CIRCULAR ECONOMY
Pathway

355 214 238

100

510

395 413

50
42

965

659
693

118

75

213
19

+ 450-750 
TWh

CARBON CAPTURE
Pathway

Low-emissions pathways require an additional 450-750 
TWh of electricity

Exhibit 1.19

 
SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.33
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Eliminating CO2 from electricity generation  
will be crucial for cutting industrial emissions

Exhibit 1.20

The electricity requirements depend strongly on the 
pathway chosen. As much as 310 TWh can be avoided 
by successfully mobilising circular economy solutions. This 
is because making less new material requires less energy, 
and recycling is less energy-intensive than new production. 
CCS also offers a way to reduce electricity needs, for two 
reasons: it offers an alternative route to hydrogen production 
(which otherwise consumes large amounts of electricity for 
electrolysis); and it enables some continued use of fossil 
fuels instead of hydrogen-based processes or electrification 
of heat. Together, such CCS opportunities could reduce 
electricity requirements by some 270 TWh. 

Mobilising the electricity required will be a matter not 
just of large aggregate numbers, but of highly concentrat-
ed needs. For example, a steam cracker in the chemicals 
industry has a heat load similar in size to the output of a 
coal-fired power plant (1 MW). A large steel plant producing 
iron through hydrogen would require some 16 TWh of elec-

EMISSIONS FROM STEEL, CHEMICALS, AND CEMENT FOR DIFFERENT CO2-INTENSITIES OF ELECTRICITY
Mt CO2, 2050

CURRENT PRODUCTION 
SYSTEM WITH CURRENT 

CO2-INTENSITY OF 
ELECTRICITY

622

545

235–343

22–31 0

CURRENT PRODUCTION 
SYSTEM WITH 
ZERO-CARBON 
ELECTRICITY

PATHWAYS WITH 
CURRENT CO2-INTENSITY 

OF ELECTRICITY

PATHWAYS WITH 
~30 G CO2/kWh RESULT 

IN 95% EMISSIONS 
REDUCTIONS

PATHWAYS 
WITH ZERO-CARBON 

ELECTRICITY RESULT IN 
NET-ZERO EMISSIONS

-35–55% -95%-10%

Zero-carbon electricity on its 
own only reduces heavy industry 

emissions by around 10%

With today’s electricity 
mix, emissions would fall 

by 35-55%

To achieve 95% emission 
reductions in all pathways, the 

CO2-intensity of electricity must be no 
higher than 30 g/kWh in 2050

tricity – more than the total electricity consumption of Croa-
tia.34 The electrification of heavy industry therefore adds to 
the pressure to integrate EU electricity production through 
reinforced grids, so that low-cost resources across the con-
tinent can be used to their full potential.

Achieving close to net-zero emissions electricity is clearly 
an essential enabler of emissions reductions in industry. Just 
as CCS has the challenge of eliminating the last tonnes (as 
100% CO

2
 capture is unlikely to be feasible), heavy electricity 

use will be a net-zero strategy only if production is essentially 
zero-emissions (Exhibit 1.20). For illustration, if EU electricity 
remained as reliant on coal and gas as it is today (releasing 
an average of 350g of CO

2
 per kWh), some 235–343 Mt CO

2
 

would remain in 2050. To cut emissions by 95%, electricity 
generation would need to release less than a tenth of today’s 
level, or 30 g CO

2
 per kWh. With completely CO

2
-free elec-

tricity, emissions would be close to zero. The more reliant on 
electricity a pathway is, the more sensitive it is to this dynamic.

NOTE: EMISSION REDUCTION POTENTIALS COMPARED TO EMISSIONS IN A 2050 BASELINE SCENARIO.. 
SOURCE: MATERIAL ECONOMICS MODELLING AS DESCRIBED IN TEXT.
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A decarbonised electricity 
system is an essential enabler of 

net-zero emissions from industry.
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BIOMASS WILL BE REQUIRED PRIMARILY FOR FEEDSTOCK 
Achieving net zero emissions for the economy as a whole 
will lead to multiple competing claims on scarce biomass re-
sources. The use of biomass for fuel or feedstock can com-
pete with alternative uses for land like food or feed production, 
conservation for maintained biodiversity, or as a ‘sink’ for CO

2
 

emissions. Furthermore, once the biomass has been extracted, 
there are multiple competing uses, from simple combustion 
for heat or electricity generation (the largest use today) to the 
production of transportation fuels, or use with CCS for ‘nega-
tive emissions’ to offset remaining emissions in other sectors.

All the pathways nonetheless make significant use of bio-
mass. The total amount varies between 1.1 and 1.3 EJ, com-
pared with current EU biomass use of 5.9 EJ. Estimates of 
the amount of sustainable biomass available in the EU in 
2050 range between 12 and 16 EJ, so the amount used in 
the pathways is around 15% of the total.36 

Bioenergy can provide a drop-in solution via wood pellets 
or biogas. This can provide valuable early emissions cuts, but 
switching a large amount of industrial energy to biomass rap-
idly starts to make large claims and electricity can often be 
an alternative. This is one reason that the further development 
of electricity for high-temperature applications is important. 

Instead, the main use of biomass in the pathways is as a 
feedstock and source of non-fossil carbon in industrial pro-
cesses. Whereas today’s discussion and scenarios focus 
on ‘bioenergy’, in fact we will also need ‘bio-feedstock’. 

The main, near-indispensable use of biomass is in the chem-
icals sector. It is not possible to achieve 100% recirculation of 
plastics (even steel, the most circular material today, has a recy-
cling rate of 85%), nor to entirely eliminate emissions from chem-
ical processes so that 100% of carbon ends up in the products. 
Even if the ‘societal carbon loop’ could become more than 80% 
circular, some carbon would leak out of the system and (short of 
landfilling plastics) escape to the atmosphere over time. Some 
new carbon must therefore be added in order to supply all the 
plastics needed. Using bio-based sources of carbon is neces-
sary to avoid the constant addition of fossil carbon, which would 
result in continuing fossil CO

2
 emissions. 

Biomass could also potentially be used to produce pure iron 
from ore, a key step in making steel, but in this instance hydro-
gen provides a realistic alternative. It also is a possible source 
of carbon for steelmaking. Biomass is already a major fuel in 
the cement industry, and continuing to use it with CCS could 
be a way to offset emissions that cannot be captured. Finally, 
biofuels – and biogas in particular – offer an alternative to elec-
trification, especially for some high-temperature processes. 

However, the pathways are cautious about all these uses, due 
to the competing claims on biomass as a resource, so the 
focus is on the indispensable use of biomass as a feedstock. 

There are five main ways to limit the amount of biomass 
required:

1. Materials efficiency: This spans a range of strate-
gies, from car-sharing to high-performance polymers 
and reduced over-packaging, and can reduce plastics 
use by around 20% as a cautious estimate. 

2. Substitution with alternative materials: Nearly half 
the mass of biomass is directly lost in the conversion 
to plastics. To avoid these losses, one option is to use 
polymers that are more similar to bio-based molecules 
in structure. Another is to use wood fibre directly as an 
alternative to the polymers used today. Together, these 
could reduce biomass requirements by 10%.

3. Recirculation of plastics: The more circular the use 
of plastics, the less additional bio-based carbon is re-
quired. High levels of reuse and mechanical and chem-
ical recycling are therefore key; they can supply up to 
two-thirds of the input needed for plastics production.

4. CCS: This can enable continued use of fossil carbon 
instead of biomass, but only if the carbon embedded 
in plastics is permanently stored, which is the main ap-
proach taken in the Carbon Capture pathway. Massive 
CCS on waste incineration would then be required, a 
challenging prospect. Another option would be to store 
plastics permanently instead of burning them, but this 
would require proof that the negative effects of landfill-
ing can be avoided.

5. Mobilisation of new bio-resources: Examples  
include biomass now used as fuel in the pulp and pa-
per industry, amounting to 0.5 EJ today, or half the 
amount required in the pathways.36 Some of this is 
in the form of ‘black liquor’, which could be a very 
good starting point for making bio-chemicals. More wi-
despread electrification of the pulp and paper sector 
would therefore free up a major source of chemical 
feedstock in the future – and potentially create a new, 
valuable use of pulp and paper industry by-products. 
Another potential source are various non-recycled mu-
nicipal waste streams, which can have a high content 
of biomass and which have few other uses (indeed, 
it is a major source of methane emissions and thus 
a conundrum for climate policy). Waste can be gasi-
fied and the carbon and hydrogen recovered for use in 
chemical synthesis, including alongside pure-plastics 
streams. Major innovation and new supply chains will 
be required to develop such processes, and should be 
a high priority.
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Achieving net-zero emissions from industry requires 
1.1–1.3 EJ of biomass per year by 2050

Exhibit 1.21

BIOMASS USE IN THE EU
EJ, 2016

BIOMASS REQUIREMENT PER PATHWAY
EJ, 2050

CURRENT USE

5.9

1.3

1.1
1.3

CEMENT

CHEMICALS

STEEL

NEW PROCESSES 
Pathway

CIRCULAR ECONOMY
Pathway

CARBON CAPTURE
Pathway

The main potential alternative to using biomass would 
be to use CO

2
 as a building block of chemicals. However, 

the electricity requirements are very large. For example, to 
switch out 1 EJ of biomass as feedstock for plastics, some 
400 TWh of electricity would be required instead to cap-
ture CO

2
 from the atmosphere and produce hydrogen for 

synthetic chemistry. This would more than double the total 

electricity requirements of the chemicals sector. In contrast, 
if 1 EJ of biomass were used to produce electricity (recall-
ing that this is a major use of biomass in the EU today), it 
would achieve less than 100 TWh of electricity output. In 
this comparison, using biomass as chemicals feedstock is 
four times as electricity-efficient as burning it in power sta-
tions to generate electricity.

 
SOURCES: CURRENT BIOMASS USE BASED ON IEA (2017). BIOMASS REQUIREMENT PER PATHWAY BASED ON MATERIAL ECONOMICS MODELLING AS DESCRIBED IN SECTOR CHAPTERS.37
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1.3 Accelerated implementation: an agenda for the 
coming 5–10 years
A successful transition will require concerted efforts by 
government, industrial companies, companies in major val-
ue chains, cities, civil society, and individuals. The transition 
is technically feasible, but it is not economically plausible 
in today’s markets. The next 5–10 years will be crucial in 
enabling EU heavy industry and major value chains to chart 
a low-CO

2
 course.

Many EU industrial companies know that doing nothing is 
not viable. Indeed, EU industry has long gravitated towards in-
creased specialisation, performance and efficiency to counter 
pressures ranging from energy costs, trade practices or glob-
al overcapacity. A low-CO

2
 track would be a continuation and 

acceleration of these trends. Low-CO
2
 solutions pioneered 

and commercialised in Europe will eventually be needed glob-
ally in a world with large unmet materials needs. Meanwhile, 
the EU could transition to a much more secure position: a 
more materials-efficient economy that relies less on imported 
fossil fuels and feedstock, and is more attuned to domestic 
sources of comparative advantage: local integration, digitisa-
tion, end-of-life resources, etc.

Nonetheless, the first steps of this transition will not oc-
cur without a step-change both in policy and in companies’ 
strategic choices. To launch a new economic and low-CO

2
 

agenda for EU heavy industry, major policy innovation and 
entrepreneurship will be required. 

The main policy in place today is the EU Emissions Trading 
System (EU ETS). In theory, a predictable and rising carbon price 
could provide incentives for many (but not all) of the actions un-
derlying the pathways here. Achieving a cost-effective transition 
will be much more difficult without a high-enough carbon price.

However, it is unlikely that the EU ETS by itself could drive 
the strategies required for net-zero emissions from industry. 

Changing the strategic direction of a company on the basis 
of a carbon price would require very strong assurances that 
future high prices are all but certain. However, such high 
prices in the EU but not in other markets would rapidly make 
these industries globally uncompetitive. Policy-makers have 
also demonstrated that the rules of the EU ETS are not fixed, 
but subject to continued revision.

Moreover, carbon prices do not enable all the activity need-
ed. On its own, carbon pricing does not provide sufficient 
incentives for investment in innovation. It also does not ad-
dress market failures that hold back many circular econo-
my solutions, which instead will likely require interventions 
similar to those used for energy efficiency in buildings and 
transportation.

A new policy agenda is needed. While all pathways re-
quire broad policy support, each option has different re-
quirements. Effective policy must start from a deep under-
standing of the change required, and the business case 
for different options. Just as the solution set for net-zero 
industry is wide-ranging, the policy agenda must have many 
parts, each addressing different aspects of the transition 
(Exhibit 1.22).

This is a new area of policy. Whereas buildings, transpor-
tation, and electricity generation all have many climate pol-
icies in place besides the EU ETS, this is not the case for 
industry. New interventions create a risk of unintended con-
sequences, and each mechanism would need careful eval-
uation and design. This study has not evaluated which op-
tions would be best, or indeed whether the disadvantages 
of any one option outweigh its benefits. It therefore cannot 
recommend a specific policy approach or package. Instead, 
the aim is simply to identify the extent of ‘policy gap’ and to 
start the conversation about possible options.
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 six POLICY areas to enable 
a low-CO2 industrial transition

Exhibit 1.22

• Scale up mission-driven innovation 
programmes, including new approaches to 

piloting and demonstration support

• Ensure early deployment to create faster 
innovation loops

Accelerate innovation
 and scaling of new solutions

1 2 3
Create lead markets and 

safeguard competitiveness 
of low-carbon options

Enable investment 
and reduce risk

• Create the certainty required for early 
commitment to low-CO

2
 development and 

investment

• Strengthen support, with options including 
carbon prices, subsidies, quotas, public 

procurement

• Ensure an underlying future business 
case for higher-cost low-CO

2
 solutions

• Provide direct support and de-risking 
through concessional finance, capital grants, 

public-private partnerships
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4 5 6
Enable high-quality 

recirculation of materials
Integrate materials 

efficiency into EU 
climate policy

Make available the 
necessary inputs and 

infrastructure

low-CO2 
industries

• Create a business case for recycled  
materials and feedstock

• Target high collection rates and regulate 
for clean materials flows through targets 
for recycling quality, charges for landfill/

incineration, and improved waste-handling 
infrastructure

• Introduce policy to directly target the 
barriers holding back materials efficient 

solutions and business models

• Use energy efficiency policy approaches 
such as standards, targets, labelling,  

and quotas

• Ensure the availability of electricity grids, 
hydrogen infrastructure, public waste  
handling, etc. required for industrial  

decarbonisation

• Launch a regulatory regime to guide the 
early deployment of CCS transport and 

storage infrastructure
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1. ACCELERATE INNOVATION AND SCALING OF NEW SOLUTIONS
Reaching net-zero emissions from heavy industry will re-
quire a major innovation and deployment programme, with 
strong public financial and other support. By the 2030s, 
EU companies must have gathered significant experience 
and started to consolidate solutions – from car-sharing and 
chemical recycling to new methods of making iron – that are 
now in early trials.

The materials system thus stands where the energy 
system stood in the early 2000s. There is a largely known 
set of emerging solutions to build upon, with significant 
innovation momentum, but many key options are not yet 
commercially viable. Their further development cannot be 
fuelled just by intellectual property law or the promise of 
near-term commercial advantage, the typical drivers of 
business innovation. On the contrary, innovation on this 
scale is risky. Companies going it alone would not only 
be committing significant resources, but risking disrup-
tion to production.

As a result, public support will be crucial. Indeed, given the 
punishingly short timescale to bring solutions to full read-
iness, most of the early innovation funding may need to 
come from public sources. 

Innovation needs to happen on both the demand and sup-
ply side. On the supply side, the most urgent agenda is to 
accelerate the demonstration of new production processes. 
On the demand side, the innovation agenda is broader. A 
key part is new business models, including sharing busi-
ness models for vehicles and other under-utilised capital 
assets, and new systems for reuse and re-manufacturing. 
New digital solutions will be important enablers, permitting 
the identification and tracking of materials, automation of 
materials handling, and dismantling of end-of-life products.

To support this innovation, government could play three  
major roles:

•	 Mission-driven research support: There is an urgent 
need to clarify the innovation agenda. One key challenge 
is identifying the technical and commercial pain points. 
Another is to create mission-driven innovation, in order 
to develop technologies that could significantly contrib-
ute to the transition to net-zero emissions industry, but 
which have little or no near-term commercial potential. 
These technologies could include efficient high-tempera-
ture electric heating, novel chemical recycling routes, 
and advances in hydrogen production. Identifying these 
high-priority technologies, as has been done for the en-
ergy industry in the Strategic Energy Technology (SET) 
Plans, could help coordinate action across the EU.

•	 New approaches to piloting and demonstration: 
The EU could support research and demonstration by 
mobilising existing tools with a stronger industry focus 
(e.g., the InvestEU programme, Horizon Europe, the 
Connecting Europe Facility and the upcoming ETS In-
novation Fund). However, the short timescale means 
strongly directed public support will be required, 
de-risking and co-funding. State Aid rules may stand 
in the way, in which case some may need to be modi-
fied. A particular focus should be the financing of large, 
capital-intensive demonstrations nearing commercial 
scale, on which policy often has fallen short in the past.

•	 Deployment for early innovation loops: As in the 
power sector, early deployment will be key. It is only through 
real-world testing and experience that new insights can 
be generated to fuel further innovation. Innovation needs 
to be undertaken within industrial production systems, at 
industrial sites, and with industrial companies as the main 
actors. Therefore, the creation of lead markets (see below) 
is also a prerequisite for accelerated innovation.

1
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2. CREATE LEAD MARKETS AND SAFEGUARD COMPETITIVENESS OF LOW-CARBON OPTIONS
Policy must support the introduction of new, low-CO

2
 pro-

duction routes and uses of materials.

The traditional approach is to set a price on carbon emis-
sions, tilting the playing field so that low-CO

2
 solutions are 

no longer at a disadvantage. In the long run, if ambitious 
climate mitigation is undertaken internationally, this solu-
tion could work, with all its advantages of ensuring the right 
trade-offs and letting the market choose the most cost-effec-
tive way to reduce emissions. 

However, earlier in the transition, two concerns would get 
in the way:

1. International competition puts a practical limit on 
the carbon price. Setting the price too high will cause 
emissions-intensive industries to move outside of Eu-
rope – so-called carbon leakage.

2. While early deployment is needed to scale solu-
tions to 2050, pioneers within the EU will be at a 
disadvantage relative to both international rivals and 
EU peers.

As a result, other mechanisms may be needed. This is 
tricky territory. The challenge is to strike a balance between 
the disadvantages of ‘picking winners’ and the risk of offer-
ing insufficient incentive for the fundamental shifts required 
for deep emissions cuts. The policies also need careful de-
sign to avoid distorting competition beyond what is needed 
to make low-CO

2
 options more attractive.

With that in mind, policy-makers have a wide menu of op-
tions. All are drawn from climate policies in other sectors. 
They fall broadly into five categories:

•	 Remove existing regulatory hurdles: There are cas-
es where existing standards, introduced for reasons 
unrelated to climate protection, need to be amended to 
enable important low-emissions solutions. Stakehold-
ers have cited the current standards for a minimum 
cement content in concrete, as well as the specifica-
tion of eligibility of binders in different cement classes. 
Of course, any changes to regulations must preserve 
safety and other requirements that drove their introduc-
tion in the first place.

•	 Subsidies for low-emissions solutions: This has 
been a major tool of policy in the electricity sector. 

Design options include ‘feed-in tariffs’ and similar in-
struments; tools that provide a contract-for-difference 
relative to the market price for a product, or quotas 
and tradable certificates for low-CO

2
 production. A key 

challenge will be handling the heterogeneity of prod-
ucts: one steel or chemical is not equivalent to another. 

•	 Product quotas and standards: Another approach-
would be to create a specific low-CO

2
 market in each 

material-using value chain. For instance, a rule might 
require that a specific share of the steel sold in EU 
markets contain iron reduced using low-CO

2
 methods, 

or that plastics contain a specific share of non-fossil 
carbon. For illustration, more specific options could 
include requiring that the production of concrete not 
exceed an average maximum CO

2
 footprint. Such a 

policy would allow all the low-emissions solutions, from 
clinker production to cement mixing, to compete to 
achieve the desired emissions cuts. The current stan-
dards regulating the CO

2
 intensity of tailpipe emissions 

from vehicles could also be expanded to include the 
CO

2
 from the materials footprint.

•	 Public procurement: Public authorities can directly 
create lead markets through their own procurement 
choices. Cities, regions and countries make up a large 
share of the market for infrastructure and construction, 
and for a range of materials-intensive products. 

•	 Border adjustments: It would be possible to intro-
duce taxes or tariffs for goods imported from regions 
that do not enforce a CO

2
 price similar to that in the 

EU. To allay fears of revenue-raising protectionism, the 
taxes could be refunded to the countries of origin. The 
trade ramifications, including admissibility under the 
rules of the World Trade Organization, are complex. 
Furthermore, feasibility will differ significantly between 
products. Border adjustments also do not, on their 
own, address the issue of enabling first movers within 
the EU.

Many of these options may work best as transitional mech-
anisms. However, the higher cost of some low-CO

2
 produc-

tion routes may well persist in the long run, in which case 
permanent incentives will be required to overcome this dis-
advantage in operating expenses. CO

2
 prices may well be 

the best long-term option, pursuing the logic already laid 
down in the EU ETS.

2
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3. ENABLE INVESTMENT AND REDUCE RISK
Since a large volume of additional investment is needed 
to drive the transition to net-zero emissions heavy indus-
try, government needs to ensure that companies can make 
those investments with an acceptable level of risk. 

First they need to make the underlying business case. In 
other areas of climate policy, investment has rarely been 
a direct target. Instead, the approach has been to create 
sufficiently secure market conditions – for example, through 
CO

2
 prices, quotas or subsidies. Governments then relied 

on pre-existing financing mechanisms to respond to these 
incentives. This has been successful in many cases, such 
as the creation of entirely new sets of investors in the power 
system, supporting the shift to renewable electricity genera-
tion. Similarly, creating a credible framework to ensure a fu-
ture business case must also be the foundation for net-zero 
emissions heavy industry.

However, there are several reasons why this may not be enough:

•	 Early investment will be key, as EU industrial com-
panies are already facing significant reinvestment deci-
sions in the next 5–10 years, for assets ranging from 
coke ovens to steam crackers.

•	 In industry, low-CO2 assets are rarely ‘modular’ in the 
way that solar or wind power are. Instead, they require 
large lump-sum investments in new production capaci-
ty, which then has a long lifespan.

•	 Companies face large risks if solutions are only 
gradually becoming technically proven. In such cases, 
the future business case may depend strongly on con-
tinued policy incentives.

•	 Prudence may dictate some redundancy and option-
ality. This could entail building up parallel, low-CO

2
 

capacity while also maintaining existing production ca-
pacity, until market and technical conditions are right 
for a full switch.

•	 Many investments in the next 5–15 years would be 
in ‘first of a kind’ solutions, which entail larger capi-
tal expenses than fully mature solutions. This creates a 
first-mover disadvantage.

•	 Deploying low-CO2 solutions at existing sites may 
increase complexity and induce additional adaptation 
costs to fit into existing wider production systems.

•	 Large changes to infrastructure and industrial sites 
can face significant permitting and other hurdles, cre-
ating further barriers.

As a result of these challenges, industries may need direct 
investment support. There are many ways to do this. For 
example, some Member States have provided very low-cost, 
concessional finance – such as shouldering some of the 
risk – for actions ranging from building retrofits to renewable 
energy projects. There are also several pre-existing mecha-
nisms to build on. Another possibility is to change how the 
depreciation of assets is accounted for, reducing the tax 
burden during the early years of an asset and thus encour-
aging investment in new assets. Other options include fiscal 
rebates linked to new investments and European Investment 
Bank financing instruments. 

Beyond this, capital grants are the most direct way to offset 
some of the challenges, but implementers will face the chal-
lenge of not distorting investment. Concessional finance or 
blended finance can improve the viability of some high-risk 
investments. As with the creation of lead markets, State Aid 
guidance would need to be amended to enable some of 
these options. ‘Low regulatory zones’ could help overcome 
some of the inertia and uncertainty created by permitting 
rules.

Finally, policy-makers must confront the risk of stranded as-
sets. Given the short time until 2050, it will not be possible 
to avoid some redundancy. As a result, some high-CO

2
 as-

sets may need to be written off before the end of their tech-
nical or economic life. Such decisions will hit companies’ 
balance sheets and therefore also their financing capacity. 

Policy could handle this dynamic in different ways. At one 
end, stranded assets are best prevented by avoiding any 
additional investment in high-CO

2
 production systems, be-

yond what is strictly necessary. Another approach is more 
technical fixes, such as changing how accounting stan-
dards handle depreciation and write-downs. More directly, 
direct support or ‘grandfathering’-style principles (in which 
existing assets are exempt from new regulations that apply 
to newly built assets) could directly defray some stranded 
asset cost.

3

90  



64 65

Industrial Transformation 2050 – Pathways to Net-Zero Emissions from EU Heavy Industry 
Achieving prosperous, net-zero EU industry by 2050

4.  Enable high-quality recirculation of materials
This requires two policy steps. The first is to encourage 
high collection rates and clean materials flows. The recir-
culation of materials relies on high collection rates. Once 
collected, the resources to be used as feedstock or raw 
material for new production need to be both well separated 
and adequately pure.

This is a broad agenda, ranging from minor adjustments to 
ambitious initiatives designed to redirect large waste flows. 
Potential examples to investigate include:

•	 Targets for cutting CO2 emissions from waste, similar 
to existing targets for landfill emissions.

•	 Updating recycling targets to encompass quality, not 
just quantity. It may be best to measure, not the quantity 
of material sent to recycling, but rather that material’s 
effective capacity to replace virgin production. This is 
the more relevant metric.

•	 Charges for less desirable options for end-of life 
treatment of waste, such as landfill (already in place in 
many Member States) or incineration (currently often 
encouraged rather than discouraged by policy).

•	 Removing hurdles to cross-border trade in end-of-life 
flows, to enable their large-scale use as feedstock or 
raw materials.

•	 Regulations to limit the levels of copper and other 
‘tramp elements’ in steel scrap, as these elements 
permanently downgrade the quality of the steel stock. 

More indirect options include regulations for how end-
of-life vehicles and other products are dismantled; de-
sign criteria for products containing copper wiring; and 
a requirement to keep copper-alloyed steel separate.

•	 Creating public definitions and standards for plas-
tic sorting grades and other materials, to create more 
transparency. 

•	 New waste-handling infrastructure to enable the 
new levels of separation and sorting required for chem-
ical recycling. 

•	 Adequate rules for the use of CO
2
 as a feedstock for 

making new materials (CCU), especially if the CO
2
 ulti-

mately comes from a fossil source.

The second step is to create the business case for using 
recycled materials and feedstock. This means creating mar-
ket incentives for the production and use of recycled mate-
rials that reflect their contribution to emissions abatement. 
Any specific incentive introduced on the production side 
must also enable recycling, if there is not to be a distortion 
in favour of new production rather than use of recirculated 
materials. Mechanisms for lead markets that are neutral in 
this respect are the best option. Where this is not achiev-
able, it may be necessary to create separate markets. One 
example would be to explicitly target the creation of de-
mand for plastics produced from recycled feedstock.

4
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5. Integrate materials efficiency into EU climate policy 

5

By encouraging a step change in demand-side solutions, 
government can ease many of the challenges of the tran-
sition to net-zero emissions. In particular, a more circular 
economy will reduce the cost and investment needs and cut 
the amount of renewable electricity and biomass required. 
However, there are a number of barriers to the creation of 
a circular economy, in particular the need to coordinate ac-
tions across entire value chains.

Policy in this territory can borrow heavily from the play-
book of energy efficiency policy. The motivations often are 
the same: a known potential for improvement that often is 
cost-effective, but which is held back by a range of bar-
riers and market failures. These barriers are also familiar 
from the experience with energy efficiency. Incomplete con-
tracts result in split incentives where the parties best able 
to avoid over-use of materials have few incentives to do 
so. The extent of materials use is often unknown now, due 
to a range of information barriers. Missing markets mean 
that, even if there were demand for high-quality end-of-life 

materials, there are no mechanisms that this could translate 
all the way to the product design stage, where the issue is 
often easiest to address. Regulation also sometimes gets 
in the way, especially in trying out new business models for 
important services. Finally, the price of new materials often 
does not reflect the full cost of environmental externalities, 
including CO

2
 emissions.

Policy to redress these can span a wide range of options. 
These can involve specifying targets for materials use in 
large product categories (such as the amounts of cement 
used in a category of building, or the load-bearing capacity 
of steel vs. requirements in buildings). Instruments such as 
the Eco-Design Directive could potentially be adapted to in-
corporate such principles for a range of products. 

As with energy efficiency policy, there is a delicate balance 
to strike. Policy that limits choices can induce hidden costs or 
have unintended consequences. With that in mind, there are 
a range of options for the regulation of materials efficiency.
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A final category of policy is to ensure that the inputs and 
infrastructure required are available. 

The build-out of up to 750 TWh of additional electricity 
generation must be accompanied by available transmission 
and distribution capacity. The more this can link up cheap 
sources in one part of the EU with the key industrial demand 
centres, the more competitive European industry will be.

Waste handling also would need to change profoundly 
to achieve the 40–80% recirculation of plastics implied 
by the pathways. Vertical integration of plastics producers 
with the waste sector could help, but as much of waste 
infrastructure is publicly run, it also would be necessary to 
adapt public systems to mobilise waste as a major indus-
trial resource. 

On a more local scale, sector coupling offers an important 
way to enable some production routes. This can include 
linking up of pulp and paper and chemicals production, 
steel and chemicals, and more. Hydrogen also can become 
a new feedstock requirement across multiple sectors, with a 
need to build new infrastructure for distribution and storage.

CCS will require an entirely new infrastructure for transport 
and storage. To date, this has been a major impediment to the 
further development of CCS. Companies looking to capture 
CO

2
 face either uncertainty that transport and storage will be 

available at all, or a risk of commercially unattractive depen-
dence on a single (effectively monopolist) counterpart. One 
way to enable early investment and provide certainty would be 
to create a public regulatory regime, rather than expect compa-
nies to become dependent on private storage operators.

6. Make available the necessary inputs and infrastructure

6
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INNOVATION LEADERSHIP FOR low-CO2 STEEL
2. steel

Steel is a vital material for a modern, in-
dustrialised economy. In fact, for every per-
son in the EU, there are about 12 tonnes 
of steel1, underpinning vital functions from 
construction and infrastructure, to transport 
and industrial production.

Yet, steel production is also a significant 
source of greenhouse gas emissions – 
more than 200 Mt CO

2
 per year in the EU.2 

Thus, to meet its climate objectives, the EU 
must find a way to meet its steel needs whi-
le reducing emissions almost to zero.

Until recently, no emissions reduction 
scenario explored such deep cuts. Instead, 
studies left as much as half of emissions in 
place even in 2050. This changed with the 
analysis underpinning the EU Long-Term 
Strategy (LTS), which includes scenarios 
that reduce emissions by as much as 97%.

This study seeks to strengthen the evi-
dence base for what it would take to reach 
such deep reductions. It confirms the fin-
ding from the LTS, that truly deep cuts to 
emissions from steel production are, in fact, 
possible. The solution set is wide-ranging, 

spanning new production processes and 
increased recirculation of steel, as well as 
materials efficiency and circular economy 
business models. 

Major and rapid change will be necessary in 
all cases – and there are clear needs for poli-
cies to enable the transition. Far more resour-
ces must be devoted to accelerating innovation 
on several fronts. Credible new policy solutions 
are needed to make it viable to pursue low-
CO

2
 production routes that are up to 20% more 

expensive than current routes. Barriers to many 
circular economy solutions must be overcome, 
likely through policy supports similar to those 
used to promote energy efficiency.

An increase in investment of up to 65% must 
also be made possible, starting early to deve-
lop demonstration plants and to steer the large 
investments that will be needed in the coming 
years in a low-CO

2
 direction. Finally, a low-CO2 

steel sector will require large new sources of 
input, including 210–355 TWh of clean, affor-
dable electricity.

In the context of a capital-intensive industry with 
long-lived assets, time is very short. The transition 
to low-CO

2
 steel in 2050 is possible, but any fur-

ther delay would hugely complicate the transition.

Truly deep cuts to emissions 
from steel production 

are possible.
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Truly deep cuts to emissions 

from steel production 
are possible.
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2.1 The starting point
EU companies have been making steel for over 150 
years, and despite shifts in global markets, the EU ste-
el sector remains large. The European steel industry 
produces 169 million tonnes of steel per year, me-
eting almost all of EU demand. It has an annual turno-
ver of 123 billion EUR and employs 320,000 people.3 
 
Still, the EU steel sector faces real challenges. The-
re was a 30% drop in steel demand in the year following 
the 2008 financial crisis, and EU production has not ful-
ly recovered, while net imports have been growing.4 Lar-
ge global over-capacity of as much as 540 Mt per year5 
contributes to depressed prices, and tariffs and other 
challenges to international trade add further compli-
cations. For all these reasons, the profitability of most 
EU producers has been depressed for many years.  
 
Efforts to reduce emissions will touch all aspects of ste-
el: its production, use and recycling at end of life (Exhibit 
2.1). In terms of production, 61% of the 169 Mt of annu-
al production takes place through the so-called integrated 
route, using first a blast furnace and then a basic oxygen fur-
nace (BF-BOF) to produce iron and then steel from iron ore 
and coal. The other main production route uses electric arc 
furnaces (EAF) to melt scrap steel. This recycling process 
accounts for 39% of the annual EU production. 

Steel users in sectors including construction and infra-
structure (42% of demand), transportation (31%), industrial 
machinery (16%) and a range of metal products (11%) will also 
be touched by the efforts to reduce emissions. Likewise, the 
EU will need to enable high-quality steel recycling; already to-
day, 111 million tonnes of steel scrap is collected and either 
remelted to make new products in Europe or exported. Once 
steel has been made it is processed into many different forms, 
so it is not a homogenous commodity. There are two major 
categories: long products such as rebar and drawn wire, and 
flat products such as slabs and heavy plate. Steels are also 
sorted into various grades, which specify either their chemi-
cal makeup or their mechanical properties. Different uses re-
quire different grades: for example, the automotive industry 
typically needs higher-quality steel than does construction. 
 
The investment cycle of steel plants plays a major role in 
how a transition to net zero emissions would play out. To 2050, 
practically all major production assets will need substantial re-
investments: blast furnaces on a cycle of 15–20 years, and 
most EU coke plants will also require substantial rebuilding or 
replacement in the same time frame. Enabling companies to 
direct capital towards new, lower-emissions production routes 
at these major investment points will be a key factor in a cost- 
effective transition. The alternative is lock-in to continu-
ed high emissions, or the risk of stranded assets that 
must be replaced ahead of the end of their technical life. 
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NOTES: TOTAL USE IS BASED ON EU APPARENT STEEL CONSUMPTION. INDIVIDUAL NUMBERS DO NOT SUM TO THE TOTAL DUE TO ROUNDING.
SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON EUROFER (2018) AND PAULIUK ET AL. (2013) .6

Production, use, and end of life OF EU steel
Exhibit 2.1

ANNUAL STEEL VOLUMES
Mt, 2017

FOSSIL FUELS AND FEEDSTOCK

ELECTRICITY

BIOMASS

CURRENT USE

CURRENT DEMAND 2050 DEMAND
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7.1
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4.1
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CIRCULARITY
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 CARBON CAPTURE 
& STORAGE (CCS)
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& NEW PROCESSES

1.0
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ELECTRIC ARC
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49
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Collected 
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EU steel production will stabiliSe at AROUND 
190 Mt per year IN THE 2040s as the steel stock saturates

Exhibit 2.2

EU STEEL PRODUCTION IN A BASELINE SCENARIO
MILLION TONNES OF STEEL PER YEAR
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193

Production levels
hovered around 190 Mt
from the 1990s up to
the �nancial crisis

Steel production
dropped ~30%
during the 2008
�nancial crisis

Steel demand grows
modestly at ~0.6% per year
as the EU steel stock grows
with 15% from today’s level
up to the 2040s

Steel production stabilises
at around 190 Mt from the
2040s as the steel stock 
saturates at 13.7 tonne steel
per capita

169

NOTES: BASELINE SHOULD BE UNDERSTOOD AS “CURRENT PRACTICE”, WITHOUT DEMAND REDUCTION FROM A MORE CIRCULAR ECONOMY OR REDUCED MATERI-
ALS INTENSITY. THE MODELLING APPROACH IS A DYNAMIC MATERIALS FLOW ANALYSIS MODEL BASED ON THAT DEVELOPED BY PAULIUK ET AL. THIS INCORPORATING 

STOCKS (HISTORICAL STOCK FLOWS, FUTURE STOCK LEVELS) , SCRAP FORMATION (PRODUCT LIFETIMES, SCRAP FORMATION, COLLECTION RATES, REMELTING LOSSES, 
ETC.) , AND DERIVED NEW PRODUCTION REQUIREMENTS. TRANSPORTATION, MACHINERY, CONSTRUCTION, AND PRODUCTS ARE MODELLED SEPARATELY.  

SOURCES: MATERIAL ECONOMICS MODELLING BASED ON EUROFER (2018) , WORLD STEEL (1990-2018) , AND PAULIUK ET AL. (2013) , SEE ENDNOTE.7
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The transition will take place against a backdrop of 
modestly growing need for steel (Exhibit 2.2). In a baseli-
ne scenario in which patterns of use are similar to today, 
and imports and exports remain at the same level, pro-
duction in the EU would increase to around 190 Mt per 
year by 2050. Underlying this is a 15% increase in the 
total per-capita steel stock, in part to underpin the buil-
dout of a low-emissions energy system and infrastructure. 
 
The task ahead for policy-makers and companies 
is thus threefold: to ensure society continues to enjoy 
the benefits that steel provides, to avoid the relocation of 
production to other countries, and to cut CO

2
 emissions.  

 
 

CO2 emissions from iron and steelmaking
Making steel produces a lot of greenhouse gas emis-
sions. Globally, 2.3 tonnes of CO

2
 are released, on av-

erage, for every tonne of steel produced from integrated 
steelmaking. European producers are more efficient than 
the average, but they still release 1.9 tonnes of CO

2
 per 

tonne of steel. The total direct emissions from EU ste-
el production are just shy of 200 Mt CO

2
. This figure ri-

ses to 210 Mt CO
2
 when upstream electricity is included.8 

 
In the integrated route, carbon plays multiple roles. First, 
it is a reducing agent in the blast furnace, taking out the ox-
ygen from iron ore to produce iron. Second, it is the energy 
source producing the high temperatures required to melt ste-
el and also to drive the multitude of processes in the overall 
production system. Third, some carbon is in fact a necessary 
ingredient of steel, up to 1% for high-carbon steel. 

The special role of carbon combines with other factors 
to make deep emissions cuts from current production proces-
ses challenging. First, the CO

2
 is released from multiple sour-

ces during the steelmaking process (Exhibit 2.3), all of which 
must be addressed for truly deep cuts. Second, the chemical 
process emissions from the reduction of iron ore are signi-
ficant, so just switching energy inputs will not suffice. Third, 
steel production requires very high temperatures, which limit the 
technological options and necessarily require large amounts 
of energy to generate. Finally, the process is highly integrated, 
with outputs of one step used as inputs in other parts – so 
changing one aspect of it often forces changes elsewhere. 
 
One major option for deep cuts is in fact already in use and 
reduces sector emissions substantially: CO

2
 emissions from re-

cycled steel are significantly lower than those from production of 
new steel. The energy required is only 10-15% of that required 
in the production of primary steel from iron ore. Direct emissions 
can be as low as 0.1 t CO

2
 per tonne product. Another 0.1–0.3 

t CO
2
 arises in the production of the electricity used as input, 

but can be eliminated with zero-carbon electricity. However, 
as discussed below, relying on more scrap requires both that 
the scrap is available and that its quality can be controlled. 
 
In a baseline scenario without major changes to steel use and 
production, emissions in 2050 would remain largely the same 
as today, at 208 Mt CO

2
 per year. A slight increase in steel pro-

duction would counterbalance marginal improvements in process 
efficiency and an increase in the use of recycled steel. As we dis-
cuss in the following sections, the challenges to cutting emissions 
from iron and steel production can be overcome. However, doing 
so will require major changes to how steel is produced: a sector 
transformation rather than marginal improvements.
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CO2 IS EMITTED FROM ALL STAGES OF STEEL PRODUCTION
Exhibit 2.3

EMISSIONS

High-temperature
heat emissions

High-temperature
heat emissions

Process emissions

Process emissions

Process emissions

Process emissions
from the carbon in
the steel itself and
from electrodes, 
as well as indirect
emissions from
electricity production

CO2 EMISSIONS FROM STEEL PRODUCTION
TONNES CO2 PER TONNE STEEL

COKE PLANT

TOTAL: 1.9

RAW MATERIAL
PREPARATION

INTEGRATED
STEELMAKING
(BF-BOF) ROUTE

TOTAL: 0.4

ELECTRIC
ARC FURNACE
(EAF) ROUTE

IRON-
MAKING

STEEL-
MAKING

PELLET/
SINTER PLANT

BLAST 
FURNACE

(BF)

BASIC
OXYGEN
FURNACE

(BOF)

CONTINUOUS
CASTING

AND
HOT ROLLING

COLD ROLLING
AND

FURTHER
PROCESSING

0.3

1.3
0.2

<0.1

0.1

DOWNSTREAM

ELECTRICITY

LIME 
PRODUCTION

<0.1

ELECTRIC
ARC FURNACE
(EAF)

0.3

NOTES: DOWNSTREAM PROCESSES ARE THE SAME FOR ALL PRODUCTION ROUTES. THE FIGURE SHOWS WHERE CARBON EMISSIONS ARE  
FIRST CREATED IN THE OVERALL PROCESS. THE ACTUAL POINT OF RELEASE OF CO

2
 TO THE ATMOSPHERE MAY DIFFER.  

INDIVIDUAL NUMBERS DO NOT SUM TO THE TOTAL DUE TO ROUNDING. 
SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.9
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 2.2 Strategies for a low-CO2 steel sector
Past roadmaps have tended to conclude that some re-
maining emissions in steel production are all but una-
voidable, even many decades from now.10 The empha-
sis has been on carbon capture and storage, but the 
challenges noted above (multiple emissions sources, 
low CO

2
 concentration in flue gases, complex interde-

pendencies) have led most studies to conclude that as 
much as half of emissions would remain even with CCS. 
 
The analysis underlying the EU Long-Term Strategy 
took a first step towards moving beyond these limita-
tions. There are vestiges of the ‘traditional’ approach, 
with one scenario leaving 31% of emissions in place, 
but also scenarios that cut emissions by up to 97%. The-
se are arguably the first attempts to describe a steel se-
ctor consistent with the need to reach net zero emissions.  
 
This study seeks to complement this analysis by  
describing in detail what it would take to reach  
very deep emissions reductions. It takes as broad an 
approach as possible to outline pathways to net zero  

emissions by 2050, looking not just at production, but 
also at the use of steel throughout the value chains.  
 
The study finds that there are large opportunities both to 
improve steel recycling and to use steel more efficiently – 
much more than in previous roadmaps, including the LTS. 
Much as energy efficiency reduces the need to mobilise new 
supplies of energy, materials efficiency and circular economy 
approaches can cut the need to make new, primary, steel. 
 
However, even in a stretch case for circular economy 
solutions, it will be necessary to produce millions of ton-
nes of primary steel per year in the EU even in 2050 – and 
worldwide for most of the century or more. Therefore, this 
study also includes a much wider set of clean production 
processes than in some previous roadmaps. They span new 
techniques for ironmaking with fossil inputs combined with 
CCS; fossil-free steelmaking based on hydrogen instead of 
coal; and the possibility of integrating steel into circular car-
bon flows through carbon capture and utilisation (CCU) and  
coupling with chemicals production.

Industrial Transformation 2050 – Pathways to Net-Zero Emissions from EU Heavy Industry   /  Steel
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 Strategies for deep...         
Exhibit 2.4

CIRCULAR ECONOMY IN MAJOR VALUE CHAINS

Using end-of-life materials as input to  
new production, or using low-CO

2
 alternative  

materials that provide the same function

SHARING BUSINESS MODELS AND  
INCREASED LIFETIME OF PRODUCTS
•New business models such as car-sharing to in-
crease use intensity and product lifetime, reducing 
steel needed per passenger-kilometre

•Remanufacturing and reuse of steel components 
to increase lifetime of products and structures

MATERIALS EFFICIENCY
•Reduced scrap losses in manufacturing

•Materials efficient use of steel in products and 
constructions, notably reduced over-specification in 
construction

•Higher-strength steel

Reducing the amount of materials used for a  
given product or structure, or increasing the lifetime  

and utilisation through new business models

MATERIALS RECIRCULATION 
AND SUBSTITUTION

MATERIALS RECIRCULATION
•Improved design, end-of-life disassembly, and 
scrap handling to reduce contamination with 
copper and other tramp elements

•Increased collection rates of end-of-life scrap

MATERIALS EFFICIENCY 
AND CIRCULAR BUSINESS MODELS 
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CLEAN PRODUCTION OF NEW MATERIALS

...emissions reductions from steel

NEW AND IMPROVED PROCESSES
Shifting production processes and feedstocks to 

eliminate fossil CO
2
 emissions

CARBON CAPTURE
Capture and permanent storage of CO

2
  from 

production and end-of-life treatment of materials, 
or use of captured CO

2
 in industrial processes

CARBON CAPTURE AND STORAGE
•Carbon capture on coal-based processes

•Smelting reduction to concentrate CO
2
 flows 

and achieve high capture rates

CLEAN UP CURRENT PROCESSES
•Incremental energy efficiency improvements

•Switch to biofuels and -feedstock in blast 
furnaces and downstream processes

•Natural gas-based direct reduction (DRI) as a 
transition step to net-zero production

CARBON CAPTURE AND UTILISATION
•Chemicals production from carbon-rich blast 
furnace off gases

•Switch to recirculated / non-fossil feedstock 
and CCS of residual CO

2
 required for net-zero 

solution

NEW PROCESSES AND FEEDSTOCKS
•Direct reduction using hydrogen as reducing agent

ELECTRIFICATION
•Hydrogen production through water electrolysis

•Electrification of ore sintering

•Electrification of reheating furnaces and other 
downstream processing
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Circular economy and materials efficiency in major value chains 

As noted, modern societies require in the 
range of 10–13 tonnes of steel per person to 
provide essential services such as mobility, in-
frastructure, industrial production and more.  
 
However, there is nothing absolute about this 
number, and in fact there are multiple opportu-
nities to use steel more efficiently. By reducing 
waste, optimising structures, increasing the utili-
sation of key capital goods, and increasing the 
lifetime of structures and products, it is possible 
to achieve the same end-use benefits with less 
steel (that is, the same amount of passenger-kilo-
metres of transportation, built area, infrastructure 
availability, protection of packaged goods, etc.)  
 
This study has carried out a bottom-up assess-
ment of this potential (Exhibit 2.5), modelling the 
major opportunities in transportation, construc-
tion, machinery, and various products.11 Overall, 
we find it is possible in an ambitious scenario 
to achieve the same economic benefits while 
using 54 Mt (28%) less steel per year in 2050.  
 
The most important measures include: 

• A reorganisation of mobility towards autono-
mous and shared vehicles, which could reduce 
the amount of steel required by as much as 70% 
for the same number of passenger kilometres.12 

• Digitisation and other tools to optimi-
se steel use in construction. This includes re-
duced over-specification (today’s buildings 
often use 50% more steel than required), 
modular construction and reconstruction in 
favour of demolition, re-use of structural ele-
ments, and the use of high-strength steels.13 

• Reduced yield losses in manufacturing. 
The amount of steel scrap generated in ma-
nufacturing can vary by as much as 50% even 
in mature processes. Although such scrap is 
not lost, it is wasteful and leads to the need 
for large absolute steel stock at any one point. 

• A range of materials efficiency and circu-
lar economy principles such as lightweigh-
ting techniques, remanufacturing oppor-
tunities, product-as-a-service business 
models, etc. across a range of product groups. 

For policy-makers and businesses, a key in-
sight is that major contributions towards lower 
emissions rest not only with the steel industry it-
self, but with actors in entirely different sectors. 
Achieving these savings will mean changing prac-
tices along several of steel’s major value chains. 
In some cases, it also entails reorganising the way 
basic services are provided – notably passenger 
transport. In others, the key is product design, 
business models, or digitisation to reduce trans-
action costs of improved construction techniques.  
 
Although these levers result in reduced steel de-
mand, they need not result in reduced economic 
activity. In some cases, they represent producti-
vity opportunities: achieving more with the same 
output. Like other improvements in productivity, 
this can boost economic activity by freeing up re-
sources for other use. In other cases, there is a 
migration of activity away from upstream steel pro-
duction and into other points of the value chain. 
In particular, there will be greater need for labour, 
data and energy in construction and manufacturing. 
 
Achieving these categories of measures can 
be complex. They require extensive coordination 
and information flows. Incentives often are poorly 
aligned, and current models for everything from 
contracts to performance management often 
neglect materials efficiency. In this, too, circular 
economy and materials efficiency opportuni-
ties are similar to energy efficiency, which often 
faces very similar barriers. On the other hand, 
digitisation is a strong driving force, reducing 
the transaction costs of many opportunities.  
 
It therefore is uncertain how much of the po-
tential can be achieved. This study explores two 
alternative scenarios:

In the scenario with a high level of circularity, 
around 75% of the identified potential is realised. 
This reduces the amount of steel required by 54 
Mt per year in 2050, resulting in a total steel de-
mand of 139 Mt.

The less ambitious scenario for circularity cap-
tures instead just one fourth of this amount. This 
would leave steel demand close to 181 Mt per year.
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Demand-side opportunities for materials
efficiency and new circular business models

Exhibit 2.5    

Mt STEEL PER YEAR, 2050

CONSTRUCTION TRANSPORTATION

MATERIAL EFFICIENT
PRODUCTION

OTHER

17 Mt 19 Mt

12 Mt

6 Mt

INCREASED EFFICIENCY OF STEEL 
USE IN MACHINERY AND PRODUCTS. 

High strength steel applied in machinery could 
reduce demand with 2.1 Mt steel per year. 

SHARING SCHEMES 

To ensure more intensive use of steel products 
including sharing of domestic appliances and 
machinery. A system for shared products can 

reduce steel need with 20%.

INCREASED EFFICIENCY OF 
STEEL USE IN CONSTRUCTION

�e main opportunities are to reduce 
waste during the construction process; 
reduce the amount of material in each 
building by avoiding over-speci�ca-

tion and using higher-strength 
materials; and reusing buildings and 
building components. For example, 
high strength steel can reduce the 
amount of steel needed for a given 

project by 30%. Furthermore, projects 
often use 50% more steel than is 

physically necessary.

INCREASING THE USEFUL 
SERVICE FROM STEEL

By extending the lifetime of buildings, 
and/or by increasing the utilisation of 
�oor space through sharing and other 

circular business models.

SHARING MODELS OF TRANSPORTA-
TION FOR PASSENGER CARS.

Car-sharing and similar schemes 
ensure that each vehicle is used 
more intensively, reducing the 
need to make extra units. A 

shared mobility system
could reduce materials use in 

transport by 50-70%

INCREASING THE USEFUL SERVICE OF 
TRANSPORTATION UNITS

By increasing utilization and by 
extending the lifetime through 

high strength steel and improved 
maintenance.

REDUCED SCRAP FORMATION IN MANUFACTURING.

Although most steel scrap in the manufacturing process is recycled, in 
the meantime additional primary steel has to be made. �erefore, 

measures to cut the formation of scrap during manufacturing will cut 
overall production. �is can be achieved by switching to designs that 

consider the production process, making semi-�nished products that are 
closer to the �nal shape, and embracing technologies like 3D printing 

and powder metallurgy that make less scrap.

SOURCE: MATERIAL ECONOMICS ANALYSIS, SEE ENDNOTE.14
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Materials recirculation: enabling high-quality steel production from scrap
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STEEL SCRAP AVAILABILITY AND STEEL PRODUCTION
MILLION TONNES PER YEAR

STEEL PRODUCTION

AVAILABLE SCRAP

EU could fulfil most of its steel demand
using scrap-based production

Exhibit 2.6

The EU steel industry and wider economy face a funda-
mental choice over whether to use this scrap in the EU or 
to export it. The impacts on global greenhouse gas emis-
sions, and on the economics of the industry, are complex. 
On the one hand, if primary production of steel was main- 
tained at current levels, the scrap exports could increa-
se three- to fourfold, to 80 Mt per year. This in turn would 
reduce the need for primary production in other regions.  
Especially if EU primary production became less emissions- 
intensive, this would contribute to global CO

2
 reductions. 

On the other hand, using the scrap generated in the EU would 
mean EU producers needed fewer resources. The EAF route to 
steel production uses only 10-15% of the energy of integrated 
production and is significantly less capital-intensive. Direct CO

2
 

emissions are also much smaller, at 0.1 t CO
2
 per tonne coil with 

best practice. Using these resources less would directly cut EU 
emissions. It could also pioneer models for a highly circular steel 
system that would ultimately be beneficial at the global level.

Steel is already a highly circular material. On average, 
85% of end-of-life steel is recovered for recycling – more than 
has been achieved for any other major material.15 Recycling 
is driven by the intrinsic economic value of steel scrap: the 
131 Mt generated in the EU every year has a value of some 
30 billion EUR. Of this, some 94 Mt are used in the EU, ma-
king up half of the iron input to EU steelmaking16, while 17 Mt 
are exported, with Turkey the largest destination.

In coming decades, the availability of scrap in the EU will 
increase, as the EU steel stock saturates (Exhibit 2.6). There 
are also opportunities to increase the collection rate for end-
of-life steel (which already varies depending on steel prices, 
as well as country by country). By the 2050s, the amount of 
scrap available could be as large as total EU annual steel 
needs, raising the intriguing prospect that EU steel needs 
could be met largely by recycling steel already made. Steel 
could become the first, and by far largest, flow of a nearly fully 
circular material.

NOTES: PRODUCTION AND SCRAP VOLUMES IN THIS EXHIBIT REFER TO A SCENARIO WITH
 'MEDIUM CIRCULARITY', REPRESENTED IN NEW PROCESSES AND CARBON CAPTURE PATHWAYS.

SOURCES: MATERIAL ECONOMICS MODELLING BASED ON EUROFER (2018) AND PAULIUK ET AL. (2013) .18
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If the EU steel industry does opt to significantly in-
crease its use of scrap, major changes will be neces-
sary. There is some limited potential to increase the 
amount of scrap used in the BF-BOF route, but the 
main step would be to gradually switch towards a hig-
her share of EAF-based steelmaking.19 Today EAFs are 
used almost exclusively for long products, but some flat 
products (62% of EU finished steel production20) would 
need to come from this route (as is already the case in 
the United States). As noted, emissions from EAFs can 
be reduced to very low levels if electricity is generated 
using zero-emissions sources.

Increasing the share of scrap input above around 
60% in total EU production also is possible, but would 
require a concerted push to improve control over the 
quality of steel scrap. The most important step is to 
reduce the contamination of steel scrap by undesired 
‘tramp elements’, especially copper, which is introdu-
ced during the steel lifecycle and recycling (for example, 
copper wiring from other components often attaches to 
the steel from the chassis and frame of an end-of-life 
car). Even small levels of copper adversely affect the 
quality of some steel products. Unlike many other ele-
ments, copper cannot be removed to slag when scrap 
is re-melted. 

There are concrete steps that can be taken to dras-
tically reduce the inmixing of copper in scrap, notably 
more carefully sorting out scrap metal before it is recyc-
led, replacing copper with other metals where possible, 
and designing products that can be easily disassemb-
led for recycling (see Box, next page).

Keeping the steel stock clean for future recycling is 
not just desirable for EU resource efficiency – it also 
affects global steel production. Unless practices are 
changed, the recycling of steel would be constrained by 
copper already by 2050, and more steel would have to 
be made from iron ore.21 Given the higher resource use 
and emissions from primary production it would result 
in additional CO

2
 emissions, eventually reaching seve-

ral hundred million tonnes of CO
2
 per year. Therefore, 

downgrading steel and selling it outside the EU is not a 
long-term solution. Efforts to improve the collection rate 
and reduce the contamination of steel scrap should be 
high up the list of priorities for reducing emissions from 
steel production.

To capture these considerations, this study considers 
two different scenarios for the share of scrap metal in-
put to steel production. In a high recycling scenario, the 
scrap share of steel production would reach 70%. This is 
technically possible given total scrap availability, product 
mix, the potential to reduce scrap contamination, and 
the more widespread use of EAFs – but would require 
changes to scrap handling as well as the structure of 
production. In a low-scrap scenario, scrap-based inputs 
would stay between 50% (today’s level) and 60%. De-
pending on how demand develops, the EU would then 
export as much as 38-63 Mt of scrap per year by 2050.
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FOUR WAYS OUT OF COPPER CONTAMINATION
Copper’s effect on steel has been known for a long time, but the problem has so far been relatively 
easy to handle, because secondary steel demand has been limited. Looking ahead, four key strategies 
need to be implemented:

Improved separation at end of life
The first step is to avoid adding high-copper scrap to otherwise clean flows, as is often done today to 
dispose of flows such as copper-alloyed steel or some vehicle scrap. Beyond this, it will be necessary 
to increase the separation of copper and steel in the recycling process. This already happens to some 
extent, but practices vary widely, and the extent of sorting fluctuates with the copper price, since re-
moving copper can be costly, manual work. To avoid the cost of manual labour, more technologies for 
automated sorting are being developed. More closed-loop recycling would also be necessary to keep 
some scrap flows very pure and enable the use of scrap in especially copper-sensitive applications. 

Product design for reduced contamination
The design of products can also improve the sorting process. Design principles for recycling and for 
disassembly could facilitate the removal of copper components by making them easier to see and to 
access and remove. Material substitution is sometimes an option, such as replacing copper cables 
and wires with optic fibre or aluminium equivalents.

Metallurgy to increase copper tolerance
Production processes can be designed to be more tolerant to copper by avoiding the temperature 
interval where copper causes problems. Although not in itself a long-term solution, this mitigates the 
problem. 

Separation of copper from steel
There is currently no commercially-viable method for removing copper from steel once it has been 
added. Some assessments have been pessimistic that this will ever be viable. Nonetheless, some 
research is ongoing into methods such as sulphide slagging, vacuum distillation and the use of O

2
/Cl

2 

gas.38 What will it take for these measures to take root? Arguably, current markets are poorly equipped 
to really account for the impact of current practices on the long-term quality of the global steel stock. 
Therefore, it may be necessary to consider regulation as the route to address copper pollution before 
it becomes a significant problem for future steel recycling.

SOURCE: MATERIAL ECONOMICS (2018) .22
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CO2-INTENSITY OF EU STEEL PRODUCTION
TONNES CO2 PER TONNE STEEL

EXHIBIT 2.3

TON, ore TONNE

BF-BOF 1.9 60% of current steel production uses coal/coke to reduce
iron ore and produce steel in integrated steelworks.

BLAST FURNACE – BASIC OXYGEN FURNACE (BF-BOF)

BF-BOF WITH
BEST AVAILABLE

TECHNOLOGY
1.6 An estimated 15% process e�ciency improvement is

possible within the current BF-BOF process.

INCREASED PROCESS EFFICIENCY

SMELTING
REDUCTION 1.5 Smelting reduction combined with a Cyclone Converter

Furnace can reduce 20% of the emissions.

SMELTING REDUCTION

NATURAL
GAS DIRECT
REDUCTION

1.1 �is route uses natural gas to reduce iron ore. DRI
accounts for 5% of current world production. 

DIRECT REDUCED IRON (DRI)  BASED ON NATURAL GAS

BF-BOF
WITH CCS 0.9 Capturing the CO2  from the blast furnace of an integrated

steel plant can reduce overall emissions by 50%.

CARBON CAPTURE AND STORAGE (CCS) 

EAF 0.4 �e main route for secondary steel uses electricity to
melt steel scrap, with only small direct emissions.

ELECTRIC ARC FURNACE (EAF)

1,6

1,5

1,1

0,9

0,4

0,0

0,0

Current production routes

Low-CO2 production routes

CCU
0.0-1.0 Emissions strongly depends on lifecycle impact. Can be 

low-CO2 if a series of stringent requirements are met.

CARBON CAPTURE AND UTILISATION (CCU)

SMELTING
REDUCTION

WITH CCS
0.0-0.2 80% of emission reduction with remaining emissions mainly coming 

from the basic oxygen furnace. Can reach zero emissions by using biomass.
 

SMELTING REDUCTION WITH CCS (SR + CCS)

HYDROGEN
DIRECT

REDUCTION

0.0 �is route uses hydrogen to reduce iron ore, with remaining emissions 
arising from the EAF step that convert the reduced iron to steel.

HYDROGEN DIRECT REDUCTION (H-DRI)

LOW-CO2 EAF 0.0 Remaining emissions are from electrodes corresponding
to 2-5 kg CO2  per tonne steel.

LOW-CO2 ELECTRIC ARC FURNACE (EAF)

 Four production routes are compatible  
with net-zero emissions

Exhibit 2.7    

NOTES: ALL PRODUCTION ROUTES ASSUMING ZERO-CARBON ELECTRICITY IN 2050. CURRENT PRODUCTION PROCESSES 
INCLUDE DOWNSTREAM EMISSIONS FROM CONTINUOUS CASTING AND HOT ROLLING. THESE DOWNSTREAM 
EMISSIONS ARE ASSUMED TO BE FULLY DECARBONISED BY 2050 IN THE LOW-CO

2
 PRODUCTION ROUTES. 

SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.23
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Clean production of primary steel
Increased materials efficiency and recycling can signi-
ficantly reduce long-term need for primary steelmaking. 
However, new primary production from iron ore will be re-
quired in any scenario. Globally, some 1 billion tonnes per 
year of new, primary production will be necessary for the 
foreseeable future to build up the amount of steel in the 
global economy.24 In Europe, some share of primary steel 
will be needed to enable the full production mix required.  
Therefore, clean production processes will be necessary, in 
Europe as well as globally.

The scope for easy cuts has already been all but exhau-
sted. Today’s integrated production emits just 50% of the CO

2
 

compared to steelmaking in the 1970s and is now close to its 
theoretical limits. The scope for further energy and process 
efficiency improvement in integrated plants is on the order of 
5-10%. Other options, such as using a larger share of bio-ba-

sed inputs in production, can realistically provide only mar-
ginal CO

2
 reductions within the current production system.25 

 
This leaves two main routes to deeper cuts from steel 
production. The first is to use direct reduction, replacing 
the carbon in fossil fuels with electricity (for energy) and 
with hydrogen (for the reduction of iron ore). The second is 
to capture nearly all of the carbon, and reprocess or store 
it in ways that permanently prevent release to the atmosp-
here. However, unlike in energy processes (such as power 
generation), carbon capture in the steel sector is far from 
straightforward. Rather than an ‘end of pipe’ solution that 
can be fitted to existing production, it will require major mo-
difications to the core process of iron and steelmaking.

In either case, low-CO
2
 iron and steel production therefore 

requires a major transformation.

LOW-EMISSIONS PROCESSES WITH HYDROGEN-BASED DIRECT REDUCTION
Nearly all CO2 emissions from steelmaking arise in two core 
processes: producing the heat energy to melt steel and drive the 
processes, and the reduction of iron ore to iron. Thus, a major 
candidate for deep cuts is to replace these two steps. The energy 
part is in fact already proven, as the EAFs used in scrap-based 
steelmaking are widely used. Eliminating carbon from reduction 
would require further development of the Direct Reduction of Iron 
(DRI) process to replace carbon with hydrogen.

DRI is a proven process, accounting for 5% of steel-
making globally26 (but only 0.4% in the EU). It uses natu-
ral gas instead of coal as the ‘reducing agent’ to produce 
iron, which in turn can be further processed into steel in 
much the same ways that scrap is: an electric arc furnace 
(EAF) followed by several downstream steps. This process 
is less emissions-intensive than the BF-BOF route, with 
CO

2
 emissions around 40% lower.27 In the EU, the econo-

mics of current DRI production have been unfavourable, 
as it depends strongly on access to cheap natural gas. 
 
Swapping in hydrogen for natural gas is technically entirely 
plausible. Even in a natural gas-based DRI process, some 50% 
of the reduction of iron is done by the hydrogen contained in 
the natural gas, with the remainder done by carbon, which then 
creates CO

2
. There is thus no question that hydrogen can re-

duce iron ore. However, there has never been any commercial 
reason to increase the share of hydrogen, and further develop-
ment is required to bring this option to industrial scale. Several 
EU steel companies now have plans to start piloting H-DRI 
including Salzgitter, SSAB, ThyssenKrupp, and Voestalpine.28 
These companies foresee a sequence of piloting and demon-
stration spanning some 10–15 years before the technology is 
fully proven and ready to operate at large capacities.

The shift to hydrogen creates entirely new resource de-
mands. The hydrogen production must itself be CO

2
-free, 

either by capturing the CO
2
 from production or by using 

zero-emissions electricity – otherwise it would simply cre-

ate new emissions elsewhere (see Box, next page). If hy-
drogen is produced from water via electrolysis, some 3-4 
MWh of zero-carbon electricity is required for every tonne 
of steel produced. If the same hydrogen is instead produ-
ced from natural gas via today’s dominant production route 
(steam methane reforming, SMR), it would be necessary 
to capture and permanently store 0.5 tonnes of CO

2
 for 

every tonne of steel. In either case, replacing today’s coal 
and coke ovens with electrolysers and electricity or SMR 
and CCS and its infrastructure is a major change. One ma-
jor aspect of this is large-scale hydrogen storage. A lar-
ge steel plant may require five days worth of storage both 
to safeguard continuous operation, and to ensure flexibili-
ty in electricity use to benefit from lower electricity prices.  
 
Using hydrogen for reduction and EAFs for heating already 
would take care of most of the emissions. However, for truly deep 
cuts it would also be necessary to further develop other steps in 
the iron and steel production chain. First, an alternative source 
of energy is needed for preparing (sintering and pelletising) iron 
ore. This requires high temperatures in excess of 1,000°C, with 
electricity and biofuels both possible candidates. Second, the 
EAF process must be made largely fossil-free. Although direct 
emissions are already low today (around 0.1 t CO

2
 per tonne of 

steel), they can be cut further. Additional process development 
will be required to combine very low CO

2
 emissions with high 

yields and efficiency. Finally, as with all other steel routes, the 
downstream forming processes must be either electrified or use 
biogas. The largest energy use is in reheating furnaces that re-
quire heat of 1,200°C prior to rolling and other processes, but 
there also are a range of electric power, steam generation, and 
other processes that need zero-carbon energy inputs.29

This study explores scenarios of 28–63 Mt of primary steel 
made every year by H-DRI by 2050 – a significant fraction of the 
baseline production of 193 Mt. Actual steel made at plants using 
H-DRI would be significantly larger, as nearly all production would 
benefit from using a significant share of steel scrap as well. 
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HYDROGEN BECOMES A KEY INPUT IN A NUMBER OF CLEAN 
PRODUCTION ROUTES
Today, hydrogen is produced through steam reforming of methane from natural gas, and used predominantly in am-
monia production and petroleum refining. In a net-zero economy, large-scale, clean production of hydrogen will be a 
necessary enabler for many low-GHG routes across industrial and other sectors.

• In steel production, hydrogen can replace coal as a reducing agent (removing unwanted oxygen from iron ore to 
produce pure iron), avoiding CO

2
 emissions from steelmaking and coking processes. 

•In plastics, hydrogen becomes a key building block in a range of new production processes, including to increase 
yields in gasification, in the production of methanol, and potentially as a reactant in the synthetic production of plastics 
from CO

2
.32

•In the cement industry, hydrogen is one option among several to achieve carbon-free high-temperature heat. Hydrogen 
is also an energy carrier (or fuel), enabling energy storage and distribution that could facilitate the use of intermittent 
renewable energy sources.33

•Hydrogen is already a key input in ammonia production – but changing how it is produced could dramatically reduce 
or eliminate CO

2
 emissions in the sector.

There are two main routes for the production of hydrogen without large CO
2
 emissions. One is to eliminate carbon 

entirely, and make hydrogen through the electrolysis of water. The most mature technology is alkaline electrolysis, which 
can turn yield hydrogen output corresponding to 70–75% of the electrical energy input.34 Other options under develop-
ment (proton-exchange membrane electrolysis, solid oxide electrolysis) could achieve still higher efficiency. Electrolysis 
already has high technology readiness, but it is only cost-competitive with SMR if the electricity is very cheap, so it has 
rarely been used at scale. Many assessments expect the cost of electrolysers to fall by as much as half when they start 
to be manufactured and deployed at scale.

The other main low-CO
2
 production route is continued use of SMR, but with capture of the CO

2
 produced. The challenge 

is to achieve high capture rates: while the feedstock CO2 is concentrated and easy to capture, CO
2
 from fuel combus-

tion in the reformer is harder to reach. One option is to electrify the heat instead. While carbon capture technology is 
relatively mature, it has not been applied to SMR in practice, so additional demonstration and development is needed. 
Other options also are being explored, including methane pyrolysis, where the carbon is concentrated to a solid instead 
of being released as CO

2
 gas. If the solid can be safely stored, this offers another potential route to CCS. The route 

chosen for clean hydrogen production has a range of knock-on effects and requirements. For CCS, infrastructure for 
carbon transport and permanent storage is a current major roadblock. Production is best carried out at scale, as both 
SMR and CCS are most cost-effective at large units. Further technology development is required for the high capture 
rates of 90% or more required for a net-zero economy. 

Technologies for electrolysis are much more modular and can operate at smaller scale. The key requirement is large 
amounts of essentially CO

2
-free electricity, which also becomes a major part of the cost of production. In addition, 

electrolysers are capital-intensive. Large-scale hydrogen storage (another development priority) also has major benefits, 
as it can enable electrolysers to operate flexibly. In an electricity system with large shares of variable renewable electricity, 
this can drastically reduce the cost of electricity and therefore also the levelised cost per tonne of hydrogen (even accoun-
ting for the greater capacity required).

Carbon capture and storage
Carbon capture and storage (CCS) has long been ex-
plored as an option for steel production. The main thrust 
has been to explore how it could be fitted to existing blast 
furnaces. However, the multiple sources of emissions and 
integrated nature of steel plants means that only a small 
share of emissions would be addressed if carbon cap-
ture was applied to the process as currently configured. 
By modifying the blast furnace to recycle its exhaust ga-
ses (‘top gas recycling’), this could increase to a 50% re-
duction.30 In past roadmaps, this has been mooted as a 
maximum feasible reduction level.31 No study appears to 
have deemed it feasible to fit all the major emissions sour-
ces within an integrated steel plant with carbon capture. 
 

These are stark findings. They amount to saying that ma-
jor changes to steel production processes will be required 
for carbon capture to achieve deep emissions cuts. There 
are two main options now actively explored in Europe. One 
is to replace the current blast furnace route with smelting 
reduction. The other is to take the top gas recycling con-
cept several steps further, to heavily reprocess gases from 
both blast furnace and coke oven through a combination 
of CCU and CCS. The pathways explored in this study 
show up to 54 Mt of steel per year produced through these 
routes by 2050.
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SMELTING REDUCTION WITH CARBON CAPTURE
Smelting reduction has been a candidate for iron and ste-
el production since the 1980s. Medium-scale operation has 
been proven, but the technology has never reached a major 
share of production. In the EU, the HIsarna project run by 
Tata Steel is the main ongoing effort to develop smelting 
reduction further.

In direct smelting, the coking plant, sinter plant and blast 
furnace are all dispensed with. Instead, iron ore is injected 
into a reactor alongside powdered coal. The ore is liquified 
in a cyclone converter furnace and drips to the bottom, 
and the coal reduces the ore to iron in a molten state. The 
molten metal can then be reprocessed to steel in a basic 
oxygen furnace, as in the standard BF-BOF route.

The underlying motivations for smelting reduction have 
been to reduce energy consumption by up to 20%, to repla-
ce expensive coke with much cheaper coal, and to find a 
production route with lower capex requirements. However, 
direct smelting also has features that make it a good match 
with carbon capture. By replacing several processing steps 
with a single reactor, it creates a single point source of CO

2
 

for nearly all the emissions from ironmaking. Moreover, in 
the HIsarna case, the use of pure oxygen creates a very 
CO

2
-rich gas that is much cheaper to capture than are the 

low-concentration CO
2
 streams resulting from traditional 

processes. In total, some 90% of emissions could be elimi-
nated. The fuel flexibility of the process also makes it pos-
sible to introduce a share of biomass instead of coal, for a 
fully net-zero solution. As with all other routes, for very deep 
cuts it also would be necessary to adapt downstream steel 
processing steps to electricity or other fossil-free energy. 
 
Large-scale deployment of smelting reduction and CCS 
would be a transformation on a similar magnitude to a 
switch to H-DRI: a wholesale change of the core ironmaking 
process of primary steelmaking, with a need to first demon-
strate industrial-scale operations. Assessments by industry 
experts interviewed for this study diverge on the prospects 
of achieving this. In practical terms, the further development 
of HIsarna will now take place not in the EU, but in India. 
It also would face the challenges of brownfield conversion, 
and of parallel investment to enable continuous production 
during the switch from one production system to another. 
 
The other major requirement is feasible options for trans-
porting and storing large volumes of CO

2
. This has been a 

major stumbling block for past efforts to develop CCS in 
Europe. Escaping the chicken-and-egg dynamic of captu-
re-and-storage is an indispensable step on the way to lar-
ge-scale use of direct smelting or any other CCS concept.

BLAST FURNACE-BASIC OXYGEN FURNACE WITH 
CARBON CAPTURE, UTILISATION AND STORAGE
The final option for nearly CO

2
-free production is to substantially 

modify the operation of the current blast furnace route, combining 
it with both carbon capture and utilisation and carbon capture and 
storage. This builds on the top gas recycling concept but takes it 
much further. The core idea is to combine the gases produced 
from the main carbon sources (coke oven, blast furnace, and ba-
sic oxygen furnace) with hydrogen to produce syngas for chemi-
cals production (instead of burning them for energy generation, as 
is done today). Companies exploring this option include Thyssen-
Krupp (Carbon2Chem) and ArcelorMittal (Steelanol, IGAR).

The main advantage of this route would be to find a way 
to continue using the blast furnaces that are at the heart of 
current steelmaking. However, for this to be compatible with 
net-zero CO

2
 emissions, very major additional industrial pro-

cesses and strict criteria would be required. Specifically:

1. The majority of inputs must be circular or bio-based carbon. Today, 
advanced operation of blast furnaces can allow the share of coke to be as 
low as 50%, with the remainder typically coal or petcoke. Industry experts 
hypothesise that the share of coke could be reduced to as low as 25%, and 
the remaining 75% could then consist of end-of-life plastics or biomass as 
alternatives to (new) fossil carbon.

2. Integration of all main processes. For deep CO
2
 cuts, the gases from 

the coke oven, blast furnace, and basic oxygen furnace must all be diverted for 
reprocessing to chemicals.

3. Large-scale carbon capture to offset fossil carbon input. The resi-
dual CO

2
 would have to be permanently stored (not used), in order to offset 

the fossil carbon used. This could amount to 25% of the total, depending 
on how much hydrogen is added, but it may need to be more.

4. Outputs restricted to circular products. The chemicals produced 
would need to be used exclusively for products that themselves are nearly 
fully recycled. If used for single-use chemicals or fuels, or if plastics were 
only partially recycled as happens today, emissions would only be postpo-
ned briefly until end-of-life plastics were incinerated (almost half of plastic has 
a lifecycle of just one year).35

5. Other inputs must be fossil-free: The processes would rely heavily on hydro-
gen, which must come from a CO

2
-free source.

If all of these five conditions are met, the concept is simi-
lar to the chemical recycling concepts for plastics described 
in Chapter 3. In a case of sector coupling, the steel sector 
would then become the process for recirculating plastics 
to high-value chemicals, from which new plastics could be 
made. Given the large amounts of carbon required for iron- 
and steelmaking, the quantity of chemicals produced would 
rapidly grow very large (in the millions of tonnes).

These are exacting requirements. The CO
2
 emissions savings 

would be very different if, say, fossil-derived coke continued 
to be the main input, if CCS was not applied, or if the outputs 
were not fully circular. There thus are very narrow parameters 
within which CCU could be part of a net-zero economy. 
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Low-CO2 iron and steel 
production requires a 
major transformation.
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2.3 Low-emissions pathways for the EU steel sector 
A major conclusion of this study is that there are many 
technologies and strategies that could contribute to a net-
zero emissions steel industry in the EU. Another is that all 
options require major transformations: from how steel is 
used in major value chains, to the organisation of mobility 
and other sectors, and to the fundamental production routes 
for iron- and steelmaking.

With so many options in play, and so much uncertain-
ty over costs and risks, no one pathway can give all the 
answers and policy insights required to enable these tran-
sitions. To guide discussions, this study explores three 
pathways to a net-zero emissions EU steel industry in 2050 
(Exhibit 2.8). Each pathway incorporates all the solutions 
identified above, but with different degrees of emphasis:

New processes pathway. In this pathway, there is only 
modest success in capturing the potential for increased ma-
terials efficiency (12 Mt steel equivalent per year by 2050). 
Instead, production remains at 181 Mt in 2050, and is con-
centrated in processes that rely on extensive use of electri-
city. The core production process is H-DRI, which amounts 
to 63 Mt of steel production in 2050. This is combined with 
increased scrap use of 29 Mt, which can be combined with 
iron from H-DRI in EAF production. This pathway has the 
largest gross amount of steel scrap being used, but not the 
highest share of steel production. In contrast, in this scena-
rio CCS and CCU options are limited to just 9 Mt per year, 
corresponding to a few large plants in favourable locations. 

Circular economy pathway. In this scenario, Europe relies 
on materials efficiency and circularity to meet much of its 
need for steel. The need for new steel production is reduced 
by 54 Mt per year through increased materials efficiency 
and widespread adoption of new business models in mobili-
ty and construction. Steel production in 2050 thus stands at 
139 Mt. Much of this, in turn, is met through steel recycling, 
as drastically improved product design, dismantling, scrap 
handling and advances metallurgy enable the EU to derive 
70% of its need for iron from scrap. The remaining 28 Mt of 
primary production takes place via a mix of H-DRI and CCS/
CCU options. 

Carbon capture pathway. This pathway sees the same 
amount of steel production as in the ‘New Processes’ 
pathway, but less use of scrap, which remains at the same 
share as today (50% of iron input). Primary production of 
iron therefore stands at 91 Mt in 2050, similar to today’s 
levels. As in the New Processes pathway, new production 
routes are rapidly scaled up in the 2030s, but the empha-
sis is on CCS rather than on extensive use of electricity. 
Smelt reduction with CCS plays a major role. H-DRI also 
finds a place, but half the hydrogen input is produced from 
steam reforming of natural gas with CCS rather than from 
electrolysis. CCU also plays a role, but is tightly bound by 
the requirements to ensure permanent sequestration of car-
bon in products. In total, some 72 Mt of CO

2
 per year is 

permanently stored via these processes in 2050.
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Pathways to net-zero emissions FOR Steel
Exhibit 2.8  

PATHWAY FOCUS ON CAPTURING CO2 FROM 
STEEL AND HYDROGEN PRODUCTION 
PROCESSES
• Emphasis on using CCS/U on primary 
steel production. In this pathway, 50% of 
the primary production in 2050 is equipped 
with CCS/U.
• Producing 50% of the hydrogen required 
for the Hydrogen direct reduction route 
(H-DRI) with steam methane reforming 
combined with CCS.

EMPHASIS ON ACHIEVING MORE WITH 
STEEL ALREADY MADE AND PRODUCTION 
BASED ON RECYCLED STEEL
• Concentration on demand-side opportu-
nities for materials e�ciency and new 
circular business models for steel, such as 
car sharing, and material e�ciency in 
construction.
• Increase in scrap-based production and 
recirculation of steel within EU. �e share 
of steel produced through the electric arc 
furnace route increases to 70% by 2050.

PATHWAY BASED ON ELECTRIFICATION 
OF STEEL PRODUCTION PROCESSES
• Focus on primary production using 
hydrogen-based direct reduction (H-DRI) 
and indirectly electrifying the steel 
production process by using hydrogen 
produced by electrolysis.
• �e share of steel produced through the 
electric arc furnace route increases to 60% 
by 2050.

CO2 ABATEMENT
Mt CO2 PER YEAR
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SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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EU IRON AND STEEL PRODUCTION MIX TO ACHIEVE NET ZERO EMISSIONS IN 2050 
Mt STEEL PRODUCED PER YEAR AND ROUTE
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CIRCULAR ECONOMY
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PRIMARY STEEL WITH H-DRI

PRIMARY STEEL WITH CCS/U

UNABATED PRIMARY STEEL

MATERIAL EFFICIENCY AND CIRCULARITY

RECIRCULATED STEEL WITH EAF

Production routes in net-zero pathways
Exhibit 2.9  

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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While the three pathways are designed to 
be strikingly different, several elements are in-
escapable and recur across all three. These 
cross-cutting elements offer crucial clues for the 
design of a net-zero emissions steel industry.

All pathways entail very major shifts in the 
production structure of the sector. Simply put, 
there is no path to truly deep emissions cuts 
in the steel sector that does not entail a ma-
jor transition in fundamental technologies and 
processes. This presents a formidable chal-
lenge, but also an opportunity to develop new 
solutions. 

Likewise, while the emphasis in these 
pathways is on truly net-zero options, transi-
tional solutions will play an important role for 
early emissions reductions. These can include 
continued process efficiency solutions, early 
shifts towards increased use of steel scrap, in-
creased use of biomass, a range of materials 
efficiency improvements, and early decarboni-
sation of the electricity sector. The risk other-
wise is that deep cuts can be achieved only 
from the mid-2030s, presenting a challenge to 
near-term emission reduction goals.

Another cross-cutting insight is that all 
pathways depend on significant accelera-
tion of solutions that are promising but none- 
theless emerging – car-sharing systems, materi-
als-efficient construction, scrap handling, hydro-
gen DRI, smelt reduction, and carbon storage 

business models. Which of these prove the ea-
siest is still uncertain, but the strategy now must 
be to pursue as wide a portfolio as possible, and 
to immediately find ways to significantly increase 
the resources dedicated to their development. 
Several ongoing projects developed by compa-
nies are expected to be ready in the 2040s, but 
this could probably be pushed to an earlier date, 
given a suitably strong policy push.

Also, while such rapid changes are unde-
niably challenging, the transition to net-zero 
emissions will be significantly easier if more 
circular economy solutions can be mobilised. 
These buy time for technology development, 
and as we discuss below can reduce cost, in-
vestment needs, and input requirements. They 
deserve special emphasis, as they currently 
do not form part of either industrial strategy or  
climate policy.

Finally, in all pathways, both the steel indu-
stry and new materials-efficient or circular bu-
siness models will become heavily reliant on 
new outside actors. These include new infra-
structure and inputs, whether for CO

2
 transport 

and storage, or for electricity supply. Likewise, 
policy will become a major determinant of the 
decisions made in the sector. It will be a requi-
rement for innovation, but also for the sector 
to bear the increased costs and investments 
that reduce barriers to circular economy and 
materials efficient solutions, and that enables 
the required infrastructure and inputs.

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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Deep cuts to emissions will increase the cost of producing steel by UP TO 20%
A closer look at the different production routes shows the 
key parameters that determine the costs of different options 
(Exhibit 2.10). In particular, the new low-emissions production 
routes remain more expensive than existing production routes 
even after full deployment, adding 0-20% to the cost of steel 
products. These costs are estimates for fully developed pro-
cesses, once some key components have travelled down the 
cost curve. Early deployment is likely to be more expensive.

Producing steel without CO2 emissions will come at a 
cost. By 2050, the additional costs range between 3.5 and 
5.0 billion EUR per year, implying an average abatement 
cost between 17-24 EUR / t CO

2
. There are differences 

between the pathways, with the circular economy pathway 
the most cost-effective – provided the major materials effi-
ciency levers can be successfully pursued – and little diffe-
rence between the other two pathways.

Cost of production is higher 
for low CO2 production routes

Exhibit 2.10
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2
 PRICES NOT INCLUDED IN THE PRODUCTION COSTS.

SOURCES: MATERIAL ECONOMICS MODELLING BASED ON MULTIPLE SOURCES, SEE ENDNOTE.36
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NOTE: ABATEMENT COST CALCULATED ASSUMING ZERO-CARBON ELECTRICITY. CO
2
 PRICES NOT INCLUDED IN THE PRODUCTION COSTS.

SOURCES: MATERIAL ECONOMICS MODELLING BASED ON MULTIPLE SOURCES, SEE ENDNOTE.36

Given this picture, policy will play an indispensable role in 
making low-CO

2
 steel production viable, both to keep Euro-

pean producers competitive relative to steelmakers abroad 
who continue to use high-CO

2
 processes, and to enable 

pioneers to move ahead within Europe. Either the low-emis-
sion routes will have to be given an opex advantage of some 
form, or the EU will need to establish separate markets for 
low-emissions steel.

Another conclusion is that cost alone does not provide a 
basis for choosing one route over another, except to suggest 
that omitting circular economy strategies from the solution 
set would lead to higher aggregate costs. The advantage of 
one route over another will depend strongly on parameters 
that will vary within Europe and over time: notably the electri-
city price, the ultimate efficiency achieved for direct smelt 
reduction, the viability of CCU, and the cost of developing 
large-scale CO

2
 storage.

The costs of increased materials efficiency and impro-
ved circularity are among the hardest to estimate. Surveying 
a range of levers, they range from potentially very cost-ef-
fective (such as improvements to mobility), to potentially 
expensive options (such as extensive optimisation of steel 
use in buildings). Many levers depend on changing regula-

tion and digitisation to reduce the transaction costs of their 
implementation. Overall, however, the finding is that circular 
economy levers are likely to be as cost-effective as those for 
low-CO

2
 production.37

Cost also will depend strongly on how some key para-
meters develop. Electricity is especially important for the 
H-DRI route, where it can make up one-third or more of 
total production cost. The modelling is based on an electri-
city cost assumption of 40 EUR per MWh for the produc-
tion of hydrogen. Achieving this level would likely depend 
on flexibility of use, so that production can benefit from 
periods of lower electricity prices (the modelling includes 
the capex for five days of hydrogen storage). However, if 
electricity prices were higher, costs would rapidly increase. 
A comparison of electricity and CCS options shows that 
CCS can be more cost-effective once the price of electrici-
ty starts reaching 50 or more EUR per MWh (Exhibit 2.11). 
The analysis also shows that abatement costs in the steel 
sector need not be very high: for any electricity price, there 
are options that cut emissions almost to zero at less than 
50 EUR per tonne CO

2
. However, this comparison, like oth-

ers, depends on many other assumptions, including that 
H-DRI, smelt reduction, and large-scale CO

2
 transport and 

storage are all viable technical options. 

The carbon price and cost of electricity will determine 
the best way to make net-zero emissions steel

Exhibit 2.11

Cost-competitive at an electricity 
price below ~40 EUR/MWh and a 
CO2 price above ~50 EUR/tCO2
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~40 EUR/MWh and a CO2 price below ~50 EUR/tCO2

H

H

NOTE: BF-BOF IS NOT A NET-ZERO EMISSIONS PRODUCTION ROUTE.
SOURCES: MATERIAL ECONOMICS MODELLING AS DESCRIBED IN TEXT.

119  



Industrial Transformation 2050 – Pathways to Net-Zero Emissions from EU Heavy Industry   /  Steel

94

Investment in the steel sector will need to rise by 25-65%
The transition to a net-zero emissions steel sector will 
require a new wave of investment in the industry. Investment 
levels will need to be up to 65% higher than in the baseline 
scenario. Instead of an average of 1.6 billion EUR per year, 
the amount required could reach 3-4 billion EUR per year in 
some periods in the 2030s and 2040s.

The amount of investment varies significantly by pathway. 
In particular, circular economy solutions are less capital-in-
tensive, so they reduce the amount of investment required. 

2020 2030 2040 2050

INVESTMENT IN PRODUCTION CAPACITY OF CRUDE STEEL
BILLION EUR PER YEAR

2020 2030 2040 2050 2020 2030 2040 2050

BASELINE

PATHWAY

CIRCULAR ECONOMY
Pathway

CARBON CAPTURE
Pathway

NEW PROCESSES 
Pathway

+60% +25 % +65%

INCREASE RELATIVE TO BASELINE

+ X %
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New capacity for low-CO2production increaseS investment need, 
WHILE circularity BRINGS down total investments

Exhibit 2.12

NOTE: INVESTMENT INCLUDE NEW PRODUCTION CAPACITY AS WELL AS REGULAR RETROFITS OF EXISTING ASSETS. INVESTMENTS DO NOT  
INCLUDE DOWNSTREAM INVESTMENTS OF CONTINUOUS CASTING AND HOT ROLLING OR DEVELOPMENT COSTS OF BRINGING NEW TECHNOLOGIES TO MATURITY.

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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The transition to a net-zero 
emissions steel sector will require  

a new wave of investment  
in the industry.
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The main reason for the higher investment need is not in 
fact that the low-CO

2
 production routes all are inherently more 

capital-intensive. Smelt reduction, once fully developed, could 
require less capital. Once CCS is included, it is around 10% 
more capital-intensive than current production routes. Hydro-
gen DRI also is some 20–30% more capital-intensive, depen-
ding on how the capital cost of electrolysers develops. 

Instead, the higher investment needs arise due to several 
other requirements. First, there is a need for pilot and de-
monstration plants to accelerate the development of low-CO

2
  

production routes. This is not the largest cost in absolute terms, 
but is among the more difficult to mobilise for companies. The 
capex is always additional to what is required just to keep pro-
duction going, and it has little likelihood of a commercial return 
on its own terms.

2050

2015

ENERGY MIX TODAY AND IN 2050
EJ ENERGY PER YEAR

FOSSIL FUELS
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 Current fossil energy use can be replaced
with renewables in 2050

Exhibit 2.13    

Second, much of the new low-CO
2
 capacity will be brownfield 

conversion, which entails additional capex. Switching existing 
integrated production to new processes will be a complex 
undertaking. The new production processes will have implica-
tions for large integrating infrastructure such as raw materials 
storage and processing, utility supply, power distribution, gas 
collection and storage, steam and power generation, transport 
infrastructure, etc. that together can amount to half the capex of 
an integrated plant. Additionally, a new plant energy system will 
be needed to replace the energy currently derived from coke 
oven and blast furnace gases.

Third, there will likely be some need for double investment in 
capacity. Companies will need to ensure continuous produc-
tion, and therefore to build the new production capacity along-
side that already in place. Risk means that some redundancy 

NOTES: FOSSIL FUELS INCLUDE NATURAL GAS USED TO PRODUCE HYDROGEN IN THE CARBON CAPTURE PATHWAY. 
INDIVIDUAL NUMBERS DO NOT SUM UP TO THE TOTAL DUE TO ROUNDING.

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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is a prudent strategy. As many of the low-CO
2
 technologies will 

not be available at scale until the 2030s, there is some need 
for continued investment in existing BF-BOF plants, some of 
which would then be retired early as the new, low-CO

2
 capacity 

is built out. This creates a risk that some assets must be written 
off ahead of the end of their useful life, with impacts on balance 
sheets and therefore investment capacity.

Finally, the sector will take on substantial additional risk in 
going from tried-and-tested solutions to ones with uncertain 
performance, and is dependent on policy support that has 
not yet been articulated. Higher risk will, all other things being 
equal, entail higher financing costs.

ELECTRICITY INPUT TO EU STEEL PRODUCTION
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Policy will thus play an indispensable role into enabling these in-
creases in investment. Early commitment is particularly important to 
minimise the need for double investment. The upcoming reinvestment 
in coking plants will be one important opportunity to avoid this. Many 
existing coking plants will need to be substantially rebuilt in the next 
20 years. These plants constitute massive investments and are the 
cornerstone of the current production system. To enable the transition 
to low-emissions production, it will be essential to make the business 
case for companies to direct the required capital towards low-emis-
sions technologies instead.

 A NET-ZERO steel sector REQUIRES
3-5 TIMES MORE ELECTRICITY

Exhibit 2.14

NOTE: PRIMARY PRODUCTION PROCESSES INCLUDE ELECTRICITY FOR CARBON CAPTURE IN THE SMELTING REDUCTION WITH CCS ROUTE.
SOURCES: MATERIAL ECONOMICS MODELLING BASED ON MULTIPLE SOURCES, SEE ENDNOTE.38
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A net-zero emissions steel industry will need new and different inputs

Overall, the EU industry would rely less on imports of 
coal, and more on indigenous resources. Likewise, the avai-
lability of inputs will vary geographically within the EU, and 
this will exert a major influence on viable production. Areas 
with early access to abundant, low-carbon power may be 
best placed to switch to hydrogen-based routes. Meanwhile, 
regions with early access to carbon transport and storage 
infrastructure may have better enablers for CCS-based rout-
es.

Biomass is not a major input in the pathways, but it does 
have a role in achieving fully net-zero emissions, and in 
achieving early cuts. Torrefied biomass could be used in 
blast furnaces, or to further reduce emissions from smelt 
reduction with CCS (e.g. in the HIsarna process). Gasified 
biomass also can be used for DRI processes. However, sus-
tainable domestic biomass will be a scarce resource, and 
may find priority uses in other sectors (such as feedstock for 
chemicals, or for heavy-duty transport). Therefore, it does 
not feature heavily in the pathways for the steel industry.

Some non-energy inputs also will need to change. The 
amount of steel scrap used varies between 110 and 125 Mt 
per year. As noted, a high share of scrap-based production 
would require a much more tightly-controlled supply chain, 
with cleaner scrap flows and less contamination by tramp 
elements. 

Finally, certain inputs are a decarbonisation challenge in 
themselves. One example is lime, which is used to remove im-
purities during steel production. Lime is responsible for about 40 
kg of CO

2
 in BF-BOF and about 20 kg of CO

2
 in H-DRI.38 The 

emissions from lime manufacture can be abated in the same 
way as those from cement, as described in Chapter 4. 

Compared with the current steel industry, a future net-
zero emissions industry will require a substantially different 
set of energy and feedstock inputs (Exhibit 2.13). Overall, 
there is a marked reduction in total energy use, reflecting 
the higher overall energy efficiency of the new production 
processes, an increased reliance on scrap instead of prima-
ry steel production, and savings of energy from improved 
materials efficiency and circularity. 

The amount of electricity required is large, between 210-
355 TWh per year. The highest electricity demand is in the 
‘New processes pathway’, in which the steel industry re-
quires 355 TWh per year in 2050. The ‘Carbon Capture’ 
and ‘Circular Economy’ pathways require less electricity, 
just above 200 TWh. While these are substantial electricity 
requirements, they are much lower than in some pathways 
presented in the LTS, where electricity use explodes to 
700–1,000 MWh for the scenarios that have very deep cuts. 
The main reason for this is that the pathways in this study 
do not require either reliance on synthetic fuels, or extreme 
shares for hydrogen-based production.

The main drivers of electricity demand are the production 
of hydrogen and the increased use of EAFs (Exhibit 2.14). 
However, the elimination of CO

2
 emissions from iron ore sin-

tering and from downstream processes also represent sub-
stantial loads if carried out through electrification. With high 
dependence on electricity, the industry will likely need new 
sourcing arrangements for power. It also remains to be seen 
whether hydrogen production will be ‘captive’ or supplied 
through wider infrastructure. Either way, all this electricity 
must be derived from net-zero emissions sources, if the EU 
is to meet its proposed target of net-zero greenhouse gas 
emissions by 2050.

The scope for easy cuts has 
already been all but 

exhausted.
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Closing the societal carbon loop

Plastics

3. chemicals

Plastics are versatile, cheap and durable 
materials that play many essential roles in the 
EU economy, from packaging to transport. 
Some 100 kg of plastics are used per person 
and year in the EU, most of which is produced 
by EU companies.

Today’s plastics are made from fossil oil and 
gas. As much as 5 kg of CO

2
 emissions result 

for each kg of plastics produced: both from 
their production, and from the carbon built into 
the material and released if plastics are burnt 
at end of life. These emissions are set to grow 
by 2050. 

This study examines how a material literally 
built from carbon could fit into a net-zero econ-
omy. It finds that a transformation is needed in 
how plastics are produced, used, and handled 
at end of life. Using plastics more efficiently is 

key, as is innovation for more plastics recycling. 
New feedstock will also be required: switching 
from fossil oil and gas and towards end-of-life 
plastics and biomass. This in turn requires new 
production processes and systems, with elec-
tricity and hydrogen as major inputs. There can 
also be a role for carbon capture and storage, 
both on production and on waste incineration.

All these solutions are available or emerging, 
but extensive policy support is needed to bring 
them to the scale where they jointly provide a 
net-zero solution. The change needed spans the 
entire value chain, from product design to end-
of-life disposal. Production costs will increase by 
20-43%, so companies need policy to create a 
business case. A 122–199% increase in invest-
ments will be required, with no time to lose if the 
transition is to succeed by 2050.

The question is how a material 
fundamentally built out of  

carbon can fit in a net-zero  
CO2 emissions economy.
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3.1 THE STARTING POINT
Plastics are versatile, lightweight and low-cost materials with 
functional properties that have made them key building blocks 
in some of our largest value chains. Despite being relatively 
new materials, plastics have increasingly moved into domains 
that previously belonged to more traditional materials such as 
wood, metals, glass, and cotton.

The EU used 51 million tonnes plastics in 2017, or 100 kg 
per person per year (Exhibit 3.1). The largest use of plastics 
is in packaging, which accounts for around 40% of all plastics 
use. Plastics packaging is an integral part of how we trans-
port and consume products. As packaging has a short lifetime, 
packaging accounts for as much as 60% of all recorded plastic 

waste. A further 30% of plastics are used in building and con-
struction, and in the automotive sector.1  Today, plastics ac-
count for around 10-15% of the weight of an average car, and 
more still in terms of volume.2 In the building and construction 
sector, plastics are used for thermal insulation, pipes, floors, 
and finishing, among other purposes.3 The remaining 30% of 
plastics are used in a range of products, from electronics to 
agriculture, medical equipment, and household products.4

Europe is also a major producer of plastics. At 64 million 
tonnes in 2017, 19% of world production was made in the EU, 
with a net export of 13 million tonnes.5

RECYCLED
PLASTICS

PRIMARY
PLASTICS

PRODUCTION USE END OF LIFE

68

TRANSPORTATION

OTHER

BUILDING &
 CONSTRUCTION

PACKAGING

51

35–45
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RECYCLING

EXPORT
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ANNUAL PLASTICS VOLUMES
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70 %
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OF LIFE PLASTICS 
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AS PLASTICS 
WASTE IS 
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4
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16

5
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20

20-30

4

3

8

Production, use and end-of-life of EU plastics
Exhibit 3.1    

NOTE: END-OF-LIFE NUMBERS ARE LATEST AVAILABLE DATA (2016) .  
SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.6

128  



103
NOTE: END-OF-LIFE NUMBERS ARE LATEST AVAILABLE DATA (2016) .  

SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.6
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Because so many plastics are used in short-lived applica-
tions like packaging, the average lifetime of plastics in the 
economy is only about 10 years.7 There are no firm esti-
mates of the total volume of end-of-life plastics in the EU (as 
waste statistics are notoriously incomplete), but analysis for 
this study puts the amount at around 40 million tonnes per 
year. The 9 Mt that are sent to mechanical recycling replace 
around 4 Mt of virgin production (given losses in recycling 
process and less than one-to-one replacement, so recycled 
plastics remains a very small share of total production).

The term plastics comprises a wide range of different ma-
terials, with different properties and end-uses. For example, 
PET is used primarily for packaging, and most PVC is used 
in construction. Despite the great variety of plastics, the five 
polymer types PE, PP, PS/EPS, PVC and PET, account for 
some 75% of use (Exhibit 3.2). The recyclability also varies 
between different plastics types. However, all five major types 
are thermoplastic polymers that can, in principle, be mechan-
ically recycled.

Plastics are built from a backbone of carbon. Today, plastics 
are dominantly produced through steam cracking of naphtha 
and ethane, which are respectively obtained by refining crude 
oil and from natural gas. In the EU, naphtha is the by far 
dominant route, constituting three-quarters of the feedstock. 
The steam cracking produce High Value Chemicals (HVCs), 
which are the key building blocks of the petrochemical indus-
try. HVCs can be divided into two main categories; olefins 
(including ethylene, propylene and butadiene) and aromatics 
(mainly benzene, toluene and xylene).8 Added to these, there 
are a number of other petrochemical processes in plastics 
production such as production of chlorine and styrene.9 Many 
of these chemicals are also carbon-based and therefore are 
ultimately derived from fossil fuels, albeit by several steps. 
The assembled HVCs and other components are then po-
lymerised into plastics with the use of energy for processes 
such as cooling, heating and pressure.

The early stages of the plastics production value chain 
is carried out in large, integrated chemical complexes. 
The production of colouring or additive masterbatches for 
mixing with the polymers to obtain the right properties is 
also a concentrated market. After that point, however, the 
value chain is more fragmented. The plastic granules are 
processed into finished products through manufacturing 
processes such as injection moulding, blow moulding and 
extrusion, depending on the design of the final product. This 
process is done in a more localised way by small- and me-
dium-sized plastic converters.

The transition of this sector to low CO
2
 emissions will take 

place against continued growth in many uses of plastics. In a 
baseline scenario, plastics use would grow by 18% to 62 Mt 
per year by 2050, assuming a slow average demand growth 
rate of 0.5% per year. Provided that the EU can maintain its 
position as a net exporter, production would then grow to 72 
Mt per year in 2050.10 Worldwide growth in plastics produc-
tion will be much larger, potentially doubling from 2015 to 
2050.11 However, on current trends much of that growth is 
likely to be captured by other regions where production costs 
are significantly lower.12

CO2 EMISSIONS FROM PLASTICS 
The production of plastics gives rise to on average 2.3 
tonnes of CO

2
 for each tonne of product.13 The key sources of 

emissions are refining, steam cracking and other foreground 
processes, and polymerisation, adding up to 1.7 tonnes of 
CO

2
 per tonne plastics. In addition, upstream emissions 

from feedstock production and electricity are on average 0.6 
tonnes per tonne plastics (Exhibit 3.3).

The integrated use of fossil hydrocarbons as fuel and 
feedstock make some of these production emissions diffi-
cult to eliminate. One obstacle is that crackers require large 
amounts of energy to produce high temperatures of 850-
1100°C. Another is that the cracking process results in fossil 
hydrocarbon byproducts that are used as fuel in the process. 
In fact, an efficient steam cracker can be driven entirely by 
the energy from its own byproducts. Even if the cracker were 
run on external, low-carbon fuel, these fossil byproducts must 
be accounted for. If they are simply burnt for fuel in other 
processes, fossil CO

2
 emissions have just migrated from the 

cracker to other parts of the energy system.

Moreover, these production emissions are only half of the 
story. An even larger amount of carbon is embedded into the 
product itself, corresponding to 2.7 t CO

2
 for every tonne of 

plastics.14 As long as plastics are made from new, fossil feed-
stock, the total fossil CO

2
 baggage of a tonne of plastics there-

fore amounts to as much as 5 tCO
2
 per tonne of product. The 

timing of end-of-life emissions depends on how plastics are 
handled upon being discarded. The current trend is towards 
increased incineration, which releases the entire stock of fossil 
carbon immediately into the air. If the plastics are landfilled 
instead, emissions could, in theory, be postponed. However, 
the EU has adopted a zero-landfill target for recyclable waste, 
including plastics, to be achieved by 2030. The options for dis-
carded plastics are therefore either recycling or incineration.15

SOURCE: ADAPTED FROM PLASTICS EUROPE (2018) .16
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SHARE OF EUROPEAN PLASTICS DEMAND (51 Mt)
%, 2017

PE
(POLYETHEN)

PP
(POLYPROPHEN)

PVC
(POLYVINYL 
CHLORIDE)

PET
(POLYETHYLENE 
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(POLYSTYRENE)

INCL. EPS
 (FOAM)

40% 20% 10% 5% 25%

ELECTRONICS OTHERS

OTHER
PLASTICS

75% OF PLASTICS DEMAND

PACKAGING BUILDING & 
CONSTRUCTION

AUTOMOTIVE

Five plastics types  
ACCOUNT FOR 75% of DEMAND

Exhibit 3.2

SOURCE: ADAPTED FROM PLASTICS EUROPE (2018) .16
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The plastics value chain and sources of 
CO2 emissions from plastics

Exhibit 3.3

Manufacturing into 
�nished plastics 
products through e.g. 
injection moulding, 
compression moulding 
and extrusion
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naphtha into ethylene 
and other high value 
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processes and produc-
tion of precursors

Polymerisation of 
monomers and mixing 
with additives to 
produce plastics, 
emissions form e.g. 
steam and heat
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from incineration of 
plastics waste

END OF LIFE
TREATMENT

2.7
0.20.3

0.9 0.6

CRACKING & 
OTHER 

FOREGROUND 
PROCESSES

Use in major value 
chains such as 
packaging, automotive, 
and building and 
construction

0.3

132  



107

Manufacturing into 
�nished plastics 
products through e.g. 
injection moulding, 
compression moulding 
and extrusion
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End-of-life emissions  
from plastics become  

increasingly important

NOTE: INDIVIDUAL NUMBERS DO NOT SUM UP TO TOTAL DUE TO ROUNDING.
SOURCES: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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End-of-life emissions become increasingly important the 
more the rest of the economy transitions towards low CO

2
 

emissions (Exhibit 3.4). Increased volumes of plastics, on 
their own, leads to only a modest increase of 20 Mt CO

2
 to 

2050. They could be counterbalanced by some 58 Mt of 
emissions reductions through increased energy efficiency 
improvements, the decarbonisation of electricity used as 
inputs, and some degree of fuel switching. However, end-
of-life emissions increase much more due to two effects. 
First, the amount incinerated increases as landfill is phased 
out. Second, every tonne burnt leads to much higher net 
CO

2
 emissions in a low-carbon economy than it does today. 

EMISSIONS FROM PLASTICS PRODUCTION AND END OF LIFE TREATMENT
Mt CO2 per year, 2015

192

173

2015 EMISSIONS INCREASED 
PRODUCTION

INCREASED 
INCINERATION

EFFICIENCY 
IMPROVEMENTS

2050 BASELINE
EMISSIONS

Production increase 
of 15%, from 62 Mt 

in 2015 to 71 Mt 
per year in 2050.

Energy e�ciency and 
switch to lighter fuels can 
decrease direct emissions 
in production by around 

30%, and 
decarbonisation of power 

sector reduces average 
electricity emissions from 
350 to 0 kg CO2/MWh 

in 2050.

Successful phase-out of 
land�ll changes end-of-life 

treatment of plastics. 
Incineration increases 

by 60%, increasing end of 
life emissions.

173

20

68
58

192

+11 %

12

INCREASED
MECHANICHAL

RECYCLING

Increased mechanical 
recycling reduces emissions 

from end-of-life, and 
from primary production

replaced by the use
of recycled plastics.

Today, plastics have only modestly higher CO
2
 emissions 

than other fossil fuels, but in a net-zero economy, every 
tonne of fossil CO

2
 emissions militates against the target 

to eliminate emissions. With no net-credit from replacing 
other fossil fuels, increased incineration would lead to an 
increase of as much as 68 Mt CO

2 
by 2050. Unlike most 

of the economy, plastics thus sees a significant increase in 
emissions in a baseline scenario. A major effort therefore 
is required to make the production and use compatible 
with a net-zero economy.

Without change, CO2 emissions from THE EU 
plastics industry will increase until 2050

Exhibit 3.4

NOTE: INDIVIDUAL NUMBERS DO NOT SUM UP TO TOTAL DUE TO ROUNDING.
SOURCES: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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The complexity of carbon and CO
2
 in plastics requires spe-

cial criteria for a pathway to net-zero emissions. The question 
is not how emissions can reduced gradually, but how a mate-
rial fundamentally built out of carbon can fit into an economy 
that produces no net CO

2
 emissions.

The major solutions of current roadmaps go a long way 
towards addressing production emissions18, but they all take 

3.2 Strategies for a low-CO2 plastics sector
a ‘cradle-to-gate’ perspective that would leave up to 127 Mt 
of end-of-life emissions unaddressed in 2050. Exhibit 3.5 il-
lustrates the dilemma. Options such as improved energy ef-
ficiency and fuel switching can cut emissions a fair amount 
in production, and more ambitious changes such as electri-
fication of crackers and CCS on production processes can 
achieve deeper cuts still. 
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Recycling and production from biomass  
feedstock are low-GHG options

Exhibit 3.5

END OF LIFEPOLYMERISATIONCRACKINGREFINING

BIOMASS FEEDSTOCK &
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EXISTING PROCESSES
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FROM DIFFERENT SOURCES
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NOTES: NOT INCLUDING EMISSIONS FROM FEEDSTOCK PRODUCTION, AND ASSUMING ZERO-CARBON ELECTRICITY AND TRANSPORT IN 2050. 
CRACKING INCLUDES STEAM CRACKING AND OTHER FOREGROUND PROCESSES. POLYMERISATION STEP IS ASSUMED 

TO BE DECARBONISED IN LOW-GHG OPTIONS IN 2050, MAINLY THROUGH ELECTRIFICATION. 
SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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However, end-of-life emissions then rapidly 
become by far the dominant source of emissions. 
To address end-of-life emissions, much deeper 
change will be necessary. One approach is to 
switch much of the feedstock away from fossil 
hydrocarbons and towards recirculated plastics 
and bio-based alternatives. The use of these new 
feedstocks in turn makes it necessary to adopt 
new production routes and platform chemicals. 
The other main approach is to extend carbon cap-
ture to all relevant sources. The requirements for 
net-zero are then very exacting: CO

2
 must be cap-

tured not just from production, but also from up-
stream refining and from end-of-life incineration. 

Overall, these solutions can create a ‘societal car-
bon loop’ (Exhibit 3.6), where no or very little fos-
sil carbon escapes as new, fossil CO

2
 emissions. 

 
To complement these solutions in the produc-
tion, recirculation, and end-of-life handling of 
plastics, there also are opportunities to change 
the ways plastics are used. Such opportunities 
span changed product design, materials efficien-
cy, new sharing business models, and ways to 
increase product lifetimes. 

The key to any plausible pathway will be to trans-
late these rather abstract objectives into concrete 
business opportunities. 
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Closing the societal carbon loop for plastics
Exhibit 3.6

The first step is to achieve very high recycling rates from end-of-life plas-
tics (1). This requires both mechanical and feedstock recycling of plastics, 
so that most of carbon in the plastic produced comes from recirculated 
material. However, 100% recycling is not a realistic target, for plastic or 
any other material. Achieving even an 80% rate would require a major 
reorganisation of the waste sector.

Realistically, some 20-30% of plastics would therefore be incinerated 
after an average residence time in the economy of 5 years. (2) 

NEW BIOMASS FEEDSTOCK

EXPORTS

NEW FEEDSTOCK

New feedstock from biomass to 
replace lost carbon and meet 
net growth and exports

PLASTICS PRODUCTION & RECIRCULATION

New production from biomass feedstock
Mechanical and feedstock recycling
Minimised losses in recycling processes 
and incineration of non-recyclable plastics

USE

�e average residence time 
for plastics in the economy 
is 10 years, spanning from 
~0.5-50 years

STOCK BUILD-UP

Build-up of plastics in the economy 
means available end-of-life plastics 
are less than demand

END OF LIFE

LOSSES

INCINERATION 
& 

LOSSES

CIRCULAR ECONOMY

Materials e�ciency, sharing business 
models, increased lifetime of products and 
materials substitution can reduce the 
overall amount of plastics in circulation

Collection of 
end-of-life plastics for 
recycling
Minimised losses of 
non-collected plastics
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FOSSIL BASED PLASTICS 

1

2

3

PRODUCTION

DEMAND

USEEND-OF-LIFE
PLASTICS

COLLECTED
PLASTICS

WASTE

PLASTICS
RECIRCULATION

Some new feedstock therefore is also required to replace the carbon that is lost, 
as well as any net growth in the amount of plastics (3). If this is derived entirely 
from biomass, the total plastic stock will eventually consist of biogenic carbon, 
and end-of-life emissions taken care of. The main way to keep total biomass 
demand manageable is to ensure recycling rates are as high as possible. 

If, on the other hand, new fossil carbon is used, an equivalent amount of car-
bon must be captured permanently and stored. CCS on end-of-life incineration 
can achieve this. Another option would be to permanently store solid plastics. 
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Strategies for deep...         
Exhibit 3.7

CIRCULAR ECONOMY IN MAJOR VALUE CHAINS

Using end-of-life materials as input to  
new production, or using low-CO

2
 alternative  

materials that provide the same function

SHARING BUSINESS MODELS AND  
INCREASED LIFETIME OF PRODUCTS
•New business models such as car-sharing to 
increase intensity of use and shift innovation focus 

•Increased product lifetimes including through 
reuse and remanufacturing of products and com-
ponents 

MATERIALS EFFICIENCY
•Reducing over-use in packaging and other pro-
ducts and components

•Design principles for reduced materials use

•Switch to high-performance polymers

Reducing the amount of materials used for a  
given product or structure, or increasing the lifetime  

and utilisation through new business models

MATERIALS RECIRCULATION 
AND SUBSTITUTION

MATERIALS RECIRCULATION
•Innovation in product design and materials 
choice for efficient and high-quality mechanical 
recycling

•Technology and infrastructure for collection and 
sorting systems

•Large-scale collection of end-of-life plastics as 
feedstock for new production (when mechanical 
recycling not possible)

MATERIALS SUBSTITUTION
•Switch to low-CO

2
 materials such as sustainably 

sourced fibre alternatives where they can provide 
equivalent functionality

MATERIALS EFFICIENCY 
AND CIRCULAR BUSINESS MODELS 

140  



114 115

CLEAN PRODUCTION OF NEW MATERIALS

...emissions reductions from plastics

NEW AND IMPROVED PROCESSES
Shifting production processes and feedstocks to 

eliminate fossil CO
2
 emissions

CARBON CAPTURE
Capture and permanent storage of CO

2
  from 

production and end-of-life treatment of materials, 
or use of captured CO

2
 in industrial processes

CARBON CAPTURE AND STORAGE
•Carbon capture and storage (CCS) on ste-
am cracker furnaces and refinery processes

•CCS on waste-to-energy plants

CLEAN UP CURRENT PROCESSES
•Increase process- and energy-efficiency (steam 
crackers)

•Switch to lower-CO
2
 fuels and electricity

•Increased use of lighter feedstock

CARBON CAPTURE AND UTILISATION
•'Synthetic chemistry' to produce new chemicals 
from CO

2
 ('power to X') using non-fossil sources 

of carbon

NEW PROCESSES AND FEEDSTOCKS
•Plastics from bio-feedstock

•Chemicals recycling of end-of-life plastics 
(depolymerisation, solvolysis, pyrolysis + 
steam cracking, gasification)

•Reprocessing of by-products (e.g., through 
methanol-to-olefins)

•New polymers and catalysts

ELECTRIFICATION
•Electrification of steam crackers

•Electrification of cooling, heating, compres-
sion, and steam

•Electrification of hydrogen production
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Fitting plastics into a net-zero economy 
will require a system redesign

Exhibit 3.8    
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Emissions from incineration of end of life 
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MATERIALS RECIRCULATION

Materials recirculation with high collection 
rates, improved yields and high-value use of 
recycled material

CCS on unavoidable incineration of recycling 
residues and non-recyclable fossil plastics, 
plastics from biomass eliminates emissions 
from incineration

Intensive use of primary plastics in products 
and components

Large share of plastics is single-use and 
short-lived in the economy

MATERIALS EFFICIENT AND 
CIRCULAR USE OF PLASTICS

and components

Sharing business models, reuse and remanu-
facturing of plastics to extend lifetime

FOSSIL FEEDSTOCK

crude oil and e.g. ethane sourced from natural 
gas

END OF LIFE PLASTICS AND 
BIOMASS FEEDSTOCK

End of life plastics important feedstock for new 
production

Biomass feedstock in the form of e.g. biogas 
and bio-naphtha

UNABATED STEAM CRACKING
AND POLYMERISATION

Production of plastics from fossil feedstock 
through steam cracking and polymerisation

Emissions from the burning of cracking 
by-products for heat and from other fossil fuel 
use in production processes

NEW, CLEAN PRODUCTION 
PROCESSES

New plastics production from biomass 
feedstock via methanol as new platform 
chemical

Plastics produced from mechanical and 
chemical recycling supply a meaningful share 
of demand

Electri�cation of steam cracking, polymerisation 
and other foreground processes

CCS on conventional steam cracking,
polymerisation, and re�neries alternative 
abatement strategy

FROM

INTENSIVE AND LINEAR 
USE OF PLASTICS
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The EU currently uses 
100 kg of plastics per 
person per year.
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MATERIALS EFFICIENCY AND CIRCULAR BUSINESS MODELS
The EU currently uses 100 kg of plastics per person per 
year, which would increase to close to 120 kg if current 
trends continue.

However, the amount of plastics required depends heav-
ily on how it is used, and there are in fact numerous op-
portunities to use plastics more efficiently without compro-
mising on functionality or end-user benefits (Exhibit 3.9).  
 
A bottom-up assessment finds that there are significant 
opportunities to make products more materials efficient. 
Because plastics are cheap and lightweight, their spec-
ification has not been optimised, leading to significant 
overuse. Experts in the food and consumer goods indus-
try indicate that continuous innovation could reduce the 
plastics in packaging by 20% or more without compro-
mising functionality. Product designs can also be made 
more materials-efficient, both by applying new design 

principles that reduce the amount of materials, and by us-
ing higher-strength plastics to reduce the mass required. 
 
Sharing business models in major value chains pro-
vide another major opportunity to reduce the amount 
of materials required. Car-sharing is a prominent ex-
ample, with potential to reduce total materials demand 
by half or more. Combined, materials efficiency and 
sharing business models could reduce the EU’s an-
nual plastics demand by 13 million tonnes by 2050. 
 
The potential for materials efficiency and circular business 
models is fragmented along long value chains, and therefore 
overlooked. There are significant barriers that must be over-
come, but also strong innovation and new solutions enabled 
by digitisation. To capture the uncertainties about future de-
velopments, this study explores scenarios for the potential 
of materials efficiency and circular business models corre-
sponding to 7-13 Mt of plastics use per year.

SUBSTITUTION OF PLASTICS WITH OTHER MATERIALS
The substitution of plastics with other materials offers 
another way to reduce CO

2
 intensity. This is a thorny top-

ic: materials always compete, and product designers 
make their choices based on numerous criteria. Also, the 
choice of one material over another affects lifecycle emis-
sions in complex ways.19 Nonetheless, the requirement to 
fully eliminate CO

2
 emissions adds another dimension to 

this discussion.20 Some other materials are much easier 
to render CO

2
-free than are plastics; for example, some 

paper and board products are already produced virtual-
ly without fossil CO

2
 emissions. Moreover, as we discuss 

below, the cost of producing plastics may need to in-
crease substantially to fully eliminate emissions, chang-
ing plastics’ competitiveness vis-à-vis other materials.  
 

For this study, we used a detailed analysis of all major pack-
aging segments to investigate the potential to use fibre-based 
materials instead. The finding was that up to 25% of current 
plastics used in packaging could, in principle, be substitut-
ed with fibre-based alternatives without compromising on the 
unique properties of plastics (barrier properties, formability, 
transparency, etc.).21+ For other plastics applications, such as 
buildings, automotive and electrical or electronic equipment, 
similarly detailed assessments are not available. However, 
biocomposites offer a drop-in solution for many structural 
elements, with at least 5% aggregate substitution potential.  
 
All in all, the pathways explored in this study range from a 
modest 4 Mt of substitution of plastics, to 6 Mt.
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DEMAND REDUCTION POTENTIAL
Mt, 2050

MATERIALS 
EFFICIENCY & SHARING 

BUSINESS MODELS

REUSE &
MECHANICAL RECYCLING

SUBSTITUTION

13 Mt

13 Mt

6 Mt

EFFICIENT USE OF PLASTICS... 

...by reducing overuse and over-speci�cation. Innovation and materials e�cient design 
could reduce plastics in packaging by 20% or more without compromising functionality.

MATERIALS-EFFICIENT DESIGN... 
...and production can reduce mass required in plastics products and components by 
using new design principles, high-strength plastics, and optimised production processes. 

SHARING BUSINESS MODELS... 
...can reduce the materials required per service and in some cases also per product. 
Car-sharing for example could reduce overall materials use by 50%, as a shared 
mobility system enables a smaller average size car to cater to the average 1.5 passengers 
per car. Moreover, higher intensity of use in a shared system could reduce the number of 
cars per passenger-kilometre, further reducing materials demand.

REUSE OF PLASTICS PRODUCTS... 
...to extend their lifetime. Reuse of up to 5% of end-of-life plastics products can reduce 
demand for new plastics, the biggest potential is in business-to-business applications 
such as transport packaging, but a decreased reliance on single-use plastics products in 
the consumer category also holds potential to reduce demand.

MECHANICAL RECYCLING... 

...of up to one-third of end-of-life plastics can reduce demand for primary production 
as well as avoid end-of-life emissions from incineration.

SUBSTITUTION OF PLASTICS WITH OTHER MATERIALS... 
...that provide similar functionality but are easier to render CO2-free. Up to 25% of 
current plastics used in packaging could be substituted with �bre-based alternatives 
without compromising functionality. For other plastics applications such as compo-
nents in buildings, automotive and electrical or electronic equipment, biocomposites 
could provide around 5% aggregate substitution potential. 

MATERIALS EFFICIENCY AND CIRCULAR BUSINESS MODELS COULD  
reduce plastics demand by 13 million tonnes BY 2050

Exhibit 3.9

SOURCES: MATERIAL ECONOMICS ANALYSIS, SEE ENDNOTE.22
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PLASTICS RECIRCULATION (REUSE AND MECHANICAL RECYCLING)
Plastics recycling is perhaps the most familiar of circular 
economy strategies for plastics, with long-standing targets 
and regulation. This study finds that mechanical recycling, 
in which the plastics are sorted, shredded, cleaned, melted 
and reprocessed into new plastics products, will have a major 
role in any low-CO

2
 plastics system. Up to a third of end-of-life 

plastics could be reused or mechanically recycled by 2050.23 
 
Mechanical recycling leads to significant CO

2
 savings. 

Even today, the emissions are just 0.5 tonnes of CO
2 

per 
tonne recycled plastics, compared with 2.3 tonnes for pri-
mary production. Mechanical recycling also avoids the 2.7 
tCO

2
 equivalent of emissions from end-of-life incineration. 

Moreover, manufacturing plastics products through mechani-
cal recycling means a move from what are today intrinsically 
fossil-based processes with high temperatures and new oil 
and gas as feedstock towards processes focused around 
logistics, low heat, mechanical power, and data-driven sort-
ing and automation that are much easier to decarbonise. 
 
To assess the potential for mechanical recycling, it is nec-
essary to first understand the starting point. Perhaps surpris-
ingly, the amount of effective displacement of new plastics 
production through mechanical recycling is in fact less than 
10%. Official statistics often quote higher numbers, but do 
not account for all plastics, for losses in the recycling pro-
cess, and for recycled plastics that displace non-plastics, 
leading to a potential rebound effect on plastics demand.24 
 

It is possible to dramatically increase this, by at least 
a factor of three.25 Such a significant boost to mechan-
ical recycling would require a significant shift in focus: 
away from waste management, and towards a wholesale 
push of innovation, large-scale operation, and adaptation 
of designs across the plastics value chain (Exhibit 3.10). 
Mechanical recycling thus can be an indispensable contri-
bution to emissions reductions in the plastics sector. How-
ever, for plastics to reach the very high recirculation rates 
required to close the societal carbon loop, other forms 
of recycling will also be required, as discussed below. 
 
The pathways span recycling rates that can replace be-
tween 15 and 25% of new plastics production that would 
otherwise be required.

    A push for increased reuse of plastics products before 
being discarded as waste could provide another 3 mil-
lion tonnes of emissions cuts per year by 2050. Currently, 
around 40% of plastics could be categorised as ‘single-use’, 
meaning the product is disposed of after a very short useful 
life.26 While there is some potential to adapt consumption 
patterns for increased reuse of single-use consumer plas-
tics such as bags and bottles, the biggest potential is found 
in plastics used by businesses, such as business-to-busi-
ness packaging.27
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Mechanical recycling and reuse has the potential 
to supply 30% of plastics demand

Exhibit 3.10 

SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.28

MECHANICAL RECYCLING AND REUSE OF END OF LIFE PLASTICS
Mt, SHARE OF PLASTICS DEMAND

VIRGIN PLASTICS do not carry 
cost of externalities

PRODUCT DESIGN does not 
bear costs for downstream 
externalities and costs

POLICY AND SYSTEMS focus on 
collection volumes – similar 
to other ‘waste’ �ows

END-OF-LIFE TREATMENT and 
dismantling without focus on 
retaining material value

LOW-QUALITY inputs and 
investment uncertainty results 
in low yields and small-scale,
fragmented industry

INCENTIVES focused on supply 
into recycling process

FROM

VIRGIN PLASTICS carry cost for 
embodied carbon (other 
externalities likely via regulation)

MATERIALS AND DESIGN choices to 
make reuse and recycling the 
intended destination at end of life

FOCUS ON ENABLING raw 
materials �ows for secondary 
materials production

PRODUCTS DESIGNED for 
disassembly and dismantled 
to retain secondary 
material value

LARGE-SCALE INDUSTRY with high-
quality outputs with high retained 
value and the ability to replace 
primary materials one-to-one

RELIABLE PRODUCTS and demand-
side incentives create market 
certainty and stimulate 
investment in capacity

TO

PRODUCT

COLLECTION

RAW MATERIAL

SECONDARY
MATERIAL

PRODUCTION

MARKET FOR
RECYCLED
MATERIAL

END OF LIFE

1.

2.

3.

4.

5.

6.
4

13

7 %

30 %

2015 2050
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REDUCING EMISSIONS FROM THE CURRENT PRODUCTION SYSTEM

Materials efficiency, circular business models, mechanical 
recycling, and reuse can significantly reduce the need for new 
plasticds production in the long run. However, even in an am-
bitious scenario, some new plastics will be required, which 
means that new cleaner production methods are needed. 
 
The most immediate starting point is to reduce the CO

2
 

footprint of current production processes. There is consid-
erable scope to do so through improved energy efficiency, 
switching to lower-CO

2
 fuels, lighter feedstocks, and electri-

fying steam crackers.

The scope for energy efficiency improvements is con-
siderable, because there is a large difference in energy 
efficiency between the ‘best’ and ‘worst’ steam crackers 
in Europe today, with additional potential in other process-
es. Direct emissions could be cut by 20-40% depend-
ing on how much of this potential can be mobilised.29 
Switching from naphtha to lighter feedstocks such as eth-
ane can result in significant emissions reductions for some 
products. For ethylene, the increased yield reduces direct 

emissions by up to 50% per tonne of ethylene.30 Changing 
from liquid naphtha to gaseous ethane feedstock requires up-
grades and alterations to existing assets, but provides flexibility 
to change between feedstocks depending on current prices. 
 
A more significant step would be to switch to electricity 
as the source of heat in steam crackers, potentially elimi-
nating direct CO

2
 emissions almost entirely. This contrasts 

with the current practice of generating heat from by-products 
or natural gas. While electrification will require technology 
development, most experts deem it feasible. The challenge 
is more one of commercial viability: it will require signifi-
cant investment and requires competitive electricity prices. 
 
Electrifying crackers does not on its own lead to net-zero 
emissions, if the feedstock continues to be fossil hydrocar-
bons. However, it is a crucial component of a net-zero chem-
icals sector. Crackers will continue to play an important role, 
for example in some chemical recycling or bio-based pro-
cesses, as described below. 

Chemical recycling will  
play an indispensable  

role in a future net-zero  
emissions plastics system.
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Chemical recycling will  
play an indispensable  

role in a future net-zero  
emissions plastics system.
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FEEDSTOCK RECIRCULATION (CHEMICAL RECYCLING)
A major finding of this study is that chemical recycling will 
play an indispensable role in a future net-zero emissions plas-
tics system. It is a complement to mechanical recycling, which 
is more resource-efficient. Together, the two approaches could 
bring the recirculation of plastics to as much as 62% of pro-
duction. Plastics would then be as circular as the major met-
als (steel is 85% recycled, and aluminium around 70%).31 
 
Chemical recycling breaks down plastics into monomers, 
oligomers or simpler molecules, creating new feedstocks for 
plastics production. The key benefit is that it ‘erases the mem-
ory’ of the material. Unlike other materials (such as wood fi-
bre or metals), there need be no downgrading of quality, the 
output can hold just as high a quality as new plastics pro-
duction. For this reason, chemical recycling is an attractive 
option for plastics that are not suitable for mechanical recy-
cling. These include mixed polymer flows, aged or contami-
nated plastics, and thermosets or fibre-reinforced plastics.32 
Recirculating end-of-life plastics as feedstock is a form 
of recycling, in that the same molecules are used again 
for new products. But in many ways it is more akin to a new 
production route: requiring large-scale infrastructure, se-
cure and large-scale feedstock supply, integration with oth-
er chemicals processes, and substantial energy inputs.  
 
Chemical recycling has a long pedigree, with large-scale 
trials already in the 1990s, but it fell out of fashion during 
periods of lower oil prices. It is far from a mature and large-
scale production route, but several European companies are 
now investigating multiple options for future production. There 
are a range of emerging technologies that are suitable for 
different types of plastics waste. For instance, depolymeri-
sation breaks plastics down into monomers or oligomers, 
whereas feedstock recycling by pyrolysis or gasification 
yields even simpler molecules. Meanwhile, solvolysis is a 
‘lighter treatment’ that separates the polymer from additives 
and contaminants before it is reprocessed into plastics.33 
 
This study explores two largely-proven processes: gas-
ification and pyrolysis, both of which convert plastics into 
simpler molecules (Exhibit 3.11). These routes should 
be understood as representative, and not in any way an 
attempt to provide the final answer for chemical recy-
cling. On the contrary, there is ample opportunity for in-

novation to achieve resource-efficient routes with high 
yields, and that are amenable to mixed polymer streams. 
 
The energy demand can vary in the range of 1–7 MWh of in-
put required, depending on the process and product produced. 
For gasification, zero-CO

2
 hydrogen from either electrolysis or 

steam methane reforming with CCS is a major input. For pyrol-
ysis, the central part is the electrification of the cracker stage.  
 
For low emissions, the overall carbon mass balance must 
be very high, so that the amount of CO

2
 released is minimal. 

To make chemical recycling commercially viable today, mass 
balance is often sacrificed (and some of the plastics input in 
effect used as fuel input). In a net-zero system, however, nearly 
all of the carbon in the inputs must be transformed into out-
puts. For gasification, this comes at the price of needing to add 
more hydrogen. For pyrolysis, the main implication is the need 
to add another process step, so that the fuel-grade by-prod-
ucts from cracking (in large part methane) are not burnt, re-
leasing CO

2
, but further processed into HVCs. If this is done, 

the carbon escaping as CO
2
 could be below 5% of the total.34 

 
Finally, the above implies that chemical recycling likely will 
require adaptation of chemical production systems, with 
processes and new platform chemicals. One candidate is 
methanol, which can be further processed to olefins with 
established catalysts. Methanol also enables the produc-
tion of plastics from a large variety of biomass feedstocks.35 
 
If these conditions are met, chemical recycling can achieve 
very low emissions to the atmosphere of around 0.2 tCO

2
 

per t plastics – compared to the 2.3 tCO
2
 from de novo pro-

duction from fossil feedstock. On the other hand, if some or 
all the conditions were not met, the outcome could be dras-
tically different: chemical recycling with poor carbon mass 
balance, high-CO

2 
energy inputs, or where the output is 

used to produce transportation fuel could easily have a CO
2
 

footprint approaching that of an existing current cracker.  
 
For the pathway analysis, this study explores one option 
where as much as 65% of end-of-life plastic is sent for chemi-
cal recycling, and a less ambitious scenario with 20% chemical 
recycling.

NOTES: THE METHANE STREAM IS THE MAIN BY-PRODUCT FROM STEAM CRACKING. ELECTRICITY FOR PRODUCTION OF 0.2 KG  
HYDROGEN REQUIRES AROUND 8 MWH OF ADDITIONAL ELECTRICITY. THE PATHWAYS USE A COMBINED ROUTE  

WITH A 50/50 SHARE BETWEEN THE GASIFICATION AND THE PYROLYSIS & STEAM CRACKING ROUTES.
SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON RESEARCH INSTITUTES OF SWEDEN (RISE) AND DECHEMA (2017) , SEE ENDNOTE.36
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chemical recycling of end-of-life plastics 
through two representative routes

Exhibit 3.11 

Hydrogen added to 
make ‘sweet syngas’

GASIFICATION, INPUT AND EMISSIONS PER TONNE PLASTICS PRODUCED
Plastic waste: 1.1 tonne
Energy: 13 MWh
Hydrogen: 0.2 tonnes
CO2 emissions: 0.15 tonnes

PYROLYSIS & STEAM CRACKING

GASIFICATION

GASIFICATION ELECTROLYSIS

METHANOL TO OLEFINS

‘RAW 
SYNGAS’

‘SWEET
SYNGAS’

ELECTRICITY
H2O

MTO

ELECTRICITY

METHANOL
SYNTESIS

METHANOL

METHANE

CO2

PYROLYSIS
ELECTRIC 

STEAM 
CRACKING

HVCs (0.8 TONNE)
NAPHTHA-LIKE 
PYROLYSIS OIL

ELECTRICITY

HVCs
(0.2 TONNE)

MTO

ELECTRICITY

METHANOL
SYNTESIS

METHANOL

CO2

PYROLYSIS & STEAM CRACKING, INPUT AND EMISSIONS PER TONNE PLASTICS PRODUCED
Plastic waste: 1.1 tonne
Energy: 8 MWh
Hydrogen: 0 tonnes
CO2 emissions: 0.3 tonnes

INPUT AND EMISSIONS PER TONNE PLASTICS PRODUCED IN A COMBINED ROUTE
Plastic waste: 1.1 tonne
Electricity: 11 MWh
Hydrogen: 0.1 tonnes
CO2 emissions: 0.23 tonnes

OUTPUT
Plastics (HVCs) 
1 TONNE
CO2-emission

0.2 TONNES

INPUT
Plastic waste

1.1 TONNE
Electricity

1.4 Mwh
Hydrogen

0.2 TONNES

INPUT
Plastic waste

1.1 TONNE
Electricity

6.9 Mwh
Hydrogen

0 TONNES

OUTPUT
Plastics (HVCs) 
1 TONNE
CO2-emission

0.3 TONNES

NOTES: THE METHANE STREAM IS THE MAIN BY-PRODUCT FROM STEAM CRACKING. ELECTRICITY FOR PRODUCTION OF 0.2 KG  
HYDROGEN REQUIRES AROUND 8 MWH OF ADDITIONAL ELECTRICITY. THE PATHWAYS USE A COMBINED ROUTE  

WITH A 50/50 SHARE BETWEEN THE GASIFICATION AND THE PYROLYSIS & STEAM CRACKING ROUTES.
SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON RESEARCH INSTITUTES OF SWEDEN (RISE) AND DECHEMA (2017) , SEE ENDNOTE.36
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BIO-BASED PLASTICS PRODUCTION
It is not possible to meet 100% of a modern society’s de-
mand for plastics through mechanical and chemical recy-
cling. New carbon needs to be added to build up stocks, to 
meet any increase in demand, and to offset losses both in 
collection and in recycling processes. Even in a stretch sce-
nario, therefore, at least 38% of plastics must be made from 
new rather than recirculated feedstock – and a much larg-
er share if systems are less circular, or if demand is higher. 
 
If plastics are made from new fossil feedstock, the overall 
plastics works like a slow-burn combustion system: oil is ex-
tracted, it is turned into plastics, it circulates through the econ-
omy with some losses in every cycle, and anything that is 
not recirculated is burnt at the end of life. The cumulative im-
pact on CO

2
 is large: even with a high recycling rate of 70% 

(against less than 10% today), some two-thirds of the car-
bon would be released as CO

2 
to the atmosphere within 15 

years. In other words, a net-zero plastics system cannot 
rely entirely on recirculation – it must also find a way to 
avoid CO

2
 from all the new carbon that must be added. 

 
One solution is to switch from fossil to renewable feed-
stock – much like energy systems switch from fossil to re-
newable energy. For plastics, this means using carbon from 
biomass, or ‘biogenic’ carbon. (The other option would be 
to use CO

2
 captured from air and synthesised to chemi-

cals, but as discussed later in this chapter, this is much 
more resource-intensive.) A range of biomass feedstocks 
can be processed into bio-ethanol, bio-methanol, biogas 
or bio-naphtha, which can then be used to produce con-
ventional plastics. The biogenic carbon emitted at end-of-
life incineration of plastics produced from biomass does 
not lead to net emissions, as they are offset by the car-
bon sequestered during the growth phase of the biomass. 
 
There are several possible ways to produce conventional 
plastics from biomass. Two options illustrate the range of po-
tential feestocks and uses: anaerobic digestion and gasifi-
cation, which both use methanol as a platform chemical (Ex-
hibit 3.12). Both are established processes, and gasification 
in particular is developing fast. In both routes, it is possible 
to produce methanol, which in turn can be turned into olefins 
via the MTO route. The resource requirements are substan-

tial. The gasification route requires as much as 3.5 tonnes 
of dry biomass input for every tonne of HVCs produced. The 
route based on anaerobic digestion requires much less bio-
mass, 1.9 tonnes, but it also requires large amounts of elec-
tricity – 13 MWh per tonne – to produce hydrogen instead.37 
 
Sustainable biomass resources are scarce, with compet-
ing and growing demands from the power, transportation, 
heat and other sectors. A major finding of this study is that 
‘biofeedstock’ nonetheless needs to be considered a high 
priority in the overall transition to a net-zero economy. The 
use of biomass for chemicals feedstock is not recognised 
in today’s climate policies and discussions, which tend to 
equate ‘biomass’ with ‘biofuel’. Yet there are few alternatives 
if we are to achieve truly deep emissions cuts from plastics. 
The main option would be to use renewable electricity to 
capture CO

2
 for further synthesis, but as we discuss below, 

this comes with still much higher resource requirements.  
 
At the same time, it is crucial to reduce biomass require-
ments for plastics as much as possible. In no scenario will it 
be feasible to simply use bio-based production as a drop-in 
replacement for today’s fossil-based system. Instead, bio-
based plastics must be used strategically as a solution within 
an overall production system of increased materials efficiency, 
circular business models, some degree of substitution, high 
levels of plastics recycling, and flexible processes capable 
of using the biomass streams with the least opportunity cost.  
 
The routes used here arguably are conservative, as they 
investigate how today’s polymers could be produced from 
entirely different feedstock that in molecular terms is often 
a poor match. Further development of other polymers, such 
as polylactic acid (PLA), with a closer affinity to the original 
composition of various bio-molecules could significantly re-
duce the resource claims. There is a lot of scope for innova-
tion into efficient routes for production of bio-based plastics.

The pathways explored in this study produce between 20 
and 24 Mt of plastics derived from bio-feedstock in 2050, 
with the volume largely dependent on how successful other 
strategies to reduce CO

2
 from plastics turn out to be.

NOTES: ELECTRICITY FOR PRODUCTION OF 0.3 KG HYDROGEN REQUIRES AROUND 13 MWh OF ADDITIONAL ELECTRICITY.  
THE PATHWAYS USE A COMBINED ROUTE WITH A 50/50 SHARE BETWEEN THE ANAEROBIC DIGESTION AND GASIFICATION ROUTES.  

BIOMASS IS ASSUMED TO CONTAIN 30% MOISTURE AND HAVE AN ENERGY VALUE OF 18.5 MJ/KG.
SOURCES: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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BIO-BASED PLASTICS PRODUCTION WITH 
METHANOL AS A NEW PLATFORM CHEMICAL

Exhibit 3.12 

METHANOL TO OLEFINS

ANAEROBIC
DIGESTION

(ŋ 70%)

ELECTRICITY

BIOGAS: 50%
METHANE, 50% CO2

BIODIGESTATE

AROMATICS (10 KG)

SULPHUR
REMOVAL ELECTROLYSIS

ELECTRICITY

MTO

HEAT (200-500ºC)

CATALYTIC
METHANATION

METHANOL
PRODUCTION

(ŋ 95%)

ELECTRICITY

MTO

ANAEROBIC DIGESTION

METHANOLGASIFICATION
(ŋ 70%)

OUTPUT
Plastics (HVCs) 
1 TONNE

OUTPUT
Plastics (HVCs) 
1 TONNE

INPUT
Dry biomass

1.9 TONNES (35 GJ)

Electricity

1.4 Mwh
Hydrogen

0.3 TONNES

INPUT
Dry biomass

3.5 TONNES (66 GJ)

Electricity

1.4 Mwh

GASIFICATION

NOTES: ELECTRICITY FOR PRODUCTION OF 0.3 KG HYDROGEN REQUIRES AROUND 13 MWh OF ADDITIONAL ELECTRICITY.  
THE PATHWAYS USE A COMBINED ROUTE WITH A 50/50 SHARE BETWEEN THE ANAEROBIC DIGESTION AND GASIFICATION ROUTES.  

BIOMASS IS ASSUMED TO CONTAIN 30% MOISTURE AND HAVE AN ENERGY VALUE OF 18.5 MJ/KG.
SOURCES: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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CARBON CAPTURE

The final strategy for reducing CO
2
 emissions from plas-

tics is to capture the carbon and store it in ways that prevent 
release into the atmosphere on the timescales relevant for 
climate change. 

There are three major CO
2
 sources at different parts in the 

value chain: petroleum refining, steam cracking, and waste 
incineration. All can in principle be done. Carbon capture 
and storage is in principle possible from steam crackers, us-
ing either post-combustion or oxyfuel options. Costs would 
likely be higher than for some applications often mooted for 
CCS, given the lower carbon intensity of fuels used in crack-
ers and higher resulting oxygen needs.39 Above all, there 
is little practical experience, as CCS has not been applied 
on steam crackers to date. Waste to energy also is being 
explored, with a trials starting at the Klemetsrud waste-to-en-
ergy facility in Oslo, Norway.

Still, there are several reasons why CCS could be chal-
lenging to apply in the case of plastics. The ideal scenario 
for CCS is a single, large-scale emissions source, prefer-
ably with a high concentration of CO

2
. In contrast, in the 

case of plastics, three separate emissions sources at differ-
ent points in the value chain would have to be addressed. 
Waste incineration is also typically small-scale, with more 
than 500 waste-to-energy plants across the EU.40 Universal 
coverage would therefore be difficult to achieve.

CCS could also have a role in the production of hydrogen, which 
is used in several of the low-carbon routes in significant volume. 
CCS with steam methane reforming can be preferable to produc-
tion via water electrolysis when electricity prices are high.

A final theoretical option for CCS is to use solid plastics 
directly as a form of CO

2
 storage. A major concern with 

plastics is that they are long-lived, so they present challeng-
es for waste management. However, if plastics could be 
safely stored, without the disadvantages of standard landfill-
ing, then it might be possible to use such storage as a form 
of CCS. The feasibility of such an approach is far from clear: 
it would require a U-turn on current EU policy to phase out 
landfilling; there would need to be strict safeguards against 
pollution (such as the risk of escaping microplastics); and 
the permanence of the CO

2
 sequestration would need to be 

assessed. As this is highly speculative, it is not included in 
the pathways explored in this study, which instead build on 
current EU policy to phase out landfilling.

The pathways explored in this study span a wide range of 
possible uses of CCS. At one extreme, some pathways use 
no CCS, but instead achieve CO

2
 neutrality through recircu-

lation and biomass inputs. In other pathways, CCS is used 
across refineries, steam crackers, incineration plants, and 
hydrogen production, alongside other options. In this sce-
nario, CCS leads to emissions cuts of 59 Mt CO

2
 per year.
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CARBON CAPTURE AND UTILISATION AND ‘POWER-TO-X’
A final option for CO2 reductions to use CO

2
 as a feed-

stock for chemicals production (carbon capture and utili-
sation, CCU). As discussed in Chapter 2, this has been 
proposed as a way to handle the significant CO

2
 and carbon 

monoxide (CO) generated from core processes in the steel 
sector. By combining CO

2
 with hydrogen, it is possible to 

synthesise a wide range of chemicals.

At one extreme, it is possible to capture CO
2
 from the air 

and combine it with hydrogen from water electrolysis using 
renewable energy. In this case, the CO

2
 reductions relative 

to fossil feedstock are immediately apparent. Much like 
sustainable biomass, it provides a source of new carbon 
supply for chemicals that requires no fossil hydrocarbons. 
However, the energy resources required are phenomenal: 
as much as 27 MWh of zero-carbon electricity is required 
to produce one tonne of HVCs.41 For comparison, deriving 
the same amount of HVCs from biomass requires 1.5-14 
MWh of electricity. Viewed through this lens, using bio-
mass for chemicals production saves as much as 25.5 
MWh of electricity per tonne HVCs.

The other option is to capture CO
2
 from another indus-

trial or energy process and use this as a building block 
of chemicals. This already takes place in some cases: 
for example, urea is produced using CO

2
 from ammonia 

production. However, as the CO
2
 is of fossil origin, and it 

is released into the air once urea is used as fertiliser, it 
delays rather than prevents the release of the fossil CO

2
. 

The same applies to other uses of CO
2
 where the origin 

is fossil, and the product is short-lived. 

The exception is where the product itself displaces some 
other fossil CO

2
; for example, CO

2
 from one fossil-based pro-

cess could in principle be captured to make a transportation 
fuel that, in turn, displaces standard fossil-based transporta-
tion fuels, somewhat reducing overall CO

2
 emissions. As long 

as the energy system as a whole is fossil-based, CCU based 
on fossil CO

2
 sources may thus be able to reduce CO

2
 emis-

sions, although there is a lively debate about the extent of 
savings. In a net-zero economy, however, the release of CO

2
 

from fossil sources is not possible without some offset mech-
anism, even if the CO

2
 is ‘used twice’ before it is released.

Fuels are an extreme example of a short-lived product, but 
the same logic applies in cases with longer lifetimes. Few car-
bon-based products have lifetimes and recycling rates that, com-
bined, make them comparable to permanent sequestration of 
carbon (the chief potential exception may be some mineral-based 
construction materials). Specifically, plastics do not offer an op-
portunity for long-term sequestration. As noted, even if recycling 
rates were 70%, as high as those for aluminium today, some two-
thirds of the carbon would be released as CO

2 
after 15 years.42 

As noted in Chapter 2, these considerations do not rule 
out the use of CO

2
 or CO from one process for the production 

of chemicals in a net-zero economy. However, the conditions 
that must apply are very strict. In brief, any fossil CO

2
 used 

in the process must be offset by permanent storage through 
CCS; and any CO

2
 that leaks during the product lifetime must 

be replenished by a non-fossil source such as biomass. The 
overall viability of CCU as a zero-emissions solution is therefore 
inextricably linked to the use of non-fossil sources of CO

2
. 

Industrial Transformation 2050 – Pathways to Net-Zero Emissions from EU Heavy Industry   /  Plastics

155  



Industrial Transformation 2050 – Pathways to Net-Zero Emissions from EU Heavy Industry   /  Plastics

130

3.3 Pathways to a net-zero co2 plastics sector
We have seen that a range of complementary strategies 
are required to achieve deep emissions cuts for the EU 
plastics sector. By successfully deploying these strate-
gies, the EU can transition to a net-zero emissions plas-
tics sector by 2050. The revamped plastics sector would 
have a renewed production base, new patterns for the 
use and reuse of materials, and new sources of value.  
 
Clearly this is a major transformation agenda, span-
ning the entire plastics value chain. While many of the 
core technologies and business models are already de-
veloped, they are either optimised for other end products 
such as fuels, and/or need accelerated commercialisation 
and upscaling. There are also many costs and risks as-
sociated with developing and deploying these strategies. 
 
Given the many uncertainties, there is a need to explore 
many different pathways to a net-zero emissions EU plastics 
sector in 2050. Together, the pathways are intended to span 
the full set of strategies, but each pathway has a different 
focus, and not all strategies are employed in all pathways: 
 
New processes pathway: This pathway emphasises new 
processes and feedstocks for new plastics production. 
A range of routes for the production of HVCs from from 
biomass feedstock and end-of-life plastics are rapidly 
scaled up during the 2030s, and production from new fos-
sil feedstock is entirely phased out by 2050. By this time, 
these routes produce the same amount of plastics as is 
made in the EU today. These processes both rely heavi-
ly on electricity: for heat input to pyrolysis and cracking, 
the production of hydrogen, methanol synthesis, and vari-
ous other processes such as MTO. This pathway has the 
highest share and largest amount of plastics produced 

through chemical recycling, and thus requires signifi-
cant improvements in the collection of end-of-life plastics. 
 
Circular economy pathway: This pathway entails heavily 
restructuring the use of plastics in all major value chains, 
so that a third of the baseline demand for plastics is met 
through materials-efficient products and production, shar-
ing-economy options, and materials substitution. There is 
a large migration of value towards these new economic ac-
tivities. In addition, plastics become highly circular mate-
rials, with mechanically recycled plastics meeting 26% of 
demand, and chemical recycling another 47%. The need 
for production from new feedstock is the lowest of any of 
the pathways, making smaller claims on biomass resources. 
 
Carbon capture pathway: This pathway pushes the 
potential to use CCS the farthest. Circular economy op-
portunities play a relatively minor role. 40% of produc-
tion uses fossil feedstock via routes largely similar to 
today’s, but with crackers either electrified or equipped 
with CCS, so there are no ‘unabated’ steam crackers 
left in 2050. CCS is also fitted on refineries and on two-
thirds of waste incineration plants for any plastics that 
are not recycled. Mechanical and chemical recycling also 
play a significant but smaller role in this pathway. Bio-
mass is used as feedstock as well, to provide the com-
pensating ‘negative emissions’ from incomplete carbon 
capture (a capture rate of less than 100% at individu-
al plants, but above all the challenge of equipping ev-
ery facility with CCS) through capture of biogenic CO

2
. 

 
All three pathways assume the same total underlying ser-
vices from plastics in 2050 (packaging, mobility, etc.), but 
they fulfil these in different ways (Exhibit 3.14).
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Pathways to net-zero emissions FOR PLASTICS
Exhibit 3.13 

EMPHASIS ON CARBON CAPTURE AND 
STORAGE/UTILISATION ALLOWS FOR A 
CONTINUED ROLE FOR PRODUCTION 
FROM FOSSIL FEEDSTOCKS
• Emphasis on using CCS/U on plastics 
production from fossil feedstocks as well as 
CCS on end-of-life incineration, and 
electri�cation of steam crackers to reduce 
direct emissions
• 32 percent of production from biomass 
feedstock to enable o�sets from incomplete 
fossil CO2 capture through capture of 
biogenic CO2 from incineration of 
bio-based plastics

EMPHASIS ON DEMAND-SIDE MEASURES 
TO ACHIEVE A MATERIALS EFFICIENT AND 
CIRCULAR PLASTICS SECTOR
• Emphasis on demand-side opportunities 
for materials e�ciency, materials substitu-
tion and new circular business models for 
plastics, resulting in the decreased 
production volume to 52 Mt by 2050
• Highly circular scenario with 62 percent 
produced through mechanical and 
chemical recycling, and remaining 38 
percent from biomass feedstock 

EMPHASIS ON NEW PRODUCTION ROUTES 
THROUGH RECYCLING AND PRODUCTION 
FROM BIOMASS FEEDSTOCK
• 62 percent of production from end-of-life 
plastics by 2050 through a combination of 
mechanical and chemical recycling, 
hinging on a signi�cant increase in 
collection rates of end-of-life plastics
• Remaining 38 percent of production 
from biomass feedstock, using methanol as 
new platform chemical
• Increased reliance on electricity for 
hydrogen production and in production 
processes
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SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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While the three pathways are significantly different, a 
number of cross-cutting lessons emerge from them.

All pathways rely on significant innovation and technology de-
velopment. The solution set included in the pathway is largely 
proven in principle, but absent commercial incentives, it is still 
far from large-scale deployment. To achieve deep emissions 
cuts by 2050, new solutions must be proven by the 2030s, so 
the next decade is key. These pertain not just to the production 
of chemicals, but also to a range of innovation in business 
models and product design to enable reuse, recycling, and 
materials efficiency. On the other hand, there is a large upside: 
if innovation effort can be redirected, it is all but certain that 
new solutions, catalysts, and processes will emerge.

All pathways entail deep and pervasive change. Current 
chemical production systems are highly optimised and in-
tegrated. All pathways entail disruptive and large-scale 
change in feedstocks, processes, platform chemicals, and 
energy sources. For EU companies, the strategic ramifica-
tions could hardly be larger. On one hand, current produc-
tion faces structural challenges of more expensive feedstock 
and energy than many other regions. On the other, striking 
out to embrace entirely new production systems and inputs 
is a ‘bet the company’ level of commitment. Enabling such 
non-marginal change through policy is notoriously difficult, 
and will require early, robust, and credible policy signals. 

The CCS pathway may seem less disruptive in some ways, 
as it continues to use well-established processes with fossil 
feedstock at its core. However, the flip-side is that this would 
arguably be the most challenging CCS effort in the econo-
my. Fitting CCS to a substantial share of the 50 steam crack-
ers in the EU is a significant undertaking in its own right, but 
there are also 90 petroleum refineries providing much of the 
feedstock (and facing much-diminished demand for fossil 
transport fuels in a low-carbon transition), and 500–1000 

waste incineration plants that would be the destination for 
the carbon embedded in plastics products in this pathway. 

In all pathways, early action to pursue of ‘traditional’ CO
2
 

reduction strategies would ease the transition. Energy effi-
ciency and electrification can provide early cuts, before new 
production routes can be scaled up, and also limit the the 
total amount of new feedstock and energy required. Electrifi-
cation of crackers and other high-temperature heat (e.g. for 
pyrolysis) will be needed in all routes. 

Just as important, achieving the potential for mechanical 
recycling and reuse, materials efficiency, and circular busi-
ness models further helps the transition to fit plastics use 
into a net-zero economy. Together, they hold the potential 
to provide the same benefits as the production of 25 Mt of 
plastics by 2050. Tapping into this potential eases many 
of the transition challenges, reducing costs and investment 
needs, the amount of electricity and biomass required, and 
the pace at which new production technologies must be 
deployed. To unlock this potential, ‘upstream’ innovation 
will be key: changing product design, materials choice, and 
business models. In terms of policy, it may require a pro-
gram of ‘energy efficiency-type’ interventions. 

Finally, the chemicals sector will need to become more 
integrated and tightly linked to other sectors in this transi-
tion. One reason is an increase in the number of process-
ing steps. To achieve truly deep cuts to emissions, it will be 
necessary to transform a fuller range of feedstock flows that 
today are burnt as fuel, or to capture the CO

2
 and store it. 

Likewise, mobilising new feedstocks will require industrial 
symbiosis to use byproducts from other sectors (such as pulp 
and paper or food and drink), or join forces with other parts 
of the economy to mobilise feedstock (notably, hydrogen). 
Tight integration of chemicals and the waste sector is another 
potential enabler, especially in the more circular pathways.

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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Production routes in net-zero pathways
Exhibit 3.14

EUROPEAN PLASTICS PRODUCTION MIX TO ACHIEVE NET ZERO EMISSIONS IN 2050 
 Mt PLASTICS PRODUCED PER YEAR AND ROUTE

2015

0

20

40

60

2015

2015

80

0

20

40

60

80

0

20

40

60

80 72

72

72

2050

2050

2050

40%

33%

13%
14%

28%

27%

18%

27%

12%

28%

13%
14%

16%

16%

CIRCULAR ECONOMY
Pathway

CARBON CAPTURE
Pathway

NEW PROCESSES 
Pathway

BIO BASED PRODUCTION

CHEMICAL RECYCLING (INCL. STEAM CRACKING)

ELECTRIC STEAM CRACKINGCIRCULAR ECONOMY IN MAJOR VALUE CHAINS

MECHANICAL RECYCLING ELECTRIC STEAM CRACKING WITH CCS

STEAM CRACKING WITH CCS

UNABATED PRODUCTION

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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DEEP CUTS TO CO2 EMISSIONS WILL INCREASE THE COST OF PLASTICS PRODUCTION OR USE BY 20-43%

Most of the routes to eliminating emissions from plastics 
production and end-of-life flows come at a cost. By 2050, 
the additional costs in the pathways range between 27 and 
34 billion EUR per year. The average CO

2
 abatement cost 

lies in the range 140-177 EUR / tCO
2
. The differences in 

costs are not large enough that one set of solutions is obvi-
ously more attractive than another, and all face major non-fi-
nancial barriers that may be at least as important (whether 
mobilising very high levels of end-of-life collection, pro-
ducing the electricity required, or finding acceptance and 
commercial logic in large-scale CCS infrastructure). Overall, 
the circular economy options have the potential to be more 
cost-effective, provided that the major materials efficiency 
levers can be successfully pursued. 

A closer look at the different production routes indicates 
the cost drivers for different solutions (Exhibit 3.15). Overall, 
options that eliminate not just production but also end-of-life 
emissions add 20-43% to the cost of bulk plastics. These 
are estimates of fully demonstrated processes at scale; ear-
ly deployment is likely to be more expensive. 

As this shows, all major solution levers will depend on 
some form of policy support if they are to compete against 
current, incumbent solutions. EU producers are already 
heading more towards specialisation than bulk production, 
but much of the plastics volume is still a commodity busi-
ness where systematic cost disadvantages are not feasible. 
A solution will therefore be necessary to level the playing 
field of these new production routes, both relative to com-
petitors outside Europe who continue to rely on high-CO

2
 

processes, and to allow early movers in Europe to move 
ahead of local competitors. Either the OPEX disadvantage 
has to be offset, or markets must be separated depending 
on their emissions profile of products (e.g. the degree of 
recycled or non-fossil feedstock they contain).

The additional costs are driven primarily by four factors: 
electricity, feedstock switching, CCS, and the cost of mate-
rials efficiency and circular economy solutions. Electricity is 
a major driver of the increased costs of the new production 
routes. It is used in large quantities both to produce hydro-
gen and as a source of heat. The electricity accounts for 
27% of the cost of chemical recycling, and 23% of the cost 
of production by electric steam cracking.

The switch to new feedstocks means the cost of plas-
tics production will now be heavily determined by the prices 
of biomass and end-of-life plastics, instead of oil and gas 
prices. Competition for biomass from other sectors, notably 
energy, could drive up prices. At present, there are also poli-
cies that favour the use of biomass in other sectors, such as 
transportation and power generation. Therefore, further poli-
cy action will be needed to ensure that the plastics industry 
can compete for access to this biomass.

CCS also becomes a major potential cost driver. Fitting 
CCS onto plants that incinerate end-of-life plastics will be 
particularly challenging, because the plants are typically 
small, which leads to higher costs per tonne of CO

2
 cap-

tured. They also are widely dispersed, which drives up trans-
port and storage costs.

As for other materials and value chains, the costs of in-
creased materials efficiency and improved circularity are 
among the hardest to gauge. Levers span the full range 
from genuine productivity improvements to potentially ex-
pensive options to optimise plastics use. Digitisation is a 
major enabler to reduce transaction costs across the board. 
Overall, the finding is that circular economy levers are likely 
to be as cost-effective as those for low-CO

2
 production. 

All of these are likely also to vary across Europe – with 
local renewable energy resources, carbon transport and 
storage infrastructure, availability of industrial clusters, and 
other circumstances. This adds another reason to pursue a 
portfolio of solutions.

While these cost estimates have various uncertainties, 
they arguably are on the side of caution by not including the 
potential upsides of innovation. The approach in this study 
has been to use processes that are as near tried-and-tested 
as possible, and to use today’s efficiencies and yields for 
the quantitative estimates.43 Many of the building blocks of a 
low-CO

2
 sector – large-scale gasification, highly automated 

sorting technology, methanol-to-olefins, new circular econo-
my business models, carbon capture technologies suitable 
for steam crackers, etc. – are emerging but only early in 
their journey towards industrialisation. There is therefore a 
significant potential for costs to fall as they are deployed.
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COST BREAKDOWN OF TECHNOLOGIES
EUR PER TONNE PLASTICS

ABATEMENT COST
EUR PER TONNE CO2

COST INCREASE OF +20-43% FOR LOW-CO2 PRODUCTION ROUTES
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Exhibit 3.15

NOTES: ABATEMENT COST CALCULATED ASSUMING ZERO-CARBON ELECTRICITY. CO
2
 PRICES NOT INCLUDED IN THE PRODUCTION COSTS.

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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INVESTMENT IN PLASTICS PRODUCTION AND VALUE CHAINS WILL NEED TO INCREASE BY 122-199%
The need for early development of new technologies 
through piloting and demonstration further increases the 
investment requirements, as do costs of brownfield conver-
sion of existing complexes. The additional capital require-
ments will also depend heavily on whether new solutions 
can be put in place at the point when existing assets need 
retrofitting or upgrading anyway. A major objective of the 
transition must be to avoid double investment: first in main-
taining current, fossil-based production capacity, and then 
in abandoning this in favour of new, low-CO

2
 production 

routes. The more policy can enable a single fork in the 
road, the less of an investment penalty there will be.

This additional investment will take place only if the EU 
becomes an attractive destination for investment in chem-
icals production overall. Globally, most recent investment 
has taken place outside the EU, in regions with strongly 
growing home markets or with favoured access to cheap 
feedstock. The EU will need a different investment model 
to realise a net-zero transition in chemicals. Pioneering 
low-carbon solutions within an overall enabling policy en-
vironment may well have as much claim to likelihood of 
success as any other strategy.

Enabling a new production and consumption system for 
plastics will require a wave of investment. Total capex rises 
by an estimated 122–199% depending on the pathway, to 
the tune of 3-4 billion EUR per year on average to 2050. 
The variation between pathways is thus relatively large, 
with lower costs the more prominent the role of circular 
economy solutions. These rely less on large-scale and 
capital intensive infrastructure, and more or on logistics, 
data, business model adaptation, and labour. 

Much of the increase in investment is due to the in-
creased complexity of production. Mobilising end-of-life 
plastics as feedstock requires greater capital investment 
in waste handling. Many of the production routes go from 
a single step of steam cracking to produce HVCs from 
naphtha or ethane, to also include secondary steps (such 
as methanol synthesis and methanol-to-olefins) to process 
by-products that otherwise result in CO

2
 emissions. Carbon 

capture in all cases requires new capital assets. Similarly, 
routes based on pyrolysis, digestion or gasification involve 
more process loops before HVCs can be produced, each 
with additional capital requirements. Overall, the new 
routes are as much as 45-200% more capital-intensive.
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INVESTMENT IN PLASTICS PRODUCTION CAPACITY
BILLION EUR PER YEAR
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Exhibit 3.16

NOTES: INVESTMENT NEEDS DO NOT INCLUDE DOWNSTREAM PRODUCTION. INVESTMENTS IN 
POWER GENERATION OR CARBON TRANSPORT AND STORAGE INFRASTRUCTURE ARE NOT INCLUDED.

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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A NET-ZERO EMISSIONS PLASTICS INDUSTRY WILL EXCHANGE FOSSIL  
OIL AND GAS FOR ELECTRICITY, BIOMASS, AND CIRCULAR RESOURCES

Today’s plastics production system is integrated to the 
wider petrochemicals and fossil fuel supply chain. Naph-
tha, by far the dominant feedstock for plastics production 
in the EU, is an intermediate stream in the refining of fossil 
hydrocarbons to fuels. Ethane, used in most remaining 
production, is a component of natural gas. Natural gas and 
various fuel-grade products are also used in steam genera-
tion and in furnaces. All in all, some 1000-1500 TWh of oil 
and natural gas are used in the production of HVCs and in 
downstream processes.

In the low-carbon pathways, these fossil sources are 
either replaced, or used in contexts with CCS (Exhibit 
3.17). The main replacements are 0.9–1.2 EJ of electricity 
for hydrogen, heating and process thermal energy, 1-1.2 
EJ of biomass and 0.9–1.9 EJ of end-of-life plastics, for 
use as feedstock. In the CCS pathway, 1.5 EJ of oil and 
gas continue to be used, but with CCS in the production of 
hydrogen, in steam cracking, and at end of life.

Inputs change from fossil sources to electricity,  
biomass, and end-of-life plastics

Exhibit 3.17    
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ELECTRICITY
In all three pathways, the plastics industry needs an 
abundant supply of affordable low-emissions electricity. 
The additional electricity is necessary for thermal energy in 
cracking and pyrolyisis, for steam generation, and to power 
a range of additional processes. Around 75% of the elec-
tricity will be needed to produce hydrogen. The electricity 
requirements could be reduced by alternative hydrogen 
production methods, whether steam methane reforming 
with CCS or emerging options such as methane pyrolysis 
(see Box in Chapter 2).

The cost of electricity also becomes a major determi-
nant of the cost of production. With a degree of storage 
and over-capacity, hydrogen production can be flexible 
and benefit from periods of lower electricity prices, which 
becomes especially important in energy systems with a 
high share of variable renewables such as wind and solar 
power. In contrast, the core thermal loads of cracking and 
related processes will depend on much more continuous 
operation, and likely also face higher prices. Electrification 
can be done gradually on an existing steam cracking com-
plex, for instance by first replacing one or two furnaces, or 
by using hybrid system switching between fossil fuel and 
electrical heating depending on prices. 

END-OF-LIFE PLASTICS
Meanwhile, the focus on production from recycled plas-
tics creates a need for collected and sorted end-of-life 
plastics. The share varies by pathway, but is always major: 
35-41 Mt per year. This boost in recycling would require 
significant changes across the value chain. High-quality 
mechanical recycling requires very pure plastics flows with 
little contamination to achieve high-quality recirculation. 
Chemical recycling is less exacting, but also requires some 
pre-processing, and above all collection and processing 
of large volumes matching those of large-scale chemicals 
production. 

These changes also require significant change to the 
current waste handling sector. In all cases, it needs to rap-
idly break the current trend towards large amounts of fossil 
CO

2
 emissions from end-of-life plastics. In a more circular 

pathway, the disruption will be the need to collect, sepa-
rate and centralise much more of end-of-life plastics as 
feedstock for new production. Vertical integration of waste 
handling and chemicals production may well be the most 
reliable way to organise this. In a CCS pathway, the driver 
of change would instead be to fit carbon capture to waste 
incineration plants – which in turn may require that end-of-
life incineration is scaled up and centralised to a smaller 
number of sites in a significantly reorganised sector. Either 
way, the status quo for waste handling is not an option for 
net-zero emissions from plastics. 

BIOMASS
The final major change is the need to mobilise large 
volumes of biomass for use as feedstock. Supplying 32-
38% of the EU’s plastics demand through production with 
biofeedstock in 2050 would require 75-95 million tonnes of 
biomass. 

There is no doubt that this will be a scarce and valuable 
resource. This study nonetheless finds that using biomass 
for chemicals feedstock is a high priority: it is high time 
that EU climate and energy policy avoided directing bio-
mass towards relatively low-value uses where there are 
other viable options (such as the generation of bulk elec-
tricity), and prioritised uses where few other options are 
available. The use of biomass as feedstock for chemicals 
is one such use. On average, the routes included in the 
pathways require 19 MWh of biomass and electricity for 
every tonne of HVC produced. For illustration, if instead 
‘power-to-X’ methods were used (direct air capture of CO

2
, 

combined with synthesis of chemicals from CO
2
 and hydro-

gen from electrolysis), the electricity required would be as 
much as 27 MWh of electricity for one tonne of HVC. 

Nonetheless, the amount of biomass used for chemicals 
must be limited. The most important strategy is to use 
other options to bring down the total amount of new car-
bon from biomass that is required. In the pathways, this is 
achieved through a balanced portfolio of materials efficien-
cy, mechanical recycling, chemical recycling, and carbon 
capture. That way, bio-based production never need to 
meet more than 38% of underlying demand in the path-
ways. Another strategy is to mobilise waste streams that 
compete as little as possible with biodiversity targets, food 
and feed production, or other high-priority uses for bio-
mass. One such source is the bio content of mixed waste, 
which can be used in gasification. Others could include 
various current energy uses of biomass, such as byproduct 
streams in the pulp and paper industry or bioenergy used 
for basic heat generation, that could be freed up if some 
processes were electrified instead. A final option is to 
gradually switch to polymers that have closer affinity to the 
biomass inputs, and which therefore require less biomass 
per tonne produced. 

All of these changes to inputs point to a chemicals sec-
tor much more closely integrated with other parts of the 
economy. This includes energy (electricity), transportation 
(hydrogen), waste (end-of-life flows, biomass), pulp and 
paper, and food and drink (biomass), as well as providers 
of carbon transport and storage.
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Ammonia

The transition to near-zero emissions  
is feasible through large-scale  

implementation of new technologies  
and use patterns.

Ammonia is fundamental to our modern so-
ciety. It is the basis for most fertilisers, which 
in turn make our industrialised food produc-
tion possible. In 2015, the EU consumed 19.6 
Mt ammonia, the vast majority (17.1 Mt) pro-
duced within the EU-28, and 90% of which 
was used for fertiliser.1 

EU ammonia production is a major source 
of carbon emissions: 44 Mt CO

2
 per year. In 

order to achieve its climate objectives, the EU 
needs to bring those emissions down to zero 
– while ensuring that food needs continue to 
be met, and production does not simply shift 
to other countries.

This study seeks to clarify and quantify what 
it would take to decarbonise the ammonia in-
dustry. The transition to near-zero emissions is 
feasible through large-scale implementation 
of new technologies and use patterns. There 
are multiple possible solutions, including in-
creased use efficiency, reduced food waste, 
substitution with organic fertiliser, the use of 

clean hydrogen feedstock, and carbon cap-
ture and storage. 

There is a clear need for policy to sup-
port these solutions, as they would make 
production 15–111% more expensive than 
it is today. Changing fertiliser use and food 
handling could play a very significant role, 
but it is also particularly challenging, as it 
involves a complex food value chain with a 
large number of actors. 

On the other hand, reducing fertiliser 
use also helps reduce other environmental 
problems, including air pollution, GHG emis-
sions from agriculture, and damage to eco-
systems from eutrophication.

Like other industries examined in this 
study, ammonia is capital-intensive, with 
long-lived assets. This means that time is 
very short if the EU is to transition to low-
CO

2
 ammonia by 2050. Any delays would 

complicate the transition and increase costs.
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The transition to near-zero emissions  
is feasible through large-scale  

implementation of new technologies  
and use patterns.
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3.4 The starting point
Large-scale ammonia production took off after World War 
I, when the Haber-Bosch process was invented.2 Today, the 
nitrogen captured in ammonia production is an integral part 
of modern agriculture, and it remains a cornerstone of food 
production for a growing global population. 

In the EU, annual production of ammonia amounts to 17 mil-
lion tonnes per year. Of this, 90% is used to produce nitro-
gen fertilisers, and the rest in various industrial applications. 
The EU produces 75% of the N fertilisers and imports the 
remaining quarter.3,4 The EU ammonia and fertiliser industry 
has annual turnover of €11 billion, and it employs 78,500 
people.5 Production takes place at more than 40 plants, with 
typical capacity of half a million tonnes per year.6 

The ammonia production process combines nitrogen (taken 
out of the air) with hydrogen; indeed, more than half the 
hydrogen produced industrially around the world is used to 
make ammonia.7 The hydrogen, in turn, is derived from natu-
ral gas through a process called steam methane reforming. 
The natural gas input makes up the vast majority of the 
cost of ammonia production, often 80% or more.8 As in oth-
er processes heavily dependent on natural gas, European 
producers face a substantial cost disadvantage. Cash costs 
can be less than half in regions with cheap gas, notably the 
Middle East, the United States, and Russia.9

Mineral fertilisers (largely derived from industrially produced 
ammonia) are used in combination with organic fertiliser, 
including manures. Mineral fertiliser provides around 45% 
of nitrogen input, and organic fertiliser 40%.10 Total use of 
mineral fertiliser in the EU is increasing, both in absolute 
numbers and in kg per hectare.11

Much of the nitrogen applied as fertiliser is not actually ab-
sorbed by the plants, but rather is lost to the environment. 
Reducing the so-called ‘nitrogen balance’ has long been a 
priority for EU and individual Member States’ environmen-
tal policies, due to the large negative effects that excess 
nitrogen has on ecosystems.12 Indeed, some argue that 
the degree of disturbance of the nitrogen cycle from cur-
rent practices is approaching a ‘planetary boundary’ that, 
if crossed, could cause irreversible damage.13 Still, despite 
governments’ efforts, the nitrogen balance in the EU is not 
declining. However, there are large differences between 
countries in the nitrogen lost per hectare of agricultural 
land, and numerous studies confirm that there is potential 
for large improvements in the efficiency of fertiliser applica-
tion.14 As discussed in more detail below, many have point-
ed to digitisation as a major opportunity to increase nitrogen 
efficiency in agriculture.

Other than use efficiency, the amount of fertiliser required 
is largely determined by agricultural production. However, 
there is no simple relationship with calories consumed. The 
composition of diets is a major factor, as different foodstuffs 
have very different nitrogen requirements. In addition, the 
amount of food that is wasted determines how much pro-
duction is needed to satisfy demand.

Future ammonia requirements depend on a balance of all of 
these factors. Demand in the EU is largely stable. In a baseline 
scenario, this study follows other analyses that see a slight 
increase, with ammonia use growing somewhat less (3%) than 
the projected increase in EU population to 2050 (4%).15 For 
the purposes of analysis, the baseline scenario assumes no 
change in imports, although as noted, current input markets 
strongly favour production in lower-cost regions.16

CO2 EMISSIONS FROM AMMONIA PRODUCTION
The production of each tonne of ammonia in the EU re-
sults in emissions of 2.5 tonnes of CO

2
17 (see Exhibit 3.18). At 

current production levels, the total CO
2
 emissions are 44 Mt. 

European producers are already more CO
2
-efficient than some 

of their global counterparts. For example, in China ammonia 
is often produced with coke/coal rather than natural gas as a 
source of energy and hydrogen, and average CO

2
 emissions 

are more than 4 tonnes per tonne of ammonia.18 

CO
2
 arises from two separate sources in ammonia production. 

First, steam methane reforming creates CO
2
 as a by-product.19 

The resulting stream of CO
2
 is around 70% of the direct emis-

sions of CO
2
 from ammonia production (or half if CO

2
 from 

electricity generation is also counted). It also is very pure, and 

therefore easy to capture. For example, it is used in the pro-
duction of urea, a major precursor to fertilisers, which requires 
both ammonia and CO

2
 in its production.20 

The remaining emissions come from the energy inputs to the 
process steps. In the EU, natural gas is typically used for heat-
ing, and the process also requires electricity for compressors. 

In addition to emissions from production, the use of fertiliser 
gives rise to very considerable emissions in the agriculture 
sector. The smaller impact is from the CO

2
 used to produce 

urea, which is released into the air when urea-based fer-
tilisers are applied in the field. While urea therefore is argu-
ably a case of ‘carbon capture and use’ (CCU), it is not an 
application of CCU that has any net climate benefit. 
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CO2 emissions from ammonia production arise in the 
production of electricity and hydrogen inputs

Exhibit 3.18    

ELECTRICITY
PRODUCTION

EMISSIONS

SCOPE

OUT OF SCOPE

CO2 EMISSIONS
TONNE CO2 PER TONNE AMMONIA

~6 GJ of electricity used 
for compression, air 
separation, and other 
functions

Feedstock emissions 
released from carbon in 
natural gas

Fuel emissions from 10 
GJ of natural gas

Haber-Bosch process 
takes nitrogen and 
hydrogen as key inputs

No direct emissions, but 
electricity use

80% used for fertilisers 
in agriculture

Application leads to 
CO2 and nitrous oxide 
emissions 

USE PHASE

2.5
0.50.7

1.3

AMMONIA
SYNTHESIS

HYDROGEN 
PRODUCTION 

(STEAM METHANE 
REFORMING)

Fuel

Feedstock

Total

H

H

The far larger climate impact comes from the release of nitrous 
oxides, greenhouse gases which trap more than 300 times 
more heat than does CO

2
. Nitrous oxides from agriculture are 

also a major precursor to air pollution, with adverse health ef-
fects. The more excess fertiliser is used, the more nitrous oxides 
are released. This study looks only at CO

2
, so it does not con-

sider ways to reduce nitrous oxide emissions, but these are a 
key part of any strategy to cut GHG emissions from agriculture.

The baseline scenario sees only a slight reduction in the 
amount of CO

2
 released per tonne of ammonia produced, 

mostly due to a reduction in CO
2
 produced in electricity gener-

ation. However, as ammonia production would increase slight-
ly, emissions in 2050 would be in parity to today. Concretely, 
the scenario sees 32 Mt CO

2
 per year in 2050, compared with 

44 Mt CO
2
 today. 

SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON DECHEMA (2017)
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CIRCULAR ECONOMY IN MAJOR VALUE CHAINS

Using end-of-life materials as input to  
new production, or using low-CO

2
 alternative  

materials that provide the same function

Strategies for deep...         
Exhibit 3.19

USE EFFICIENCY AND REDUCED WASTE
•Increase uptake efficiency of fertilisers and reduce 
leakage to water and air by controlling conditions, 
improving timing of application, using additives, 
increasing precision of application, etc.

• Reduction of food waste, especially in processing 
and by consumers, reduces the amount of food pro-
duction required and subsequently fertiliser needs

Reducing the amount of materials used for a  
given product or structure, or increasing the lifetime  

and utilisation through new business models

MATERIALS RECIRCULATION 
AND SUBSTITUTION

SUBSTITUTION WITH ORGANIC  
FERTILISERS
•Switch a greater share of nitrogen input to 
organic fertilisers (40% today)

MATERIALS EFFICIENCY 
AND CIRCULAR BUSINESS MODELS 
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NEW AND IMPROVED PROCESSES
Shifting production processes and feedstocks to 

eliminate fossil CO
2
 emissions

CARBON CAPTURE
Capture and permanent storage of CO

2
  from 

production and end-of-life treatment of materials, 
or use of captured CO

2
 in industrial processes

...emissions reductions from ammonia

CARBON CAPTURE ON STEAM  
METHANE REFORMING 
•Capture of 90% of CO

2
 emissions from 

hydrogen production through steam methane 
reforming. For high capture rates, both fuel 
and feedstock emissions must be captured

HYDROGEN FROM WATER  
ELECTROLYSIS 
•Electrolysis using CO

2
-free electricity can fully 

eliminate CO
2
-emissions from ammonia produc-

tion process

CLEAN PRODUCTION OF NEW MATERIALS
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3.5 Strategies for reduced CO2 from ammonia production
Technically, CO

2
-free ammonia production is feasible us-

ing the same Haber-Bosch process as is used today. The 
crux is the inputs. Hydrogen would need to be produced 
without release of CO

2
, as would electricity. 

The production of low-CO
2
 hydrogen could take place 

through two main routes: water electrolysis using zero-car-
bon electricity, or the use of carbon capture and storage 

(CCS) in steam methane reforming (SMR) plants. 

In addition to CO
2
-free production, it is possible to reduce 

ammonia requirements in agriculture without reducing food 
production. The key measures are to reduce food waste, in-
crease the efficiency of fertiliser use, and switch from mineral 
fertiliser to organic fertiliser.21 

CIRCULAR ECONOMY AND USE EFFICIENCY
In 2015, 64 kg of mineral fertiliser was used per hectare of 
utilised agricultural area in the EU.22 This corresponds to 21 
kg per tonne of food, on average.23 

This study has made a top-down estimate of how the same 
amount (and composition) of food could be provided with 
less fertiliser input, and therefore ammonia production. The 
most important measures identified are:

• Reduction of food waste: An estimated 90 Mt of food is 
wasted yearly in the EU.24 Reducing this already is a major 
EU policy goal, with a target to halve per-capita food waste 
in the retail and consumer level by 2030.25 Grocery-store 
food handling holds some of this potential, but most sits 
in how consumers use the food they purchase, and in how 
food is processed and handled in the supply chain prior to 
arriving in stores.26 

• Increased use efficiency and precision agriculture: 
The large nitrogen balance gives a sense of the degree 
of over-use of nitrogen fertilisers in current practice. In ad-

dition, some fertilisers produced from ammonia, such as 
urea, also causes large CO

2
 emissions, as much as 97% of 

the bounded C in urea evaporates within the first eight days 
corresponding to 0.7 ton of CO

2
 per kg urea applied.27 A 

long list of small changes to practice can increase efficien-
cy substantially: ensuring sufficient availability of other nutri-
ents such as sulphate and phosphate, controlling soil acidity, 
switching to nitrate fertiliser, timing application to weather 
conditions, using additives that stop volatilisation of urea, us-
ing cover crops, varying rates of application with conditions, 
using more frequent and varied application, and improving 
application accuracy.28 

Many of these measures are challenging to work into 
standard agriculture. However, digitisation and automation 
can make it easier. As technology improves, costs will fall.

Substitution of mineral fertilisers with organic fertiliser: 
As noted, organic fertilisers already are widely used in EU 
agriculture. It is possible to achieve still-higher shares, thus 
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A stretch case for efficiency and substitution reduces  
N-fertiliser demand by 45% by 2050 while meeting food demand 

Exhibit 3.20    

AMMONIA DEMAND REDUCTION FROM IMPROVED VALUE CHAIN EFFICIENCY AND SUBSTITUTION
Mt AMMONIA PER YEAR USED FOR FERTILISERS, EU (2050)

Fertiliser demand in 
the EU is projected to 
stabilise around 12 Mt 
per year by 2050  

Estimated potential to 
reduce food waste by 
70% by 2050

Range of techniques to 
increase uptake by 
plants and reduce excess 
nitrogen application

Switching to a greater 
share organic fertilisers

16.2

8.9

3.9
2.0

1.3

BASELINE CIRCULAR ECONOMY
SCENARIO

REDUCED
FOOD WASTE 

SUBSTITUTIONIMPROVED NITROGEN
USE EFFICIENCY 

-45%

reducing the need for mineral fertiliser production. Major 
obstacles are logistics and the unpredictability of supply. 

In an ambitious scenario, reduced food waste could cut 
ammonia requirements by 12%, precision agriculture and 
use efficiency by 24%, and substitution with organic fertiliser 
by 8%. This results in a total of 45% less ammonia demand 
in 2050 – a 7.3 Mt decrease – relative to the baseline sce-
nario that largely continues current practice (Exhibit 3.20). 

Although these measures result in reduced ammonia 
demand, they need not result in reduced economic activity. 
Some would be genuine productivity improvements (such 
as the reduction of food waste); others would shift eco-
nomic value from the production of inputs, to activities that 
achieve more precise and efficient use, or that put waste 
from related sectors (livestock) to a good use. 

Added to this, reduced fertiliser use would have a range 
of co-benefits. The largest are the reduction of ammonia 

and nitrous oxide emissions to air (the latter having major 
GHG reduction benefits as well as benefits for clean air), 
and reduced leakage of nitrogen to water, with reduced 
eutrophication as a result. 

Nonetheless, achieving these measures can be complex. 
They require systemic changes involving a large number 
of actors within the food supply chain, from farmers to 
wholesalers, retailers, and producers. It is therefore uncer-
tain how much of the potential can be achieved. This study 
explores two alternative scenarios:

•	 In a high scenario, three-quarters of the identified 
potential is realised. This reduces the amount of am-
monia required by 5.5 Mt per year in 2050, resulting 
in a total ammonia demand of 12 Mt.

•	 In the less ambitious scenarios, just 40% of the 
potential is achieved. This would leave ammonia de-
mand close to 15 Mt per year in 2050.

SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON MULTIPLE SOURCES.29  
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LOW-CO2 PRODUCTION OF AMMONIA

Fertilisers will always play an important role in ensuring that 
agriculture is productive enough to feed a growing population. 
Finding ways to produce low-emissions ammonia will therefore 
be necessary even with very efficient use or with substitution 
with organic fertilisers. The need will be even larger in regions 
of the world where incomes are rising as the population grows.

EU production already is highly efficient, with CO
2
 emis-

sions within 10% of the theoretical minimum for the current 
technology.30 Efficiency improvements thus have only limited 
potential to further contribute to reduced CO

2
 emissions. It 

is possible in principle to reduce fossil CO
2
 emissions by 

switching from natural gas to biogas. However, the analysis 
carried out for this study found this much more expensive in 
the long run than other options.31 Biomass is a very expen-
sive source of hydrogen, and there are many other, high-pri-
ority uses of biomass resources that would take precedence 
in an overall net-zero transition.

This leaves two main technologies for very deep emissions 
cuts: either to capture emissions from the current steam 
methane reforming and permanently store it, or to produce 
ammonia using hydrogen derived from water electrolysis.

A. Zero-emission ammonia with water electrolysis 

Emissions from an SMR plant arise for two reasons: i) 
when natural gas is split into ‘syngas’ (a mix of carbon mon-
oxide and hydrogen), and ii) when natural gas is burnt in the 
SMR furnace used to heat the process.32

In contrast, water electrolysis involves no carbon, as long 
as electricity production is carbon-free. The most mature 
technology for doing so is alkaline electrolysis, but there are 
many other processes at various stages of development.33

Electrolysis switches inputs from natural gas and electric-
ity, to just electricity. Total energy requirements are broadly 
similar. Whereas today’s process uses 8.9 MWh of natural 
gas for fuel and feedstock plus 2.1 MWh of electricity, elec-
trolysis uses around 9.1 MWh electricity per tonne of ammo-
nia, depending on the efficiency of electrolysis. 

For electrolysis to cut emissions, electricity generation 
needs to be less emissions-intensive than it is in the EU 
today. Whereas the average CO

2
 emissions from electricity 

production in the EU are 350 g CO
2
 per kWh, they would 

need to be less than 210 g CO
2
/kWh for electrolysis to 

result in less emissions than SMR per tonne hydrogen (see 
Exhibit 3.24, further below).

The technology to produce the hydrogen through electrol-
ysis and nitrogen through air separation is already estab-
lished, although there is significant scope to improve the 
efficiency of electrolysis. There also is a need to develop 
efficient ways of storing hydrogen at scale. This in turn can 
enable flexible operation that capitalises on the variability of 
electricity supply in an electricity system with a high share 
of solar and wind power.  

Overall, however, the main challenge with switching to 
‘green’ ammonia from electricity is financial rather than tech-
nical. Key considerations are the need to replace current pro-
duction units, the availability of electricity at attractive prices, 
and infrastructure for hydrogen storage and transportation.34

Given uncertainties, this study explores scenarios with 
4–15 Mt of ammonia production through this route. 

B. Carbon capture and storage

Hydrogen production through SMR has significant potential 
for carbon capture and storage. The larger the point source of 
CO

2
 emissions, and the more concentrated the flow of CO

2
, 

the easier it is to use CCS. In the case of ammonia, emis-
sions typically are around 1 million tonnes per year, allowing 
for good economies of scale. More importantly, the process 
emissions are a nearly pure stream of CO

2
 that can be cap-

tured at very low cost. Indeed, more than one-third of this CO
2
 

is already captured today, used in the production of urea, for 
enhanced oil recovery, and in food production.35 

For genuinely low-CO2 production, however, two addi-
tional things are needed. First, as noted, the process CO

2
 is 

only around half of the total. The emissions from combus-
tion must also be addressed. One option is to fit the furnace, 
too, with CCS. The other would be to electrify the source of 
heat input. The second requirement is infrastructure to com-
press, transport, and store the CO

2
. 

The main way to achieve high CO
2
 capture rates from am-

monia production is to use chemical absorption technolo-
gies. These can achieve capture rates between 55%–90%, 
where the 90% rate requires also capturing the CO

2
 in the 

flue gas of the furnace, which raises energy requirements 
substantially.36 

The acceptance of CCS and availability of transport infra-
structure and suitable storage are all uncertain. This study ex-
plores up to 10 Mt of ammonia production through SMR with 
CCS, but also considers scenarios where no CCS is used.

Improving the efficiency of 
ammonia use has many benefits 

beyond GHG reductions.
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Improving the efficiency of 
ammonia use has many benefits 

beyond GHG reductions.
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3.6 Low-emissions pathways for EU ammonia production
To guide discussions, this study explores three pathways 
to a net-zero emissions EU ammonia production in 2050 
(Exhibit 3.21), each emphasising a different approach to 
CO

2
 emissions reductions:

•	 New Processes pathway: In this pathway, only 40% 
of the potential to reduce fertiliser demand is captured. 
Ammonia production in 2050 stands at 15 Mt, but all 
of it uses water electrolysis for hydrogen production.

•	 Circular Economy pathway: In this pathway, 75% of 
the potential for demand reduction is captured, through 
a concerted push to reduce food waste, increase the 
efficiency of fertiliser use, and a switch to organic fer-
tiliser. Ammonia production is reduced to 12 Mt annu-
ally in 2050, substantially lower than today. The remain-
ing production all uses water electrolysis. 

•	 Carbon Capture pathway: This pathway sees the 
same amount of ammonia production as in the ‘New 
Processes’ pathway. However, production continues to 
use predominantly SMR, which is gradually fitted with 
CCS from the 2030s. By 2050, 20% (4 Mt) is produced 
with completely CO

2
-free technology and 11 Mt through 

SMR and carbon capture. Remaining emissions are 2 
Mt CO

2
 in 2050, while 17 Mt CO

2
 is stored annually. 

Similar to the pathways outlined for other sectors, the 
three ammonia pathways result in very different outcomes, 
illustrating key options for how the ammonia industry can 
achieve near net-zero emissions. More than in other sectors, 
however, the ammonia industry clearly faces a major choice: 

prioritise large-scale deployment of CCS, or switch to a new 
production technology.

Ammonia has the advantage of technically being relative-
ly easy to make CO

2
-free or with drastically reduced emis-

sions. The way ahead becomes a strategic choice where 
technology is only one consideration: should CCS resourc-
es be used on a product that could instead be produced 
completely CO

2
-free by using electricity? Or should R&D 

resources and electricity be saved for sectors that are far 
more challenging for CCS?

Once the emission intensity of electricity allows for it, 
and water electrolysis-based ammonia is ready to scale up 
significantly, the industry could be transformed. The new 
technology is not as dependent on large-scale plants, but 
is rather modular. Ammonia can in fact also be used as a 
‘fuel’, so entirely new sources of demand could arise.

In all pathways, both the ammonia industry and materi-
als-efficient or circular business models will depend heavily 
on new outside actors. They, in turn, require new infrastruc-
ture and inputs, whether for CO

2
 transport and storage or 

for electricity supply. 

Finally, in all pathways, the use of fertilisers will be the largest 
influencer of demand, but it is outside the control of the am-
monia industry. Instead it is dependent on the development of 
a more efficient food industry and the adoption of new meth-
ods within agriculture. Any improvement would not only reduce 
emissions from ammonia production, but also have positive 
consequences for the future of sustainable food production.
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NEW PROCESSES

CARBON CAPTURE AND STORAGE

REMAINING EMISSIONS

MATERIALS EFFICIENCY AND CIRCULAR BUSINESS MODELS

MATERIALS RECIRCULATION AND SUBSTITUTION

CIRCULAR ECONOMY
Pathway

CARBON CAPTURE
Pathway

NEW PROCESSES 
Pathway 27

4

4

EMISSION REDUCTIONS IN AMMONIA PRODUCTION, 2015-2050
Mt CO2/YEAR

Relies heavily on hydrogen production 
through electrolysis of water

Key enabler is abundant and cost- 
competitive electricity supply

Hinges on the potential of more 
e�cient use of fertilisers, reduced food 
waste, and substitution with organic 
fertiliser

Key enablers include digitisation and 
automation, new business models, and 
extensive coordination across the value 
chain

Emphasis on a greater role for carbon 
capture and storage (CCS) of 
emissions from steam methane 
reforming

Key enabler is access to transport and 
storage infrastructure for captured 
CO2
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Pathways to net-zero emissions FOR ammonia
Exhibit 3.21  

SOURCES: MATERIAL ECONOMCIS ANALYSIS AS DESCRIBED IN TEXT.  
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DEEP CUTS TO EMISSIONS WILL INCREASE THE COST OF PRODUCING AMMONIA 
Producing ammonia without CO

2
 emissions will come at 

a cost (Exhibit 3.22). Fitting CCS to ammonia production 
adds €39 per tonne of CO

2
 captured, or €64 per tonne of 

ammonia, an increase of 15% on the standard SMR process 
without carbon capture. 

The water electrolysis route is costlier under most elec-
tricity prices. In a scenario with highly flexible use of elec-
tricity (some 5,000 load hours per year), electrolysers could 
likely access electricity at a cost similar to the levelised cost 
of electricity production from a mix of solar and wind power, 
estimated at around €40 per MWh by 2050.37 This comes 
with higher costs for electrolyser capacity and hydrogen 
storage. The estimated cost of ammonia production is €553 
per tonne, an increase of 55% on the standard SMR pro-
cess.

In contrast to these, the cost of reducing food waste and 
increasing use efficiency may be significantly lower, potentially 
coming at no additional cost (or even at a cost saving), if digi-
tisation and automation develop as many stakeholders expect. 

At these values, the additional cost of production ranges 
between €0.5 and 2 billion per year in 2050, implying an 
average abatement cost of €39–215 / tCO

2
. The carbon 

capture pathway is 25% cheaper than one reliant exclusively 
on water electrolysis for the same volume of production. 
However, the circular economy pathway could potentially 
cost even less. 

Overall, cost alone is not a robust metric for choosing one 
approach over another. Instead, different solutions will be 
required, depending both on local conditions (availability of 
CO

2
 storage, price of electricity), and on how technology 

develops. 

Finally, this study assumes continued production in the EU 
as a basis for the analysis. However, hydrogen and therefore 
ammonia production could very well be one of the sectors 
where access to cheaper renewable electricity make for a 
substantial cost advantage (much like cheaper natural gas 
does today). If so, it would be more cost-effective for the EU 
to import CO

2
-free ammonia than to produce it.
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NATURAL GAS

OTHER OPEX

CAPEX

HYDROGEN

PRODUCTION COST BY ROUTE
EUR PER TONNE AMMONIA, EUR PER TONNE CO2 ABATED

+15-111%

STEAM METHANE
REFORMING

21

141

124

354

68

STEAM METHANE
REFORMING + CCS

WATER ELECTROLYSIS
(HYDROGEN AT 40 EUR/

MWh ELECTRICITY)

WATER ELECTROLYSIS
(HYDROGEN AT 60 EUR/

MWh ELECTRICITY)

21

154

124

418

119
21

0

403

69

553

60

21
0

563

104

747

60

ABATEMENT COST
EUR PER TONNE CO2

21539 108

ELECTRICITY

Low-CO2 production routes cost 15-111% 
more than the current SMR process

Exhibit 3.22 

NOTES: ABATEMENT COST CALCULATED ASSUMING ZERO-CARBON ELECTRICITY. CO
2
 PRICES NOT INCLUDED IN THE PRODUCTION COSTS. 

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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INVESTMENT IN AMMONIA PRODUCTION WILL NEED TO INCREASE BY 6-26%

0.0

1.0

0.8

1.2

0.6

0.4

0.2

2020 2030 2040 2050

INVESTMENT REQUIREMENTS
BILLION EUR PER YEAR

2020 2030 2040 2050 2020 2030 2040 2050

BASELINE

PATHWAY

CIRCULAR ECONOMY
Pathway

CARBON CAPTURE
Pathway

NEW PROCESSES 
Pathway

0.6 0.6

1.0

0.8

0.7

0.6

0.5

0.6 0.6

0.9

0.8

0.6

0.5

0.3

0.6

0.8
0.9

0.8
0.8

0.7
0.6

+17% +6 % +26%

INCREASE RELATIVE TO BASELINE

+ X %

The transition to a net-zero ammonia sector will require in-
vestments, but not necessarily higher than in the base case 
(Exhibit 6). Although the production costs of the water elec-
trolysis route are higher overall than those for steam meth-
ane reforming, the investment costs are lower than SMR 
with CCS. Added to this, circular economy solutions are less 
capital-intensive, and therefore bring down total investment 
costs relative to a baseline scenario.

The amount of investment thus varies significantly by 
pathway. The base case has an average of €0.6 billion per 

year, while the circular economy scenario has just above 
€0.6 billion per year, and the carbon capture pathway has 
€0.7 billion per year.

The sector would take on substantial additional risk in go-
ing from tried-and-tested solutions to ones with uncertain 
performance and higher total production costs. Policy will 
therefore play an important role in enabling these invest-
ments, not least by providing some certainty about a future 
business case.

Investment requirements increase by  
6-26% in low-CO2 pathways

Exhibit 3.23 

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT. SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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STEAM METHANE REFORMING

STEAM METHANE REFORMING + CCS

WATER ELECTROLYSIS

CO2-INTENSITY OF AMMONIA PRODUCTION ROUTES WITH DIFFERENT CO2-INTENSITY OF ELECTRICITY
TONNE CO2 PER TONNE AMMONIA

CURRENT CO2 INTENSITY
OF ELECTRICITY

(350g CO2 PER kWh)

2.6

0.9

3.8

BREAK-EVEN POINT FOR
CO2 EMISSIONS AT
210g CO2 PER kWh

2.3

0.6

2.3

EMISSIONS WITH ZERO-CARBON
ELECTRICITY

1.8

0.2
0.0

NET-ZERO EMISSIONS AMMONIA PRODUCTION WILL REQUIRE NEW AND DIFFERENT INPUTS
The main shift in inputs is from today’s natural gas to elec-
tricity, depending on the amount of production based on 
water electrolysis. In the new processes pathway, as much 
as 160 TWh of electricity is required to replace the approxi-
mately 35 TWh of electricity and 151 TWh natural gas used 
today. The carbon capture pathway uses less than half as 
much electricity (69 TWh), but instead sees 99 TWh of re-
maining natural gas consumption. In addition, there is a 
need in this pathway for infrastructure to transport and store 
17 Mt CO

2
 per year by 2050. 

The new processes and circular economy pathways rely 
on production that does not involve carbon at all, and they 
can thus achieve zero CO

2
 emissions. However, this de-

pends on electricity production being carbon-free (Exhibit 
3.24). As noted, water electrolysis reduces emissions only 
once the CO

2
 emissions from electricity generation fall be-

low 210 g CO
2
/kWh.

Eliminating emissions from electricity will be  
crucial for deep emission cuts

Exhibit 3.24 

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT. SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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reinventing a fundamental material

4. Cement 
& Concrete

Concrete is ubiquitous in our modern society. 
It is the most widely used construction material 
for both buildings and infrastructure. Currently, 
the EU uses more than two tonnes of concrete 
per person per year, of which 325 kg is cement.

Concrete production is also a major source 
of CO

2
 emissions. Up to 95% of these come 

from the production of cement – some 109 Mt 
of CO

2
 per year. These emissions are hard to 

cut: 60% are an unavoidable result of the pro-
cess chemistry of production, and the remain-
ing 40% arise from the need to produce very 
high-temperature heat.

Until recently, no emission reduction scenar-
io had explored how to achieve the deep cuts 
needed to fit concrete production into a net-ze-
ro society. Indeed, studies left as much as two 
thirds of emissions in place even in 2050, with 
further reductions dependent on the degree of 
carbon capture and storage.

This study evaluates what it would take to 
achieve truly deep reductions by 2050. It finds 

that net-zero emissions are possible, and the 
solution set is wide-ranging. It includes changes 
to cement production – notably carbon capture 
and storage, electrification, and switching to new 
raw materials. It also involves changes to how 
concrete is made and used: optimising the use 
of cement in its production, efficient use of con-
crete in structures, and new circular economy 
business models.

Many different pathways to net-zero emis-
sions are possible, and all require major chang-
es to current practices. Policy will be crucial 
to enable coordination along the value chain 
and to support low-CO

2
 production routes that 

are 75–115% more expensive than the current 
routes. Moreover, substantial resources need 
to be devoted to innovation, while investments 
need to increase by up to 50%.

In the context of a capital-intensive industry 
with long-lived assets, time is very short. The 
transition to low-CO

2
 concrete in 2050 is pos-

sible, but it needs to begin promptly to avoid 
escalating costs later on.

As much as half of the solution may 
be changes to how concrete 

is specified and used.
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As much as half of the solution may 
be changes to how concrete 

is specified and used.

183  



Industrial Transformation 2050 – Pathways to Net-Zero Emissions from EU Heavy Industry  /  Cement & Concrete

158

4.1 The starting point
Of all building materials, concrete is the by far most wide-
ly used. In 2015, the EU used 2.2 tonnes per person, or 
more than a billion tonnes in total.1 For comparison, the 
second-largest volume of material in construction was steel, 
at 66 Mt.2

Concrete is aggregates (sand, gravel, crushed stone), 
water and cement. Cement has a key role: it is the ‘glue’ 
that gives concrete its structural stability. Although cement 
makes up just 7–20% of concrete, from a climate perspec-
tive it is the key constituent, with 95% or more of the CO

2
 

footprint. 

A climate scenario for cement and concrete must there-
fore take two perspectives. On the one hand, cement use 
depends chiefly on how concrete is used: how much con-
struction, using how much concrete, with how much cement. 
On the other hand, for low-CO

2
 production, the focus needs 

to be on cement itself. 

The European cement industry produced 167 million 
tonnes (Mt) of cement in 2015.3 Construction activity is 
highly correlated with economic cycles, so the production 
of cement varies accordingly. The EU cement sector saw 
a 35% drop in demand after the 2008 financial crisis, and 
volumes remain at similar levels since 2013. 

The cement sector contributes €4.5 billion to direct 
added value in the EU, and employed 38,000 people.4  

There are around 200 active cement kilns, and another 
100 plants that perform grinding of cement.5 In recent 
years, there has been a consolidation of plants, concen-
trating production in fewer and larger facilities. Industry 
stakeholders expect a continuation of this trend, so that 
the average size could increase from today’s roughly 1 
million tonnes per plant per year to as much as a 2.5 
million tonnes. 

Production is highly capital-intensive. A new integrated plant 
producing 2.5 million tonnes costs up to €500 million to build.6 
Once built, variable costs are much lower – sometimes as low as 
€15–20 per tonne, especially if low-cost waste fuel is used. The 
large number of plants across the EU reflects the need to co-lo-
cate production near a suitable limestone source, and the high 
cost of transportation. Transporting cement can cost €10–15 
per 100 km7, and with sale prices in the range of €60–80 per 
tonne, large distances quickly become uneconomic. This also 
means that Europe is largely self-sufficient in cement produc-
tion, although trade can occur across the Mediterranean.

Half of European cement is used in the construction of new 
buildings, and 30% in infrastructure (Exhibit 4.1). The remain-
ing 20% are used for various forms of maintenance and repair 
work across these two categories. As noted, the large majority 
of cement is used for concrete. Most of this, in turn, is sold as 
ready-mix concrete, produced at a batch plant. These need 
to be highly local, to minimise transport distances and times 
between mixing and use. Most of the remaining concrete is in 
the form of pre-cast elements that are used whole in construc-
tion. Pre-cast production allows for greater control over on-site 
casting. Finally, just over 20% of cement is used for mortar (to 
hold together bricks, cinder blocks, etc.).

Whereas cement production is concentrated among a 
few large companies in the EU, concrete is a highly frag-
mented business. It is also larger, with 350,000 employees 
and a contribution to GDP of 16 billion per year.

There are also multiple categories of both cement and 
concrete. Concrete is divided into ‘exposure classes’, each 
with different resistance to risk of corrosion, chemical expo-
sure, tolerance for wet environments, or resistance to tem-
perature variation. Likewise, cements are classified in 27 
common types, in five main groups (CEM I-VI), depending 
on their specific composition and properties.
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Cement is produced for concrete and mortar 
and used in buildings and infrastructure

Exhibit 4.1

USE OF CEMENT IN VALUE-CHAINS, EU 
MILLION TONNES, 2015

MORTARS AND PLASTERS

PRECAST CONCRETE

READY-MIX CONCRETE

USE OF CEMENT IN DOWNSTREAM PRODUCTS, EU  
MILLION TONNES, 2015

48%

28%

24%

CIVIL ENGINEERING
(INFRASTRUCTURE)

BUILDINGS

MAINTENANCE

50%

30%

20%

100% = 167 Mt 100% = 167 Mt

SOURCES: MATERIAL ECONOMIC ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.9
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CO2 EMISSIONS FROM CEMENT AND CONCRETE
contained in the rock itself. The resulting CO

2
 is all 

but irreducible. Clinker production therefore inevita-
bly results in 0.54 tonnes of CO

2
 for every tonne of 

clinker. These emissions are among the hardest to 
address. They cannot be avoided except by reducing 
production or by switching the raw material. Once 
produced, they must be captured if they are not to be 
released to the atmosphere.

The emissions from all other steps in the produc-
tion of concrete are minor by comparison. In the EU, 
cement consists of 74% clinker. The other major con-
stituents are i) filler materials (normally, limestone), ii) 
other materials required to obtain the right chemistry 
and properties of cement, and iii) so-called supple-
mentary cementitious materials (SCMs). SCMs can 
fulfil much the same binder role as clinker, up to a 
point. The two main sources are slag from blast fur-
naces in the steel sector, and fly ash produced in 
coal-fired power plants. 

Nearly all the emissions from concrete production 
(95%) result from the production of cement, and spe-
cifically the production of cement clinker, the main 
binder component (Exhibit 4.2).

Clinker is produced through the calcination of 
limestone, whereby the rock is crushed and com-
bined with a small amount of clay and other ingre-
dients and heated to temperatures of 1,450°C or 
more. CO

2 
arises from two distinct sources in this 

process. One is the fuel used in the kiln. Each 
tonne of clinker requires some 3.7 GJ of energy. 
Although the cement industry uses a range of fu-
els, the large majority (54%) is coal or petcoke, 
which is suitable for the very high temperatures of 
1,400°C or more required for calcination, but also 
has high emissions intensity.10

The second source is process emissions. The 
chemical process of calcination releases carbon 
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Clinker makes up ~10% of concrete by mass, 
but more than 90% of the carbon footprint

Exhibit 4.2

NOTES: ’OTHER’ CO
2
 EMISSIONS FROM CONCRETE INCLUDE THE MANUFACTURING OF CONCRETE AND EMISSIONS 

FROM OTHER MATERIALS THAN CEMENT. TRANSPORT EMISSIONS ARE EXCLUDED FROM THESE FIGURES. 
SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.11

% OF TOTAL MASS % OF TOTAL MASS % OF TOTAL MASS

% OF TOTAL CO2 FOOTPRINT % OF TOTAL CO2 FOOTPRINT % OF TOTAL CO2 FOOTPRINT

100% Clinker

5% 
Other

100% Concrete100% Cement

100% Cement

74% Clinker

94% 
Clinker

6% Other, 
mainly 
electricity

26% Other
(Gypsyn and SCMs)

95%
Cement

100% Concrete

15% 
Cement

85% Other
(Aggregates 
and water)

100% Clinker

CEMENT
The purpose of cement is to bind fine sand and coarse 
aggregates together in concrete and mortar. It acts as hydraulic 
binder, meaning it hardens when water is added. 

Cement is made by grinding clinker with a small amount of 
gypsym and other materials. Ordinary Portland Cement 
contains 95% clinker, but other cement types substitute some 
share of clinker with other, supplementary cementitious 
materials. The average clinker content in EU cement is 26%. 

Clinker is made by calcining a 
mixture of approximately 80% li-
mestone (to provide calcium) and 
20% aluminosilicates. Raw mate-
rials are heated up to 1,450 °C, 
transforming limestone to calcium 
oxides and sintering the mixture. 
The carbon dioxide released in 
this chemical reaction accounts for 
65% of the clinker CO2 footprint. 
The remaining 35% arise from the 
burning of fossil fuels to provide 
heat for the kiln

The purpose of cement is to bind 
fine sand and coarse aggregates 
together in concrete and mortar. It 
acts as hydraulic binder, meaning it 
hardens when water is added. 

Cement is made by grinding clin-
ker with a small amount of gypsym 
and other materials. Ordinary Port-
land Cement contains 95% clinker, 
but other cement types substitute 
some share of clinker with other, 
supplementary cementitious mate-
rials. The average clinker content in 
EU cement is 26%. 

Concrete is the fundamental 
structural component of many 
buildings and a large amount of 
infrastructure. It is a mix of cement, 
water and aggregates and can 
also contain small quantities of 
chemical admixtures. The cement 
content in concrete varies between 
7-20%, depending on the compres-
sive strength and other characteris-
tics required.

CLINKER CEMENT CONCRETE
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As a basis for comparison, this study uses a baseline 
scenario for future production. The baseline scenario re-
flects what would occur if concrete continued to be speci-
fied and used largely as it is today, while cement production 
techniques improved its efficiency, but did not adopt any 
dramatic changes to production.

In such a scenario, cement emissions in 2050 would be 
about 108 Mt CO

2
 per year, similar to today’s level of 109 

Mt CO
2
 (Exhibit 4.3). Production of cement is projected to 

In a baseline scenario, cement production would increase  
by ~10%, while emissions remain at today’s levels

Exhibit 4.3

PRODUCTION VOLUME 
MILLION TONNES CEMENTITIOUS MATERIAL PER YEAR

CARBOND DIOXIDE EMISSIONS  
MILLION TONNES CO2 PER YEAR

10% INCREASE IN CEMENT USE
• Increase in built area of 7% by 2050
• Recovery of infrastructure built-out
• Maintained market share with other building materials

EMISSIONS INTENSITY FALLS FROM 0.65 TO 0.59 KG PER 
TONNE CEMENT, MEANING EMISSIONS STAY CONSTANT
• 10% improvement in energy e�ciency
• Full decarbonization of power inputs
• Constant share of SCMs
• No increase in biomass uses

2015 2050

108109

2015 2050

184
167

10 %

NOTES: INCLUDES DIRECT AND INDIRECT EMISSIONS. 
SOURCES: MATERIAL ECONOMIC ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.12

increase by some 10%, reflecting a recovery of con-
struction activity as well as ongoing urbanisation and 
build-out of new infrastructure (in part related to a new 
low-CO

2
 energy and transport systems). This would be 

counterbalanced in part by reduced emissions from 
improved energy efficiency (~10%), and from decar-
bonisation of electricity supply (~6% reduction in emis-
sions). In contrast, the baseline sees no change in the 
share of SCMs used (if anything, supplies of current 
SCMs may fall in the future – see next section). 
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4.2 Strategies for low-CO2 cement and concrete
considers cement in the context of the overall value chain of 
construction and infrastructure. The analysis presented here 
is thus as much a ‘concrete’ roadmap as it is a ‘cement’ 
roadmap. This builds on other recent studies that have high-
lighted the wealth of opportunities across the cement value 
chain: both in how cement is used to make concrete, and 
in the use of concrete to help create buildings and other 
infrastructure.16

The second step is to consider additional innovations in 
the production of cement. CCS is a major part of low-CO

2
 

production of cement, but past analyses have highlighted 
that near-universal CCS will be difficult to achieve, so it is 
necessary to consider a range of options. These include 
supplementary cementitious materials and alternative bind-
ers to traditional cement clinker, the use of electricity for 
heat, and novel approaches to CO

2
 capture.

To date, roadmaps for the future of the cement sector have 
tended to conclude that some of the industry’s emissions are 
virtually unavoidable, even in 2050. In the EU, some analyses 
have suggested that two-thirds of emissions would remain in 
2050, with further reductions depending on how many cement 
kilns were fitted with carbon capture and storage (CCS).13 The 
European Commission’s A Clean Planet for All was more am-
bitious, tackling this problem for the first time. Most of its sce-
narios foresaw reductions of around 60%, so still far from all 
emissions, but the two most ambitious ones went up to 85% 
reductions in emissions.14 On a global level, the International 
Energy Agency (IEA) has proposed 24% as a possible target.15

As these analyses indicate, eliminating all emissions in 
this sector is challenging, so it is particularly important to 
consider the full set of possible solutions (Exhibit 4.4). This 
study differs from prior analyses in two main ways. First, it 
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CIRCULAR ECONOMY IN MAJOR VALUE CHAINS

Using end-of-life materials as input to  
new production, or using low-CO

2
 alternative  

materials that provide the same function

Strategies for deep...         
Exhibit 4.4

LESS CEMENT IN CONCRETE
•Reduce intensity in concrete by using advanced 
fillers and admixtures

•Reduce overspecification of ready-mix concrete

•Optimise concrete exposure classes to reduce 

Reducing the amount of materials used for a  
given product or structure, or increasing the lifetime  

and utilisation through new business models

MATERIALS RECIRCULATION 
AND SUBSTITUTION

cement intensity

RECYCLING OF CEMENT FINES
•Separation of pure concrete fines as raw material 
for new cement production

•Recovery and separation of unhydrated cement 
for direct reuse

SUBSTITUTION OF CLINKER WITH 
OTHER CEMENTITIOUS MATERIALS
•Use of natural pozzolans and calcined clays

•Development of alternative binders and novel 
cements

MATERIALS EFFICIENCY 
AND CIRCULAR BUSINESS MODELS 

MORE BENEFIT FROM EACH STRUCTURE
•‘Build to last’ principles and modularity to increa-
se lifetimes and flexibility

•Re-construction and refurbishment to reduce 
demolition

•Re-use of structural elements 

•Space sharing to reduce need for additional built 
area

LESS CONCRETE PER STRUCTURE
•Reduce waste in construction

•Optimise structure design to limit over- 
specification

•Advanced construction techniques including 
3D-printing

•Increased use of pre-cast elements

•Post-tensioning for increased strength

•Use of high-performance concrete SUBSTITUTION WITH WOOD
•Increased use of cross-laminated timber and 
engineered wood products as alternatives to steel 
and cement
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CLEAN PRODUCTION OF NEW MATERIALS

NEW AND IMPROVED PROCESSES
Shifting production processes and feedstocks to 

eliminate fossil CO
2
 emissions

CARBON CAPTURE
Capture and permanent storage of CO

2
  from 

production and end-of-life treatment of materials, 
or use of captured CO

2
 in industrial processes

...emissions reductions from cement & concrete

CARBON CAPTURE AND STORAGE
•Separation of process and combustion 
emissions

•Oxyfuel or other CCS options for integrated 
combustion and process emissions

CLEAN UP CURRENT PROCESSES
•Increased energy efficiency through pre-calcin-
cers, preheating, waste heat recovery, and other 
techniques

•Switch to biofuels (and in the short term, waste 
fuels)

CARBON CAPTURE AND UTILISATION
•Capture of CO

2
 and incorporation into cement

ELECTRIFICATION OF PROCESS 
HEATING
•Plasma, microwave energy, hydrogen, or 
other technologies
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CIRCULAR ECONOMY AND MATERIALS EFFICIENCY IN MAJOR VALUE CHAINS

MILLION TONNES CEMENTITIOUS MATERIAL PER YEAR, 2050

LESS CEMENT IN CONCRETE

CURRENT 
PRACTICE

REDUCED BINDER 
INTENSITY

LESS OVER-
SPECIFICATION 
OF CONCRETE

REUSE AND 
RECONSTRUCTION 

OPTIMISATION OF 
ELEMENTS

REDUCED OVER-
SPECIFICATION

SPACE SHARING STRETCH 
SCENARIO

LESS WASTE 
IN CONSTRUCTION

LESS CONCRETE PER STRUCTURE AND 
MORE BENEFIT FROM EACH STRUCTURE

184

47

21

7

24

13

63

-65 %

3
6

A stretch scenario for materials efficiency 
can reduce the need for cement by 65%

Exhibit 4.5

to net-zero emissions. It can reduce costs and investment 
needs, the amount of electricity or carbon storage required, 
and the speed at which new production technologies would 
need to be deployed.

The theoretical potential is surprisingly large. In a stretch 
scenario with end-to-end optimisation of cement use, it is pos-
sible to achieve the same economic benefits while using 121 
Mt (65%) less cementitious material per year in 2050 (Exhibit 
4.5). For policy-makers and businesses, a key insight is that 
major contributions towards lower emissions rest not with the 
cement industry itself, but with actors in entirely different sec-
tors. Achieving these savings will mean changing practices 
along the cement and concrete value chain. Climate policy 
instruments must therefore be able to also create incentives 
and overcome barriers for these actors.

The EU economy currently uses 325 kg of cement and 2.2 
tonnes of concrete per person per year. These materials 
provide important services, such as housing and infrastruc-
ture – but there are multiple opportunities to use them more 
efficiently.

It is possible to achieve the same end-use benefits (that is, 
the same amount of built area and infrastructure availability) 
with less cement in concrete, and less concrete per struc-
ture or service. This can be done by optimising concrete 
recipes with advanced fillers, reducing over-specification, 
reducing waste, optimising structures, reusing elements, 
and increasing the lifetimes of buildings and infrastructure.

Materials efficiency can never reduce emissions to zero. 
However, it eases many of the challenges of transitioning 

SOURCES: MATERIAL ECONOMICS ANALYSIS BASERD ON MULTIPLE SOURCES, SEE ENDNOTE.17

Major contributions towards lower 
emissions rest not with the cement 

industry itself, but with other actors 
in the construction value chain.
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Major contributions towards lower 
emissions rest not with the cement 

industry itself, but with other actors 
in the construction value chain.

193  



Industrial Transformation 2050 – Pathways to Net-Zero Emissions from EU Heavy Industry  /  Cement & Concrete

168

SOURCE: MATERIAL ECONOMICS (2018) .22

Today, concrete typically contains 300 kg or more of ce-
ment for every cubic metre (m3) of concrete. This practice is 
based on widely established practices to ensure sufficient 
concrete strength, corrosion resistance, and other proper-
ties for a given application (with different ‘exposure classes’ 
defining what is required). The minimum cement content 
for a given class of concrete is in fact directly regulated via 
standards, with little variation across the EU.18

However, there is now a large body of research and prac-
tical experience to show that the same requisite strength, 
reliability and durability can be achieved with significantly 
lower cement content. In fact, there are opportunities to re-
duce the amount of cement in concrete by as much as half 
(Exhibit 4.6).

These opportunities fall in two categories. The first is to 
reduce over-specification of the concrete compared with 
what is needed for the intended application, which occurs 
for two major reasons: 

•	 Concrete manufacturers have an incentive to over-spec-
ify the product by adding more cement than necessary 
– for instance, to make it robust against incorrect use 
at the building site. Ready-mix concrete often contains 
20% more cement than is required by standards.19

•	 The concrete’s exposure class is often higher than the 
situation demands. Logistics and procurement are eas-
ier when using the same, high-level class throughout, 

which leads to overuse of cement. By one estimate, it 
might be possible in theory to cut cement requirements 
by as much as one-third if it were possible to perfect-
ly match exposure class to the actual needs of each 
structural component.20

•	 In practice a perfect matching is very unlikely to be 
achievable, but these estimates illustrates the potential 
size of the opportunity.

The second opportunity is to modify production to 
achieve the same strength of concrete with a much lower 
cement content. The key concept is that of ‘binder intensity’: 
how much cement is used for every unit of concrete (cubic 
metre, m3), to generate a given compressive strength of (1 
Megapascal, MPa) at the industry standard of 28 days.21 
Today, the average binder intensity globally is 12 (kg of 
cement per m3 and MPa).22 With good current practice, a 
binder intensity of 8 is achievable. For a strength of 30-40 
MPa, a typical target in many applications, this corresponds 
to over 300 kg cement per m3 of concrete.

However, a range of experience shows that it is possible 
to achieve the same strength with much less binder: in prin-
ciple, it is possible to substitute up to as much as 70–75% 
of the binder with advanced filler materials, while achieving 
the strength required.23 By a more cautious estimate, binder 
content could be reduced by 50% (Exhibit 4.6).24  In other 
words, it is possible in principle to reduce the amount of 
cement used by half.

LESS CEMENT IN CONCRETE
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BINDER INTENSITY OF CONCRETE
Kg CEMENT PER m3 OF CONCRETE AND MPa COMPRESSIVE STRENGTH

12

8

4-5

8

GLOBAL AVERAGE CURRENT PRACTICE MINIMUM REDUCTION ACHIEVABLE WITH 
HIGH-FILLER CONCRETE

Improving the e�ciency of cement in 
concrete by using su�ciently �ne 
particles to �ll the space between 
aggregates can reduce the amount of 
cement binder with one third from the 
current global average of 12 kg per 
m3 of concrete.

Advanced engineering of particle size 
distributions combined with the use of 
dispersants allow a binder replacement 
of 50% or more by inert �llers 
(limestone, etc.) without negative e�ects 
on 28-day compressive strength.

The use of advanced fillers enable a 50% reduction  
in cement content without sacrificing concrete strength

Exhibit 4.6    

NOTES: THE DATA CONTRAST CURRENT PRACTICE WITH ‘HIGH FILLER LOW WATER’ APPROACHES. CURRENT PRACTICE LEADS TO A MINIMUM BINDER INTENSITY OF 8 kg  
PER m3 CONCRETE AND MPa COMPRESSIVE STRENGTH.SSIONS ARE ASSUMED TO BE FULLY DECARBONISED BY 2050 IN THE LOW-CO

2
 PRODUCTION ROUTES. 

SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.25
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Reducing the binder intensity of concrete requires chang-
es to production, adopting more advanced techniques in the 
blending and processing of concrete.

The approach of ‘high filler, low water’ concrete has sev-
eral steps. First, it is necessary to add an ultrafine filler that 
allows for very high packing density. This can often be ordi-
nary limestone, which is widely available and easy to grind, 
but would need to be ground much more finely than today. 
Second, high-quality aggregates must be used. And third, 
various admixtures are needed to reduce water requirements 
while preserving workability. While these jointly represent a 
significant shift in practices, the techniques themselves are 
all relatively standard industrial methods. Grinding requires 
no special equipment, although larger capacities would be 
required for more extensive grinding. Similarly, admixtures 
of various sorts are already used in 80% of ready-mix and 
precast concrete.

Nevertheless, industry practices would need to change 
considerably. For example, it may be necessary in some 
cases to accept longer hardening times, even if the same 
28-day strength is achieved. Furthermore, action would be 
required by all actors in the supply chain, from producers of 
ready-mix concrete to construction companies. Digitisation 
of construction would be a crucial tool to allow for more vari-
ation in the class of concrete used, and to track the intensity 
of cement used.

For these techniques to become widespread, incentives 
must also be changed. Today, there is little measurement 
or reporting of materials efficiency in construction. Instead, 
practices remain unchanged due to a combination of current 
technical standards and protocols, entrenched practice, and 
risk distribution along the value chains. In fact, current in-
dustry standards all but bar the use of advanced techniques 
to reduce binder content, specifying a minimum amount. 
Denmark is a significant exception, allowing concrete with 
half the amount of cement of other Member States.26

Given the extent of the changes required, we do not 
consider any scenario that captures the full potential.  

Less concrete per structure and service

As well as cutting the amount of cement in concrete, it is 
possible to significantly reduce the amount of new concrete 
required for a given structure or service.

The first lever is to extend the lifetime of existing structur-
al elements, including through reuse. Buildings are rarely 
demolished because the fundamental structure is unsound. 
On the contrary, the shell can often last another 50 years.27 
Instead, demolition is chosen because areas change their 
character or because refurbishing the building is consid-
ered too expensive. The most resource-efficient approach 
in such situations is to avoid demolition and instead refur-
bish. Where this is not possible, the next-best solution is to 
reuse structural elements, either in the new building or in a 
nearby development. This is being trialled at several places 
in the EU, including Denmark, Belgium and Germany, but 
only at an experimental scale.28 As with many other circular 
economy opportunities, reusing structural elements saves 
resources but increases complexity, and often depends 
on the ability to match supply with requirements. However, 
stakeholders interviewed for this project indicate significant 
interest, and many see increased potential if building pro-
cesses are digitised to a greater extent. 

The second option is to optimise structures so that they 
require less input of new concrete. This is a relatively unex-
plored area, but it is known that the potential for materials 
efficiency of construction has not been exploited. For exam-
ple, various studies have documented that 35–45% of steel 
in construction is in excess of what is necessary to achieve 
the desired structural strength.29 There are fewer similar pub-
lished estimates of concrete overuse, but there does seem 
to be a similar lack of optimisation with respect to materials 
efficiency.30 Stakeholder interviews for this study support this, 
but emphasise that the potential varies significantly by end-
use segment. Civil engineering projects are often carefully 
designed, with much less overuse of concrete, whereas sev-
eral stages of buildings construction are prone to overuse. 

A range of levers could reduce the amount of concrete 
for a given structure, likely by as much as 45%.31 These 
include: 3D printing; increased use of pre-fabricated ele-
ments, which generally use less material due to optimisation 
of shape; post-tensioning; and reduced waste in construc-
tion, which cuts the amount of concrete needed.

Achieving the full potential in this area would be a ma-
jor undertaking. Some aspects, such as greater used of 
pre-fabricated elements, could be achieved with relative-
ly minor modifications. However, more fundamental changes 
would require that the current Eurocode framework for safety 
criteria in construction be revisited, in itself a major undertaking.
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RECIRCULATION OF CONCRETE AND SUBSTITUTION WITH ALTERNATIVE MATERIALS
Unlike plastics or metals, cement is not easily recycled by 
re-melting or similar processes, and the original chemical 
process cannot be reversed. Nonetheless, there are oppor-
tunities to recover useful constituents from end-of-life cement 
to reduce requirements for new production. The other major 
opportunity is to replace the clinker in cement with other 
cementitious materials, or novel forms of cement binder. 
 
 
Cement and concrete recycling 

End-of-life concrete is typically either not recycled at all 
and instead sent to landfill, or downcycled into aggregates 
for use in low-value applications such as road base. How-
ever, it is possible to recycle concrete fine particles (‘fines’) 
as a source of calcium for new cement. This has immediate 
CO

2
 benefits, as the 0.54 t CO

2
 of process emissions from 

producing new clinker can be avoided.

Recycling of fines requires regrinding and medium-tempera-
ture heating, both of which are substantially easier to render 
low-CO

2
 than the high-temperature heat of calcination or the 

production of clinker from limestone.32 Furthermore, technol-
ogies are being developed that could recover the roughly 
30–40% of end-of-life cement that is unreacted.33 This cement 
can then be used as raw material for new concrete production.  

The main obstacle is common to many forms of recy-
cling: ensuring that the end-of-life stream is not contami-
nated by other materials that downgrade quality. Specif-
ically, concrete must be separated from other building 
materials such as plaster or bricks. Therefore, demoli-
tion practices would need to change in many cases. It 
is also necessary to further develop advanced technol-
ogies for crushing, sensors, and thermal reactivation 
(which is needed to bring back the binding properties). 

Substitution with wood construction

Given the challenges of cutting emissions from cement 
production from zero, an alternative is to consider the use of 
other materials that can more easily be rendered zero-CO

2
. 

Wood provides a potential alternative for many structures 
that currently use cement and steel. Cross-laminated timber 
(CLT) and other Engineered Wood Products (EWP) can pro-
vide additional structural strength that enable use in a wider 
range of building components and higher buildings. There 

are now many examples of new, large buildings using ad-
vanced wood products instead of traditional steel and con-
crete structures, such as Light House Joensuu in Finland 
and the planned London Google HQ. 

Substitution is only a viable low-CO
2
 strategy if the 

replacement material is genuinely zero-CO
2
. For wood 

products, the main prerequisite is sustainable forestry. 
Although sustainable forestry has many facets, from a 
CO

2
 perspective, the basis for wood as a climate solu-

tion is that the managed forest must capture more CO
2
 

per year and area than does an equivalent standing, old-
growth forest. Provided that forestry is conducted so that 
as much forest regrows as is harvested, a managed for-
est can then capture more CO

2
 than an unmanaged or 

‘natural’ forest.

Given this, the CO
2
 savings can be substantial. By one 

estimate, to support one square meter of floor space, the 
required wooden floor beams emit 4 kg CO

2
, while an equiv-

alent concrete slab floor emits 27 kg of CO
2
.34

 
However, 

precise estimates will vary from building to building. Addi-
tionally, as construction products are long-lived, they can in 
themselves provide a source of CO

2
 storage on timescales 

of several decades.

There currently appear to be no good estimates of the 
potential to switch to wood, either as main construction ma-
terial or in hybrid solutions. As an indication of the potential, 
the European building stock is currently made up of 48% 
single-family homes and 27% multi-family homes.35 The po-
tential for wood construction is relatively high in these seg-
ments, while the current market share is low (8–10% and 
1–5%, respectively).36 On the other hand, the availability of 
sustainably sourced wood is uncertain, given many compet-
ing claims on the resource.

This study therefore takes a conservative approach of as-
suming that up to 5% of concrete used for buildings could 
be substituted with wood. Many stakeholders interviewed for 
this study expressed the view that this was a highly conser-
vative assumption. 

For wood to be a realistic alternative, regulations must 
allow it. Construction materials use is highly regulated by 
building codes. These often include limitations on the num-
ber of floors that can be timber-based, due to fire safety and 
acoustic performance.37 Many stakeholders argue that these 
are outdated, not accounting for advances in wood products. 
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Increased use of supplementary cementitious materials

Some of the clinker in cement can be replaced with other 
materials with the binder properties required for concrete. 
These typically are referred to as ‘supplementary cementi-
tious materials (SCMs). Use of SCMs has immediate CO

2
 

benefits, as they typically only require grinding without heat-
ing, and do not release any CO

2
 as process emissions. 

The use of SCMs already is established practice. Since 
the 1980s, the use of SCMs has reduced CO

2
 emissions 

by 20–30%.38  SCMs now make up 26% of cement in the 
EU, with clinker making up the remaining 74%.39 The largest 
categories are limestone, fly ash, and blast furnace slag.

The potential to increase the use of the current main SCMs 
is limited. Limestone is already used near its maximum, while 
90% of coal fly ash and 80% of blast-furnace slag are already 
directed towards use in construction.40 Moreover, the supply 
of fly ash and blast-furnace slag is likely to fall substantially in 
a scenario where climate targets are met. Fly ash is largely a 
by-product of coal-fired power generation, which may be all 
but eliminated in a low-emissions scenario.41 Similarly, Chap-
ter 2 (Steel) shows that the volume of blast-furnace slag may 
be substantially in 2050 than it is to date, due to technology 
shifts in steel production.

Therefore, to continue the use of SCMs, significant new 
sources will be required. This is desirable not only for cli-
mate reasons, but also because SCMs can improve cement 
properties, for instance achieving increased resistance to 
sulphur and chlorine.

The main contenders for alternative SCMs are pozzolans, 
which can be either natural or calcined. A pozzolan is a si-
liceous material that possesses little cementitious value by 
itself. However, if finely divided in the presence of moisture, 
it reacts with calcium hydroxide to form cementitious com-
pounds like calcium silicate hydrate. In this form, they can 
be used directly in concrete.

Natural pozzolans exhibit this pozzolanic behaviour with 
minimal processing. They chiefly consist of volcanic ash, 
but can also include other ashes and volcanic glasses like 
pumicite or obsidian. They are extensively used in cement 
production in EU countries with convenient deposits, such 
as Greece and Italy.

A second set of minerals require heat treatment to trans-
form them into pozzolans. These include clay and shale, 
both of which become pozzolans if calcined, and metaka-
olin. Calcined clays can be combined with limestone to re-
duce the clinker content of to 50%.42 Though thermal energy 
is needed, the temperatures are lower than in the production 
of clinker and thus easier to switch to low-CO

2
 sources, 

including electricity. 

A major limiting factor for both natural pozzolans and cal-
cined clays is the local availability of raw materials. A major 
attraction of Portland cement is that the main constituent is 
ordinary limestone, which is widely available. Deposits of 
calcined clays and of natural pozzolans such as volcanic 
ash are also available across the EU, but not nearly as uni-
formly distributed. Extensive use of these SCMs would thus 
require additional transportation, such as supply chains 
from the Mediterranean basin to the wider seaboard of Eu-
rope. However, such medium-distance sea freight has small 
emissions per tonne compared to cement production (and 
can also be rendered much lower-CO

2
 by 2050). 

This study examines two scenarios for the future use of 
SCMs. In a stretch scenario, SCMs could replace 40% of 
cement clinker in 2050 (compared with 26% today). In a 
more conservative scenario, they increase only slightly, to 
30%. Depending on how much cement is produced, these 
scenarios require 41–56 Mt of SCMs in 2050, compared 
with 43 Mt today.

198  



173

Industrial Transformation 2050 – Pathways to Net-Zero Emissions from EU Heavy Industry  /  Cement & Concrete

Other binder alternatives and novel cements

There has long been a search for new cement chemistries 
that can substitute for Portland cement. From a CO

2
 per-

spective, the chief attraction is the potential to reduce the pro-
cess emissions in cement manufacture. Some also absorb 
CO

2
 when they are cured. Many such binders and cements 

are in development, and it seems likely that at least some of 
them will play a role in the transition to net-zero emissions. 
However, the current candidate options face a number of ob-
stacles that limit their realistic role in a net-zero transition by 
2050. Exhibit 4.7 shows the most prominent alternative bind-
ers and novel cements currently being developed. 

The chief limitation role of alternative clinkers in a net-zero 
scenario is the extent of emissions reductions they offer and 
the limited availability of raw materials. For example, be-
lite clinker reduces emissions by only 10%, while clinkers 
from calcium sulphoaluminate or carbonisation of calci-
um silicates achieve emissions reductions of 20–40%. 
The general rule is that those substances with the most 
potential to cut emissions are also the least available. 

Notably, alkali- and geopolymer-based cements could in 
principle eliminate nearly all process emissions, and ce-
ment based on magnesium silicate could eliminate them 
entirely, but the required minerals are not widespread. In 
many cases, reported emissions savings are measured 
by comparing the new chemistries with pure Portland 
cement, rather than cement that uses a degree of SCMs, 
so the true savings will be smaller than shown. Added to 
this, there are obstacles to adoption, including technical 
parameters such as hardening time or final strength, or 
the need for lengthy or highly specialised curing pro-
cesses.

Research and development of new cement chemistries 
should be a high priority, as it may ultimately be possi-
ble to achieve significantly greater emissions cuts than 
are presented here. Nevertheless, in common with many 
other studies, we see a restricted role by 2050, corre-
sponding to 5% of Portland cement in 2050.44 Given the 
premise of this study to achieve net-zero emissions, the 
chief effect is to somewhat reduce the amount of CO

2
 

that needs to be captured and stored via CCS. 

Most alternative binders reduce process emissions only slightly, 
and are also limited by the availability of materials

Exhibit 4.7    

NOTES: 1MATURITY LEVELS: 1/3 R&D PHASE, 2/3 DEMONSTRATION-PILOT PHASE, 3/3 COMMERCIAL ,  
2AVAILABILITY ON A GLOBAL LEVEL, 3MAGNESIUM OXIDES DERIVED FROM MAGNESIUM SILICATES. 

SOURCES: BASED ON MULTIPLE SOURCES, SEE ENDNOTE.43
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CLEAN PRODUCTION
Even with full use of materials efficiency, recirculation, and 
substitution options, there will still be a need for convention-
al cement clinker production in 2050. Any net-zero road-
map for concrete therefore must consider options to achieve 
close to zero CO

2
 emissions from cement kilns, as well as 

ways to cut emissions in the near-term. 

Exhibit 4.8 provides an overview of the main options and 
their representative CO

2
 reduction potential. Remaining ener-

gy efficiency potential is relatively limited, following widespread 
adoption of highly efficient processes among EU companies. 
The key technologies are a switch from wet kilns to dry kiln 

technology, fitting preheaters and precalciners, and recovery of 
process waste heat. By 2050, it is expected that current cement 
kilns can become 10% more efficient relative to today by fur-
ther spreading these technologies.45 Fuel switching can provide 
some further emissions reductions, though as discussed below, 
the role of alternative fuels will change in a 2050 perspective.

Fully eliminating CO
2
 emissions is restricted to two main 

routes: either full carbon capture from both combustion and 
process emissions, or a combination of replacing the ener-
gy used for heating with a zero-CO

2
 source, and capturing 

process emissions.

Any net-zero roadmap for concrete 
must consider options to achieve close 
to zero CO2 emissions from cement 
kilns.
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Net-zero CO2 production of cement and concrete  
requires some degree of carbon capture

Exhibit 4.8   

 
SOURCES: MATERIAL ECONOMICS ANALYSIS BASED ON MULTIPLE SOURCES, SEE ENDNOTE.46
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DIRECT SEPARATION OF PROCESS CO2

TONNES CO2  PER TONNE CLINKER

Current emissions from clinker consists of 35% 
fuel emissions and 65% process emissions from 
calcination of limestone.

Energy e�ciency improvements can reduce fuel 
consumption with 10%.

Currently available alternative binders on average 
reduce process emissions by ~10% relative to 
Portland clinker (weighted average).

Natural gas can achieve a reduction of fuel 
emissions by ~35% compared to current fuel mix.

Using recycled cement �nes can eliminate up to 
20% of process emissions (more with very 
ambitious scenarios for recycling).

Electri�cation of the cement kiln and fuel switch 
to biomass can both eliminate fuel emissions from 
clinker production.

Capture rates of 95-100% could be achieved 
through direct-separation + electri�cation or with 
Oxyfuel CCS. Partial capture can achieve a 
net-zero emissions if a share of biomass is used in 
the fuel mix.
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CARBON CAPTURE AND STORAGE
The other main approach is to handle fuel and process 
emissions separately.48 In today’s kiln designs, the two 
streams are mixed. If they can be separated, the very pure 
flow of process CO

2 
could be relatively easily captured at 

rates close to 100%. Such separation of CO
2
 would require 

modification to kiln design (to indirectly heat the limestone), 
but it has the major attraction that no other capital expendi-
ture would be necessary, except for equipment to compress 
the CO

2
 before it is transported and stored. With process 

emissions captured, fuel emissions could be eliminated 
through electrification. 

Regardless of which approach is used, CCS faces major 
obstacles. The 200 cement kilns in the EU are widely dis-
persed, located near limestone deposits and serving local 
markets to minimise transportation costs. Costs per tonne of 
CO

2
 captured increase the smaller is the size of the facility, 

while transport costs would be particularly high for plants 
sited far from storage locations. The cost of CCS therefore 
is likely to increase sharply from the most to the least suited 
kilns. 

In this study, we consider penetration of CCS on 90% of 
the production capacity. In combination with some biomass 
use and high capture rates, this provides a net-zero solution 
for the sector.

The main challenge with clinker production are the CO
2
 

emissions from the limestone. These are irreducible, and 
will arise as long as clinker is produced from this raw ma-
terial. This is a rare example of carbon capture being all 
but indispensable if emissions to the atmosphere are to be 
avoided.

There are two main ways that CCS can be applied in 
cement production. One is to capture CO

2
 emissions from 

both the burning of fuels and from process emissions from 
limestone. The fuel emissions are the most challenging. 
They contain many other gases than CO

2
,
 
making high cap-

ture rates difficult to achieve. There is only limited practical 
experience of real-world trials of CCS on cement produc-
tion, with one active demonstration plant in the EU.47 

While there are many potential CCS technologies (see 
Box to the right), most industry stakeholders and experts 
interviewed for this study saw oxyfuel CCS as the likeliest 
long-term option to capture both fuel and process emis-
sions. When fully developed, oxyfuel CCS could achieve a 
capture rate of up to 95%. The last few tonnes of emissions 
could then be abated through continued use of biomass in 
cement kilns, effectively creating some ‘negative emissions’ 
to offset the CO

2
 that is not captured.
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CARBON CAPTURE AND STORAGE
Carbon capture and storage (CCS) is the capturing and permanent storage 
of CO

2
 emissions produced from the use of fossil fuels and industrial pro-

cesses (e.g. process emissions in the cement industry from the calcination 
of limestone), preventing the CO

2
 from entering the atmosphere. 

There are three categories of CCS: pre-combustion processes, post-com-
bustion processes, and oxyfuel combustion. In pre-combustion, a fuel is 
first converted into hydrogen and CO

2
. The hydrogen is seperated and 

burned for energy while the CO
2
 is captured. In post-combustion, CO2 is 

seperated and captured from the exhaust gases of a combustion process 
by absorbing it in a suitable solvent. Finally, in oxyfuel combustion the fuel 
is burned in oxygen rather than in air. This produces a much purer stream 
of CO

2
 that is easier to capture.

In the industrial sector, there is limited experience with capturing CO
2
. Indu-

strial CCS projects in the EU include (1) the Brevik project in Norway that is 
testing different post-combustion technologies in the cement industry; (2) 
the LEILAC project in Belgium that is developing Direct Seperation CCS for 
process emissions in the cement industry; and (3) the HIsarna project in 
the Netherlands that is exploring Smelting reduction with CCS for the steel 
industry. There are currently no ongoing projects in the chemical industry. 

Captured CO
2
 also has to be transported and injected deep into rock for-

mations for secure and permanent storage, and this has been a major 
obstacle. There is a significant uncertaintiy and risk of storing CO

2
 under-

ground, effectively for eternity. In the EU, storage will most likely happen 
in the North Sea, because the risk of leakage close to populated areas. 
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Electrification of heat input

Using electricity for heat input to cement production pos-
es a considerable challenge, because the production pro-
cesses requires temperatures up to 1450°C. There are no 
commercially available solutions so far, but stakeholders 
interviewed for this project ascribe this more to a lack of a 
business case for their development, than to any intrinsic 
technical obstacle. 

Developing solutions applicable for cement kilns would 
have wider applicability as well, not just in including in lime 
and ceramics production. Potential options include plasma 
energy, microwave energy, and indirect heating using hydro-
gen (see Box for an overview).

Alternative fuels

As noted, EU cement production already derives 15% of its 
energy from biomass. However, increasing this share signifi-
cantly could prove challenging, chiefly because of the many 
competing claims on this resource. Despite the challenges 
of electrification, it may be a more viable option.

More generally, cement kilns can supplement their core 
fuels of coal and petroleum coke with a range of others. 
Over the last 20 years, the cement sector has invested 
heavily in the use of alternative energy sources, espe-
cially waste-derived fuels. These now make up 30% of 
the sector’s energy input.49 As a result, cement plants 
are an integral part of waste handling in several parts of 
the EU. They are the destination of end-of-life flows such 
as tyres, end-of-life plastics and mixed wastes. The main 
motivation behind the use of alternative fuels has been 
economic. Cement plants often pay very little for waste 
streams, or even get paid to accept them, as it helps 
avoid landfilling.

However, the CO
2
 consequences of these alternative fu-

els are complex. Much of the energy content in waste fuels 
comes from fossil carbon, so the emissions are fossil CO

2
 

emissions. As discussed in Chapter 3 (Plastics), the inciner-
ation of end-of-life plastics and other fossil carbon sources 
will tend to become a major source of CO

2
 in a net-zero 

emissions economy. These energy sources therefore are 
not a low-CO

2
 solution in a net-zero economy by 2050.

OPTIONS FOR ZERO-CO2 HIGH-TEMPERATURE HEAT IN CEMENT PRODUCTION
Plasma generators can generate the very high temperatures needed for some of the steps in cement production, with an efficiency 
of 85–90%. These generators are available at suitable output ranges and are already proven in industrial contexts. While no single 
commercial plasma generator can output more than 7 MW, it is possible to run several generators in parallel to supply higher power 
levels. However, one disadvantage is that the generators are sensitive to dust, so they tend to require maintenance every 200–300 
hours. There is also the question of how to maintain heat transfer within the kiln. Plasma energy has been studied by CemZero, a 
project run in partnership by the Swedish state-owned utility company Vattenfall and Cementa, a subsidiary of HeidelbergCement.

Using microwave energy for heating has the potential to reduce energy consumption by up to 40%. This is because microwaves can 
be uniformly absorbed throughout the entire volume of an object, whereas traditional fuels warm an object gradually from the outside 
inwards. To date, high-temperature microwave heating has not been used at scale in industrial processes, although microwaves are 
routinely used at lower temperatures. However, a lab-scale prototype and a semi-industrial prototype has been developed in Europe 
through the EU-sponsored DAPhNE project (2012–2015). Using microwaves for heating offers many other advantages for the indu-
stry, relative to traditional fuels. These include shorter processing times, the possibility of modular production facilities, lower annual 
maintenance costs for kilns, and the option to operate kilns much more flexibly.

Hydrogen offers a dense source of energy that does not emit CO
2
, provided the hydrogen is made using a net-zero emissions techno-

logy. It has a higher technology readiness than microwave energy, so electrification through hydrogen could be deployed at an earlier 
date. However, it would require substantial modification of existing cement plants. Furthermore, hydrogen would entail much higher 
production costs, as it requires nearly twice as much energy as the microwave option.
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RE-CARBONATION OF CEMENT
Cement structures gradually absorb CO

2
 over their lifetime, as free lime 

in the concrete reacts with CO
2
 to form calcium carbonate. In standard 

structures, the effect is relatively limited, as re-carbonation only occurs 
at or near the surface of the structure and does not penetrate deeply. 
In fact, when it does penetrate, it creates a problem for steel-reinforced 
structures by causing corrosion of the supporting metals.

Re-carbonation can be increased and sped up if the concrete is crushed 
at end of life and exposed to air. A wide range of estimates of re-carbo-
nation rates exist, but many appear to converge at around 20%, which 
is close to value proposed by the EU cement industry for use in future 
emissions inventory methodologies used by the Intergovernmental Panel 
for Climate Change.50

If re-carbonation is included in standard emissions accounting protocols, 
it can offer another element of a net-zero cement sector. If the proposed 
value were to be used, residual emissions of up to 20% today could po-
tentially be accounted against future re-absorption tomorrow. This would 
still require deep emissions cuts, using all the levers discussed in this 
report, but would easy the pressure on the last, hard-to-get tonnes that 
otherwise have to be addressed through near universal appliation of 
CCS.
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4.3 Low-emissions pathways for the EU cement sector 
Clearly there is a very wide range of solutions that could 
contribute to a net-zero emissions cement industry. These 
solutions would address everything from how the basic 
binding material is produced, to how concrete is used in 
construction, to what is done with end-of-life concrete. 

Shifting to a net-zero system will require changes along 
the whole value chain, and reaching the full potential of 
any of these opportunities is a considerable challenge. The 
good news is that all can be pursued in parallel: there are 
no major conflicts between low-CO

2
 clinker production, the 

substitution of clinker with other materials, or changes to 
concrete composition, or to the use of concrete in struc-
tures. At the same time, no single solution can achieve all 
the necessary emission reductions. 

This study lays out three pathways to a net-zero emissions 
EU concrete industry in 2050, with different degrees of 
success and adoption of each measure (Exhibits 4.10 and 
4.11). Each incorporates all the solutions identified above, 
but with different degrees of emphasis:

•	 New Processes pathway: In this pathway, there is 
modest success in capturing the potential for increased 
materials efficiency. Cement demand is reduced by 44 
Mt per year by 2050, requiring production of 140 Mt, 
which is somewhat lower than that in 2015 (167 Mt). 
The key technology choice is widespread electrification 
of that input, in combination with separate capture of 
process CO

2
. With 90% of cement production using car-

bon capture, a total of 35 Mt CO
2
 is captured in 2050. 

15% of energy input is biomass, thus achieving net-ze-
ro emissions from the sector overall. A major driver of 
emission reductions is the rapid development of the 
underlying electrification and CCS technologies, with 
widespread investment since the 2030s and plenty of 
clean electricity available.

•	 Circular Economy pathway: In this scenario a large 
share of the circular economy potential is captured, re-
ducing the need for production of cementitious materi-

als by 44% or 81 Mt through widespread adoption of 
material efficiency, recirculation and substitution. This 
corresponds to 65% of the technical potential identi-
fied, so while the pathway does not require ‘perfect’ 
implementation of any one strategy, most need to be 
pursued to some degree. Production of cement is 103 
Mt in 2050, split between electrified heat without CCS 
(10 Mt), electrified heat with and carbon capture and 
storage (46 Mt) and fossil fuel-fired processes with oxy-
fuel carbon capture and storage (46 Mt). This scenario 
means 31 Mt of CO

2
 per year is captured and stored 

from cement production in 2050. The key enabler for 
this scenario is the widespread adoption of new prac-
tices by concrete companies, architects, constructors, 
building companies, demolition companies, and others 
in along the construction value chain. While the core 
technologies for electrification and carbon capture are 
required, they can be introduced later.

•	 Carbon Capture pathway: This pathway is the one 
most similar to existing cement ‘roadmaps’. Only 15% of 
the potential for cement demand reduction is achieved, 
and patterns of use are largely similar to today. Materi-
als efficiency and substitution reduce demand by 19 Mt 
by 2050 and barely offsetting growth in activity. Produc-
tion of cement in 2050 therefore is similar to that today, 
at 165 Mt. The emphasis is on integrated CCS on fuel 
and process emissions. 16 Mt is produced with electri-
fied heat with carbon capture and storage, but as much 
as 148 Mt using oxyfuel or other integrated CCS. As 
a result, 85 Mt of CO

2
 per year is captured and stored 

from cement production in 2050. This pathway sees an 
all-out effort on CCS, which must be fitted across the 
EU on a large number of kilns. It shows what it would 
take to reach net-zero emissions if either electrification 
or value-chain measures proved very hard to achieve, 
whereas CCS gained widespread acceptance and mo-
mentum, becoming a standard feature of industrial pro-
duction, supported by extensive infrastructure across 
the continent.
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EMPHASIS ON MATERIALS EFFICIENCY, NEW 
BUSINESS MODELS, AND SUBSTITUTION
• �e pathway sees concerted e�ort by actors 
throughout the value chain including cement 
producers, concrete manufacturers, architects, 
construction companies, demolition companies 
to jointly capture two-thirds of the materials 
e�ciency and substitution potential
• Key enablers include revision of standards to 
enable new practices, behavior change and 
di�usion of new practices across the value chain, 
and digitisation and introduction of new 
construction processes

MINIMAL CHANGE TO VALUE CHAIN AND 
EXTENSIVE CAPTURE OF CO2 FROM CEMENT 
PRODUCTION
• �e pathway sees only minor change to the 
cement production process and to the use of 
cement and concrete. 
• Instead the emphasis is on CCS at nearly all 
cement plants

EXTENSIVE ELECTRIFICATION OF CEMENT 
PRODUCTION PROCESSES
• �e pathway sees some adaptation of the 
concrete value chain, but more emphasis on 
changing the composition of cement and the 
inputs to cement production
• Key enablers are i) abundant and a�ordable 
electricity, with near complete electri�cation of 
production, and ii) innovation and investment 
in processes to enable separate capture of process 
CO2 
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Exhibit 4.9    

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.

207  



182

EUROPEAN CONCRETE PRODUCTION MIX TO ACHIEVE NET ZERO EMISSIONS IN 2050
Mt CEMENTITIOUS MATERIAL PRODUCED PER YEAR AND ROUTE

MATERIALS EFFICIENCY AND CIRCULAR BUSINESS MODELS

ELECTRIFICATION OF KILN AND DIRECT SEPARATION OF PROCESS CO2

OXYFUEL CCS WITH FOSSIL FUELS AND BIOMASS

ELECTRIFICATION OF KILN

MINIMAL CHANGE TO VALUE CHAIN AND EXTENSIVE 
CAPTURE OF CO2 FROM CEMENT PRODUCTION
• 100% CCS on cement kilns
• 90% of CCS using Oxyfuel CCS and 10% using direct separation CCS
• 10% electri�cation, use of biomass to achieve net-zero emissions

EMPHASIS ON MATERIALS EFFICIENCY, NEW BUSINESS 
MODELS, AND SUBSTITUTION
• 65% of the substitution and demand-side potential captured, reducing 
cement production by 81 Mt in 2050
• 90% of cement kilns �tted with CCS, with production of 55 Mt of 
cement per year
• 55% of cement kilns electri�ed

EXTENSIVE ELECTRIFICATION OF CEMENT PRODUCTION 
PROCESSES
•100% electri�cation of cement kilns
• Direct separation CCS on 90% of cement plants
• Medium level of materials e�ciency and substitution levers (44 Mt less 
cement relative baseline in 2050)
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Production routes in net-zero pathways
Exhibit 4.10    

SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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The three pathways are designed to be substantially dif-
ferent, but there are recurring themes. Carbon capture and 
storage is used in all three. However, the amount of CO

2
 

captured varies significantly, between 31 and 85 Mt. This 
reflects the considerable uncertainty about the cost and 
the availability of storage capacity that is situated near-
by and socially accepted. In all pathways, all production 
is shifted away from the current production route. There 
is no pathway that does not entail major investment and 
transformation, either in cement kilns or in other steps of 
the value chain.

Likewise, while the emphasis in these pathways is on truly 
net-zero options, a range of solutions play an important 
role in early emissions reductions, including fuel switch 
to biomass and energy/electrical efficiency improvements. 
They enable deeper cuts before the mid-2030s, when oth-
er solutions can be deployed at larger scale.

Another cross-cutting insight is that all pathways depend 
on significant acceleration of solutions that, while prom-

The transition to net-zero  
emissions will be significantly  

easier if more circular economy  
solutions can be mobilised.

ising, are only at an emerging stage today – not least of 
them CCS. Increased demonstration is needed in all three 
cases, but especially in the Carbon Capture pathway. Elec-
trification, the mobilisation of new sources of supplemen-
tary cementitious materials (SCMs), high-filler concrete, a 
change towards more pre-cast structures, and new con-
struction techniques will all take time and require technical 
innovation, behavioural change, new business models, and 
in some cases regulatory change. In all cases, early policy 
guidance will be required, as options are rarely viable in 
today’s market conditions.

The transition to net-zero emissions will be significantly 
easier if more circular economy solutions can be mobilised, 
which have a very substantial potential in this sector. These 
buy time for technology development, and as we discuss 
below, can reduce cost, investment needs, and input re-
quirements. They deserve special emphasis, as they are 
currently not part of industrial strategy or of climate policy, 
and have not been recognised in most ‘roadmaps’ for future 
cement production. 
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The new ways of producing cement come at a substantial 
cost relative to today’s practices. By 2050, the additional 
costs range would be €6–9  billion per year, implying an 
average abatement cost of €60–83 per tonne CO

2
. 

There are differences between the pathways, with the cir-
cular economy pathway the more cost-effective (€6.3 billion 
per year). At an electricity price of €60 per MWh, the New 
Processes pathway appears more expensive (€6.8 billion 
per year in 2050) than the Carbon Capture pathway (€8.6 
billion per year), but the difference is negligible if electricity 
is available at €40 per MWh or less. 

The new production routes add significant costs to cement 
production (Exhibit 4.11). Electricity becomes a major part 
of production cost for any electrified route of production, but 
increased capital costs and the cost of carbon transport 
and storage also make up significant elements. 

The cost of increased materials efficiency and improved 
circularity are among the hardest to estimate. Surveying a 
range of levers, however, they appear relatively more cost-ef-
fective compared with the high cost of electrification and 
CCS. In particular, the techniques underlying increased use 
of SCMs and high-filler cement are much less resource-in-
tensive, and could see a cost advantage once they reach 
industrial scale. Others (such as reuse or optimisation of 
structural elements, or variation in concrete exposure class-

DEEP CUTS TO EMISSIONS WILL INCREASE THE COST OF PRODUCING CEMENT BY 70–115%

es) face coordination costs that are high today, but which 
could fall significantly in a more digitised construction indus-
try that also employs more advanced techniques, including 
3D printing.

This leads to three main conclusions. First, the most 
cost-effective solution will vary across markets and with lo-
cal circumstances, notably electricity prices and the cost of 
carbon storage and transport. However, cost alone is not a 
robust basis at this stage in the transition for choosing one 
approach over another. It is likelier that the barriers – of 
innovation and rapid deployment, mobilisation of measures 
in the value chain, and acceptance and infrastructure for 
CCS – will determine which solution is most promising in a 
given setting. 

Third, the level of cost increase could drive very substantial 
change in the industry. Of particular concern is the signifi-
cant risk of carbon leakage. A cost increase of €40 or more 
per tonne of cement is more than enough to offset transpor-
tation costs from a range of geographies. Even if carbon 
leakage has not occurred on a large scale today, it would 
become a very real prospect with this large an increase in 
the price of cement.

Given this picture, policy will play an indispensable role in 
making low-CO

2
 cement production viable, and to support a 

transition that otherwise will raise many challenges.
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The production cost of net-zero CO2 cement is 70-115% 
higher than current production

Exhibit 4.11    

CEMENT PRODUCTION COSTS PER ROUTE OR COST OF MATERIALS EFFICIENCY AND SUBSTITUTION PER TONNE CEMENT AVOIDED
EUR PER TONNE OF CEMENT
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SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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INVESTMENT IN THE CEMENT SECTOR WILL NEED TO RISE BY 20–50%
The transition to a net-zero emissions cement sector will 
require a new wave of investment in the industry, with sub-
stantially higher investment levels than in the baseline sce-
nario. Total investment needs increase by one-third in the 
New Processes pathway, but by half in the more capital-in-
tensive Carbon Capture pathway. The Circular Economy 
pathway sees a lower overall increase of 22%, as many of 
the underlying opportunities are much less capital-intensive 
than is cement production. Overall, the total additional cap-
ital requirements are an additional €150–350 million per 
year, on average, until 2050.

The main reason why investment needs increase is that the 
underlying processes are more capital-intensive. CCS always 
entails significant investment either in adaptation of the kiln or 
in capture equipment. Electrification uses more capital-inten-
sive methods than standard combustion methods of heating. 

Companies will also need to invest more for a range of 
other reasons. The amounts required for early investment in 
pilot and demonstration plants are not large compared with 
a full industry roll-out. However, they can be among the most 
difficult for companies to undertake, as there often is little 
direct commercial benefit. 

Another source of investment is the need for one-off con-
version of brownfield sites to use new raw materials and 

energy sources, or to adapt sites for carbon capture and 
onward transport and storage. Replacing current energy 
systems also has a range of knock-on effects.

These investment estimates are based on a gradual re-
investment and replacement in current production facilities, 
and the gradual build-up of alternative solutions for SCMs 
and for concrete. However, given the size of cost differenc-
es between low-CO

2
 and current production routes, it is 

possible that much more drastic change will be required. 

Cement production today is organised for local sup-
ply, from facilities with low incremental cost per tonne but 
substantial capital outlay. With much higher marginal cost, 
or with large changes to demand patterns, several other 
changes are possible. One possibility is that it would push 
towards further consolidation of the industry, a development 
that some industry stakeholders anyway expect. New fac-
tors would then become relevant, including access to car-
bon storage, access to new sources of raw materials (cal-
cined clays and natural pozzolans, in addition to limestone), 
or other local advantages. Such a consolidation scenario is 
not represented in these pathways, but would require addi-
tional investment.

Either way, policy will play an indispensable role, both in 
creating the underlying business case and in reducing risk. 
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Investment requirements in a net-zero transition
increase by 22-49% on baseline levels

Exhibit 4.12    
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The level and mix of energy sources changes  
significantly in a net-zero transition

A NET-ZERO EMISSIONS INDUSTRY WILL NEED NEW AND DIFFERENT INPUTS
A net-zero emissions concrete industry will potentially 
see a very major change in the inputs used (Exhibit 4.13). 
In a baseline scenario, total energy use in 2050 would be 
similar to today, as increased efficiency largely offset an 
increase in production. The major changes to concrete use 
in the Circular Economy pathway sees a very major reduc-
tion in energy requirements, as the large energy needs of 
cement production are replaced by measures with much 
lower energy intensity (despite transportation, grinding, 
and other requirements). 

The other major shift is towards electricity, which increas-
es most in the maximal electricity use represented by the 
New Processes pathway, but increases also in the Carbon 
Capture pathway, in part to drive the carbon capture pro-
cess. The Carbon Capture pathway otherwise maintains 
much more use of fossil and waste fuels. The biomass re-
quired to achieve full net-zero emissions is relatively small, 
lower than the sector uses today, but with less CCS pen-
etration, requirements for deep cuts from the sector as a 
whole would rise rapidly. 
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SOURCE: MATERIAL ECONOMICS ANALYSIS AS DESCRIBED IN TEXT.
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Policy will play an indispensable 
role, both in creating the underlying 
business case and in reducing risk.
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There is intense debate about how to close the gap between current 
climate policy and the aim of the Paris Agreement to achieve close to 
net-zero emissions by mid-century. Heavy industry holds a central place 
in these discussions. The materials and chemicals it produces are 
essential inputs to major value chains: transportation, infrastructure, 
construction, consumer goods, agriculture, and more. Yet their pro-
duction also releases large amounts of CO

2
 emissions: more than 500 

Mt per year, or 14% of the EU total.

Policymakers and companies thus have a major task ahead. There 
is an urgent need to clarify what it would take to reconcile a pro-
sperous industrial base with net zero emissions, and how to get there 
in the 30 remaining years to 2050.

This study seeks to support these discussions. It characterises how 
net zero emissions can be achieved by 2050 from the largest sources 
of ‘hard to abate’ emissions: steel, plastics, ammonia, and cement. 
The approach starts from a broad mapping of options to eliminate 
fossil CO

2
-emissions from production, including many emerging inno-

vations in production processes. Equally important, it integrates these 
with the potential for a more circular economy: making better use of 
the materials already produced, and so reducing the need for new 
production. Given the uncertainties, the study explores several dif-
ferent 2050 end points as well as the pathways there, in each case 
quantifying the cost to consumers and companies, and the require-
ments in terms of innovation, investment, inputs, and infrastructure.

Material Economics Sverige AB    www.materialeconomics.com    info@materialeconomics.com

Industrial 
Transformation 2050 
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1

This insight summarises evidence on coal mining, the use of 
coal in steel manufacture and the carbon emissions arising 
from the steel industry. 

We focus on the UK, and the proposed development of a new 
mine at Woodhouse Colliery, Cumbria. We set the proposals 
for the mine in the context of UK and global legislation on 
climate mitigation, and future plans for reducing coal use in 
steel production, through reuse, recycling, more efficient 
production methods, and new technologies to produce steel 
without coal. 

We conclude that decarbonisation of the steel industry, and a 
phase out of coal use, is both necessary and possible, 
making the new coal mine in Cumbria unnecessary. In fact, 
the new mine would hinder the development of low carbon 
alternatives to conventional steel production. 

We argue for a more active industrial strategy to encourage 
low carbon jobs and investment in former mining and 
industrial areas. Finally, we make recommendations for the 
government to remove ambiguities surrounding its approach 
to fossil fuel extraction, and to stimulate investment in 
alternative sources of power.
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There are currently a number of proposals for new coal mines in the UK, for example, 
Highthorn Mine in Druridge Bay, Northumberland and West Cumbria Mining’s proposal for 
the new Woodhouse Colliery, near Whitehaven in Cumbria. The developers of Highthorn 
mine, which is currently subject to legal proceedings, have asserted that coal from the mine 
will be needed for electricity generation. West Cumbria Mining states that coal from  
Woodhouse Colliery would be used by the steel industry, both in the UK and abroad. 

Woodhouse Colliery, Cumbria
We focus here on the proposal for Woodhouse Colliery, analysing claims made by West 
Cumbria Mining and the planning authority, Cumbria County Council. This is the first coal 
mine to seek planning permission following the UK’s adoption of a target of net zero carbon 
emissions by 2050.

The mine would be partly on land and partly under the sea. Planning permission has 
been sought from Cumbria County Council for the land-based portion of the development. 
Permission was granted in March 2019, and the decision was ratified in October 2019. 
Shortly after, the secretary of state,  Robert Jenrick, said that he would not intervene in the 
decision, despite having the power to do so. Planning permission for the section under the 
seabed is required from a separate authority, the Marine Management Organisation. This has 
not yet been submitted.

The planning application estimates that the mine would produce 2.43 million tonnes 
of metallurgical coal per annum, to be used in steel production, as well as 350,000 tonnes of 
‘middlings coal’, which cannot be used for steel, and would either be sold for combustion 
or disposed of.1 

Overall, UK domestic coal production in 2016 was four million tonnes, from 13 
mines, employing a total of 629 people.2 The developers of the new mine say that the whole 
development (including the section under the seabed) would create 146 jobs during 
construction, and 518 jobs once the mine is open, with potential for additional local jobs in 
the supply chain.3

Both West Cumbria Mining and Cumbria County Council have said that steel 
consumption worldwide is forecast to rise; that “aside from electric arc furnaces you can’t 
make steel without coke [metallurgical coal]”; and that the coal would be used by UK and 
EU steelmakers to replace imported coal. 

Cumbria County Council’s Planning Officer Report states that carbon emissions will be 
reduced by 5.3 million tonnes over its lifetime because, if the coal is used in UK steel 
production, this will reduce the transport emissions from imported coal.4 The report makes 
no estimate of emissions from the extraction and processing of the coal, although this is a 
material factor in planning decisions. It makes the assumption that the carbon savings from 
reduced coal transport will outweigh emissions from the mine itself. As they state in a 
subsequent report, “we consider that the greenhouse gas emissions of the mining operations 
would be broadly carbon neutral.”5 

In terms of emissions from the combustion of the coal, the report says “there would be 
no increase in CO

2
 as the opening of the mine would be offset by the very likely reduction in 

production elsewhere due to competition.”6  They describe this as “a carbon neutral 
situation.”7

New coal mining in the UK

“Coal from 
Woodhouse Colliery 
would be used by 
the steel industry, 
both in the UK and 
abroad.”
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Will Woodhouse Colliery be ‘carbon neutral’?
In assessing the planning application, Cumbria County Council has twice stated that the 
proposed mine would be “carbon neutral”. 

First, the council’s report claims that coal from the Cumbrian mine would substitute for coal 
produced elsewhere, leading to no net increase in coal production worldwide, which they 
describe as a “carbon neutral situation”. However, economic theory suggests that an increase  
in supply of a commodity, such as coal, would reduce the price, leading to increased demand 
and, therefore, increased emissions. In the case of the steelmaking industry, this would, in turn, 
decrease the incentive to use coal more efficiently, recycle more steel or produce steel using 
alternative processes, even though all these are technically possible. 

Second, the report says that the coal produced would be used mostly in the UK and EU, 
substituting for imported coal, and, therefore, reducing emissions from the transportation  
of coal. This, it says, compensates for the emissions from the mining operations, and thus  
“the greenhouse gas emissions of the mining operations would be broadly carbon neutral.” 
However, no figures are provided to substantiate this claim. 

The phrase ‘carbon neutral’ refers to a situation in which no additional greenhouse gas 
emissions are produced, because the those produced are ‘balanced’ by those removed from  
the atmosphere, for example through carbon capture and storage (CCS) or carbon storage 
through land management. This is not the case for Woodhouse Colliery. 

If there were savings from reduced transportation of coal, these would not cancel out or 
neutralise the emissions from the mine operations. In the context of the UK’s target of net zero 
greenhouse gas emissions by 2050 and global efforts to keep carbon emissions in line with a 
scenario compatible with no more than a 1.5OC increase, absolute reductions of emissions are 
required, rather than balancing off one set of emissions against another.  

“In the context of the 
UK’s target of net 
zero greenhouse gas 
emissions by 2050 
absolute reductions 
of emissions are 
required.”
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UK legislation 
The UK has a statutory (legally binding) target to reach net zero emissions by 2050, under 
the 2008 Climate Change Act, amended in 2019. Having ratified the Paris climate agreement 
of 2015, it has also agreed the goal to limit global average temperature rise to between 1.5°C 
and 2°C. 

The UK has a clear policy on coal for electricity generation. It has pledged to phase out 
unabated coal-fired power generation by 2025, and it is a founding member of the 
international Powering Past Coal alliance.8,9 There is currently no phase-out date for the use 
of coal in steel manufacturing. But, in August 2019, the government announced a Clean Steel 
Fund of £250 million, which is designed, in its words, “to transition to lower carbon steel 
production through new technologies and processes, placing the sector on a pathway 
consistent with the UK Climate Change Act (net zero)”.10

In England, new developments, including mines, are controlled by planning legislation 
and must follow the National Planning Policy Framework (NPPF).11 The overall aim of the 
NPPF is to achieve sustainable development, which includes “mitigating and adapting to 
climate change, including moving to a low carbon economy.”12 The NPPF contains clear 
guidance on planning permission for the extraction of coal. It says:
 
“Planning permission should not be granted for the extraction of coal unless: 
a)  the proposal is environmentally acceptable, or can be made so by planning conditions or 

obligations; or
b)  if it is not environmentally acceptable, then it provides national, local or community 

benefits which clearly outweigh its likely impacts (taking all relevant matters into 
account, including any residual environmental impacts).”13

The Climate Change Act 2008 also requires local authorities to take into account whether 
projects are likely to contribute to sustainable development, particularly where they are likely 
to increase carbon emissions.

Planning permission for coal mines can be granted by the local planning authority, 
following the national policy detailed above, unless the secretary of state decides that it is a 
matter of national importance. In which case, they can ‘call in’ the application to be 
determined by national government, rather than the local authority. Reasons to call in the 
development include a potential conflict with national policy or a risk of national 
controversy. 

Legislation and targets in the EU and elsewhere
The EU is a signatory to the Paris climate agreement and, in December 2019, set a target of 
net zero emissions by 2050. The Paris agreement was ratified by all major economies, except 
the United States. All signatories are committed to develop national plans compatible with 
the Paris goal of net zero emissions by the middle of this century.

There have been many assessments of the climate implications of extracting fossil fuels, 
including coal, oil and gas. The United Nations Environment Programme’s 2019 report, The 
production gap, states that “governments are planning to produce about 50% more fossil fuels 
by 2030 than would be consistent with a 2°C pathway and 120% more than would be 
consistent with a 1.5°C pathway.”14 

An assessment published in the journal Nature in 2015 reported that “globally, a third 
of oil reserves, half of gas reserves and over 80 per cent of current coal reserves should 
remain unused from 2010 to 2050 in order to meet the target of 2°C”.15 (Note that this 
relates to a 2°C target, not the stricter 1.5°C target subsequently agreed at Paris in 2015.) A 
report by the NGO Carbon Tracker estimates that 17 per cent of known fossil reserves could 
be burned to be consistent with the Paris climate agreement. 

“There is currently 
no phase-out date 
for the use of coal in 
steel manufacturing.”
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The UK government acknowledges that most existing reserves should not be burned. In 
2016, the climate minister Nick Hurd stated that “between 70-75 per cent of known fossil 
fuels would have to be left unused in order to have a 50 per cent chance of limiting global 
temperature rise to below 2°C.”16  

The scale of emissions from using coal 
West Cumbria Mining plans to extract 2.43 million tonnes of coking coal per year and 0.35 million 
tonnes of middlings coal every year for 50 years. When used, this would emit around 420 million 
tonnes CO2e.17 This figure excludes emissions arising from the extraction process itself. 

To put this in perspective, the UK’s entire annual emissions in 2018 were only slightly higher, at 
450 million tonnes. And this figure will come down as the UK progresses toward its net zero 
target. 

Annual emissions from use of the coal extracted, at 8.4 million tonnes per year, would be more 
than double the net annual emissions from the whole of Cumbria, which is currently 3.79 million 
tonnes per year.18
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Currently, 95 per cent of new steel is made in a blast furnace, using metallurgical coal.19 Two 
plants making virgin steel are operational in the UK, at Scunthorpe and Port Talbot, although 
the future of some plants is uncertain due to global over capacity in steel production.20 
According to the industry body, The Energy Transformations Commission, “energy-related 
emissions from the steel and iron industry currently amount to circa 2.8 Gt of CO

2
 per 

annum accounting for almost 8% of total global energy system emissions”.21 
To meet carbon targets and prevent dangerous warming, carbon emissions from steel 

production must be reduced. There are four broad strategies for this: first, use less steel; 
second, recycle more steel; third, improve the efficiency of steel production in a blast 
furnace; fourth, produce steel without coal. These are outlined below:

1. Use less steel
Steel can be reused and remanufactured, resulting in far lower carbon emissions. For 
example, steel plates for shipbuilding can be re-rolled and used in new ships. A report by the 
World Steel Council describes the various possible processes.22 Many construction projects 
over use steel. Material Economics states that many construction projects use 30-50 per cent 
more steel than necessary.23  

2. Recycle more steel
Steel can be recycled, using electric arc furnaces. There are several such plants in the UK: 
Celsa Steel in Cardiff and Liberty Speciality Steels in Rotherham are two of the largest. This 
process is much less energy intensive than making new steel, and carbon emissions can be 
reduced to nearly zero if the electricity used is renewable. A 2019 report from Professor 
Julian Allwood of Cambridge University states that “the global steel industry is transforming 
from using iron ore to recycling scrap. Global arisings of steel scrap are likely to treble in the 
next thirty years and we will never need more blast furnaces than we have today.”24 In 2017, 
only 20 per cent of UK steel was produced in electric arc furnaces, against an EU average of 
40 per cent. Nine million tonnes of scrap steel were exported for recycling overseas.25

3. Improve the efficiency of steel production in a blast furnace 
Steel production in conventional blast furnaces has become more efficient, but there is 
potential for greater efficiency savings. A report from Material Economics states that adopting 
best available technologies in blast furnaces results in efficiency improvements of around 15 
per cent.26 If bio-based fuels are substituted for some of the coal input, this can result in 50 
per cent emissions reductions. Arcelor Mittal, the world’s largest steel producer, launched the 
Torero demonstration project in Ghent, Belgium in 2018, converting waste wood into 
biocoal to substitute for conventional coal.27 

4. Produce steel without coal 
About five per cent of new steel is made using the Direct Reduced Iron process, which 
enables coal to be replaced by natural gas. Whilst still using fossil fuels, this process is less 
carbon intensive. In 2018, under the Hybrit project, construction began on a pilot plant for 
fossil-free steel production in Luleå, Sweden. The plant will use hydrogen, generated by 
renewable energy, in place of metallurgical coal.28 In 2019, Arcelor Mittal launched a project 
in Hamburg to test hydrogen steelmaking on an industrial scale with an annual production 
of 100,000 tonnes of steel. 

“To meet carbon 
targets and 
prevent dangerous 
warming, carbon 
emissions from steel 
production must be 
reduced.”

How to reduce the climate impact  
of steelmaking
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A combination of the methods described could significantly reduce the demand for 
metallurgical coal and carbon emissions. The Energy Transformations Commission states that 
“a complete decarbonization of the steelmaking industry is achievable by mid-century, with 
a modest impact on end-consumer prices and cost to the overall economy”. The Industrial 
Transformation 2050 report similarly states that zero carbon steel is possible by 2050.29 In 
2015, the Science Based Targets Initiative developed a pathway for the global iron and steel 
industry. This mapped a 31 per cent reduction in emissions by 2050, alongside a 55 per cent 
rise in global steel production. The savings came largely from efficiency improvements and 
alternative processes to those that use coking coal. Arcelor Mittal has already pledged to 
reduce its carbon emissions in Europe to zero by 2050, and it will shortly publish targets for 
its operations in the rest of the world.30

These shifts are likely to intensify as countries develop carbon reduction strategies, in 
response to their Paris commitments. However, they are ignored by the planners’ report on 
Woodhouse Colliery, which predicts a stable demand for metallurgical coal. 

Future demand for coal in 
steelmaking
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Does the world need more coking coal for steel production?
In 2015, when a global 2OC temperature rise was widely regarded as an acceptable mitigation 
target, the Science Based Targets Initiative produced its Sectoral Decarbonisation Approach, 
including a pathway for the global iron and steel industry. This entailed a 31 per cent reduction  
in emissions by 2050, based on a 55 per cent rise in steel production. The savings came largely 
from efficiency improvements and alternative processes to those that use coking coal. 

Since this pathway was developed, the world has acknowledged the need for greater  
emissions reductions. At the same time, alternative production processes have matured  
to make it possible.  

CO2 intensity of steel production31

Method tCO2 per ton of steel

Basic Oxygen Furnace (BOF) 2.3

BOF, with best available technology 1.9

BOF, with biofuels 1.1

Direct Reduced Iron (DRI) 1.1

BOF + Carbon Capture and Storage (CCS) 0.9

Electric Arc Furnace (EAF) 0.4

EAF + zero carbon electricity 0.1
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Areas of the UK that previously relied on jobs in manufacturing and extraction, including 
coal and steel, have been hit by job losses, less secure employment, lower wages and 
economic difficulties. Whitehaven, the nearest town to the proposed Woodhouse Colliery, is 
no exception. It was reliant on its coal industry for 300 years, until the last pit closed in 
1986. The Marchon chemical works was a major employer for 60 years, but closed down in 
2005; the mine proposals would use the former Marchon site. Now, 11,000 local people 
work at the Sellafield nuclear reprocessing site, but 3,000 jobs will be lost as the site plans to 
end the reprocessing of nuclear material. 

The potential jobs offered, if the planned mine goes ahead, were a significant factor  
in the decision to grant planning permission. The leader of Cumbria County Council said 
that “the need for coking coal, the number of jobs on offer and the chance to remove 
contamination outweighed concerns about climate change and local amenity.”32

However, there is strong evidence to suggest that ex-industrial areas such as Whitehaven 
could also be revitalised through a shift to a low carbon economy. A 2019 report by IPPR 
North estimates that up to 46,000 jobs could be created in the north of England, in the 
power sector alone.33 Reports from the LSE and the TUC also cite the potential for jobs in a 
‘green transition’.34 For example, GreenPort in Hull has become a hub for wind energy, and 
Siemens has established a wind-blade factory there. However, as these reports make clear, for 
such opportunities to be realised, there is a need for government leadership, a clear strategy 
to promote the low carbon transition and for more powers and responsibilities to be given 
to local areas. 

Jobs and carbon 
West Cumbria Mining estimates that around 518 jobs will be created (of which 80 per cent will be 
within 20 miles of Whitehaven). Using the company’s breakdown of job types and industry 
standard salaries, it is possible to estimate the annual salary remuneration for the entire 
workforce, including management, at £11.8 million per year. 35 This is less than three per cent 
(2.87 per cent) of the commodity value of the coal that would be extracted, which we estimate to 
be £411 million per year, using commodity prices for coking and middling coal.36 

The carbon emissions would be around 16,000 tonnes CO2e per year per job for the lifetime of 
the mine. This compares with under seven tonnes of CO2e emissions per person per year in the 
UK at present, a figure which must fall to net zero by 2050.37 The carbon footprint of the salaries 
paid would be almost three quarters of a tonne of CO2 per £1 earned by the workforce (700kg 
CO2e per £).

Industrial strategy and job creation 
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As the evidence shows, the case for new coal mines in the UK, whether for steelmaking or 
for power generation, is weak. The permitting of the West Cumbria Mining development 
rested on a number of assumptions: that there will be continued demand for metallurgical 
coal in the UK and elsewhere; that steel is, and will continue to be, produced using 
metallurgical coal; and that there is no alternative strategy to bring jobs and economic 
regeneration to the region. As we have shown, these assumptions can be robustly and clearly 
challenged.

There is a need for a consistent strategy around fossil fuel extraction and use in the UK. 
The imperative to reduce the risks of climate change, and to meet targets set both nationally 
and internationally, means that there should be a moratorium on new extraction projects; an 
active industrial strategy prioritising low carbon industries; and more powers and 
responsibilities given to local areas to allow them to manage local climate strategies and 
invest in green jobs. 

A consistent approach is needed

“The case for new 
coal mines in the 
UK, whether for 
steelmaking or for 
power generation, 
is weak.”
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35  Source of salary information:  
https://nationalcareers.service.gov.uk/
searchresults? searchTerm=mine, accessed 
June 2019 

Job type
Percentage 
of total

Absolute  
no

Annual 
salary per 
person

Assumed 
salary per 
person (£)

Total salaries  
for all 
employees  
per year (£)

Production 71%* 355 16 - 25 k 21,000.00 7,455,000.00

U/G Support 12% 60 16 - 25 k 21,000.00 1,260,000.00

Surface Support 5% 25 16 - 25 k 21,000.00 525,000.00

CHPP 7% 35 18 - 36 k 27,000.00 945,000.00

Technical 2% 10 22 - 60 k 36,000.00 360,000.00

Management 3% 15 45 - 70 k 57,500.00 862,500.00

Total 100% 500     11,407,500.00

 Source: Woodhouse Colliery: planning 
application environmental statement - non-
technical summary. Production increased 
from 70 per cent to bring jobs total to 
500. Total salary is then scaled up slightly, 
pro rata, to reflect the total employment 
estimate in the planning application. 

36 Based on the planning application figures 
of 2.43 million tonnes of coking coal and 
0.35 million tonnes of middlings coal 
extracted per year and commodity prices 
of $207 and $107 per tonne (from 
focus-economics.com)

37 UK emissions stand at 450 million tonnes 
CO

2
e and the population is around 66 

million, so per capita emissions, on a 
production basis, are around 6.8 tonnes 
per year. 
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Preface 

Dear reader,

The basic materials industries are a cornerstone  
of Europe’s economic prosperity, increasing  
gross value added and providing around 2 million 
high-quality jobs. But they are also a major source 
of greenhouse gas emissions. Despite efficiency 
improvements, emissions from these industries 
were mostly constant for several years prior to the 
Covid-19 crisis and today account for 20 per cent 
of the EU’s total greenhouse gas emissions.

A central question is therefore: How can the basic 
material industries in the EU become climate-neutral 
by 2050 while maintaining a strong position in a 
highly competitive global market? And how can these 
industries help the EU reach the higher 2030 climate 
target – a reduction of greenhouse gas emissions  
of at least 55 per cent relative to 1990 levels?

Key conclusions at a glance:

1

Given the new paradigm of achieving climate neutrality by 2050, current climate and industry 
policies will lead to investment leakage or risk stranded industrial assets. Industrial companies 
understand: The EU objective of climate neutrality by 2050 has clear implications for industrial 
reinvestment in the 2020s. Carbon-intensive technologies have lifetimes of up to 70 years. 
Reinvestments into long-lived assets will not be made unless there is an investment framework  
to deploy climate-neutral technologies.

2

With a new policy framework, the basic materials industries can support the increased EU  
2030 climate target of at least -55 per cent. Key low-carbon technologies are available and  
can be deployed well before 2030. The CO2 abatement potential of key low-carbon technologies 
in the steel, chemicals, and cement sectors alone amounts to 145 Mt of CO2 by 2030, exceeding  
the required emission reductions from industry under the EU ETS. Their deployment will represent  
a breakthrough in Europe’s industrial sector and ensure it a leading global role.

3

By 2030, 30 to 50 per cent of existing assets in cement, steel, and chemicals will require major  
reinvestment. New policies are needed now to create a business case for breakthrough technologies. 
Key low-carbon technologies are available, but their abatement costs are still in the range of 100 to 
170 €/t of CO2. The EU should adopt policy instruments to cover the gap between these abatement 
costs and the EU ETS price as soon as possible. 

4

Europe needs a Clean Industry Package in 2021 to kick-start breakthrough investments and 
protect existing assets. By refining existing carbon leakage protection instruments it will be 
possible to protect existing plants until they can be replaced. At the same time, decisive support 
for investments in breakthrough technologies is needed. This should come in the form of carbon 
contracts-for-difference, planning and financing for clean-energy installations and infrastructure, 
and standards to create markets for climate-neutral and circular products.

  

In the EU policy debate on the European Green Deal, 
many suppose that the basic materials industries can 
do little to achieve deep cuts in emissions by 2030. 
Beyond improvements to the efficiency of existing 
technologies, they assume that no further innova-
tions will be feasible within that period. This study 
takes a different view. It shows that a more ambitious 
approach involving the early implementation of  
key low-carbon technologies and a Clean Industry 
Package is not just possible, but in fact necessary  
to safeguard global competitiveness.

We hope you enjoy reading this study. 

Dr. Patrick Graichen, 
Executive Director, Agora Energiewende

Prof. Dr. Manfred Fischedick
President, Wuppertal Institute 
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Executive Summary

using best available technologies referenced in  
the Impact Assessment.5 

We believe that a more sustainable approach is to 
define the path for industrial transformation based  
on the 2050 climate neutrality target. Hence, in this 
study we identify strategies and investments that 
meet the increased 2030 target and achieve climate 
neutrality by 2050. To those ends, we recommend  
the rapid introduction of key low-carbon break-
through technologies that takes advantage of the  
EU’s industrial modernisation needs over the coming 
decade. During this period, some 48 per cent of the 
EU’s production capacities in the steel industry,  
53 per cent of its capacities in the chemical industry, 
and 30 per cent of its capacities in cement production 
will need replacing or refurbishing. Reinvestment6  
in traditional production processes, even if the best 
available technologies are used, is not an option so 
long as those processes are not easily convertible  
to zero-carbon or carbon-negative operation. 

Though the necessary breakthrough technologies 
exist, their deployment will require appropriate 
policies. In this regard, the EU is at a crossroads: 
either institute breakthrough technologies aligned 
with the European Green Deal and a sustainable 
recovery from the Covid-19 economic crisis, or face  
a high risk of accelerated deindustrialisation,  
job losses, stranded assets, and carbon leakage. 

This paper presents concrete strategies and  
pathways that capitalise on opportunities for break-
through development in European industry. We opt 
for a dual approach that deploys breakthrough 
technologies for industrial capacities in need of 

5 See Impact Assessment, 2020.

6 Reinvestment refers to investments that are required to 
maintain production capacities when existing produc-
tion capacities reach the end of their lifetime.

1 Introduction

Under the European Green Deal and the  
2030 Climate Target Plan, the European Commission 
has recommended that the EU reduce its greenhouse 
gas emissions by at least -55 per cent by 2030 
(relative to 1990 levels) and achieve climate neutrality 
by 2050.1 European industry has a vital role to play  
in delivering this target. Direct industrial emissions 
accounted for 719 MtCO2eq in 2017, equivalent to 
approximately 20 per cent of annual net greenhouse 
gas emissions in the EU27 (Eurostat, n.d.).2

By 2030, EU industry will therefore need to  
reduce greenhouse gas (GHG) emissions in the  
range of 22 to 25 per cent compared with 2015 levels.  
To achieve climate neutrality by 2050, the EU will 
need to reduce its combined industrial emissions  
by approximately 95 per cent and offset residual 
emissions with carbon sinks.

So far, discussions have focused mostly on  
measures for meeting 2030 objectives. Based on  
the European Commission’s Impact Assessment  
that accompanied the 2030 Climate Target Plan 
Communication3 for industry, the targets represent  
a reduction of between 168 and 188 MtCO2eq , i.e.  
25 to 28 per cent of emissions in 2018.4 According  
to the European Commission, this can be achieved 

1 This summary of the full study was published in 
November 2020 prior to the EU Council decision in 
December 2020 to adopt an EU 2030 climate target of 
-55 per cent GHG emissions reduction. 

2 The figure excludes emissions from  
energy sectors such as upstream power and  
heat production, refining, and solid fuel production. 

3 In the following this will be simply referred  
to as the Impact Assessment.

4 Since industrial GHG emissions have grown  
in recent years, the gap is larger for 2018 than for 2015.
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markets, and standards that align with the new 
climate-neutrality paradigm.  

2.2  Opportunities and challenges for industry 
to achieve higher climate ambition in 2030 
and climate neutrality in 2050

The EU has set itself the goal of achieving climate 
neutrality by 2050. This means that all sectors, 
including the so-called “hard-to-abate” industries 
such as steel, chemicals, and cement, will have to 
become virtually climate-neutral within the coming 
three decades. In addition, the European Commission 
recommended in its 2030 Climate Target Plan 
Communication from September 2020 to increase  
the EU’s greenhouse gas reduction targets from  
-40 per cent to at least -55 per cent by 2030  (relative 
to 1990 levels). On 7 October 2020 the EU parliament 
even voted in favour of increasing this greenhouse 
gas reduction target for 2030 to -60 per cent. A final 
decision on the EU 2030 climate target has not been 
taken yet, but is expected in December 2020. 

An EU climate target of at least -55 per cent would 
require heightened emission reduction efforts for  
the industrial sector. Despite reductions during  
the 1990–2010 period through energy efficiency 
measures, industrial greenhouse gas emissions have 
stayed mostly constant since then (see figure ES.1).  
In 2015, emissions began to rise along with economic 
growth. Though energy efficiency continues to be 
important, it alone will not suffice for a -22 to  
25 per cent reduction by 2030, as indicated in  
the European Commission’s Impact Assessment. 
Moreover, there is a risk that pressure or incentives 
to invest in efficiency measures for GHG-intensive 
assets with long lifetimes offers only a marginal  
GHG abatement benefit while increasing capital 
allocation and operational lifetimes. The result would 
be that short-term mitigation conflicts with the 
long-term climate neutrality objective.  

This is why the introduction of key low-carbon 
technologies is needed for industrial plants when 
they are scheduled for replacement or refurbishment. 

reinvestment while allowing industrial assets with 
traditional processes to continue operation until they 
are scheduled for replacement. 

The goal of this study is to define a Clean Industry 
Package at the EU and member-state levels that 
mobilizes investments that are compatible with 
meeting an EU 2030 climate target of at least  
-55 per cent while laying the groundwork for long-
term climate neutrality and economic prosperity. 

2  Where do the EU basic materials 
 industries currently stand?

2.1 The role of industry in the economy
Basic materials industries are a cornerstone of  
the EU’s economy and prosperity. In addition to 
making a major contribution to GDP, they directly 
provide over 1.8 million high-quality jobs.7 As the 
starting point of Europe’s industrial value chains, 
they provide basic materials such as steel, chemicals, 
and cement that are essential to every-day life today 
and the climate-neutral infrastructure of the future. 
These industries are also the fundament of several 
millions of indirect manufacturing jobs and the 
foundation of regional industrial clusters that often 
extend beyond the borders of individual member 
states. Naturally, the EU wants to preserve the 
competitiveness and strategic role of these sectors 
while reducing their GHG footprint. This means 
preventing market share loss and carbon leakage  
and maintaining the integrity of European value 
chains to ensure resilience against future crises.  
To do both, the EU needs a technology transition  
that puts its basic materials industries on a steady 
and sustainable path to climate neutrality.  
A transformation based on smart policies and key 
low-carbon technologies will ensure long-term 
economic prosperity, jobs, and income, and it  
will position the EU as a leader in technologies, 

7 The employment numbers for 2017 are based  
on Eurostat 2020.
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manent, as with ArcelorMittal’s Krakow plant  in 
Poland. The risk is that productive capacities will be 
eliminated and that the crisis will accelerate the 
relocation of industrial capacities to other countries. 
And because most other countries have more 
GHG-intensive production methods than Europe, 
this will lead to carbon leakage. 

At the same time, the crisis has also created  
opportunities. For instance, the unprecedented 
amount of public funding for economic recovery such 
as the Next Generation EU Facility and the national 
rescue funds can be used to give public investment 
support for the industrial transformation. Next 
Generation EU provides members states 750 billion € 
to be spent during the 2021–2025 period; 30 per cent 
must be spent on climate-related measures. This 
funding is in addition to the general EU budget (the 
Multi-annual Financial Framework or MFF) and the 

These technologies can make up for the stagnating 
emission reductions of the last decade and initiate  a 
steady path to climate neutrality. 

Currently, the EU’s basic materials industries are 
preoccupied with the immediate economic effects  of 
the Covid-19 pandemic. Due to lockdowns and 
significantly decreased economic activity in virtu-
ally all EU member states, it is clear that the demand  
for basic materials such as steel, cement and some 
chemical products will be significantly lower in 2020 
than in previous years. For instance, the steel 
industry in Europe was particularly affected by 
decreased demand from key sectors such as car 
manufacturing and machinery production and 
cement companies faced a decline in construction 
activity. It is uncertain when and if demand will 
return to pre-crisis levels. The difficult economic 
environment has already started to force some 
companies to make temporary plant closures  per-

Agora Energiewende, 2021, based on data from Eurostat, 2017, European Commission, 2020b & EEA, 2021
Note: Data are for CO₂ emissions only. They exclude non-CO₂ emissions from industry, from refining, solid fuel production for energy and 
non-energy uses.
* To achieve climate neutrality, residual emissions will have to be o�set by negative emissions technologies, many of which could be   
 developed in the industrial sector such as BECCS. By capturing and using CO₂ from other non-industry sectors, industry can provide   
 net-negative emissions. 
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Such pledges are not limited to countries. 
In September 2020, ArcelorMittal, the world’s  
largest steel producer, announced its commitment  
to company-wide carbon neutrality by 2050.  
Thyssenkrupp Steel Europe, the EU’s second-largest 
producer after ArcelorMittal, has vowed to make  
itself climate-neutral by mid-century. LafargeHolcim 
and HeidelbergCement, the world’s number one and 
two cement producers by volume, have announced 
targets of carbon neutrality by 2050 backed by the 
science-based target initiative. 

Because industrial assets have long lifetimes –  
40 years on average – the investments in new 
production capacities need to be assessed based  
on their compatibility with respective climate or 
carbon neutrality targets. Therefore, the transition  
to a climate-neutral industry in China and other 
major industrial economies will need to start well 
before 2030. In fact, it would not be surprising to  
see the first signs of this paradigm shift to carbon 
neutrality in China’s 14th Five Year Plan (2021–2025). 
These announcements do not only open the door for 
international cooperation on the transition to climate 
neutral industry; they also herald the creation of  
large future markets for climate-neutral basic 
materials and key low-carbon technologies.  
The EU must not miss the opportunity to position 
itself as a global leader in this unprecedented  
transformation. The key low-carbon technologies  
to achieve climate neutrality are either already 
available or nearly market-ready – with many  
of them being developed in and by EU companies.

2.3  A portfolio of climate-neutral  
technological solutions in the offing

Technological solutions that could be harnessed to 
make energy-intensive basic materials industries 
almost entirely climate-neutral are already known. 
Some solutions, such as the production of green 
hydrogen from renewable energies, are nearly 
market-ready and are set to be scaled up during  
the coming years. Other examples of key low-carbon 
technologies include: the direct reduction of iron  

new EU Innovation Fund.8 The question now is how 
these funds can be best allocated to maximise 
long-term benefits as well as short-term economic 
recovery. As a principle, it is important that the funds 
are used to accelerate the energy transition across all 
sectors. This means that investment support should 
target innovative solutions that are compatible with 
climate neutrality and readily available for deploy-
ment. Moreover, they must offer sustained green-
house gas abatement and other economic benefits. 

From the perspective of the industrial  
transformation, it is important to create an adequate 
regulatory framework for investment in key 
low-carbon technologies. With the effective use of 
Next Generation EU funding, the EU and its member 
states could kickstart a green industrial revolution in 
energy-intensive sectors. Besides compensating for 
the immediate economic impacts of the Covid-19 
crisis, the development and commercialisation of  
key low-carbon technologies during the coming 
decade would put European companies at the fore-
front of growing domestic and international markets 
for clean basic materials, production technologies, 
and climate-neutral consumer products. 

Climate neutrality is emerging as the new  
paradigm not only in the EU but also at the interna-
tional level. China, the largest emitter of greenhouse 
gases and producer of energy-intensive basic 
materials, has announced a plan for carbon neutrality 
by 2060. Japan, the world’s third largest economy,  
and the Republic of Korea, another heavyweight in 
energy-intensive industries, have also announced 
net-zero targets for 2050. Moreover, the designated 
US president Joe Biden has pledged that his 
 administration will make achieving climate 
 neutrality by 2050 a top priority.  

8 https://ec.europa.eu/info/live-work-travel-eu/health/
coronavirus-response/recovery-plan-europe/pil-
lars-next-generation-eu_en
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manufacturing processes. Furthermore, the additional 
costs cannot be passed on to customers because of 
fierce international competition. To stimulate  
investment in these breakthrough innovations now, 
the government needs to create concrete policy 
proposals signalling to industry actors that it will 
actively support the transformation.

2.4 European industry at the crossroads 
Because of the long lifetime of productive assets, the 
European basic materials industries stand at the cross-
roads: between now and 2030, roughly half of the EU’s 
primary steel manufacturing and steam cracker 
facilities and an estimated 30 per cent of its cement 
production plants will reach the end of their lifetimes. 

ore with natural gas or hydrogen in the steel industry 
(instead of conventional reduction in coal-fired blast 
furnaces); the chemical recycling of plastics (instead 
of their production from virgin fossil fuels and  
the incineration of the resulting waste plastics);  
and carbon capture and storage (CCS) for cement  
emissions. Figure ES.2 describes 13 key technologies 
that can significantly reduce greenhouse gas emis-
sions in the steel, chemical, and cement industries. 
Other promising key low-carbon technologies such 
as smart crushing for cement recycling, recarbona-
tion, circular economy and material efficiency 
measures also have much potential for reducing 
industrial greenhouse gas emissions.  

At present, the key low-carbon technologies are  
still significantly more expensive than conventional 

Overview of possible key technologies for nearly carbon-neutral basic materials industries Figure ES.2 

Steel Key technology Earliest possible market readiness

Direct reduction with hydrogen and smelting in the electric arc furnace
before 2025  
(initially with natural gas)

Alcaline iron electrolysis 2040 – 2045

HIsarna® process in combination with CO₂ capture and storage 2030 – 2035

CO₂ capture and utilisation of waste gases from integrated blast furnaces 2025 – 2030

Chemicals Key technology Earliest possible market readiness

Heat and steam generation from power-to-heat From 2020

CO₂ capture at combined heat and power plants 2030 – 2035

Green hydrogen from renewable energies 2020 – 2030

Methanol-to-olefin/-aromatics route 2025 – 2030

Chemical recycling 2025 – 2030

Electric steam crackers 2030 – 2040

Cement Key technology Earliest possible market readiness

CO₂ capture with the oxyfuel process (CCS) 2025 – 2030

CO₂ capture in combination with electrification of the high temperature heat  
at the calciner

2025 – 2030

Alternative binders
2020 – 2030  
(depending on product)

Agora Energiewende/Wuppertal Institute, 2020
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must be relined every 20 years or so. A relining in 
2025 can extend a plant’s operational lifetime to 2045 
and in theory is still compatible with the EU’s 2050 
climate-neutrality target. But relining conventional 
blast furnaces runs the risk of making them stranded 
assets, representing a lost opportunity for building  
a steady path to climate neutrality. Under the  
more ambitious EU 2030 climate target of at least  
-55 per cent, the European Commission’s Impact 
Assessment projected that the share of coal will 
represent no more than 2 per cent of the EU’s 2030 
power mix. By 2035, conventional blast furnaces 
would be some of the last coal-based, high-emitting 
assets in the entire EU economy. In such an environ-
ment, continued operation until 2045 would be 
questionable. Such an asset would face increasing 
carbon prices, stricter environmental regulations, 

Since the lifetimes of these industrial assets range 
from 20 to 70 years (see figure ES.4), the reinvestment 
and location choices that companies in the steel, 
chemical, and cement sectors make during the next 
decade will create long-lasting path dependencies. 
Against the background of the 2050 climate neutral-
ity target, this means that from now on all major 
investment must be focused on technologies that can 
operate with zero- or net-negative carbon emissions, 
if stranded assets (i.e. the premature shutdown of 
well-functioning plants) and high economic losses 
are to be avoided. 

A special case is the relining of blast furnaces in the 
steel industry. While new and integrated steelworks 
have a technical lifetime of 50 years, blast furnaces –  
which make up the core operation of steel plants – 

Agora Energiewende/Wuppertal Institute, 2020

 * Steam crackers are normally maintained and modernised continuously so that they do not have to be replaced all at once. 
  Nevertheless, the graph provides a rough estimate of the reinvestment needs for existing facilities.
 ** Cement data represent numbers for Germany only. We estimate that the reinvestment requirements for the EU27 are in a similar range.

Source: Eurostat, 2020Source: Wuppertal Institute, 2020
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beyond 2030 for major reinvestments in the basic 
materials industries. Moreover, the use of technologies 
that do not allow zero-carbon or carbon-negative 
operation (or that cannot be easily converted to 
provide such operation) would also represent a lost 
opportunity in preparing for the broader transition to 
climate neutrality. Any rationally acting company 
and financial investor in Europe will foresee the 
long-term risks of stranded assets and will be 
reluctant to make reinvestments in CO2-intensive 
assets in the 2020s. Besides, the promise of future 
conventional plant conversions to use clean hydrogen9 
or carbon capture and storage may prove elusive, 
especially for reinvestments in regions where access  
to clean hydrogen or the transport of CO2 to sites for 
carbon capture are unlikely to be developed. 

9 “Clean hydrogen” includes both “green hydrogen”  
(produced from water electrolysis with renewable  
electricity) and “blue hydrogen” (produced from fossil 
fuels with carbon capture and storage) as well as  
“turquoise hydrogen” (from methane pyrolysis with  
storage of the resulting carbon black). 

pressure from NGOs, and declining demand for its 
high-carbon products both domestically and abroad. 
Moreover, the transition to a climate-neutral indus-
try is about more than replacing individual assets.  
It is also about transforming the logic of existing 
industrial clusters and the related energy infrastruc-
ture, a process that requires much time and planning. 
At the same time, it is important to transform the 
skills and capacities of the industrial workforce,  
the service providers, and the equipment industry. 

However, this reality is not yet widely understood. 
For example, in its Impact Assessment, the European 
Commission largely focused on the deployment of 
conventional best available technologies to achieve 
the required industrial emission reductions under  
the EU ETS for an increased EU 2030 climate target  
of at least -55 per cent. While this may, in theory,  
be a sound strategy to achieve the CO2 abatement 
requirements of 2030, given the long lifetimes of 
industrial assets and the 2050 climate neutrality 
target, this would not be a sustainable strategy 

Technical lifetime of selected primary production plants in the steel, chemical, 
and cement sectors scheduled to receive reinvestment in 2025 Figure ES.4

Agora Energiewende / Wuppertal Institute, 2020 
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and integrated value chains, the loss of jobs, carbon 
leakage, and increased global greenhouse gas emissions.

Based on this analysis, there are two possible path-
ways for the future of individual assets and industrial 
sectors. Depending on the specific situation of each 
installation and member state, different pathways 
may and will occur, of course. However, the objective 
of an adequate regulatory framework under an  
EU Clean Industry Package must be to optimize the 
outcome from an economic, social, and environmental 
perspective. Figure ES.5 illustrates two scenarios: 

 → Scenario 1: New investment outside Europe 
(carbon and investment leakage), without dedicated 
policy intervention

 → Scenario 2: Green investment under the EU Green 
Deal, with a Clean Industry Package investment 
framework

 
Which pathway the basic materials industries will 
take will be determined by the investment choices  
in the 2020s which will have a major impact on 
innovation, climate ambition, the economy, and 
hundred thousands of jobs in the EU’s steel, chemical, 
and cement sectors (see figure ES.5). These choices, in 
turn, will be shaped by regulatory conditions. While it 
is clear that scenario 2 is the most desirable option, the 
situation today of the EU basic materials industries is 
closer to scenario 1. Rational companies will foresee 
the long-term risks for reinvestment  in conventional 
CO2-intensive technologies, but because they do not 
have a credible business case for investment in key 
low-carbon technologies, they may decide not to 
reinvest in Europe at all. The result would be a 
creeping decline of the basic materials industries in 
Europe. What is worse, the stark economic conse-
quences of the Covid-19 pandemic have already put 
immense pressure on basic materials companies in 
virtually all EU member states, making them more 
reluctant to make unsafe bets in Europe.

For all that, scenario 2 is still within reach,  but 
requires an adequate investment framework  for key 

Whether a particular investment or technology  
does or does not provide a solid foundation for the 
steady path to climate neutrality depends of course 
on the sector, process, and site. Ultimately, it will be 
up to industry and financial investors to decide on 
the best course of action. But state aid guidelines and 
policy instruments should be optimized to ensure 
effective investment incentives. The regulatory 
framework should promote technologies that have 
demonstrated their compatibility with climate 
neutrality by 2050, are readily available for deploy-
ment, and offer sustained greenhouse gas abatement 
and other economic benefits. At the same time, there 
must be clear policy guidance at the EU level that both 
limits the risk of high-carbon technology lock-in and 
reduces the possibility of future state aid for “bailing 
out” GHG-intensive investments that are clearly 
incompatible with the climate neutrality goal.10 

In the absence of a sound Clean Industry Package to 
steer a steady path to climate neutrality by 2050, the 
EU basic materials industries remain in limbo. Right 
now, there is no viable business case for investments 
in key low-carbon technologies. At the same time, 
investing in conventional assets that are marginally 
more efficient from the perspective of greenhouse gas 
emissions but create a certain level of carbon lock-in 
and therefore risk being stranded under increasingly 
stringent greenhouse gas abatement targets and 
carbon prices is not a viable option, either. As a result, 
many companies may decide not to invest in the EU 
and move their production to other parts of the world 
with less climate ambition. 

If the uncertainty continues, it is very likely that 
Europe will lose productive capacity, resulting in 
reduced GDP, the destruction of industrial networks 

10 One possible way to do this is via the establishment  
of climate-neutral technology standards under, say,  
the Industrial Emissions Directive, and which would 
apply to major investments with lifetimes beyond 2030  
(see Section 5.2).
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under the EU Emissions Trading Scheme (EU ETS).11 
Based on the European Commission’s “MIX” scenario 
in the Impact Assessment, a -55 per cent economy- 
wide climate target for the EU by 2030, we have 
assumed a 65 per cent reduction of the greenhouse 
gas emissions cap for the EU ETS relative to  
that in 2005 (see figure ES.6). 

This would represent an ambitious reduction  
target for current EU ETS sectors and would  
require gradually reducing the emissions cap from 
1,295 MtCO2eq in 2019 to 722 MtCO2eq in 2030. 
Following the Impact Assessment, we assume that 
by 2030 the power sector will have reduced its 
emissions by 71 per cent and that refineries will 

11 The significant greenhouse gas emission reduction 
potential in non-ETS industry sectors was not included 
in this study.

low-carbon technologies. As the next section demon-
strates, meeting the urgent reinvestment requirements 
with a swift deployment of key low-carbon technolo-
gies in the 2020s will allow  EU industry to meet an 
increased EU 2030 climate target of at least -55 per 
cent. In contrast to  reinvestment in conventional best 
available  technologies, this will put the EU’s industry 
on  a steady path to climate neutrality. 

3  Breakthrough technology pathways  
for climate-neutral industry

3.1  How much do EU ETS industries  
need to contribute to higher  
EU climate ambition 2030? 

To meet the increased EU 2030 climate target, 
significant emissions reductions have to be delivered 
by the energy-intensive basic materials industries 

→ Reinvestment requirements: 
 are met with key low-carbon technologies
→ Climate ambition: complies with
 EU 2030 and 2050 climate targets
→ Economy: innovation in key technologies; 
 technology export likely
→ Employment: future-proof green jobs 
 in the medium- and long-term; 
 just transitions within incumbent companies

Today Medium-term (2030) Long-Term (2050)

Today Medium-term (2030) Long-Term (2050)

→ Reinvestment requirements: are not 
 met in Europe because there is no 
 business case for either conventional 
 or low-carbon technologies 
→ Climate ambition: massive carbon leakage 
 as industry production moves to other parts 
 of the world with less climate ambition 
→ Economy: loss of gross value added, 
 increased import dependency
→ Employment: high job losses in 2020s, 
 high uncertainty for 2040-2050

Two scenarios for new investment in the 2020s and their implications for climate change, 
the economy, and employment in the EU  Figure ES.5

Agora Energiewende, 2020

Scenario 1:  New investment outside Europe (carbon and investment leakage), without dedicated policy intervention

Scenario 2: Green investment under the EU Green Deal, with a Clean Industry Package investment framework
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3.2  GHG abatement needs can be met with key 
low-carbon technologies

The strategic deployment of key low-carbon  
technologies in the basic materials industries has 
great potential to significantly reduce CO2 emissions 
by 2030 and prepare the path to climate neutrality. 
Indeed, the required CO2 reductions for industry 
under the EU ETS, for an EU 2030 climate target  
of at least -55 per cent, can be achieved by a  
decisive deployment of key low-carbon technologies 
in the steel, chemical and cement sectors alone. 
Overall, the abatement potential of these three 
sectors amounts to 145 MtCO2 and thus exceeds the 
required emissions reductions of all industry sectors 
under the EU ETS (see figure ES.7). Further significant 
emission reduction potential exists through 
cross-cutting strategies such as biomass use, energy 

have lowered their emissions by 25 per cent  
(both relative to 2015 levels). 

This latter assumption is derived from the required 
emission reductions of the transport sector (approxi-
mately 20 per cent relative to 2015 levels) and from 
the assumed partial adoption of more efficient 
technologies to limit EU ETS compliance costs12.  
For industry sectors covered by the EU ETS, this 
would mean a need to reduce emissions by 27 per 
cent relative to 2015 levels, or a total of 142 MtCO2eq 
relative to 2019 levels. 

12 See pages 178 and 213 of the Impact Assessment.

Agora Energiewende, 2020, based on data from European Commission, EEA, and Eurostat. 

Note: Emissions that relate to industrial processes such a coking plants and power plants for industrial use are accounted for in the industry sector 
and not in the transformation sector. ETS emissions in 2005 are notional base-year emissions with respect to the 2030 target, i.e. they account for 
the change in the ETS scope and size of the EU since 2005. 
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certain key low-carbon technologies if deployed in 
the industrial sector based on their effective or 
projected technological availability by 2030. Green-
house gas abatement potential was calculated based 
on the 2017 asset base and production levels. 

In the scenarios below, we apply only technologies 
that would be available with high confidence for 
large-scale deployment by 2030. Accordingly, we 
ignore a host of supply-side key low-carbon innova-
tions that could nonetheless further contribute to the 
transition to climate neutral industry beyond 2030. 
Furthermore, our estimates do not include demand-
side measures to increase recycling rates and quality 
or to improve material efficiency in final products. 
Hence, our estimates are somewhat conservative in 
what they assume about total mitigation potentials by 
2030 and for the path to climate neutrality by 2050. 

efficiency, and circular economy measures in other 
industry sectors of the EU ETS. 

By contrast, the Impact Assessment greatly relies on  
a switch to conventional best available technologies 
to meet GHG abatement requirements for 2030.  
The problem is that these technologies are not always 
compatible with the climate-neutral objectives for 
2050. We have thus devised a scenario that focusses 
on climate neutrality as defined by the European 
Green Deal to spur innovation and green investment 
and secure future-proof industrial jobs and economic 
resilience. 

For this vision to become reality, industrial 
 c  ompanies will require a framework for investing in 
key-low carbon technologies, an infrastructure for 
clean hydrogen and CCS, and a sufficient and stable 
supply of green electricity (see sections 4 and 5).  
Our estimates are not based on a modelled scenario, 
but, rather, illustrate the CO2 abatement potential of 

lower bound DRI with natural gas onlyhigher bound DRI with additional hydrogen
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CO2 abatement potential of selected key low-carbon technologies in the steel, 
chemical, and cement sectors by 2030  Figure ES.7

Agora Energiewende / Wuppertal Institute, 2020 
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retrofits. For 2030 we assume that, on average,  
DRI plants will run on 65 per cent green hydrogen and 
35 per cent fossil natural gas, for an emissions reduction 
of -89 per cent relative to the blast furnace route. 
Compared with natural gas DRI, this produces an 
additional CO2 abatement of 17 MtCO2 by 2030  
(see figure ES.7, DRI with additional hydrogen).  
The required amount of green hydrogen (ca. 50 TWh) 
in the steel industry is equivalent to 15 per cent of the 
planned green hydrogen production (333 TWh) within 
the EU by 2030, as described in the EU Hydrogen 
Strategy. To date, steel companies in Sweden (1x), 
Germany (3x), Romania (1x), and Italy (1x) either  
have planned or operate DRI pilot and demonstration 
plants or have announced concrete plans to produce  
DRI steel on a commercial scale before 2030. 

Electric arc furnaces for secondary steel production: 
Another low-carbon transformation strategy in  
the steel sector in line with climate neutrality is  
to increase the share of secondary steel, replacing 
primary steelmaking with coal-based blast furnaces. 
Studies have shown that the share of secondary steel 
production in the EU could rise from ca. 40 per cent 
today to between 60 and 70 per cent by 205013. We 
conservatively assume that 10 per cent of the primary 
steel production capacity that requires reinvestment 
before 2030 will be converted to electric arc furnaces, 
equivalent to an increased production of 4.6 Mt  
of secondary steel in 2030. The specific emission 
reduction per ton of crude steel is 1.68 t of CO2  
(-93 per cent), which translates into emission 
reductions of 8 MtCO2 for 2030. The Swedish steel 
company SSAB has already announced plans to replace 
approx. 1.5 Mt of conventional steelmaking capacity 
in Oxeloesund with electric arc furnaces by 2025. 

3.2.2  Key low-carbon technologies  
in the chemical sector 

In the chemicals industry the key low-carbon technol-
ogies that are already available or can become available 

13 Material Economics. (2019).  
Industrial Transformation 2050.

3.2.1  Key low-carbon technologies  
in steelmaking

In line with the EU Green Deal’s overarching vision of 
innovation, future-proof investments, and increased 
climate ambition, we assume that there will be no 
new investment in conventional coal-based blast 
furnace technology. Instead, the 48 per cent of 
primary steel capacity that requires relining or 
reinvestment before 2030 will be replaced with key 
low-carbon technologies that are already available 
and that are compatible with the climate neutrality 
target. Based on these criteria, we selected the 
production of direct reduced iron as a technology  
for primary steelmaking and the electric arc furnace 
for secondary steelmaking.

Direct Reduced Iron (DRI) for primary steel  
production: DRI with clean hydrogen is the only key 
low-carbon technology close to market readiness  
that can significantly reduce emissions in primary 
steelmaking – by up to -97 per cent relative to the 
blast furnace route. Moreover, the technology is 
sufficiently mature, so that it can be deployed in the 
2020s to meet reinvestment requirements in the EU 
steel industry. It can be initially fuelled by natural gas, 
which will reduce emissions by approx. -66 per cent 
compared with the conventional blast furnace route 
(1.8 t of CO2/ t of crude steel). The residual emissions 
can be largely eliminated by substituting natural gas 
with increasing shares of clean hydrogen. With its 
capability and flexibility, DRI can serve as an anchor 
for increasing investment in the production and 
transport of hydrogen and so contribute to the creation 
of clean hydrogen-based industrial clusters.

We therefore assume that 90 per cent of the conven-
tional blast furnaces that reach the end of their lifetime 
before 2030 will be replaced by DRI reactors. Until 
enough clean hydrogen is available, DRI plants will 
operate with natural gas. For the envisaged production 
of 41 Mt DRI steel with natural gas, the CO2 abatement 
potential is 49 MtCO2 (see figure ES.7, DRI with natural 
gas only). Later, increasing amounts of clean hydrogen 
can replace fossil gas in the DRI plants without major 
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To determine the GHG abatement potential for 2030, 
it is necessary to estimate the specific greenhouse 
gas intensity of the future electricity mix. For this 
purpose, we relied on the modelling results of an 
accelerated coal phase-out scenario that is compatible 
with the -55 per cent target of the Impact Assessment 
(Agora Energiewende 2020, forthcoming). Based on 
this modelling we assume an average grid emission 
factor of 76 g CO2/kWh for the EU27 power mix.  
We also factored in the specific average grid  
emission factors for Germany (113 g CO2/kWh), 
Poland (154 g CO2/kWh), the Czech Republic  
(119 g CO2/kWh), and Spain (46 g CO2/kWh).  
CO2 emissions can be reduced by 25 MtCO2 compared 
with when supplying steam demand from natural 
gas-fired boilers with a greenhouse gas intensity  
of 223 g of CO2/kWhth. The additional electricity 
required for this strategy will amount to 148 TWh, 
with 11 TWh for heat pumps (with a coefficient of 
performance of 3) and 137 TWh for electrode boilers 
with 100 per cent conversion efficiency. 

Considering the flexibility of PtH, this analysis is 
somewhat simplistic but its estimates of the green-
house gas abatement potential are conservative.  
In reality, PtH would operate mainly in times  
when renewable electricity is cheap and abundant.  
The specific greenhouse gas intensity of electricity 
during those times is lower than on average,  
generating an even higher reduction in greenhouse 
gas emissions. Moreover, PtH will cease when 
renewable power generation is scarce and the 
greenhouse gas intensity of grid electricity is high, 
because industries will rely on conventional heat 
sources from CHP and natural-gas boilers. Thanks  
to this flexibility, PtH in the chemical industry  
can efficiently use renewable electricity when it is 
abundant and compensate for its lack when wind  
and solar generation is low. To make effective use of 
this solution and its benefits for the power sector and 
the economy, it will be necessary to establish market 
mechanisms that align with cost efficiency and 
minimise GHG emissions. 

on a commercial scale in the 2020s are power-to-heat, 
clean hydrogen, and chemical recycling. These tech-
nologies can contribute to a significant reduction of 
greenhouse gas emissions before 2030.

Power-to-heat (PtH): In light of the accelerated  
EU coal phase-out under the increased 2030 climate 
target of at least -55 per cent and the efficiency  
gains over clean hydrogen, PtH technologies are 
particularly attractive from environmental and 
economic perspective. In the -55 per cent scenarios 
of the European Commission’s Impact Assessment, 
coal accounted for a mere 2 per cent of the European 
power mix in 2030. As a result, electricity generation 
will have to be based on a significant expansion  
of renewable sources. Specific greenhouse gas 
emissions per kWh of electricity will be comparably 
low, offering a convenient opportunity to substitute 
the use of fossil fuels for heat production. 

Based on country-specific data for low- and  
medium-temperature heat in the chemicals sector  
(i.e. steam demand of up to 500°C), we assume that a 
total demand of 342 TWhth can be supplied by an 
evolving mix of technologies. Today, heat demand in 
the chemicals sector is supplied by a combination of 
combined heat and power plants (CHP) as well as 
natural gas-fired boilers with a greenhouse gas 
intensity of 223 g of CO2/kWhth. Starting from this 
baseline, we assume a gradual evolution with 
increasing shares of PtH. 

For lower temperatures, we assume the use of 
high-temperature heat pumps, corresponding to 
about 10 per cent of total heat demand. Another 
40 per cent of total heat demand can be supplied  
by electrode boilers. The remaining 50 per cent of 
heat in 2030 will continue to be supplied with natural  
gas-fired boilers and conventional CHP plants, as is 
largely the case today. When assessing the green-
house gas abatement potential for these technologies, 
we make the simplified assumption that both PtH 
technologies operate at 8,000 full-load hours. 
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The commercial proof of concept indicates that the 
share of chemical recycling can be increased after 2030. 
Moreover, the greenhouse gas reduction potential can 
be further increased through technological optimisation 
such as the electrification of steam crackers and the 
gasification of the heavy fuel oil fractions coupled 
 with methanol-to-olefin technology. The emission 
reduction potential of this fully integrated chemical 
recycling route amounts to 93 per cent (4.2 of CO2/t of 
HVC) relative to conventional processes. 

3.2.3  Key low-carbon technologies  
in the cement sector 

An array of measures to reduce emissions along  
the value chain is available for the cement sector. 
Demand-side measures such as efficient design  
can reduce the amount of concrete needed, lowering 
demand for cement. The total amount of cement  
per unit of concrete, in turn, can be lowered by the 
more efficient application and packing of granules. 
Furthermore, the clinker content of cement can  
be reduced by substituting a portion of the clinker  
with other binders, such as so-called limestone 
and calcinated clay substitutes (“LC3” solutions). 

Another promising approach is based on the  
principle of material circularity: concrete from  
demolition is crushed and the aggregates are sepa-
rated and then either re-used as cement substitute 
directly (unhydrated cement) or brought back to 
cement plants for recarbonation and recycled  
to be used to produce new recycled clinker. 

But even with recycling, the industry will still need  
to produce new cement clinker in the future. Roughly 
one-third of the emissions from clinker production 
(energy-related emissions) can be avoided in the future 
through the use of biomass or the electrification of kiln 
heating. The remaining two-thirds of process-related 
emissions, however, will require carbon capture 
technologies if the cement sector is to achieve climate 
neutrality and possibly even negative emissions.

Hydrogen use in the chemical industry: By 2030,  
the EU chemicals industry will be among the largest 
users of clean hydrogen (AFRY 2021, forthcoming). 
The European Commission’s Hydrogen Strategy for  
a Climate-Neutral Europe envisages by 2030 a total 
production of 333 TWh of renewable electricity- 
based green hydrogen within the EU borders, another 
333 TWh of imports from countries such as Ukraine 
and Morocco, and a significant amount of blue 
hydrogen. We estimate that the chemical industry 
will use around 115 TWh of green hydrogen in the 
production of ammonia (91 per cent) and methanol  
(9 per cent). Producing 115 TWh of green hydrogen 
via electrolysis can reduce 31 MtCO2 relative to 
conventional hydrogen production based on the 
steam-methane reforming of natural gas with 
specific emissions of 9t CO2/t of H₂. 

Chemical recycling: The recycling of plastic waste 
with chemical methods is an important opportunity 
for material substitution because chemically recycled 
plastic waste can serve as a substitute for petrole-
um-based naphtha. By replacing this fossil source,  
it closes the carbon cycle and avoids greenhouse gas 
emissions. While the technology has not yet been 
implemented on a commercial scale, we assume that 
this will be possible over the coming years, provided 
that the appropriate policy incentives are introduced. 
We assume that by 2030 five per cent of chemical 
raw materials for the production of two million tons 
of high-value chemicals (HVC) can be supplied by 
feedstock generated from the chemical recycling of 
plastic waste. This will replace an equivalent volume 
of petroleum-based naphtha in plastic production 
and avoid the CO2-intensive incineration of plastic 
wastes. Conventional petroleum-based plastics 
production and the subsequent incineration of  
plastic waste generates about 4.5 t of CO2 per t of HVC. 
Chemical recycling by the pyrolysis of plastic waste 
and the use of pyrolysis oil in conventional steam 
crackers will enable GHG emission reductions  
of 3.1 t of CO2/t of HVC, or 69 per cent relative to  
the status quo. In 2030, this will amount to a  
CO2 abatement potential of 6 MtCO2. 
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or about 10 to 14 per cent of the best available 
conventional technology potential in the Impact 
Assessment. We have not quantified here the 
potentials of circular economy and material  
efficiency measures because our focus was on  
the development of supply-side breakthrough 
technologies. Nevertheless, the potentials in these 
areas point to the many technical levers that EU 
ETS-compliant industry sectors have at their 
disposal for reaching a -65 per cent ETS cap in 2030.     

To realise this breakthrough scenario and embark  
on the path to climate neutrality, the EU’s industry 
will require a comprehensive framework for invest-
ment in key low-carbon technologies that must be 
created as soon as possible.

Industry-wide transformation at scale depends  
on the fulfilment of certain basic conditions along 
the entire industrial value chain. This is one reason 
why the EU doesn’t need a magic bullet policy to 
unlock industrial transformation; it needs a Clean 
Industry Package. In this chapter we explain the 
importance of introducing such a package as soon  
as possible. 

4  A Clean Industry Package to 
 kickstart industrial transformation 

4.1  Insufficient policy action will lead to 
 deindustrialisation and carbon leakage 

Due to the upcoming modernisation requirements 
and the long lead times for the licensing and  
construction of new plants (typically 5 years or 
more), companies in the basic materials industries 
will soon have to decide which reinvestment to  
make in Europe. The current regulatory framework 
does not create a business case for investment in 
conventional CO2-intensive technologies, which are 
likely to lead to stranded assets; nor does it create  
a business case for investments in key low-carbon 
technologies, which are significantly more expensive 
than conventional CO2-intensive technologies.  

Oxyfuel CCS: Oxyfuel CCS can play a key role in 
delivering significant emission reductions. CCS 
infrastructure in coastal areas could be developed  
by 2030 for cement as well as for the production of 
blue hydrogen. We assume that by 2030 eleven cement 
plants that are close to the Atlantic Ocean or navigable 
rivers could be connected to long-term CO2 storage 
sites that are being developed in the Netherlands and 
Norway. This will require an infrastructure to 
transport CO2 via pipelines or ships. Compared with 
the conventional production of cement with specific 
emissions of 0.61 t of CO2/ t of cement, Oxyfuel CCS 
can capture and store 90 per cent of CO2 emissions. 
By 2030, this technology can cut emissions by a total 
of 9 MtCO2. Bio-energy coupled with CCS, known as 
BECCS, can achieve even better results. For instance, 
a 25 per cent share of biomass in the fuel mix coupled 
with Oxyfuel CCS can make a cement plant climate 
neutral; higher shares of biomass have the potential 
to produce negative emissions. 

Further reduction levers: 
Significant reduction potentials also exist in  
EU ETS industry sectors outside steel, chemicals,  
and cement. Moreover, a number of additional 
options such as energy efficiency, biomass use,  
and circular economy measures can be used across  
all the sectors. The Impact Assessment of the  
European Commission has shown that by solely 
relying on an ambitious deployment of best available 
conventional technologies, the industry sectors under 
the EU ETS could reduce emissions by 144 MtCO2  
by 2030. Though our scenario rules out most  
conventional best available technologies in steel, 
chemicals, and cement because of CO2-intensive 
lock-in, cross-cutting technologies such as pumps, 
drive systems, compressors, and ventilators can  
still do much to lower emissions generally.

Power-to-heat applications in EU ETS industries 
other than chemicals, biomass, and further circular 
economy measures also have great potential.  
We conservatively estimate a combined CO2 reduc-
tion potential of at least 15 to 20 MtCO2 by 2030,  
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and storage technologies in the cement sector can be  
deployed well before 2030. Provided an  appropriate 
regulatory framework and necessary infrastructure 
are in place, the introduction of key-low carbon  
technologies for needed reinvestment alone will 
ensure that EU ETS industries can meet the 2030 
reduction target. 

4.2  Carbon pricing and border carbon 
 adjustments alone will not be sufficient

The costs of key low-carbon technologies are 
significantly higher than today’s conventional 
technologies. Even under optimistic assumptions 
(lower bounds for 2030), the estimated CO2-abate-
ment costs of key low-carbon technologies are  
well above he carbon price range of 45-60€/t of CO2 
that the Impact Assessment projects for the EU-ETS 
through 2030, as shown in the European Commis-
sion’s 2030 Climate Target Plan (see ES.8). 

The regulatory limbo demands a breakthrough 
strategy with a more ambitious vision than that 
offered by the European Commission’s Impact 
Assessment, which neglects the large CO2 reduction 
potentials of truly transformative low-carbon 
technologies. While the Impact Assessment shows 
that industries governed by the EU ETS can achieve 
the EU’s 2030 climate target of -55 per cent by 
adopting the best available conventional technolo-
gies, this is not a sustainable strategy for climate 
neutrality in the steel, chemicals, and cement sectors 
given the inevitability of carbon lock-in and 
stranded assets. 

However, the EU is ready to begin investing in  
a portfolio of key low-carbon technologies during  
the next 5 years. Key low-carbon technologies  
such as direct reduced iron in the steel sector;  
green hydrogen, power-to-heat, and chemical 
recycling in the chemicals sector; and carbon capture 

Agora Energiewende/Wuppertal Institute, 2020

Note: CO₂ abatement costs depend very much on assumptions about electricity costs. For the calculation of these values, electricity costs of 60 euros per MWh were 
usually assumed. The estimates here are based on Agora Energiewende/Wuppertal Institut, 2019 and represent the lower bound of CO₂ abatement costs in 2030. 
Higher CO₂ abatement costs are to be expected before 2030 than after 2030 because the technologies must still undergo learning curves for cost reductions. 
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Direct reduction with hydrogen (Steel)

Direct reduction with natural gas (Steel)

CCU of waste gases of the blast furnace route (Steel)

Green hydrogen from electrolysis (Chemicals)

Methanol-to-olefin/aromatics route (Chemicals)

Carbon capture with the oxyfuel process (Cement)

Current CO₂ price: 27 €/tCO₂
Expected CO₂ price range in the EU ETS until 2030

Estimated CO₂ abatement costs of selected key low-carbon technologies 
versus today‘s conventional reference process for 2030

Figure ES.8
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If these basic conditions along the value chain 
are not fulfilled, the industrial sector will not  
invest in key low-carbon technologies. A cement 
producer will not invest in the installation of  
carbon capture technologies unless the government 
has committed to CO2 infrastructure (upstream).  
And even if the cement plant can be connected to  
a CCS infrastructure, the company will not invest  
in key low-carbon technologies unless there are 
mechanisms to cover the significant additional costs 
of low-carbon cement at the stage of production 
(midstream) and at the final sale of the product 
(downstream). 

The new European Commission has started to 
propose policies that, if properly implemented,  
will address some – though not all – of the industrial 
sector’s specific needs. These policies include the 
Hydrogen Strategy, the Sustainable Products Policy 
Initiative, and the Circular Economy Strategy. However, 
in some key areas such as industrial infrastructure 
planning for key industrial clusters, implementing 
instruments to support the high operating costs of 
low-carbon technologies, or creating new markets for 
ultra-low carbon products, the European Commission 
has yet to make concrete proposals. Accordingly,  
key gaps still need filling.

Our proposed Clean Industry Package for Europe  
aims at comprehensively and adequately addressing 
the basic conditions along the entire industrial value 
chain. It consists of policies that both preserve the 
business case for existing industry assets until  
they reach the end of their lifetimes and create a 
framework for new investments compatible with  
the 2050 climate-neutrality target.  

Figure ES.9 provides an overview of the 11 policies. 
The next section describes them in more detail. 

In fact, the CO2 abatement costs of these tech-
nologies are likely to be even higher before 2030. 
First-of-a-kind plants still face certain unique 
project risks, because of the learning curve for  
new technologies and the need for proof of concept 
on a commercial scale. This means that even  
assuming the EU can overcome the many obstacles 
to swiftly implementing a well-functioning border 
carbon adjustment mechanism in the 2020s,  
the expected CO2 prices are not sufficient to create 
a viable business case for investment in key 
low-carbon technologies. The combination of  
higher carbon prices and border carbon adjustments 
alone will not create a sufficient investment  
framework for these key technologies. 

4.3  Only a coordinated set of policies across 
the value chain will enable the necessary 
investments

To incentivize investment in key low-carbon tech-
nologies in the basic materials industry certain basic 
conditions along the entire industrial value chain 
need to be met. 

 → Upstream: The industrial sector needs reliable 
access to clean energy (renewable electricity and 
clean hydrogen) and raw materials at competitive 
prices along with the required infrastructure, such 
as power grids, hydrogen production and transport, 
CO2 transport, and CCS. Pan-European solutions 
will be required to develop, plan, and finance the 
necessary infrastructure.

 → Midstream: The industrial sector needs the right 
economic and financial conditions to develop, 
implement, and operate investments in key 
low-carbon technologies. Moreover, policies are 
needed to address the risks of carbon leakage in a 
sustained manner.

 → Downstream: The industrial sector needs demand 
and scalable markets for decarbonised and circular 
products, markets that have internalised the higher 
costs of decarbonised products, and incentives to 
integrate the circular economy and resource 
efficiency along the value chain.
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  Such feed in premiums may also be awarded  
through hydrogen contracts-for-difference and 
possibly be auctioned. They might also be appropriate 
for supporting early stage investments in greening 
existing hydrogen production, i.e., the switching 
from GHG-intensive fuels to clean sources for 
industrial processes that already use hydrogen.  
This will encourage the creation of supply for  
other green hydrogen applications as well.

 → carbon contracts-for-difference (CCfD) for the 
production, transport, and use of clean hydrogen. 
The additional costs of clean hydrogen can also  
be covered by financing its use in industrial 
production applications. This would channel  
clean hydrogen directly to no-regret-use sectors 
such as steel (e.g. direct reduction with hydrogen)  
and chemicals (e.g. low-carbon ammonia).

 → A clean hydrogen quota can be applied on  
sellers of maritime and aviation fuels. In this way, 
the private sector absorbs the cost of blending  
a share of renewable fuels in the end product  

5  The Clean Industry Package:  
11 policy instruments for the  
entire value chain  

5.1 Upstream policies
 
1)  Support instruments to create  

a business case for clean hydrogen 

To mobilize the required investment in clean 
 hydrogen production and infrastructure, a reliable 
business case for the production and transport of 
clean hydrogen must first be established. There are 
three main options for instruments to establish the 
required incentives: 

 → A feed-in premium for hydrogen can close  
the price gap between the production of clean 
hydrogen and conventional hydrogen (produced 
from the steam reforming of natural gas). 

Agora Energiewende, 2020
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5.2 Midstream policies

4)  An EU policy framework  
for carbon contracts-for-difference (CCfDs) 

By covering the price difference between conventional 
and key low-carbon technologies, CCfDs can provide a 
credible business case for investments that are compat-
ible with climate neutrality. Payments to these projects 
would be calculated based on the difference between 
the EU ETS carbon price and a pre-agreed strike price 
(that is, the breakeven carbon price to make this invest-
ment viable). Accordingly, CCfDs are critical for covering 
the cost gap that arises from the expected CO2 abatement 
costs of key low-carbon technologies, which in the 
2020s will be higher than the projected EU ETS carbon 
prices. In the medium term, CCfDs could also comple-
ment a border carbon adjustment regime to guarantee 
investors a sufficiently high CO2 price above the 
carbon price defined by the border carbon adjustment.  

5)  De-risking instruments for capital expendi-
ture in first-of-a-kind, large-scale investments  

CCfDs can be supplemented by financing instruments 
that address the capital investment risk that results 
from large-scale deployment of new, unproven,  
and often highly capital-intensive technologies. 
Funds such as the EU Innovation Fund and InvestEU 
already exist for this purpose. They are relatively 
small, however. The EU Innovation Fund must support 
all sectors of the entire energy system and the size of 
InvestEU was dramatically lowered during the EU’s 
recent recovery and budget negotiations.  
To boost these instruments, the EU must devise 
additional funding mechanisms. Potential options  
are an EU-wide climate surcharge on products with 
large amounts of basic materials that are sold in the 
EU market or the extraction of new revenues from 
ETS auctions.  

(e.g. airplane tickets). This option may not be appro-
priate for general industry because the higher cost 
of hydrogen blending would make it difficult to 
compete with foreign competitors that do not use 
renewable hydrogen. 

 
2)  A robust sustainability framework  

for clean hydrogen production and use  

To develop clean hydrogen that does not contribute  
to increasing emissions along the industrial value 
chain (scope 3 emissions), the EU will need to develop 
rules that classify hydrogen as “clean” and thus 
eligible for state aid. These rules could be part of  
a revised Renewable Energy Directive. Specifically, 
rules are needed to govern guarantees of origin for 
clean hydrogen and the “additionality” of renewable 
or decarbonised energy for clean hydrogen produc-
tion; to ensure that clean hydrogen is allocated to  
the most appropriate “no-regret” options (e.g. steel, 
chemicals, maritime, and aviation); and to govern the 
safety of hydrogen production, transport, and use. 

 
3)  Planning, financing, and regulatory  

steps to enable clean energy and  
a CO2 storage infrastructure

Current infrastructure planning varies greatly from 
member state to member state. For the development 
of a pan-European hydrogen, electricity, and CCS 
infrastructure, future National Energy and Climate 
Plans (NECP) must explicitly include the planning and 
financing of strategic industrial infrastructure. The 
plans could then serve as a reference point for other 
planning and EU financing instruments such as the 
Trans-European Networks for Energy regulation 
(“TEN-E”), Regional Just Transition Plans, Projects of 
Common Interests, and state-aid approval requests.
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energy-intensive basic materials industries.  
The second is the possibility of state-aid payments  
to compensate for higher electricity prices. But these 
solutions need to be revised in light of projected 
increases in carbon prices and decreases in free 
allowances. In the short run, free allocation must 
be continued at the full technology benchmark but 
adjusted based on true output (“output-based  
allocation”). Moreover, state-aid guidelines should  
be reformed to enable maximum aid levels for 
electro-intensive industries once the carbon price 
rises above 30€/t of CO2 (full power-price compen-
sation). Border carbon adjustments or carbon product 
requirements must be prepared carefully and gradually 
implemented for relevant sectors (see figure ES.10). 
Depending on the specific design of certain policies 
further reforms may be needed. 

5.3 Downstream policies 
 
8)  A climate surcharge on  

material-intensive final products

Some of the policies at the upstream and midstream 
levels such as carbon contracts-for-difference require 

6)  Set standards for production processes 
compatible with climate neutrality

The EU needs standards that dissuade new invest-
ment in industrial plants and technologies that are 
incompatible with achieving climate neutrality by 
2050. Appropriate standards can prevent the intro-
duction of more CO2-intensive conventional technol-
ogies and “half-way solutions” that reduce emissions 
in the short run but lock in technologies with relatively 
high emissions. They can also clarify eligibility for 
state aid, identify specific criteria for the use of 
policy instruments such as CCfDs, and facilitate the 
creation of lead markets for climate-neutral materials 
(e.g. through green public procurement).  

7)  A reformed anti-carbon leakage system, 
robust to higher carbon prices 

Under existing policies, the EU ETS Directive  
provides two main measures for tackling the risk of 
“carbon leakage,” i.e. when production, jobs, and emis-
sions move to countries with less climate ambition. 
The first is the free allocation of emissions allowances 
to sectors at risk of carbon leakage, which include 

Agora Energiewende, 2020
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a refinancing option to cover additional funds. One 
option would be a climate surcharge on certain final 
products containing large amounts of basic materials 
(cars, plastic bottles, houses). The climate surcharge 
would be applied to the final product (e.g. car) regard-
less of its origin (EU, non-EU) or the production 
process (conventional steel, low-carbon steel) and 
would thus be compatible with WTO rules. The 
additional cost increases in the final product are  
small (e.g. <1–2 per cent of final product price).    

9)  Requirements to improve recycled  
material quality and material efficiency  
in manufacturing and construction

One of the biggest barriers to boosting the circular 
economy for basic materials such as steel, non- 
ferrous metals, and plastics is the degraded quality  
of secondary scrap and plastic. This limits the share 
of recycled materials that can be used to replace new 
virgin materials and a share of energy-intensive 
primary production processes. One option to incen-
tivise the improvement of material quality would be 
the introduction of stronger incentives for material 
conservation and minimum recycled content 
requirements. A second option would be an EU ban, 
tax and label products with low recyclability or poor 
material efficiency. This would ensure that  
products such as vehicles, machines, and buildings 
are designed with longevity and ease of disassembly 
in mind. A third option would be the adoption of 
minimum requirements for end-of-life dismantling, 
sorting, and tracing; and of tighter regulations for 
buildings and construction waste and for vehicle 
shredding.  

10)  Climate-neutral product labelling  
and eco-design requirements for  
embedded carbon in final products

Product labelling and eco-design requirements  
are a prerequisite for the creation of lead markets  

for low-carbon basic materials. One option is to 
create an EU-wide low-CO2 product label for basic 
materials to allow end customers to distinguish 
between green and conventional products. For  
example, a “climate-neutrality compatibility label”  
for low-carbon steel could be used by car manufac-
turers and other leading private-sector purchas-
ers who wish to advertise their green credentials. 
Another option are specific design requirements  
for final products via minimum requirements for 
embedded carbon in final products. This can help 
tackle the overestimation of material requirements  
in construction and inefficient manufacturing  
processes.

11)  Green public procurement  
requirements for basic materials 
 

EU public procurement legislation from 2014 already 
permits – but does not require – environmental 
criteria to be used in public procurement for the 
domestic market. One potential reform option is to set 
declining maximum CO2 limits on specific materials 
that are eligible for use in public projects. A second 
option is to introduce mandatory life-cycle CO2 
performance criteria for assessing projects that are 
based on harmonised European methodology. 

Figure ES.11 summarises the eleven policy recom-
mendations and maps them onto existing EU-level 
legislative instruments. The figure shows that, apart 
from legislation for carbon contracts-for-difference 
and border carbon adjustment legislation, nearly all 
the proposed instruments can be attained with 
reforms to existing legislative tools. 

The continuation of existing policies is not an option 
if EU industry is to be part of an EU Green Deal that 
spurs innovation and green investment while 
securing future-proof industrial jobs in a resilient 
economy. Moreover, border carbon adjustments alone 
will not suffice, because CO2 prices for EU ETS are not 
expected to be high enough to make key low-carbon 
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formation under the EU Green Deal. In tandem  
with other elements of the Clean Industry Package, 
they will help to spur necessary investment during 
the coming investment cycle and beyond.

technologies economically viable. With a good deal  
of industrial capacity slated for replacement or 
refurbishment in the 2020s, European industry needs 
policymakers to make a strong commitment to 
preserving industrial production in Europe,  
despite higher climate ambition for 2030. This entails 
maintaining a business case for existing conventional 
assets until they reach the end of their lifetimes  
(see instrument 7 on carbon leakage) as well as the 
introduction of a framework for investment in key 
low-carbon technologies. The protection of existing 
assets will ensure that companies have the financial 
vitality to handle transformational challenges, while 
the investment framework will need to create 
instruments (such as carbon contracts-for-difference) 
as well as new product standards and markets that 
can support the higher operating costs of key 
low-carbon technologies. Together, these measures 
will be crucial for kick-starting industrial trans-

Agora Energiewende, 2020

Note: CDW stands for Construction and Demolition Waste period.

Energy Union Governance Framework

Clean Industry Package

→ Hydrogen investment support policy-framework
→ Robust clean hydrogen sustainability criteria
→ Industrial energy & CO₂ infrastructure 
 planning & financingU

ps
tr

ea
m

M
id

st
re

am
D

ow
ns

tr
ea

m

→ Renewable Energy Directive 
 Clean H₂ enabling Framework enabling clean H2
→ Hydrogen Sustainability Criteria Regulation (under REDII)
→ Energy Union Governance Regulation & TEN-E Regulation

→ Carbon contracts-for-di�erence (CCfD)
→ Capital de-risking instruments 

 for unproven technologies
→ Climate neutral production standards
→ Reformed anti-carbon leakage system

→ Climate surcharge on CO₂-intensive final products 
→ Requirements & labels for embedded CO₂ 
 in intermediate & final products
→ Recycling quality targets & end-of-life obligations
→ Public procurement requirements

→ New CCfD enabling policies (state aid; criteria; EU funding)
→ Innovation Fund Regulation (ETS Directive)
→ Industrial Emissions Directive & eco-labelling
→ EU ETS Directive; State Aid Guidelines (2021); 
 new BCA framework

→ Climate surcharge on basic materials-intensive products
→ Energy Performance in Buildings Directive & eco-design
→ Waste Framework Directive 
 (End-of-Life Vehicles Regulation, CDW*)  
→ Public Procurement Directive

11 POLICY PROPOSALS RELEVANT LEGISLATIVE INSTRUMENTS  

Policies and legislative instruments to implement the Clean Industry Package Figure ES.11

282  



STUDY | Breakthrough Strategies for Climate-Neutral Industry in Europe | PART A

33

Part A: Introduction

1  The role of the basic materials 
 industries in Europe

The basic materials industries1 play an important role 
in Europe’s economy. Basic materials are the founda-
tion of essential value chains in manufacturing and 
construction. In 2017, the basic materials industries 
generated approximately 176 billion euros in value 
added (Eurostat, n.d.), which is about 10 per cent of 
total value added by the EU manufacturing industry. 
They directly employ approximately 1.8 million 
people across the EU27 (Eurostat, n.d.). However, as 
the starting point for multiple integrated supply 
chains they are also the basis for several millions of 

1 Table A.1 provides an overview of Europe’s manufactur-
ing industries. This study focuses only on the key sectors 
of the basic materials industries: steel, chemical and 
cement sectors. Their process- and energy-related  
emissions account for the largest share of greenhouse 
gases released by the basic materials industries. Our 
recommendations in this report for transforming these 
sectors apply to the others as well. 

indirect jobs across diverse value chains. This data is 
summarised by sector in Table A.1.

The relevance of the basic materials industries to 
Europe’s economy can also be expressed in other 
dimensions. Basic materials are the foundation of 
regional industrial clusters that provide employment 
in non-metropolitan regions of many EU member 
states and therefore support local manufacturing 
economies. In many of these places, the workforce 
consists mainly of well-trained specialists and 
engineers with high-incomes that support the local 
economy. 

Basic materials will also be required in a climate- 
neutral future. While strategies such as a circular 
economy, increased resource efficiency, and new 
biobased materials are an important part of the 
solution, basic materials such as steel, aluminium, 
chemicals, and cement will remain essential to 
manufacturing and construction for the foreseeable 
future. In order to strengthen resilience against future 

Direct employees and Gross Value Added (GVA) in the basic materials industries in the EU27 in 2017 Table A.1

Agora Energiewende/Wuppertal Institute, 2021, based on Eurostat, 2017 * Data for EU28

Sector Employees GVA in billions of euros

Iron and steel (NACE C24.1) 300,000 23.7

Non-ferrous metals and casting of metals  
(NACE C24.4 and C24.5)

402,000 27.9

Basic chemicals (NACE C20.1) 519,000 80.4

Cement (NACE C23.5.1) 47,000 5.1

Lime and plaster (NACE C23.5.2)* 16,200 1.6

Glass and ceramic (NACE C23.1 and C23.3.1) 333,000 17.8

Pulp and paper (NACE C17.1)* 166,000 19.3

Basic materials industries specified in this study 1,783,000 175.7

Industry total (manufacturing industry) (NACE C) 26,900,000 1,830
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generate the highest volumes of CO₂ emissions, with 
188, 129, and 112 MtCO₂ respectively. Together these 
sectors are responsible for 60 per cent of Europe’s 
industrial emissions. 

The GHG emissions of the basic materials industries’ 
sectors listed in Table A.2 make up most of the EU’s 
industrial emissions – 545 MtCO₂ , or 76 per cent. In 
addition to steel, basic chemicals, and cement pro-
duction this includes non-ferrous metals and found-
ries, other non-metallic minerals such as lime, 
gypsum, glass, and ceramics production as well as the 
production of pulp and paper.

crises, it is important that the EU retains its capacity 
to produce basic materials for preserving integrated 
value chains and sovereignty. 

2  The climate footprint of the 
 manu facturing sector and the  
basic  materials industries

In 2017, greenhouse gas (GHG) emissions in the EU27 
industry totalled 719 million tonnes of CO₂ (MtCO₂). 
481 MtCO₂ (or 67 per cent) were energy-related 
emissions, mostly from the production of electricity 
and heat in industrial power plants and boilers. 
Process-related emissions, which are generated by 
industrial activities such as iron-ore reduction and 
the calcination of limestone for the production of 
cement clinker, amounted to 238 MtCO₂ (or 33 per 
cent). The steel, basic chemicals, and cement sectors 

Greenhouse gas emissions of the EU27 industrial sector in 2017 in MtCO2eq  Figure A.1

Agora Energiewende/Wuppertal Institute, 2021, based on EEA GHG inventory data, 2021, and E-PRTR database, n.d.

* This includes the energy-related and process-related emissions of the iron and steel industry as specified in the EEA database. In addition to 
that, based on our own estimates another 35 MtCO2eq for the production of coking coal and the power plants of the steel industry in the EU27 
were added. Depending on who operates the coking plant and the power plant, these emissions are accounted under the categories ‘Public 
Electricity and Heat production’ and ‘Manufacture of Solid Fuels and Other Energy Industries’. As they are directly linked to the iron and steel 
industry, we included them here.
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neutrality objective is in the process of being formal-
ised by the European Climate Law, proposed by the 
European Commission in March 2020 (European 
Commission, 2020), but it has not yet been jointly 
adopted by the Parliament and Council at the time of 
publication. In September 2020, the Commission 
presented the 2030 Climate Target Plan, which aims 
to increase the EU’s economy-wide CO₂ reduction 
targets from 40 per cent to at least 55 per cent by 
2030 (all relative to 1990 levels). This 55 per cent 
reduction target was subsequently adopted by the 
European Council in December 2020. It is now up to 
the European Commission to bring forth legislative 
proposals to implement this 55 per cent reduction and 
the 2030 Climate Target Plan in 2021.  

3  European and international 
 commitments to reduce emissions 

In 2015, the EU became a signatory of the Paris 
Climate Agreement, committing itself to limit global 
warming to well below 2 degrees Celsius above 
pre-industrial levels and to pursue efforts to limit the 
temperature increase to 1.5 degrees Celsius. Achieving 
the objectives of the Paris Agreement requires 
industrial nations to achieve economy-wide climate 
neutrality by 2050 (Robiou du Pont et al., 2016). 

At the EU level, the goal of domestic climate neutral-
ity by 2050 was formally endorsed by 26 out of 
27 member states in the European Council in Decem-
ber 2019 (European Council, 2019). This climate 

Agora Energiewende/Wuppertal Institute, 2021, based on GHG emission data according to national GHG inventory data published by EEA GHG 
Inventory data, 2021, and own estimations; final energy consumption according to Eurostat energy balances, n.d.a, for cement according to 
for EU28 and the UK according to GCC Association, n.d.

* This includes the energy-related and process-related emissions of the iron and steel industry as specified in the EEA database. In addition 
to that, based on our own estimates another 35 MtCO2eq for the production of coking coal and the power plants of the steel industry in the 
EU27 were added. Depending on who operates the coking plant and the power plant, these emissions are accounted under the categories 
‘Public Electricity and Heat production’ and ‘Manufacture of Solid Fuels and Other Energy Industries’. As they are directly linked to the iron 
and steel industry, we included them here.

** Direct emissions of the cement industry were extracted from the E-PRTR database and the EEA database. Final energy consumption of 
the cement sector was calculated based on the GCC Association website.  

GHG emissions and final energy consumption  

of the basic materials industries in the EU27 and the UK in 2017 Table A.2

Sector
Direct emissions 

in MtCO2eq/yr
Of which: process-related 

in MtCO2eq/yr
Final energy consumption 

in PJ/yr

EU27 UK EU27 UK EU27 UK

Iron & steel* 188 13 63 3 1,131 35

Non-ferrous  
metals & foundries

17 1 9 0 406 27

Chemicals 129 11 62 5 2,066 140

Cement** 112 6 72 4 501 31

Other non-metallic  
minerals

75 3 32 2 831 69

Pulp, paper & print 23 1 - - 1,362 76

Sectors of the basic materials 
industries listed here

544 35 238 14 6,297  378

Industry total  
(manufacturing industry)

719 68 238 14 9,977 952
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vision for a climate neutral economy in 2050 (Euro-
pean Commission, 2018). It showed that, on average, 
energy-related emissions from industry would need 
to be reduced by 2050 on the order of 95 per cent. 
Process emissions, depending on the specific sector, 
would need to be reduced by 60 to 100 per cent to be 
consistent with economy-wide climate neutrality. 
Since investments in energy- intensive industrial 
assets tend to have operating lives of between 20 to 
70 years, this requires that all investments to substi-
tute existing or build new production capacities must 
use technologies that are consistent with the 2050 
climate neutrality objective if stranded assets are to 
be avoided. 

Achieving the EU’s increased 2030 climate ambition 
will similarly require a redoubling of decarbonisation 
efforts. According to the Impact Assessment of the 
European Commission, to achieve an economy-wide 
55 per cent mitigation by 2030, industrial emissions 

4  Industry’s role in achieving the EU’s 
new climate objectives 

Meeting the EU’s new objective of domestic climate 
neutrality by 2050 and a 55 per cent reduction in 
GHG emissions by 2030 will require swift and 
substantial additional efforts to decarbonise indus-
trial processes and energy use. Studies show that 
climate neutrality for industry at the global level 
requires that, by 2060, virtually all energy-intensive 
industrial production will need to be based on either 
zero- or ultra-low-emissions technologies. More over, 
residual emissions that cannot be abated must be 
compensated by technologies that offer equivalent 
net-negative emissions (Bataille et al., 2018). 

At the EU level, climate neutrality by 2050 requires 
the basic materials industries to reduce its GHG 
emissions to zero within three decades. This was 
illustrated starkly in the EU’s strategic long-term 

Agora Energiewende, 2021, based on data from Eurostat, 2017, European Commission, 2020b & EEA, 2021
Note: Data are for CO₂ emissions only. They exclude non-CO₂ emissions from industry, from refining, solid fuel production for energy and 
non-energy uses.
* To achieve climate neutrality, residual emissions will have to be o�set by negative emissions technologies, many of which could be   
 developed in the industrial sector such as BECCS. By capturing and using CO₂ from other non-industry sectors, industry can provide   
 net-negative emissions. 
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emissions generated by blast furnaces are unavoida-
ble with this production route. In cement manufac-
turing, most CO₂ emissions are the result of the 
calcination process and cannot be avoided by chang-
ing the energy source. Moreover, chemical products 
such as plastics are mostly made from fossil hydro-
carbons today, which are released as CO₂ to the 
atmosphere when plastic waste is burned at the end 
of its lifecycle. Besides, because of the long lifetime of 
productive assets, future investment in conventional 
best available technology in Europe is at a high risk of 
becoming stranded in the long run. While energy 
efficiency will continue to be an important part of the 
strategy mix, addressing the stagnating levels of both 
energy- related and process-related emissions in the 
EU industrial sector will require other, transformative 
strategies (see Figure A.3).

For achieving climate neutrality in the basic materi-
als industries, a comprehensive use of innovative 

will have to be reduced by 22 to 25 per cent relative to 
2015 levels (European Commission, 2020b). Since 
industrial emissions have been stagnant since the 
economic crisis of 2009, significant additional efforts 
will need to be made during the next decade (see 
Figure A.2). 

A net-zero GHG emission level in many areas cannot 
be achieved with current technologies and produc-
tion processes. For one, the potential for further 
improvements in energy efficiency in the steel, 
chemical and cement sectors is limited because most 
conventional technologies and  processes have 
already reached a mature state of development. 

For another, some emissions from existing produc-
tion processes cannot be avoided by changing to a 
climate-neutral source of energy. Consider current 
steel production with blast furnaces, which requires 
coal-based coke as the reducing agent. The process 

Historical EU27 CO₂ emissions from all industrial sources broken down by type Figure A.3

Agora Energiewende, 2021, based on data from EEA GHG inventory data, 2021 
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industries. A detailed analysis of these key 
 low- carbon technologies can be found in Part E.

Part C of the study discusses the necessary regulatory 
framework for the industrial transformation to 
climate neutrality. To this end, we identify a general 
toolbox of ten policy instruments and analyse them 
based on economic, legal, and political criteria. These 
instruments represent basic tools to forward the 
industrial decarbonisation and may – depending on 
the context – also be adapted and applied in other 
industrial economies. 

In Part D, we apply many of the instruments that 
were presented in Part C to the specific context of the 
European policy debate. We develop a Clean Industry 
Package that integrates eleven policy instruments 
across the entire value chain for swift and coordi-
nated implementation and describe all policy instru-
ments and their role in greater detail. 

Part E contains the study’s analytical section. It 
presents and analyses the key technologies for 
climate neutrality in the steel, chemical and cement 
sectors. The section’s fact sheets present projected 
production costs, respective CO₂ abatement costs, and 
the state of technological development. The fact 
sheets were created in consultation with scientists 
and businesses, some of whom are already operating 
low-carbon pilot and demonstration projects.

A publication with further information and details on 
the key low-carbon technologies in Part E, along with 
a description of ongoing pilot projects, is available as 
a separate online publication. The publication, carried 
out by the Wuppertal Institute, is titled “Detailed 
Presentation of Key Technologies in the Steel, 
 Chemical and Cement Sectors”.

“breakthrough” technologies and production 
 processes – referred to in this study simply as “key 
low-carbon technologies” – is indispensable. The 
challenge for Europe is to begin deploying these 
technologies during the 2020s. As explained in Part D 
of this study, this urgency has important implications 
for designing appropriate policy strategies. 

5 Context of the study

This study is largely based on “Climate-Neutral 
Industry: Key Technologies and Policy Options for 
Steel, Chemical and Cement.” Published in German in 
2019 in close cooperation with the Wuppertal 
Institute and supported by Navigant (Guidehouse), 
Becker Büttner Held (BBH), and the Institute for 
Climate Protection, Energy and Mobility (IKEM), it 
focused on the decarbonisation of the German 
industry. The aim of this publication is to draw on the 
insights of that study to discuss the decarbonisation 
of the European industry. General sections of the 
German study have been translated and slightly 
adapted for the European context. Other sections 
have been completely revised to reflect recent and 
specific developments of the debate on the European 
Green Deal, as well as the consequences of the 
Covid-19 crisis and the policies for economic recov-
ery. Based on a review of the global situation, we 
developed a set of new policy ideas and instruments. 
We aggregated these in our Clean Industry Package 
for Europe (see Part D).

6 Parts of the study

Part B of the study highlights the challenges and 
opportunities of the industrial transformation to 
climate neutrality. It also presents the fundamental 
CO₂ reduction strategies for each sector, an analysis 
of reinvestment cycles in the EU steel, chemical and 
cement industries and a selection of key technologies 
for climate-neutral production in the basic materials 
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Part B:  Climate-neutral industry – opportunities, 
policy needs, and strategies 

2 European industry at the crossroads 

Large parts of Europe’s basic materials industries are 
at the crossroads. By 2030 roughly 48 per cent of 
primary steel capacity, 53 per cent of steam cracker 
capacity, and an estimated 30 per cent of cement 
production capacity will reach end of their operating 
lifetimes (see Figure B.1). 

Due to the long operational lifetimes of industrial 
assets, the decisions on reinvesting these production 
capacities will have a massive impact on hundreds of 
thousands of jobs, the EU’s long-term economic 
resilience and import dependency, as well as its 
pathway to climate neutrality. 

Given the EU’s target of achieving climate neutrality 
by 2050 and a 55 per cent reduction of GHG emis-
sions by 2030 it is evident that all major industrial 
investments going forward must use technologies 
that can operate with zero- or net-negative carbon 
emissions if stranded assets (i.e. the premature 
shutdown of well-functioning plants) and high 
economic losses are to be avoided. It goes without 
saying that this applies not only to the EU, but to all 
economies that envision net-zero emission targets by 
mid-century. 

However, because a range of conditions need to be 
put in place along the industrial value chain to make 
them viable, an adequate regulatory framework is 
needed to foster investments with key low-carbon 
and circular economy technologies. To ensure that 
this framework is effective and efficient the respec-
tive policies should be included in a single Clean 
Industry Package (see Part D). 

In absence of such a regulatory framework, the EU 
basic materials industries will remain in limbo: 

1  Climate neutrality as the  
new  paradigm 

2020 was the year when climate neutrality emerged 
as the new paradigm. Japan, South Korea, South 
Africa, and the EU announced net-zero greenhouse 
gas (GHG) emission goals by 2050. The US presi-
dent-elect Joe Biden announced that the US will 
re-join the Paris Climate Agreement and become 
climate-neutral by 2050, and China, the world’s 
largest emitter of GHG emissions, pledged carbon 
neutrality by 2060. This means that countries that 
represent around 79 per cent of the world’s GDP have 
already pledged net-zero targets.

The long-term target of climate neutrality has direct 
implications for mid-term climate targets and 
short-term industrial policies. In December 2020, the 
EU submitted an updated Nationally Determined 
Contribution (NDC) to the United Nations Framework 
Convention on Climate Change reflecting the higher 
EU 2030 climate target of at least 55 per cent emis-
sion reduction relative to the previous 2030 reduc-
tion target of 40 per cent emission reduction against 
a 1990 baseline. In the run-up to the COP26 in 
Glasgow in December 2021, other countries are likely 
to follow suit and increase their respective 2030 
climate targets to prepare for climate neutrality by 
mid-century. 

This unprecedented paradigm shift will have major 
consequences for the basic materials industries. But 
what is the status quo and what are the opportunities 
associated with this paradigm shift? And what are 
the policy needs and strategies to achieve a cli-
mate-neutral industry in Europe? Some of these 
points will be discussed in the following section. 
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Agora Energiewende/Wuppertal Institute, 2020
 * Steam crackers are normally maintained and modernised continuously so that they do not have to be replaced all at once. 
  Nevertheless, the graph provides a rough estimate of the reinvestment needs for existing facilities.
 ** Cement data represent numbers for Germany only. We estimate that the reinvestment requirements for the EU27 are in a similar range.

Source: Eurostat, 2020Source: Wuppertal Institute, 2020
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Technical lifetime of selected primary production plants in the steel, chemical, 
and cement sectors scheduled to receive reinvestment in 2025 Figure B.2

Agora Energiewende/Wuppertal Institute, 2020 
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3  Opportunities and benefits of a 
 climate-neutral European industry 

An ambitious decarbonisation strategy for basic 
materials industries would make an important 
contribution to achieving Europe’s climate targets 
and provide an opportunity to lead the global trans-
formation of the industrial sector during the coming, 
decisive decade. 

3.1  Promoting a just transition and  
securing future-proof jobs

As described above, European industry is in a 
somewhat difficult situation of investment uncer-
tainty. As a result, companies may exhaust existing 
assets until they are forced to shut down, endanger-
ing European production, jobs, and the integrity of 
supply chains. This risk is amplified by the adverse 
economic context in which several basic materials 
industries find themselves. For example, the eco-

currently, there’s no viable business case for invest-
ment in key low-carbon technologies. At the same 
time, investing in conventional technologies with a 
level of GHG emissions that cannot be abated risks 
creating stranded assets under increasingly stringent 
GHG abatement targets and carbon prices. This 
difficult investment environment is aggravated by 
the negative economic effects of the corona pan-
demic. 

An EU regulatory framework that fosters investments 
in key low-carbon technologies before 2030 would 
provide a major opportunity to maintain current 
production levels and safeguard several hundred 
thousand jobs while meeting the requirements of the 
more ambitious 2030 climate target. Moreover, such 
an EU regulatory framework would allow EU industry 
to position itself in a growing market for key 
low-carbon technologies and carbon-neutral prod-
ucts in other regions of the world. 

→ Reinvestment requirements: 
 are met with key low-carbon technologies
→ Climate ambition: complies with
 EU 2030 and 2050 climate targets
→ Economy: innovation in key technologies; 
 technology export likely
→ Employment: future-proof green jobs 
 in the medium- and long-term; 
 just transitions within incumbent companies

Today Medium-term (2030) Long-Term (2050)

Today Medium-term (2030) Long-Term (2050)

→ Reinvestment requirements: are not 
 met in Europe because there is no 
 business case for either conventional 
 or low-carbon technologies 
→ Climate ambition: massive carbon leakage 
 as industry production moves to other parts 
 of the world with less climate ambition 
→ Economy: loss of gross value added, 
 increased import dependency
→ Employment: high job losses in 2020s, 
 high uncertainty for 2040-2050

Two scenarios for new investment in the 2020s and their implications for climate change, 
the economy, and employment in the EU  Figure B.3

Agora Energiewende, 2020

Scenario 1:  New investment outside Europe (carbon and investment leakage), without dedicated policy intervention

Scenario 2: Green investment under the EU Green Deal, with a Clean Industry Package investment framework
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production sites, making a just transition much 
easier.

3.2 Economic resilience and resource efficiency
The transition to a climate-neutral industry offers an 
opportunity for Europe to benefit from a more 
resource-efficient and circular economy. One way in 
which this can happen is by reducing the level of 
waste and pollution from the end-of-life disposal of 
industrial products. For example, Europe currently 
recycles only around 30 per cent of its annual 
consumption of plastics, with large amounts being 
either incinerated, landfilled, or released to the 
environment and waterways in the form of plastic 
litter and micro-plastic pollution (European Parlia-
ment, 2018). Similarly, construction waste, much of 
which consists of used concrete – containing CO₂- 
intensive cement – as well as steel and other energy -
intensive basic materials accounted for approxi-
mately 35 per cent of all European waste production 
by volume in 2016 (Eurostat, 2018). While the EU has 
set a target for a minimum of 70 per cent of construc-
tion waste to be recovered for recycling or incinera-
tion by 2020, a large share of this waste currently is 
either dumped or finds its way into landfill. More-
over, recycled construction waste is currently used for 
low value usages such as concrete aggregate, backfill, 
road base, or riprap and therefore does not facilitate a 
reduction of the various resources needed to produce 
new primary construction materials (Deloitte, 2017). 

nomic shock that resulted from the Covid-19 crisis, 
the threat of international dumping from excessive 
production capacities, and stagnant demand in 
mature European markets all add to these risks. 

But an adequate regulatory framework to decarbonise 
the basic materials industries offers an opportunity 
to respond to these challenges by providing much of 
the missing regulatory certainty. By providing a 
robust enabling environment for investment in 
low-carbon alternatives, the EU has a chance to foster 
economic activity, innovation, and productivity and 
by extension to secure jobs and production in the EU. 
Furthermore, by reinforcing its anti-carbon leakage 
framework, the EU can limit the incentives for firms 
to offshore production of certain basic materials due 
to climate policy differences, further reinforcing the 
investment case in Europe.

With regards to the importance of a just transition, 
the starting point for industries is different from 
other sectors. The transformation of the basic 
materials industry is likely to happen within incum-
bent companies. The development and implementa-
tion of key low-carbon technologies are capital- 
intensive and have synergetic effects with existing 
industrial clusters, a fact that provides a potential 
advantage to existing companies. With the right 
regulatory framework in place, both production and 
jobs can be maintained on many of the existing 

Agora Energiewende, 2021

Overview of the main opportunities of transforming the basic materials industries Table B.1

Promoting a just transition and securing future-proof jobs

Economic resilience and resource efficiency 

Developing critical infrastructure is the key to industrial transformation and competitiveness

Technological leadership is the key to future markets  

Setting examples and standards can catalyse global climate ambition 

Rising demand for imported green energy can transform energy-exporting countries 

292  



STUDY | Breakthrough Strategies for Climate-Neutral Industry in Europe | PART B 

43

availability of reliable infrastructure for the transport 
and storage of CO₂. 

Hence, the development and planning of critical 
infrastructure for a climate-neutral basic materials 
industry is urgently needed to transform Europe’s 
strategic industrial sites (Lechtenböhmer et al., 2019).

3.4  Technological leadership is the  
key to future markets

An early adoption of key low-carbon technologies 
necessary for climate neutrality would allow the 
European industry to define standards and position 
itself as a global market leader. With net-zero pledges 
as the new paradigm in nearly all major economies, it 
is likely that there will be increasing demand and 
competition for their development and use. The 
European basic materials and equipment industries 
must not miss that opportunity to get a head start by 
achieving early cost reductions and competitive 
advantages.

An early adoption of low-carbon technologies would 
offer particularly important opportunities for the 
machine and equipment industry. As many of the key 
low-carbon technologies are currently being de veloped 
in Europe, their adoption and upscaling before 2030 
would drastically increase the likelihood that the 
European industry will supply these technologies to 
expanding global markets, providing domestic value 
creation and many quality jobs. 

3.5  Setting examples and standards can 
 catalyse global climate ambition 

The development of policies that drive the large-scale 
deployment of key technologies in Europe can 
establish technology and policy pathways for the rest 
of the world to follow. With climate neutrality 
emerging as the new paradigm, many countries will 
be looking for best practice examples regarding the 
technical application and integration of low-carbon 
technologies, as well as appropriate policies to create 
an investment case for their implementation.   

In the case of steel, as much as 25 to 30 per cent of 
new primary steel is lost as scrap during manufac-
turing processes, resulting in a significant waste of 
primary raw materials and increased energy demand 
for recycling (Material Economics, 2018). Further-
more, downcycling due to metals contamination 
during the product lifecycle tends to reduce the 
degree to which new virgin material can be substi-
tuted by recycled materials, thus limiting overall 
secondary to primary material production ratios. But 
there is much potential to reduce these phenomena 
(see Section B5.5 and B5.6). By increasing resource 
efficiency and by enhancing the quality and quantity 
of recycling, a climate-neutral industrial sector can 
reduce pollution and the strain on primary material 
resources. A more resource-efficient and circular 
economy also has the potential to reduce the depend-
ency of the European economy on imports of increas-
ingly scarce raw materials (European Commission, 
2020c). 

3.3  Developing critical infrastructure is  
the key to industrial transformation  
and competitiveness 

An early implementation of critical infrastructure 
projects for a climate-neutral basic materials indus-
try and a credible long-term plan for their expansion 
can bring a substantial advantage for Europe as a 
future industrial production site. It is critical to 
transform existing industrial networks in a way that 
builds on the synergies that define the competitive-
ness of today’s productive clusters. The smart 
transformation and expansion of infrastructure could 
ensure the transformation of existing production 
sites and attract new producers that have synergies 
with climate-neutral basic materials industries and 
their downstream businesses. 

For example, if the European steel industry can be 
certain of sufficient and cost-competitive hydrogen 
supply, it will be able to transform its production sites 
with reactors for the hydrogen-based direct reduc-
tion of iron. Likewise, the investment in CO₂-capture 
equipment by the cement industry will depend on the 
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decades and facilitate the global transformation in the 
industrial and energy sectors (Schmidt et al., 2019). 
Many regions that could supply Europe with 
 climate-neutral fuels are still economically depend-
ent on the export of fossil fuels. New demand for 
climate- neutral fuels can provide them with a 
stimulus to transform their own economies.

3.7 Section conclusion
While the transition to climate neutral industry is 
essential for Europe to meet its overarching climate 
objectives for 2030 and 2050, it also offers several 
potential co-benefits: 

 → enabling reinvestment decisions in line with 
climate neutrality will protect European industrial 
value chains and hundreds of thousands of related 
jobs; 

 → transforming existing industrial clusters and 
energy systems will ensure competitiveness in a 
climate-neutral global economy;

 → reducing dependency on scarce and strategic 
materials through greater materials efficiency and 
circularity will increase economic resilience; 

 → exploiting the need for massive reinvestment in 
strategic infrastructure will support the post-
Covid-19 economic recovery;

 → developing technological solutions and setting 
standards for climate neutral production will 
transform international markets and catalyse 
higher climate ambition in other economies; and

 → demand for the import of climate-neutral energy 
and fuels will support the transformation of other 
countries and their businesses. 

 
To exploit the opportunities that this transition 
presents, however, a new policy framework is needed 
that addresses the numerous enabling conditions dis-
cussed in Section B4 below. Part D of this document 
proposes a new framework and new policies that rise 
to these challenges. 

 

Although the share of Europe’s industry in global 
emissions is only around 12 per cent (IEA, 2018), its 
leadership in the use of key low-carbon technologies 
could catalyse climate mitigation activities in other 
economies that far exceed the EU’s own emission 
reduction potential. Europe’s leadership with the 
early development and scaling of renewable energy 
technologies has demonstrated its capacity to trigger 
transformational developments in other regions of 
the world.

Early investment – in commercial plants as well as in 
pilot and demonstration projects – will bring experi-
ence with new technologies and achieve cost- 
reducing effects. This will reduce the investment and 
operating costs for building similar plants abroad, 
making it more likely that other countries and regions 
will quickly follow suit. The EU can also accelerate the 
global transition by helping to kick-start global 
markets and supply chains for vital inputs for 
industrial decarbonisation, such as green hydrogen, 
low-carbon basic chemicals (such as green ammonia 
or green methanol), or higher quality scrap for higher 
value recycled materials. Furthermore, by defining a 
credible pathway to phasing out conventional, 
CO₂-intensive industrial products in its large, 
domestic market, the EU can help drive global supply 
chains away from the most CO₂-intensive products. 
After all, foreign producers will want to ensure that 
they do not lose access to the European market.  

3.6  Rising demand for imported green energy 
can transform energy-exporting countries 

Climate-neutral basic materials industries will have 
to cover part of their energy demand with imported 
renewable electricity, clean hydrogen, and climate- 
neutral synthetic fuels. An early transformation of 
Europe’s basic materials industries is key to develop-
ing partnerships with countries that can supply such 
renewable energy and climate-neutral energy 
carriers and help build sustainable business models 
and partnerships with companies abroad. Such 
pioneering projects can stimulate the creation of a 
world market for climate-neutral fuels over the next 
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climate constraints are becoming more stringent in 
the EU over time. However, if they do not have a 
sufficiently credible and supportive policy frame-
work to take the risk of (re-)investing in climate- 
neutral key low-carbon technologies, they will tend 
to put off these decisions. They may prefer to operate 
existing assets as long as they are profitable and shut 
them down when required by law or when carbon 
prices are too high. In a worst-case scenario an 
increasing number of sites would close rather than 
become low-carbon production alternatives. This 
would break Europe’s integrated value chains, 
increase the import of carbon-intensive products, 
and result in permanent job losses. Europe currently 
employs 870,000 people in the energy-intensive 
cement, steel, and basic chemicals industries. It is 
therefore imperative that the EU and its member 
states develop a synergetic and effective policy 
framework so that energy-intensive sectors are able 
to plan and implement investments in innovative, 
climate-neutral production processes and products. 

4.2  Innovative key low-carbon technologies 
must be brought to scale 

Many of the technologies needed to transform the 
basic materials industries to climate neutrality, such 
as hydrogen-based steelmaking, electrified steam 
crackers, or cement kilns with CO₂ capture and 

4  Policy is needed to decarbonise 
 Europe’s basic materials industries 

There are feasible mitigation strategies (Section B5) 
and technologies (Part E) for the transformation of 
Europe’s basic materials industries. But some gaps 
need filling before Europe can initiate an industrial 
transformation to climate neutrality. In this Section, 
we discuss the main policy fields that need to be 
addressed by the EU, before moving on to examine 
the necessary mitigation strategies.  

4.1  Policy is needed to address the  
upcoming reinvestment cycle 

As described in Section B2, the definition of an 
appropriate investment environment for the deploy-
ment of key low-carbon technologies is urgent 
because many existing plants will soon require 
renovation or replacement. This is a pressing problem 
because the lifespans of conventional production 
units, once implemented, can be anywhere from 20 to 
70 years (Rootzén/Johnsson, 2013). This means that, 
in general, major investments or reinvestments made 
during the 2020s will shape the productive capital 
stock through 2050 and possibly beyond. 

The risks associated with a business-as-usual 
approach are well-known: companies are aware that 

Agora Energiewende, 2021

Key policy needs to decarbonise Europe‘s basic materials industries  Table B.2

Policy must address the upcoming reinvestment cycle 

Innovative key low-carbon technologies must be brought to scale 

Climate-neutral industrial projects require support and the creation of lead markets

Green energy supply is key

Infrastructure must support climate neutrality

Circularity and material efficiency

A robust solution to the problem of carbon leakage is required 
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process of developing the necessary technologies and 
the supporting infrastructure for the generation and 
transport of renewables and hydrogen, as well as the 
transport and storage of CO₂. 

An important aspect of this evaluation is the question 
how the implementation and operation of key 
low-carbon technologies will reduce and shift GHG 
emissions along the value chain. The electrification of 
heat or the procurement of hydrogen, for example, 
will reduce direct emissions (so-called scope 1 emis-
sions) of an operation, but may increase  emissions at 
the level of electricity and hydrogen production 
(so-called scope 2 emissions). Moreover, the changes 
in the value chain will affect the CO₂ intensity of 
raw-materials and products (the so-called scope 
3 emissions), a dimension that will affect the defini-
tion of lead markets for CO₂-efficient or climate- 
neutral  products2. New standards for accounting are 
needed to capture these effects and define technolo-
gies, strategies and arrangements that are effective 
for GHG abatement in the short, and compatible with 
climate-neutrality in the long term (see climate- 
neutral production standards, Part D). 

4.3  Climate-neutral industrial projects require 
support and the creation of lead markets

The climate-neutral production of basic materials is 
more expensive than current, emission-intensive 
processes. This is illustrated below by Figure B.4, 
which compares the competitiveness of key low- 
carbon technologies to conventional technologies. It 
shows the level of the CO₂ price that is needed to 

2 According to the definition of the GHG Protocol, a 
 company’s GHG emissions are classified in three scopes. 
Scope 1 accounts for direct emissions from sources that 
are owned or controlled by a company, such as emis-
sions related to productive processes. Scope 2 accounts 
for indirect emissions from electricity, heat, or steam 
purchased and used by the company. Scope 3 accounts 
for other indirect emissions (not included in Scope 2) 
that occur upstream or downstream of the value chain 
of a reporting company. This scope includes emissions 
embedded in services, raw materials and feedstock, as 
well as the final products delivered to the client.

storage facilities, are not fully mature or have yet to 
be proven on a commercial scale. These technologies 
are at different stages of development and thus 
require different forms of policy support. 

First, for technologies that are ready for commercial 
scale investments, but lack sufficient track record, 
residual technological uncertainties represent an 
additional risk that is difficult to calculate for inves-
tors, increasing the challenge of financing such 
investments. Policymakers can address this problem 
with risk-mitigation instruments, such as public 
co-financing, loan guarantees, and support for 
large-scale demonstration plants (see Part D, 
De-risking instruments for unproven technologies).

Second, because important key technologies still need 
to be developed at sufficient scale and the amount of 
emission-free electricity and hydrogen is limited, 
bridging technologies can make sense to avoid 
reinvestment in emission-intensive plants and 
processes with long lifespans. For example, primary 
steel manufacturers could start to build plants for the 
production of direct reduced iron (DRI) to replace 
blast furnaces instead of extending their operational 
lifetime.1 Initially, these plants could run on natural 
gas. Later, natural gas could be replaced by increasing 
volumes of clean hydrogen without the need for 
retrofitting the DRI production facility (see Part E, 
Steel). With this two-step process, DRI plants can be 
an anchor for the development of hydrogen produc-
tion and transport facilities. Similarly, in the chemical 
sector, power-to-heat could quickly complement 
widespread natural gas-based heating facilities in a 
transition phase before they become the only unit for 
heat production (see Part E, Chemicals). However, a 
key challenge for policymakers and companies will be 
to sort out which intermediate solutions are genu-
inely compatible with climate neutrality in the long 
run and which ones are not. Moreover, it is important 
to pursue an efficient ramp up of the deployment of 
key-low carbon technologies to support the gradual 

1 This process is described in more detail in Part E.
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foreseeing carbon prices from 50 to 60 €/tCO₂ by 
2030 (European Commission, 2020b).

These facts, along with the high intensity of domestic 
and international competition in markets for basic 
materials, limit the potential of so-called first-mover 
strategies in the basic materials industries. Busi-
nesses that wish to secure long-term cost and scale 
advantages with an early introduction of key 
 climate-friendly technologies have little leeway due 
to the intense competition and because the higher 
production costs of climate neutrality would drive 
them out of business in the short term. This needs to 
be addressed by adequate support policies (see Part C, 
Carbon contracts-for-difference). 

At the same time, the government should actively 
push for the creation of lead markets for green basic 
materials. This would ensure a differentiation 
between clean and dirty end products, putting 
pressure on old technologies to be phased out of 

equalize costs between the respective technologies. 
Carbon prices of between 60 and 231 €/tCO₂ are 
generally needed to make these technologies 
 competitive.3 

By contrast, EU ETS carbon prices today are in the 
range of 25–35 €/tCO₂. While carbon prices are 
expected to rise in the coming decade in line with the 
EU 2030 climate target of -55 per cent, it is unlikely 
that they will increase to the level that is needed to 
make key low-carbon technologies competitive in the 
short term. For instance, in the scenarios that 
 modelled a -55 per cent EU 2030 climate target, the 
European Commission’s Impact Assessment4 is 

3 Further details on the expected costs in 2030 and 2050 
of the relevant technologies are summarised in Part E of 
this document.

4 The Impact Assessment accompanied the 2030 Climate 
Target Plan Communication. 

Agora Energiewende/Wuppertal Institute, 2020

Note: CO₂ abatement costs depend very much on assumptions about electricity costs. For the calculation of these values, electricity costs of 60 euros per MWh were 
usually assumed. The estimates here are based on Agora Energiewende/Wuppertal Institut, 2019, and represent the lower bound of CO₂ abatement costs in 2030. 
Higher CO₂ abatement costs are to be expected before 2030 than after 2030 because the technologies must still undergo learning curves for cost reductions. 
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Direct reduction with hydrogen (Steel)

Direct reduction with natural gas (Steel)

CCU of waste gases of the blast furnace route (Steel)

Green hydrogen from electrolysis (Chemicals)

Methanol-to-olefin/aromatics route (Chemicals)

Carbon capture with the oxyfuel process (Cement)

Current CO₂ price: 27 €/tCO₂
Expected CO₂ price range in the EU ETS until 2030

Estimated CO₂ abatement costs of selected key low-carbon technologies 
versus today‘s conventional reference process for 2030

Figure B.4
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new technologies will increase electricity demand in 
various ways. One example is the switch from natural 
gas-based steam production to electric devices such 
as electrode boilers, high-temperature heat pumps, 
and other power-to-heat technologies (see Part E). 
Another example is the move from blast furnaces to 
direct reduction facilities (DRI plants) operated with 
green hydrogen in steelmaking.

The success of the transformation of the basic 
materials industry and other sectors hinges on the 
future availability of affordable green electricity and 
hydrogen. Among other things, this requires a 
significant increase in Europe’s renewable electricity 
production capacity in the coming years and decades. 
According to the 2030 scenarios from the European 
Commission (2020b), power generation from wind 
and solar will have to triple during the coming decade 
relative to the last decade to achieve an EU 2030 
climate target of -55 per cent (see Figure B.5).

future investments. Besides, it would leverage 
private- and public-sector willingness to pay for 
greener products and thus stimulate the deployment 
of a fuller portfolio of solutions and create the basis 
for scaling up key technologies beyond subsidisation 
in the longer term. 

To sum up, the right mix of policy instruments is 
required to compensate investors for higher produc-
tion costs and to create policy incentives that foster 
the demand and willingness-to-pay for climate-
neutral basic materials and subsequent products. 
Possible policy instruments are discussed extensively 
in Part C. In Part D, we develop specific policy 
recommendations.

4.4  Large amounts of green energy  
will be required

For many of the necessary low-carbon technologies, 
fossil fuels must be replaced with renewable electric-
ity or hydrogen. To establish climate-neutral basic 
materials industries, these alternative energy sources 
must be produced by low-carbon processes with an 
eye to near-zero emissions in the future. The use of 

Wind and solar growth must almost triple to reach EU climate target Figure B.5

Agora Energiewende, 2021, based on Ember, 2021 and 2030 scenarios from European Commission's Impact Assessment 
for 55% GHG cuts under Europe's Green Deal
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and the chemical industry) require infrastructure 
to transport the CO₂ to suitable storage facilities. 
This infrastructure can consist of pipelines or ships 
for the transport of CO₂ to marine storage locations.

 
Generally, there are long delays between the planning 
and completion of large infrastructure projects. 
Hence, policymakers need to start to assess and plan 
for the requirements early on. Infrastructure projects 
must begin soon, but parts of this infrastructure can 
be realised only with international cooperation. 
Already now, agreements with European and 
non-European partner countries (both supplier 
 countries for carbon-free energy or offtake countries 
for CO₂) are needed. Without enough certainty that 
the required infrastructure will be available in time, 
investors will not invest in the key low-carbon 
technologies that are required for climate neutrality. 
Moreover, it is important to include different social 
groups during the planning stages to avoid potential 
conflicts when building the infrastructure.

4.6 Circularity and material efficiency
In light of the significant challenges of developing 
sufficiently large-scale renewable energy, CO₂ 
storage, and transport infrastructure, strategies are 
needed to simplify the decarbonisation of energy- 
intensive industries and reduce its costs. The easiest 
way to do this is to create a more resource-efficient 
and circular economy. Fortunately, the economy has 
much potential for adding more resource efficiency 
and material circularity. An influential study by 
Material Economics (2018) suggests that by 2050 as 
much as 54 per cent of the required emissions 
abatement effort from the steel, plastics, and cement 
and concrete sectors can be delivered by circular 
economy measures alone. As we explain in Section B5, 
there are numerous technical pathways for enhanc-
ing resource efficiency, material substitution, and 
material recirculation (enhancing the quality and 
quantity of recycled materials). While these strategies 
do not obviate the need for new,  climate-neutral 
primary production technologies, they provide an 
important supplement.

At the same time, ambitious climate scenarios indicate 
that a portion of the electricity produced from renew-
able energy will be imported directly or indirectly in 
the form of hydrogen or synthetic fuels from regions 
with larger and more cost-effective renewable energy 
resources (Schmidt et al., 2019; Lechtenböhmer et al., 
2019). In order to secure suitable import levels starting 
in the 2030s, it makes sense to develop strategic 
partnerships at an early stage with potential produc-
ing regions (e.g. North Africa, the Near East, South 
America, Australia) so that infrastructure and produc-
tion plants can be built in time.

4.5  Infrastructure must support  
climate neutrality

A main challenge in transforming the basic materials 
industry is the need to build specific infrastructure to 
support key low-carbon technologies (Wuppertal 
Institute, 2018). The requirements differ depending 
on the technology and GHG abatement strategy:

 → New technologies that use large quantities of direct 
electricity (e.g. electrode boilers, electrical steam 
crackers, and electric arc furnaces in steel produc-
tion) will require improvements in Europe’s 
continental transmission infrastructure as well as 
local distribution networks, in addition to suffi-
cient quantities of climate-neutral electricity.

 → Technologies that require large quantities of 
hydrogen (e.g. hydrogen-based steel production 
and ammonia synthesis) depend on pipeline 
infrastructure that transports large amounts of 
hydrogen from areas of favourable production to 
demand centres.5

 → Technologies based on CO₂ capture and storage (for 
cement kilns and BECCS6 activities in steelmaking 

5 Alternatively, it might also be possible to produce the 
hydrogen on-site where it is needed. In that case, how-
ever, large amounts of electricity would have to be trans-
ported, requiring increased capacity in the transmission 
grids.

6 BECCS stands for “bioenergy with carbon capture and 
storage”.
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can better protect against carbon leakage risks for 
existing and new climate-neutral assets. Part D of 
this study highlights a range of solutions that can be 
adopted to address this specific challenge. 

4.8 Section conclusion
Putting Europe’s basic materials industries on a 
pathway to climate neutrality by 2050 presents a 
range of policy challenges: 

 → addressing the urgency of deploying innovative 
key low-carbon technologies during the upcoming 
investment cycle; 

 → accelerating the development and broadening the 
portfolio of innovative key low-carbon solutions;  

 → creating new financial support mechanisms for 
commercial-scale production with key low-carbon 
technologies, which are more expensive than 
conventional technologies;

 → de-risking capital investment in first-of-a-kind 
technology projects through appropriate financial 
instruments; 

 → scaling up green electricity production to match 
the increased industrial demand for direct and 
indirect electrification;

 → developing relevant strategic infrastructure for 
electricity, hydrogen, and CO₂ transport and 
storage; 

 → developing incentives for industries to pursue 
increased use of circular basic materials in combi-
nation with a decarbonised primary production, 
while developing other innovative low-carbon 
materials; 

 → creating product design incentives to use materials 
– and especially CO₂-intensive materials – more 
efficiently in products; and

 → developing robust and sustainable solutions to 
carbon leakage, i.e. the risk that clean EU produc-
tion will be undercut by more carbon-intensive, 
but cheaper, international competition. 

 
In the aggregate, these policy needs represent the core 
enabling conditions that are needed to spur meaning-
ful changes in business strategies and the implemen-

A key objective for policymakers, therefore, must be 
to develop policy packages that unlock the full range 
of potential drivers of industrial decarbonisation. 
While carbon pricing is a fundamental element, it 
alone is not sufficient. Complementary policy 
packages must be designed. A coherent enabling 
environment with targeted incentives is needed to 
bring together resource-efficient and circular 
production, decarbonised primary production, key 
low-carbon technologies, and the competition 
between materials based on their embedded carbon 
content. These incentives are discussed in detail in 
Parts C and D of this study. 

4.7 A robust solution to carbon leakage 
In addition to competition from conventional 
high-carbon technologies at the local level, large parts 
of the basic materials industries also face intense 
international competition from outside the EU. This is 
particularly true of the chemical industry and (to a 
somewhat lesser extent) the steel industry. Chemical 
products are standardised and have relatively low 
transport costs, so global competition is fierce. 
However, the steel and non-ferrous metals sectors 
are also characterised by commodity products that 
are heavily traded in liquid international markets. 

As energy and GHG emissions are significant cost 
drivers for these industries, the resulting competitive 
pressure poses specific challenges to implementing 
ambitious climate policies. The risk that EU produc-
ers might lose market share to CO₂-intensive foreign 
competition, or even migrate to locations with less 
strict climate mitigation policies, is often referred to 
as “carbon leakage”. As we elaborate on in Part D, 
Europe currently has sector-specific policies in place 
to address carbon leakage. However, these policies 
are not sustainable and the current policy frame-
works leave significant additional uncertainty 
surrounding the economic viability of long-lived 
investments in carbon-neutral assets. A critical part 
of a robust enabling framework for investments in 
climate-neutral industrial products and processes is 
to reform the current anti-leakage system, so that it 
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and in building heating (heat pumps). But electrifica-
tion also has considerable potential for reducing CO₂ 
in the industrial sector (Lechtenböhmer et al., 2016; 
Schneider et al., 2018). Many sectors, especially the 
chemical industry, can replace much of the fossil fuel 
used for low- to high-temperature processes with 
power-to-heat technologies such as high-tempera-
ture heat pumps and electrode boilers. In the future, 
special solutions could be used to meet the high- 
temperature requirements of steam crackers, basic 
chemicals, and electricity-based cement manufac-
turing. The advantages of an electrification strategy 
in the basic materials industry includes the high 
overall energy efficiency of power-to-heat plants. 
This is particularly true of high-temperature heat 
pumps that use waste heat. Other power-to-heat 
technologies have high levels of energy efficiency 
and are more efficient than hydrogen (whose produc-
tion is associated with conversion losses). The use of 
electricity in some applications allows a more precise 
provision of heat compared with combustion pro-
cesses and can also contribute to efficiency gains. 
Moreover, because electrical and electrode boilers 
have fairly low investment costs, they can initially be 
deployed at relatively low costs, including for hybrid 
use, i.e. alongside existing conventional plants such 
as CHP plants in the chemical industry. This would 

tation of investment projects in decarbonised pro-
cesses and products. They therefore need to be 
addressed by a broad policy package, and coopera-
tively by both European and national decision-makers. 

5  Strategies to decarbonise the 
 European basic materials industries  

A set of strategies is required for transforming the 
basic materials industries to climate neutrality. Given 
the specific needs of different sectors, a combination 
of all of these strategies will be needed (see Figure B.6).

5.1 Electrification 
Electrification requires the replacement of fossil fuels 
with electricity. As long as this electricity comes from 
zero-carbon or low-carbon sources, CO₂ emissions 
can be significantly reduced or completely elimi-
nated. Due to decreasing costs for new renewable 
energy generation and the high potential for expan-
sion – both in Europe and everywhere else in the 
world – electrification is of great importance for all 
final energy sectors. 

Discussions of electrification are taking place 
primarily in the transport sector (electric vehicles) 

Strategies for transitioning to a climate-neutral industry Figure B.6

Agora Energiewende, 2021
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One advantage of the hydrogen strategy is its flexi-
bility. Hydrogen can first be produced within Europe, 
but as demand rises in the medium to long term it can 
also be imported. As long as there is public accept-
ance, blue hydrogen can be produced from natural gas 
using CO₂ capture and storage.7 Installations to 
produce direct reduced iron are attractive because 
they can be built relatively quickly to replace older 
blast furnaces. Moreover, they can initially be 
operated with a high proportion of natural gas until 
sufficient quantities of hydrogen become available. 
The foreseeable demand for hydrogen in the basic 
materials industries incentivises investment in 
hydrogen production and the necessary infrastruc-
ture, and could help other sectors, especially shipping 
and aviation to reduce their emissions as well. An 
appropriate hydrogen infrastructure could also make 
the stabilisation of electrical production easier and 
cheaper (LBST, 2019). For example, electrolysis 

7 Methane pyrolysis represents another approach to 
 climate-friendly hydrogen production. This process 
manufactures hydrogen (H₂) and solid carbon (C) from 
methane (CH₄).

facilitate the introduction of these technologies and 
provides demand-side flexibility for the power 
system to integrate fluctuating output from renewa-
bles. The fundamental technological challenge of a 
widespread electrification is its significant demand 
for zero-carbon electricity, which requires a rapid 
expansion of renewable-energy capacity. In the 
medium to long run, however, direct electrification 
can reduce the demand for more electro-intensive 
energy carriers, such as hydrogen and e-fuels. 

5.2 Green hydrogen
GHG-neutral hydrogen will play a significant role in 
supporting climate-neutral basic materials industries 
(Lechtenböhmer et al., 2019). The use of green hydro-
gen for the production of heat can be sensible or even 
necessary even though certain production processes 
are less efficient than the direct use of electricity. 
This applies to hydrogen-based steel production with 
plants for the production of direct reduced iron. 
Furthermore, hydrogen is needed in large quantities 
as a feedstock in the chemical industry in order, say, 
to produce ammonia.  

AFRY, 2021

Note:The hydrogen demand for each process was based on the hydrogen required per ton of commodity coupled with a commodity demand 
projection based on Material Economics, 2019. For ammonia, a decrease in production due to more e�cient use of fertilisers in agriculture was 
assumed. For steel, it was assumed that there are no reinvestments into coal-based blast furnaces from 2023 on and that 50 per cent of steel 
production would be met by direct reduced iron. Besides, it was assumed that refineries will be phased-out by 2050. 

Estimated industrial hydrogen demand for the EU steel and chemicals industry  Figure B.7
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isation of this sector. Compared with other industrial 
plants, cement works are significantly smaller and 
often located in the direct vicinity of the extraction 
zones for limestone and clay. Costs for CO₂ capturing 
with oxyfuel technology are moderate, but such 
projects depend on an appropriate infrastructure to 
transport CO₂ to often distant appropriate storage 
sites. It might also be possible to use local geologic 
storage opportunities, but this depends heavily on 
local public support.

According to current estimates, a CCS strategy has 
comparatively low CO₂ abatement costs (see Part E) 
and generally a low requirement for green electricity. 
Furthermore, no extensive changes to existing 
production processes are required. That can be an 
advantage in the short to medium term, but the risk is 
that companies will be less rigorous in their pursuit of 
other innovative key technologies.

Moreover, CCS is not expected to capture 100 per 
cent of CO₂ (see Part E),9 and the residual emissions 
would have to be offset elsewhere. The use of fossil 
fuels also causes GHG emissions during extraction 
(e.g. methane slip) and during transport and causes 
regional pollution. Additional CO₂ emissions can arise 
from the energy required for the capture, transport, 
and storage processes. This is why when analysing 
the potential of CO₂ reduction from CCS technology 
one must consider the capture along with the 
upstream and downstream processes it involves. 

CCS is not limited to capturing fossil fuel emissions; it 
could also pave the way to achieve negative emis-
sions via BECCS. 10 Studies by the Intergovernmental 
Panel on Climate Change (IPCC) show that negative 
emissions using BECCS could be necessary to achieve 
the international climate goals of the Paris Agree-

9 Even if it is technically possible to reach capture rates of 
100 per cent with some processes, the final percentage 
points come with significant costs.

10 CO₂ can also be removed from the atmosphere at 
 direct-air-capture plants.

companies in northern Europe could buy large 
amounts of electricity from wind power and then 
transport the hydrogen to the basic materials 
 industry.

There are several obstacles to the deployment of this 
hydrogen strategy. First, start-up costs are signifi-
cantly higher than those of fossil fuels. Second, it 
depends on the construction of new infrastructure to 
make large amounts of hydrogen available to indus-
try. Third, electrolytic hydrogen production requires 
large amounts of electricity. 

5.3 Carbon capture and storage (CCS) 
CCS is an alternative to switching from fossil fuels to 
carbon-free energy such as electricity or hydrogen. 
Instead, it captures and permanently stores energy- 
or process-based CO₂ emissions in geological forma-
tions such as empty gas fields or saline aquifers in the 
North Sea. In principle, CCS technology can be 
combined with various types of industrial processes. 
Plants that produce relatively large, highly-concen-
trated amounts of CO₂ are particularly suited to CCS 
in terms of economic viability and infrastructure 
costs. These include primary steel production8 and 
steam reformers for the production of hydrogen from 
natural gas. CCS could also be applied with steam 
crackers in the chemical industry and larger plants 
for the production of electricity and heat, such as 
CHP power plants, though the CO₂ concentration in 
the waste gas is comparatively low. However, for the 
above-mentioned cases, alternative processes exist to 
decarbonise the production of steel, basic chemicals, 
electricity, and heat through direct electrification or 
the use of green hydrogen in the future (see Part B 
Section 5.1 and 5.2).

Because alternatives for substantial CO₂-abatement 
in the production of cement clinker are not available, 
CCS processes will likely be needed for the decarbon-

8 In primary steel production, one option to use CCS is a 
change from conventional blast furnaces to the HIsarna® 
process (see Part E).
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chemicals or synthetic fuels from the exhaust of 
CO₂-intensive blast-furnaces in steelmaking (Part E, 
Steel) needs comparatively high levels of hydrogen. 
By contrast, the energy needed to bind CO₂ in mineral 
admixtures such as concrete is rather low (RWTH, 
2019) and is already practised by some cement 
manufacturers (CarbonCure, 2019). 

Second, the economy-wide CO₂ reduction of CCU 
applications depends critically on the lifespan of the 
product to which the CO₂ is bound. For example, fossil 
carbon from industrial processes in synthetic fuels or 
certain fertilisers would be emitted again after a short 
time, which is not compatible with the goal of 
creating a climate-neutral economy by 2050. These 
CCU applications are a comparatively inefficient 
strategy for reducing CO₂ given their high level of 
energy use.11 By contrast, binding CO₂ to concrete or 
similar long-term products such as mattresses12 may 
make more sense. Long-term CO₂ storage in building 
materials and consumer products has great potential 
to reduce CO₂ in the atmosphere. 

Third, the source of the CO₂ that is re-used matters. 
Biogenic or direct air captured CO₂ can have very 
different atmospheric warming potentials over the 
full product lifecycle than carbon from fossil energy 
sources. If fossil carbon from industrial processes 
continues to be used in the chemical industry for a 
transitional period,13 chemical recycling will be 

11 For example, a passenger car that runs on synthetic fuels 
based on CO₂ from industrial processes (CCU) would con-
sume five times the amount of electricity from renewable 
energy needed by a battery-electric vehicle (WWF, 2018).

12 Carbon2Chem, Carbon4PUR, and other projects have 
examined the use of CO₂ and other metallurgical gas 
components from steelmaking in the chemical indus-
try. Carbon4PUR studies the binding of CO₂ and carbon 
monoxide in polyurethane. This is the base material for 
mattresses and other products. The amount of CO₂ that 
can be absorbed by a mattress is very limited, however.

13 Non-fossil carbon sources include CO₂ from air separa-
tion in direct-air-capture plants and sustainably pro-
duced biomass.

ment. This involves removing CO₂ from the atmos-
phere by planting sustainable biomass crops and then 
capturing and storing the biogenic CO₂ they release 
when combusted (IPCC, 2018). This can only succeed 
with mature, market-ready CO₂ capture technology 
accompanied by suitable infrastructure and secure 
storage facilities. Possible applications for biomass 
include its use in cement kilns, provided that CCS is 
used to capture and store their emissions. From a 
climate-policy perspective, it makes sense to advance 
BECCS both nationally and internationally. 

Considering their potential to pave the way for 
negative emissions, a revival of the debate on the 
public support of CCS and BECCS technologies in the 
industry sector is necessary. 

5.4 Carbon Capture and Use (CCU) 
With CO₂ capture and use (CCU), CO₂ from industrial 
processes is employed as a raw material in other 
sectors and products. As with CCS, CO₂ capture is 
conceivable for large sources of emissions in the steel, 
chemical, and cement sectors. Potential applications 
for CO₂ include organic chemical products (e.g. 
plastics and fertilisers containing carbon) that will 
still need carbon in a climate-neutral world and 
synthetic fuels. (See the fact sheet on CCU of smelting 
gases from integrated blast-furnace works, Part E, 
Steel). As for the cement sector, a CCU strategy might 
be used in certain situations to store significant 
amounts of CO₂ in concrete, a particularly long-last-
ing product. (For more information, see the infobox 
“Recarbonation of building demolition waste”). By 
using captured CO₂ in concrete and other products, it 
is possible to reduce or even eliminate the need for 
CO₂ pipeline networks and CO₂ storage facilities at 
CCU sites. 

However, one must be clear-eyed about the limita-
tions of CCU and the necessary conditions for its 
application to become part of a strategy portfolio for 
achieving climate neutrality. First, the energy 
requirements of CCU applications vary considerably 
by sector and CO₂ use. For example, the production of 
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5.5 Circular Economy 
A circular economy is a system that reuses much of 
the materials already in existence. Recent studies 
have shown that it could contribute significantly to 
the reduction of CO₂ emissions in the basic materials 
industry in the medium to long term. An analysis by 
Material Economics (2018) found that 75 per cent of 
steel demand, 50 per cent of aluminium demand, and 
56 per cent of plastic demand in the EU could be 
covered by the recirculation of existing materials. By 
closing the carbon cycle, recycling reduces the CO₂ 
output considerably and requires appreciably less 
energy than the production of raw materials. In this 

needed to close the carbon cycle. Chemical recycling 
prevents fossil CO₂ from being emitted again after 
short periods. 

Finally, when evaluating CCU strategies, the amount 
of CO₂ saved compared with conventional processes 
is not the only important factor. It is also crucial that 
we compare them with alternative strategies for  
creating a climate-neutral industry. For energy-in-
tensive CCU applications – such as those in the steel 
and chemical sectors – it makes sense to compare the 
CO₂ reduction per kilowatt-hour of green electricity 
with that of other options.

Infobox: Recarbonation of building demolition waste (CCU)

After water, concrete is the most commonly used material in the world (World Building Council on Sustain-
able Development, 2009). Significant amounts of CO₂ emissions arise from the manufacture of cement, the 
main component of concrete (see Part E, Cement). According to scientific studies, concrete over the course 
of its lifetime can absorb a fraction – sometimes up to 25 per cent – of the total CO₂ produced (Heidelberg-
Cement 2019; Schneider, 2019; Andersson et al., 2019). This process takes place naturally and is called 
recarbonation. Under special conditions, the CO₂ absorption rate in the recarbonation of concrete can be 
increased with relatively low energy use (RWTH, 2019).

The CO₂Min project studies the manufacture of new construction materials through the recarbonation of 
recycled concrete from building demolition waste (HeidelbergCement 2019; RWTH, 2019). But recarbona-
tion technology is still in its early stages and it is uncertain whether it will succeed. If technology progresses 
quickly, however, it might be possible in the medium to long term to re-bind a significant fraction of the CO₂ 
emissions from cement clinker manufacturing to new “recycled” raw input materials used in new clinker 
cement manufacturing, thus creating a carbon loop for part of the CO₂ emitted. 

This process can also be enabled by new technologies that permit the “smart crushing” and separation of the 
constituents of concrete. In addition to allowing for possible circular uses of CO₂ in cement manufacturing, 
more efficiently recycling the coarse elements in concrete such as sand and gravel could create a material 
cycle that better preserves resources related to mining them. The success of this approach depends not only 
on technological advancements, an upgraded infrastructure for recycling demolition waste, and standards 
for the use of such products in construction (see Part D). The rate of flow of demolition waste to new con-
struction and the availability of CO₂ sourcing and related transport costs are also key factors. Therefore, it is 
still unlikely at this stage that recarbonation and the circular use of CO₂ will offer a magic bullet solution to 
cement emissions without the need for CCS. A range of additional solutions to reduce the inefficient use of 
CO₂-intensive cement types, coupled with CCS and other low-carbon cement technologies, will likely be 
needed as well.  
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early stages).14 These are nevertheless important 
elements of extensive and cost-effective CO₂ reduc-
tions. (For more, see the infoboxes “A circular econ-
omy in the steel industry” and “The recarbonation of 
building demolition waste (CCU)”).

14 Technologies that could make cement recycling  possible 
in the medium to long term are in an early phase of 
development (Bakker et al., 2015). For example, the 
manu facturer of SmartCrusher technology claims that 
it can enable the near complete recycling of hardened 
cement paste from demolition waste (Slimbreker, 2019). 
This and other processes could potentially be combined 
with the recarbonation of building demolition waste.

way, the circular economy can contribute signifi-
cantly to resource and energy efficiency. But strin-
gent recycling quotas also demand changes in 
product design, the dismantling of products at the end 
of their lifespans, improved recycling logistics, and 
possibly altered global material flows as well. This 
study discusses different chemical recycling technol-
ogies, electric steam crackers, and methanol-based 
processes for the production of olefin and aromatics 
that represent important steps towards establishing 
circular economy models in the chemical industry 
(see Part E). The analysis of low-carbon technologies 
in Part E does not emphasise recycling in the steel 
industry (secondary steel production is already an 
established technology) or in cement production 
(where research on the potential and the require-
ments of cement and concrete recycling are still in its 

Infobox: A circular economy in the steel industry

In principle, steel can be endlessly recycled. Every newly produced tonne of steel from primary production 
increases the (global) stock of steel. Processed steel is used for many end products such as cars, machinery, 
equipment, and the construction of infrastructure. At the end of their lifespan, the steel parts can be 
retrieved, melted down, and used again, creating a materials cycle. 

Recycling already plays an important role in the steel industry today. In Europe, approx. 40 per cent of the 
steel production in 2017 came from secondary steel (Material Economics, 2019) (see Part E, Steel.) The 
recycling process consists of melting scrap steel in electric-arc furnaces to produce new steel products. 
Compared with primary-steel production from iron ore in blast furnaces the secondary steel route requires 
significantly less energy (2 gigajoule versus 15 gigajoule per tonne of crude steel) (Wuppertal Institute, 
2019). The same goes for CO₂ emissions (0.3 tCO₂ versus 1.7 tCO₂ per tonne of crude steel).

Because the secondary steel route is based on electricity, indirect emissions can be avoided in the future by 
decarbonising the electricity mix, producing nearly GHG-neutral steel. However, a significant increase in 
secondary steel production brings with it several challenges. There are large differences in the quality of 
steel scrap. For one, much of steel scrap is contaminated with copper. Unlike many other added elements, 
copper cannot be separated from steel in electric-arc furnaces.  As a result, steel scrap contaminated with 
copper can often only be reused in reinforcement steel for concrete and in other applications where steel 
quality is not as important.

306  



STUDY | Breakthrough Strategies for Climate-Neutral Industry in Europe | PART B 

57

This is called downcycling. In order to increase the quality of secondary steel, a range of interventions are 
required to prevent unnecessary contamination. This includes product design requirements, improved 
 end-of-life collection and sorting practices, and quality standards and tracing (see Part C, “Standards for 
recyclable products”). Because EU steel manufacturers cannot recycle all of the steel they produce (such as 
that used for cars sold abroad) and the total global steel demand continues to rise, primary steel production 
will remain necessary in the future. However, if the EU introduces a comprehensive circular economy in 
the steel sector, up to 70 per cent of European steel demand could be met by the secondary steel route by 
2050 (versus 40 per cent today) (Material Economics, 2019). The other 30 per cent would come from 
primary steel production (versus 60 per cent today). Near GHG-neutral processes such as direct reduction 
with hydrogen exist for producing primary steel (see Part E, Steel).

But a comparison of the two virtually GHG-neutral routes shows that the requirements for green electricity 
are significantly lower for secondary-steel production. Primary steel production using green hydrogen 
requires around four times the electricity per tonne of crude steel as the secondary steel route. In addition, 
the estimated CO₂ abatement costs of the secondary routes for 2050 are significantly lower as well (see 
Figure B.8). The projected estimate shows that both steel routes will be required in the future. The higher the 
share of secondary steel in the total production, the less additional green electricity will be needed for 
creating a GHG-neutral steel industry and the lower the costs will be.

Comparison of the primary steel route with direct reduction using green hydrogen and 
the secondary steel route (electric-arc route) for 2050  Figure B.8

Agora Energiewende, 2019, based on data from the Wuppertal Institut and Material Economics, 2019  * Average of a cost range

Assumptions: The CO₂ avoidance costs are calculated relative to the reference process (blast-furnace route with production costs of 391 euros per 
tonne of crude steel and the specific emissions of 1.71 tCO₂ per tonne of crude steel). As with Material Economics, 2019, we assumed a price of 
259 euros per tonne. Alongside the actual production costs, the costs contain an additional 13 euros per tonne of crude steel for reheating in the 
rolling process, as no by-product gases from the blast-furnace route are available. 
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output and emissions in the basic materials 
industry (Allwood et al., 2012).

 → Steps towards a circular economy:  
Increased recycling of products and materials 
increases material efficiency (see Circular Econ-
omy.) Some measures for increasing material 
efficiency may even yield negative CO₂ abatement 
costs. 

5.7 Material substitution 
In some areas, the use of substitute materials can 
reduce the emission intensity of products and 
services. One example is the use of wood for the 
(partial) replacement of concrete and steel in the 
construction of housing and certain buildings (see the 
infobox “Alternatives in construction”). Houses and 
structures that use wood instead of concrete and steel 
can have lower lifecycle emissions, assuming certain 
conditions are in place (Tettey et al., 2019; Skullestad 
et al., 2016; Hafner et al., 2017). Other possibilities for 
material substitution are bio-based, natural insula-
tion materials (see the infobox “Insulation from 
sustainable raw materials”) and a (gradual) switch 
from solid construction to lightweight construction 
(see the infobox “Carbon concrete”). But there are 
limits to material substitution when it comes to the 
sustainable use of wood and other crop plants as well 
as the suitability of replacement materials in certain 
applications. When evaluating individual measures 
for material substitution, companies should perform a 
comprehensive analysis of the lifecycle emissions for 
the materials being used. This is known as the 
cradle-to-cradle principle. 

5.6 Increasing material efficiency 
Another important way to make the basic materials 
industry climate neutral is to deliver the same 
functionality and services with less material. This 
reduces the demand for new production plants and 
the energy to power them. Moreover, it reduces the 
costs of the transformation to climate neutrality and 
increases public support. Increased material effi-
ciency can be achieved in a number of ways:

 → Reduce material losses in the manufacturing 
process:  
Manufacturing losses in turning raw materials into 
finished products are estimated at around one-
tenth for paper, one-quarter for steel, and two-
fifths for aluminium (Milford et al., 2011; IPCC, 
2014). The material wastes have to be recycled, 
which brings with it additional energy costs. Some 
options for reducing losses include modifying 
manufacturing processes and changing the design 
of individual components (Milford et al., 2011).

 → Reduce the material intensity of products: 
Carruth et al. (2011) show that optimal design and 
production could reduce weight of many products 
by around one-third without limiting their 
performance. One impediment to this approach is 
the relatively high labour costs compared with 
material costs in most areas. Exceptions include 
aerospace, where the costs for the design and 
manufacture of lighter products and components 
are offset by lower fuel consumption. In the 
building sector, many of the structural properties of 
components could be achieved with significantly 
less material (see “Changes in construction and 
product standards,” Part C and the infobox “Alter-
natives in construction”).

 → Use products more intensely: 
Intensifying product use means providing the same 
amount of service with fewer products. Some 
examples are the space-saving design of buildings 
and more durable product design. In addition, more 
emphasis on repairs could increase product 
lifespans, thereby reducing the demand for 
replacement products. This decreases production 
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Infobox: Alternatives approaches to construction

Wood construction (strategy: material substitution, circular economy): 
The overwhelming majority of construction materials used today – concrete, steel, bricks, glass, ceramic, 
plaster, and insulation materials such as polystyrene – are resource-, energy-, and CO₂-intensive. It is 
therefore important to try to optimise the CO₂, energy, and environmental resource intensity of the 
 materials for construction.  

In certain applications, one alternative is to use an increased share of organic materials, wood in particular. 
Assuming forests are harvested sustainably and depending on factors such as transport emissions, wood 
components typically emit less CO₂ during manufacturing and processing than cement, steel, and bricks. 
Moreover, wood absorbs CO₂ from the atmosphere during growth and stores it as carbon. When wood is 
used as a construction material, the carbon remains stored in the wood for the lifespan of the building. Thus, 
assuming the right conditions are in place, wood construction can be a fairly climate-friendly method for 
new construction, renovation, and urban densification (wood additions on existing buildings).

At the same time, it must be acknowledged that organic is not always and everywhere superior to inorganic 
materials. In some circumstances, the lack of sustainably harvested wood nearby, the short lifespan of 
structures, the need for additional reinforcing materials for large high-rise structures, or other issues such 
as sound insulation, thermal mass, or even fire safety can play a role in limiting the optimality of wood. In 
general, a location-specific and construction-wide assessment of lifecycle emissions (and other environ-
mental indicators) is needed for each case. Hybrid construction concepts that use multiple construction 
materials can help to optimise environmental performance. 

In Sweden and Austria, Europe’s leading countries for wood construction, the share of wood in new homes 
is 55 per cent and 39 per cent, respectively. In Germany it is just under 18 per cent, and it is even lower in 
many other EU countries. But given wood’s significant potential to reduce GHG emissions in construction, 
this represents a significant abatement opportunity. A study found that the use of wood for the supporting 
structure of buildings allows between 35 and 56 per cent less GHG than conventional construction methods 
for detached and semi-detached houses and 9 to 48 per cent less for apartment buildings (Hafner et al., 
2017).

Moreover, several projects indicate that the construction of high-rise buildings that fulfil the required 
technical requirements (such as fire protection) is possible. These projects consist of HoHo Wien (Vienna, 
Austria), the largest wood high-rise building in the world and the Garmisch-Partenkirchen tax office 
(Germany). From the standpoint of climate change, the sustainable cultivation of wood is an absolute 
requirement for increasing the share of wood construction.

Other approaches: 
On the next page are some additional alternatives to conventional construction.
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Insulation materials from renewable raw materials (strategy: material substitution, circular economy): 
Conventional insulation materials such as polystyrene, glass, and mineral wool are CO₂-intensive in the 
manufacturing phase and, to a lesser degree, in the disposal phase (e.g., the thermal energy recovery of 
polystyrene). Insulation from renewable raw materials such as flax, hemp, wood fibres, jute, sheep’s wool, 
straw, and cellulose represent climate-friendly alternatives to conventional materials as long as the cultiva-
tion of the crops meet sustainability criteria. Relative to conventional insulation, the alternative approaches 
can have a significantly better CO₂ balance in the areas of raw material harvesting, production, processing, 
and demolition (FNR, 2017).

According to manufacturers, many insulation materials from renewable raw materials exhibit heat conduc-
tivity that is similarly low to conventional insulation (approx. 0.04 W/(m·K)) while meeting the necessary 
construction requirements when properly installed, including fire safety (FNR, 2017). Today, natural 
insulation often costs more than conventional insulation, but the cheaper price of conventional insulation 
does not take into account its environmental damage from CO₂ emissions. In Germany, for example, the 
share of natural insulation materials in construction is still comparatively low – 7 per cent (DUH, 2016).

Loam construction (strategy: material substitution, circular economy): 
Loam is a widely available, alternative construction material. In contrast to many mineral-based building 
materials such as cement (concrete) and lime, loam does not have to be heated in an energy and CO₂-inten-
sive process; it hardens in the air. Generally, loam-based components can be simply converted back to 
natural loam after the usage phase, which makes circular use possible. In this way, loam has a better 
eco-balance than many other mineral building materials. In 2019, Europe’s largest office building made 
from loam (13,500 square metres, 500 employees) opened at the Alnatura Campus in Darmstadt, Germany. 
Its façade consists entirely of loam (Alnatura, 2018). An obstacle to the broad use of loam is its significantly 
higher cost, but these could fall considerably if the industrial production of loam-based components is 
initiated.

Building without basements (strategy: material efficiency and, if needed, material substitution): 
The building of a basement demands a comparatively large amount of concrete. One of the main components 
of concrete is cement, which produces large amounts of CO₂ during its manufacture. By foregoing base-
ments, the use of concrete in new constructions can be reduced.

This is already done in some cases today in order to save costs. If the loss of space is compensated by a taller 
construction, any increase in energy for heating and cooling must be taken into account. In urban areas, 
where living and storage areas are small and expensive, this probably does not represent an attractive 
option in the foreseeable future. In rural areas, however, it could be an option for a more climate-friendly 
way of construction.

Carbon concrete (strategy: material substitution):  
Carbon concrete is a relatively new construction material. It serves as a replacement for reinforced concrete 
and significantly reduces material use. Reinforced concrete is the most-used construction material in 
Europe (Celsa Group, 2020) and it is predominantly used in high-rise buildings and in the construction of 
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infrastructure such as bridges. Because steel corrodes on contact with rain and oxygen, the steel in rein-
forced concrete is generally surrounded with significantly more concrete than would be necessary for the 
structural properties of the component. A possible alternative is carbon concrete, also known as textile- 
reinforced concrete. It consists of a carbon fibre or textile fibre lattice surrounded by concrete (Carbon 
Concrete Composite, 2019; Fraunhofer WKI, 2018). Because the grid structure materials do not rust, up to 
75 per cent less concrete can be used. Moreover, textile-reinforced concrete has comparable or even better 
structural properties than steel-reinforced concrete (Carbon Concrete Composite, 2019). According to 
manufacturers, the use of carbon concrete in building construction and renovation can reduce emissions by 
almost 50 per cent (Carbon Concrete Composite, 2019). A further, important area of application is the 
modernisation of bridges built with reinforced concrete. Currently, there is still much uncertainty about 
whether carbon concrete is recyclable. Recent studies have shown the succesful recycling of carbon 
concrete under laboratory conditions (Carbon Concrete Composite, 2019). For the widespread use of carbon 
concrete, complete recyclability must be the goal. In 2020, the first house completely built using carbon 
concrete was built in Dresden, Germany. Some bridges have already been modernised using carbon 
 concrete. 

Cement substitution with lower-carbon cement (material substitution): 
Sometimes material substitution or material efficiency can be achieved within a given type of material. For 
example, there are many types of cement and concrete products that vary widely in terms of CO₂ intensity. 
This means that, in many instances, it is possible to substitute more CO₂-intensive cement and concrete 
types with much less CO₂-intensive ones.  

One of the ways this can be done is by better targeting different concrete types to different applications 
within a particular construction project. Often construction companies do not minimise the CO₂ footprint of 
the concrete they use because, to save on logistical costs, they will apply common cement types to a range of 
applications within a building, which in reality have very different structural performance and durability 
requirements. This barrier can be overcome, however, if specific incentives are put in place to encourage 
the optimal use of CO₂-intensive materials. For instance, labelling and/or regulatory requirements on the 
embedded CO₂ intensity of materials used in buildings and public works can help to shift these behaviours. 
Such measures are already being implemented in certain member states (see discussion in Part D of this 
study).  

Regulatory frameworks: 
There are many ways to incentivise the use of alternative construction materials and they cannot be set out 
in detail here. If the advantages and disadvantages of alternative construction materials are to be evaluated 
fairly, it is vital that regulations be adjusted to contemplate the lifecycle assessment approach in construc-
tion manufacturing, usage, and disposal. A first important step would be to take account of grey energy and 
grey emissions – i.e., the primary energy requirements and the CO₂ emissions arising in the manufacture of 
construction materials – when evaluating the energy efficiency and CO₂ balance of buildings and infra-
structure projects.
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carbon for the production of electricity-based 
synthetic gases. 

It must be noted, however, that the potential of 
biomass is limited and its extent is disputed (see also 
Klepper/Thrän, 2019). For example, the German 
Federal Environment Ministry has spoken out against 
the cultivation of biomass solely for use as an energy 
source because it would create “competition for use of 
areas for cultivation and have negative effects on 
water, soil, biodiversity and nature conservation” 
(UBA, 2019a). 

Moreover, biomass exhibits a high potential for 
reducing GHG emissions over its entire lifecycle only 
under certain conditions (Klepper/Thrän, 2019). For 
example, GHG emissions of biomass can be consider-
able over a lifecycle if many fertilisers and pesticides 
are used in its cultivation, if the transport routes of 
the harvested biomass are long and/or the conversion 
steps in the manufacturing process have high losses. 
So far, no political decision has been made about how 
to allocate available biomass to the industrial, trans-
port, conversion, and building sectors in the future.

6  Key low-carbon technologies in the 
steel, chemical and cement sectors 
(overview) 

The following overview briefly presents the 13 key 
technologies discussed in this study and assigns each 
to five of the nine CO₂ mitigation strategies we 
described in Section B5. Some of the key technologies 
can be assigned to more than one strategy. A compre-
hensive presentation of the individual technologies 
and processes can be found in the Sections on steel, 
chemicals, and cement in Part E of this study. The 
presentation of the key technologies does not make 
any claim to be exhaustive. They were selected by the 
authors of the study based on an assessment of their 
future prospects. The following short descriptions of 
the key technologies have been simplified to make 
them easier to understand.

5.8 Increasing energy efficiency 
Increasing energy efficiency is an important strategy 
for significantly reducing industrial GHG emissions. 
In contrast to energy efficiency in cross-cutting 
technologies15, energy efficiency in energy-intensive 
sectors is already approaching its physical limits. Due 
to process emissions, it is clear that energy efficiency 
alone is insufficient to create basic materials indus-
tries that are climate-neutral. Nevertheless, in the 
short to medium term energy efficiency can contrib-
ute to the reduction of energy demand and CO₂ 
emissions. 

The replacement of Europe’s existing (and aging) 
basic materials production plants promises meaning-
ful efficiency potential as well. But such investments 
should only be made if they do not lead to the lock-in 
of emission-intensive processes in the long term. In 
some cases, it would make sense to design production 
plants that are flexible in handling electricity demand 
in order to help integrate intermittent renewable 
energy, even though this might have negative effects 
on efficiency (Agora Energiewende, 2016).

5.9 Use of biomass 
Reductions in CO₂ emissions in the basic materials 
industry can also be achieved by replacing fossil fuels 
with biomass. Meaningful potential areas of biomass 
use in the basic materials industry are heat and the 
provision of feedstock for basic chemicals. Possible 
areas of application in the long term would be the use 
of biomass in combination with CCS in cement kilns 
to achieve negative emissions (BECCS) or as a 
 climate- neutral carbon supplier in the hydrogen- 
based production of steel. Many scenarios mostly rely 
on the use of biomass in the industrial sector for the 
production of low- and medium-temperature heat. 
They argue that biomass can be efficiently used in 
this area. Moreover, there’s the possibility of using 
CO₂ from burning biomass as a renewable source of 

15 Technologies are considered “cross-cutting” if they are 
relevant for multiple application areas or economic sectors. 
Such technologies include electrical motors and pumps.
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Agora Energiewende/Wuppertal Institute, 2021

Key low-carbon technologies for a (mostly) GHG-neutral steel production  Table B.3

Technology Short description CO₂ reduction 
relative to 
conventional 
technology 

Possible 
availability 

Direct reduction 
with hydrogen 
and smelting in 
an electric arc 
furnace
Strategy: green 
hydrogen

This route involves a two-tiered production process. With direct 
reduction using hydrogen, hydrogen is used instead of coke (C) 
to extract iron in direct-reduction plants. This eliminates CO₂ 
emissions in iron ore reduction. The process produces a spongy 
mass known as direct reduced iron (DRI) that is then smelted into 
crude steel in an electric-arc furnace. (Scrap steel can be smelted 
together with raw steel at this stage.) If hydrogen is produced 
using 100 per cent renewable energy, this route is virtually CO₂-
neutral. 

-97 per cent before 2025
(initially with  
natural gas)

Iron electrolysis 
and smelting in 
an electric arc 
furnace
Strategy: 
electrification

The process of electrolysis reduces iron ore to pig iron in a caustic 
soda solution. Afterwards, an electric arc furnace smelts the crude 
steel. A carbon-based reduction agent is no longer required. The 
process promises a clear increase in energy efficiency relative to 
the blast-furnace route and could be nearly CO₂-free if powered 
mostly by renewable electricity. 

-87 per cent 2040–2045

HIsarna® process 
in combination 
with CO₂ capture 
and storage
Strategy: CCS

The HIsarna® process is an innovative, carbon-based smelting 
technology that eliminates the need for certain agglomeration 
steps (coking plant, sintering/pelleting) in steel production. Iron 
ore, which can be mixed with up to 50 per cent scrap, is reduced 
directly to pig iron in a single reactor. The process enables CO₂ 
reductions of up to 86 per cent. Moreover, because the CO₂ 
exhaust is relatively pure, it is particularly suitable for CCS. 
The captured CO₂ would then have to be transported via a CO₂ 
infrastructure and injected into suitable storage locations.

-86 per cent 2030–2035

CO₂ capture and 
utilisation (CCU) 
of metallurgical 
gases from 
integrated blast 
furnace plants
Strategies:  
CCU and green 
hydrogen

The CCU process captures some of the smelting gases from blast 
furnaces and uses them for the production of reusable chemical 
materials (e.g., methanol, ethanol, synthetic fuels, and ammonia). 
The gas elements in the smelters no longer have to be burnt and 
could also be substituted for petroleum in the chemical industry. 
The low-carbon production of reusable chemical materials such 
as methanol (a raw material for plastic production), requires the 
generation of additional green hydrogen. As a result, this route 
demands large amounts of electricity.

-63 per cent 2025–2030

313  



Agora Energiewende | Breakthrough Strategies for Climate-Neutral Industry in Europe

64

Wuppertal Institute/Agora Energiewende, 2021

Key low-carbon technologies for (mostly) GHG-neutral chemical production  Table B.4

Technology Short description CO₂ reduction 
relative to 
conventional 
technology 

Possible 
availability 

Heat and steam 
generation from 
power-to-heat 
Strategy:  
electrification

Power-to-heat helps make the electrical system more flexible and 
allows the direct use of electricity for the production of heat and 
steam. With power-to-heat, the use of fossil fuels in CHP plants or 
gas boilers could be avoided or reduced in the future. If 100 per cent 
renewable electricity is used, the heat and steam could be produced 
without CO₂ emissions. Both electrode boilers (for temperatures up 
to around 500 degrees Celsius) and high-temperature heat pumps (in 
combination with mechanical vapour compressors for temperatures 
up to 200 degrees Celsius) can be used for this approach. 

-100 per cent Starting 
in 2020

CO₂ capture (CCS) 
in combined heat 
and power (CHP) 
plants in the 
chemicals industry 
Strategy: CCS

By switching to carbon capture (CCS) technologies, the emissions of 
existing CHP plants for chemical processes could be reduced by up to 
90 per cent. The captured CO₂ would have to transported away after 
capture via a CO₂ infrastructure such as pipelines or ships. The CO₂ 
could then be placed in suitable storage locations such as empty gas 
and oil fields in the North Sea.

-90 per cent 2030–2035

Hydrogen 
production using 
renewable energy/
electrolysis 
Strategy:  
green hydrogen

When producing green hydrogen, electrolysis separates water 
molecules into hydrogen and oxygen. Various processes exist for 
electrolysis: alkaline electrolysis, PEM (polymer electrolyte membrane) 
electrolysis and high-temperature electrolysis. If the electricity comes 
entirely from renewable energy, the hydrogen can be produced 
without emitting CO₂.

-100 per cent 2020–2030

Alternative 
processes such as 
the methanol-to-
olefin/aromatics 
route (MTO/MTA) 
or electrochemical 
processes for 
olefin and aromatic 
production 
Strategies: green 
hydrogen, circular 
economy, CCU if 
needed

In the methanol-to-olefin (MTO) and methanol-to-aromatics (MTA) 
route, olefins and aromatics can be produced from green methanol or 
synthetic gas (H₂ and CO). This eliminates the need for steam crackers 
and the CO₂ emissions they produce. For carbon-free methanol 
production, green hydrogen and eventually a carbon source would be 
needed from non-fossil sources (such as waste plastic, biomass, or 
direct air capture). -100 per cent 2025–2030

Chemical recycling: 
Pyrolysis or 
gasification of 
waste plastic for 
material use 
Strategy: circular 
economy

Chemical recycling makes it possible to reuse plastic waste as 
feedstock for the chemical industry instead of burning it. In the 
process, the plastic waste is converted to useful gases (gasification) 
or to liquid oil (pyrolysis) and then made into alternative feedstock for, 
say, steam crackers that replaces virgin feedstock such as naphtha. 
This eliminates CO₂ emissions from burning waste plastics and the 
manufacture of naphtha as a feedstock.

-93 per cent 

2025–2030  
(depending 
on the 
process) 

Electrification of 
high-temperature 
heat in steam 
crackers
Strategies: 
electrification, 
circular economy

The electrification of high-temperature heat can completely eliminate 
direct CO₂ emissions from steam crackers. Emissions arise from 
burning part of the feedstock (e.g. naphtha) for process heat (600 – 
900 degrees Celsius). It is also important that alternative, non-fossil 
feedstock from chemical recycling (e.g. pyrolysis oil) are not burnt. In 
this way, the carbon contained in the feedstock can be used multiple 
times if needed. (See chemical recycling.) 

-100 per cent 2030–2040
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The EU must take advantage of the reinvestment 
windows to deploy key low-carbon technologies. 
This is the only way to ensure an effective transition 
that minimises the risk of stranded assets. But the 
commercial availability of the necessary technologies 
varies from industry to industry. Accordingly, the 
policies for their upscaling and gradual deployment 
will have to reflect specific circumstances for 
reinvestment in each sector.

The question of reinvestment is all the more impor-
tant because large parts of the EU’s basic materials 
industries are at a crossroads. By 2030, roughly 
48 per cent of primary steel capacity, 53 per cent of 
steam cracker capacity and an estimated 30 per cent 

7  Reinvestment cycles of major EU 
 basic materials industries repre-
sent an opportunity for a smooth 
 industrial transformation

As described in Section B2, reinvestment cycles are of 
crucial importance for decarbonising industry. Due to 
the long lifetimes of industrial assets, investment 
decisions create long path dependencies. At a time 
when climate neutrality is emerging as the new 
paradigm, industrial reinvestments to substitute 
existing production capacities at the end of their 
lifetimes must be aligned with climate neutrality to 
avoid carbon lock-in and the risk of stranded assets.  

Wuppertal Institute/Agora Energiewende, 2021

Key low-carbon technologies for (mostly) GHG-neutral cement production  Table B.5

Technology Short description CO₂ reduction 
relative to 
conventional 
technology 

Possible 
availability 

CO₂ capture with 
Oxyfuel process 
(CCS)
Strategy: CCS

Carbon capture using the Oxyfuel process captures a large part 
of the process- and fuel-related CO₂ emissions in cement clinker 
production. The use of oxygen for the burning process simplifies 
the separation and increases the capture rate of the CO₂ to around 
90 per cent. The CO₂ would then have to be transported away 
using a CO₂ infrastructure and finally placed in a suitable storage 
location.

-90 per cent 2025–2030

CO₂ capture in 
combination with 
electrification of 
high-temperature 
heat in calciners 
(electrified LEILAC 
process)
Strategies: 
electrification, CCS

In the LEILAC process, a special, indirectly heated steel vessel is 
used as the calciner. The process results in a pure CO₂ exhaust, 
which simplifies carbon capture. This allows some 85 to 90 per 
cent of total process-related emissions to be captured. The 
approach also enables the electrification of high-temperature 
heat, which eliminates energy-related emissions from the calciner. 
All in all, this eliminates around 77 to 80 per cent of the emissions 
from the clinker burning process.

-77 to -80 
per cent 

2025–2030

Alternative 
binding agents
Strategy: material 
substitution (here: 
substitution of 
input materials) 

Alternative binding agents allow the manufacture of concrete 
without the use of conventional cement clinker. By lowering the 
proportion of limestone, the process-related emissions can be 
reduced. In addition, the production processes are more energy 
efficient because the manufacturing process is carried out at 
lower temperature levels. Because the various alternative binding 
agents are in different stages of development, it is impossible to 
offer a final estimate of future market share, production costs and 
CO₂ reduction potentials.

up to around 
-50 per cent

2020–2030 
(depending 
on the 
product) 
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“campaign”) until they need relining, a major retrofit 
that takes several months. Campaigns are sometimes 
interrupted in response to a major slump in demand. 

Over the past 20 years Europe saw little investment 
in new blast furnaces, and none since 2008. Euro-
pean operators have focused on maintaining their 
productive capacities by regularly relining existing 
blast furnaces. We assume that all blast furnaces in 
the production stock have a remaining lifetime of 
twenty years based on the most recent relining date.17 

17 Steel plant operators have some flexibility in extending 
the length of a blast furnace campaign, in particular if 
they decide not to retrofit the installation but operate it to 
wear and tear.

of cement production capacity16 will reach the end of 
their lifetimes. 

7.1  Reinvestment cycles in the  
EU steel  industry 

Here we focus on reinvestment requirements for 
primary steelmaking, specifically for the relining of 
blast furnaces. As the core units for iron ore reduction, 
blast furnaces (BF) are the most emission-intensive 
of integrated steel plants.

Our analysis of the capacities to be reinvested are 
based on a database of today’s active blast furnaces 
and those held as a reserve. Blast furnaces are usually 
operated for a period of 20 to 25 years (known as a 

16 The number was extrapolated from German data in 
absence of a full site-specific dataset for Europe.

Agora Energiewende/Wuppertal Institute, 2020

 * Steam crackers are normally maintained and modernised continuously so that they do not have to be replaced all at once. 
  Nevertheless, the graph provides a rough estimate of the reinvestment needs for existing facilities.
 ** Cement data represent numbers for Germany only. We estimate that the reinvestment requirements for the EU27 are in a similar range.

Source: Eurostat, 2020Source: Wuppertal Institute, 2020
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the numerous plans and projects for DRI investments 
by EU steel manufacturers (Table B.7).  

Given Europe’s goal of achieving climate neutrality by 
2050 and reducing CO₂ emissions on the order of 
55 per cent by 2030, it is reasonable to assume that 
there will be no more investment in coal-based blast 
furnaces. Instead, we assume that of the blast furnace 
capacity slated to reach the end of its lifetime by 
2030 (50 Mt of primary steel capacity), 90 per cent 
will be replaced by plants to produce direct reduced 
iron.18 For the remaining 10 per cent, we assume the 
substitution by scrap-based secondary steel produc-
tion plants (electric arc furnaces). 

Direct reduced iron (DRI) for primary steel produc-
tion: To allow for sufficient time for upscaling, 
planning, licensing, and implementing DRI plants, it 
may be necessary to postpone early reinvestment 
requirements.19 This would allow primary steelmak-
ers to replace all 45 Mt of the EU27’s blast furnace 
capacity slated for reinvestment with DRI before 
2030. Assuming a 90 per cent utilisation rate, this 
translates into 41 Mt of DRI production in 2030. 

In a first step, DRI plants can run on natural gas, 
allowing for a GHG reduction of about -66 per cent 
relative to the integrated blast furnace route. By 2030 

18 For DRI-based steelmaking, two production routes are 
possible. The DRI could be either smelted in electric arc 
furnaces for direct steel production or be smelted in a 
submerged arc furnace for use in existing basic oxygen 
furnaces in established integrated routes. 

19 Blast furnaces that require relining before 2025 repre-
sent a specific challenge. Given the time for licensing and 
construction (2–4 years), some of the decisions regard-
ing relining may have already been taken. At the same 
time, the corona pandemic may offer an opportunity 
for reconsidering such reinvestments and preparing a 
transformative approach. For operators, that could mean 
extending the lifetime of their blast furnaces with minor 
refurbishments by 3 to 10 years allowing for time to 
develop alternatives. Policymakers also need to establish 
an appropriate policy regime for accelerating reinvest-
ment in DRI or EAF plants. 

Germany produces the highest share of primary steel 
in Europe – 31 Mt/year, or one-third of the total. Its 
manufacturers emit 59 MtCO₂/year. France holds the 
second position with around 22 Mt of GHG emissions, 
followed by Austria, the Netherlands, Italy, Spain, 
Belgium, and Poland, which release 10–12 Mt of GHG 
emissions each. 

Table B.6 shows that the first five-year period 
ranging from today to 2025 would require reinvest-
ments amounting to 18 Mt of hot iron. In reality, these 
capacities are at risk of not being reinvested due to 
the economic effects of the corona pandemic and 
existing overcapacities. Some countries (Austria, the 
Netherlands, Spain, Poland) could be seriously 
affected, standing to lose as much as half of their 
respective capacity. For the transformation of 
Europe’s steel industry by 2050, the 2025–2030 
period is key: 30 per cent of today’s existing blast 
furnace capacity will require retrofit or substitution, 
with country specific shares of up to 100 per cent. 
Some countries with smaller production capacities 
(Hungary, Romania, Sweden) will follow in the next 
period. From 2030 to 2035, the transformation will 
have impacted all countries producing primary steel. 
Total reinvestment needs in the period amount to 
26 Mt, equivalent to 25 per cent of total primary steel 
capacity. The UK will see its highest reinvestment 
needs (61 per cent) during this period. The last 
five-year period, 2036 to 2040, will require reinvest-
ments of about 28 Mt in the EU27 (27 per cent), which 
is similar to the previous period.

7.2  Using the reinvestment cycles in the 
EU steel industry for the deployment  
of  climate-neutral technologies 

For a smooth transition of the EU’s steel sector, it is 
important that the upcoming reinvestment cycle is 
used to deploy key low-carbon technologies that are 
compatible with climate neutrality. The technology 
for the production of direct reduced iron (DRI) is both 
compatible with climate neutrality and mature 
enough so that it can be deployed on a commercial 
scale in the EU well before 2030. This is illustrated by 
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Agora Energiewende/Wuppertal Institute, 2021

Material Economics, 2019, assumes specific emissions of primary steelmaking for the EU27+UK at 1.9 tCO₂ per tonne of crude steel. Total GHG 
emission for the production of 101.1 Mt of crude steel was calculated at 202 MtCO2eq. While in some EU member states coking plants and 
 sintering are reported as part of the integrated blast furnace route, in other EU countries that is not the case. We thus assigned country- specific 
emissions factors according to the mean emission factor of hot-iron manufacture in the EU: 2.1 tCO₂ per tonne. This accounts for different scrap 
usage rates in the basic oxygen furnace and the different emission factors of crude steelmaking between the countries.

Steel emissions and reinvestment requirements per EU country  Table B.6
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Primary steel capacity to  
be reinvested [Mt/year]

2021– 
2025

2026– 
2030

2031– 
2035

2036– 
2040

13.1 0.1 0.7 13.0 7.4 6.3 2.9 (40%) 0.7 (9%) 0.7 (9%) 2.9 (41%)

10.3 0.3 2.5 10.0 5.4 4.9 2.1 (50%) 2.1 (50%)

0.1 0.1 0.7 0.0 0.0 0.0

7.6 0.0 0.2 7.6 4.3 3.7 2.4 (44%) 2.0 (37%) 1.0 (19%)

58.8 1.6 12.4 57.3 31.0 27.8 4.2 (13%) 12.3 (37%) 8.2 (24%) 8.9 (26%)

10.4 1.2 9.6 9.2 4.8 4.5 2.4 (50%) 2.4 (50%)

5.5 0.2 1.3 5.4 2.7 2.6 1.3 (50%) 1.3 (50%)

22.6 0.6 4.8 22.0 10.7 10.7 5.5 (46%) 1.0 (8%) 5.5 (46%)

0.2 0.2 1.4 0.0 0.0 0.0

2.7 0.0 0.3 2.7 1.6 1.3 0.7 (50%) 0.7 (50%)

12.8 2.4 19.3 10.4 4.7 5.1 0.5 (5%) 2.0 (23%) 6.2 (72%)

0.3 0.3 2.2 0.0 0.0 0.0

12.7 0.0 0.0 12.7 6.8 6.1 2.5 (42%) 3.5 (58%)

11.2 0.6 4.6 10.6 5.7 5.2 3.6 (47%) 2.5 (33%) 1.5 (20%)

0.3 0.3 2.1 0.0 0.0 0.0

4.1 0.1 1.0 4.0 2.3 1.9 3.7 (100%)

6.6 0.2 1.6 6.4 3.1 3.1 3.0 (100%)

8.5 0.0 0.4 8.5 4.6 4.1 4.1 (100%)

0.1 0.1 0.6 0.0 0.0 0.0

    ∑ 187.9 8.2 65.8 179.7 95.1 87.2 18.4 (18%) 31.5 (30%) 26.4 (25%) 27.9 (27%)

12.6 0.2 1.5 12.3 6.0 6.0 2.1 (29%) 0.8 (10%) 4.3 (61%)

 + 202.1 10.1 67.3 192.0 101.1 93.2 20.5 (18%) 32.3 (29%) 30.8 (28%) 27.9 (25%)
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Electric arc furnaces for secondary steel production: 
The electric arc furnace route that produces steel 
from scrap is another route that is compatible with 
climate neutrality. We conservatively assume that 
10 per cent of the primary steel production capacity 
requiring reinvestment before 2030 will be converted 
to electric arc furnaces, equivalent to an increased 
production of 4.6 Mt of secondary steel in 2030. The 
specific emission reduction per tonne of crude steel is 
1.68 tCO₂ (-93 per cent), which translates into 
emission reductions of 8 MtCO₂ for 2030.22 

Overall, this ambitious scenario allows for an emis-
sion reduction of 74 MtCO₂ by 2030 compared with a 
business-as-usual scenario with reinvestments in 
coal-based blast furnaces. 

22 The Swedish steel company SSAB has already announced 
plans to replace approx. 1.5 Mt of conventional steelmak-
ing capacity in Luleå with new electric arc furnaces to be 
built directly at the rolling plant in Oxeloesund by 2025.

we assume that sufficient amounts of clean hydrogen 
will be available to operate these plants with a 65 per 
cent share of carbon-neutral hydrogen and a 35 per 
cent share of natural gas (by energy content20). This 
mix will allow for an emission reduction of -89 per 
cent (1.6 tCO₂ of crude steel) relative to the blast 
furnace route, equivalent to 66 MtCO₂ reduction 
compared with a business-as-usual scenario, in 
which manufacturers continue to reinvest in con-
ventional blast furnaces.21 

20 Due to the scarcity of hydrogen and the advantage of 
maintaining some carbon in the steelmaking process, we 
have decided to limit the share of hydrogen initially to 
65 per cent. 

21 We estimate that for this scenario around 50 TWh of 
green hydrogen are required in 2030. For the pre-heating 
of pellets another 17 TWh of electricity or green hydrogen 
will be required. 

Overview of DRI plant investments announced by European steel companies  Table B.7

Agora Energiewende, 2021 Status: February 2021

Project, Site Country Company Status Quo Fuel Timeline

HYBRIT,  
Lulea

SSAB Started pilot operation with clean 
 hydrogen in 2020

Green H₂ 2020: pilot plant 
2026: commercial

DRI,  
Galati

Liberty  
Steel

MoU signed with Romanian govern-
ment to build large-scale DRI plant 
within 3-5 years
Capacity: 2.5 Mt/DRI/year

Natural gas, 
then clean H₂

2023-2025:  
commercial

tkH2Steel, 
Duisburg

Thyssen- 
krupp

Plan to produce 0.4 Mt green steel 
with green hydrogen by 2025,  
3 Mt of green steel by 2030

Clean H₂ 2025: commercial

H-DRI-Project,  
Hamburg

Arcelor 
Mittal

Planned construction of an H2-DRI 
demo plant to produce 0.1 Mt DRI/year

Grey H₂ initially, 
then green H₂

2023: demo plant

SALCOS, 
Salzgitter

Salzgitter Construction of DRI pilot plant in 
Salzgitter 

Likely clean H₂ n.a.: pilot plant

DRI,  
Donawitz

Voest- 
alpine

Construction of pilot with capacity of 
0.25 Mt DRI/a

Green H₂ 2021: pilot plant

DRI,  
Taranto 

Arcelor 
Mittal

Plans to build DRI plant, ongoing 
negatiations with Italian government

n.a. n.a. 

IGAR DRI/BF, 
Dunkerque

Arcelor 
Mittal

Plans to start hybrid DRI/BF plant and 
scale up as H₂ becomes available

Natural gas 
then clean H₂

2020s
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the most important feedstock for the European 
petrochemical industry today. 

The basic products of the petrochemical industry are 
so-called high value chemicals (HVC), such as olefins 
and aromatics, which are processed into polymers 
(plastics) and solvents. In Europe, the industry largely 
uses refinery co-products such as naphtha as input, 
which accounted for 78 per cent of the feedstock of 
the European petrochemical industry in 2017 
(Deloitte, 2019). In recent years, however, cheap 
ethane – a co-product of surging shale gas production 
in the US – has been playing an increasingly impor-
tant role.23 

The major production plants for olefins and aromatics 
today are listed in Table B.8.

23 In the US, shale gas and its co-products have largely 
replaced products from oil refineries as feedstock. 
Due to exports of ethane to Europe, some substitution 
has been induced. However, in East Asia, the world’s 
 fastest-growing market, naphtha continues to be the 
most important feedstock.

As this analysis has shown, reinvestment decisions 
during the upcoming reinvestment cycle in the 
European steel industry will be critical for its transi-
tion. Creating an investment framework for low- 
carbon technologies will be key to harnessing the 
huge potential for GHG abatement and clean produc-
tion that this strategic sector offers (see Part D). 

7.3  Reinvestment cycles in the  
EU petrochemical industry

The transition to climate neutrality is a major chal-
lenge for the European petrochemical industry, where 
CO₂-intensive steam crackers play an important role. 
Unlike blast furnaces in the steel sector, steam 
crackers do not have clearly defined reinvestment 
cycles because they can be continuously maintained 
and modernised. Nevertheless, the European petro-
chemical industry faces some landmark decisions in 
the coming decade. On the one hand, emissions must 
be reduced to contribute to the EU 2030 climate 
target of -55 per cent; on the other, the ramp-up of 
electric vehicles and the predicted decline in refinery 
products could create a shortage of naphtha, which is 

Petrochemical production processes and their relevance in the EU  Table B.8

Agora Energiewende/Wuppertal Institute, 2021

Process Feedstock Products Relevance for petrochemical 
production in the EU

Steam Cracking Naphtha, ethane, 
LPG, gasoil, hydro-
waxes

Main products are ethylene, pro-
pylene, butadiene, and BTX; yield 
structure depends on feedstock

Main production process for 
olefins and BTX

Propane Dehydrogena-
tion (PDH)

Propane Propylene Important niche  
technology

Fluidized Bed Catalytic 
Cracking (FCC)

Heavy vacuum 
gasoil

Gasoline and other fuels;  
propylene as major by-product

Relevant for propylene  
supply in EU

Catalytic Reforming (CR) Heavy naphtha Reformate fuel (gasoline),  
BTX as major by-product: 
BTX: 0.88 (t of BTX/t of naphtha)
H₂: 0,03 (t of H₂/t of naphtha)

Major supply of  
BTX in Europe

Methanol-to-Olefins 
(MTO)

Methanol Ethylene and propylene No installation  
in EU

Methanol-to-Aromatics 
(MTA)

Methanol Paraxylene and toluene No industrial scale unit 
 worldwide
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and new investments are being made in Spain and 
Belgium. Additional investments are also being made 
in Poland.

By contrast, a conspicuous reluctance to invest is 
observable in continental Europe. Due to the 
increased costs for transport and access to the new 
feedstocks traded on the world market, sites here are 
less attractive. For this reason, crackers in continental 
Europe – all of which are closely linked to refinery 
complexes – will be at a crossroads by 2035. The only 
option to continue production without major adjust-
ments would be to resort to imported naphtha. 
Medium and heavy naphtha could become cheaper in 
the medium term if the introduction of electric 
vehicles in the passenger car sector picks up speed. 
However, processing these feedstocks is more 
CO₂-intensive than when using light naphtha (the 
most widespread type of naphtha in use today) and it 
is debatable whether this is compatible with the EU’s 
stricter 2030 climate target of -55 per cent.

Making decisions in this complex market environ-
ment that are compatible with the long-term goal of 
climate neutrality will be a major challenge in the 
coming decades. Steam crackers play a key role 
because as existing core assets they have an impor-
tance that is similar to that of blast furnaces in the 
steel sector. Technically, steam crackers can be 
operated more flexibly, allowing individual lines to be 
temporarily shut down. Unlike blast furnaces, 
crackers do not run continuously for twenty years 
before they can be overhauled. This means that 
retrofits or even the replacement of individual 
furnaces can be carried out any time. However, steam 
crackers are operated at the highest possible capacity 
utilisation due to their high capital costs. Although 
crackers can be operated with proper maintenance 
for longer than 60 years in some cases, an observa-
tion of retrofits and closures in Europe to date shows 
that the furnaces are usually only operated for 35 to 
50 years before they are fully replaced or shut down. 
Since the type of feedstock used can be changed 
when the furnaces are replaced, the reinvestment 

Today, steam crackers are the most important 
production facilities for the petrochemical industry 
in Europe. They are mostly integrated into local refin-
ery complexes or connected to them via pipeline 
infrastructures. In the coming decades, a decline in 
production from refinery-embedded processes such 
as fluidized bed catalytic cracking and catalytic 
reforming can be expected due to the decreasing 
demand for fuels that result from a growing share of 
electric vehicles. As refineries supply part of the 
feedstocks for the chemical industry, this could make 
the role of steam crackers even more important in the 
future. However, refinery closures would also reduce 
supply of light naphtha, which is the most important 
steam cracker feedstock today.

Over the past 15 years, steam cracker operators have 
become partially independent of local refinery 
integration. For example, terminals and tank farms 
for ethane have been built at coastal locations to 
import this typically cheap co-product of shale gas 
production in the USA. There are also very large 
reserves of so-called "natural gas liquids" in the 
Middle East, which can be imported as convenient 
cracker feedstock.

For the production of ethylene, ethane crackers on the 
European coast usually serve as the cost reference 
today.24 The cracker retrofits undertaken in the past 
10 years have included measures to enable the use of 
ethane as an exclusive or additional feedstock. 
However, this has made it more difficult to cover the 
market for propylene and especially for butadiene 
and aromatics, which is reflected in an increased 
price spread for these products compared with 
ethylene. This in turn allows some of the naphtha 
crackers, which have a higher yield for these prod-
ucts, to produce economically. The dedicated produc-
tion of propylene via propane dehydrogenation (PDH) 
plants has also gained importance in Europe in recent 
years. Existing plants are currently being expanded 

24 A rare temporary exception occurred during  
the spring of 2020.
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Due to the low level of new investments in the past 
30 years, almost 90 per cent of the plants will require 
reinvestment by 2045, which means that they can be 
adapted to new feedstocks or operating methods  
(e.g. electric cracking) or make room for new types of 

cycle winds up being determined by the age of the 
plant as well as the opportunity to adjust for new 
market conditions. Our estimates for the reinvest-
ment cycles and capacities of each period can be 
found in Table B.9.

Steam cracker emissions and reinvestment cycles per EU country  Table B.9

Agora Energiewende/Wuppertal Institute, 2021
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 Capacity to be reinvested 
[Mt HVC/year]

2021–
2025

2026–
2030

2031–
2035

2036–
2040

2041–
2045

2046–
2050

>2050

0.4 0.5 1.1 - - 1.1 (100%) - - - -

4.6 6.0 5.5 - 1.0 (18%) - - 3.3 (60%) - 1.2 (22%)

0.7 0.9 1.2 - 1.2 (100%) - - - - -

8.5 10.7 12.8 4.1 (32%) 3.8 (30%) 2.3 (18%) - - - 2.5 (20%)

1.2 1.7 2.8 0.5 (18%) 2.3 (82%) - - - - -

0.4 0.5 0.6 0.6 (100%) - - - - - -

4.2 5.6 5.1 1.2 (23%) - 2.4 (46%) - 1.6 (31%) - -

0.9 1.2 1.4 0.8  (57%) - - - - - 0.6 (43%)

2.3 2.7 2.8 1.1 (39%) - - 0.8 (29%) 0.9 (32%) - -

4.2 5.4 8.0 3.2 (40%) 2.0 (25%) - 1.4 (17.5%) - - 1.4 (17.5%)

0.8 1.0 1.5 - 1.5 (100%) - - - - -

0.6 0.7 0.7 - - 0.7 (100%) - - - -

0.0 0.0 0.4 0.4 (100%) - - - - - -

0.6 1.0 0.7 - - - - 0.7 (100%) - -

0.0 0.0 0.5 - 0.5 (100%) - - - - -

 ∑ 29.4 38.0 45.1 11.9 (26%) 12.2 (27%) 6.4 (14%) 2.3 (6%) 6.5 (14%) - 5.8 (13%)

1.8 3.1 3.4 - 0.5 (15%) - 0.9 (28%) 1.9 (57%) - -

 + 31.3 41.1 48.5 11.9 (25%) 12.8 (26%) 6.4 (13%) 3.2 (7%) 8.4 (17%) - 5.8 (12%)
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If plastics use is to continue, closing carbon cycles 
with chemical recycling will be necessary in the long 
term to achieve climate neutrality. But the carbon 
cycle is not closed during the operation of a conven-
tional cracker: CO₂ emissions are produced by 
burning part of the product stream or natural gas to 
provide the required heat energy in the cracking 
furnaces. To avoid direct energy-based emissions, 
high-temperature heat via electricity (or hydrogen) 
would be needed. A variety of manufacturers are 
working together to develop similar approaches for 
electric cracking (see Table B.10).

In contrast to the developments mentioned so far, 
which are all being pursued by established players in 
the petrochemical industry, bio-based plastics can be 
a field for SMEs as well. The spectrum here ranges 
from alternative feedstocks to produce established 
polymers (drop-in polymers) and alternative inter-
mediates to novel polymers that can replace PET. 

Although it is not clear how quickly the decline in 
refinery products due to the ramp-up of electric 
vehicles will affect the chemical industry, it is 
important to establish alternative climate-neutral 
production technologies before 2030. This will both 
contribute to the EU's climate target of -55 per cent 
by 2030 and secure the EU chemical industry’s 
long-term competitiveness.

plants such as methanol-to-olefin or methanol-  
to-aromatics. Existing naphtha or ethane crackers 
not yet scheduled for reinvestment by 2045 could 
then be operated without technical modification with 
products from a Fischer-Tropsch plant. As long as 
Fischer-Tropsch feedstock is produced with climate- 
neutral hydrogen and carbon dioxide, cracker 
operation will be compatible with the requirements  
of climate neutrality. 

7.4  Using the reinvestment cycles in the EU 
petrochemical industry for the deployment 
of climate-neutral technologies 

Many strategies exist for a climate-neutral petro-
chemical industry, though a full description lies 
beyond the scope of this study. When it comes to 
steam crackers, this requires the elimination of 
energy-related emissions through electrification or 
CCS and switching to climate-neutral feedstocks. 
However, alternative process routes such as metha-
nol- and innovative biomass-based processes that do 
not rely on steam crackers are also conceivable. An 
alternative to the use of fossil naphtha from refineries 
as feedstock for steam crackers is the use of plastic 
waste for chemical recycling. A high-quality pyroly-
sis oil can be obtained from relatively pure waste with 
a predominant proportion of polyolefins such as 
polyethylene and polypropylene. The length of the 
hydrocarbon chains produced can be influenced by 
the choice of catalyst and the operating mode of the 
reactor in order to control the distribution of gas 
(ethane) and liquid (naphtha, gas oil). The technologies 
that are in development so far are diverse. Pyrolysis 
products can be used in modified flexible steam 
crackers, while a completely new route results from 
waste gasification. The resulting synthesis gas 
(carbon monoxide and hydrogen) can be synthesized 
into methanol (see the Waste to Chemicals project) 
and processed into olefins and aromatics in new 
methanol-to-olefin or methanol-to-aromatics 
plants.
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other building materials such as wood. Another 
promising approach is based on the principle of 
material circularity: concrete from demolition is 
crushed and the aggregates are separated and then 
either re-used as cement substitute directly (unhy-
drated cement) or brought back to cement plants for 
recarbonation and recycled to be used to produce new 
recycled clinker. But even with recycling, the indus-
try will still need to produce new cement clinker in 
the future. Roughly one-third of the emissions from 
clinker production (energy-related emissions) can be 
avoided in the future through the use of biomass or 

7.5  Reinvestment cycles in the  
EU cement industry  

There is a wide array of measures for reducing 
emissions along the cement and concrete value chain. 
These measures range from material efficiency 
through more efficient use of concrete and cement to 
alternative binders25 and material substitution with 

25 For example, the clinker content of cement can be 
reduced by replacing a portion of the clinker with 
another binder such as limestone and calcinated clay 
substitutes (“LC3” solutions).

Overview of EU petrochemical industries‘ plans for commercialisation of  

alternative production processes before 2030  Table B.10

Agora Energiewende, 2021 Status: March 2021

Project, Site Country Company Status Quo Fuel Timeline

Cleaning of 
pyrolysis oil, 
Geleen

Sabic Chemical Recycling: Semi-commer-
cial plant for cleaning 15 kt of  
pyrolysis oil from chemical recycling 
per year (TRL 6-7). 

Waste  
plastics

2021:  
start of  
production

Waste to 
Chemicals, 
Rotterdam

AirLiquide, 
Enerkem, 
Nouryon, 
Shell

Chemical Recycling: production 
of methanol from residual waste. 
220,000 t of methanol production 
capacity/year (TRL 6-7).

Residual 
waste 

2020: 
planned 
start of  
construction

ChemCycling, 
various loca-
tions

BASF,  
Remondis

Chemical Recycling: production of 
pyrolysis oil from waste plastics in 
pilot plant (TRL 4-5).

Waste  
plastics 

2019:  
started pilot 
operation 

PYRECOL,  
Litvinov

Unipetrol Chemical Recycling: construction of 
pilot pyrolytic unit to convert waste 
plastics (TRL 4-5).

Waste  
plastics

2020:  
construction 
of pilot plant

Carbon4PUR 
project,  
Marseille Fos

Covestro, 
ArcelorMittal, 
Recticel

CCU in long-lived products: pilot 
plant to convert metallurgical gases 
of steel production to polyurethane 
(TRL 4-5). 

Waste 
gases 

2020:  
construction 
of pilot plant

Rheticus  
project, Marl

Evonik,  
Siemens

Electrochemical process: Pilot plant 
with a capacity of 20,000 t per year 
for the conversion of waste gases 
to specialty chemicals (TRL 4-5). 

Solar-driven 
electro-
chemical 
reduction

2020:  
pilot plant 
started  
operation 

E-Cracker,
Ludwigshafen

BASF,  
Sabic,  
Linde

Electrified steam cracker: 
plan to build multi-megawatt 
 demonstration plant (TRL 6-7) 

Electricity 2023:
demo plant
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limestone quarries far from the coasts, so there’s a risk 
that connecting single cement works to a CO₂ pipeline 
infrastructure may prove difficult - even in the 
long-run. Besides, the use of CO₂ via CCU concepts 
will likely also require a CO₂ transport infrastructure, 
unless the CO₂ can be used in the cement plant itself.  

In Norway, the UK, and the Netherlands the develop-
ment of offshore CO₂ storage under the North Sea 
seems to face less public resistance than geological 
onshore CO₂ storage. Hence, it is likely that an inland 
CO₂ transport infrastructure will first develop close to 
coastal areas around those hubs. Besides, cement 
clinker plants close to the coast in the Baltic Sea or 
Iberian Peninsula could also be connected to the 
offshore CO₂ storage sites by CO₂ transport via ship. 
While there may still be reasons for sticking to 

the electrification of kiln heating. For the remaining 
two-thirds of process-related emissions, however, 
carbon capture technologies will likely be an indis-
pensable strategy to reach climate neutrality. This is 
because from today’s perspective the process emis-
sions in the clinker production process cannot be 
avoided. Although CO₂ capture technologies as 
end-of-pipe technology can also be applied to 
existing cement clinker production plants via 
retrofits, the actual location of cement clinker 
production plants will be an increasingly critical 
factor for the viability of CCS and the likelihood of its 
public support.

For CCS, the connection to a CO₂ infrastructure 
network is key for transporting CO₂ to long-term 
storage sites. Many cement works are located near 

Overview of European cement companies‘ plans for the deployment and  

commercialisation of CO₂ capture projects before 2030  Table B.11

Agora Energiewende, 2021 Status: February 2021

Project, Site Country Company Status Quo Timeline

Brevik CCS 
project, Brevik

HeidelbergCement
The project foresees to build an indus-
trial-scale plant to capture and store  
0.4 MtCO₂/year in 2024. 

2024:  
commercial CCS

ECRA-CCS 
 project,  
various sites

European Cement 
Research Academy 
and various com-
panies 

The project has been studying the eco-
nomic and technical feasibility of car-
bon capture in the cement sector since 
2007. The project is currently in Phase IV 
which involves developing a concept for 
a demonstration plant (TRL 6-7)

2020–2023: 
building 
demonstration 
plant

Catch4climate, 
Mergelstetten

Buzzi Unicem- 
Dyckerhoff, Heidel-
berg Cement, 
SCHWENK Zement, 
Vicat

Plans to build demonstration plant for 
Oxyfuel-capture (TRL 6-7). The captured 
CO₂ is intended to be used to produce 
‚reFuels‘ such as kerosene.  

2021–2024: 
demo plant

LEILAC II,  
Hannover

HeidelbergCement, 
Cemex

Planned construction of a CCS demon-
stration plant that captures 0.1 MtCO₂/
year (TRL 6-7)

2025:  
demo plant

LEILAC I,  
Lixhe

HeidelbergCement
Pilot plant has a production volume 10 t 
of cement clinker/hour (TRL 4-5)

2019: started 
pilot operation 
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existing clinker production sites (such as proximity 
to limestone quarries or the local customer base), each 
reinvestment window offers the opportunity to move 
clinker production to sites where a connection to a 
CO₂ transport infrastructure is easier and thus more 
likely. Consequently, the existing practice of trans-
porting cement clinker to cement mills that only grind 
the clinker to cement for local markets is likely to 
increase in the future. 

Apart from that, there are several CO₂ capture 
technologies available – Oxyfuel CCS, LEILAC, and 
post-combustion CCS technologies (see Part E, 
cement) – and the specific plant design needs to 
match the technology choice for CO₂ capturing, even 
if they are only to be added as part of a future retrofit. 

Given the long technical lifetimes of cement plants 
- between 50 and 60 years – each reinvestment 
decision should devise an individual decarbonisation 
roadmap that is in line with achieving climate 
neutrality by 2050. In the coming decade, we 
 estimate that around 30 per cent of existing cement 
clinker production capacity will reach the end of its 
lifetime by 2030 and will require reinvestment.26 
Several European cement companies are working on 
commercialising CO₂ capture technologies and 
long-term CO₂ storage before 2030 (see Table B.11). 
We assume that by 2030 around 10 cement plants 
that are close to the Atlantic Ocean or to navigable 
rivers could be connected to long-term CO₂ storage 
sites that are currently being developed in the 
Netherlands and Norway. This could reduce emis-
sions by 9 MtCO₂ by 2030. In the future, the develop-
ment of a CO₂ infrastructure could also pave the way 
for negative emissions via BECCS. By using a large 
share of sustainable biomass in its fuel mix and 
sequestering the biogenic carbon share, cement 
works that are connected to a CO₂ infrastructure can 
generate negative emissions.  

26 These estimates represent numbers for Germany only. 
But we assume that the required reinvestment in the 
EU27 will be on a similar order. 
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Part C:  Regulatory framework and policy instruments 
for the development and introduction of key 
low-carbon technologies

1 Introduction 

Achieving the long-term goal of climate neutrality for 
Europe requires an industrial policy framework that 
incentivises the development, scaling and 
deployment of key low-carbon technologies. This is 
crucial for mitigating climate change and for 
positioning Europe as a leader in the global race for 
the development of climate-neutral technologies and 
sustainable industrial production hubs.
By signing the Paris Climate Agreement, virtually 
every country in the world acknowledged that 
sustainable economies and climate-friendly 
technologies will be needed to ensure the well-being 
of their citizens in 2050. Creating a climate-neutral 
industry holds important market opportunities in 
addition to environmental benefits. If Europe can get 
an early start, its companies stand to be pioneers in 
the field of climate-neutral technologies and shapers 
of global change.

There are many promising low-carbon 
manufacturing processes, and some of them have 
already been tested successfully in pilot projects 
(see Parts B and E). But if companies in the steel, 
chemicals and cement industries are to adopt them, 
they will need clear policy signals and a reliable 
regulatory framework. Without policy guidelines and 
incentives, businesses will not internalise the 
external costs of emission-intensive processes such 
as air pollution, global warming and health problems.

Individual policy instruments alone cannot cover the 
range of requirements for key low-carbon 
technologies in various stages of development. 
Emerging technologies require different incentives 
from those that are ready to be scaled at the industrial 

level. Moreover, the demands that policy instruments 
must satisfy vary by sector. 

This section presents policies that can be combined 
into a coherent framework that applies maximum 
leverage for creating a climate-neutral industry. The 
focus is on the mechanisms of policy instruments – 
presenting their different approaches, strengths and 
weaknesses and putting them in relation to each 
other. Part D develops policy recommendations that 
can convert individual instruments into a systematic 
strategy. However, we do not provide specific 
recommendations on the definition of such strategies 
on the level of EU member states and their relation 
with a broader European enabling environment. 
Rather, the strategy should result from discussions 
between political decisionmakers, industrial 
representatives, trade unions and other stakeholders. 
By sketching out a possible policy framework, this 
section provides a robust foundation for those 
discussions. 

1.1 Policy instrument criteria for  
a  climate-neutral industry

Independent of the state of development of key 
low-carbon technologies, the goal of climate-
neutrality in the steel, chemicals and cement sectors 
places particular demands on policy instruments.  

 → Send robust investment signals: First and 
foremost, policy instruments must offer certainty 
for the planning of capital-intensive, long-term 
investment in new production processes. Any 
uncertainties about the policy framework will 
negatively influence business behaviour, impede 
innovation and leave companies reluctant to invest 
in new technologies.  To remove these uncertainties 
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and to create a reliable framework for the adoption 
of climate-neutral technologies, an array of 
different policies is needed. A reliable, long-term 
regulatory framework is also necessary so that 
companies invest in new climate-friendly plants 
and equipment when existing facilities reach the 
end of their operating lifetimes, as many are 
scheduled to do over the next ten years. Without 
the right policies, companies could leave European 
countries, leading to massive job losses (see Part D). 
In order to give businesses an incentive to invest in 
key low-carbon technologies, action must be taken 
now. 

 → Offset the additional costs of acquiring and 
operating new technologies: Compared with 
conventional technologies, low-emission 
manufacturing processes are associated with 
higher costs, which can arise both at the point of 
investment and during operation. In today’s global 
market, companies cannot pass these extra costs to 
consumers without losing out to competitors 
abroad. Policies are therefore needed to defray the 
additional costs of developing, adopting and 
operating low-carbon processes. 

 → Satisfy the standard requirements of policy 
instruments: Alongside the above requirements, 
policy instruments for a climate-neutral industry 
must meet the standard criteria for sound 
governmental regulation. 
• Economic efficiency: When distributing public 

funds, each euro invested must achieve the 
highest possible environmental and economic 
benefit.

• Effectiveness and precision: The value of a policy 
instrument is measured by the contribution it 
makes to achieving its goal (in this case: a 
competitive and climate-neutral industry).

• Feasibility and acceptance: Policies of member 
states must be in synergy with the European legal 
framework, have political support and meet 
requirements for transparency and 
accountability. 

• Support the European industry’s international 
competitiveness: If policy instruments for 
climate neutrality are to be supported by all 
stakeholders they must consider the special 
features of the industrial sectors they affect. Steel 
and many products of the chemicals industry are 
commodities – standardised, interchangeable 
goods that are traded internationally. European 
producers in these sectors face strong 
international competition. Transport costs 
generally represent only a small fraction of total 
prices for these goods. External costs internalised 
through, say, CO2 prices, cannot be passed on to 
consumers in the world market as long as no 
comparable policy frameworks exist in other 
major producing countries. Higher production 
costs can jeopardise the competitiveness of 
European industry. It is crucial that policies be in 
place to prevent production from moving to 
regions with fewer restrictions for reducing 
emissions, - a phenomenon known as carbon 
leakage.1 
One set of policy measures that can prevent 
carbon leakage are border carbon adjustments, or 
BCAs,2 which include countervailing duties (SVR, 
2019). BCAs can be applied to emission-intensive 
products when imported to Europe in order to 
offset the higher prices of low-emission 
European products when competing with lower 
priced high-emission products from outside 
Europe.  

1 The relocation of manufacturing to countries with less 
severe carbon restrictions is just one risk. Another is 
known as investment leakage. This occurs when global 
companies based in Europe decide to invest in other 
regions of the world. What needs to be emphasised again 
is the importance of a reliable, long-term regulatory 
framework for investment.

2 In this study, we use the term border carbon adjustment 
(BCA) to ensure consistency with previous publications 
in English language. However, in the political discussion 
the term carbon border adjustment mechanism (CBAM) 
is now used in official documents. When we refer to BCA 
we understand it as equivalent to CBAM.
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But the adoption of such mechanisms comes with 
significant hurdles. First of all is the question of 
their compatibility with World Trade 
Organization (WTO) rules, even though 
exceptions from the equal treatment of domestic 
and foreign goods due to environmental reasons 
and other political aims are possible in principle. 
Imposing duties based on the intensity of 
emissions demands exact knowledge of the 
carbon footprint of products and therefore 
comprehensive carbon tracking from the 
emission source. Although officials could make 
rough assumptions based on the source of the 
products initially, the concrete implementation is 
complex. Another difficult question that needs 
clarifying is whether the level of environmental 
protection in other countries is comparable with 
European regulations. Exemptions for least 
developed countries (LDCs) will likely be 
necessary as well. For EU member states with 
exporting industries, the introduction of BCAs, as 
with any restriction on international trade, brings 
special risks. The response of trading partners 
whose exports would be subject to the adjustment 
mechanism could lead to disputes and retaliatory 
measures that may harm export-centered 
business even in sectors that are not carbon-
intensive.  
Moreover, the effects of policy instruments on 
the international competitiveness of European 
industry differ significantly depending on 
whether they target production or consumption. 
When selecting specific instruments, therefore, a 
forward-looking policy framework must take 
into account possible effects on international 
competition. 
The creation of lead markets will only be 
successful if climate-neutral policies consider 
the international competitiveness of European 
industry while setting ambitious climate goals. 
Lead markets are markets or areas of technology 
in which industry can achieve a global 
competitive advantage through leadership in 
innovation and technology (Beise, 2001). The 

creation of internal demand for low-emission 
production technologies forms the foundation for 
future exports to the world market. Increasing 
pressure to manufacture products more 
efficiently and with lower emissions has created 
opportunities around the world and may create 
lead markets for low-emission industrial 
technologies.

1.2 Mechanisms for a climate-neutral industry
The requirements of policy instruments for a climate-
neutral industry can be further subdivided into 
mechanisms. Four types of policy mechanisms must 
be adopted for a climate-neutral industry in the long 
term. 

Initially, pressure is needed to push the affected 
sectors of the economy towards greenhouse-gas 
neutrality. At the global level, the Paris Climate 
Agreement provides guidance but does not imply 
immediate consequences or incentives for industry. 
The most important way to pressure the industrial 
sector is to internalise the external costs of CO₂ 
emissions. This includes the use of effective price 
signals, clear policy decisions and a long-term 
strategy for a climate-neutral industry. The central 
criterion for these instruments is their ability to 
establish low-emission business models in the 
market. Setting standards through regulatory laws 
could further strengthen policy decisions while 
addressing areas where experience shows that 
economic incentives have little effect. 

The right sort of pressure to act will lead to the 
development, testing and adoption of key low-carbon 
technologies (see the technology fact sheets in Part E 
of this report for more information). The introduction 
of a circular economy is a cornerstone of sustainable 
industry. Policymakers must eliminate disincentives 
for using recycled material, create new regulations 
and enable the use of the technologies that are needed 
for a circular economy. The use of low-carbon 
technologies is generally associated with higher costs 
than conventional processes, both at the initial 
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investment and during operation. But as long as the 
additional costs cannot be passed to consumers, or 
the required investment is too great, businesses will 
need financial support. In addition to supporting the 
provision of low-emission products, policies must 
encourage demand by creating public markets or 
incentivising private ones. Such policies help 
distribute the burden of creating a climate-neutral 
industry.

Every combination of policy instruments should 
cover these four mechanisms in order to effectively 
initiate the transformation of industry towards 
climate neutrality.

1.3 Forward-looking policy instruments can 
supplement European emissions trading

A wide spectrum of policy instruments exists that 
can help increase efficiency and reduce emissions in 
the industrial sector. The European emissions trading 
system (EU ETS) will play a key role alongside support 
policies and incentives. Many refer to the EU ETS in 
political debates about the necessity of augmenting 
the policy framework for decarbonisation (SVR, 
2019). In order to leverage the greatest possible 
efficiency advantages and avoid carbon leakage, 
emissions trading should be linked globally and 
implemented as widely as possible (DEHSt, 2013). But 
even appropriate initiatives within, say, the G20 
framework, are unlikely to provide an adequate 
outcome in the near future. Therefore, this study 
focuses primarily on the EU ETS in particular rather 
than on emissions trading in general.

In economic theory, price signals for CO2 are the most 
efficient way of securing CO2 reductions. In the 
European Emissions Trading System these price 
signals are achieved by imposing a maximum cap on 
total emissions and by auctioning the corresponding 
emissions allowances. At current and projected 
prices, however, these measures will be insufficient 
to ensure the climate neutrality of European industry 
in the long term.

Carbon price trends: Carbon prices in the EU ETS 
have increased significantly since 2019 and are 
projected to increase even further. However, as 
argued in Part B and as demonstrated in Part E, the 
abatement costs for most key technologies lie well 
above the prices of EU emission allowances forecast 
for the coming years. But even if carbon prices rose 
significantly in the medium to long term, business 
expectations about price changes in the EU ETS will 
be decisive for investment in key low-carbon 
technologies. Unfortunately, the increases in carbon 
prices that businesses currently expect are not high 
enough to initiate a fundamental transformation of 
the industrial sector towards climate neutrality. 

 → Volatility and insecurity: The EU carbon price 
depends on the regulatory framework negotiated 
by policymakers. But regardless of policies, 
emissions trading is inherently volatile, which 
makes it an unreliable basis for investment 
decisions (see Figure C.1 .) 

 → Plant lifespans and investment timelines: Unlike 
consumer decisions, investment in key low-carbon 
technologies cannot be gradually adjusted as 
carbon prices change. So it is crucial that long-
term signals for the introduction and scaling of 
these technologies remain reliable over decades. 
By the same token, CO₂ prices must not increase 
so drastically as to render recent investment in 
conventional technologies (such as those in the 
chemical industry) unprofitable, forcing companies 
to write them off before they are amortised. 
Therefore, as EU carbon price signals provide 
gradually increasing pressure over the long term, 
supplemental policy instruments are needed to 
cover the cost differential that can justify the 
necessary investment in climate-neutral 
technologies in the short and medium term.

To summarise: the EU ETS is important for forging a 
path to climate neutrality. By sending EU-wide price 
signals for emissions, it incentivises short-term 
optimisations. But it is not enough to steer the 
long-term processes necessary for decarbonising the 
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industrial sector and to cover the massive additional 
investment needed for developing, scaling and 
operating key low-carbon technologies. This is why 
the EU needs innovative and forward-looking policy 
instruments to supplement its emissions trading 
system. Such instrument are invaluable for triggering 
and directing transformative changes in the steel, 
chemical and cement sectors.

Infobox: EU Innovation Fund

 → What is the EU Innovation Fund? 
The EU Innovation Fund is the successor to the NER300 programme. Its purpose and design were laid 
down in the EU Emissions Trading Directive (EU 2003/87/EC) and in the Commission Delegated 
Regulation (EU 2019/856). The goal of the fund is to support innovations in low-carbon technologies 
across all EU member states.

Development of the carbon price in the EU Emissions Trading System from 2009 to 2021 Figure C.1

Agora Energiewende, 2021, based on Ember, 2021
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 → What is the goal of the EU Innovation Fund? 
The goal is to support a variety of viable and innovative demonstration projects. In addition, it aims to 
help the European Union establish itself as a global leader in the field of low-carbon technologies.

 → How is the EU Innovation Fund financed and what is its endowment? What does the endowment of the 
fund depend on? 
The EU Innovation Fund is financed with auction proceeds of the EU ETS. At least 450 million 
allowances3 (EUR-Lex, 2018a; EUR-Lex, 2018b) will be auctioned for this purpose. The size of the fund 
depends on the level of the carbon price at the time of the auction. At an average price of around 45 euros 
per European emission allowance (EUA) over the next decade, the fund would amount to 20.25 billion 
euros.

 → Which projects are supported? 
The fund focuses on five areas: 1) innovative, low-carbon technologies and processes in energy-intensive 
industries; 2) carbon capture and utilisation (CCU); 3) the building and operation of carbon capture and 
storage (CCS); 4) the innovative production of renewable energies; and 5) energy storage.

3 See (EU) 2018/410, art. 10a para. 8. 

Operation of the EU Innovation Fund Figure C.2

Agora Energiewende, 2021, based on European Commission, n.d.
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 → Which assessment criteria are used when selecting projects? 
The projects and sectors that can participate are specified in the calls for proposals. The following criteria 
are specified by the Delegated Regulation 4 (EUR-Lex, 2019a):
• effectiveness with regard to reducing greenhouse-gas emissions
• level of innovation relative to the current state of technological development
• maturity of planning and business models 
• technological potential and market potential for a wide application, reproducibility and/or future cost 

reductions
• efficiency with regard to costs
• balance of geographical distribution 

 → Which costs can be supported and in which form? 
The fund can subsidise both capital and operating costs. As a rule, the fund can provide subsidies of up to 
60 per cent of costs depending on the projects’ level of risk. For projects that are already relatively close to 
market, conventional instruments such as loans or guarantees can also be used, although the details are 
still under discussion. The subsidies can be combined in principle with other EU support programmes 
and national initiatives. These include investEU, Horizon Europe, Enhanced European Innovation Council 
(EIC) pilot, InnovFin Energy Demo Projects, NER300, Connecting Europe Facility, the Modernisation 
Fund, the Cohesion Fund and private capital funds.

 → Which conditions apply for receiving payments? 
The subsidy is provided based on the achievement of milestones/stage goals defined by the project. Up to 
40 per cent of the subsidy can go towards project development up to the financial close, i.e. the final 
investment decision. Commencement of operation is another stage goal. The complete payment may be 
tied to the achievement of the planned reduction in emissions. In contrast to coupling the entire subsidy 
to achievement of the project’s emission reduction goals, a staggered payment relieves the recipient from 
carrying the entire risk alone. 

 → When and how can applications be made? 
Starting in 2020, the European Commission will issue regular calls for proposals (EUR-Lex, 2019b). 
The application phase will be divided into two parts: In the first step, applicants must present their project 
and apply for consideration. This involves describing the main characteristics of the project to the project 
commission. In the next step, applicants must provide a detailed application.  
Projects that are still at an early stage can receive project development assistance after the first step as 
long as they have the potential to meet the selection criteria. 

4  See (EU) 2019/856, art. 11.
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1.4 Methods for developing and selecting 
instruments 

The smart selection and combination of policy 
instruments is needed to create a long-term climate-
neutral industrial sector. Relying on any single 
instrument will not be enough. The goal of this study 
is to create a policy toolbox for discussing and 
achieving the emissions reduction goals of the 
industrial sector.

In the next section, we present fact sheets for the 
toolbox instruments and describe an environment in 
which a comprehensive policy strategy for a climate-
neutral industry can arise. 

The design of policy instruments for decarbonising 
the industrial sector has been discussed in various 
research studies, advisory projects and workshops 
with representatives from industry, ministries, trade 
unions and civil society. This report is based on those 
discussions. To maintain a close link to existing 
discussions, the selection of policy instruments for 
the report follows a two-stage process. 

First, an inventory was made of all instruments being 
discussed for the development and launch of low- or 
zero-carbon industrial processes or infrastructure 
needed for decarbonising European industry. We 
drew on a range of reports including IES, 2018; 
Klimaallianz et al., 2016; Ecofys/Prognos/Universität 
Stuttgart et al., 2017; IER/EEP/adelphi, 2017; IREES, 
2017; and Ecofys, 2017. The long list of policy 
instruments can be found in Table C.1. The 
instruments discussed in the literature were divided 
into three categories: subsidy, charges/surcharges 
and standards. In order to limit the selection to 
particularly promising instruments, we subjected the 
21 instruments in the longlist to multiple qualitative 
evaluations using five equally ranked criteria:

We assessed the instruments based on their potential 
for emission reductions (size of the sectors covered, 
expected range of application, ability to trigger 
transformative change); cost efficiency (use of 
resources in relation to effect); expected effectiveness 
for supporting key low-carbon technologies; 

Process for the selection of policy instruments Figure C.3

Agora Energiewende, 2021
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feasibility and enforceability (administrative cost, 
legal or political hurdles); and expected acceptance
among affected stakeholders. The information used 
for the evaluation is based on the reviewed literature 
and the assessments of technical experts. We did not 
attempt to rank or define the best instruments. 
Rather, our goal was to assemble a shortlist of 
promising, highly innovative instruments. 

We subsequently discussed and adapted the shortlist 
over the course of multiple workshops with sector 
representatives. The overriding aim when selecting 
instruments for the shortlist was to cover the widest 

possible range of mechanisms needed for a climate-
neutral industry, as described in Figure C.4. The 
instruments in the shortlist also covered the various 
development stages of key low-carbon technologies.5 
On the basis of these criteria, we presented ten 
instruments for discussion in stakeholder workshops. 

5 We made an exception for instruments that purely serve 
to support research and development. The workshops 
confirmed our impression that these instruments are 
sufficiently covered by current policies.
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Name Description GHG reduction Cost efficiency Effectiveness Enforceability Stakeholder acceptance

Support

Tax reduction for recycled goods Support the reuse of goods and the use of recycled materials. One way to do this is to 
reduce their value-added tax rate.

Reform of the tendering process for energy 
efficiency measures

Expand existing tenders for supporting energy efficiency from electricity to thermal 
efficiency and increase the coverage of additional costs.

Accelerated depreciation for investment in 
energy efficiency

Allow quicker accelerated depreciation of investments in energy-efficiency technologies to 
make them more attractive for businesses.

Carbon contracts and carbon contracts-for-
difference (CCfD)

Cover incremental costs of investing and operating key low-carbon technologies by 
remunerating the resulting emission reductions, possibly relative to the CO₂ price.

Technology-specific research support Help the development of specific key low-carbon technologies by subsidising R&D costs.

Accelerated depreciation for investment in 
GHG reduction

Reduce the effective costs of climate investment by lowering taxes to offset additional 
costs.

Green financing instruments Create a credit institute to provide low-interest loans solely for financing investment in 
climate change mitigation.

Charges, surcharges

Carbon price floor with border carbon 
adjustment

Create a rising carbon price floor to establish a plannable price signal for introducing 
climate technologies. Subject imports from countries without carbon pricing to a charge. 
Exempt exports from the carbon pricing system.

Carbon price on end products Impose a charge on products based on the carbon intensity of the materials.

Climate surcharge on end products Impose a climate surcharge on selected materials or their products (steel, plastic, 
aluminium, cement) based on volume, irrespective of the production process or origin.

Reduction of fossil fuel subsidies Reduce direct subsidies or tax benefits for fossil fuels in order not to disadvantage climate 
technologies.

Reform of power markets for electricity-
intensive businesses

Create electricity market instruments that mobilise demand side flexibility and sector 
coupling, as well as energy efficiency..

Reform of energy taxes Tax fossil fuels based on their carbon emissions, and reduce the electricity price to make 
electrification more attractive.

Regulations

Green public procurement Ensure that public spending is made in accordance with obligatory sustainability criteria in 
order to create lead markets for low-carbon and GHG-neutral products.

Clean hydrogen support policies Introduce support instruments that create a business case for clean hydrogen.

Standards for recyclable products Require producers of consumer goods to design their products so that they are easier to 
recycle and reuse.

Extended producer responsibility Introduce requirements for reverse logistics, deposit systems or fees to oblige the 
producers of consumer goods for recycling and waste disposal.

Ban on plastic in certain applications Forbid plastics in disposable products and in products for which ecological alternatives 
exist.

Quotas for low-carbon materials Oblige producers of consumer goods to use raw materials with a specified carbon-free 
share.

Changes in construction and product standards Revise standards and supplementary regulations in the construction industry that allow 
the introduction of low-carbon materials and higher material efficiency.

Increased environmental requirements for 
chemicals

Impose stricter regulations for chemical products to favour solutions based on biomass 
instead of petroleum-based plastics.

Legend:           Instrument selected for the shortlist          attractive      unattractive  

Longlist of policy instruments for a climate-neutral industry  

Agora Energiewende, 2021, based on Navigant, 2019
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  Table C.1

 

Name Description GHG reduction Cost efficiency Effectiveness Enforceability Stakeholder acceptance

Support

Tax reduction for recycled goods Support the reuse of goods and the use of recycled materials. One way to do this is to 
reduce their value-added tax rate.

Reform of the tendering process for energy 
efficiency measures

Expand existing tenders for supporting energy efficiency from electricity to thermal 
efficiency and increase the coverage of additional costs.

Accelerated depreciation for investment in 
energy efficiency

Allow quicker accelerated depreciation of investments in energy-efficiency technologies to 
make them more attractive for businesses.

Carbon contracts and carbon contracts-for-
difference (CCfD)

Cover incremental costs of investing and operating key low-carbon technologies by 
remunerating the resulting emission reductions, possibly relative to the CO₂ price.

Technology-specific research support Help the development of specific key low-carbon technologies by subsidising R&D costs.

Accelerated depreciation for investment in 
GHG reduction

Reduce the effective costs of climate investment by lowering taxes to offset additional 
costs.

Green financing instruments Create a credit institute to provide low-interest loans solely for financing investment in 
climate change mitigation.

Charges, surcharges

Carbon price floor with border carbon 
adjustment

Create a rising carbon price floor to establish a plannable price signal for introducing 
climate technologies. Subject imports from countries without carbon pricing to a charge. 
Exempt exports from the carbon pricing system.

Carbon price on end products Impose a charge on products based on the carbon intensity of the materials.

Climate surcharge on end products Impose a climate surcharge on selected materials or their products (steel, plastic, 
aluminium, cement) based on volume, irrespective of the production process or origin.

Reduction of fossil fuel subsidies Reduce direct subsidies or tax benefits for fossil fuels in order not to disadvantage climate 
technologies.

Reform of power markets for electricity-
intensive businesses

Create electricity market instruments that mobilise demand side flexibility and sector 
coupling, as well as energy efficiency..

Reform of energy taxes Tax fossil fuels based on their carbon emissions, and reduce the electricity price to make 
electrification more attractive.

Regulations

Green public procurement Ensure that public spending is made in accordance with obligatory sustainability criteria in 
order to create lead markets for low-carbon and GHG-neutral products.

Clean hydrogen support policies Introduce support instruments that create a business case for clean hydrogen.

Standards for recyclable products Require producers of consumer goods to design their products so that they are easier to 
recycle and reuse.

Extended producer responsibility Introduce requirements for reverse logistics, deposit systems or fees to oblige the 
producers of consumer goods for recycling and waste disposal.

Ban on plastic in certain applications Forbid plastics in disposable products and in products for which ecological alternatives 
exist.

Quotas for low-carbon materials Oblige producers of consumer goods to use raw materials with a specified carbon-free 
share.

Changes in construction and product standards Revise standards and supplementary regulations in the construction industry that allow 
the introduction of low-carbon materials and higher material efficiency.

Increased environmental requirements for 
chemicals

Impose stricter regulations for chemical products to favour solutions based on biomass 
instead of petroleum-based plastics.

Legend:           Instrument selected for the shortlist          attractive      unattractive  
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The ten recommended instruments on the (shortlist) 
were critically discussed in six stakeholder 
workshops and a series of meetings with technical 
experts and decisionmakers. Over the course of the 
workshops, we presented our main interim findings 
from the technology fact sheets to the technical 
experts and to the representatives of various 
industries for discussion. We then presented the 
complete spectrum of policy instruments described 
in this report. The participants had the option of 
selecting particularly interesting instruments for 
more intensive discussions in small groups. We used 
the information and insights from these discussions 
to fine-tune the policy instruments. 

Several instruments promote incremental 
improvements to the efficiency of production 
processes and to the internalisation of the external 
costs of low-emission processes: the carbon price on 
end products, a climate surcharge on end products 

1.5 Shortlist of the policy instruments and 
stakeholder workshops

In the following fact sheets, every instrument is 
briefly described along with its mechanism, a brief 
legal evaluation and information on implementation. 

The policy instruments described can be categorised 
according to various aspects. First, they can be placed 
into one of three levels in the industrial value chain: 
upstream (secure access to energy and raw materials 
at competitive prices), midstream (incentives and 
direct support for the change of production processes) 
and downstream (creation of secure markets and 
regulatory requirements). Second, the instruments 
can be categorised by their mechanism: 
internalisation of external costs, creation of secure 
markets, financing of additional costs and promoting 
a circular economy & standards. Figure C.4 provides 
an overview of the instruments for each system of 
categorisation. 

A shortlist of ten policy instruments Figure C.4

Agora Energiewende, 2021

Upstream Midstream Downstream

€

€

Carbon price on 
end products

Standards for 
recyclable products

Secure 
markets

Circular economy 
standards

Internalise 
external costs

Support 
financially

Carbon price floor with border 
carbon adjustment

Clean hydrogen 
support policies

Green financing 
instruments

Carbon contracts & 
Carbon contracts-for-

di�erence (CCfD) 

Quotas for low-carbon 
materials

Climate surcharge 
on end products

Green public 
procurement

Changes in construction 
and product standards
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and the introduction of a carbon price floor with 
border carbon adjustment inside or outside the EU 
ETS. These instruments balance out the cost 
differences on a continual basis. These instruments 
can put pressure on industry but alone they are not 
enough to ensure the sweeping introduction of key 
low-carbon technologies. To scale market-ready 
technologies and secure markets for products 
produced with low emissions, policymakers can 
introduce quotas for low-carbon materials and green 

public procurement. The support for the investment 
and use of low-emission production processes can be 
funded by green financing instruments as well as 
carbon contracts and carbon contracts-for-difference 
(CCfDs) or clean hydrogen support policies. Finally, 
standards for recyclable products and changes to 
construction and product standards can promote the 
development and use of key low-carbon technologies 
and can contribute to higher material efficiency. 

Approaches for the policy instruments in the shortlist Figure C.5

Agora Energiewende, 2021, based on Navigant, 2019 

Degree of technological maturity Development Market entry Existence

Function Laboratory Scaling
 

Investment Operating 
costs

Optimisation
(plant/product)

€

Carbon price floor with border carbon adjustment

Carbon price on end products

Climate surcharge on end products

Green financing instruments

Clean hydrogen support policies

€
Quotas for low-carbon materials

Changes in construction and product standards

Standards for recyclable products 

 Primary e�ect

 

 Further e�ect

Creation of 
green markets 

Carbon contracts & Carbon contracts-for-di�erence

Green public procurement
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DEVELOP KEY 
LOW-CARBON TECHNOLOGIES

DELIVER ON 
CLIMATE TARGETS

MAINTAIN 
COMPETITIVENESS
IN THE LONG RUN

CO2

Schlüsseltechnologien

INNOVATION-ENABLING
REGULATORY FRAMEWORK

INNOVATION

POLICY INSTRUMENTS FOR THE 
DEVELOPMENT AND MARKET ROLL-OUT 
OF KEY LOW-CARBON TECHNOLOGIES

2 Policy instruments 
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CARBON PRICE FLOOR WITH BORDER CARBON 
ADJUSTMENT (BCA)
Instrument design

This instrument introduces an increasing carbon price floor in the EU ETS. The mechanism sends a reliable price signal 
for investments and introduces border carbon adjustment (BCA) charges on imports and reliefs for exports. 

Carbon pricing through the EU ETS is an economically efficient 
instrument for reaching carbon reduction goals and for 
internalising external costs. An increasing carbon price in the 
EU ETS in recent years has led to substantial carbon reductions 
in the power sector. This is not the case in the basic materials 
industry, however. On the one hand, the majority of emission 
allowances that businesses receive are freely allocated; on the 
other, carbon abatement costs of key low-carbon technologies 
are often significantly higher than the EU ETS price. An 
increasing carbon price floor sends a reliable price signal and 
would provide investment security. In order to offset export 
disadvantages for the energy-intensive basic materials industry, 
the price of exports at the border would have to be reduced 
by the amount of the previous carbon charge (Border Carbon 
Adjustment, BCA). In addition, when significant disadvantages 
arise for businesses competing on the European market, it will 
be necessary to apply adjustment charges on imports of carbon-
intensive goods within the BCA framework. This would create 
similar competitive conditions in the domestic market and avoid 
carbon leakage (SWP, 2018).

As part of its communication on the European Green Deal and 
the objective of carbon neutrality by 2050, the EU Commission 
sees BCAs as a key measure to protect industrial sectors from 
international carbon leakage. However, the instrument is 
associated with significant difficulties that pose fundamental 
methodological questions. For starters, should the electricity 
mix of a country be assumed when evaluating emissions – 
or can an energy-intensive company declare the purchased 
electricity to be zero-carbon? The difference would be decisive 
for, say, countries with higher shares of electricity produced 
by coal. In addition, there are questions about how to price 
carbon appropriately for imports from industrial countries and 
developing nations and how the implicit or explicit carbon price 
of climate policies in other countries can be compared to the 
EU ETS price. Moreover, the instrument could be misused for 
protectionist purposes. There is the risk that trading partners 
could view a border carbon adjustment as a trade restriction and 
respond with retaliatory measures. Trade law and trade policy 
disputes are therefore likely.

Mechanism of the carbon price floor with border carbon adjustment

Agora Energiewende, 2021

+ BCA

Exports

Imports

Market price of steel

Effect of an EU-wide 
carbon price (floor)

BCA* charge

 * BCA: Border carbon adjustment
** Non-EU with or without lower carbon price

BCA* refund

EU Non-EU **

Exports receive border 
adjustment relief

Imports subject to 
adjustment charge

Carbon

leakage

- BCA

Carbon price

Figure C.6 
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CARBON PRICE FLOOR WITH BORDER CARBON ADJUSTMENT

A high carbon price in the EU ETS coupled with a border carbon adjustment is an efficient instrument from an 
economic point of view and guarantees a level playing field for industry. 

  INSTRUMENT TYPE

 Subsidy

 Charge/surcharge

 Regulation

  DECARBONISATION LEVER

 Energy efficiency

 Change of energy source

 Process optimisation & substitution

  Resource efficiency & material substitution

  SECTOR APPLICABILITY

  Cross-cutting technologies                   Steel                   Chemicals                   Cement                   Circular economy

  APPLICABILITY TO TECHNOLOGIES BY MATURITY LEVEL

Development Market entry Existence

Research Scaling Creation of 
green markets

Investment Operating costs Optimisation
(plant/product)

 AREA OF APPLICATION

The instrument applies to all emission sources from 
industrial and energy sectors registered in the EU ETS 
as well as to the import of carbon-intensive goods. All 
key low-carbon technologies whose carbon abatement 
costs are lower than or equal to the carbon price become 
competitive.
 

  NECESSITY OF CARBON TRACKING

  mandatory

  helpful

  not necessary

  DURATION OF EFFECT

The border carbon adjustment would be coupled to the 
international development of emissions trading and the 
price development in the EU ETS. If carbon prices in other 
G20 economies are introduced, the BCA could potentially 
be lifted or applied only to other countries without a 
comparable carbon price level. 

 STATE OF THE DISCUSSION

A carbon price floor already exists in many emissions 
trading systems (e.g. California, Great Britain). The EU 
Commission and the European Council are discussing 
BCA as an element of the European Green Deal and as a 
potential direct revenue source for the EU budget. Border 
charges have been under discussion for a while now, but 
their feasibility is disputed (SVR, 2019). Exporting industries 
and nations are traditionally reluctant to endorse and 
implement border carbon adjustment measures. The 
instrument is supported by professional organisations 
(including EUROFER), governments (including FR) and the 
European Council, the European Parliament as well the 
president of the EU Commission, Ursula von der Leyen. 

Legend:       Primary effect      Secondary effect
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Instrument details

1 The waterbed effect occurs when reductions in one EU country are negated by increased emissions in another. It arises because the reduction of emissions frees up 
emissions trading allowances, which can then be used by emitters in other countries. Starting in 2021, it will be possible for countries to cancel a number of their 
allowances to account for the emission-reducing effect of their domestic policies.

2 In the Emissions Trading Scheme, a portion of the allowances is auctioned on the market. The carbon price floor could be implemented as an auction reserve price in 
the EU ETS, which means that only offers above the price floor are accepted and any unsold allowances are cancelled after the auction. This would ensure that the 
carbon price was no lower than the price floor.

Possible interactions
Depending on the scope of and participation in an EU ETS 
price floor, the total price of allowances could fall, reducing 
the overall effect on emissions reduction (waterbed effect1). To 
counter this, the carbon price floor should be combined with 
other measures, such as the cancellation of EU ETS allowances. 
But uncertainty around eventual tax set-offs for exports 
and the possibility of an inadequate carbon price floor mean 
that this instrument alone will not suffice to motivate large 
investment projects in comparatively expensive technologies. 
Accordingly, additional instruments besides the price floor 
will be needed to incentivise investment. These include quotas 
for low-carbon materials or carbon contracts-for-difference 
to promote investments in key low-carbon technologies with 
abatement costs above the price floor.

Financing
The additional costs stand to affect emitters registered in 
the EU ETS, who would then pass these on to consumers. 
The border charges that may potentially be levied on imports 
would increase prices for carbon-intensive goods. The extra 
income from carbon pricing could be used to support affected 
consumers, as it does in Canada (Engie et al., 2018).

Design options
The instrument could be formally implemented both inside and 
outside the EU ETS process. Within the EU ETS, the price floor 
could be implemented as a reserve price in the auctioning of 
EU allowances. But this would require amending the EU ETS 
directive, which is only possible with a unanimous decision 
by member states.2 Outside the EU ETS, a short-term price 
floor could be introduced within a single nation, as in Great 
Britain and the Netherlands, or with like-minded neighbouring 
countries. A primary energy charge could balance out the 
difference between the price floor and the actual EU ETS price 
(PIK, 2018; Agora Energiewende, 2018). The border adjustment 
would not apply in countries with carbon pricing comparable 
to that of the EU. This would motivate countries who want 
unimpeded trade with the EU to introduce an equivalent 
carbon pricing regime. 

The border adjustment instrument has its difficulties, however. 
In principle, a border adjustment can only be introduced 
throughout the entire EU or European Economic Area (EEA). 
Otherwise goods could be imported to the joint European 
market from EEA countries without a border adjustment 
system in order to get around a border adjustment in countries 
that do. But even were the border carbon adjustment to apply 
to all of the EU, the administrative costs for determining the 
carbon intensity of all imports and exports would be high. The 
data collection would be particularly complicated for processed 
products whose exact material composition is unknown. 
General assumptions could reduce the complexity, but these 
would have to be legally assessed. Exempting imports from 
countries with sufficient carbon pricing would further increase 
costs. It is doubtful whether the instrument conforms to WTO 
rules, as the brief legal assessment makes plain. Consequently, 
it is likely to face objections and be subject to arbitration. 

Special features
As part of the EU ETS Reform, the EU could increase carbon 
floor prices for the covered sectors. In parallel, the EU could 
encourage other countries to implement a comparable price 
floor. This would exempt them from the border carbon 
adjustment mechanism and forge preferential trade relations 
with countries that have comparable ambitions for climate 
change mitigation. 
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SWOT analysis

STRENGTHS

• The market decides across sectors on the most 
favourable carbon abatement technologies – very high 
efficiency

• Planning security for climate investment
• Energy tax reform based on a national carbon price 

floor can be implemented quickly

OPPORTUNITIES

• There is a clear political will to create a carbon price 
floor in important EU countries including France and the 
Netherlands

• The introduction of a price floor for EU trading partners 
could be an attractive option for circumventing the 
border carbon adjustment

WEAKNESSES

• Border carbon adjustment and exceptions can limit the 
effectiveness of a uniform price signal

• High administrative costs for border carbon adjustment
• Determining the carbon footprint emitted in the 

production of imported and exported products is very 
expensive

• The carbon price or carbon price floor needs to be 
sufficiently high (at least 100€/t of CO2) in order to 
create a business case for most key low-carbon 
technologies

RISKS

• Border carbon adjustment may not conform to WTO 
rules (particularly in combination with European carbon 
price floor)

• Could further aggravate global trade conflict
• Countries with a carbon-intensive electricity mix 

could attempt to circumvent the system with green 
guarantees of origin, likely leading to legal disputes at 
the WTO

Aspects of implementation

Legal assessment
• In principle, WTO rules would allow the introduction 

of an EU border carbon adjustment as long as imported 
and domestically produced goods are treated equally. 
However, such a measure would not compensate exports 
for the higher carbon cost that they face when produced in 
Europe.

• WTO rules do not exclude averaged BCA calculations 
for foreign products. The calculations must be based on 
appropriate criteria, however. It is important that they do 
not have a discriminatory effect on the domestic system. 

• A border carbon adjustment in combination with a price 
floor through the EU ETS would be more difficult to 
implement within the WTO framework. The border charge 
applies to a production process of the product, not to a 
characteristic of the product. Whether the WTO permits 
charges based on the production process is disputed. 

• At the European level, the introduction of a carbon price 
floor within the EU ETS is legally possible in principle but 
requires an amendment to the EU ETS directive.
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CARBON CONTRACTS-FOR-DIFFERENCE (CCFD)
Instrument design
Carbon contracts offer payments for emission reductions achieved with key low-carbon technologies to compensate 
for their incremental cost compared to GHG-intensive production processes. Carbon contracts-for-difference (CCfDs) 
complement the effects of the EU ETS and compensate for insufficient and variable carbon prices.

Key low-carbon technologies generally entail higher 
investment and operating costs than conventional 
technologies. Carbon prices in the EU ETS fluctuate and 
are too low to justify investments in most key low-carbon 
technologies. Moreover, the CO₂ price signal will not be 
effective if the low-carbon technologies do not receive the free 
EUA allocations that are awarded to conventional technologies 
to protect them from carbon leakage. As a result, the current EU 
ETS design promotes efficiency improvements of conventional 
technologies but does not support investments in key low-
carbon technologies. 

Carbon contracts and CCfDs are options that complement the 
EU ETS to promote and ensure transformative investments. 
They provide state-guaranteed payments for the CO₂-
abatement obtained by key low-carbon technologies and 
compensate for their incremental costs relative to GHG-
intensive incumbent technologies. Depending on the design 
and effects of the EU ETS in terms of free allocations for 
incumbent and key low-carbon technologies, different 
scenarios need to be considered, as illustrated by Figure C.7.

Scenario 1: Carbon contracts to compensate  
full incremental costs
With current regulation, most key low-carbon technologies 
do not receive the free allocations that are awarded to 
incumbent technologies. If this situation remained in place, 
the incremental producion costs compared to GHG-intensive 
technologies would not depend on the EU ETS price and have to 
be fully compensated by a carbon contract.

Scenario 2: CCfD in combination with free EUA allocations
If key low-carbon technologies do receive free allocations, 
their sale will cover part of the incremental costs that result 
from their operation. In this case, CCfDs must compensate 
for the variable difference between the market value of these 
allowances and the CCfD contract value that was defined to 
cover incremental production costs.

Scenario 3: CCfD in the context of a BCA regime
The objective of a BCA regime is to protect industry from 
carbon leakage without the need of issuing free EUA 
allocations. The result is an effective carbon price and the CCfD 
has to cover the difference between the effective carbon price 
and the CCfD contract value.

Carbon Contracts-for-Difference

Agora Energiewende, 2021

Scenario 1:  
Free allocations are granted to 
conventional, but not to key  
low-carbon production technologies:

Scenario 2:  
Free allocations are granted to 
conventional and key low-carbon 
production technologies:

Scenario 3:  
Sector is subject to BCA. No free 
allocations for conventional or key  
low-carbon production technologies:

Free 
alloca-
tion
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Cost of key 
low-CO₂ 
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Cost gap 
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Cost gap 
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Cost gap 
to cover

Note: Under the current EU ETS carbon leakage protection system, energy-intensive industries with high trade exposure receive free EUA allocations to maintain their production 
cost at the level of international competitors with equally GHG-intensive processes. This cost, which is largely independent from the carbon market price, is the reference for the 
calculation of the CO₂-abatment cost that results from producing with key low-carbon technologies. This incremental cost can be covered fully with a carbon contract (Scenario 1) or 
by a combination of free allocations also for key low-carbon technologies and the payment of a CCfD (Scenario 2). In case the system evolves towards a Border Carbon Adjustment 
(BCA) without free allocations to energy-intensive and trade-exposed industries, the production cost of GHG-intensive technologies increases and the payment of the CCfD 
reduces accordingly. This illustrates that the CCfD is compatible with a future BCA and increasing carbon prices but allows to mobilise urgent investments now. 
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CARBON CONTRACTS-FOR-DIFFERENCE (CCFD)

This instrument reduces financing risks and incentivises investments and production with key low-carbon 
technologies that are compatible with climate neutrality.

  INSTRUMENT TYPE

 Subsidy

 Charge/surcharge

 Regulation

  DECARBONISATION LEVER

 Energy efficiency

 Change of energy source

 Process optimisation & substitution

  Resource efficiency & material substitution

  SECTOR APPLICABILITY

  Cross-cutting technologies                   Steel                   Chemicals                   Cement                   Circular economy

  APPLICABILITY TO TECHNOLOGIES BY MATURITY LEVEL

Development Market entry Existence

Research Scaling Creation of 
green markets

Investment Operating costs Optimisation 
(plant/product)

  AREA OF APPLICATION

This instrument addresses high-volume, innovative 
technologies in the basic materials industry that are 
compatible with climate neutrality and that have moved 
beyond the demonstration phase. Examples include: 
hydrogen-based production of direct reduced iron (steel), 
methanol-to-olefin/-aromatics route (chemicals) and 
carbon capture with the oxyfuel process (cement).

  NECESSITY OF CARBON TRACKING

  mandatory

  helpful

  not necessary

  DURATION OF EFFECT

Depending on technology-specific necessities, CCfDs can 
be structured as an interim solution to anticipate higher 
carbon prices and changes in EU ETS regulations or to offer 
stable, long-term support for capital-intensive investments 
like the production, transport and use of hydrogen. In any 
case, CCfDs should be complemented with appropriate 
exit strategies, such as the substitution with high carbon 
prices in the context of a BCA, an appropriate global 
agreement or the development of green lead markets that 
create an alternative revenue source. Depending on the 
specific necessities, the duration of CCfDs can vary from a 
minimum of five to a maximum of 20 years. 

  STATE OF THE DISCUSSION

The carbon contract is based on an idea by Helm and 
Hepburn (2005). The concept of a CCfD was developed 
by the German Institute of Economic Research (DIW/
Richstein, 2017; DIW, 2019). CCfDs are also under discussion 
at the European level (IDDRI, 2019). Agora Energiewende 
is currently developing concrete proposals for the 
implementation of carbon contracts for the steel, cement 
and chemical industry (2021, forthcoming).

Legend:       Primary effect      Secondary effect
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Instrument details

Possible interactions
CCfDs are suited to fill a noticeable gap in the funding world: 
support for the commercial scaling of innovative low-carbon 
technologies with operational costs that exceed those of 
incumbent technologies. With this capacity, CCfDs are an ideal 
complement to existing instruments that focus on supporting 
investment costs. In addition to this synergy, other potential 
policy interactions must be considered: 

• CCfDs must be designed in synergy with policy instru-
ments that affect energy prices, such as the cost for elec-
tricity generation, surcharges, and grid fees, as well as for 
fossil fuel alternatives. 

• CCfDs trigger GHG abatement industries covered by the 
EU ETS and thus influence the balance of available EUA. 
These effects need to be considered when defining the EU 
ETS cap or the retirement, use and effect of EUA allowanc-
es that are made available by the instrument.

• Projects triggered by the CCfDs may impact the bench-
mark setting for the definition of free EUA allocations of 
existing production units. 

Financing
Initially, CCfDs can be funded with existing sources, such as 
the EU Innovation Fund and member state budgets. Ideally, 
sources are combined to structure synergetic effects between 
CCfDs that support incremental operational costs with 
instruments that support investment costs. At the same time, 
nondiscriminatory climate surcharges on final products 
should be established as a reliable refinancing instrument, as 
discussed in the specific policy fact sheet. 

Design options
The design of CCfDs must be specific to the necessities and 
objectives of different technologies and their context in terms 
of supporting infrastructure. Design options can be discussed 
based on the following aspects: 
i) Project selection: Investments with key low-carbon 
technologies are site-specific and strategic for the 
development of key infrastructures for transformation. 
Initially, such investments require individually designed CCfDs 
with payments that cover project-specific GHG abatement 
costs. Over time, such project-specific support contracts may 
evolve to the auctioning of CCfDs.
ii) Contract duration: Contract duration should be defined 
based on needs, objectives and the combination with other 
support instruments. For projects that imply large investments 
and high incremental costs, longer durations are required. 

iii) EU ETS interaction: EU ETS rules for free allocations have 
very sector-specific impacts on key low-carbon and reference 
technologies. These impacts and their possible evolution during 
the contractual lifetime must be considered in the CCfD design. 
iv) Dynamisation: Incremental costs of producing with 
key low-carbon technologies relative to GHG-intensive 
technologies depend on a multitude of factors such as cost 
variations in energy carriers and raw materials. To minimise 
the resulting risk of excessive or insufficient state aid for 
investors and the public sector, it is useful to adjust CCfD 
payments accordingly. The CCfD already includes a dynamic 
adjustment to the carbon market price, a feature that can 
be expanded to cover relevant energy price or raw material 
indices. 
v) Delivery obligations: CCfDs can be designed with or 
without the requirement to deliver a specified volume of GHG 
abatement. If investors are not obliged to the delivery of a 
specified contractual volume, the CCfD is a put option, a design 
that minimises technological and economic risks. However, 
in cases where the investment is an anchor for an extended 
value chain, e.g., the production and transport of hydrogen, it is 
necessary to structure appropriate obligations to support these 
downstream investments. 
vi) Synergy with green lead markets: CCfDs aim to support 
the investment and operation of key low-carbon technologies 
with the payment of an appropriate CO₂-reduction premium. 
Because of the legal provisions for such state aid, further 
marketing and crediting of the resulting CO₂ reduction is not 
permitted. However, it is important to encourage companies 
to market and sell low-CO₂ and climate-neutral products (and 
the implicit CO₂ reduction) to support the development of green 
lead markets. Both objectives can be met by allowing investors 
to opt out of the CCfD payment and sell their products as green 
if an appropriate premium can be achieved on the market. 

These aspects of CCfD design provide a provisional overview 
of relevant elements that need to be carefully balanced to 
design efficient support mechanisms for different sectors and 
projects.
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SWOT analysis

STRENGTHS

• CCfDs can support innovative technologies in the critical 
and economically challenging phase between pilot 
project and market readiness (the so-called valley of 
death)

• Can be aligned to specific technologies and sectors
• The dynamisation of support payments with carbon 

price and other indices allows to minimise risks for 
investors and the state

OPPORTUNITIES

• CCfDs have great potential to bring key low-emission 
technologies to the market

• They can help establish Europe as a lead market for 
certain key low-emission technologies

• CCfDs can support the development of green lead 
markets also outside of Europe

WEAKNESSES

• Complexity of design and associated transaction costs 
make CCfDs best suited for large funding projects

RISKS

• Depending on design, technology and regulatory 
circumstances, the costs may be high

• Uncertainty on the future of the EU ETS can make 
contract design complex

Aspects of implementation

Legal assessment
• When designing the measure, attention should be paid to 

ensure that bidders abroad are not discriminated (art. III 
GATT, XVII GATS and art. 30, 110 TFEU).

• Depending on the financing mechanism, CCfDs may 
constitute a state aid acc. art. 107 TFEU. However, the 
notification now comes with inherent legal risks (see legal 
assessment for H-CfD). 

• CCfDs can be implemented both at the national and 
European level.

• At the national level, CCfDs do not require authorisation 
by the European Commission, if funding is not provided by 
state funds.

• If a climate surcharge is used in order to finance a CCfD, 
then the possibility for a notification by the European 
Commission depends on whether the state has control over 
the financial resources.

• At the European level, CCfDs can for instance be financed 
by, say, the EU Innovation Fund and by programmes 
outside of the EU ETS.
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GREEN FINANCING INSTRUMENTS
Instrument design
State measures can reduce financing costs for investment in key low-carbon technologies.

A climate-neutral industry will require significant additional 
investments. Instruments for reducing financing costs 
can significantly reduce the full costs of transformational 
technologies. 

Approach 1: Favourable state loans
The state can pass on its low financing costs to businesses 
for climate-friendly investment. States generally have a 
significantly lower insolvency risk than companies. By 
assuming part of the financing costs, the state can pass on its 
interest advantages to businesses. This provides businesses 
with external capital at lower costs than those offered by 
private capital markets (KPMG, 2018). In addition, private 
capital can be leveraged with appropriate de-risking strategies. 
Examples are governmental guarantees or mezzanine finance 
products to compensate for technology risks. Demand-side and 
market risks can be minimised with instruments that create 
secure demand, such as public procurement and product quotas. 
Sufficient revenues for key low-carbon technologies with 
higher operational costs can also be guaranteed with carbon 
contracts-for-difference. This approach is especially relevant 
for technologies that are nearly market-ready (TRL 8 and 9). 

Approach 2: Government guarantees to protect against the risk 
of failure in the final stages of technology development
The development of new technologies is associated with 
higher risks – and higher risk premiums – than conventional 
technologies. If the state takes on some of the risk in the last 
stages of development (TRL 5-9), the financing costs can be 
reduced. The state could assume the risk for demonstration 
plants under tightly defined criteria (e.g. in the event of a failed 
test and a total loss) in order to minimise the risk premiums of 
private lenders. With state backing, banks can grant loans at 
near market rates. Furthermore, the state guarantee would also 
send a signal to investors that the investment is fairly secure. 
In particular, state green bonds can steer additional capital to 
industry at lower financing costs. Businesses continue to bear 
the business risk but they can avoid high-risk premiums. 
State guarantees should not be used for funding the early 
phases of technological development (TRL 1–5). For those 
phases, research funding and venture capital (BDI/ BCG, 
Prognos, 2018; BCG, 2018) are the better choices. 

Mechanism of green financing instruments

Agora Energiewende, 2021

* additional technical risk for key low-carbon technologies due to high innovation
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Risk premiums for 
key low-carbon 
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Figure C.8 
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GREEN FINANCING INSTRUMENTS

Reduced interest rates for climate investments can supplement other decarbonisation policies.

  INSTRUMENT TYPE

 Subsidy

 Charge/surcharge

 Regulation

  DECARBONISATION LEVER

 Energy efficiency

 Change of energy source

 Process optimisation & substitution

  Resource efficiency & material substitution

  SECTOR APPLICABILITY

  Cross-cutting technologies                   Steel                   Chemicals                   Cement                   Circular economy

  APPLICABILITY TO TECHNOLOGIES BY MATURITY LEVEL

Development Market entry Existence

Research Scaling Creation of 
green markets

Investment Operating costs Optimisation 
(plant/product)

  AREA OF APPLICATION

Approach 1 includes climate investments that make 
sense from a macroeconomic perspective, but not from 
a business perspective. Such climate investment often 
includes capital-intensive measures. Only technologies 
with near market-ready risk-return profiles benefit; new 
technologies with high risk premiums do not.

Approach 2 reduces financing costs for investment 
in key low-carbon technologies in the final stages of 
development (TRL 5–9). 

  NECESSITY OF CARBON TRACKING

  mandatory

  helpful

  not necessary

  DURATION OF EFFECT

Financing support only needed until climate technologies 
are competitive at normal market interest rates.

  STATE OF THE DISCUSSION

• Green bond incentives in bank regulation: In discussion 
at the EU level (EU HLEG, 2018)

• Governmental provision of/backing for loans is already 
being practised to a degree by banks such as the KfW 
Development Bank in Germany and the World Bank 

• Green quantitative easing is under discussion in expert 
circles (I4CE, 2018)

• Fiscal incentives: In Brazil, loans for infrastructure 
investment are subsidised with tax reductions (Oliver 
Wyman, 2014). To date, no known example exists in the 
area of climate. 

Legend:       Primary effect      Secondary effect
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Instrument details

Possible interactions
Even if climate technologies become more economical through 
low interest rates, the government must create pressure 
to act (“demand”) and secure markets for climate-friendly 
technologies (“support”) in order to motivate businesses 
effectively. Alongside favourable loans, businesses also 
need instruments such as carbon price floors, green public 
procurement, and a quota for zero-carbon materials. 

Financing
• Green bond incentives in bank regulation: An instrument 

that reduces regulatory demands for climate investment 
rather than penalising investment that harms the climate 
would take pressure off banks.

• The government provision of loans or loan guarantees may 
possibly lower costs for business development banks.

• Green quantitative easing: low costs for central banks; 
inflation effects possible depending on scope of money 
creation; extends the mandate of central banks beyond 
their actual remit.

• Fiscal incentives: lost government income from 
withholding tax to the full extent of the interest reduction.

Design options
There are various design possibilities for the instrument  
(I4CE, 2018). 

• It can incentivise or obligate banks to buy green bonds by 
means of equity capital requirements. 

• State development banks could provide low-interest loans 
themselves or secure loans from private institutes in order 
to mobilise private money for climate investment. 

• Central banks could in turn make indirect money for  
climate investment available through the purchase of 
green bonds (green quantitative easing). 

• On the fiscal side, interest rates for climate-friendly 
investment could be indirectly reduced by eliminating 
capital gains taxes.

For all design options, a uniform and ambitious definition of 
climate-friendly investment is needed to create the necessary 
financing products. The EU Commission is currently working 
on such a taxonomy (European Commission, 2019a). 

Special features
Other instruments such as a carbon floor price or carbon 
contracts-for-difference (CCfDs) make climate technologies 
more competitive. Nevertheless, some of the necessary 
investments will not be profitable for businesses with loans at 
normal interest rates. This is where cheaper loans for climate 
investment come in.

Aspects of implementation

Legal assessment
• In principle, the above design options stand up to legal 

scrutiny.
• Policymakers must make sure that domestic and foreign 

suppliers are not treated differently. (See. Art. III GATT and 
XVII GATS.)

• As for state aid, the risks are minimal in terms of European 
law. Depending on the design and financing mechanism, 
green bonds can be qualified as state aid acc. to art. 
107 TFEU. If so, it is highly likely that a notification 
either in accordance with the General Block Exemption 
Regulation (GBER) or with the ruling of the EU Commission 
based on the Environmental and Energie Aid Guidelines 
(EEAG) would be possible.

• The instrument does not impair the free movement of 
capital.

• The implementation of financing assistance is possible 
within existing law in the case of the government pro-
vision or safeguarding of loans. Green bonds require the 
introduction of uniform European standards and changes 
to equity capital requirements. Green quantitative easing 
requires an expansion of the legal responsibilities.
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SWOT analysis

STRENGTHS

• Current low interest rates in the EU mean low 
additional costs for the instrument 

• Very effective for capital-intensive technologies with 
a long lifespan, which includes most key low-carbon 
technologies and efficiency investment 

OPPORTUNITIES

• Political momentum due to the increasingly large role 
played by green capital investment 

• Proactively involves capital markets in the 
transformation 

• Non-governmental initiatives such as the Carbon Risk 
Management Tool (Carima), the Task Force on Climate-
related Financial Disclosures (TCFD) and the Carbon 
Disclosure Project (CDP) can ease the implementation 
of climate measures in the capital market by providing 
transparency 

WEAKNESSES

• “Climate investment” not yet clearly defined
• A low equity capital requirement increases a business’s 

share of borrowed capital. This increases a business’s 
debt ratio, which can downgrade its credit rating and 
increase the costs for all investment

RISKS

• An end to the low-interest rates in the EU could 
significantly increase the costs of the instrument

• State backing limits business risk but creates the 
danger of moral hazard

• Mixing monetary policy and financial-market regulation 
with climate policy goals raises fundamental questions 
about the mandate of monetary policy
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CLIMATE SURCHARGE ON END PRODUCTS
Instrument design
The instrument consists of a surcharge levied on selected materials (steel, plastic, aluminium and cement) by weight. 
The revenues go to fund other climate policy instruments.

A large part of industrial GHG emissions come from the 
manufacture of a small range of basic materials (steel, 
aluminium, cement and plastics). Pricing these materials at 
production (say, via the EU ETS) can only be implemented in 
a limited way, as even small increases in price can endanger 
competitiveness on global commodity markets. To prevent 
businesses from moving abroad, basic materials producers 
receive the majority of their carbon allowance for free, but this 
reduces their motivation to produce carbon-free products.

A climate surcharge on end products targets selected materials 
at the point of consumption, regardless of where they are 
produced. When buying a washing machine, for instance, a 
charge would be due based on the weight of the steel used in 
the washing machine.

In order to reduce administrative costs, products where the 
charge is below a certain threshold are excluded. At first, 
the charge could be raised on steel, aluminium, cement and 

plastics. The instrument does not draw a distinction based 
on how much CO2 has been released during the production 
process. This means that zero-carbon steel is charged the 
same amount as conventional steel. Unlike the carbon price on 
end products, the climate surcharge does not require carbon 
footprint tracking. 

The pricing also creates an incentive to reduce the proportion 
of carbon-intensive materials in products. Because imported 
materials are subjected to the charge, but exports are not, 
there is no disadvantage for national products for domestic 
consumption and for export. This eliminates the risk of 
carbon leakage. The income from the climate surcharge on 
end products can be used for funding other climate policy 
instruments (e.g. CCfD).

How a climate surcharge on end products would affect steel processing  
in the automotive industry – an example

Agora Energiewende, 2021 Assumptions for calculation: 0.8 tonnes of steel per passenger car; 150 euros of additional costs per tonne of low-carbon steel

CO2

Production / import of  
carbon-intensive steel

Production of low-carbon steel

+ € 60  
climate surcharge 
per vehicle

Effect of the instrument

Car dealer Consumers

Government

Additional income for 
promoting climate-
neutral steel production

Climate surcharge on end 
products: Low additional 

costs for consumers

Additional costs of low-carbon steel production offset by CCfD

+ € 0
additional 
costs 

+ € 0
additional costs
(offset by CCfD)

Vehicle import 
+ € 0 additional costs

New car price

Proportion of additional 
costs in end-product price: 

< 1%

Carbon reduction with 
low-carbon production 

Comparable price opens up the market for low-
carbon products

Carbon reduction with 
low-carbon production 

Comparable price opens up the market for low-
carbon products

Carbon reduction with 
low-carbon production 

Incentives for businesses to produce low-carbon  
basic materials and end products

Supply of low-carbon products enables development 
of green lead markets

Climate surcharge based 
on carbon benchmark per 
kg of steel in end products

Proportion of additional costs 
for low-carbon steel: 28 % 
(offset by CCfD)

Figure C.9 
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CLIMATE SURCHARGE ON END PRODUCTS

The instrument generates income for other instruments (e.g. CCfDs). There is only a small cost for end consumers, 
but it creates incentives for material efficiency.

  INSTRUMENT TYPE

 Subsidy

 Charge/surcharge

 Regulation

  DECARBONISATION LEVER

 Energy efficiency

 Change of energy carrier

 Process optimisation & substitution

  Resource efficiency & material substitution

  SECTOR APPLICABILITY

  Cross-cutting technologies                   Steel                   Chemicals                   Cement                   Circular economy

  APPLICABILITY TO TECHNOLOGIES BY MATURITY LEVEL

Development Market entry Existence

Research Scaling Creation of 
green markets

Investment Operating costs Optimisation 
(plant/product)

  AREA OF APPLICATION

Physical goods made of materials with high carbon 
intensity (steel, aluminium, cement and plastics).

  NECESSITY OF CARBON TRACKING

  mandatory

  helpful

  not necessary

  DURATION OF EFFECT

The instrument would remain in force as long as there is 
no accurate international tracking system in place for the 
carbon footprint of materials or as long as a worldwide 
alignment of carbon prices does not occur.

  STATE OF THE DISCUSSION

Recommended by the Climate Friendly Materials Platform. 
A similar approach is being discussed by policymakers 
in Germany and the EU under the rubric of a plastic tax, 
intended primarily to eliminate waste.

Legend:       Primary effect      Secondary effect
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Instrument details

Possible interactions
In order to avoid a double charge, goods that fall under the 
climate surcharge would have to be excluded from other 
environmental charges such as the carbon price imposed by 
the European emissions trading system. Installations that are 
covered by the EU ETS would therefore have to be compensated 
financially, i.e. through the free allocation of EU ETS 
allowances or other mechanisms. As trade-exposed industries 
already receive free allowances, this condition is met, but 
the combination with a climate surcharge would prevent a 
reduction in the volumes of free EU allocation as envisaged by 
EU policy. As a result, current product benchmarks that define 
the level of free EUA allocation would need to be fixed at a 
level that compensates emission intensive technologies for the 
carbon cost that is being imposed by the climate surcharge on 
end products.

Financing
End consumers bear the costs, but these are low relative to the 
product price itself. For example, a small passenger car that 
would cost 60 euros more can generate significant funds to 
finance support instruments for transformative investments 
such as a carbon contract or CCfD. A moderate steering effect 
on material efficiency and substitution can be expected. While 
end consumers are not generally price-sensitive to such a small 
price increase, even small price signals can influence purchase 
decisions in business procurement of the automotive industry 
or retail. 

Design options
In the initial version (limited to steel, aluminium, cement and 
plastics), the instrument is relatively simple to implement, 
as the charge is calculated on the basis of the weight of the 
materials, which serves to approximate its carbon intensity 
(DIW, 2016). In addition, governments already have a wealth of 
experiences with consumption-based charges (e.g. for tobacco, 
alcohol and energy). One tonne of steel in a vehicle would be 
charged with a flat rate, independent of the actual emissions 
released in its production. The charge is not due immediately 
on production; rather, it is passed down the value chain as part 
of a charge suspension procedure. The charge is only due when 
sold to an end consumer or a business that is not exempt from 
the charge. All exported products are exempt. 

Specific features
The instrument has many similarities to a carbon price on 
end products. The difference is that the climate surcharge on 
end products is not pegged to the exact amount of carbon that 
arises from the production of a basic material. For instance, 
this would mean that carbon-free steel is charged just as much 
as conventional steel. The instrument’s great advantage is that 
there is no need to track a product’s carbon emissions.

Aspects of implementation

Legal assessment
• Introduction of a climate surcharge on end products 

is legally permissible in principle. A number of 
considerations should be kept in mind, however.

• As a charge on consumption, the instrument is compliant 
with WTO rule as long as the equal treatment of imported 
and domestically produced materials is ensured. (See art. 
III GATT and art. 110 TFEU.) Governments may not impose 
higher surcharges for imported products than for domestic 
products. Moreover, flat rates must also be based on 
verifiable and robust assumptions.

• Depending on the design, a border carbon adjustment 
system for products with a foreign element may be 
necessary – however, this is not generally permissible 
according to WTO rules. 

• If producers included in the European emissions trading 
scheme are covered by the surcharge, the product’s 
carbon footprint may be charged twice – at the point of 
production and the point of consumption. To avoid double 
charging, the climate surcharge must be compensated by 
a continued issuance of free allocations or an equivalent 
exemption from the effects of the EU ETS.

• An adjustment mechanism in the form of a free allocation 
of emission allowances will require a change to the EU ETS 
directive, namely, the rescinding of the regulation in art.  
10 para. 1 RL (EU) 2018/410. It is possible that the technol-
ogy benchmarks would have to be frozen at current levels. 

• If needed, an adjustment mechanism can be used to justify 
the equal or unequal treatment of products that is deemed 
unconstitutional.
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SWOT analysis

STRENGTHS

• Creates income for funding other instruments 
(e.g. CCfDs)

• The market determines material efficiency and the 
most favourable alternative technologies

• No carbon leakage risk because surcharge also applies 
to imports

• Both imported materials and those produced 
domestically are treated equally

• No global carbon tracking necessary
• A flat rate is not discriminatory and thus complies with 

world trade rules and the European law

OPPORTUNITIES

• Can be restricted to specific products (steel, cement, 
etc.)

• Low costs for end consumers
• Can help to create a global level playing field for 

transformative investments in heavy industry (e.g. if 
revenues are used to finance low-carbon technologies 
via CCfDs)

• Creates an introduction to comprehensive material 
pricing

WEAKNESSES

• Comprehensive implementation needed at the EU level 
• An opening clause for member states may be possible, 

but would require changes of the EU ETS directive

RISKS

• Can lead to unwanted use of materials not subject to 
the charge

• Undermines the logic of a gradual reduction of free EU 
allowances envisioned by the EU ETS 

• Uncertain whether it is permitted as an additional 
national measure for emitters included in the EU ETS
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CARBON PRICE ON END PRODUCTS
Instrument design
The instrument consists of a surcharge based on the carbon footprint of the materials that compensates for the cost 
disadvantage of low-carbon products. The revenue can be used to fund other instruments.

A large portion of industrial GHG emissions comes from the 
manufacture of materials for end consumer products (ETC, 
2018a). Carbon pricing for the production of, say, plastics, 
aluminium or steel, can only be implemented in a limited way, 
as even small increases in price can endanger a company’s 
competitiveness on the global commodity markets. Because 
this can lead to carbon leakage, carbon-intensive industries in 
the EU ETS receive the majority of their carbon allowances free 
of charge.

By contrast, the carbon price on end products prices the carbon 
emissions of materials at consumption instead of at production. 
For example, when purchasing a soft drink in a plastic bottle, 
a consumer would pay a surcharge on the carbon emissions 
released in the production of the bottle. A plastic bottle from 
carbon-neutral production would not be charged. As a result, 
the higher manufacturing costs (on account of, say, chemical 
recycling) can be passed on to the customer. In contrast to the 
climate surcharge on end products, where all products whether 
climate-neutral or not are charged by weight, the carbon 
surcharge is based on a specific product’s carbon footprint. 
This means that the additional costs for the consumer remain 

limited. A soft-drink bottle made of carbon-neutral plastic 
would be less than 0.01 euro cent more expensive than 
those made of conventional plastics (ETC, 2018b). A carbon 
price would be levied on conventionally manufactured 
soft-drink bottles. As soon as this carbon price exceeds the 
additional costs of producing a carbon-neutral plastic bottle 
(under 0.01 euro cent), the green manufacturing technology 
becomes competitive on the market. Because this instrument 
allows the costs to be passed on directly to the consumer 
without competitive disadvantages, manufacturers would be 
incentivised to switch to carbon-neutral production methods. 
Because all imported end products are charged, but exports 
are not, there is no danger of carbon leakage. The instrument 
is expected to make carbon-neutral production competitive 
in the domestic market and to reduce the amount of carbon-
intensive materials in use. 

The main challenge of this instrument is that it requires the 
complete and seamless tracking of the carbon footprint for 
every product. The current costs for comprehensive carbon 
tracking are not acceptable, however. 

How the carbon price on end products would affect  
steel processing in the automotive industry – an example

Agora Energiewende, 2021 Assumptions for calculation: 0.8 tonnes of steel per passenger car; 150 euros of additional costs per tonne  
of low-carbon steel; 1.8 tCO₂ per t of conventional crude steel; carbon price of ~70 to ~100 €/tCO₂
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carbon emissions caused by the 
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Proportion of the additional costs 
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Figure C.10 
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CARBON PRICE ON END PRODUCTS

The instrument represents a minimal burden for consumers but creates incentives for producers and suppliers 
along the value chain to substitute materials, introduce circular economy measures and switch to carbon-neutral 
production processes.

  INSTRUMENT TYPE

 Support

 Charge/surcharge

 Regulation

  DECARBONISATION LEVER

 Energy efficiency

 Change of energy source

 Process optimisation & substitution

  Resource efficiency & material substitution

  SECTOR APPLICABILITY

  Cross-cutting technologies                   Steel                   Chemicals                   Cement                   Circular economy

  APPLICABILITY TO TECHNOLOGIES BY MATURITY LEVEL

Development Market entry Existence

Research Scaling Creation of 
green markets

Investment Operating costs Optimisation 
(plant/product)

  AREA OF APPLICATION

The instrument incentivises the manufacturers of all end 
products covered by the carbon price to switch to low-
carbon materials. This makes key low-carbon technologies 
such as the direct reduction with hydrogen (steel), steam 
from power-to-heat (chemicals) and carbon capture with 
the oxyfuel process (cement) more attractive.

  NECESSITY OF CARBON TRACKING

  mandatory

  helpful

  not necessary

  DURATION OF EFFECT

The instrument remains in force as long as carbon-
intensive materials are cheaper without it.

  STATE OF THE DISCUSSION

Policymakers have discussed such a measure in the form 
of a plastic tax mainly for avoiding waste; among experts, 
the instrument is under discussion as a GHG-based price 
signal.

Legend:       Primary effect      Secondary effect
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Instrument details

Possible interactions
In order to avoid a double charge, goods that fall under the 
carbon pricing system would have to be excluded from other 
carbon charges such as the European emissions trading 
system. This could happen by ensuring that manufacturers 
continue to receive free EU allowances. The retention of free 
allowances, however, is in conflict with the EU’s current policy, 
which is to reduce the number of free allowances over time. 
By eliminating the risk of carbon leakage, however, the carbon 
price on end products can be set significantly higher than 
would be the case in the EU ETS. Thus, despite the continued 
distribution of free allowances, more ambitious carbon pricing 
would be possible.

Financing
The end consumers bear the costs, but these are low relative 
to the product itself. For example, if the carbon price is around 
85 euros per tonne, a standard passenger car containing 
800 kg of conventional steel (assuming 1.8 tCO₂ per tonne of 
conventional steel produced) would cost around 120 euros 
more. At this level the additional costs for a car with low-
carbon steel and conventional steel would be equal. In cement 
manufacturing, a CO₂ price signal of 70 to 100 euros per tonne 
would be needed to make low-carbon technologies competitive. 
The total costs for building a house would increase by only 
around three per cent as a result (ETC, 2018b). For foodstuffs 
– drinks in plastic bottles, say – the costs of a product would 
increase by only around one cent (ETC, 2018b). The steering 
effect on material efficiency and substitution would not affect 
the end consumer; rather, it would arise along the value chain. 
While end consumers are not generally price-sensitive in this 
way, small price signals can influence purchase decisions for 
business procurement in, say, automotive suppliers or the retail 
trade. 

Design options
The design of this instrument is comparatively complex 
because the amount of GHG emissions that arise in the 
production of end consumer goods for are largely unknown. 
This applies particularly to imported products. In the long term, 
a robust international carbon tracking system would have to be 
introduced in order to levy the charge on specific products. The 
tracking system could determine how much GHG is released 
when, say, manufacturing a tonne of steel for a particular 
vehicle type. The carbon surcharge could then be calculated 
on this basis. In the fully fleshed-out version, the instrument 
would directly incentivise businesses to invest in low-carbon 
products because lower emissions in production would directly 
reduce the surcharge on their products. But carbon tracking 
is only realistic in the long term because of the technical 
challenges and the international cooperation it requires. New 
technologies that enable carbon footprint tracking at very low 
transaction costs (using blockchain technology, for example) 
could make this instrument possible in the future. At first, the 
instrument could be limited to particular materials and selected 
end products. 

Special features
Due to the complexity of the instrument’s design, a quota could 
be introduced in the short term for low-carbon materials in 
certain products – such as a requirement that passenger cars 
contain a certain share of direct-reduction steel. In the long 
term, the quota would be replaced by more flexible, broader-
based GHG pricing. The climate surcharge creates similar 
incentives on the product side, but it can be introduced 
more quickly and more affordably because it doesn’t require 
extensive carbon tracking.

The income from the instrument could be used for other 
climate policy measures in the industrial sector (e.g. financing 
CCfDs). 

Aspects of implementation

Legal assessment
• In general, the carbon pricing of end products is legally 

permissible. 
• The instrument is permitted by WTO rules as long as it 

complies with the non-discrimination rule in art. 110 TFEU 
or art. III GATT.

• The instrument nevertheless comes with significant legal 
difficulties due to the necessity of establishing a global 
carbon tracking system.

• Requires an amendment to the EU ETS Directive.
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SWOT analysis

STRENGTHS

• The market determines material efficiency and the 
most favourable alternative technologies

• As a consumption charge, probably WTO-compliant
• No carbon leakage risk because the charge is levied 

only on the end consumer

OPPORTUNITIES

• Low costs for end consumers
• Creates a global level playing field for heavy industry
• The large EU market provides an incentive for carbon-

free production abroad
• Carbon tracking could enable better supply-chain 

management 

WEAKNESSES

• Without product-specific carbon tracking, nearly 
impossible to implement over the long term; 
comprehensive carbon tracking along the value chain 
is hardly possible today

• Zero-carbon products for export have no direct 
advantage 

• Global cooperation is needed for carbon tracking 

RISKS

• Carbon tracking can be difficult in individual cases such 
as the chemicals industry due to complex value chains

• Some designs of carbon tracking could lead to unlawful 
discrimination

• May substitute taxed materials (e.g. plastics) with 
products with other CO₂-intensive products (e.g. paper)

• May lead to resource shuffling by exporting countries
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GREEN PUBLIC PROCUREMENT
Instrument design
The instrument obliges the government to establish strict sustainability criteria for procurement. The requirement 
creates secure markets for sustainably manufactured products (for steel, cement and vehicles in particular).

The public sector is an important buyer of products and 
services. For example, Germany, the EU's largest member state, 
has an expenditure volume totalling over 350 billion euros per 
year (approx. 13 per cent of GDP). The public sector represents 
a substantial lever influencing the properties and production 
processes of the products it acquires. 

So far, sustainability criteria for public procurement have only 
included particular product groups and are not obligatory, 
and as a result are not widely applied in practice. In 2015, 
only 2.4 per cent of public procurements took into account 
sustainability criteria (Chiappinelli/Zipperer/DIW, 2017). 
Compulsory sustainability criteria in public procurement 
would have a strong steering effect. To create a market for 
sustainable products in construction, sustainable criteria could 

become a standard part of public procurement in the EU. Only 
in certain well-justified individual cases should exceptions 
be made. The consistent application of sustainability criteria 
for buildings, modes of transport and transport services 
are particularly pertinent. A mandatory accounting of life-
cycle costs or a mandatory quota for low-carbon/recycled 
materials (in construction, say) could set important impulses. 
A consistent, green public procurement leads to secure 
markets for sustainable products and thus reduces the risks 
for businesses investing in low-carbon production. Moreover, 
criteria for public procurement would also set standards for 
private market transactions and could complement and support 
CCfDs as a funding mechanism for the production of low-
carbon products.

Effect of green public procurement

Agora Energiewende, 2021
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Figure C.11 
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GREEN PUBLIC PROCUREMENT

A consistent, green public procurement by the public sector would have a significant positive effect on the 
environment and create lead markets for green products.

  INSTRUMENT TYPE

 Support

 Charge/surcharge

 Regulation

  DECARBONISATION LEVER

 Energy efficiency

 Change of energy source

 Process optimisation & substitution

  Resource efficiency & material substitution

  SECTOR APPLICABILITY

  Cross-cutting technologies                   Steel                   Chemicals                   Cement                   Circular economy

  APPLICABILITY TO TECHNOLOGIES BY MATURITY LEVEL

Development Market entry Existence

Research Scaling Creation of 
green markets

Investment Operating costs Optimisation 
(plant/product)

  AREA OF APPLICATION

In principle, sustainability criteria can be used in all areas 
of public procurement. A particularly high potential for GHG 
reduction exists in the areas of construction and transport. 
Among the foreseeable secure markets, the following 
technologies can benefit in particular: Direct reduction 
with hydrogen (steel), methanol-to-olefin/aromatics 
route (chemical), carbon capture with the oxyfuel process 
(cement), carbon capture and electrification of high-
temperature heat in calciners (cement) and alternative 
binding agents (cement).

  NECESSITY OF CARBON TRACKING

  mandatory

  helpful

  not necessary

  DURATION OF EFFECT

No limitation is necessary. The instrument is a sensible 
and effective option over the long term. The government 
should commit itself to using sustainability criteria for 
at least 20 years to ensure businesses have secure 
markets for their products (e.g. green steel) as they 
plan. Nevertheless, the sustainability criteria should be 
continuously adapted to technological developments.

  STATE OF THE DISCUSSION

The idea of sustainability criteria for public procurement 
is not new. In 2003, the EU called on its member states 
to set up national action plans for creating a green public 
sector (European Commission, 2019b). Some states are 
already using sustainability criteria in public procurement. 
The Netherlands is one example. Governments there 
must apply environmental criteria when awarding public 
contracts (Baron/OECD, 2016). 

Legend:       Primary effect      Secondary effect
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Instrument details

Possible interactions
Sustainability criteria can overlap with other regulations in 
the areas of materials and resource efficiency. But the effect 
would either be neutral or mutually reinforcing. For example, 
standards for recyclable products could make green public 
procurement easier. 

Financing
Most public procurement takes place at the local and state 
levels, where financial capabilities are often extremely limited. 

Design options
The instrument could be made mandatory for all procurements 
where the share of public funding exceeds 50 per cent. The 
criteria could become stricter over time. For instance, they 
might stipulate that 2 per cent of steel used in public building 
projects be green in 2022, 50 per cent be green in 2030 and 
100 per cent be green in 2050. Exceptions to this rule should 
only be allowed in certain, well-founded cases. As for transport 
services, the sustainability criteria should consider not only 
vehicle emissions but also the incentives that shape driving 
and flying behaviour. The instrument could also be extended to 
areas where the government determines the terms for public 
bidding. In bids for renewable energy, for instance, EU Member 
States could make sustainable materials mandatory. 

Aspects of implementation

Legal assessment
• The introduction of mandatory environmental criteria 

when awarding public contracts faces manageable legal 
risks.

• Alongside the equal treatment of domestic and foreign 
bidders, the instrument must fulfil publication and 
notification requirements when specifying technological 
regulations. See art. 2 para. 9-11 ÜtH (Agreement on 
Technical Barriers to Trade).

• The instrument conforms to the fundamental freedoms 
and the procurement directive of EU law. However, the 
award criteria must be connected to the object of the 
contract.
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SWOT analysis

STRENGTHS

• Sends important signal to citizens and business that 
the government is leading the way 

• Creation of secure markets for green products
• Highly cost-efficient if successfully implemented 
• Easy to implement nationally and regionally 

OPPORTUNITIES

• Emergence of lead markets for green products
• Effective changes to the production of goods
• Important signal to foreign countries
• Creating references for private markets
• Complementing other instruments such as CCfDs

WEAKNESSES

• Creates additional costs and increased complexity 
when awarding public tenders and determining 
sustainability 

RISKS

• In the short term, supply shortages and limited 
competition can occur

• Not all product quality requirements for certain 
applications may be available as green products
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QUOTAS FOR LOW-CARBON MATERIALS
Instrument design
The instruments requires producers of consumer goods to use a specific amount of zero-carbon materials in their end 
products. The measure guarantees businesses secure markets for low-carbon materials.

Many key low-carbon technologies for producing materials 
such as chemical recycling or steel from the direct-reduction 
process are almost market ready, but economically still not 
competitive. In order to create a secure supply (or lead markets) 
for low-carbon basic materials and to scale their production, 
the government specifies a quota for low-carbon materials – 
particularly those used for consumer goods such as steel. 

This provides manufacturers with higher investment security 
for climate technologies by creating a reliable market for low-
carbon basic materials. The mandatory use of low-carbon 
materials would create demand and an appropriate price for 
such products. Because the quota applies to products sold in 
Germany and in the EU, the additional costs accrue equally for 
both domestic and imported products. Carbon allowances can 
be introduced for a transition period so as not to discriminate 
against manufacturers (domestic or foreign) who have no 
access to green materials. Imports of certified low-carbon 

materials can help fulfil the quota. Exports of basic materials 
from Europe such as metals or basic chemicals would not be 
affected by the regulation. This ensures the competitiveness of 
products made in Europe and exported abroad, and eliminates 
the risk of carbon leakage.

The instrument also incentivises foreign manufacturers 
active in the European market to use green basic materials 
in their end products. The demand of foreign manufacturers 
of consumer goods for green materials will increase the 
production of low-carbon basic materials abroad, even if no 
comparable regulations have been introduced. 

The additional costs for the consumer remain limited. 
A passenger car made completely of green steel would cost 
approx. 160 euros more (ETC, 2018b). If the quota started with 
a proportion of five percent, the additional costs for the end 
consumer would be low.

How a quota for low-carbon materials affects  
steel processing in the automotive industry – an example

Agora Energiewende, 2021 Assumptions for calculation: 0.8 tonnes of steel per passenger car; 150 euros of additional costs per tonne of low-carbon steel

CO2

Production / import of 
carbon-intensive steel

Production / import of 
low-carbon steel

Manufacturers that do not 
meet the quota may have to 
purchase carbon allowances

33% of  
low-carbon steel +€ 40 surcharge

Effect of the instrument

Car dealers Consumers
The quota requires that 

auto manufacturers, 
on balance, use 33% 

low-carbon steel in the 
products*

Proportion of additional costs 
for low-carbon steel: 28% 

Proportion of the 
additional costs in the 

price of a new vehicle: < 1%

Vehicle import

New car price

 *  The quota can be designed in the same 
way for other basic materials (cement, 
aluminium, plastic).

Carbon reduction with 
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Figure C.12 
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QUOTAS FOR LOW-CARBON MATERIALS

A quota could be introduced quickly to bring key technologies to the market and in the long term be replaced by 
more flexible solutions.

  INSTRUMENT TYPE

 Support

 Charge/surcharge

 Regulation

  DECARBONISATION LEVER

 Energy efficiency

 Change of energy source

 Process optimisation & substitution

  Resource efficiency & material substitution

  SECTOR APPLICABILITY

  Cross-cutting technologies                   Steel                   Chemicals                   Cement                   Circular economy

  APPLICABILITY TO TECHNOLOGIES BY MATURITY LEVEL

Development Market entry Existence

Research Scaling Creation of 
green markets

Investment Operating costs Optimisation 
(product/plant)

  AREA OF APPLICATION

Carbon-intensive materials in consumer goods for  
which zero-carbon manufacturing alternatives exist.  
These include the following in particular: hydrogen- 
based production of direct-reduced iron (steel), chemical 
recycling (chemicals) and carbon capture with the oxyfuel 
process (cement).

  NECESSITY OF CARBON TRACKING

  mandatory

  helpful

  not necessary

  DURATION OF EFFECT

Recommendation by the ETC (ETC, 2018d); to date, only 
voluntary initiatives such as the pledging initiative for 
recycled plastics.

  STATE OF THE DISCUSSION

In contrast to a quota, which only address a certain share 
of an end product, a carbon price on end products could 
serve as a comprehensive instrument. But production-
side pricing requires an international tracking system of 
the carbon footprint of materials. By contrast, the quota 
can be introduced with limited carbon reporting in specific 
industries, creating immediate incentives for producers. 
Once a more comprehensive tracking system has been 
developed, however, quotas can be replaced by GHG-
based pricing.

Legend:       Primary effect      Secondary effect
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Instrument details

Possible interactions
Price signals such as a carbon minimum price floor with a 
border carbon adjustment would make technologies such 
as power-to-chemicals or direct reduction with hydrogen 
more competitive in the long term. But climate-neutral 
investment also requires secure markets in the short term. A 
quota can satisfy this function by supplementing green public 
procurement and providing a possible option for the private 
sector. 

Financing
Additional costs would initially be incurred by producers and 
passed on to end consumers. These additional costs would 
be relatively low for most affected goods, so that neither 
consumers nor producers in Europe would be significantly 
disadvantaged. Manufacturers could also rely on the readiness 
of certain customer groups to purchase more expensive GHG-
neutral products (such as passenger cars made of zero-carbon 
-steel, similarly to Fairtrade foodstuffs).

Design options
The instrument could be designed specifically for certain 
materials and end products. This could reduce the 
administrative costs of carbon tracking but it could also lead 
to the selection of high-emission applications. The instrument 
could stipulate that a share of the steel used in passenger cars 
must be made with hydrogen-based production of direct-
reduced iron (ETC, 2018c). A quota could also promote plastics 
produced from renewable carbon, such as chemically recycled 

plastic or bioplastic (nova, 2018). Construction companies could 
be obliged to fulfil quotas for low-GHG cement (ETC, 2018d). 

The quota would take effect at point of sale to the end 
consumer. Every vehicle sold in Europe would have to 
demonstrate a proportion of CO2-free steel. But for the 
instrument to work, a system would have to be introduced 
to certify that domestic and foreign manufacturers are using 
green steel in their products. The quota might also apply to 
manufacturing. For instance, one could require a European 
automotive manufacturer to use a certain proportion of its steel 
use from zero-carbon manufacture (ETC, 2018c). 

Many of the production processes require investment in new 
plants, but the investment cycles often extend over several 
decades. The quota would therefore have to start low and 
increase over time. This would ensure that the necessary 
volumes of low-carbon materials are available for production. 
In addition, regulations would have to be created for providers 
that do initally not have access to low-carbon products. This 
might require compensatory payments or a certificate system 
between manufacturers.

Special features
The instrument can focus on specific production technologies 
and customer segments (see above). The focus will keep 
administrative costs low for the carbon tracking of basic 
materials.

Aspects of implementation

Legal assessment
• The implementation of quotas for the use of materials 

made from carbon-neutral production is legally 
permissible. Several points must be taken into account, 
however.

• Because quotas are intended to cover imported as well 
as domestic material, they must comfort with the non-
discrimination rule of art. III GATT. Unlawful forms of 
discrimination could occur in particular with regard to the 
certification of imported products. The requirements for 
certification must be uniform for all products. Likewise, 
quotas may not disadvantage imported products subject to 
identical requirements.

• In addition, quotas can, depending on the concrete design, 
be subject to the requirements of the WTO agreement on 
technical trade barriers (the so-called TBT agreement). One 
would have to check whether the quotas comply with art. 5 
and art. 2 no. 2.2 of the TBT agreement. Art. 2.2. stipulates 
that technical requirements may not limit trade any more 
than necessary. The risks of non-implementation also 
need evaluation.

• With respect to the European Law the quota may encroach 
the priniciple on free movement of goods and therefore 
requires a justification. A possible justification would be 
environmental protection. Moreover, the quota would have 
to be in line with the principle of proportionality. 
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SWOT analysis

STRENGTHS

• Creates secure markets for low-carbon products 
• Fairly targeted support of central technologies for 

decarbonisation 
• The market decides the price and production methods 

for zero-carbon products
• Low additional costs for end consumers
• No disadvantages for European basic materials industry 

because the quota on end consumption also covers 
imports

• No carbon leakage risk

OPPORTUNITIES

• Can be implemented quickly
• Depending on the level of the quota, substantial GHG 

reductions possible 
• Creates an incentive abroad to invest in zero-carbon 

production 
• Makes it possible for consumers to demand green 

products if businesses identify products with zero- 
carbon materials 

WEAKNESSES

• Administrative costs for taking into account carbon-
neutral basic materials (need for a certification system) 

• Undesirable effects if level inappropriate or area of 
application unsuitable 

• Assumes that producers can access low-carbon 

materials
• Certification system may discriminate against individual 

carbon-efficient manufacturers

RISKS

• Depending on the scope of materials and products, 
may be complex to implement; harmonisation 
requirements will have to be observed

• Depending on the design, it could be regarded as a 
non-tariff restriction on trade; compatibility needs to be 
assured with GATT (particularly non-discrimination rule 
in art. III) and the TBT agreement (particularly art. 5 and 
art. 2 no. 2.2)

• Manufacturers may switch to materials (from plastics 
to paper packaging) not included in the quota that 
increase CO2 emissions 

• If quota were increased too quickly, low-carbon 
materials would have to be imported (e.g. bioplastic 
from Brazil)

• Depending on the materials and products included in a 
quota, European harmonisation requirements might also 
have to be considered.
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CLEAN HYDROGEN SUPPORT POLICIES
Instrument design
This group of instruments aims at creating a business case for clean hydrogen by closing the price gap between 
conventional fossil fuel-based technologies and clean hydrogen in no-regret applications.

The use of clean hydrogen will be a key pillar for 
decarbonisation and climate neutrality. In certain sectors 
such as steel and chemicals, but also as a system backup for 
renewables in the power sector its use will play a particularly 
important role (Agora, 2020). In addition, synthetic fuels made 
from clean hydrogen could be used in the future in the areas 
of air transport and shipping. The European Commission has 
already set out an ambitious Hydrogen Strategy that aims at 
reaching a target of 2x40 GW electrolysers by 2030 (European 
Commission, 2020d). However, concrete policy instruments 
to create a business case for clean hydrogen have yet to be 
formulated. Different types of instruments can incentivise 
investment in the production, transport and use of clean 
hydrogen.

The first instrument targets the greening of existing hydrogen 
demand by providing a premium to cover the incremental cost 
of producing clean hydrogen instead of using GHG-intensive 
processes, such as steam methane reforming. Such a “hydrogen 
contract-for-difference”, could cover incremental costs of 
using clean hydrogen in existing methanol and ammonia 
production plants and compensate for variations in gas, 
electricity, and carbon prices that influence cost differences 
over time. “H-CfDs” would target industries that already use 

GHG-intensive hydrogen and employ them as anchors for the 
swift deployment and expansion of clean hydrogen production.

The second instrument supports industry with transforming 
their processes to generate new demand for clean hydrogen. 
Examples are investments in hydrogen-fueled direct reduced 
iron or new installations for chemical recycling, methanol and 
ammonia. These investments create new production facilities 
and face diverse incremental costs for capital expenditure 
and operation that can be supported with carbon contracts or 
CCfDs. These instruments can be designed to support the whole 
value chain of the production, transport and use of hydrogen.

The third option is to define quotas for the sale and use of clean 
hydrogen-based fuels for shipping  and aviation. In response to 
the regulated demand, the private sector will procure adequate 
supply and the price will be defined by market forces. 

All these instruments aim at bridging the cost gap between 
conventional fuels and clean hydrogen with the goal of 
accelerating technological development and cost reduction. 
Another goal of these instruments is to promote climate 
technologies and contribute to European technology leadership 
in a growing world market for these technologies.

Clean Hydrogen Support Policies

Agora Energiewende, 2021

Figure C.13 
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CLEAN HYDROGEN SUPPORT POLICIES

These instruments promote the scaling of hydrogen technologies and contribute to Europe’s leadership in a 
growing global market for these technologies.

  INSTRUMENT TYPE

 Support (H-CfD; Carbon contracts and CCfD)

 Charge/surcharge

  Regulation (clean hydrogen-fuel quota for aviation and  

shipping)

  DECARBONISATION LEVER

 Energy efficiency

 Change of energy source

 Process optimisation & substitution

  Resource efficiency & material substitution

  SECTOR APPLICABILITY

  Cross-cutting technologies                   Steel                   Chemicals                   Cement                   Circular economy

  APPLICABILITY TO TECHNOLOGIES BY MATURITY LEVEL

Development Market entry Existence

Research Scaling Creation of 
green markets

Investment Operating costs Optimisation 
(plant/product)

  AREA OF APPLICATION

Clean hydrogen will play a key role in decarbonising certain 
industrial processes and is a building block for synthetic 
fuels in aviation. In the industrial sector, clean hydrogen is 
fundamental to several key low-carbon technologies, such 
as: the hydrogen-based production of direct reduced iron 
(steel) and chemical recycling via the methanol- to-olefin 
route (chemicals). 

  NECESSITY CARBON TRACKING

  mandatory

  helpful

  not necessary

  DURATION OF EFFECT

Support instruments for clean hydrogen will lead to a 
gradual cost reduction for the production, transport and 
use of clean hydrogen. At the same time, carbon prices 
are expected to increase. Both processes will reduce and 
eventually eliminate the cost gap between clean and 
GHG-intensive hydrogen and produce a cost competitive 
European hydrogen industry. Recent studies estimate that 
cost parity can be achieved as early as around 2030 if 
the uptake of clean hydrogen is supported with adequate 
measures (McKinsey, 2021).

  STATE OF THE DISCUSSION

Hydrogen support instruments such as a Carbon contract-
for-difference are mentioned in the EU Hydrogen Strategy 
(European Commission, 2020). In addition, a minimum 
quota for hydrogen-based synthetic fuels in aviation of 
2% by 2030 is currently being adopted in Germany (BMU, 
2021). 

Legend:       Primary effect      Secondary effect
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Instrument details

Possible interactions
Currently, the carbon abatement costs of clean hydrogen are 
still very high relative to the carbon price in the EU ETS. If 
clean hydrogen technologies become cheaper as they undergo 
technology learning curves, rising carbon prices in the EU ETS 
can reduce the additional cost of clean hydrogen technologies. 
In the long run carbon prices in the EU ETS may be sufficiently 
high to obviate the need for further support instruments for 
clean hydrogen. 

A significant degree of uncertainty regarding future costs still 
exists for buyers of hydrogen such as the steel or chemical 
sector. This uncertainty can, however, be attenuated by 
appropriate design of the hydrogen support instruments. For 
instance, a carbon contract or CCfD for steel manufacture with 
hydrogen-fueled direct reduction could cover the incremental 
costs of producing with clean hydrogen.

In the case of hydrogen quotas for sellers of maritime and 
aviation fuels the quota is a volume-based instrument and the 
price will result from regulatory demand. 

Financing
H-CfDs, carbon contracts and CCfDs will require appropriate 
long-term refinancing mechanisms. One such instrument 
could be a climate surcharge applied on CO₂-intensive end 
products (e.g. steel in a car). While the additional costs in 
the final product are comparatively small, it could generate 
funds that allow for the production, transport and use of 
clean hydrogen in industrial processes. In the case of a clean 
hydrogen quota in aviation fuels, the additional costs could be 
borne by air travellers. 

Design options
Carbon contracts or CCfDs can be designed to support 
investments and production with clean hydrogen-based low-
carbon technologies, such as the manufacturing of climate 
neutral steel, ammonia, and methanol. These industries can act 
as anchors for investments in the production and transport of 
clean hydrogen. By supporting the implementation of solid 

and sustainable value chains, the instrument is ideally suited 
to initiate the development of hydrogen-based industrial 
networks. Top this end, such contracts need to be designed 
and awarded to specific sites and projects that can offer the 
necessary transformational spillover effects and act as seeds 
for the development of the hydrogen market and infrastructure 
that are needed for climate neutrality. 

Once production and use of hydrogen become more mature, 
carbon contracts could be awarded in competitive auctions. 
This would generate competition for the production, transport 
and use of hydrogen, reveal new opportunities, and drive down 
prices. 

A further evolution is to design double auctions that separate 
procurement auctions for clean hydrogen from auctions that 
allocate the contracted volumes to different industrial users. 
The resulting costs differences, as well as risks that result from 
different duration and commercial conditions of procurement 
and sales contracts need to be borne by a central entity that 
can incentivise the development of a hydrogen market. As 
discussed, the costs incurred by this central entity will have to 
be covered by appropriate re-financing mechanisms.

Specific features
Any economic support instrument for clean hydrogen must be 
coupled with a sustainability framework for clean hydrogen 
production and use. Specifically, the definition of green
hydrogen needs to ensure that its production does not 
contribute to increasing emissions along the industrial value 
chain, even if considering indirect emissions from increased 
electricity use (scope 2) or other changes in the value chain 
(scope 3 emissions). Therefore rules governing guarantees of 
origin for clean hydrogen, the "additionality" of renewable or 
decarbonised energy for clean hydrogen production, and rules 
ensuring that clean hydrogen is first allocated to the most 
appropriate "no-regret" options (incl. steel and chemicals) must 
be developed in parallel. 

Aspects of implementation

Legal assessment
• For a legal assessment of carbon contracts and CCfD, please 

see the respective instrument fact sheet. 

• H-CfDs may constitute a state aid according to Art. 107(3) 
TFEU depending on the mechanism that will be used for 
refinancing. However, the notification of such an aid is 
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SWOT analysis

STRENGTHS

• Adresses both supply and demand side of clean 
hydrogen

• Basing support on competitve auctions enables 
competitve price determination

• Projects can be anchors for developing  
hydrogen-based industrial networks

OPPORTUNITIES

• European businesses can become leaders in this future 
technology, building technological leadership

• Significantly reduces costs for electrolysis technology 
• Represents first step to creating a hydrogen economy
• Instrument complements EU-ETS by targeting  

climate-neutral technologies

WEAKNESSES

• High carbon reduction costs for clean hydrogen may 
lead to high long-term costs for society

• The instruments requires creating institutions, 
regulations and oversight

RISKS

• Funding the learning curve does not necessarily lead to 
sustained success for European industry, as the case of 
the photovoltaic industry shows

• State aid notification by European Commission 
• Discriminates against other technologies

for now with inherent legal risks. The Guidelines on State 
aid for environmental protection and energy 2014 – 2020 
do not provide any conditions for such aid. Moreover, 
it is difficult to quantify the economic significance in 
advance because of the volatility of the market price for 
the production of green hydrogen. It is also questionable 
whether the aid intensities according to annex 1 no. 1 
(55% for medium-sized enterprises and 45% for large 
enterprises; 100% for bidding) are high enough to satisfy 
the need for such an aid. 

•  H-CfDs should be granted by an auction procedure in 
order to incentivise efficiency, which should lead to cost 
savings in support policies.

• If the H-CfDs cannot be entered by a foreign enterprise 
there is a need for a justification according to the anti-
discrimination-principle. Moreover, the discrimination 
against other technologies (such as synthetic fuels and 
biomass fuels) will also need a justification according to 
article 3 of the German Constitution (GG).

• To prevent violations, retroactive effects with existing 
subsidies such as paragraphs 64a, 69b EEG2021, 
paragraphs 37a of the law for air quality and control 
(BImSchG) and 3 of the 37. Regulation for air quality and 
control (37. BImSchV) should be considered.
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CHANGES IN CONSTRUCTION AND 
PRODUCT STANDARDS
Instrument design
The instrument requires the revision and adaptation of regulations and standards in order to facilitate material 
efficiency and substitution and increase the recyclability of construction materials.

The main materials in the construction industry are steel, 
cement and bricks. But the manufacturing of these materials 
involves some of the most energy- and emission-intensive 
processes in the industrial sector. Achieving greenhouse-gas 
neutrality, especially for concrete, is an enormous challenge. 
It involves reducing the amount of steel and cement used in 
construction, increasing the use of alternative materials (e.g. 
wood, alternative binding agents) and increasing recyclability 
(by, say, avoiding composite materials) in the construction 
industry. 

Changing standards and regulations can help reduce material 
use in the construction industry and improve efficiency. 
Changings standards from requirements for approved 
construction materials to requirements for required properties 
such as fire protection, statics and insulation enables the use of 
new materials (e.g. timber construction) and new compositions 

(cement with low clinker proportions or alternative binding 
agents, textile-reinforced concrete, less voluminous but 
stronger steel bars). 

Supplementary regulations that increase material efficiency 
and take into account life cycle assessments (LCA) when 
awarding contracts (see instrument green public procurement) 
can further increase sustainability. The supplementary 
regulations must stipulate improved materials and the 
derivation of precise dimensioning. Today, dimensioning in the 
construction industry can exceed requirements by as much 
as 100 per cent (Material Economics, 2018). The regulations 
should be accompanied by a specification of materials, a 
reduction in the share of waste/scrap – today the share in 
construction is around 15 per cent – and the increase of 
sustainable and recycled materials (Material Economics, 2018).

Effect of changes to construction and product standards

Agora Energiewende, 2021
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CHANGES IN CONSTRUCTION AND PRODUCT STANDARDS

Revised standards and regulations in construction can lead to significant savings in materials and emissions and 
substantially increase the sustainability of the industry.

  INSTRUMENT TYPE

 Support

 Charge/surcharge

 Regulation

  DECARBONISATION LEVER

 Energy efficiency

 Change of energy carrier

 Process optimisation & substitution

  Resource efficiency & material substitution

  SECTOR APPLICABILITY

  Cross-cutting technologies                   Steel                   Chemicals                   Cement                   Circular economy

  APPLICABILITY TO TECHNOLOGIES BY MATURITY LEVEL

Development Market entry Existence

Research Scaling Creation of 
green markets

Investment Operating costs Optimisation 
(plant/product)

  AREA OF APPLICATION

Construction industry, particularly new construction 
and demolition. Enabling the use of innovative building 
materials whose properties may differ, particularly cement 
with alternative binding agents, concrete with high 
proportions of recycled raw materials such as demolition 
material, textile-reinforced concrete, carbon concrete and 
wood. 

  NECESSITY OF CARBON TRACKING

  mandatory

  helpful

  not necessary

  DURATION OF EFFECT

No limitation necessary. The instrument will make 
sense and be effective at all times. EU, federal and state 
governments should introduce an evaluation process in 
which independent experts regularly assess standards 
and regulations on the basis of current requirements and 
material properties.

  STATE OF THE DISCUSSION

The instrument is currently being discussed among 
experts.

Legend:       Primary effect      Secondary effect
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Instrument details

Possible interactions
With green public procurement, some of the regulations could 
be implemented for the public sector. These two instruments 
complement each other. Ambitious carbon pricing for energy 
and materials could have a similar effect. It could be combined 
with a minimum carbon price with a border carbon adjustment. 
In discussions about a future building energy law, the topic of 
grey energy (primary energy that is necessary to construct a 
building) is gaining attention.

Financing
Additional costs would initially be incurred by building 
contractors or passed on to property tenants. For new 
buildings, funding could help cover the new property and 

 
efficiency requirements for construction. The avoidance of 
over-dimensioning could also lower costs without leading to 
disadvantages.

Special features
In the building sector, there is considerable potential for 
improved material and resource use. Material Economics 
(2018) has found that a recycling scenario in 2050 could 
cut greenhouse gas emissions by 53 per cent relative to the 
reference scenario.

Aspects of implementation

Legal assessment
• Changes to regulations and standards (CEN, European 

Committee for Standardization) governing construction 
materials require multiple changes to EU regulations, 
the Construction Products Regulation in particular. 
Because the sustainable use of resources is anchored in 
the Construction Products Regulation, the European level 
can account for the sustainability of products and low-
carbon production when creating new regulations and 
standards (e.g. CEN). But this regulation is not mandatory 
for legislators. To become mandatory, the Construction 
Products Regulation and the CEN standards would have to 
be amended. 

• WTO rules require that newly created regulations and 
standards be compliant with the requirements of the 
agreement on technical barriers to trade (TBT) (particularly 
art. 2, no. 2.2).

• At the national level, the legal feasibility mostly depends 
on the extent to which existing European harmonisation 
requirements are already in place. No national 
requirements can be made for products governed by the 
Construction Products Regulation, because the European 
harmonised standards take precedence (ECJ, ruling on 
16.10.2014, C-100/13).
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SWOT analysis

STRENGTHS

• High precision
• Sustainable use of resources already anchored in the 

Construction Products Regulation (though it is not 
mandatory)

OPPORTUNITIES

• Significant GHG reduction potential especially in the 
areas of cement and steel

• Can contribute to creating markets for sustainable 
products

• Cost efficiencies due to lower material use 
• Material substitution in construction (e.g. more wood)

WEAKNESSES

• Complex and fragmented implementation
• Implementation problems due to lack of monitoring

RISKS

• In the short term, the regulations can lead to increased 
construction costs

• The industry could oppose reforms to existing standards
• Compliance with the freedom of movement of goods 

stipulated in art. 34 TFEU and the requirements of the 
TBT agreement must be adhered to
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STANDARDS FOR RECYCLABLE PRODUCTS
Instrument design
This instrument requires manufacturers to design products in a way that facilitates recycling so as to close material 
cycles and reduce carbon-intensive primary production.

When designing products, manufacturers rarely consider 
material use after the end of a product’s life, which severely 
limits recycling and component reuse (Material Economics, 
2018). For example, few electrical devices exist that allow 
the replacement of defective components. This shortens the 
lifespan unnecessarily. Packaging often consists of multiple 
materials that are not easily separated. As a result, material 
recycling is limited or not economical. 

To make reuse and recycling simpler and more attractive and 
economical, the recycling of a product must be planned into 
its design (IEA, 2018). The instrument is meant to lay down 
product-specific regulations for mandatory recycling. Among 
other things, the instrument’s requirements would include 
(Ellen MacArthur Foundation, 2018): 
• standardisation of product components
• product design for ease of disassembly
• limitation of composite materials
• limitation of small-sized waste
• limitation of rare materials
• limitation of colouring and additives

For steel production, the instrument addresses the 
contamination of steel by copper and nickel in particular. The 
goal must be to separate and sort different types of steel so that 
when melted down they can be reused. In theory, steel can be 
reused almost indefinitely without loss of quality.

In comparison with the steel industry, the recycling potential 
of construction materials is nowhere near full utilisation. For 
cement and concrete, technologies are now in development 
that will enable almost complete recycling in the future (Bakker 
et al., 2015; HeidelbergCement, 2019). The technologies are 
meant to recycle the cement, sand and gravel in concrete as 
well as the steel bars in its reinforced form. A large proportion 
of these materials could be recycled, significantly reducing the 
energy for extraction and production. To increase the recycling 
of construction materials, it would be helpful to establish a 
building pass system listing the materials used at each site 
(Madaster Platform, 2019). A certification system for recyclable 
construction materials could further simplify the process. 

The effect of standards for recyclable products

Agora Energiewende, 2021
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STANDARDS FOR RECYCLABLE PRODUCTS

Taking a product’s end of life into account for its design enables a circular economy, with benefits that justify the 
regulatory costs.

  INSTRUMENT TYPE

 Support

 Charge/surcharge

 Regulation

  DECARBONISATION LEVER

 Energy efficiency

 Change of energy carrier

 Process optimisation & substitution

  Resource efficiency & material substitution

  SECTOR APPLICABILITY

  Cross-cutting technologies                   Steel                   Chemicals                   Cement                   Circular economy

  APPLICABILITY TO TECHNOLOGIES BY MATURITY LEVEL

Development Market entry Existence

Research Scaling Creation of  
green markets

Investment Operating costs Optimisation 
(plant/product)

  AREA OF APPLICATION

The instrument can be used for goods with a low recycling 
quota (e.g. electrical devices and food packaging), steel 
products (e.g. passenger cars), construction materials (e.g. 
the cement, sand and gravel elements in concrete). 

The instrument can incentivise the following processes/
technologies in particular: the sorting of scrap steel to 
increase secondary steel quality (steel), chemical recycling 
(chemical) and the use of recycling concrete (cement). 

  NECESSITY OF CARBON TRACKING

  mandatory

  helpful

  not necessary

  DURATION OF EFFECT

Once high carbon prices are established so that full 
recycling becomes the most economical option, the more 
detailed regulations can be eliminated. 

  STATE OF THE DISCUSSION

At the EU level, individual goods are already regulated. 
For example, reusability and recyclability have been 
criteria for passenger car approval since 2005. In 2018 the 
EU parliament enacted the Eco-Design Directive, which 
established rules for the energy efficiency of devices and 
for increasing their reusability and recyclability.

Legend:       Primary effect      Secondary effect
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Instrument details

Possible interactions
In spite of this instrument, the production of new materials 
will remain necessary. This is why the incentivisation of 
low-carbon production – through, say, higher carbon prices 
– will continue to be important. In order to fully utilise the 
instrument’s recyclability standards, regulations – for waste 
separation, say – may have to be tightened in the long run. In 
principle, the benefits of recycling must always be weighed 
against its costs. The benefits can lie in the avoidance of 
GHG or in the recovery of valuable raw materials. Recycling 
processes that stand in the way of this principle can be 
disregarded. Thus, in the medium term, the energy and CO₂ 
intensity of material production and material disposal at the 
end of a building's service life could also be taken into account. 

Financing
The extra costs in the manufacturing of consumer goods 
could be passed on to the end customer. But in the long term 
waste disposal costs for consumers would also fall. Ultimately, 
the costs would decrease over the medium term because the 
exchange of defective components reduces new purchases.

Economically, longer product lifespans could lead to reductions 
in private consumption. For countries with few raw material 
resources, more resource efficiency is a macroeconomic 
opportunity, however, as it decreases the import dependency of 
those countries. 

Design options
There are various options when designing regulations for 
recycling standards (CEPS, 2018). One is the vertical regulation 
of individual products. Another is the horizontal regulation of 
specific aspects across product groups, such as the requirement 
that all product batteries be easily removable. Voluntary 
agreements with manufacturers and dealers could initiate 
changes to product design in the short term.

Further questions would need answering about the details of 
the instrument, including measurement methods, adherence 
monitoring and import handling. Furthermore, the regulations 
must be flexible enough not to hinder innovation (CEPS, 2018). 

The following measures could help simplify the mechanical 
recycling – and to some degree – the chemical recycling of 
plastic: 

• Limits to composite materials
• Limits to colourings and additives if needed 
• Limits to individualised reusable deposit bottles if needed 

(PwC, 2011)
• Adaptation of product and (if needed) construction 

standards to enable the manufacture of plastics with a 
high share of recycled materials for broad application 

The following measures could help recycle steel products 
without loss of quality (Material Economics, 2018): 

• Mandatory separation of steel and copper waste flows (e.g. 
during vehicle scrappage)

• Mandatory product design allowing copper and steel 
components to be separated mechanically as simply as 
possible 

The following measures could help recycle construction 
materials: 

• A landfill ban for the coarse fraction of demolition 
materials (sand and gravel) in order to establish material 
cycles and to contribute to the conservation of resources 

• A ban on fine fractions of demolition materials (cement 
paste and hardened cement paste) as filling material in 
road construction, provided technologies exist in the 
future for their recycling (downcycling)

• Adaptation of product and construction standards so 
that construction materials with a high share of recycled 
elements can be approved for use

Special features
For this kind of regulation, many more detailed regulations 
needing continuous adjustment are necessary at the product 
and material levels.  These create high administrative costs. 
Even with very high carbon prices, additional regulations will 
be necessary, particularly in areas where price incentives 
barely reach. Regulatory provisions are necessary for a fast 
start of a circular economy. Furthermore, the instrument serves 
raw-material security by reducing resource consumption.
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SWOT analysis

STRENGTHS

• Reduced waste incineration and carbon emissions 
• Reduced production of new material 
• Increased lifespan of products 
• Increased security of raw materials
• Increased qualities in secondary steel production and 

reduced carbon-intensity in primary steel production 
• At the European level, product-specific requirements 

(e.g. recyclability) are possible though not mandatory. 

OPPORTUNITIES

• Recycling and re-use have a positive macro-economic 
effect

• More conscious consumers and an end to throwaway 
society

• Europe could seek to amend the Ecodesign Directive 
and the Construction Products Regulation

WEAKNESSES

• Relatively fine regulations are needed that must be 
adapted frequently

RISKS

• Regulation that is too inflexible hinders product 
innovation

• Lack of control and penalties can limit effect
• Product prices may increase

Aspects of implementation

Legal assessment
• The introduction of mandatory product-specific 

regulations is legally possible at the European level, but it 
assumes a change in the Construction Product Regulation 
and the EU Ecodesign Directive. At the national level, 
permissibility depends particularly on whether European 
harmonisation requirements already exist that take 
precedence.

• Product-specific regulations must comply with WTO rules 
regarding the agreement on technical barriers to trade 
(TBT) (particularly Art. 2 No. 2.2).

• European law already allows product-specific 
requirements regarding, say, reusability or recyclability. 
(See art. 15 para. 6 in conjunction with appendix 1 of the 
Ecodesign Directive and art. 3 para. 1 in conjunction with 

appendix 1 no. 7 of the Construction Products Regulation.) 
Specifying such requirements is not yet mandatory 
for legislators. A mandatory requirement, therefore, 
would need a change to the Ecodesign Directive and the 
Construction Products Regulation.

• The permissibility of product-specific requirements 
at the national level assumes that no harmonisation 
requirement exists at the EU level. (On the precedence of 
the Construction Products Regulation, see the ECJ ruling of 
16.10.2014 – C-100/13 Commission/Germany.) 

• Other possibilities alongside mandatory, product-
specific requirements are voluntary commitments by 
the manufacturer. Measures within the remit of the EU 
Ecodesign directive must be approved by the European 
Commission. (See art.18 of the directive.)
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3 Conclusion

The ten policy instruments on the shortlist represent a 
 theoretical basis with significantly different approaches for 
incentivising the transition to a climate-neutral industry. 
They are meant to serve as possible starting points for discus-
sions about industry decarbonisation – not only in the EU, but 
potentially also other regions of the world. 

However, as the analysis made plain, there is no one silver 
 bullet that can incentivise the roll-out of key low-carbon  
technologies alone. While a border carbon adjustment is 
viewed by some as an efficient instrument, there are a number 
of important questions that need to be answered: How can the 
real carbon footprint of imported goods be verified? Are rebates 
for exported goods into markets without a comparable CO₂ 
price signal compatible with current WTO regulations? And 
will the CO₂ price be high enough to incentivise investment in 
key low-carbon technologies? And technicalities aside, how 
will the introduction of such a mechanism be viewed politically 
by other important trading partners such as the US and China? 
Finding answers to those questions will likely require time 
before such an instrument can be implemented. 

Similarly, while being an interesting option in theory, a carbon 
price on end products would require complete global CO₂  
tracking for every end-product component. A swift imple-
mentation of this instrument thus seems rather unlikely, but it 
could become a meaningful option in the portfolio of instru-
ments once global CO₂ tracking becomes possible (e.g. through 
blockchain technology). Instead of focusing on one instrument, 
we need to develop a comprehensive and adequate policy mix 
that unlocks the full decarbonisation potential at each part of 
the value chain. 

Given the strength and weaknesses of the different instru-
ments what is a sensible way to combine them? How do they 
interact with another? And how do they fit into the existing 
European policy landscape? These questions will be addressed 
in the next section where we formulate concrete policy 
 recommendations in the form of a Clean Industry Package for 
Europe. 
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The transition to a climate-neutral industrial sector 
can contribute to economic recovery and secure 
long-term prosperity. Between 2020 and 2030, 
between 30 and 53% of the EU’s aging industrial 
plants in the cement, steel and steam cracker sectors 
will require major reinvestment and refurbishment.3 
Existing, high-carbon technologies must be replaced 
with low-carbon technologies. Moreover, significant 
investment is needed in strategic infrastructure such 
as clean power, hydrogen, biomass and carbon 
capture and storage. New skills and jobs will be 
required to facilitate this transition to innovative, 
climate-neutral technologies and business models. 
The next 5 to 10 years thus represent a major window 
of opportunity in which Europe can combine the 
transition to climate neutrality with economic 
recovery and long-term stability. Given the urgency 
posed by the climate crisis, member states must begin 
to make these investments during the next several 
years and the EU must follow up with robust legisla-
tive policies. 

Border carbon adjustments and expected carbon 
prices will not be sufficient to initiate investments 
in climate neutrality over the next 10 years. The 
industrial sector has yet to invest in key low-carbon 
technologies at industrial scale. This is not primarily 
because of international competition but because 
carbon prices are not expected to be high enough 
during the next decades to justify the economics  
of these technologies. Even with carbon prices 
averaging 45-60 €/tCO2, as proposed in the recent 
Impact Assessment of the 2030 Climate Target Plan, 
nearly all of the key low-carbon technologies would 
not be profitable. Moreover, carbon prices or border 
adjustments alone will not create the conditions 
needed for investment in clean power, hydrogen,  
CCS infrastructure and other technologies. Likewise, 

3 See Wuppertal Institute (2020, forthcoming).

1 Introduction

Under the 2030 Climate Target Plan and the  
European Green Deal, the European Commission  
has recommended that the EU reduce its greenhouse 
gas emissions by -55% by 2030 (relative to 1990 
levels) and achieve economy-wide climate  
neutrality by 2050 (European Commission, 2020a).1  
Achieving these targets is technologically and 
economically achievable with the right policies in 
place (Agora Energiewende & Oeko Institute, 2020a). 
Meeting them will also keep the EU on track to fulfil 
its commitment to climate neutrality under the Paris 
Agreement. During the post-COVID19 recovery, more 
ambitious climate action can boost the economy by 
stimulating investment in green infrastructure and 
technology, creating new jobs and laying the founda-
tions for long-term industrial competitiveness.  

The European industrial sector has a vital role to 
play in delivering this vision of the European Green 
Deal. Direct emissions from the EU27’s industrial 
sector accounted for 719 MtCO2eq in 2017, equivalent 
to 20% of annual net EU greenhouse gas emissions 
(Eurostat, n.d.)2. By far, the greatest emitters are the 
cement, steel and chemicals sectors, making up 
approximately 60% of the total. By 2050, the EU will 
need to reduce its combined industrial emissions by 
approximately 95% and offset residual emissions 
with carbon sinks to achieve climate neutrality. 

1 This chapter has already been published in October 2020 
prior to the EU Council decision in December 2020 to 
adopt an EU 2030 climate target of -55 percent GHG 
emissions reduction.

2 The figure excludes emissions from energy sectors such 
as upstream power and heat production, refining, and 
solid fuel production. 

Part D: A Clean Industry Package for the EU
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2  Why the EU needs a  
Clean Industry Package now 

There are three basic reasons why the EU  
needs a Clean Industry Package:

 → Continuing current policies until 2030 will lead  
to high-carbon technology lock-in in the medium 
term and will put jobs at risk in the short-term  
because there will be no credible business  
case for clean investment.

 → The EU is ready to begin investing in  
a portfolio of key low-carbon technologies  
during the next 5 years.

 → Only a coordinated set of policies  
across the value chain can ensure that  
the necessary investments will be made.

2.1  Continuing current policies until 2030 will 
lead to high-carbon technology lock-in and 
put jobs at risk

To stress again, the industry sector accounted  
for 719 MtCO2eq (or 20%) of the EU27’s emissions  
in 2017. The total is even higher if one considers 
indirect emissions sources. To achieve the -55% 
emissions reduction target by 2030 and reach climate 
neutrality by 2050, the EU will need to make signifi-
cant steps towards reducing its industrial emissions. 
For example, meeting the 2030 target will require the 
EU27 to cut its industrial CO2 emissions by between 
22 and 25% relative to 2015 levels (Figure D.1).

In one sense, this is not a very significant increase  
in expected business as usual reductions, since the 
introduction of the Clean Energy Package and the 
2018 carbon market reforms are already expected  
to decrease industrial emissions by 18% by 2030 
relative to 2015 levels. The European Commission’s 
Impact Assessment of the 2030 Climate Target Plan 
has shown that the most energy-intensive industry 
sectors in the EU Emissions Trading Scheme (EU ETS) 
could deliver a 29.4% reduction in emissions by 
simply adopting the best available current technolo-

the development of efficient, circular value chains 
requires lifting a range of price and non-price 
barriers.

With between 30 to 53% of the EU’s energy- 
intensive industrial assets will be up for major 
reinvestments during the next 5 to 10 years, policy-
makers must act now. The EU needs a strong regula-
tory framework that provides clear incentives for 
investment along the entire value chain, from 
infrastructure and production to final products  
and recycling.

With genuinely transformative policies, the EU  
can shift the course of global efforts to decarbonise 
industry. From vehicle emissions standards to energy 
labelling, the EU is a recognised leader in environ-
mental regulation. Recently, the People’s Republic of 
China put forward its own plan for achieving carbon 
neutrality by 2060 (NYT, 2020). By demonstrating 
what is feasible in so-called “hard to abate” industrial 
sectors, the EU can also have an outsized influence  
on policy to decarbonise industry globally, including 
among major emitters like China, whose industry 
accounted for 5.17 gigatons of CO2eq emissions in 2014, 
or 46% of China’s total for that year (UNFCCC, n.d.). 
Moreover, if the EU acts boldly now, it can become  
a technology leader and effectively set the global 
standards for climate-neutral production and 
products.

The purpose of this paper is to explain why the 
legislative package which will be proposed in 2021  
to implement the 2030 Climate Target Plan and the 
European Green Deal must consist of a transformative 
and comprehensive policy package to drive invest-
ment and job creation in clean industrial technologies. 
The next section explains in more detail why a policy 
package is required. Section three then sketches some 
concrete proposals for a Clean Industry Package.  
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The EU’s energy-intensive industrial assets are slated 
for major reinvestment and refurbishments during 
the coming decade. It is imperative that the sector 
makes new investments in technologies that are 
compatible with climate neutrality by 2050 (Figure 
D.2). Based on the ages of current plants, some 48% of 
blast furnaces (primary steel), 53% of steam crackers, 
and roughly 30% of cement kilns will require modern-
isation to remain in operation and avoid carbon 
leakage. A policy framework is urgently needed to 
make sure that the right climate-neutral investments 
are made. Otherwise, the industry risks stranding its 
assets and increasing the costs of achieving its climate 
targets. 

The flip-side of this equation is that the upcoming 
investment cycle in energy-intensive industries 
presents a unique opportunity for advancing the EU’s 
economic recovery, provided that the right policies 
are in place.

gies, which are already used by 10% of EU installa-
tions.

But what matters is not only that the EU industry 
reduces emissions by 2030 but also, more impor-
tantly, how it does so. The EU’s overarching goal  
must be to reduce industrial CO2 emissions by ~95% 
by 2050. In one scenario, the EU industry could 
reduce emissions by approximately 25% by 2030 
through a range of marginal improvements to the 
efficiency of existing technologies. But doing so 
would have the perverse effect of locking in technol-
ogies and energy sources  unable to achieve climate 
neutrality by 2050. It is critical, therefore, that the 
2030 goal is met with low-carbon technologies  
that are compatible with climate neutrality in 2050. 
Policymakers must encourage the industrial sector  
to invest during the next 10 years in ambitious abate-
ment options for climate neutrality in 2050. This 
means implementing policies that go beyond the ETS.

Agora Energiewende, 2021, based on data from Eurostat, 2017, European Commission, 2020b & EEA, 2021
Note: Data are for CO₂ emissions only. They exclude non-CO₂ emissions from industry, from refining, solid fuel production for energy and 
non-energy uses.
* To achieve climate neutrality, residual emissions will have to be o�set by negative emissions technologies, many of which could be   
 developed in the industrial sector such as BECCS. By capturing and using CO₂ from other non-industry sectors, industry can provide   
 net-negative emissions. 
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broad categories of solutions that can be deployed to 
achieve these reductions in a manner compatible 
with climate-neutrality in 2050:    

First, industries can reduce emissions significantly 
by starting to commercialise key low-carbon 
production technologies. These include direct 
reduced iron (DRI) for steel production, chemical 
recycling, and carbon capture and storage (CCS) in  
the cement industry, which are all near-zero-carbon 
technologies and have sufficient technological 
maturity for commercial-scale deployment during 
the next 5 years.

Second, industries can achieve massive reductions  
by fuel switching from fossil fuels to net-zero 
alternatives such as direct electrification with 

2.2  The EU is ready to begin  
investing in a portfolio of climate 
neutrality- compatible solutions 

Despite the lack of progress in reducing emissions, 
the European industry has at its disposal  
a growing number of key low-carbon technologies 
and other levers to reduce emissions. Though some 
technologies are not fully mature, there is no reason 
why the EU cannot begin to deploy some key tech-
nologies already during the next 5 to 10 years.

Figure 3 shows estimates for the necessary  
emissions reductions by industry in the EU ETS. 
Using data from the European Commission and 
European Environment Agency, we estimate that 
energy-intensive industries will need to   
reduce their emissions by approximately 27% by 
2030 relative to 2019 levels. The figure lists three 

Agora Energiewende/Wuppertal Institute, 2020

 * Steam crackers are normally maintained and modernised continuously so that they are not completely replaced at one time. However, 
  the need for reinvestment gives a rough impression of the need to modernise existing facilities.
 ** Indicative: Cement data represent numbers for Germany only. We estimate that the reinvestment requirement for EU27 is in a similar range.
 *** Own estimate for 2017 based on Cembureau 2015
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2.3  A coordinated set of policies  
along the value chain is needed

Border Carbon Adjustments are often proposed  
as sufficient solutions to kick-start the low-carbon 
transformation of the industrial sector. But, as noted 
previously, this is far too simplistic. One of the main 
reasons is that companies that use low-carbon 
technologies must compete not only with foreign 
producers but also with domestic manufacturers 
using conventional technologies. This requires 
carbon prices that are higher than those currently 
planned.

Figure D.4 shows that the current carbon price –  
27 €/tCO2 – is well below the levels required to drive 
investment in breakthrough technologies. Not even 
the 45-60 €/tCO2 proposed by the European Com-
mission’s Impact Assessment on the 2030 Climate 

decarbonised electricity, biomass, and, clean hydro-
gen in steel and chemicals production.

Third, circularity and efficiency in the use of basic 
materials (such as steel, aluminium, plastics, cement 
and concrete) have the potential to reduce emissions 
in energy-intensive industries by up to 50% by 2050 
(Materials Economics, 2018). While some of these 
measures will not have an effect until after 2030 due 
to long product lifetimes, a number of measures can 
already begin to yield benefits before then.  

Implementing these solutions at the 30–53% of 
cement, steel and chemical production sites slated for 
refurbishment during the next decade can dramati-
cally shift industrial production facilities towards  
climate neutrality.

Agora Energiewende, 2021, based on data from Eurostat, 2017, European Commission, 2020e & EEA, 2021 

Note: Emissions that relate to industrial processes such a coking plants and power plants for industrial use are accounted for in the industry 
sector and not in the transformation sector. ETS emissions in 2005 are notional base year emissions with respect to the 2030 target, 
i.e. they account for the change in the ETS scope and size of the EU since 2005.
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requires additional infrastructure planning and 
financing for industrial clusters and cross-border, 
pan-European solutions when appropriate.

 → Midstream: The industrial sector needs the right 
economic and financial conditions in order to 
develop, implement and operate investments in  
key breakthrough technologies and in order to 
address the risks of carbon leakage.  

 → Downstream: The industrial sector needs demand 
and scalable markets for decarbonised and circular 
products, markets that have internalised the higher 
costs of decarbonised products, and incentives to 
integrate the circular economy and resource 
efficiency all along the value chain.  

A detailed discussion of these requirements is  
beyond the scope of this paper, but Table D.1 summa-
rises the ten most urgent considerations.

The new European Commission has already proposed 
policies that could, if well-implemented, address 
some – but not all - of the industrial sector’s specific 

Target would be high enough to ensure the proper 
investments. 

But even if carbon prices rose enough for these 
technologies to be profitable in the short term, 
uncertainty surrounding ETS pricing would still 
create a barrier to investment. After all, the ETS price 
has fluctuated dramatically, going as high as 30 and 
as low as 0€/tCO2 , and there is no guarantee that it 
will remain high. Additional instruments to support 
the economics of expensive key low-carbon 
technolo gies are therefore needed.

The conditions needed for the industrial sector to 
invest in decarbonisation measures go beyond the 
simple question of carbon price levels or the risk of 
carbon price volatility, however. Specific needs can 
be identified along the value chain:

 → Upstream: The industrial sector needs reliable 
access to clean energy and basic materials at 
competitive prices via new infrastructure. It also 

Agora Energiewende/Wuppertal Institute, 2019

Note: CO₂ abatement costs depend very much on assumptions about electricity costs. For the calculation of these values, electricity costs of 
60 euros per MWh were usually assumed. The estimates here are based on Agora Energiewende/Wuppertal Institut, 2019 and represent the 
lower bound of CO₂ abatement costs in 2030. Higher CO₂ abatement costs are to be expected before 2030, compared to after 2030, because 
the technologies must still undergo learning curves for cost reductions. 
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models.  In general, these conditions cannot be 
created by the industry sector itself. Rather, the EU 
will need to create them by enacting new policies. 
This section proposes a Clean Industry Package of 
eleven key policies to satisfy these conditions.

Figure D.5 summarises the eleven key policies that  
we propose. The policies are broken down by their 
position in the value chain, i.e. upstream, midstream 
and downstream.

3.1 Upstream policies
The key conditions for enabling the transition  
of the upstream value chain are:

 → access to sufficient, affordable clean energy
 → access to key infrastructure (e.g. hydrogen,  
clean power and CCS)

 → the planning, financing and regulation of energy 
networks, especially to support industrial clusters  

needs. These include the Hydrogen Strategy, the 
Sustainable Products Policy Initiative and the 
Circular Economy Strategy. However, to create a 
business case for truly climate-neutral investments, 
these broad initiatives must be turned into strong 
economic and regulatory incentives.

In some areas, such as infrastructure planning  
in key industrial clusters, implementing instruments 
to support the high operating costs  
of ultra-low carbon technologies or creating new 
markets for ultra-low carbon products, the Commis-
sion has yet to make concrete proposals. Accordingly, 
key gaps still need filling.

3  Policy needs for a comprehensive  
European “Clean Industry Package”

The preceding section outlined the reasons for the  
key conditions needed to kick-start investment in 
climate-neutral production, products and business 

10 essential conditions for industry to transition to climate neutral products,  
processes and business models Table D.1

Agora Energiewende, 2020 
 
  *  These carbon pricing systems generally apply to fossil-fuel emissions not covered by the EU ETS and include varying exemptions,  

especially for the industry due to competitiveness concerns. 
  **  Effective carbon rates, including carbon taxes, energy taxes and price of emission permits, but excluding emissions from the  

combustion of biomass in the emissions base.
  *** Provided that targets are not met. 

Upstream Midstream Downstream

→   Access to sufficient,  
affordable clean energy 

→   Access to key infrastructure  
(e. g. hydrogen, clean power & CCS) 

→   Planning, financing and  
regulation of energy networks,  
esp. to support industrial clusters  

→   Investment risk mitigation  
for unproven technologies

→   Recovery of higher operating cost  
of ultra-low carbon technologies.

→   Protection from carbon leakage  
under higher carbon  
& production costs

→   Funding costs of decarbonisation  
internalised in final product prices

→   Standards and demand for  
climate- neutral basic materials 

→   Stronger incentives to increase  
the quantity and quality of recycling 

→   Incentives for material CO2-efficiency  
in final product design, manufacturing  
& construction 
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the production of competitive clean hydrogen. This is a 
payment that would be given to producers to close the 
price gap between clean hydrogen and existing hydrogen 
that is already produced in Steam Methane Reformers 
today. “H-CfDs” might be appropriate for supporting 
early-stage investments in greening the existing produc-
tion of hydrogen and thus for specific industrial processes 
that already use hydrogen, where it is only a matter of 
switching from “grey” to “green” energy sources.

The second type of instrument is to provide down-
stream industrial users of hydrogen with a more 
comprehensive carbon contract-for-difference.  
This could either be used to cover the cost of switch-
ing from grey to green hydrogen (e.g. for existing 
hydrogen use in ammonia and fertiliser production) 
or to support the transformation of industrial  
technologies and processes, generating a previously 
non-existent demand for clean hydrogen.

To meet these needs, we identified the following policy 
priorities for EU and member-state policymakers:

Policy need 1. Economic support instruments to 
create a business case for investments in clean 
hydrogen production infrastructure:

If a decarbonised industrial energy infrastructure is  
to be built, it needs a business case to exist. For clean 
hydrogen production and transport, policymakers 
must create demand for a product that is currently 
more expensive than existing alternatives. Three main 
types of instruments can incentivise investments in 
the production and transport of clean hydrogen.

The first is to provide a feed-in premium, or what we 
might call a “hydrogen contract-for-difference,” to support 

Agora Energiewende, 2020
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of hydrogen blending would make it difficult to 
compete with foreign competitors that do not use 
renewable hydrogen.

A possible difficulty posed by quota systems – one 
experienced by renewable energy support schemes 
(IEA, 2011) – is that the price of quotas tends to 
fluctuate based on supply and demand, which 
themselves depend on other government policy 
interventions. On the plus side, quota systems avoid 
the need for direct subsidisation, allowing the 
internalisation of innovation costs in broader market 
prices for transport fuels.  

A number of actions at the EU level can help member 
states implement one or more of the above three 
instruments both effectively and sustainably:

 → The EU Environmental and Energy Aid Guidelines 
for State Aid, to be revised in 2021, must unambig-
uously open the door to the three options, including 
H-CfDs, CCfDs for industrial users of clean hydro-
gen and quotas for clean hydrogen- 
based fuel blending.

 → Reform of the Renewable Energy Directive, and 
supporting regulations, to clarify the conditions 
under which member states can support invest-
ments and scaling up of clean and decarbonised 
hydrogen (more on this below, Cf. point 2).   

 → Development of European Projects of Common 
Interest, integrating hydrogen development and the 
transformation of industrial processes in the steel 
and chemicals sectors, as a model for future 
projects.

Besides direct support mechanisms, a broader set of 
conditions must be in place to enable hydrogen in the 
energy system and direct electrification in the 
industrial sector. For example, national governments 
may also need to review power market design,  
hydrogen gas infrastructure regulations and taxation 
policies that facilitate the effective introduction of 
direct and indirect electrification in the industrial 
sector. 

For example, steel producers require major invest-
ments to move from conventional blast fur-
nace-based processes (which use coking coal) to  
DRI/EAF-based steel production processes (which 
use hydrogen). Similar examples also exist for 
breakthrough technologies in the chemicals sector 
(e.g. low-carbon ammonia or H2-based methanol- 
to-olefins routes). These downstream users will face 
higher investment and operating costs when switch-
ing to hydrogen in new production processes.  
They will require support to cover the incremental 
cost of these new investments and operating costs. 
Simply providing clean hydrogen at the price of “grey” 
hydrogen will not be enough to justify the economics 
of these new low-carbon operations. Hence, a carbon 
contract for difference, offered at the level of the 
industrial hydrogen user, is a more appropriate 
instrument in these cases. 

A key factor for introducing clean hydrogen to the 
industrial sector is to account for investment needs  
in both upstream hydrogen production and in 
downstream hydrogen offtake. This is especially 
necessary for steel or chemicals manufacturing and 
other industries that must invest in new industrial 
processes while upstream hydrogen production is 
being developed. These investors need to see  
hydrogen infrastructure investments moving ahead 
with high certainty to be able to move ahead with 
their own site transformations. Similarly, upstream 
infrastructure providers will also need to see firm 
commitments and policy instruments such as CCfDs 
being created to be able to invest in upstream infra-
structure with confidence. Close coordination of 
policy support relating to both the supply infrastruc-
ture and downstream investment decisions to create 
demand  will be essential for the design of effective 
support instruments.

The third and final option is to set clean hydrogen 
quotas on sellers of maritime and aviation fuels. Here 
the private sector absorbs the cost of blending a share 
of renewable fuels in the end product. This option is 
not appropriate for industry because the higher cost 
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 → rules ensuring that clean hydrogen is allocated first 
to the most appropriate ”no-regret” options, 
beginning with steel and chemicals;

 → rules governing the safety of hydrogen deployment 
and the technical requirements of transport 
pipelines.      

Policy need 3. Planning and financing  
of decarbonised energy infrastructure,  
especially for industrial clusters 

Presently, responsibility for the planning and funding 
of public utility electricity and public gas infrastruc-
ture falls to the National Energy and Climate Plan 
(NECP) under the EU’s Energy Union Governance 
Regulation, where it is then delegated to entities at the 
national level. Introducing hydrogen, carbon capture 
and storage and clean power infrastructure for the 
decarbonisation of industry requires revisions to 
existing national governance systems. At a minimum, 
future versions of National Energy and Climate Plans 
should include planning and reporting on the financ-
ing of strategic industrial infrastructure – which  
the existing NECP template does not explicitly cover.

Much of the infrastructure planning and development 
will need to begin by focusing on the micro-scale,  

Policy need 2. A robust sustainability framework  
for clean hydrogen production and use  

To develop clean hydrogen that does not contribute to 
increasing emissions along the industrial value chain 
(scope 3 emissions4), the EU will also need a robust 
sustainability framework. This could be made part  
of a revised Renewable Energy Directive and related 
regulations on the definition of renewable hydrogen. 
A robust sustainability framework for clean hydrogen 
would need to set rules determining when hydrogen 
production is classifiable as “clean” and eligible for 
state aid. These include:

 → rules governing guarantees of origin  
for clean hydrogen;

 → rules governing the “additionality” of  
renewable or decarbonised energy for clean 
hydrogen production;5

4 That is to say, emissions that result from producing 
hydrogen with non-zero carbon electricity.

5 “Additionality” means that the renewable hydrogen is 
sourced from additional renewable energy production  
in the EU instead of from existing or new renewable 
power resources dedicated to decarbonising power for 
other end usages.

Agora Energiewende, 2020
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policies such as the Trans-European Networks for 
Energy regulation (“TEN-E”) and the Projects of 
Common Interest framework. The need for a decar-
bonised industrial energy infrastructure must be 
reflected in national and regional planning processes.

3.2 Midstream policies
The preceding sections identified three key require-
ments for the midstream part of the value chain:

 → Investment risk mitigation  
for unproven technologies

 → Recovery of the higher operating costs  
for ultra-low carbon technologies

 → Protection from carbon leakage  
under higher carbon & production costs

i.e. at the industrial clusters in each member state and 
on solutions for decarbonising them. Ideally, member 
states should develop decarbonisation strategies for 
industrial clusters in accordance with existing 
regulations. Such strategies should be summarised in 
future NECP revisions and serve as a reference point 
for other planning and EU financing instruments 
such as NECPs, Regional Just Transition Plans, 
Projects of Common Interest approvals, state aid 
approval requests, etc.

Cross-border infrastructure will also become 
increasingly relevant to the decarbonisation of 
industrial sites and clusters across Europe. Decar-
bonised industrial energy and the CO2-storage and 
transport infrastructure are critical for European 

Agora Energiewende, 2020

Note: Under the current EU ETS anti leakage system, the EU’s energy intensive industries with high trade exposure receive free EUA allocations to 
maintain the production cost at the level of international competitors with equally GHG intensive processes. This cost thus also represents the reference 
for the calculation of carbon specific cost di�erentials of key low-carbon technologies. This incremental cost can be covered with a combination of free 
allocations also for key low-carbon technologies and the payment of the CCfD. In case the system evolves towards a Carbon Border Adjustment without 
free allocations to energy intensive and trade exposed industries, the cost for producing or importing products produced from GHG intensive technologies 
would increase and the payment of the CCfD, without free allocations to key low-carbon technologies, will be su�cient to cover the cost gap. This 
illustrates, that a CCfD is compatible with a future border adjustment and increasing carbon prices but allows to mobilize urgent investments now.
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(no free allocation)
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In sum, CCfDs help cover the operational cost gap 
between conventional and climate-neutral or 
ultra-low carbon technologies. But they also help 
stabilise revenue streams by eliminating the CO2 
price risk for project investors. In this way, they help 
significantly improve the economic viability and 
bankability of projects.

Given their urgency, CCfDs for industry would 
initially need to be awarded at the member-state 
level. They would nevertheless require a strong 
European enabling policy framework. EU-level  
CCfDs should be developed as soon as possible to 
ensure that Europe does not experience a two-speed 
rollout at the member-state level.

An EU-level mechanism would bring other advan-
tages as well: diversification of geographical and 
technological deployment, increased competition 
between technologies at auctions, solidarity with 
member states unable to pay for domestic CCfDs in the 
short term and facilitating the planning of  
pan-European infrastructure for industrial clean 
energy and CO2 storage (avoiding a two-speed Europe).

Specifically, the EU should put in place the following 
elements:

 → Open the door to national CCfDs under revised 
Environmental and Energy State Aid Guidelines. 
The conditions under which member states could 
develop a policy with likely approval must be clear.  

 → Develop guidance for minimum CO2 performance 
benchmarks and relevant sustainability criteria to 
ensure that CCfDs are allocated only to projects that 
are genuinely compatible with the goal of cli-
mate-neutrality by 2050.

 → Introduce guidance and possible technical support 
on how to ensure that project costs are evaluated 
correctly, do not lead to overpayment and do not 
minimise the risks of internal market distortions.

 → Reform EU ETS provisions on free allocation and 
benchmarks in order to simplify CCfD implemen-

We identified the following EU-level policy priorities 
for meeting these requirements.

Policy need 4. An EU policy framework for  
carbon contracts-for-difference to cover  
the higher operating costs of key technologies

Carbon contracts-for-difference (CCfD)  
would be awarded only to projects implementing 
technologies deemed compatible with achieving 
economy-wide climate neutrality by 2050. In 
effect, they are a guarantee that the EU or the host 
member state will cover the difference between  
the actual EU ETS carbon price and the carbon 
price required for the project to be profitable. 

Figure D.7 illustrates how a CCfD works using 
either free allocation or border carbon adjustments 
as the main anti-leakage measure.6

Payments to the projects would be calculated based 
on the difference between the EU-ETS carbon price 
and a pre-agreed “strike price,” the breakeven 
carbon price necessary to make the low-carbon 
technology project commercially viable in relation 
to a given conventional technology. At the end of 
each year, the project owner reports the annual 
production level. 

If the carbon price average was below the strike price, 
the project receives the difference multiplied by a)  
the production cost using the low-carbon technology 
multiplied by b) the abated emissions from the new 
technology (relative to a conventional benchmark). 
Conversely, if the carbon price is above the strike 
price, then the project owner pays back a share of the 
“excess” income.

6  Technically, a third scenario is also possible: the national 
government could sell previously allocated allowances to 
the project and pay the full cost difference of the decar-
bonised technology. This scenario occurs when key-low 
carbon technologies do not receive free allocations. 
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Box 1: CCfDs would be affordable for member states

In view of the budget constraints due to the COVID-19 crisis, some national governments may be concerned 
about the costs of carbon contracts-for-difference. In reality, however, such fears are mostly unfounded.

Initial estimates for the cement and steel sector are shown in Figure D.8 below. The data explore two 
pathways for decarbonising steel and one for decarbonising cement.  For steel, option one describes a first 
step towards climate-neutral production. It begins by investing in natural gas-based DRI technology, which 
will reduce emissions by ~66%. (Over time, clean hydrogen will replace natural gas.) The second option 
consists of immediately introducing much higher levels of clean hydrogen for DRI, which will reduce 
emissions by 89% relative to conventional blast furnaces. For cement, the option is based on an oxyfuel 
process with CCS at 90% capture rates.

Figure D.8 presents the mid-range cost estimates up through 2030, with an assumed CO2 price of 45€/tCO2 
and an average wholesale power price of 60 to 70€/MWh. Actual site costs could differ depending on local 
conditions

Agora Energiewende, 2020

Note: Actual technology breakeven costs may di�er from these estimates, depending on site-specific characteristics. The required CCfD strike 
price and thus per unit cost can be lowered if combined with other support/funding. Costs depend critically on ETS CO₂ price, H₂, and power 
price assumptions, and size of national market. Exact emissions reductions per technology can vary depending on site specifics.
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tation by member states and eliminate disincen-
tives.

 → Identify new funding sources – either from ETS 
auctioning revenues and/or from a climate sur-
charge on basic materials – to fund large-scale 
European CCfD projects.

Policy need 5. Financial de-risking instruments  
for capital expenditure in first-of-a-kind,  
large-scale investments

While CCfDs are an effective instrument for covering 
the operating cost gap between key low-carbon and 
conventional industrial technologies, they do not 
necessarily address the “capex risk” from the large-
scale deployment of new unproven technologies.  
For this, CCfDs may need to be supplemented by 
capital de-risking tools. These instruments can take 
different forms. However, some powerful tools 
already exist at the EU level. One such tool is the  

EU ETS Innovation Fund, which provides up to 60%  
of the additional costs of large-scale demonstrators 
for innovative low-carbon projects in any sector.7 
Another useful tool is InvestEU, which provides loan 
guarantees that help reduce the risk of investment  
in innovation and in “strategic” projects in Europe.

But though both of these tools are already in place, 
they also are relatively small and are spread thinly 
across many sectors and priorities. For example,  
the EU ETS Innovation Fund is expected to offer 
€8-11 billion over the ten-year period to 2030 
(roughly 1 billion per year) over all sectors of  
the energy system.8   InvestEU can be leveraged  
since it provides loan guarantees rather than grants. 
However, its size was reduced dramatically during 

7 See https://ec.europa.eu/clima/policies/innovation-fund_en

8 See https://ec.europa.eu/clima/policies/innovation-fund_en

The projected annual payments to cover the incremental costs of CCfDs suggest that the costs are fairly moderate 
for individual member states. For example, a large member state, representing, say, 20% of the total EU market  
for primary crude steel and Portland cement, and looking to convert 50% of its national production capacity  
to climate neutrality-compatible processes, would need to calculate between 170 million to 1.32 billion €/yr  
for primary steel (depending on the share of gas vs. hydrogen in DRI production) and roughly 500 million €/yr  
for cement (to shift production to oxyfuel and CCS technologies). These amounts would be sufficient to cover  
the clean-energy modernisation needs during the next 10 years for the steel and cement sectors in Europe.  

The above example was for a larger member state, but most EU member states do not produce more  
than 5% of the total EU supply of either cement or primary steel. In principle, therefore, these member states 
could convert their steel and cement sites to clean energy for less than 50% of the estimated cost.

Other factors can also affect costs. In practice, CCfDs are not likely to be the only support instrument, and 
infrastructure costs may be partially paid by other instruments. For example, the EU ETS Innovation Fund 
or national innovation funding tools would likely contribute to the capital cost of some projects, thus 
reducing the need for CCfDs to cover 100% of additional costs. In such circumstances, the above cost 
estimates would be on the high side. At the same time, costs would be higher if support is given to other 
sectors, such as certain basic chemicals or non-ferrous metals. Changes to assumptions regarding ETS or 
power prices could also increase or decrease the results, direction depending.
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the recent EU Re covery and Budget negotiations.9  
Other initiatives, such as the proposed liquidation  
of the EU Coal and Steel Fund, make up only a small 
slice of the total pie.

To boost these instruments, the EU must devise 
additional funding mechanisms. An EU-wide climate 
surcharge on products with large amounts of basic 
materials sold in the EU market is one solution. An 
additional source of funding could be new revenues 
from ETS auctions. These could stem from expanding 
the ETS to additional sectors beyond maritime and 
aviation fuels. They might also come from the 
elimination of free allocations for certain sectors 
(such as those moving to border carbon adjustments).

Policy need 6. Set standards for climate-neutrality 
compatible production of basic materials 

While carbon contracts-for-difference and financial 
de-risking mechanisms to support innovation will be 
essential for financing breakthrough technology 
projects, the EU also needs to send a clear signal 
dissuading new investments in industrial plants and 
technologies that are incompatible with achieving 
climate neutrality by 2050. Otherwise, EU companies 
may invest in half measures that reduce emissions in 
the short run but lock in technologies that cannot 
deliver economy-wide neutrality by mid-century.

The best way to tackle this problem is via setting 
standards for basic materials that are compatible with 
climate neutrality. Such standards are necessary for 
several reasons, including:

 → clarifying the project eligibility criteria  
for CCfDs (see above)

9 See https://ec.europa.eu/commission/priorities/ 
jobs-growth-and-investment/investment- 
plan-europe-juncker-plan/whats-next-investeu- 
programme-2021-2027_en

 → facilitating the creation of lead markets  
for climate neutral materials

 → facilitating green public procurement  
of climate neutral basic materials

 → providing a clear signal about the direction  
of future EU policy requirements to avoid lock-in 
of “half way solutions” that are not compatible  
with climate neutral industry in 2050.  

Once standards are set, the EU could determine CO2 
performance requirements for major reinvestments 
and for license extensions of existing plants after a 
given date, say, 2030. Revisions to the EU’s Industrial 
Emissions Directive could make the best available 
reference technologies post-2030 consistent with 
climate neutrality criteria.

Since IED regulations can take several years  before 
coming into effect followed by a  long, sometimes, 
4-year phase-in period, new standards should seek 
to set climate neutrality requirements for all major 
new investments or license extensions after 2030. 
Doing so would send a very clear signal to industries, 
encouraging them to prioritize their decarbonisation 
strategies and steer a course towards climate  
neutrality during the coming investment cycle. 

Policy need 7. A robust package of anti-carbon 
leakage policies, enabling long-term alternatives to 
free allocation and state aid

Under existing policies, the EU ETS Directive pro-
vides two main measures for tackling the risk of 
“carbon leakage,” i.e. when production, jobs and 
emissions move to countries with lower carbon 
prices. The first is the free allocation of emissions 
allowances to sectors at risk of carbon leakage, which 
include energy-intensive industries.10 The second is 

10 See European Commission (2018):  
Directive 2003/87/EC of the European Parliament  
and of the Council of 13 October 2003  
(consolidated text, incorporating revisions).
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the possibility of state aid payments to compensate 
for higher electricity prices. But with higher carbon 
prices and declining free allowances likely in the 
future, these solutions will need to be revised and 
then eventually phased out in favour of alternatives. 
(See Box 2.) When it comes to maintaining a uniform 
carbon price along the value chain, phasing out free 
allocation and state aid will unlock additional down-
stream incentives for abatement. The phase-out  
can also help remove distortions created by certain 
regulations (such as the disincentive to substitute 
clinker for cement). 11

11 If free allocation is to be continued, then efforts may be 
needed in some sectors to revise existing benchmarks 
and prevent distortions. For example, in the case of 
cement, the existing practice of providing free allocation 
for clinker production (rather than cement) could have 
a distortionary effect. This is because is it fairly easy to 
substitute clinker with other materials, such as calcined 
clays, etc. Under high carbon prices, free allocation based 
on clinker production would provide companies with  
an incentive not to adopt this option. Subsuming cement 
under a border carbon adjustment or a product carbon 
requirement and phasing out free allocation would avoid 
the problem.

In the medium term, therefore, the EU will need to 
replace its current carbon leakage instruments with 
more sustainable and more effective alternatives. In 
the absence of a G20 agreement on a global carbon 
price, two basic options exist: border carbon adjust-
ments, which equalize carbon prices at the border,  
or carbon product requirements on all goods 
(imported or domestic) sold in EU. Unless a global 
carbon price agreement is reached, the EU will  
have to choose one of the two (or perhaps some 
combination thereof).

The exact speed with which the EU would need  
to move to these long-term alternatives will depend 
on how quickly free allocation and state aid cash 
payments become unsustainable in the EU ETS.  
This, in turn, depends on whether the EU decides  
to enlarge the ETS. As explained in Box 2 below,  
the point of unsustainability could be reached at  
any time between the mid-2030s and 2042.  

In the short run, however, both border carbon adjust-
ments and carbon product requirement present 
significant challenges. Carbon product requirements 
will not be able to be introduced immediately. Such 
policies are generally appropriate only once certain 

Agora Energiewende, 2019

State aid for indirect CO₂ costs 
@ 100% of benchmark 

AND

WITH

OR

Transitional
measures

Two main 
long-term 
alternatives

2020 2025 2030 2035

Sp
ec

tr
um

 o
f 

se
ct

or
s 

/ 
si

te
s

2040

Carbon Border Adjustments

Green material 
product requirement

Support to transition to key 
low-carbon technologies (CCfDs)
 

Output-based 
free allocation for direct emissions

Short, medium and long-term policy tools for carbon leakage protection Figure D.9

398  



STUDY | Breakthrough Strategies for Climate-Neutral Industry in Europe | PART D 

149

technologies become well-established. Likewise, border 
carbon adjustments require significant new adminis-
trative enforcement development and face political 
hurdles at the domestic and international level. 

A likely scenario is that border carbon adjustments in 
the near term will be impossible for all but a small 
handful of sectors and, even then, will require a 
cautious and gradual introduction. Instead, a transi-
tional arrangement will be needed that relies on existing 
state aid and free allocation systems that incorporate 
longer-term solutions like border carbon adjustments 
or carbon product requirements. Figure D.9 summa-
rises the broader anti-leakage policy package needed 
in the short, medium and longer term.

In the short-term, the following specific reforms  
will be needed:  

 → Free allocation must be continued at the  
full technology benchmark for sectors not subject  
to a border carbon adjustment, but adjusted 
ex-post based on true output (“output-based 
allocation”). Currently, free allocation is determined 
ex-ante based on past output.

 → Reforms to state aid guidelines are needed  
that limit support to electricity-intense sectors. 
Maximum aid levels should be linked explicitly to 
the carbon price and allowed to rise to 100% of the 
full technology benchmark for prices above 30€/tCO2.

 → Border carbon adjustments and carbon product 
requirements must be gradually implemented for 
the relevant candidate sectors. This requires 
monitoring and reporting infrastructures, mecha-
nisms to account for foreign carbon policies, 
mechanisms to provide export rebates, diplomatic 
efforts to reduce opposition and retaliation, etc.

Depending on the specific policy package design 
proposal, the EU may need to undertake additional 
reforms. These include:

 → reforms to eliminate the need for a cross-sectoral 
correction factor (depending on whether the EU 
expands the ETS);

 → changes to certain product benchmarks to avoid 
disincentives for clinker substitution (if free 
allocation is continued in the cement sector); and

 → rule changes that allow member states to provide 
cash payments instead of free allocation to sites 
receiving CCfDs without losing their allocated ETS 
allowances (provided that free allocation continues 
in sectors subject to CCfDs).12

12 In a free allocation system, the question is whether a free 
allocation should continue for ultra-low carbon sites 
receiving CCfDs, or whether a cash payment would be 
simpler, allowing allocations to be sold to raise the neces-
sary revenues for the member state or the EU fund.
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Box 2. The limits of the existing anti-carbon leakage system  
 
Under current ETS anti-leakage rules, free allocation is provided based on past activity levels multiplied  
by CO2 performance benchmarks based on the average of the best 10% of installations producing a given 
product in the EU. But the free allocations can be revised downwards if the total level of free allocation 
exceeds 46% of the total EU ETS allocation (including both free and auctioned allowances), whereupon  
a “cross-sectoral correction factor” (CSCF) kicks in. Furthermore, electricity-intensive sectors, such as 
producers of non-ferrous metals, are eligible to receive cash compensation for up to 75% of additional 
electricity costs arising from the ETS.13    

While the system has avoided leakage fairly well so far, more ambitious climate policies would sharply 
decrease the total number of ETS allowances over the next 10 years. Consequently, even if the CSCF were 
reformed to allow for a share of free allocation higher than ~46% of the cap, the share of free allocation 
would still grow very quickly – potentially consuming up to 75% of the total number of allowances by 2030 
and 100% by 2037. This indicates that free allocation is not a sustainable solution to carbon leakage in the  

13 See European Commission (2012): Guidelines on certain state aid measures in the context of the greenhouse gas  
emission allowance trading scheme post 2012. Adopted on 22.05.2012. Official Journal C154, 05.06.2012, p. 4

Agora Energiewende, 2021. Own estimates based on data from EEA, 2021 and European Commission, 2020b.
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medium term.14 Even in the short term, strong growth in the free allocation share would tend to put  
pressure on the residual auctioning share of allowances, which currently supports several dedicated funds 
and provisions in the broader EU ETS policy framework.

Another option would be to include in the EU ETS fossil use sales for the transport and buildings sectors. 
This would increase the total allowances available each year (Figure D.11). If the EU significantly enlarges the 
ETS, the existing free allocation mechanism could be retained for much longer than possible in the current 
system. Nevertheless, the EU would still need to transition to an alternative system at some point down the 
line.

Another problem with the existing EU ETS anti-leakage system is that free allocation is given prior to firms’ 
production decisions and unless production varies very significantly (more than +15% or –15%) from past 
activity levels, there is no ex-post adjustment to align free allocation to actual production levels at the end of 
the year. Under very high carbon prices, this could create an incentive for a certain percentage of installations 

14 This is true even if energy-intensive sectors reduce their emissions to zero, since the producers would still need to be 
protected from the additional cost of climate-neutral products relative to conventional ones. Under a free allocation sys-
tem, low-carbon technologies would probably require free allocations at the full conventional benchmark, although cash 
payments might also be an alternative. In the absence of a dedicated funding source, however, this too would likely be an 
unsustainable solution in the long term. 

Agora Energiewende, 2021. Own estimates based on data from EEA, 2021 and European Commission, 2020b.

A
llo

w
an

ce
s 

[M
tC

O
₂]

500

0

1,000

1,500

2,000

2,500

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

Est. free allocation requirement for industry Max free allocation allowed under CSCF – enlarged ETS

ETS cap for stationary installations (existing scope) Poss. cap for road transport

Poss. cap for buildings, services and agricultural energy use Poss. cap for domestic navigation & aviation

Free allocation and the EU ETS emissions cap assuming ETS extension to buildings and transport Figure D.11

401  



Agora Energiewende | Breakthrough Strategies for Climate-Neutral Industry in Europe

152

Policy need 8. A climate surcharge  
on material-intensive final products

If scaled at the EU level, CCfDs and related policies 
will probably require a new dedicated funding source. 
In general, it is desirable that any new funding source 
is ultimately paid for by the final consumer of the 
products, so that the sector would be “self-funding.” 
The ideal solution would therefore be a climate 
surcharge to be placed on final products that have 
very high levels of energy-intensive basic materials 
such as steel, cement or basic chemicals.

The list of such products could be long or short 
depending on how broad or narrow policymakers 
wish to make the tax base. But even a narrow tax base 
for a limited number of products such as new build-
ings, new motor vehicles and plastic packaging items 
would be able to both cover a large share of the 
consumption of steel, cement and plastic chemicals. 
For such products, the contribution rates would be 
very low, typically in the order of less than 1% of the 
final product cost,15 thus reducing any risk of under-
mining market demand. Carbon leakage would not be 
possible either, since all products sold in the internal 
market, including imports, would be subject to  
the charge, while exports could be exempted  
(See Figure D.12).

15 These are based on our own estimates.

3.3 Downstream policies
The preceding sections identified four key  
requirements for the downstream segment of the 
value chain:

 → funding costs of decarbonisation  
internalised in final product prices

 → standards and demand for  
climate-neutral basic material

 → stronger incentives to increase  
the quantity and quality of recycling

 → incentives for increased material  
CO2-efficiency in final product design,  
manufacturing and construction

We identified the following policy priorities at  
the EU level to meet these requirements.

1314

to reduce their production by a given percentage, import a share of the production no longer produced in 
Europe, and sell the surplus allocations on the market. This phenomenon is known as “operational carbon 
leakage.” Incentives for operational leakage can be eliminated by introducing ex-post adjustments to the level 
of free allocation given each year based on the actual production from the preceding year (more on this below).

A third problem with the existing carbon leakage system is that, under current state aid guidelines, which 
expire in 2020, a maximum of 75% of indirect ETS costs can be offered to compensate electricity-intensive 
sectors. At future carbon prices of 45-60€/tCO2, the absence of 100% compensation can have a major 
impact on the competitiveness of electricity-intensive products because they compete in international 
commodity markets with strong competition from non-EU countries. For example, in 2018, the EU 
imported basic unwrought and semi-finished aluminium products equivalent to 42% of total EU aluminium 
production for that year (Eurostat, n.d.).
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recycled scrap available 10, 20 or even 50 years  
from now, the issue is urgent.

We have identified three ways to incentivise the 
improvement of material quality:

 → The EU could reform recycling legislation  
for basic materials to include stronger incentives 
for material quality conservation. This could be 
done via reforms to sectoral legislation under the 
EU Waste Framework, such as the End-of-Life 
Vehicles Directive, the Waste Framework Directive 
and the Construction and Demolition Waste policy 
framework. Reforms could take different shapes, 
but options should include minimum recycled 
content requirements, additional material quality 
separation, collection and tracing requirements and 
incentives for Extended Producer Responsibility 
schemes to set quality goals alongside quantity 
objectives.

Climate surcharges could be levied at the  
national or the European level. Indeed, the EU has 
already proposed a plastics tax to pay for part of the 
European recovery fund post-Covid19 – “Next 
Generation EU”. The EU could expand this approach to 
a broader set of products containing large shares of 
carbon-intensive basic materials.

Policy need 9. Requirements to improve recycled 
basic material quality and material efficiency in 
manufacturing

One of the biggest barriers to boosting the  
circular economy for basic materials such as steel, 
non-ferrous metals and plastics is the degraded 
quality of secondary scrap and plastic. This limits  
the share of recycled materials that can be used to 
substitute new virgin materials. Since the products 
that are manufactured or built today will be the 

Agora Energiewende, 2020, adapted from illustration of Energy Transition Commission, 2018 
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in” of half-way solutions to climate neturality, the 
relevant label should only indicate “climate- 
neutrality compatibility”. This solution would thus 
be more akin to the current EU’s “Eco-labelling” 
system, rather than its “Energy labelling”. The 
resulting standards could potentially be used  
in a variety of legislative instruments, such as the 
environmental standards set under the  Construc-
tion Product Regulation, Green Public Procurement 
Directive or the Industrial Emissions Directive. 

 → Design requirements for final products containing 
large amounts of basic materials. To create a more 
complete set of incentives, the EU should set 
minimum requirements for embedded CO2 in final 
products, beginning with buildings and vehicles. 
One of the strengths of embedded carbon require-
ments is that they address material intensity, 
choice of materials, choice of recycled vs. primary 
materials, etc. They can also help tackle important 
sources of waste due to overestimation of materials 
needs in construction and inefficient manufactur-
ing processes. These regulations could follow the 
example of leading member states such as France, 
Sweden, Finland, and Denmark and require that 
member states adopt policies that require all new 
buildings to have embedded carbon below a given 
tCO2/m2 threshold (adjusted for certain features of 
the building), with tightening standards over time. 
Indeed, the EU has begun trialling its own evalua-
tion system for measuring building LCA emissions, 
known as LEVEL(s). This could be used a a technical 
basis for further requirements on member states to 
adopt mandatory requirements on new construc-
tion across the EU. 

The change could be adopted via amendments to the 
Construction Products Regulation16 and the creation 
of a new product regulation for construction products.

16 See https://ec.europa.eu/growth/industry/sustainability/
ecodesign_en

 → The EU could ban or otherwise disincentivise 
products with low recyclability or poor material 
efficiency performance – akin to existing practices 
for energy using products. This could include,  
for instance, incentives to reduce the number of 
polymers that plastic products contain,  
ensuring that products such as vehicles, machines 
or buildings are designed with longevity and ease  
of disassembly in mind, banning or disincentivis-
ing (via labelling) material-intensive construction  
and design.

 → The EU could revise construction and vehicle waste 
legislation to adopt minimum requirements for 
end-of-life de-construction, sorting and tracing. 
This should include, as a minimum, tighter limits 
and regulations on the demolition of and sorting of 
waste from buildings and construction and tighter 
limits and regulations on the shredding of vehicles.    

Policy need 10. “Climate neutrality-compatible” 
product labelling and eco-design requirements for 
embedded carbon

Assuming that carbon contracts for difference and 
climate-neutral compatibility requirements for the 
production of intermediate materials after 2030 are 
in place to drive investment upstream, there are two 
ways that the EU can support the creation of lead 
markets and demand for low-carbon basic materials:

 → Low-CO2 product labelling for basic materials. 
Common EU-wide labelling can help foster pur-
chaser confidence in the environmental integrity 
and climate-neutrality compatibility of basic 
materials. The label can be used as a reference point 
for leading private-sector purchasers who wish to 
advertise their green credentials. Since production 
technologies for intermediate basic materials are 
updated only every 20-30 years, these labels 
should not use the A-F rating, like the one used by 
the EU’s Energy products under Energy labelling. 
Rather, because non-marginal change is required, 
and the EU must be careful not to incentivise “lock 
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Box 3.  Examples of eco-design requirements for lifecycle carbon assessment 
(LCA) limits and new construction labels 

Although many private and local government LCA initiatives exist (Bionova, 2018), national  
LCA labelling and eco-design policies have recently begun to emerge at the EU member-state level  
(Zero Waste Scotland, 2019). 

For example, France’s “E+C- labelling” scheme is a state-backed system that reports the full  
LCA emissions (and energy performance) of new buildings. Under the label, new buildings must report  
a) total energy consumption, and b) total lifecycle CO2 emissions, including energy use and embedded 
emissions in construction materials.17 Based on this label, from 2021, a reform of the existing thermal 
energy regulation on buildings18 will impose maximum binding limits on each of the above measurements. 
The limits for embedded CO2 emissions are expressed in kgCO2/m2, with an assumed 50-year building 
lifetime. Certain adjustments then factor in other relevant criteria (e.g. climatic zone, parking spaces, etc). 
While the limits are not extremely strict at the moment, the regulation defines limits below the  
minimum for buildings to receive a higher performance label. This is done to create a reference point  
for more ambitious clients and construction companies. It is expected that the binding limits will  
progressively be tightened over time.

In 2018, Sweden’s National Board of Housing, Building and Planning (Boverket) introduced a new  
regulation for climate declarations of buildings, effective from 2022. It will include mandatory reporting 
requirements for most buildings and binding limits for climate impacts expressed in kgCO2 e/m2 BTA19  
(Boverket, 2020). Since 2015, Denmark has been offering a freely available lifecycle assessment tool for 
buildings. It will shortly be publishing a set of voluntary sustainability classes. These are intended to try  
out monitoring and evaluation tools before the introduction of mandatory requirements in the building 
regulations in 2023 (Zero Waste Scotland, 2020). Similarly, Finland launched a public consultation  
in 2018 on how to approach whole-life carbon footprinting. This will become mandatory for new buildings 
by 2025 (Zero Waste Scotland, 2020). 

Meanwhile the EU itself has been trialling, since 2018, the new LEVELS framework, which attempts  
to develop a harmonised European methodology for evaluating the sustainability performance of buildings 
across several indicators, including embedded CO2 emissions in materials. The EU could potentially  
build on this framework to introduce mandatory measures as has been done in the above-mentioned 
member states. 

17 See XPAIR (2020) and Batiment à Energie Positive & Reduction Carbone (RE2020), « Le label E+C- et la Réglementation 
Environnementale 2020 : Votre guide technique !, » https://blog.batimat.com/e-c-label/

18 See the Regulation on Thermal Energy use in Buildings (“Reglementation Thermique 2020”).

19  BTA refers to “bruttoarea,” which is broadly equivalent to “Gross Floor Area” (or GFA). 
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certify compliant methodologies and databases and 
require member states to implement these systems. 

4  Summarising the 11 proposals  
for a Clean Industry Package

The previous section has laid out a detailed list of 
specific proposals for policies that together could 
constitute something approximating a Clean Industry 
Package for Europe. They are not meant to be a 
shopping list but, rather, are an attempt to address 
specific conditions for putting Europe’s energy-in-
tensive industrial sector on a path to climate neutral-
ity by 2050. The policies are intended to be, and, in 
many cases, depend fundamentally on being, part of  
a package in order to have maximum effectiveness.

We have shown in several instances that policy 
effectiveness will depend on national-level and 
sub-national-level interventions. Helping member 
states to activate these levers of policy – facilitating  
a broad and inclusive “one-speed” transition across 
the EU27 – will require a combination of both “harder” 
legislative instruments together with other “softer” 
policies that enable, harmonize and provide technical 
and capacity-building support.  

What legal architecture should this combination  
of policies take? Should they be combined in, say,  
a “clean industry directive”?  A dedicated clean- 
industry directive is probably not required. With  
the exception of the introduction of border carbon 
adjustments and the new CCfD policy, most of the 
necessary policies could be introduced by reforming 
existing regulatory instruments. Yet a risk of this 
approach is that the overarching vision of a compre-
hensive and coherent package gets lost in the detail. 
To keep its eye on the big picture, the EU will need  
to consider the role of new governance tools for 
industrial decarbonisation, both as it prepares 
legislation and over the longer term.

Policy need 11. Green public procurement  
requirements for basic materials

EU public procurement legislation from 2014  
already permits 20 – but does not require – environ-
mental criteria to be used in public procurement for 
the domestic market. Following the distinctions  
made by Chiappinelli, Zipperer & DIW (2017), two 
basic approaches for the EU could potentially be 
envisaged and implemented via a reform of the Public 
Procurement Regulation:

 → The EU could set declining maximum  
CO2 limits on specific materials that are eligible  
for use in public projects. A similar approach has 
also been adopted by Buy Clean California21 in the 
United States, which forbids certain CO2-intensive 
materials in public projects when the scope 2 
emissions are above a given threshold. This 
approach has the effect of supporting the  
phase-out of CO2-inefficient products.

 → The EU could introduce mandatory life-cycle  
CO2 performance criteria in assessing projects, based 
on harmonised European methodology. Under the 
Most Economically Advantageous Tender system, 
environmental criteria can be explicitly monetised, 
with the better environmental performers receiving  
a reduced, “fictive” bid price. The Dutch Public 
Infrastruc ture Authority already uses a lifecycle 
assessment tool (“Dubocalc”) and a shadow price of 
50€/tCO2e to calculate fictive bids. The lifecycle 
assessment method is based on the Environmental 
Product Declaration Standards EN 15804 and  
EN 15978, with national adaptations (Zero Waste 
Scotland, 2020). To support this more generally across 
the EU for basic material products, the EU should 

20 See European Commission (2014): Directive 2014/24/EU 
on public procurement and repealing Directive 2004/18/
EC; Directive 2014/25/EU on procurement by entities 
operating in the water, energy, transport and postal ser-
vices sectors and repealing Directive 2004/17/EC.

21 See https://www.dgs.ca.gov/PD/Resources/Page-
Content/Procurement-Division-Resources-List-Folder/
Buy-Clean-California-Act 
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Figure D.13 summarises the eleven policy recom-
mendations and maps them onto existing EU-level 
legislative instruments. The figure shows that, save 
for CCfDs and eventual border carbon adjustment  
legislation, virtually all of the proposed instruments 
could be attained through reforms to existing  
legislative tools. 

Furthermore, virtually all of these legislative files 
have been proposed for revision under the Green Deal 
and the 2030 Climate Target Plan. This represents a 
golden opportunity to implement the proposed 
policies. At the same time, however, important 
elements that are not part of the legislative files on 
the table – notably an enabling framework for carbon 
contracts for difference and the development of 
robust standards for climate-neutral materials –  
must not be forgotten.

Agora Energiewende, 2020

Note: CDW stands for Construction and Demolition Waste

Energy Union Governance Framework

Clean Industry Package
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→ Renewable Energy Directive 
 Clean H₂ enabling framework
→ Hydrogen Sustainability Criteria Regulation (under REDII)
→ Energy Union Governance Regulation & TEN-E Regulation

→ Carbon Contracts for Di�erence (CCfD)
→ Capital de-risking instruments 

 for unproven technologies
→ Climate neutral production standards
→ Reformed anti-carbon leakage system

→ Climate surcharge on CO₂-intensive final products 
→ Requirements & labels for embedded CO₂ 
 in intermediate & final products
→ Recycling quality targets & end-of-life obligations
→ Public procurement requirements

→ New CCfD Enabling Policies (state aid; criteria; EU funding)
→ Innovation Fund Regulation (ETS Directive)
→ Industrial Emissions Directive & Eco-labelling
→ EU ETS Directive; State Aid Guidelines (2021); 
 new BCA framework

→ Climate surcharge on basic materials-intensive products
→ Energy Performance in Buildings Directive & Eco-design
→ Waste Framework Directive 
 (End of Life Vehicles regulation, CDW*)  
→ Public Procurement Directive

11 POLICY PROPOSALS RELEVANT LEGISLATIVE INSTRUMENTS  

Policies and legislative instruments to implement the Clean Industry Package Figure D.13
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Part E:  Key low-carbon technologies in the steel, 
chemical and cement sectors 

1 Introduction and methodology

This part of the study describes 13 key low- carbon 
technologies that can play a significant role in the 
production of low-carbon basic materials in the steel, 
chemical and cement sectors. These technologies 
stand to reduce GHG emissions and most of them are 
compatible with the creation of a climate-neutral 
industrial production. 

In addition to an introductory overview of each 
sector with information on current CO₂ emissions, 
production volumes, employment and reinvestment 
requirements, we provide 13 comprehensive fact 
sheets, one for each of the key low-carbon technolo-
gies. The fact sheets contain information on  current 
pilot and demonstration projects, CO₂  reduction 
potentials and abatement costs, earliest possible 
availability and cost estimates. 

The information is based on the studies and calcula-
tions that are documented in the publication Climate 
Neutral Industry: Detailed Presentation of the Key 
Technologies for the Steel, Chemicals and Cement 
Industries. This publication is a technical supplement 
that was initially developed for a decarbonisation  
study on German industry (see point 4 below) and is 
now used as a basis for the development of assump-
tions and projections that are representative of the 
European industry as a whole. 

The information in the fact sheets has been developed 
based on the following sources and strategies: 

1.  Scientific literature: The assumptions and ref-
erence data used for calculations and projections 
were generally based on scientific studies. Where 
applicable, the fact sheets relied on informa-

tion from papers in established academic jour-
nals such as Applied Energy and Energy Procedia. 
The fact sheets also refer to studies that use recent 
data, including Integrated Energy Transition (dena, 
2018), Industrial Transformation 2050 –  Pathways 
to Net-Zero Emissions from EU Heavy  Industry 
(Material Economics, 2019) and The Future of 
Hydrogen (IEA, 2019).

2.  Assumptions and results of internal calculations: 
For numerous key technologies, we carried out 
our own internal calculations of expected future 
 production and CO₂ abatement costs based on 
published scientific studies. Detailed information 
about our calculations and the underlying assump-
tions are contained in the aforementioned techni-
cal supplement. 

3.  Stakeholder review process: All technology fact 
sheets underwent a two-stage review process 
with stakeholders in the German industry. First we 
presented preliminary versions of the technology 
fact sheets at stakeholder workshops with par-
ticipants from businesses, industry associations, 
science and government. Based on the discussions 
and input, we revised the fact sheets and sent them 
to selected companies, associations and scientific 
institutions for further comments. We then took 
into consideration the comments and conducted an 
additional review of the literature before producing 
the final versions of the fact sheets.

4.  Adapting the technology fact sheets to the EU27: 
The technology fact sheets were initially devel-
oped and reviewed in cooperation with German 
stakeholders and published in the 2019 study 
 Climate-Neutral Industry: Key Technologies and 
Policy Options for Steel, Chemical and Cement. This 
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German-language study focused specifically on 
decarbonising industry in Germany. For the current 
study, we assessed the same key low-carbon tech-
nologies for the EU as a whole. To ensure the com-
patibility of the technology fact sheets with Euro-
pean reality, we performed some modifications: 

 → The CO₂ abatement potential and electricity 
requirements of key low-carbon technologies 
were scaled for a Europe-wide deployment. For 
the calculations, we relied on the 2017 production 
and emission levels from the steel, chemical, and 
cement sectors. 

 → Certain pilot and demonstration projects that were 
announced since the publication of the German 
study in 2019 were added to the technology fact 
sheets. We updated the earliest possible market 
readiness of certain technologies where appropriate. 

 → For consistency’s sake, we chose to not change the 
specific emission and cost figures for the reference 
technologies. This means that the maximum CO₂ 
reduction potential in the EU27 of each low-carbon 
technology was calculated according to the average 
specific emission levels of German plants. 

Data sources for individual elements of the 
 technology profiles:

 → Pilot and demonstration projects: 
Information on pilot and demonstration projects 
was obtained from operating companies and/or 
participating research institutions, as well as from 
appropriate websites and press releases. 

 → Maximum CO₂ reduction potentials: 
We estimated the theoretical maximum CO₂ reduc-
tion potentials of key low-carbon technologies 
for 2030 and 2050 by defining the rate at which 
low-carbon technologies can replace existing 
GHG-intensive production plants. The projections 
are based on an estimate of the earliest possible 
availability of the key low-carbon technologies 
(derived from the technology readiness level (TRL)), 
as well as the projected reinvestment requirements 

of existing installations. Because we estimated 
only the theoretical potential, we did not take 
into account possible economic or societal bar-
riers, such as the availability of infrastructure or 
the supply of sufficient quantities of electricity or 
hydrogen. More over, we did not consider compe-
tition between different low-carbon technologies, 
which would limit their individual contribution to 
GHG abatement.

 → CO₂ abatement costs: 
Data on CO₂ abatement costs are based on cal-
culations that compare the production costs of 
key low-carbon technologies with conventional 
GHG-intensive technologies and on findings from 
the technical literature. In view of the considerable 
uncertainties about future CO₂ abatement, we pro-
vided plausible cost ranges.

 → Earliest possible availability  
(technology readiness level, TRL): 
Assumptions about the earliest possible availability 
of individual technologies are based on the aca-
demic literature and on information from com-
panies and research institutions involved in pilot 
and demonstration projects. The current state of 
development of individual technologies is assessed 
by the internationally used TRL rating system. 
With this approach, technologies that are still in 
the research and laboratory stage are classified as 
TRL 1 to 3. Technologies that have entered the pilot 
phase receive the rating of TRL 4 or 5, while tech-
nologies that are in the demonstration phase are 
TRL 6 or 7. Technologies that are mostly mature are 
in the range of 8 to 9. However, the TRL alone does 
not say anything about commercial viability, i.e. 
the ability of a technology to compete with  
conventional technologies. 

The aim of the technology fact sheets is to assess and 
compare the complex physical and economic aspects 
of key low-carbon technologies and create a basis 
for discussions of their role and deployment. We are 
aware that the abbreviated presentation represents 
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a simplification, but we nevertheless hope that the 
synthetic compilation supports constructive dialogue. 
We would like to thank all the associations and com-
panies that took the time to review and improve these 
fact sheets. Any errors that still exist are solely those 
of the authors.

Notes on the fact sheets:

 → We had to settle on a selection of key low- carbon 
technologies to feature in the fact sheets. This 
selection is incomplete and omits potentially 
important future technologies for a climate-neu-
tral basic materials industry. For example, while 
we assess the electrolytic production of hydrogen, 
we do not present other (nearly) climate-neutral 
types of hydrogen production such as the use of 
CCS for steam reforming (blue hydrogen) or meth-
ane pyrolysis (turquoise hydrogen). We also omit 
various strategies to promote a circular economy 
(e.g., cement recycling), material substitution (e.g., 
the use of wood instead of cement and concrete 
in construction) or material efficiency. But we do 
consider these alternative strategies in Part B of the 
study.

 → The cost calculations or estimates in these fact 
sheets are geared towards private businesses. For 
example, we apply a discount rate of 8 per cent, 
which is typical for private investors, rather than 
the much lower social discount rate used in eco-
nomic analyses.

 → Cost calculations are based on electricity price 
assumptions of 60 to 70 euros per MWh for 
2030 and 50 to 60 euros per MWh for 2050.1 
More details on assumptions and calculations 
are  contained in the aforementioned technical 
 supplement.  

1 Electricity costs vary across EU member states. We assume that the 
companies in the basic materials industries will continue to benefit in 
the future from significant reductions in certain electricity price com-
ponents such as grid charges and levies for the financing of renewable 
energy plants. 

 → For both the reference technologies and the key 
low-carbon technologies, we considered only 
direct2 emissions generated during their opera-
tion. Unless otherwise noted, we did not take into 
account upstream emissions (which occur, for 
example, in the extraction of fossil fuels or in the 
construction of new production plants) and down-
stream emissions from the use and disposal of 
products. We chose this perspective because direct 
CO₂ emissions constitute the largest source of 
emissions and because of the uncertainties regard-
ing upstream and downstream emissions.

 → Estimates of future costs are based on 2020 prices.
 → For some key technologies, an integrated view is 
necessary. For example, assumptions about hydro-
gen production from renewables play a central role 
in calculating the production and CO₂ abatement 
costs of some of the technologies presented here. 
Likewise, the development of a closed carbon cycle 
economy in the chemical industry will require the 
combination of chemical recycling and electrified 
steam crackers. 

 → We invite all experts to provide us feedback 
regarding our assumptions and calculations so that 
we can further refine our evidence base for key 
low-carbon technologies.

2 Direct emissions do not include the emissions from electricity 
 production.
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2.1  Steel industry overview 

Steel is a material that is used in many  different 
industries. Much steel is used in infrastructure 
 (especially in the transport and construction  
sectors), where it remains for many years. 

Steel production can be divided into two categories: 
primary production, based on iron ore, and secondary 
production, based on scrap steel. Globally, the inte-
grated blast furnace is the most common process for 
reducing iron ore to hot metal, while the electric-arc 
furnace is the preferred process for melting and puri-
fying scrap steel. Both processes are used in Europe.

As referenced by official industry classification 
(NACE 24.1), the EU27 steel industry employed 
around 304,000 people in 2017 and directly produced 
an annual gross value added of 23.7 billion euros.1  

In 2017, steel production in the EU27 totalled 161 Mt.2 
Of this, 59 per cent was manufactured with inte-
grated blast furnaces (referred to as blast-furnace 
route below), whereas 41 per cent was produced in 
electric-arc furnaces (EAF). The energy demand 
of each process differs. EAF can only process steel 
that has already passed through the energy-inten-
sive reduction step from iron ore to pig iron in blast 
furnaces. In Europe, energy use in the primary route 
totals around 15 GJ  per t of crude steel for reduc-
tion and smelting and 2 GJ per t of crude steel for EAF 
smelting. The steel plant in Hamburg represents a 
special case in Europe as it is the only plant that uses 
natural gas for the production of direct reduced iron 
as a primary feedstock for steel production (see Table 
E.1 on the following page). 

Crude steel is rarely the product sold by steel mills. 
Rather, most manufacturing output consists of 
semi-finished steel made by hot-rolling crude steel 
into sheets, rods, beams, pipes and other products. 

The vast majority of steel producers both manu-
facture the steel and perform the hot-rolling, so the 
 volume of crude steel trade is quite low, though crude 

steel is available for import from other countries. The 
trade of rolled products is far more significant. Over-
all, the EU net trade balance of steel is rather balanced. 
However, since 2016 the EU became a net importer 
and in 2017 net imports amounted to roughly 3 Mt of 
steel. The largest domestic buyers of European steel 
by volume are the construction industry (35 per cent), 
the automotive industry (19 per cent), mechanical 
engineering (12 per cent), metal ware (14 per cent) and 
pipe manufacture (11 per cent).3

In 2017, EU27 steel and iron production directly 
emitted 188 MtCO₂.4 Most of these emissions can 
be traced back to the blast-furnace process. As 
with energy use, specific emission levels noticeably 
 differ between primary and secondary production 
(see Table E.1.). 

By 2030, 48 per cent of EU27 blast furnace  capacity 
needs refurbishment which requires replacing and 
investing in an equivalent to 50 Mt of hot metal 
capacity.4

Direct CO₂ emissions from the steel industry in the 
EU27 (+UK) in 2017
188 MtCO2  (+12 MtCO₂ in the UK) 

Steel production in the EU27 (+UK) in 2017 
161 Mt of crude steel 
(+7.5 Mt of crude steel in the UK)

Steel demand in 2017 (EU28)
159 Mt of finished steel 

Reinvestment required for blast furnaces by 2030
Approx. 48 per cent of blast furnaces, i.e. a total of 50 
Mt of annual hot metal production capacity)

Directly employed in 2017 (EU27)
304,000

2 Steel
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Greenhouse-gas-neutral  
steel production

Creating a steel production that is mostly greenhouse 
gas (GHG)-neutral represents a great challenge, but 
it is technologically possible. There are already some 
promising approaches for producing GHG-neu-
tral steel in the future. This section describes those 
approaches in detail. One important approach is to 
increase the share of steel from secondary produc-
tion (melting down scrap steel in electric arc furnaces) 
because its carbon emissions are already fairly low 
and requires comparatively little energy.5 If green 
electricity and biomass (biogenic carbon) are used6, 
this route can potentially become carbon-neutral in 
the long term.

A greater challenge is GHG neutrality in primary steel 
production. The main reason is the high level of car-
bon emitted during the blast-furnace process. Below, 
we describe the most important process steps along 
with their carbon emissions.

Reference case (integrated blast-furnace route)
The main process for primary steel production is the 
extraction of iron from iron ore. Iron ore and coke are 
fed into the blast furnace where carbon (C) reduces 
iron ore (Fe2O3 and Fe3O4 ) to liquid pig iron (Fe) in a 
reaction with temperatures as hot as 2,200 °C. The 
main components of the metallurgical gases gener-

ated by the coking plant, the blast furnace and the 
basic oxygen furnace are CO2 and carbon monoxide 
(CO). The CO is then used in other processes of the 
integrated blast-furnace route, where it is ultimately 
converted to CO2 . 

Coke, produced in coking plants from high-quality 
coal, fuels the blast furnace and serves as a reduction 
agent. Fine iron ore is first processed in a pelleting or 
sintering plant to create the particular aggregation 
needed for blast furnaces. 

After the blast furnace, the molten iron passes 
through a basic oxygen furnace, where oxygen 
removes impurities in the material. This results in 
process-related carbon emissions.  Several additional 
steps are needed before the iron ore is finally con-
verted into crude steel. 

Carbon emissions arise at various points along the 
blast-furnace process. Today, total direct CO2 emis-
sions per t of crude steel in most plants in Europe – 
not considering the indirect emissions from elec-
tricity use – amount to approximately 1.7 t7, of which 
some 1.4 t arise at the blast furnace, 0.2 t at the basic 
oxygen furnace, and 0.1 t , in the coking plant.

Steel production route Share 
of steel 

production

Annual 
production 

of crude 
steel

Primary 
energy 
source

Energy 
required  

per t of 
crude steel

Direct carbon 
emissions  

per t of  
crude steel

Direct carbon 
emissions,  

crude steel total

Integrated blast-furnace route* 59% 95 Mt Coal 15 GJ* 1.8 tCO₂* 171 MtCO₂ 

Electric arc furnace route** 41% 66 Mt Electricity 2 GJ 0.07 tCO₂ 4.6 MtCO₂ 

Natural gas direct reduction* 0.3% 0.6 Mt Natural gas, 
electricity

13 GJ* 0.5 tCO₂* 0.3 MtCO₂ 

Various steel production processes in comparison in 2017 (EU27) Table E.1

Sources: World Steel, 2018, and internal calculations of the Wuppertal Institute, 2021 *Primary steel routes, 12% scrap assumed in each case
 **Secondary steel route, > 95 % scrap use 
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1.4 tCO₂0.1 tCO₂ 0.2 tCO₂

Possible key low-carbon technologies 
Direct reduction with hydrogen 
The hydrogen-based production of direct reduced 
iron8 is an alternative technology for producing steel. 
In this process, hydrogen (H2 ) substitutes coke as 
chemical reducing agent and therefore eliminates 
CO2 emissions from the process. The only by- product 
is water (H2O). It is also possible to use natural gas 
(CH4 ) as the reduction agent, with increasing propor-
tions of hydrogen over time. A direct reduction pro-
cess that uses mostly green hydrogen as a reducing 
agent will emit around 97 per cent less carbon than 
the blast-furnace route. But green hydrogen requires 
large amounts of renewable electricity for electroly-
sis. In addition, some carbon is needed to facilitate the 
metallurgical process. Biogas can be used to ensure a 
climate-neutral carbon source.

Iron electrolysis 
Iron electrolysis is an electricity-intensive process 
that makes the reduction of iron ore possible with-
out carbon-based reduction agents. As long as car-
bon-neutral electricity is used, iron electrolysis can 
be near zero-carbon. 

HIsarna with carbon capture and storage (CCS)
The HIsarna® process uses coal as an energy source 
and reduction agent, but instead of the blast furnace it 
deploys a special reactor that smelts iron ore at very 
high temperatures. The innovative process is par-
ticularly suitable for combination with CCS because 
its exhaust gas consists of comparatively pure CO2. 
Unlike the blast-furnace route, HIsarna with CCS can 
capture and store up to 86 per cent of carbon emis-
sions from the steel production.

Carbon capture and use of metallurgical gases 
The carbon capture and use (CCU) concept consists of 
recycling various components of the blast-furnace 
route (including CO2 , CO and H2 ) for the production 
of basic chemicals such as methanol and ammonia. 
Moreover, CCU can be added to existing steel smelt-
ing plants. For the complete use of the carbon monox-
ide (CO) and CO2, however, large amounts of additional 
hydrogen are required. As long as all the electric-
ity used to produce hydrogen comes from renewable 
sources, reductions in CO2 of 50 to 78 per cent relative 
to the blast-furnace route without CCU are possible. 

Iron ore

Coking plant:  
0.1  tCO2

Coal

Sintering / pelleting: 
0.1  tCO2*

Blast furnace

Scrap steelOxygen

Basic oxygen furnace Crude steelPig iron

CO2

1.7 tCO2  
per t of 
crude steel

Process steps and carbon emissions of crude steel production (integrated blast-furnace route)

* Assumption: Use of furnace gas from the blast furnace; therefore no additional accounting of CO2 emissions needed 

Figure E.1 
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With direct reduction, iron ore pellets are reduced in 
hydrogen-based DRI plants. The process results in sponge 
iron (direct reduced iron, DRI) and water. The sponge iron 
(together with scrap, if needed) can then be melted into 
crude steel in an electric arc furnace. If hydrogen is produced 
using 100 per cent renewable energy, this route is virtually 
carbon-neutral. The DRI process requires a certain share of 
(bio)methane as a carbon-containing energy carrier for the 
formation of foamed slag.

Required investment
The required investment in primary steel production by 2030 
must substitute blast furnaces with an annual production 
capacity of approx. 50 Mt of hot metal (approx. 48 per cent 
of total capacity). We have assumed that blast furnaces 
will require significant investment 20 years after their last 
relining.

Technology development
The commercial use of the technology (TRL 9) is technically  
possible before 2025, as the announcements above illustrate. 
Starting with natural gas instead of hydrogen allows reducing 
carbon emissions by around 66 per cent right away. Increasing 
shares of hydrogen can later be blended with natural gas with 
minor adjustments to the plants. 

2.2 Direct reduction with hydrogen and melting in electric arc furnaces 
(instead of the blast-furnace route)

Direct reduction plant using natural gas,  Photo: ArcelorMittal 
steelworks Hamburg, ArcelorMittal

Pilot and demonstration projects

HBIS (Hebei, China) 
Hebei Iron & Steel Group China, Tenova
 Outlook: Production of 0.6 Mt DRI per year 
starts in late 2021.

The Energiron DRI technology will use a mixture composed 
of 30 per cent of metallurgical gases from the existing 
integrated steel plant and 70 per cent of hydrogen from 
external sources. The residual CO₂ will be recovered by a CO₂ 
removal unit and reutilised in downstream processes (CCU).

Commercial

tkH2Steel (Duisburg, Germany)
Thyssenkrupp
Outlook: Plant is expected to be completed by 
2025; capacity of 1.2 Mt of hot metal per year. 

The plant for the H2-based production of direct reduced iron 
will be built with an integrated melting unit, a submerged arc 
furnace. This concept of a so-called Blast Furnace 2.0 allows 
to produce hot metal for use in the existing basic oxygen 
furnace. As long as hydrogen is not available in sufficient 
quantities, the plant will operate using natural gas.

Commercial 

HYBRIT project (Lulea, Gaellivare, Sweden) 
SSAB, LKAB and Vattenfall
Status: Hydrogen-based DRI pilot plant with a 
production capacity of 10,000 t per year was 
commisioned in 2020 (TRL 5). 
Outlook: SSAB wants to offer fossil-free steel by 
2026.

The hydrogen needed for the H2 DRI plant will be produced 
on-site, largely by renewable energy. SSAB announced 
to build commercial-scale DRI plants in Gaellivare with a 
capacity of 1.3 Mt DRI per year in 2026 and 2.7 Mt DRI per 
year in 2030.

Pilot,
Commercial 

 Required reinvestment and earliest possible market readiness for key low-carbon technologies 

Earliest possible large-scale application (TRL 9)
Initially, DRI will likely use Natural Gas DRI and gradually convert to H2

Status quo:  
Natural Gas DRI: (TRL 8-9)
H2 DRI: (TRL 5-6)

The Technology Readiness Level (TRL) describes the maturity of a technology on a scale from 1 to 9 (TRL 9 = ready for market). 
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Technology export

2020 2025 2030 2035 2040 2045 2050

18.4 (18%)

31.5 (30%)
26.4 (25%) 27.9 (27%)

18.4 (18%)

31.5 (30%)

Required investment for replacement or modernisation of existing plants in primary steel production (blast furnaces)

Blast furnace plant lifetime: Total of 50 years with need for relining and repair every 20 years

System testing Market readiness
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Evaluation of compatibility with Paris climate agreement
The technology can be market ready before 2025, making significant 
carbon reductions possible fairly early. Green hydrogen can make steel 
production virtually carbon-neutral. Until the large-scale availability of 
green hydrogen, increasing shares of hydrogen can be blended with 
natural gas to make high carbon reductions (> 66 per cent) possible.

Possible policy instruments
 →  Carbon price and border carbon adjustment
 →  Carbon contracts or CCfDs 
 → Green public procurement
 → Quotas for low-carbon materials
 →  Clean hydrogen support policies

Challenges
For this technology, large amounts of carbon-free electricity are needed 
for the production of green hydrogen (3.3 MWh/t of crude steel or 2.5 MWh 
with partial use of methane). DRI plants are thus more likely to start with 
natural gas before 2025. Converting the current blast-furnace capacity to  
H2 DRI would result in a significant additional electricity demand. 

Renewable electricity and infrastructure 
requirement

 → H2 DRI route (2050): 3.3 MWh/t of crude steel
 → Large-scale hydrogen production
 →  Creation of a H2 infrastructure (consisting of 

pipelines and, if needed, ships and ports)

Steel

Technology
Direct reduction with hydrogen (H2 DRI)

Current stage of development
Announcements of commercial plants 

Expected readiness for use
Before 2025 (possibly beginning with 
natural gas) 

Maximum CO2 reduction in the EU27

2030 2050

66 MtCO2 per year 166 MtCO2 per year

2030 2050

60–99 €/tCO2 85–144 €/tCO2

CO2 abatement costs

CO2

Central assumptions for determining the range of production costs (2050)

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON TECHNOLOGY

Integrated blast-furnace route Direct reduction with H2

1.71 tCO2 /t of crude steel
-97% 0.05 tCO2 /t of crude steel

Specific emission reduction

391 €/t of crude steel (2019)
+36 to +61% 532–630 €/t of crude steel (2050)

Specific additional costs

Assumption Lower range Upper range 

Specific capital costs of crude steel from H2 DRI (DRI plant, E-furnace) € 40/t of crude steel € 40/t of crude steel

Operating costs for use of green hydrogen € 105/t of crude steel € 191/t of crude steel

Assumption: Costs of providing hydrogen (green) € 2.78/kg € 5.04/kg 

Consisting of: Electrolyser and full load hours (FLH) 
Electricity costs
Costs of transporting hydrogen

€ 250/kW – 3,000 FLH
€ 50/MWh
€ 0.35/kg 

€ 500/kW – 6,000 FLH
€ 40/MWh

€ 2/kg (H2 import) 

Operating costs of electricity use in the steel works (incl. substitution of 
lost metallurgical gases)

€ 59/t of crude steel € 71/t of crude steel

Assumption: Electricity price € 50/MWh € 60/MWh

Other costs (work, 17% scrap, alloys, lime, biomethane) € 328/t of crude steel € 328/t of crude steel

Production costs of low-carbon crude steel € 532/t of crude steel € 630/t of crude steel 

2030: Direct reduction with natural gas and a 65 per cent share of green H2

2030:  60 €/tCO2 with 100% natural gas-based direct reduction;
           99 €/tCO2 with hydrogen-based direct reduction (lower range)

€
€€

€
€

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 

Required investment for replacement or modernisation of existing plants in primary steel production (blast furnaces)
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In alkaline iron electrolysis, iron ore is reduced to iron in a 
caustic soda solution at a temperature of 110°C and then 
melted to produce crude steel in an electric arc furnace. The 
process does not require a carbon-based reduction agent, 
promising to increase energy efficiency relative to the 
blast-furnace route and to be carbon-neutral, provided that 
renewable electricity is used throughout the process. An 
alternative is to conduct the electrolytic process of molten 
iron ore at high temperatures.

Required investment
The required investment in primary steel production by 2030 
must substitute blast furnaces with an annual production 
capacity of approx. 50 Mt of hot metal (approx. 48 per cent 
of total capacity). We have assumed that blast furnaces 
will require significant investment 20 years after their last 
relining. 

Technology development
If the technology develops optimally, the commercial use 
of the technology (TRL 9) may be possible by 2040. Some 
demonstration plants may exist in Europe before that. 

2.3 Iron electrolysis and smelting in electric arc furnaces  
(instead of the blast-furnace route)

Illustration of the SIDERWIN pilot plant currently in construction in 
Maizières-lès-Metz Illustration: ArcelorMittal

Pilot and demonstration projects

SIDERWIN (Maizières-lès-Metz, France)
ArcelorMittal, CMI, EDF and others
 Status: Development and construction of a pilot 
plant (2017–2022) in northern France (TRL 4).

A consortium led by ArcelorMittal is working on the 
development of an experimental plant for iron electrolysis 
using the electrowinning process. The goal is the 
development and testing of a prototype for an electrolysis 
cell. The project investigates the use of renewable 
electricity through flexible operation and electricity network 
integration. The project also examines whether lower quality 
iron oxide or waste materials containing iron can be used as 
the input material for electrolysis.

Pilot 

Boston Metal (Woburn, USA)
Boston Electrometallurgical Corporation 
 Status: In 2021, the start-up raised 50 million 
US dollars from investors to develop the 
technology (TRL 4).
Outlook: The company is planning to build a 
demonstration plant that produces 25,000 t of 
metal per year.

The start-up Boston Electrometallurgical Corporation (Boston 
Metal; founded in 2012) is working on the commercialisation 
of molten oxide electrolysis, a process developed at MIT 
(Massachusetts Institute of Technology). Iron ore (Fe2O3 
and Fe3O4 ) can be converted directly to its elementary 
components oxygen (O2 ) and molten pig iron (Fe) in a special 
electrolysis cell without a carbon-based reduction agent. 

Pilot/demo

 Required reinvestment and earliest possible market readiness of the 
key low-carbon technology 

 
Status quo (TRL 2-4)

Earliest possible large-
scale application (TRL 9)

The Technology Readiness Level (TRL) describes the maturity of a technology on a scale from 1 to 9 (TRL 9 = ready for market). 
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2020 2025 2030 2035 2040 2045 2050

18.4 (18%)

31.5 (30%)
26.4 (25%) 27.9 (27%)

18.4 (18%)

31.5 (30%)

Required investment for replacement or modernisation of existing plants in primary steel production (blast furnaces)

Blast furnace plant lifetime: Total of 50 years with need for relining and repair every 20 years

Pilot Demo System testing Market readiness Technology export
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Evaluation of compatibility with Paris climate agreement
This technology is a promising long-term option. However, as of 2020, the 
technology is not expected to be market ready until 2040. The technology is 
thus unlikely to contribute significantly to emissions reduction in Europe by 
2050 since most blast furnaces in Europe will require reinvestment before 
2040 when they should be replaced with a key low-carbon technology that is 
compatible with climate neutrality 2050. 

Possible policy instruments
 →  Support for research
 → Quotas for low-carbon materials

Challenges
Alkaline iron electrolysis requires large amounts of renewable electricity. 
The extent to which electrolysis can be flexibly implemented amid the 
variability of renewable energy feed-in still requires further study.

Renewable electricity and infrastructure 
requirement

 →  Alkaline iron electrolysis (2050): 2.5 MWh/t 
of crude steel

 →  the construction of a special electricity 
infrastructure may be necessary

Steel

Technology
Iron electrolysis and smelting in electric arc 
furnaces

Current stage of development
construction of a pilot plant (TRL 4)

Expected readiness for use
2040-2045

Maximum CO2 reduction in the EU27

2030 2050

0 MtCO2 per year 149 MtCO2 per year

2030 2050

unknown 170–292 €/tCO2

CO2 abatement costs

CO2

Central assumptions for determining the range of the production costs (2050)

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON TECHNOLOGY

Integrated blast-furnace route Alkaline iron electrolysis

1.71 tCO2 /t of crude steel
-87 % 0.22 tCO2 /t of crude steel

Specific emission reduction

391 €/t of crude steel (2019)
+65 to +112 % 645–828 €/t of crude steel (2050)

Specific additional costs

Assumption Lower range Upper range 

Specific capital costs of crude steel using alkaline iron 
electrolysis

€ 154/t of crude steel € 269/t of crude steel

Assumption: CAPEX-ULCOWIN process € 900/t annual iron capacity € 3,350/t annual iron capacity

Assumption: CAPEX electric arc furnace € 128/t annual steel capacity € 128/t annual steel capacity

Operating costs of electricity use in the steel works € 145/t of crude steel € 174/t of crude steel

Assumption: Electricity price € 50/MWh € 60/MWh

Other costs (raw ore, 17% scrap, alloys, lime, coal) € 334/t of crude steel € 371/t of crude steel

Compensation for lost metallurgical gases € 12/t of crude steel € 14/t of crude steel

Production costs of low-carbon crude steel € 645/t of crude steel € 828/t of crude steel 

€
€€

€
€

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 
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The HIsarna® process is an innovative, carbon-
based smelting reduction process that eliminates the 
agglomeration stages (coking plant, sintering/pelleting) in 
steel production. The iron ore, which can be mixed with up 
to 50 per cent scrap, is reduced directly to pig iron in a single 
reactor. The process is particularly suitable for combination 
with CCS because its exhaust gas consists of comparatively 
pure CO2. Carbon reductions of up to 86 per cent are possible. 
The electricity use of the HIsarna process is around 0.5 MWh 
per t of crude steel and hence comparatively low. 

Reinvestment requirement
The required investment in primary steel production by 2030 
must substitute blast furnaces with an annual production of 
approx. 50 Mt of hot metal (approx. 48 per cent of the total 
capacity). We have assumed that blast furnaces will require 
significant investment 20 years after their last relining. 

Technology development
If the technology develops optimally, the earliest possible 
large-scale implementation (TRL 9) will not be until 2030. 
Furthermore, a CO2 infrastructure for transporting and 
storing CO2 would have to be introduced in time. 

2.4 The HIsarna® process combined with carbon capture and storage 
(instead of the blast-furnace route) 

HIsarna® pilot plant, Tata Steel in IJmuiden Photo: Tata Steel

Pilot and demonstration projects

ULCOS (Ijmuiden, the Netherlands)
Tata Steel, ThyssenKrupp, ArcelorMittal,  
voestalpine and others 
Status: Diverse tests carried out on the 
pilot plant (TRL 3-4).

The pilot plant has a nominal annual capacity of 60,000 t 
of crude steel. Four short-term tests for the production of 
pig iron and steel have been carried out since 2011. A long-
term test from 2018 has integrated the HIsarna® reactor into 
existing steelmaking plants.

Pilot

HIsarna® (Jamshedpur, India)
Tata Steel
Status: Demo plant in planning (TRL 5) 
Outlook: Expected to be completed by 2022.

The construction of a demonstration plant is planned with 
an annual capacity of 400,000 t of pig iron. 

Demo

 

Required reinvestment and earliest possible market readiness of the  
key low-carbon technology 

The Technology Readiness Level (TRL) describes the maturity of a technology on a scale from 1 to 9 (TRL 9 = ready for market). 
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18.4 (18%)

31.5 (30%)
26.4 (25%) 27.9 (27%)

18.4 (18%)

31.5 (30%)

Required investment for replacement or modernisation of existing plants in primary steel production (blast furnaces)

Blast furnace plant lifetime: Total of 50 years with need for relining and repair every 20 years

Status quo (TRL 4-5)
Earliest possible large-
scale application (TRL 9)

Pilot Demo System testing Market readiness Technology export
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Evaluation of compatibility with Paris climate agreement
HIsarna in combination with CCS enables significant CO2 reductions of 86 per 
cent and could be a comparatively low-cost option. Because the technology 
is not likely to reach the market until 2030 or later, it is not expected to be 
available for the upcoming investment window for approx. 48 per cent of 
blast-furnace capacity in Europe before 2030. Accordingly, the technology 
will only be viable in Europe as a later supplemental option.

Possible policy instruments
 →  Carbon price and border carbon adjustment
 →  Carbon contracts and CCfD 
 → Green public procurement
 → Quotas for low-carbon materials

Challenges
Although Hlsarna and CCS can reduce CO2 emissions by 86 per cent, the 
remaining 14 per cent still require abatement. For the use of CCS, various 
questions regarding infrastructure for transport and storage of CO2 and their 
public acceptance need to be clarified. Moreover, transnational partnerships 
with EU countries (e.g. the Netherlands, Norway) that are willing to store CO2 
in offshore sites are necessary to facilitate the implementation of CCS.

Renewable electricity and infrastructure 
requirement

 → HIsarna (2050): 0.5 MWh/t of crude steel
 → Construction of CO₂ pipelines
 → CO₂ transport on inland water vessels
 → CO₂ storage facilities

Steel

Technology
HIsarna® with CCS

Current stage of development
Pilot plants (TRL 4-5)

Expected readiness for use
2030 - 2035

Maximum CO2 reduction in the EU27

2030 2050

0 MtCO2 per year 147 MtCO2 per year

2030 2050

unknown 25–45 €/tCO2

CO2 abatement costs

CO2

Central assumptions for determining the range of the production costs (2050)

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON TECHNOLOGY

Integrated blast-furnace route HIsarna® with CCS

1.71 tCO2 /t of crude steel
-86 % 0.24 tCO2 /t of crude steel

Specific emission reduction

391 €/t of crude steel (2019)
+9 to +16 % 427-454 €/t of crude steel (2050)

Specific additional costs

€
€€

€
€

Assumption Lower range Upper range 

Specific capital costs for crude steel with HIsarna reactor € 53/t of crude steel € 53/t of crude steel

Assumption: CAPEX Brownfield Investment HIsarna € 300/t annual steel capacity € 300/t annual steel capacity

Assumption: CAPEX CCS technology at reactor € 128/t annual steel capacity € 128/t annual steel capacity

Operating costs for carbon capture, transport, storage € 38/t of crude steel € 64/t of crude steel

Assumption: Carbon capture, transport & storage € 41/tCO2 € 69/tCO2

Operating costs of electricity use (incl. the substitution 
of lost metallurgical gases)

€ 11/t of crude steel € 14/t of crude steel

Assumption: Electricity price € 50/MWh € 60/MWh

Material costs (raw ore, 17% scrap, alloys, lime) € 324/t of crude steel € 324/t of crude steel

Production costs of low-carbon crude steel € 427/t of crude steel € 454/t of crude steel 

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 

St
ee

l
Ch

em
ic

al
s

Ce
m

en
t

421  



172

The CCU process captures a portion of the metallurgical 
gases arising from the blast-furnace route and uses them 
for the production of chemicals such as methanol, ethanol, 
synthetic fuels and ammonia. The gases captured in this 
process no longer have to be burnt and their use in the 
chemical industry substitutes the use of crude oil. However, 
the low-carbon production of chemicals such as methanol  
(a raw material for plastic production) requires the additional 
production of green hydrogen, which makes this route very 
electricity-intensive. 

Required investment
The required investment in primary steel production by 2030 
must substitute blast furnaces with an annual production of 
approx. 50 Mt of hot metal (approx. 48 per cent of the total 
capacity). We have assumed that blast furnaces will require 
significant investment 20 years after their last relining. 

Technology development
Because all individual parts of the Carbon2Chem pilot plant 
are essentially ready for large-scale implementation, the 
construction of a demonstration plant is not necessary. If 
the proper regulatory framework is in place, the industrial 
retrofitting of blast-furnace plants could begin in 2025. 

2.5 Carbon capture and use (CCU) of smelting gases from integrated  
blast-furnace works (retrofitting of existing blast furnaces) 

Carbon2Chem® pilot plant, Duisburg Photo: thyssenkrupp AG

Pilot and demonstration projects

Carbon2Chem® (Duisburg, Germany)
Thyssenkrupp, BASF, Covestro, Linde and others
Status: Operation of a pilot plant for the 
production of methanol.
Outlook: As all individual parts of the pilot plant 
are market ready, it is not necessary to build a 
demo plant. 

The primary goal is to use the carbon and hydrogen 
molecules in the metallurgical gases generated by the 
coking plant, blast furnace and basic oxygen furnace as raw 
materials for chemical products. Green hydrogen, methanol, 
ammonia, and higher quality alcohol have already been 
produced on-site from smelting gases in the pilot plant. 

Pilot 

Pilot

Steelanol project (Ghent, Belgium)
ArcelorMittal, LanzaTech
Status: Construction of a pilot plant.
Outlook: CO₂ savings potential is limited 
because the plant converts only the CO in 
smelting gases and leaves the CO2.

In a biochemical process developed by Lanzatech, bacteria 
convert the 25 per cent share of carbon monoxide in the 
smelting gases into ethanol, which will be used as a fuel 
(mixed with petrol).  

Carbon4PUR (Marseille, France)
Covestro, Recticel, ArcelorMittal, Dechema  
and others 
Status: Planned construction of a pilot plant 
with a capacity of 20 t per year. 

The goal of the Carbon4PUR approach is to convert the CO2 
and carbon monoxide elements of the smelting gases in 
the integrated blast-furnace route into raw materials for the 
production of polyurethane. 

Pilot

 Required reinvestment and earliest possible market readiness of the  
key low-carbon technology  

The Technology Readiness Level (TRL) describes the maturity of a technology on a scale from 1 to 9 (TRL 9 = ready for market). 
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31.5 (30%)
26.4 (25%) 27.9 (27%)

18.4 (18%)

31.5 (30%)

Required investment for replacement or modernisation of existing plants in primary steel production (blast furnaces)

Blast furnace plant lifetime: Total of 50 years with need for relining and repair every 20 years

Status quo  
(TRL 4-5)

Earliest possible large-
scale application (TRL 9)

Pilot Demo System 
testing Market readiness Technology export
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Evaluation of compatibility with Paris climate agreement
CCU approaches should be considered holistically. Since CCU in the steel 
sector consumes high levels of electricity and the CO₂ capture rate is limited 
(50 to 78 per cent max.), CCU is suitable at best as a bridge technology for 
retrofitting the gas collection system in the blast-furnace route. In addition, 
the captured carbon should be stored in materials with long lifetimes  
(e.g. plastics). CCU is a comparatively expensive carbon reduction option. 

Possible policy instruments
 →  Carbon contracts or CCfDs
 →  Clean hydrogen support policies

Challenges
Generally, CCU makes sense for the blast-furnace route only if it contributes 
to a total reduction in emissions despite the high energy requirements. Given 
the scarcity of renewable energy, CCU concepts should be critically compared 
to other key low-carbon technologies that are available before 2030, such as 
direct reduction with hydrogen. 

Renewable electricity and infrastructure 
requirement

 →  CCU in the blast-furnace route (2050):  
3.6 MWh/t of crude steel

 →  Establishing a H2 infrastructure (pipelines 
and possibly ships and ports)

 →  Integration into local industry clusters is a 
sensible approach

Steel

Technology
CCU of smelting gases from the 
blast-furnace route

Current stage of development
Pilot plants (TRL 4-5)

Expected readiness for use
2025–2030

Maximum CO2 reduction in the EU27

2030 2050

26 MtCO2 per year 85 MtCO2 per year

2030 2050

231–439 €/tCO2 178–379 €/tCO2

CO2 abatement costs

CO2

Central assumptions for determining the range of the production costs (2030)

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON TECHNOLOGY

Integrated blast-furnace route Blast-furnace route with CCU 

1.71 tCO2 /t of crude steel
-50% (-63%)* 0.85 tCO2 /t of crude steel

Specific emission reduction (0,64)* tCO2 /t of crude steel 

391 €/t of crude steel (2019)
+63  to +119% 637–858  €/t of crude steel (2030)

Specific additional costs

€
€€

€
€

Assumption CCU 2030 Lower range Upper range 

Production costs of the conventional blast-furnace route € 391/t of crude steel € 391/t of crude steel

Specific capital costs for CCU retrofitting € 13/t of crude steel € 13/t of crude steel

Assumption: CAPEX CCU (smelting gas, methanol synthesis) € 129/t annual steel capacity € 129/t annual steel capacity

OPEX electricity use for CCU processes (€ 60–70/MWh) € 30/t of crude steel € 35/t of crude steel

Costs of providing H2 for methanol synthesis € 310/t of crude steel € 526/t of crude steel

Assumption: Cost of providing hydrogen (green) € 3.34/kg (see H2) € 5.67/kg (see H2)

Other material costs € 68/t of crude steel € 68/t of crude steel

Proceeds from the sale of methanol € -175/t of crude steel € -175/t of crude steel

Production costs of low-carbon crude steel € 637/t of crude steel € 858/t of crude steel 

2030:  Provided that the CO₂ reduction in the chemical sector (MTO route) 
is completely credited to steelmakers 32 MtCO₂ can be reduced

2030/2050:  Abatement costs seen from a cross-sector perspective 
including CO2 reduction in the chemical sector 

* Provided that CO2 reduction in the chemical sector (MTO route) is completely credited to steelmakers

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 
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2.6  End notes and bibliography

List of end notes

1 Agora Energiewende/Wuppertal Institute, 2021, based on Eurostat, 2017.

2 Internal calculations from Wuppertal Institute/Agora Energiewende based on Worldsteel, 2018. 

3 Eurofer, 2018. 

4 Wuppertal Institute, 2021. 

5 In the short to middle term, demand for steel will increase globally, requiring continued primary steel production. Due to the limited amount of high-quality 
scrap steel in the EU, an increase in the proportion of the secondary steel route is possible but limited in the short term. However, the availability of high-
quality scrap steel can be significantly increased through better sorting.

6 With today’s technology, a carbon carrier that oxidises to CO₂ in electric arc furnaces is required to foam the slag. Carbon carriers  
can also be of biogenic origin.

7 Wuppertal Institute, 2021. These emissions are based on the CO₂ emissions of the crude steel production via the blast-furnace route in Germany, which is 
close to the best available technology benchmark. In the EU, the CO₂ emissions of the integrated blast furnace route currently amount to 1.8 tCO₂ per t of 
crude steel. The emissions cover all aspects of crude steel production, but exclude the CO₂ emissions of downstream processes such as hot and cold rolling 
for the production of semi-finished and finished steel products. 

8 The calculations in this part have been carried out based on green hydrogen from electrolysis with only renewable energy. In principle, it is also possible to 
use decarbonised hydrogen from steam reforming with CCS (blue hydrogen) and methane pyrolysis (turquoise hydrogen).
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3.1 Chemical sector overview 

The chemical industry manufactures a multitude of 
products that are used in a wide range of applica-
tions. The products range from plastics and rubber to 
fertilisers and specialty chemical products such as 
food additives. Due to high energy requirements and 
the comparatively high CO₂ emissions, the production 
of basic chemicals is particularly relevant for climate 
protection. 

The chemical industry is an important economic sec-
tor in Europe: In 2017, it directly employed around 1.1 
million  people and generated a gross added value of 
143 billion euros.1 Producers of basic chemicals gen-
erated approx. 58 per cent of that gross value added2 
and employed approx. 519,000 people in 2017.3 

The production of basic chemicals is the beginning of 
the value chain in the chemical industry, excluding 
the extraction of raw materials such as crude oil and 
salt. In terms of energy use, the petrochemical indus-
try, ammonia, and chlorine production are the most 
relevant branches. All three make important con-
tributions to the production of polymers – which in 
turn form the main components for the production of 
plastics: While petrochemicals provide the molecular 
building blocks for plastics production, ammonia and 
chlorine are only used in some polymers. In addition, 
chlorine is important as a reactant in the petrochem-
ical industry. Ammonia represents the basis for fur-
ther added-value chains in the production of fertil-
iser, but also for other products such as lightweight 
plastics.

In 2017, the production of High Value Chemicals 
(HVC)4 in Europe amounted to approx. 40.2 Mt.5 

In the EU, the production of basic chemicals is con-
centrated in few locations. The most important CO₂ 
sources in the chemical industry are industrial power 
plants, steam crackers, and hydrogen production via 
steam reforming of natural gas. The industrial power 
plants operated at integrated locations are mainly 

combined heat and power (CHP) plants, since those 
locations demand high levels of process steam and 
electricity for chemicals production.  The steam is 
used both as a heat carrier and for hydrogen pro-
duction. Steam crackers are another important CO₂ 
source in the chemical industry.6 They are the start-
ing point for the petrochemical industry and thus for 
the plastics value chain.7 

The required investment in steam crackers by 2030 
includes plants with an annual production capacity 
of approx. 24 Mt of HVC (approx. 53 per cent of total 
capacity).8 The CO₂ emissions of the EU27 chemical 
industry declined by 52 per cent between 1990 and 
2017 and totalled approx. 129 MtCO₂ in 2017.9

Greenhouse gas-neutral basic chemicals 

The conversion of current production processes to a 
greenhouse gas-neutral (GHG-neutral) production of 
basic chemicals represents an enormous challenge. 
On the one hand, chemicals production has the high-
est energy requirements amongst all industry sectors 
– 573 TWh in 2017 – with 55 per cent of this require-
ment currently covered by the use of fossil fuels 
(63 per cent natural gas, 26 per cent oil and petroleum 

Direct CO2 emissions from the chemical industry in 
the EU27 (+UK) in 2017
129 MtCO2 (+11 MtCO₂ in the UK) 

Chemicals production in the EU27 (+UK) in 2017
40.2 Mt of HVC (high value chemicals) 
(+5.3 Mt of HVC in the UK)

Chemicals demand in 2017 (EU28)
40.7 Mt of HVC 

Reinvestment required in basic chemicals by 2030
Approx. 53 per cent of the total capacity (steam 
crackers with a capacity of 24.1 Mt of HVC per year)

Directly employed in 2017 (EU27)
1.1 Mio. employees (519,000 in basic chemicals)

3 Chemicals
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products and 11 per cent coal).10  Although the direct 
use of renewable electricity and the electrification of 
process heat (e.g. via power-to-heat) could in prin-
ciple avoid emissions from the combustion of fossil 
fuels, a greater renewable energy generation capacity 
must be built first, in order not to simply transfer CO2 
emissions to the power sector. 

On the other hand, the petrochemical industry cannot 
be decarbonised in the conventional sense, because it 
requires carbon as a feedstock for its products even 
in a GHG neutral world. Therefore, the industry must 
eliminate feedstock based on fossil fuels such as 
crude oil and natural gas and use renewable carbon 
sources instead, as well as avoiding non-CO₂ GHG 
emissions. Because renewable carbon sources such 
as biomass and captured CO₂ from the air are limited 
and expensive, closing the carbon cycles (e.g. through 
chemical recycling) to develop a circular carbon 
economy is paramount to achieving GHG neutral-
ity. Through the use of renewable carbon sources, the 
chemical industry can contribute to the reduction of 
(fossil) CO₂ emissions in other sectors. For instance, 
the incineration of plastic waste that was initially 
produced from renewable carbon sources would 
merely release CO₂ that had previously been removed 
from the atmosphere. 

To illuminate the challenges for avoiding fossil CO₂ 
and to better understand existing technological 
approaches, three of the most carbon-intensive pro-
cesses in basic chemicals sector are described below 
along with alternatives that are mostly CO₂-neutral.  

Reference process (electricity and steam from 
natural gas CHP plants)
For the production of basic chemicals, large amounts 
of electricity, steam and process heat are required. 
In 2017, the low and medium temperature heat 
requirement (up to 500°C) of the EU27 chem-
ical industry amounted to approximately 340 
TWhth.11  We estimate that a significant share of 
this heat requirement (150 to 160 TWhth) is gener-
ated by mostly natural gas-based CHP plants with 

an estimated installed electrical capacity of 22 GWel. 
In total, we estimate that the emissions of the indus-
trial power plants in the EU27 chemical industry 
amounted to roughly 55 MtCO₂ in 2017.12 

Possible key low-carbon technologies
Steam generation from power-to-heat
Power-to-heat (PtH) allows the direct use of elec-
tricity to generate heat and steam. In the process, the 
use of fossil fuels in CHP plants or gas-fired boilers 
can be reduced or replaced. If 100 per cent renewable 
electricity is used in PtH plants, the steam generation 
is carbon-neutral.13 

CO₂ capture in CHP plants 
Existing CHP plants can be retrofitted with car-
bon-capture technologies that can sequester most 
CO₂ emissions. Depending on the technology, a cap-
ture rate of up to 90 per cent is possible.

Another large CO₂ source is the synthesis of ammo-
nia, with emissions of approx. 24 MtCO₂  in 2017.14

Reference process (ammonia synthesis)
For ammonia synthesis, large amounts of hydrogen 
(H₂) are necessary. Today, these are largely produced 
from natural gas and water through steam reforming. 
As a result, process-related emissions of 1.3 tCO₂ per 
t of ammonia arise from the reaction of natural gas 
(CH₄) with steam (H₂O). When heating the hot steam 
to around 400 to 500°C, some of the natural gas com-
busts as well, which produces energy-related emis-
sions of 0.5 tCO₂ per t of ammonia.15

In the next step, ammonia (NH3) is produced via 
ammonia synthesis using the Haber-Bosch process 
from hydrogen (H2) and nitrogen (N) separated from 
the atmosphere. While no direct emissions arise, the 
compression processes require considerable amounts 
of electricity, whose generation produces emissions 
of 0.7 tCO₂ per t of ammonia.16 Ammonia production 
in Europe amounts to approx. 13.4 Mt per year.17

Today, ammonia is used mainly for producing nitro-
genous fertilisers. Part of fertiliser production occurs 
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via the synthesis of urea (CH4N2O) from ammonia 
(NH3) and the CO₂ generated by the steam methane 
reforming process (see Figure E.2). 

When fertilisers are used in agriculture, direct emis-
sions of CO₂ and nitrous oxide (N20) arise as a result.

Two measures are necessary for carbon-neutral fer-
tiliser production in the future18: the use of renewable 
carbon sources for the production of urea (biomass or 
direct air capture ), because only the amount CO₂ that 
was removed from the atmosphere is emitted; and the 
avoidance of CO₂ emissions during hydrogen produc-
tion. 

Possible key low-carbon technology
Hydrogen from electrolysis (green H₂) 
Using water electrolysis, renewable energy can be 
used to split water into its components of hydro-
gen (H2) and oxygen (O2). In this way, the CO₂ emis-
sions released in conventional hydrogen production 
via steam reforming can be avoided. Green hydrogen 
can not only provide an important contribution to 
CO₂ reduction in the chemical industry; it also plays a 
central role in the GHG neutrality of other industries, 
such as steel manufacturing (direct reduc
tion with hydrogen) or heavy transport. Less electric-
ity-intensive alternatives for this are the production 
of hydrogen via steam reforming in combination with 

CCS (blue hydrogen)19 or using the methane pyrolysis 
process (turquoise hydrogen).20

Reference process (plastics value chain)
Alongside technologies for low-carbon steam pro-
duction and green hydrogen for ammonia synthe-
sis, GHG-neutral feedstock will play a key role for 
HVC  and their products such as plastics. Because 
even in a GHG neutral world, carbon will continue to 
be needed for chemical products. In 2017, direct CO₂ 
emissions along the plastics value chain in the EU27 
amounted to approx. 181 MtCO₂21. About 8 MtCO₂ are 
emitted in refineries during the naphtha production 
process, 32 MtCO₂ during the production of HVC in 
steam crackers, 16 MtCO₂ during the manufacture 
of intermediate products and polymerisation, and 
125 MtCO₂22 in the incineration (thermal recycling) 
of plastic waste. Due to the high emissions arising 
from the plastic waste incineration, this step must 
be considered together with the chemical production 
process. It is necessary to understand the integration 
of chemical production and waste disposal to develop 
alternative circular carbon economy models that 
ensure climate neutrality. Below we describe the pro-
cess steps of the plastics value chain along with the 
CO₂ emissions arising from them (see Figure E.3).

Today, the primary basic raw material for plastic is 
crude oil. In this process, emissions of 0.3 tCO₂ per 
t of plastic production occur from the energy demand 

Natural gasWater

Nitrogen (N) CO2

Hydrogen 
(H2)

Ammonia 
(NH3)

Hydrogen production  
by steam reforming

Ammonia synthesis
(Haber-Bosch process)

Urea  
synthesis

Urea-based 
fertiliser

Process steps and CO2 emissions from ammonia synthesis 
as part of the fertiliser value chain

CO2
1.3 tCO2

0.5 tCO2

Total direct emissions:  

1.8 tCO2 per t 
of ammonia

energy-related from electricity use in agriculture (CO2  eq )process-related CO2 emissions: 

0.7 tCO2

CO2 eq  
(CO2 + N2O)

Figure E.2 
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to produce oil and from flaring excess methane. In 
refineries today, a distillation process is used to pro-
duce various products such as naphtha (hydrocarbon 
chains with 5 to 12 carbon atoms). For naphtha pro-
duction,, temperatures in excess of 200°C are neces-
sary, involving emissions of 0.2 tCO₂ per t of plastic 
production. 

Naphtha is the main feedstock in the EU petrochem-
ical industry, with 78 per cent of the total.23 Naph-
tha is broken down in steam crackers into shorter 
chain hydrocarbons. Naphtha is broken down in 
steam crackers into shorter chain hydrocarbons such 
as olefins (ethylene, propylene, and butadiene), and 
aromatics (benzene, toluene and xylene). To run the 
splitting process in the steam cracker, high tempera-
tures of 600–900°C are required. Part of the product 
mix from the steam cracker is burnt to provide the 
required heat. This leads to energy-based emissions 
of 0.8 tCO₂.21

The next step uses steam and heat to process the ole-
fins or aromatics into a wide range of plastics in the 
polymerisation process. These include very different 
plastic types such as polyethylene and polypropylene, 
polyvinylchloride and foam plastics, coatings, rubber 
and many other products. Depending on the prod-
uct, CO₂ emissions also vary; in this step, 1 t of plastic 
generates approx. 0.4 tCO₂.21

After use, most of the products from the chemical 
industry are collected for waste disposal. Only a por-
tion of all plastics – such as reusable plastic bottles – 
are mechanically recycled and reused. In 2017, 30 per 
cent of all plastic waste was recycled.24 More than 
half of the plastic waste is incinerated in waste-to-
energy plants or used as alternative fuel, for example 
in cement production kilns. In the process, 3,1 tCO₂ 
per t of plastic waste are released.21 Although elec-
tricity and heat are generated in the process, which 
replace some fossil fuel use in the power sector, other 
material recycling processes should be developed 
to establish a circular economy with closed carbon 
cycles.

If CO₂ emissions of 0.3 tCO₂ from the electricity 
used in the process are considered, total emissions 
of approx. 5.1 tCO₂ / t plastic (polyethylene) arise. 
However, of that only 1.2 to 1.5 tCO₂ comes from the 
chemical industry (steam cracking, polymerisa-
tion, electricity for various processes), while the rest 
(refining, incineration of plastic waste) is allocated to 
the energy sector. 

Crude oil Naphtha Plastic Old plastics

Olefins
e.g. ethylene

Aromatics
e.g. benzene

CO2 0.3 t 0.2 t 0.3 t* 3.1 t

In total: 5.1 tCO2 per t of plastic

0.8 t 0.4 t

Refinery Steam crackers Polymerisation Utilisation 
phase

End-of-Life 
(incineration) 

+

C = C
H H

H H

CO2 emissions in other sectorsCO2 emissions in the chemical sector

Process steps and CO2 emissions in the plastics/synthetics value chain

* CO2 emissions from electricity use required in various process steps in the plastics value chain. 

Figure E.3 
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Possible key low-carbon technologies 
Methanol-to-olefin/aromatics route (MTO/MTA)
In this route, green methanol is used as a feedstock 
in so-called MTO/MTA plants for the production of 
olefins and aromatics instead of splitting fossil naph-
tha in a steam cracker. The green methanol is man-
ufactured using climate-friendly hydrogen and CO₂ 
from renewable carbon sources (biomass or direct air 
capture), chemical recycling, or from fossil CO₂ from 
industrial processes (see Figure E.4). In this way, the 
energy-related emissions from the steam crackers 
can be saved. And if the CO₂ comes from non-fossil 
sources, the thermal energy recovery of the plastic 
waste can be (virtually) climate-neutral. 

Chemical recycling of plastic waste
Chemical recycling allows the industry to forgo the 
incineration of plastic waste, which releases large 
amounts of CO₂, and to convert the part of the plas-
tic waste that cannot be mechanically recycled into 
feedstock (pyrolysis oil, methanol) for the chemical 
industry. There are two mature processes for chem-
ically recycling of mixed plastics. In the first, plastic 
waste is pyrolysed, producing pyrolysis oil similar to 
naphtha that can replace naphtha as a feedstock in 
steam crackers. In the second, plastic waste is gasi-
fied along with additional, climate-friendly hydrogen, 
to produce green methanol for the MTO/MTA route. 
Chemical recycling avoids emissions from inciner-
ating plastic waste and manufacturing fossil-based 
naphtha.

Electrification of steam crackers
The electrification of steam crackers using green 
electricity makes it possible to avoid the combustion 
of part of the feedstock (e.g. naphtha or pyrolysis oil 
from chemical recycling) and thus emissions from the 
steam cracker. 

Olefins
e.g. ethylene

Green H2

Aromatics
e.g. benzene

Process steps for the MTO/MTA route

MTO/MTA plantMethanol synthesis

CO₂ from 
renewable 
or recycled 
sources

Methanol

Figure E.4 
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Power-to-heat – besides contributing to making the 
electrical system more flexible – enables the direct use of 
electricity for the production of heat and steam. This reduces 
the use of fossil fuels in CHP plants or gas-fired boilers. If 
100 per cent renewable electricity is used, power-to-heat 
can replace them completely. Potential technologies include 
electrode boilers (200–500°C) and high-temperature heat 
pumps, possibly in combination with mechanical vapour 
compression (< 200°C). 

Reinvestment requirement
The required investment for gas boilers CHP is split between 
many operations. The cumulative figure is unknown. The 
standard service life of a gas boiler is around 20 years. In 
certain applications, it is significantly longer. 

Technology development
Electrode boilers have reached technical market readiness 
(TRL 8–9) are available for large-scale commercial 
deployment. High-temperature heat pumps (TRL 7) can be 
rolled out on a large-scale starting in 2025 at the earliest, 
provided that technology develops optimally. Before 2030, 
a complementary operation with CHP plants or gas boilers 
can lead to significant CO2 reductions. 

3.2 Heat and steam production from power-to-heat  
(substitution of fossil steam production in gas boilers and CHP plants) 

Electrode boilers in the combined heat and power plant at the industrial 
park, Höchst, Frankfurt Photo: Infraserv GmbH & Co. Höchst KG

Pilot and demonstration projects

Electrode boiler: (Frankfurt (Main), Germany)
Infraserv Höchst, Parat
Status: Two electrode boilers have been in 
operation since 2014, each with an output of 
20 MW (TRL 8–9).

The 10-kV electrode steam boilers – with an output of 
20 MW each – were supplied by Parat and are operated by 
Infraserv Höchst.System 

testing

Electrode boiler: (Premnitz, Germany)
Enerstorage, Parat
Status: Two electrode boilers have been in 
operation since 2014, each with an output of 
20 MW (TRL 8–9).

The electrode boilers from Parat are operated by 
Enerstorage GmbH, the contracting party for power-to-heat 
plants. The first project is being carried out in partnership 
with EEW Energy from Waste. The Premnitz site is one of  
18 waste incineration plants operated by EEW in Germany. 

System 
testing

DryFiciency project (Uttendorf, Austria)
Agrana Staerke, Wienerberger 
Status: planned demonstration of high-
temperature heat-pump systems.
Outlook: An 80 per cent reduction of energy 
and a 75 per cent reduction of CO2 emissions in 
industrial drying processes shall be shown.

The DryFiciency consortium has the goal of developing 
solutions for upgrading unused waste heat flows to process 
heat flows for temperatures up to 160°C. DryFiciency is 
testing the 400-kW, high-temperature heat pumps (TRL 
7) under real production conditions in industrial drying 
processes in two European industrial companies (Agrana 
Stärke and Wienerberger).

Demo 

Required reinvestment and earliest possible market readiness of the  
key low-carbon technology 

The Technology Readiness Level (TRL) describes the maturity of a technology on a scale from 1 to 9 (TRL 9 = ready for market). 

2020 2025 2030 2035 2040 2045 2050

Unknown Unknown

Required investment in / replacement or modernisation of existing gas boilers and CHP plants 

Ca
pa

ci
ty

 o
f 

ga
s 

bo
ile

rs
 

an
d 

CH
P

 p
la

nt
s 

to
 b

e 
 re

pl
ac

ed
 in

 G
W

th
 p

er
 y

ea
r

UnknownUnknown UnknownUnknown

Earliest possible large-scale application (TRL 9) 
Starts with complementary operation with gas boilers and CHP

Status quo  
(TRL 8–9)

Market readinessSystem testing Technology export

The expansion of power-to-heat is expected to increase – 
initially as a hybrid solution with gas boilers or natural gas CHP.

Gas boiler plant lifetime: 20 years; CHP plant lifetime: 50 years
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Evaluation of compatibility with Paris climate agreement
The steam production from PtH plants can completely eliminate CO2 
emissions from fossil steam production as long as 100 per cent renewable 
electricity is used. Until the electricity mix is completely decarbonised, 
complementary operation with boilers or CHP plants can cut CO2 emissions 
provided that PtH plants are always used when the emission factor in the 
electricity mix drops below 220 g CO2/kWh. 

Possible policy instruments
 →  Carbon price and border carbon adjustment
 → Reform of network charges 
 →  Reform of levies and surcharges

Challenges
A broad use of PtH for steam production would take enormous amounts of 
electricity, requiring a rapid increase in renewable energy capacity. If 100 per 
cent of the low- and medium temperature heat demand (up to 500°C) of the 
EU27 chemical industry for 2017 (approx. 340 TWhth) was provided by elec-
trode boilers (65 per cent) and heat pumps (35 per cent), an additional elec-
tricity demand of approx. 260 TWhel would arise. 

Renewable electricity and infrastructure 
requirement

 → Electrode boilers: approx. 1 kWhel per kWhth

 → Heat pumps: approx. 0.33 kWhel per kWhth

 → Improvement of grid connections
 → Distribution grids (if needed)
 → Storage (if needed)

Chemicals

Technology
Steam from power-to-heat (electrode boilers)

Current stage of development
E-boilers: system testing until market readi-
ness (TRL 8–9); heat pumps (TRL 7)

Expected readiness for use
E-boilers (from 2020); heat pumps (from 2025)

Maximum CO2 reduction in the EU27

2030 2050

24.7 MtCO2 per year 76 MtCO2 per year

2030 2050

-54–40 €/tCO2 76–131 €/tCO2

CO2 abatement costs

CO2

Central assumptions for determining the range of the production costs (2030/2050)

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON2 TECHNOLOGY

Steam from fossil CHP 
or gas boilers

Steam, from PtH (electrode boiler)

223 g CO2 / kWhth

-100%
0 g CO2 / kWhthSpecific emission reduction

3.5 ct / kWhth (2019)
+49 to +83%

5.2–6.4 ct / kWhth (2050)
Specific additional costs

Hybrid operation 2030 (assumptions for electrode boilers) Lower range Upper range 

Specific capital costs for electrode boilers € 125/kW € 300/kW

Utilisation in full-load hours (FLH) 2,000 FLH per year 2,000 FLH per year

Average electricity price with 2,000 FLH € 15/MWh € 25/MWh

Production costs of low-carbon steam production 2030 2.3 €-ct/kWhth € 4.4-ct/kWhth

Full operation 2050 (assumptions for electrode boilers) Lower range Upper range 

Specific capital costs for electrode boilers € 100/kW € 250/kW

Utilisation in full-load hours (FLH) 8,000 FLH per year 8,000 FLH per year

Average electricity price with 8,000 FLH € 50/MWh € 60/MWh

Production costs of low-carbon steam production 2050 € 5.2-ct/kWhth € 6.4-ct/kWhth

€
€€

€
€

Assumption for 2030: Hybrid operation with natural gas CHP 
(PtH: 2,000 hours per year)

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 
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By retrofitting carbon capture (CCS) technologies, the 
emissions of existing CHP plants for the production of 
electricity and heat for chemical process can be reduced 
by up to 90 per cent. The CO2 must then be transported 
via a CO2 infrastructure, e.g. pipelines or inland shipping, 
and placed in a suitable storage location (e.g. in depleted 
oil and gas fields in the North Sea). The additional electricity 
demand for carbon capture can be met by electricity that the 
CHP plants produce themselves. 

Required reinvestment
The required investment in CHP plants in the chemical 
industry was not assessed in this project. Usually these 
plants remain in operation for 50 years.

Technology development
The relatively low level of technological maturity of CHP 
plants with CCS (TRL 4) means that commercial application is 
likely to be realistic only after 2030. 

3.3 Carbon capture (CCS) at the CHP plants of the 
chemical industry

Fortum Oslo Varme's CCS pilot plant, Oslo  Photo: Fortum Oslo Varme AS

Pilot and demonstration projects

Fortum Oslo Varme's CCS project (Oslo, Norway)
Fortum
Status: Carbon capture at the waste-to-energy 
plant without sequestration (TRL 4). 
Outlook: Implementation decision for large-
scale realisation is still pending, but the project 
is expected to be launched in 2023 or 2024. 

In the future, around 400,000 t of captured CO2 from 
the waste-to-energy plant in Klemetsrud in Oslo will be 
transported by ship to an intermediate storage site. The 
carbon dioxide is then transported by pipeline to an offshore 
storage site under the sea floor in the North Sea. This will 
accept CO2 emissions from various sources as part of the 
Norwegian Northern Lights project. Due to the biogenic 
element of the waste, this procedure can achieve some 
degree of negative emissions.

Pilot

ADP TA 8001 (Gaojing, China)
Beijing Jiaotong University
Status: Feasibility study (TRL 1-2).
Outlook: The study is complete.

The study investigated the extent to which electricity and 
heat production in China can be ensured by natural gas-
based CHP with CCS. Study

 
Required reinvestment and earliest possible market readiness of the  
key low-carbon technology 

The Technology Readiness Level (TRL) describes the maturity of a technology on a scale from 1 to 9. 

Pilot

2020 2025 2030 2035 2040 2045 2050

Required investment in / replacement or modernisation of existing CHP plants in the chemical industry
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Market readiness

Status quo (TRL 4)
Earliest possible large-scale application 
(TRL 9) with CCS infrastructure

Demo System testing Technology export

Unknown UnknownUnknownUnknown UnknownUnknown

CHP plant  lifetime: 50 years

432  



€
€€

€
€

CO2

183

Evaluation of compatibility with Paris climate agreement
By installing carbon capture systems on CHP plants in the chemical 
industry, up to 90 per cent of the CO₂ arising can be captured. A large-scale 
application is only likely after 2030, however. Once connected to a CO₂ 
infrastructure, biomass-fired CHP plants with carbon capture technologies 
could contribute to negative emissions via Bio-Energy and CCS (BECCS).

Possible policy instruments
 →  Carbon price and border carbon adjustment
 → Carbon cotracts or CCfDs

Challenges
The future social acceptance of CO₂ transport and storage is uncertain.  
Transporting CO₂ would be associated with high infrastructure costs (i.e. 
pipeline) for locations without access to a port (transport with ships). In 
addition, the market readiness of the technology is only expected in 2030, 
while there may be some reinvestment requirement before 2030 already. 

 Electricity and infrastructure requirement
 →  Additional electricity requirement for 

changing all natural-gas CHP to CCS: 29 
TWhel

 →  Pipelines or ships for CO₂ transport 
 → Availability of secure long-term CO₂ storage

Chemicals

Technology
CHP plants with CCS

Current stage of development
Pilot plants (TRL 4)

Expected readiness for use
2030–2035

Maximum CO2 reduction in the EU27

2030 2050

0 MtCO2 per year 49.5 MtCO2 per year

2030 2050

unknown 45–93 €/tCO2

CO2 abatement costs

CO2

Central assumptions for determining the range of the production costs (2050)

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON2 TECHNOLOGY

Heat-driven natural gas CHP CHP plant with CCS

297 g CO2 / kWhth

-90 %
33 g CO2 / kWh

Specific emission reduction

7.0 €-ct / kWh (2019)
+17 to +36 %

8.2–9.5 €-ct / kWh (2050)
Specific additional costs

Assumption Lower range Upper range

Electricity production costs for natural gas CHP 7.0 €-ct/kWhth 7.0 €-ct/kWhth

Assumptions: Type of plant GCC GCC

Plant size 20 MW 20 MW

Utilisation in full-load hours (FLH) 5,000 FLH 5,000 FLH

Natural gas price €30/MWh €30/MWh

Operating costs of carbon capture, transport and storage (CCS) € 1.2-ct/kWhth € 2.5-ct/kWhth

Assumption: CO₂ avoidance costs (CCS) € 45/tCO2 € 93/tCO2

Production costs of low-carbon steam production 2050 € 8.2-ct/kWhth € 9.5-ct/kWhth

€
€€

€
€

Assumption for 2030: CO2 reduction contribution with first demo plants

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 
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When producing green hydrogen from electrolysis, electricity 
is used to separate water molecules into hydrogen and 
oxygen. There are various types of electrolysis: alkaline, 
polymer-electrolyte membrane (PEM) and high-temperature 
electrolysis. When the electricity for electrolysis is entirely 
from renewables, the hydrogen production is carbon-neutral.

Required investment
It is nearly impossible to estimate the required investment 
due to the diverse production processes for hydrogen 
electrolysis. It is foreseeable that new investment will be 
needed because the demand for hydrogen from electrolysis 
will increase strongly in the future.

Technology development
If technology develops optimally, hydrogen electrolysis can 
be available for commercial use starting in 2025. Today, 
low-temperature electrolysis and the likely more efficient 
high-temperature electrolysis are at different stages of 
development, at TRL 8–9 and TRL 6–7, respectively. 

3.4 Hydrogen production from renewable energy/electrolysis  
(replacement of steam reforming for hydrogen production) 

GrinHy pilot plant for high-temperature electrolysis, Salzgitter
  Photo: Salzgitter AG

Pilot and demonstration projects

Green ammonia: (Puertollano, Spain)
Iberdrola, Fertiberia and NEL  
Status: Plant commissioning is expected for 2021 
(TRL 6-7). The PEM electrolyser will have a capacity 
of 20 MW. 

Iberdrola is building an integrated system with a 100 MW 
photovoltaic plant, a lithium-ion battery system with a 
storage capacity of 20 MWh and one of the world’s largest 
PEM electrolysers. The green H2 will be used in Fertiberia’s 
ammonia plant to manufacture green fertilisers. 

Demo

Refhyne (Wesseling, Germany)
Shell, ITM Power, SINTEF, thinkstep
Status: Construction of a pilot plant for PEM 
electrolysis with 10 MW (TRL 5–6).
Outlook: Technology will be tested for possible use 
in other sectors.

The refinery in the Rhineland requires around 180,000 t of 
hydrogen annually, most of which currently comes from 
steam reforming using natural gas. The new plant can 
produce an additional 1,300 t of green hydrogen annually. 
The production is completely integrated into the refinery 
process and is used, say, for the desulphurisation of 
conventional fuels.

Pilot

GrInHy 2.0 project (Salzgitter, Germany)
Sunfire, Salzgitter AG, Paul Wurth and Tenova
Status: Operation of the GrInHy pilot plant for 
high-temperature electrolysis until 2019 (TRL 4–5).
Outlook: Operation of the GrInHy 2.0 pilot plant for 
high-temperature electrolysis (TRL 6) until 2022.

GrInHy 2.0 is a pilot high-temperature electrolysis plant 
that will be operated with a capacity of 720 kWel for at 
least 13,000 hours resulting in the production of more 
than 100 t of green hydrogen. It will also use waste heat 
sources from steel production at Salzgitter AG and thus 
reach an energy efficiency of 84 per cent.

Pilot

 
Required reinvestment and earliest possible market readiness of the  
key low-carbon technology 

The Technology Readiness Level (TRL) describes the maturity of a technology on a scale from 1–9 (TRL 9 = ready for market). 
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Status quo electrolysis:  
Depending on technology

Increasing hydrogen demand expected with scenario-dependent volumes and ramp-up of demand
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Evaluation of compatibility with Paris climate agreement
Besides reducing CO2 by 100 per cent over that of conventional hydrogen, 
green hydrogen can play a key role in decarbonising many industries 
including steel, chemicals and maritime and aviation transport. Due to 
high demand for renewable electricity, the import of green hydrogen from 
non-EU countries with high renewable energy potential makes sense. 

Possible policy instruments
 → Clean hydrogen support policies
 → Green financing instruments
 →  Carbon price and border carbon adjustment

Challenges
The production of green hydrogen demands large amounts of additional 
renewable electricity at moderate costs. For climate neutrality in the industry 
sector, we assume a no-regret hydrogen requirement of approx. 270 TWh 
in 2050. For exclusively green H2, approx. 338 TWh of renewable electricity 
would be required. 

Renewable electricity and infrastructure 
requirement

 → 2050: 1.25 MWhel per MWhth of green H2 

 → 2030: 1.4 MWhel per MWhth of green H2 

 →  With central production or import:  
dedicated H2-pipelines are necessary

 → Effect on the electricity network

Chemicals

Technology
Green hydrogen from electrolysis

Current stage of development
Alkaline electrolysis (TLR 8-9); PEM electrolysis 
(TRL 6-7) and high-temperature electrolysis 
(TRL 4-5)

Expected readiness for use
2020–2030

Maximum CO2 reduction in the EU27

2030 2050

75 MtCO2 per year 73 MtCO2 per year

2030 2050

170–430 €/tCO2 110–360  €/tCO2

CO2 abatement costs 

CO2

Central assumptions for determining the range of the production costs (2050)

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON TECHNOLOGY

Steam methane reforming H2 from electrolysis

9 kg CO2 / kg H2

-100 %
0 kg CO2 / kg H2Specific emission reduction

1.8 € / kg H2 (2019)
+56 to +178 %

2.8–5.0 € / kg H2 (2050)
Specific additional costs

Assumptions Lower range Upper range

Specific capital costs of electrolyser € 250/kWel € 500/kWel

Conversion efficiency (lower heating value) 82 % 74 %

2050 domestic

Full-load hours; Ø electricity price 3,000 FLH; € 50/MWh 3,000 FLH; € 60/MWh

Cost of provision of green hydrogen 2050 (domestic) € 2.8/kg H₂ € 4.3/kg H₂

2050 import

Full-load hours; Ø electricity price 6,000 FLH; € 25/MWh 6,000 FLH; € 40/MWh

H₂ transport (without distribution) € 1.35/kg H₂ € 2.00/kg H₂

Cost of provision of green hydrogen in 2050 (import) € 2.9/kg H₂ € 5.0/kg H₂

€
€€

€
€

2030: we assume a demand for green/clean H2 in the steel, chemicals 
and refinery sector of 278 TWh. By 2050 total green hydrogen demand 
of these sectors amounts to 270 TWh and refineries will be phased out.  

Calculation of the CO2 abatement costs based on the CO2 reduction 
compared with the reference process of steam reforming 

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1.)
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In the methanol-to-olefin (MTO) and aromatics (MTA) route, 
olefins and aromatics can be produced from green methanol 
or syngas (H₂ and CO). These production pathways could 
replace steam crackers and the associated CO2 could be 
saved. For methanol production, we recommend using green 
H2 and, in the long term, CO2 from renewable or recycled 
sources (feedstock from plastic waste, biomass, CO2 from 
direct air capture). 

Required investment
The required investment in steam crackers by 2030 includes 
plants with a production of approx. 24.1 Mt of HVC (approx. 
53 per cent of total capacity). Normally, steam crackers are 
continuously maintained and modernised, rather than replaced 
all at once. Nevertheless, the required investment provides a 
rough idea of the modernisation needs of old plants. 

Technology development
If technology develops optimally (TLR 9), large-scale 
deployment would be possible starting between 2025 and 
2030. Today, the MTO (TRL 8) and MTA processes (TRL 6) are 
already in advanced stages of development. The MTO route 
was originally developed for using coal as a feedstock and is
already in use in other countries (e.g. China).

3.5 Alternative processes such as the methanol-to-olefin/aromatics route  
(MTO/MTA) or electrochemical processes for olefin and aromatic production 
(replacement of olefin and aromatic production in steam crackers)

Pilot and demonstration projects

Carbon2Chem® project (Duisburg, Germany)
Thyssenkrupp, BASF, Covestro, Linde, Evonik, 
Siemens, Fraunhofer-Institute 
Status: Operation of pilot plant for methanol 
manufacture in Duisburg (TRL 4-5), with all the 
individual components (TRL 9).

The cross-sector network of the steel, chemical and 
energy industries seek to establish CCU processes and use 
metallurgical gases (including the CO2 they contain) from 
steel production as a feedstock for chemical products. Excess 
electricity from renewable energy will be used as one of the 
energy sources.

Pilot 
MTO/MTA

Carbon4PUR project (Marseille, France)
Covestro, ArcelorMittal, Recticel, DECHEMA
Status: Construction of a pilot plant in Marseille 
Fos.
Goals: Obtain polyurethane from smelting gases.

The project develops the conversion of industrial exhaust 
gases with mixed CO/CO₂ flows into polyurethane plastics. 
The process can produce end products such as rigid foams, 
building insulation or coatings.

Pilot 

Rheticus project (Marl, Germany)
Evonik, Siemens
Status: Construction of a pilot plant in Marl.
Vision: Operate a plant with a capacity of up to 
20,000 t per year where exhaust gases from 
industrial processes are converted into special 
chemicals or fuels. 

The first step is the solar-powered electrochemical reduction 
of CO₂ and H₂O to obtain syngas, which is used in the test 
plant to manufacture butanol or hexanol. The manufacture 
of other special chemicals or fuels is also possible. In the 
future, flexibly sized plants could be installed where CO₂ is 
emitted on a large scale, i.e. at biomass power plants and 
biogas facilities.

Pilot
Electro-
chemical 
process 

 

Required reinvestment and earliest possible market readiness of the  
key low-carbon technology 

The Technology Readiness Level (TRL) describes the maturity of a technology on a scale from 1–9 (TRL 9 = ready for market). 
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2020 2025 2030 2035 2040 2045 > 20502050

Required investment in /replacement or modernisation of existing steam crackers

Earliest possible large-scale 
application (TRL 9)

Status quo  
(TRL 6-8)

Carbon2Chem® pilot plant, Duisburg Photo: thyssenkrupp AG

11.9 (26%) 12.2 (27%)

6.4 (14%)
2.3 (6%)

6.5 (14%)

0.0 (0%)

5.8 (13%)

Demo System testing Market readiness Technology export

Steam cracker lifetime: 50 years
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Evaluation of compatibility with Paris climate agreement
In principle, MTO/MTA should be evaluated from a holistic perspective (life 
cycle assessment). Under ideal conditions (100 per cent renewable electricity, 
non-fossil carbon source), MTO and MTA can avoid (virtually) all CO2 emissions 
in the plastics life-cycle (from production to recycling) and thus close the 
carbon cycle. The use of CO2 from industrial processes (e.g. steel, cement) is 
also conceivable during the transition.

Possible policy instruments
 →  Carbon contracts or CCfDs
 → Clean hydrogen support policies
 → Green public procurement
 → Quotas for low-carbon materials
 →  Carbon price and border carbon adjustment

Challenges
For extensive CO2 reductions, methanol-based processes (MTO, MTA) require 
large amounts of renewable electricity. If 100 per cent of current plastics 
production (31.6 Mt of olefins and 8.6 Mt of BTX in 2017) was produced using 
the MTO/MTA route, around 1032 TWh of additional electricity would be 
needed, 978 TWh in the form of green H2. 

Renewable electricity and infrastructure 
requirement

 →  22.7 MWh per t of olefin  
(of which 21.5 MWh for green H2) 

 →  36.5 MWh per t of BTX 
(of which 34.6 MWh for green H2) 

 → Syngas storage, if needed

Chemicals

Technology
Methanol-to-olefin/aromatics route (MTO/MTA)

Current stage of development
MTO (TRL 8); MTA (TRL 6) 

Expected readiness for use
2025–2030

Maximum CO2 reduction in the EU27

2030 2050

unknown 181 MtCO2 per year

2030 2050

160–355 €/tCO2 84–515 €/tCO2

CO2 abatement costs

CO2

Central assumptions for determining the range of the production costs (2050)

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON TECHNOLOGY

Naphtha steam cracking + 
Waste incineration plants

Methanol-to-olefin route+ 
Carbon from direct air capture

4.5 t CO₂ / t of HVC
-100 %

0 t CO₂ / t of HVC
Specific emission reduction

842 €/t of HVC (2019)
+45  to +277 %

1,223–3,176 €/t of HVC (2050)
Specific additional costs

Assumptions Methanol import Domestic production

Specific capital costs for direct air capture (DAC) € 248/t of HVC € 248/t of HVC

Specific capital costs of methanol synthesis € 135/t of HVC € 135/t of HVC

Specific capital costs of methanol-to-olefin plant € 19/t of HVC € 19/t of HVC

Fixed operating costs € 138/t of HVC € 138/t of HVC

Costs for H2 supply € 620/t of HVC € 2540/t of HVC

Assumptions: Ø electricity price H₂ production € 25/MWh € 60/MWh

Transport costs for methanol € 31/t of HVC –

Costs for providing electricity (with import only MTO) € 31/HVC € 95/HVC

Production costs for climate-neutral HVC production: € 1223/t of HVC € 3176/t of HVC

€
€€

€
€

2050: CO2 reductions incl. waste incineration plants (energy sector)

2030/2050: indicated CO2 abatement costs only apply to MTO
2050: weighted average MTO/MTA: € 122–615/tCO2

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 
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Chemical recycling makes it possible to re-use plastic waste 
as feedstock in the chemical industry instead of burning it. 
In the process, the plastic waste is converted to synthesis 
gas (gasification) or to liquid oil (pyrolysis) and then made 
into alternative feedstock that replaces fossil feedstock (e.g. 
fossil naphtha). In this way, the CO₂ emissions from burning 
plastic waste and the use of naphtha as a feedstock can be 
eliminated. In order to create a climate-neutral petrochemical 
industry, chemical recycling must be combined with 
other processes in the long term (electric steam cracking, 
methanol-to-olefin). 

Required investment
The introduction of chemical recycling would require new 
gasification and pyrolysis plants for the conversion of 
plastic waste into feedstock. The extent to which existing 
waste incineration plants or steam crackers can be replaced 
depends on a multitude of factors and cannot be determined 
here.

Technology development
Both pyrolysis and the gasification route exhibit a high 
degree of technology development (TRL 6–7). Both 
processes are therefore expected to be market ready in the 
period from 2025 to 2030. Large-scale use would be possible 
as long as the conditions for chemical recycling in the EU27 
ensure economic viability. 

3.6 Chemical recycling: Pyrolysis or gasification of plastic waste for material 
use (replacing the combustion of plastic waste in waste incineration 
plants and substituting primary feedstock from fossil sources) 

Pilot plant for chemical recycling, Ennigerloh Photo: Recenso GmbH

Pilot and demonstration projects

Cleaning of pyrolysis oil (Geleen, 
the Netherlands)
Sabic
Status: Planning of semi-commercial plant for 
cleaning approx. 15 kt of pyrolysis oil per year.
Outlook: Production to begin in 2021.

The recycled polymers of Sabic will be manufactured from a 
pyrolysis oil-based raw material produced from mixed plastic 
waste. Sabic is introducing this alternative raw material to 
its production facility in Geleen. The resulting polymers will 
be supplied to customers such as Unilever and Tupperware 
Brands. 

Demo
Pyrolysis

Waste to Chemicals Rotterdam 
(the Netherlands)
Air Liquide, Enerkem, Nouryon,  
Port of Rotterdam, Shell
Status: Plant in planning.

The waste-to-chemicals plant will produce methanol from 
residual waste. Up to 360,000 t of residual waste can be 
converted into syngas and then into 220,000 t (270 million 
litres) of methanol.

Demo
Gasification

ChemCycling (various locations, Germany)
BASF, Remondis, Plastic Energy, Recenso
Status: Pilot plant for direct oiling of Recenso 
GmbH in operation (Ennigerloh, Germany).

Production of pyrolysis oils from plastic waste, which can be 
processed in steam crackers. In this way, the use of fossil 
naphtha in the steam cracker can be reduced. In 2018, the 
first products based on pyrolysis oils from the pilot plant 
were manufactured in Ennigerloh.

Pilot 
Pyrolysis

The Technology Readiness Level (TRL) describes the maturity of the technology on a scale from 1–9 (TRL 9 = ready for market). 

Required reinvestment and earliest possible market readiness of the  
key low-carbon technology 

 

2020 2025 2030 2035 2040 2045 2050

Earliest possible large-scale 
application (TRL 9)

Market readiness Technology export

Status quo 
(TRL 6–7)

Demo System testing

Increasing demand for gasification and  
pyrolysis plants expected
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Evaluation of compatibility with Paris climate agreement
Chemical recycling is an essential element for building a circular carbon 
economy and thus central to achieving a (mostly) GHG neutral chemical 
sector. As long as 100 per cent of the electricity used is renewable, CO2 
emissions from burning plastic waste and the many manufacturing steps of 
fossil naphtha can be almost completely eliminated. 

Possible policy instruments
 →  Standards for recyclable products
 → Quotas for low-carbon materials
 →  Carbon price and border carbon adjustment
 → Green financing instruments

Challenges
The use of pyrolysis oil in steam crackers is already economically attractive, 
but for complete closure of the carbon cycle, chemical recycling must be 
combined with other processes (electr. steam crackers and MTO). Based on 
the availability of waste plastics in 2050, chemical recycling could result in an 
electricity requirement for renewables amounting to approx. 129 TWh. 

Renewable electricity and infrastructure 
requirement

 →  Electricity requirement for integrated 
pyrolysis: 6.8 MWh per t of HVC (2 MWh for 
green hydrogen) 

 →  Collection and logistics system for suitable 
plastic waste

Chemicals

Technology
Chemical recycling (pyrolysis, gasification)

Current stage of development
Demonstration plants (TRL 6-7)

Expected readiness for use
2025–2030 

Maximum CO2 reduction in the EU27

2030 2050

6.2 MtCO2 per year 79 MtCO2 per year

2030 2050

-58*–60 €/tCO2 11–49 €/tCO2

CO2 abatement costs 

CO2

Central assumptions for determining the range of the production costs (2030)

Assumption of pyrolysis + conv. steam crackers without MTO (2030) Lower range Upper range

Specific capital costs of pyrolysis plant € 14/t of HVC € 14/t of HVC

Specific capital costs of steam crackers € 74/t of HVC € 74/t of HVC

Specific supply costs of natural gas € 20/t of HVC € 20/t of HVC

Fixed operating costs € 40/t of HVC € 40/t of HVC

Specific supply costs of waste € 483/t of HVC € 483/t of HVC

Assumptions: Supply costs for waste (old plastics) € 304/t of waste € 304/t of waste

Specific costs for supply of electricity € 29/t of HVC € 34/t of HVC

Assumptions: average electricity price € 50/MWh € 60/MWh

Production costs for low-emission HVC production: € 659/t of HVC € 664/t of HVC

€
€€

€
€

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON2 TECHNOLOGY

Naphtha steam cracking+ 
Waste incineration plants

Pyrolysis + electric steam crackers 
+ methanol-to-olefin

4.5 t CO₂ / t of HVC
-93 %

0.3 tCO₂ / t of old plastics
Specific emission reduction

842 €/t of HVC (2019)
+6  to +25 %

890–1,050 €/t of HVC (2019)
Specific additional costs

2050: CO2 reductions incl. waste incineration plants (power sector)

2030: *Non-integrated pyrolysis route; cost depends on naphtha price 
2050: integrated pyrolysis route (incl. electric steam cracker + MTO) 

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 
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The electrification of the high-temperature heat can 
completely eliminate direct CO2 emissions from steam 
crackers. The emissions currently arise from burning a part 
of the feedstock (e.g. naphtha) or natural gas in order to 
provide the necessary process heat (600–900°C). electrified 
steacm crackers, the alternativel feedstock from chemical 
recycling (e.g. pyrolysis oil) would not have to be burned, 
which would allow to close the carbon cycle without 
significant losses. (See chemical recycling.) 

Required investment
The required investment in steam crackers by 2030 includes 
plants with a production of approx. 24.1 Mt of HVC (approx. 
53 per cent of total capacity). Normally, steam crackers 
are continuously maintained and modernised, rather than 
replaced all at once. Nevertheless, the required investment 
provides a rough idea of the modernisation needs of old 
plants. 

Technology development
Laboratory scale plants do not appear necessary for market 
readiness because the basic functionality of electric crackers 
is well understood and the challenges lie more in the 
construction of an industrial plant. The construction of a pilot 
or demonstration plant is likely to be possible between 2020 
and 2030.The technology is likely to be market ready (TRL 9) 
starting in 2030.

3.7 Electrification of the high-temperature heat in steam crackers 
(replacement of the burning of fossil raw materials in the steam 
cracker) 

A pilot plant does not yet exist.

Pilot and demonstration projects

Demo

E-Cracker (Ludwigshafen, Germany)
BASF, Sabic, Linde
Status: Partners applied for funding at the  
EU Innovation Fund and national 
decarbonisation fund. 

The parties are evaluating construction of a multi-mega-
watt demonstration plant of an electrically heatable steam 
cracker at BASF’s Ludwigshafen site, targeted for start-up 
as early as 2023, subject to a positive funding decision. This 
would allow the substitution of fossil fuels that are burned 
today to supply the required high-temperature heat. 

Cracker of the Future (three-country 
cooperation)
BASF, Borealis, BP, LyondellBasell, Sabic, Total, 
Brightlands Chemelot Campus
Status: Testing of the sustainable technical and 
economic possibilities of the technology and a 
prompt implementation. 
Outlook: Roadmap for the development and 
use of electric cracker technology.

A consortium from six petrochemical companies operating in 
the trilateral region of Flanders, the Netherlands and North-
Rhine-Westphalia, led by Brightlands Chemelot Campus, 
is conducting research on the operation of electric steam 
crackers supplied with electricity from renewable energy 
for producing basic chemicals such as ethylene, propylene, 
butadiene and aromatics. The partner companies agreed 
to invest in appropriate research and development and to 
share knowledge. The collaboration is a result of the trilateral 
strategy of the chemical industry between the German VCI, 
the Belgian Essenscia and the Dutch VNCI. 

Laboratory 

 

The Technology Readiness (TRL) describes the maturity of a technology on a scale from 1–9 (TRL 9 = ready for market). 

Required reinvestment and earliest possible market readiness of key low-carbon technology 
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Earliest possible large-scale 
application (TRL 9)Status quo (TRL 1-3)

Laboratory Demo Market readinessSystem testing

2020 2025 2030 2035 2040 2045 > 20502050

   Pilot     Technology export

Required investment in / replacement or modernisation of existing steam crackers

Steam cracker lifetime: 50 years

11.9 (26%) 12.2 (27%)

6.4 (14%)
2.3 (6%)

6.5 (14%)

0.0 (0%)

5.8 (13%)
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Evaluation of compatibility with Paris climate agreement
This technology makes sense particularly in combination with chemical 
recycling within a circular economy. On the one hand, the emissions at 
the steam cracker can be reduced by 100 percent. On the other hand, it 
would not be necessary to combust part of the carbon contained in the 
alternative feedstock from plastic waste to provide heat, which under ideal 
conditions allows closing the carbon to cycle without significant losses. 

Possible policy instruments
 → Reform levies and surcharges
 → Reform of network charges 
 →  Carbon price and border carbon adjustment:
 → Green financing instruments
 → Support for research

Challenges
By the time the technology is market ready (2030 at the earliest), a large 
portion of the investment in new steam crackers could have already been 
made. As a result, retrofitting electric heating systems and an increased 
flexibility with respect to the feedstock (pyrolysis oil, biomass, etc.) should 
be considered. In addition, the direct electricity requirement would be 
relatively high (2.5 MWh/t of HVC).

Renewable electricity and infrastructure 
requirement

 → 2.5 MWh/t of HVC 
 →  Total electricity requirement for electric 

steam cracking of 40.2 Mt of HVC: 101 TWh
 →  increased expansion of electricity network

Chemicals

Technology
Electrically heatable and feedstock-flexible 
steam crackers 

Current stage of development
Laboratory phase (TRL 1-3) 

Expected readiness for use
2030–2040

Maximum CO2 reduction in the EU27

2030 2050

0 MtCO2 per year 32 MtCO2 per year

2030 2050

73–121 €/tCO2 11–49 €/tCO2

CO2 abatement costs

CO2

Central assumptions for determining the range of the production costs (2050)

Assumptions Lower range Upper range

Specific capital costs for electric steam crackers € 60/t of HVC € 60/t of HVC

Cost of provision of naphtha € 752/t of HVC € 752/t of HVC

Fixed operating costs € 29/t of HVC € 29/t of HVC

Electricity costs € 127/t of HVC € 152/t of HVC

Assumptions: average electricity price € 50/MWh € 60/MWh

Return on saved fuel – –

Production costs for low-emission HVC production: € 968/t of HVC € 993/t of HVC

€
€€

€
€

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON TECHNOLOGY

Naphtha steam cracker Electrically heated steam cracker

0.80 t CO₂ / t of HVC
-100 %

0 t CO₂ / t of HVC
Specific emission reduction

842 €/t of HVC (2019) 
+15 to +18 %

968-993 €/t of HVC (2050) 
Specific additional costs

Assumption 2050: Embedded in a circular economy 

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 
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3.8  End notes and bibliography

List of end notes

1 Agora Energiewende/Wuppertal Institute, 2021, based on Eurostat, 2017.

2 The European Chemical Industry Council (CEFIC), 2018. 

3 Eurostat, 2017.

4 “HVC” refers to products from naphtha steam cracking. Ethylene and propylene are the main components, but benzene, toluene, and xylene (BTX) are 
included as well. 1.97 t of HVC contain one t of ethylene.

5 Wuppertal Institute, 2021. Includes HVC production from steam crackers and refineries. 

6 The GHG emissions of steam crackers are only accounted for by the chemical industry if they are being operated by chemical companies. In case they are 
being operated as part of a refinery, their emissions are accounted for by the energy sector. 

7 Apart from steam crackers, catalytic crackers and steam reforming plants within refineries also produce basic chemicals as by-products that are further 
processed in downstream processes.

8 Wuppertal Institute, 2021. Generally, steam crackers are continuously maintained and modernised but not completely replaced. As a result, reinvestment 
expenditure does not happen all at once but is spread over a longer period. Nevertheless, the required investment for the coming years indicates the extent 
to which old plants have to be modernised or replaced by plants with new technologies.

9 European Environment Agency, 2021. 

10 Eurostat, 2017. Includes energy requirements from the chemical and petrochemical industries.

11 Agora Energiewende/Wuppertal Institute, 2021, internal calculations.

12 Agora Energiewende/Wuppertal Institute, 2021, internal calculations.

13 Other CO₂-neutral alternatives are the use of biomass or hydrogen for CHP. We do not consider these options because of the limited availability of sustaina-
ble biomass and (for the time being) hydrogen. Moreover, the use of biomass and hydrogen in other applications promises greater benefits to the climate.

14 Internal calculations based on ammonia production from the United States Geological Survey (USGS), 2017, and on an emission factor of 1.8 t CO₂/t ammonia.

15 Material Economics, 2019. 

16 The required electricity causes an indirect emission of 0.7 tCO₂ per t of ammonia. The emissions must be accounted for by the industrial power plants of the 
chemical industry or the power sector.

17 United States Geological Survey (USGS), 2017. 

18 When using fertilisers that contain reactive nitrogen compounds, considerable nitrogen oxide emissions (including nitrous oxide, an extremely potent 
greenhouse gas) and water pollution can occur. Accordingly, the challenge is not just to replace natural-gas-based ammonia and fertiliser production for a 
route using green hydrogen but also to significantly reduce the use of synthetic nitrogen fertilisers.

19 The introduction of CCS is associated with substantial hurdles for social acceptance. CCS also requires the establishment of extensive infrastructure for the 
transport and permanent storage of CO₂.

20 In the methane pyrolysis process, natural gas is split in a high-temperature reactor into hydrogen and carbon. In the process, solid carbon is produced that 
can either be used for other purposes (e.g. for battery manufacture) or disposed of in landfills. This hydrogen is called turquoise. The process is in an early 
stage of development and it cannot be predicted whether, when and at what cost hydrogen can be produced in large volumes with this method.
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4.1 Cement sector overview 

Cement is a binding agent that is an essential ele-
ment of concrete and mortar and ranks among the 
most-used construction materials worldwide. As a 
result, the cement industry holds a decisive position 
in the value chain of the construction industry. The 
cements produced by the cement industry are clearly 
defined in European-wide and national standards. 
The European standard DIN EN 197-1, for so-called 
normal cements, divides the cement into five main 
types (CEM I – CEM V), which are differentiated based 
on the per cent by weight of cement clinker and other 
components (e.g. slag, pozzolan, fly ash) into 27 normal 
cement types.

In 2017, approx. 159 Mt of cement were manufac-
tured in the EU271, generating a gross value added of 
around 5.1 billion euros.2 Compared with steel and 
basic chemicals, the trade intensity of cement is low. 
The cause of this is primarily the high transport costs 
relative to the product price. Accordingly, the main 
part of cement transport happens on the roads in a 
transport radius of up to 250 km, although the impor-
tance of longer transports using (inland) shipping is 
increasing.

The European cement industry includes a mix of 
medium-sized and large companies with a total of 
around 47,000 employees.3 In 2017 cement clinker 
was produced at roughly 190 different sites across the 
EU27.1 Locally available raw materials (limestone, clay) 
and low-cost transport options to reach demand mar-
kets are central factors for cement plant locations.

In 2015, cement usage in Europe broke down as 
follows: buildings (50 per cent), civil engineering 
(30 per cent) and maintenance (20 per cent). Most of 
the cement is processed into ready-mixed concrete 
(approx. 48 per cent), followed by precast concrete 
(28 per cent) and mortars and plasters (24 per cent).4

EU cement production has a high energy cost share 
of 35 per cent per t of cement. Fuels are used mainly 

for the energy-intensive burning of cement clinker. 
In 2017, 54 per cent of the cement industry’s ther-
mal energy use came from fossil fuels. But the cement 
industry also uses alternative fuels such as old tyres, 
waste oil, animal meal, and plastic waste. The share of 
these alternatives has been continually rising since 
the 1990s. In 2017, 46 per cent of the thermal energy 
use came from alternative fuels.5 Roughly 10 to 15 per 
cent of the overall energy requirement comes from 
electricity. The electricity goes primarily to grinding 
raw materials and cement.

The direct specific CO₂ emissions (i.e. without contri-
bution from electricity use) from cement varies across 
Europe and amounts to an average of 0.65 tCO₂/t of 
cement. For the subsequent technology fact sheets the 
average for Germany of 0.61 tCO₂/t of cement was the 
base for the calculations. Overall direct emissions of 
cement manufacture in the EU27 amounted to 112 Mt 
in 2017.1 

Based on the required reinvestment of the  German 
cement industry by 2030 which is estimated at 
30 per cent, we assume the reinvestment requirement 
at EU level to be in a similar range. 

Direct CO2 emissions from the cement industry in the 
EU27 (+UK) in 2017
112 MtCO2 (+6 MtCO2 in the UK)

Cement production in the EU27 (+UK) in 2017
159 Mt of cement in EU27 (+8.6 Mt of cement in the 
UK)

Cement demand in 2017 (EU28)
168 Mt of cement

Reinvestment required for cement by 2030
We estimate that approx. 30 per cent of the total 
 capacity will require reinvestment by 2030

Directly employed in 2017 (EU27)
47,000 employees 

4 Cement
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Greenhouse-gas-neutral cement sector 
 
Decarbonising the cement sector represents a great 
challenge. This is mostly because of the process- 
related CO₂ emissions that arise during the calcina-
tion process, when limestone is heated to produce 
calcium oxide (or lime), the principal ingredient of 
cement clinker. From today’s perspective, the use of 
carbon capture and storage (CCS) and possibly carbon 
capture and use (CCU) technologies are unavoidable. 

A further difficulty is that most cement plants are in 
rural areas close to mining areas for limestone and 
clay. The construction of a comprehensive CO₂ infra-
structure in rural areas would be necessary for trans-
porting the captured CO₂ to offshore storage sites. 

Process-related emissions amount to approx. 65 per 
cent of the emissions per t of cement. The remain-
ing 35 per cent (fuel-related emissions) come from 
burning fossil and alternative fuels to provide the 
high-temperature process heat. In principle, this pro-
portion can be significantly reduced or even com-
pletely eliminated by electrification, green hydrogen 
or other greenhouse gas-neutral fuels such as bio-
mass and synthetic gas. With the use of CCS or CCU6 
for the capture of process-related and fuel- related 
emissions, negative emissions would be possible if 
mainly GHG neutral fuels that do not contain car-
bon of fossil origin are used. Below, the conventional 
cement production process is described in order to 
provide the basis for understanding key low-carbon 
technologies (see Figure E.5.).

Reference process 
For the binding properties of cement, cement clinker 
is the key component. Depending on the type of 
cement, other materials are mixed with the cement 
clinker in varying proportions. The manufacture of 
cement clinker is responsible for a total of 94 per cent 
of the overall (i.e. direct plus indirect) CO₂ emissions 
of cement manufacture.7 The current normal aver-
age proportion of cement clinker in Europe of 74 per 

cent cement (or a clinker factor of 0.74) is used for the 
 following assessment.

Cement clinker is manufactured from a ground mix-
ture of approx. 75 per cent limestone and 25 per cent 
clay. Put simply, its manufacture can be divided into 
two central, energy-intensive steps: The pre-heated 
raw material is initially calcinated at approx. 900°C 
(burned). In modern cement plants, this takes place 
in the calciner, upstream of the rotary kiln. Approx. 
60 per cent of the total heating is required for the 
calcination process, which today is provided by the 
burning of fossil and alternative fuels. In the process, 
an average of 0.13 tCO₂ per t of cement arise from 
fuel combustion. 90 to 95 per cent of the limestone 
(CaCO3) in this process step is already converted to 
burnt lime (CaO) and carbon dioxide (CO₂) (calcina-
tion), resulting in additional, process-related CO₂ 
emissions of 0.36 tCO₂ arising in the calciner. 

In the next step, the material mixture is heated in 
the rotary kiln to 1,450°C where it is fused together 
(sintered) and then cooled in the clinker cooler. 
In the rotary kiln, direct, fuel-related emissions 
arise (0.08 tCO₂ per t of cement) as well as other 
 process-related emissions (0.04 tCO₂ per t of cement). 

In a later step, the cement clinker is ground and pos-
sibly mixed with other main components such as slag 
to produce cement. For one t of cement, direct emis-
sions of around 0.61 tCO₂ result. But this does not 
take into account the indirect emissions for the use of 
electricity in the drying and grinding processes. 

Possible key low-carbon technologies
CO₂ capture with Oxyfuel-CCS
CCS includes the capture, transport and perma-
nent storage of the CO₂ emissions arising from the 
cement clinker manufacture. In the Oxyfuel process, 
the combustion process in the rotary kiln and in the 
calciner is carried out with a mixture of oxygen and 
recycled CO₂ instead of air. This makes the separa-
tion of the CO₂ from the exhaust gas flow easier and 
increases the CO₂ capture rate. In this way, approx. 
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90 per cent of the whole process and fuel-related 
emissions can be captured. If Oxyfuel-CCS is com-
bined with a share of biogenic fuels (BECCS) cement 
works can become climate-neutral (when they use a 
share of around 25 per cent of biogenic fuels - or even 
carbon-negative when they use more than a 25 per 
cent share of biogenic fuels).

CO₂ capture and electrification of the high-tem-
perature heat for the calciner (LEILAC)
In an approach followed by the LEILAC project8, the 
calcination process step is carried out in a special, 
indirectly heatable steel vessel. This allows the pro-
cess-linked emissions to be captured in a relatively 
pure CO₂ flow, which reduces the energy required 
for CO₂ capture and purification. In principle, this 
approach also allows the electrification of calcin-
ers by heating the steel vessel electrically instead of 
with fossil burners. But this approach requires large 
amounts of electricity. With this technology, approx. 
77 to 80 per cent of the total emissions from the kiln 
can be reduced. 

Alternative binding agents
Alternative binding agents allow the manufacture 
of concrete without the use of conventional cement 
clinker. The various existing approaches for alter-
native binding agents differ strongly regarding input 
materials and production processes and therefore 

cannot be discussed in detail here.9 A central aspect is 
reducing the share of limestone to lower process-re-
lated emissions. Some alternative binders are also 
less energy-intensive, because the manufacturing 
process takes place at a lower temperature level, and 
the thermal energy requirement for calcination is also 
lower with reduced limestone content. Being a non-
CCS option, cement produced with alternative bind-
ing agents can lower CO₂ intensity up to 53 per cent 
relative to conventional cement (whose clinker share 
is around 74 per cent).10 Alternative binding agents 
can also be combined with CCS technology. Doing so 
would reduce the electricity requirement for car-
bon capture and transport as a result of the lower CO₂ 
emissions. However, it is expected that the applica-
tion of alternative binding agents will remain limited 
to niche markets in the medium term because some 
of the properties of the final products deviate from 
industrial norms. 

Other promising approaches exist – different 
post-combustion technologies (CCS)11, the recarbon-
ation of building demolition (CCU) or textile-rein-
forced concrete – but they are not part of our assess-
ment. 

CO2
0.36 tCO₂
0.13 tCO₂

0.04 tCO₂
0.08 tCO₂

In total:  
0.61 tCO2  
per t 
of cement*

Limestone
Clay

Calciner

Rotary kiln

Cement mill

Process steps and direct CO2 emissions from cement production

Deacidified 
raw material, 

burnt lime Cement clinker

Added materials,
e.g. slag

Cement

Fuel-related CO2 emissionsProcess-related CO2 emissions

* Assumption: All information is based on cement with a clinker proportion of 74 per cent. 

Figure E.5 
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The Oxyfuel process is a process for carbon capture for the 
cement clinker burning process carried out using a mixture 
of oxygen and recycled CO2 instead of air. This makes the 
capture of carbon from the exhaust gas flow easier and 
in practice allows the capture approx. 90% of the total 
emissions. The CO2 would then have to be transported via a 
CO2 infrastructure, e.g. pipelines or ships for locations near 
rivers, and ultimately placed in suitable storage locations 
(e.g. in depleted oil and gas fields in the North Sea).

Required investment
By our estimates, the reinvestment requirement in the 
cement industry by 2030 includes plants with a capacity of 
approx. 55 Mt of cement clinker per year (approx. 30 per cent 
of the total capacity). The number was extrapolated from 
German data in absence of a full site-specific dataset for 
Europe.

Technology development
If technology develops optimally, commercial use (TRL 9) can 
be envisaged by 2025. However, carbon capture requires 
a CO2 infrastructure to transport the CO2 away to offshore 
storage sites, which is why retrofitting cement plants near 
the coast and rivers (transport by ship) appears likely as an 
initial step. 

4.2 CO2 capture with the Oxyfuel process (CCS)

Pilot and demonstration projects

Demo

Catch4climate (Mergelstetten, Germany)
Buzzi Unicem-Dyckerhoff, HeidelbergCement, 
SCHWENK and Vicat
Status: Planning to build demonstration plant on  
a semi-industrial scale (TRL 6).

The consortium CI4C (Cement Innovation for Climate) was 
created in 2019 and is cooperating closely with the federal 
state of Baden-Wuerttemberg. Their aim is to create the 
basis for a large-scale application of CO₂ capture technologies 
in cement plants enabling the use of CO₂ as a raw material in 
other processes (CCU, CCS). The captured CO₂ will be used to 
produce synthetic fuels such as kerosene for airplanes.

ECRA-CCS project (EU project)
ECRA, HeidelbergCement
 Status: The project is currently in  
phase IV – developing a concept for an 
industrial-scale demonstration plant and 
applying for an EU grant to fund construction. 

The European Cement Research Academy (ECRA) has been 
studying the technical and economic feasibility of carbon 
capture in cement manufacture since 2007. Talks are 
currently being held on a suitable location in Germany for 
the construction of a demonstration plant for an industrial-
scale test operation. 

Demo

CEMCAP project (Hanover, Germany)
HeidelbergCement, German cement works 
association (VDZ)
Results: Evidence for Oxyfuel clinker cooling; 
development of Oxyfuel burner and calciner.

An Oxyfuel cooling system for clinker was successfully 
installed and tested. Laboratory tests have been carried out 
on an Oxyfuel-compatible burner and calcinator. A model of 
a complete Oxyfuel plant was created.

Pilot 
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Status quo  
(TRL 6)

Required reinvestment and earliest possible market readiness of the  
key low-carbon technology 

Required investment in / replacement or modernisation of existing plants in cement production

The Technology Readiness Level (TRL) describes the maturity of a technology on a scale from 1–9 (TRL 9 = ready for market). 

Pilot plant Oxyfuel clinker cooler, cement works Hanover, HeidelbergCement
Photo: Steffen Fuchs, Heidelberg/Germany

Labo-
ratoryPilot Market readiness Technology exportDemo System  

testing

Plant lifetime: 60 years

2020 2025 2030 2035 2040 2045 2050

Unknown Unknown Unknown Unknown Unknown Unknown
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Evaluation of compatibility with Paris climate agreement
A successful further development of this technology can contribute to 
siginificant CO₂ reductions from cement manufacturing worldwide if the 
required CO₂ infrastructure is constructed. With 100 per cent GHG-neutral 
fuels, such as biomass from sustainable sources, negative emissions are 
possible. 

Possible policy instruments
 →  Carbon price and border carbon adjustment
 → Carbon contracts or CCfDs
 → Green public procurement
 → Quotas for low-carbon materials
 → Reform levies and surcharges

Challenges
The public acceptance of CO₂ transport and storage is uncertain, especially 
for sites far away from potential offshore storage sites. The Oxyfuel process 
demands a some additional renewable electricity. For 50 per cent of the 
EU27 cement production (approx. 80 Mt) the Oxyfuel process with CCS 
would create an additional electricity requirement of approx. 20 TWh.

Renewable electricity and infrastructure 
requirements

 →  0.25 MWh per t of cement (incl. capture, 
purification and compression of CO₂)

 →  CO₂ infrastructure
 → secure long-term CO₂ storage
 →  Oxygen production plant

Cement

Technology
Carbon capture with the Oxyfuel process

Current stage of development
Planned construction of demo plants (TRL 6) 

Expected readiness for use
2025–2030

Maximum CO2 reduction in the EU27

2030 2050

8.5 MtCO2 per year 101 MtCO2 per year

2030 2050

70–131 €/tCO2 65–87 €/tCO2

CO2 abatement costs 

Central assumptions for determining the range of the production costs (2050)

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON TECHNOLOGY

Conventional cement manufacturing Carbon capture with Oxyfuel

0.61 tCO2 /t of cement
-90 % 0.06 tCO2 /t of cement

Specific emission reduction

46 €/t of cement
+78 to +104 % 82–94 €/t of cement

Specific additional costs

Assumption Lower range Upper range 

Capital costs for reference cement work € 15/t of cement € 17/t of cement

Specific capital costs of retrofitting Oxyfuel € 7/t of cement € 10/t of cement

Assumption: CAPEX Oxyfuel for 1 Mt of cement clinker per year € 100 million € 130 million

Operating costs of cement production incl. carbon capture in the cement works € 41/t of cement € 46/t of cement

Assumption: average electricity price € 50/MWh € 60/MWh

Costs for CO2 transport and storage € 33/tCO2 € 38/tCO2

This consists of:  CO2 transport costs (inland and seagoing vessels) € 23/tCO2 € 28/tCO2 

North Sea storage € 10/tCO2 € 10/tCO2 

Production costs of low-carbon cement € 82/t of cement € 94/t of cement 

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 
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In the LEILAC process, a special, indirectly heated steel vessel 
is used as the calciner. As a result, a pure CO2 exhaust gas 
flow simplifies the capture of CO2. This way captures approx. 
85 to 90 per cent of total process-related emissions. It 
also enables the electrification of high-temperature heat 
production, which eliminates the fuel-related emissions from 
the calciner. The total reduction is around 77 to 80 per cent 
of kiln emissions. 

Required investment
By our estimates, the reinvestment requirement in the 
cement industry by 2030 includes plants with a capacity of 
approx. 55 Mt of cement clinker per year (approx. 30 per cent 
of the total capacity). The number was extrapolated from 
German data in absence of a full site-specific dataset for 
Europe.

Technology development
If technology develops optimally, the large-scale use (TLR 9) 
of the LEILAC technology (in the fossil-heated approach) will 
be possible between 2025 and 2030. The electrically heated 
system can be available by 2030. 

4.3 Carbon capture in combination with the electrification of high-
temperature heat for calciners (electrified LEILAC process) 

Pilot and demonstration projects

Demo

EU project LEILAC II (Hanover, Germany)
HeidelbergCement, Cemex, Calix
Outlook: Demonstration plant (TRL 6-7) is 
expected to be ready by the end of 2023 and the 
overall project will run until 2025.

After the success of the first project phase, LEILAC II is 
now designing a CO₂ capture pilot plant that can capture 
100,000 tCO₂ per year. This corresponds to 20 per cent of 
the cement plant’s capacity. The project design phase will 
be completed in June 2021.

EU project LEILAC (Lixhe, Belgium)
HeidelbergCement, Calix
 Status: The pilot plant in Lixhe has a production 
volume of 10 t of cement clinker per hour and 
was used for the first time in April 2019 (using 
fossil fuels).

The project, which ran until 2020, had the goal of 
developing and testing a special calciner. The raw material 
is indirectly heated and calcinated in a (fossil-fueled or 
electrically heated) steel vessel. The aim was to show that 
240 t of raw material per day can be processed.

Pilot

CemZero (Gotland, Sweden)
Cementa/Vattenfall
Status: Energy and mass balance for an electrical 
cement plant with LEILAC (without CCS).
Outlook: Pilot plant testing for electricity-based 
cement manufacture (plasma technology).

The focus of the project does not lie on LEILAC but on 
plasma technology. A recent study produced an energy 
and mass assessment for a completely electrified cement 
plant using the LEILAC technology in cement clinker 
production.

Concept

 Required reinvestment and earliest possible market readiness of the  
key low-carbon technology 

 

The Technology Readiness Level (TRL) describes the maturity of a technology on a scale from 1–9 (TRL 9 = ready for market). 

Pilot plant of the LEILAC reactor in the Lixhe cement plants, HeidelbergCement 
Photo: Paul Poels, Meerlo/the Netherlands

Earliest possible large-scale application (TRL 9) 
provided that a CCS infrastructure is available
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Required investment in / replacement or modernisation of existing plants in cement production

Pilot Market readiness Technology exportDemo System  
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Plant lifetime: 60 years
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Evaluation of compatibility with Paris climate agreement
This technology enables the capture or avoidance of approx. 77–80 per 
cent of total emissions from cement production. When combined with 100 
per cent GHG-neutral fuels for rotary kilns, the technology can eliminate a 
total of 90–93 per cent of emissions. An advantage of electrifying calciners 
is that they obviate the need for scarce or expensive GHG-neutral fuels 
(biomass, synthetic methane). 

Possible policy instruments
 →  Carbon price and border carbon adjustment
 → Carbon contracts or CCfDs
 → Green public procurement
 → Quotas for low-carbon materials
 → Reform levies and surcharges

Challenges
The public acceptance of CO₂ transport and storage is uncertain, especially 
for sites far away from potential offshore storage sites. The electrification 
of high-temperature heat production demands a significant amount of 
additional renewable electricity. For 50 per cent of the EU27 cement 
production (approx. 80 Mt) the electrified LEILAC process with CCS would 
create an additional electricity requirement of approx. 43–57 TWh.

Renewable electricity and infrastructure 
requirement

 →  Electricity requirement of the electrified 
LEILAC process: 0.54-0.71 MWh per t of cement

 → Electricity network expansion, if needed
 → CO₂ infrastructure
 →  Availability of secure CO₂ storage

Cement

Technology
Carbon capture and electrification of high-
temperature heat for the calciner

Current stage of development
Pilot plants (TRL 4)

Expected readiness for use
2025–2030

Maximum CO2 reduction in the EU27

2030 2050

7.4 MtCO2 per year 88 MtCO2 per year

2030 2050

unknown 73–112 €/tCO2

CO2 abatement costs

Central assumptions for determining the range of the production costs (2050)

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON TECHNOLOGY

Conventional cement manufacturing LEILAC with electrification 

0.61 tCO2 /t of cement
-77 to -80 % 0.12–0.14 tCO2 /t of cement

Specific emission reduction

46 €/t of cement
+74 to +119 % 80–101 €/t of cement

Specific additional costs

Assumption Lower range Upper range 

Productions costs for reference cement plants € 46/t of cement € 46/t of cement

Capital costs of the LEILAC calciner and CO2 purifying and compression plant € 0.8/t of cement € 3.8/t of cement

Assumption: CAPEX-LEILAC calciner in addition to regular investment € 0 € 40 million

Assumption: CAPEX-CO2 purifying and compression plant € 9.5 million € 9.5 million

Operating costs for electricity use € 27/t of cement € 42/t of cement

Assumption: Electricity price € 50/MWh € 60/MWh

Saving of primary fuels through the use of electricity € -5/t of cement € -5/t of cement

Costs for CO2 transport and storage € 33/tCO2 € 38/tCO2

Production costs of low-carbon cement € 80/t of cement € 101/t of cement 

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 

CO2

€
€€

€
€

St
ee

l
Ch

em
ic

al
s

Ce
m

en
t

St
ee

l
Ch

em
ic

al
s

Ce
m

en
t

St
ee

l
Ch

em
ic

al
s

Ce
m

en
t

451  



202

Alternative binding agents enable the manufacture of 
concrete without the use of conventional cement clinker. 
A lower share of limestone can reduce process-related CO₂ 
emissions. The production processes of some alternative 
binding agents are less energy-intense than those of 
conventional cement. Because the alternative binding 
agents are in different stages of development and market 
introduction, future market share, production costs and CO₂ 
reduction potentials cannot be estimated with certainty.

Required investment
The application of alternative binding agents is currently 
limited, and will probably remain so in the medium term. 
Until 2030, a limited amount of cement clinker production 
could be transferred to the production of alternative binding 
agents or be replaced by plants that produce them. 

Technology development
Alternative binding agents are in different stages of research 
and development or are in a very early stage of market 
introduction. 

4.4 Alternative binding agents

Autoclave in the Celitement pilot plant Photo: Markus Breig, © KIT

Pilot and demonstration projects

Celitement (Karlsruhe, Germany)
Schwenk Baustoff- Group, KIT
 Status: Pilot plant in Karlsruhe in operation since 
2011, producing up to 100 kg/day.
Outlook: Industrial reference plant in planning.
CO2 reduction potential: Up to 50 per cent 
compared with Portland cement (PLC), whose 
clinker proportion is greater than 95 per cent.

The Celitement binding agent has nearly the same 
hydration properties, strength development and final 
strength as conventional cement. The same raw material 
can be used in production, but the production process is 
more complex.

Pilot

Solidia Technologies (Piscataway, New Jersey)
Status: Recently entered the market for non-load-
carrying components such as paving stones and 
roofing tiles.
CO2 reduction potential: 30–70% relative to PLC.

Because the hardening takes place in a CO₂-rich 
atmosphere and not through contact with water, the 
products work as a CO₂ sink. But this also means that the 
technology is primarily suitable for precast elements that 
are thin enough to be penetrated by CO₂.

On the 
market

Ternocem (various locations)
HeidelbergCement
Status quo: The EU project EU-Binder successfully 
produced wall panels in Ternocem.
CO2 reduction potential: 20–30% compared to PLC.

Ternocem is a cement containing mostly belite and includes 
more aluminous raw materials and ferrite than Portland 
cement. Because less limestone is processed, the process 
CO₂ emissions decrease.

On the 
market

 
Required reinvestment and earliest possible market readiness of the  
key low-carbon technology 

Required investment in / replacement or modernisation of existing plants in cement production

 
Status quo:

2020 2025 2030 2035 2040 2045 2050

The Technology Readiness Level (TRL) describes the maturity of a technology on a scale from 1–9 (TRL 9 = ready for market). 
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 Various alternative binding agents are in different phases of development (see implementation examples) 
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Evaluation of compatibility with Paris climate agreement
Alternative binding agents represent a non-CCS option for a significant 
reduction of specific CO₂ emissions (up to 53 per cent) and can be regionally/
globally important if CCS cannot be implemented. The high degree of 
uncertainty regarding future scaling potential, areas of application and 
market penetration rates is a problem. 

Possible policy instruments
→  Changes in construction and product 

standards
→ Green public procurement

 → Quotas for low-carbon materials
 →  Carbon price with border carbon adjustment

Challenges
The properties of alternative binding agents deviate somewhat from those 
of conventional cements, which makes extensive tests and standardisation 
processes necessary. There is still need for research regarding the long 
term and regional availability of raw materials and their effects on the 
environment. 

Infrastructure requirement
 →  Far-reaching effects on the infrastructure 

are not expected

Cement

Technology
Replacement of conventional cement clinker 
with alternative binding agents

Current stage of development
Various; depends on product

Expected readiness for use
2020–2030 (depending on product) 

Maximum CO2 reduction in the EU27

2030 2050

unknown unknown

2030 2050

unknown unknown

CO2 abatement costs

Costs and cost factors of alternative binding agents

CONVENTIONAL TECHNOLOGY KEY LOW-CARBON TECHNOLOGY

Conventional cement manufacturing Alternative binding agents

0.61 tCO2 /t of cement
in % unknown

Specific emission reduction

46 €/t of cement
in % unknown

Specific additional costs

Alternative binding agent Information on (today’s) costs and cost factors

Calcium hydrosilicate binder (e.g. Celitement) Reduced lime and energy requirement. But the manufacturing process 
is more complex.

Carbonated calcium silicate (e.g. Solidia) Costs are comparable with conventional cements.

Belite-ye’elimite-ferrite cements (e.g. Ternocem) Costs for raw materials lie above those required for Portland cement.

Ye’elimite cements Commercially available in China for 40 years. Due to the high proportion 
of aluminium-rich raw materials, more expensive than conventional 
cements.

Source: Compiled by the Wuppertal Institute based on various sources. (See the reference to the publication in Part E.1).

Technologies in comparison 
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7 Material Economics, 2019. With regard to the direct emissions, the proportion is even higher, as the remaining 6% largely results from the provision of 
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8 LEILAC, 2018. 

9 See CSI/ECRA, 2017, and Scrivener et al., 2018, for a more extensive description.
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that a reduction of up to 53 per cent is possible relative to the reference base selected here (cements with a clinker content of 74 per cent). It should be noted 
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The making of green steel in the EU: a policy evaluation for the early
commercialization phase
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ABSTRACT
In the attempt to reduce greenhouse gas emissions from steel production, several large
industry decarbonization projects have emerged in Europe. The commercialization of
low-emission steel technology, however, faces systemic barriers such as a lack of
infrastructure and unclear demand for greener steel. As part of its new commitment to
climate-neutrality, the European Commission has announced plans to more actively
create and reshape markets for green basic materials. The approach is inspired by the
recent success story of renewable energy, where market interventionist policy has
successfully led to cost reductions and supported the diffusion of wind and
photovoltaics. However, the applicability of this type of policy to decarbonize basic
materials has so far not been investigated. In this study, we evaluate the effectiveness,
feasibility, efficiency and fairness of early commercialization policy support for the
decarbonization transition of steel. We compare two approaches: demand side market
creation and direct production subsidies through carbon contracts for difference. We
find that the subsidy approach can more effectively enable the realization of primary
green steel production. A complementary use of market creation policy instruments
can reduce the production subsidy volumes needed and aid the global diffusion of
new production methods. Although effective, we find that production subsidies will
distribute the costs and benefits of the transition unequally. In order to improve
effectiveness and fairness of the policy, parallel programmes such as electricity price
guarantees and transitional assistance policies for disadvantaged regions are needed.

Key policy insights
. Carbon contracts for difference are the most promising policy instrument to

commercialize low-emission primary steel but are likely to lead to unequal
distribution of transition costs.

. Market creation policies can support the global diffusion of low-emission primary
steelmaking.

. Material efficiency and demand reduction can reduce the need for primary steel
production by more than 50%.

. Regions without access to large amounts of renewable electricity are especially
disadvantaged.

. Unclear EUETSbenchmarks currently createaperverse incentive that keepsfirms from
investing in breakthrough technologies.

ARTICLE HISTORY
Received 23 March 2020
Accepted 24 July 2020

KEYWORDS
Climate policy;
decarbonization; energy-
intensive industry; steel; EU
policy

1. Introduction

In order to limit global warming to well below 2°C, net anthropogenic greenhouse gas (GHG) emissions must
reach zero between 2050 and 2070 and become negative thereafter (IPCC, 2018). Steel production is a major
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emitter of CO2, both globally (7% of energy-related CO2 emissions in 2017) and within the EU (4% in 2017), and
the process of primary ironmaking (from which steel is derived) is responsible for over 80% of those emissions
(EEA, 2018; IEA, 2017). The industry has responded to climate policy with efficiency improvements (Eurofer,
2013), but the potential for further emission reductions through efficiency is limited, and a more rigorous
approach is therefore needed to meet climate targets. Deep decarbonization of steel production requires sys-
temic change of the steel production process and the energy system it is embedded in. The technologies
required are not yet commercially available, and are currently under development in a series of mostly European
innovation projects. However, since 2016, several incumbent firms have announced the building of demon-
stration plants, and some have communicated plans to sell ‘green’ steel within the next decade.

As the decarbonization of European steel production enters the early-commercialization phase, ideas for comp-
lementary and more interventionist forms of policy support have surfaced. So far, the EU emissions trading system
(EU ETS) has not sufficiently supported the transformation of energy-intensive industries. Climate targets and R&D
support at the national and EU levels have elicited a series of company roadmaps and pilot plants to reduce steel’s
climate impact. The EU Innovation Fund builds on this by planning to support the scale-up of novel technologies
to demonstration stage. However, despite the large R&D support, significant risks regarding the business case for
green1 steel production remain. In other words, low-emission steel production is not cost-competitive, neither
within Europe nor with non-European producers, and needs public support to come into being (Kushnir et al.,
2020). Consequently, both energy-intensive industries and the European Commission have begun to call for a
policy approach that actively creates and reshapes markets to support strategic value chains such as steel. In
its Industrial Strategy the Commission sets a target for a climate-neutral industry by 2050 (EC, 2020), while the
European Green Deal announces the Commission’s goal of commercializing zero-carbon steel production by
2030 (EC, 2019). The EU’s High-Level Group on Energy-Intensive Industries has also made market creation for
climate-neutral products one of its core recommendations (HLG-EII, 2019).

The more active role of policy in the transition to create and reshape markets is inspired by its success in
renewable energy, where policy instruments such as feed-in tariffs, renewable portfolio standards and contracts
for difference have reduced costs and supported the deployment of wind and solar power (Quitzow et al., 2014).
However, the production of basic materials follows different logics with respect to markets, trade, scale and
value chains, which makes the translation of policy from renewables to energy-intensive industry far from
trivial. Despite recent calls for exclusive markets for green basic materials by the Commission (EC, 2019,
2020) and industry (Eurofer, 2019b; HLG-EII, 2019), this is the first study that evaluates this approach in detail.
Previous research papers have focussed on the concept of contracts for difference (Richstein, 2017; Sartor &
Bataille, 2019), or provided overviews across multiple industries (Elkerbout & Egenhofer, 2018; Neuhoff et al.,
2019; Wyns et al., 2019), and across all phases of the innovation process (Neuhoff et al., 2014). This paper
aims to contribute to this body of research by focussing on one specific phase of the innovation process –
early commercialization – and on a single sector, acknowledging the complexity of markets for steel. To do
so, we first identify and then evaluate policy approaches to reduce the risk for investments into low-emission
primary steel production. Thereby we aim to show how policy makers can enable and guide the commercializa-
tion of green steel production in the EU. This provides a more granular picture of the implications of different
approaches and offers some guidance regarding the design and implementation of effective and just measures.

This article proceeds as follows: First, we outline issues relating to the transformation of the EU steel industry
and the types of policy support needed to realize it. In section 3 we describe our analytical framework and
suggest a typology of policy instruments for the early-commercialization phase. Section 4 presents the evalu-
ation of policy approaches articulated with respect to our framework. We end with a discussion of the main pol-
itical choices and trade-offs in section 5 and conclude thereafter.

2. The EU steel transition

The principal source of GHG emissions in the steel sector is ironmaking in blast furnaces. The production of steel
from iron ore is typically referred to as the primary route, whereas steel recycling is called the secondary route.
Even under the most ambitious circular economy scenarios some primary steel production will be required in
the future. Figure 1 illustrates a schematic path to a carbon-neutral steel industry in Europe by pursuing two
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distinct strategies: material efficiency and development of zero-emission primary production technologies. A
broad literature has formed around the benefits of increasing the material efficiency of steel production and
use (Allwood & Cullen, 2012; Allwood et al., 2017; Hertwich et al., 2019; Kallis, 2017; Material Economics,
2018; Milford et al., 2013; Söderholm & Tilton, 2012). However, these issues have largely not made it onto the
political agenda (Cooper-Searle et al., 2018). The extent to which the share of secondary production can be
increased is limited by several factors, such as the availability of scrap and the maintenance of scrap quality
(Pauliuk, Milford, et al., 2013; Xylia et al., 2018), as well as the ability to produce high quality steels in the sec-
ondary route. The availability of scrap depends on the interaction of several parameters, including steel
product lifetimes, historical growth rates and recovery rates (Pauliuk, Wang, et al., 2013). In theory, many
different qualities of steel can be produced from scrap, if scrap of controlled quality is available. In practise,
access is limited, and scrap stock quality is deteriorating due to copper accumulation (Daehn et al., 2017).

A review of scenario models identifies a maximum possible share of secondary steel production in Europe at
85% of total production by 2050 (Material Economics, 2018). Achieving such a high share of recycling without
offshoring emissions would require ‘that nearly all available scrap is utilized, high-quality steel production from
scrap is feasible, and copper contamination is resolved’ (ibid.:72). In such a stylized scenario, only 22 Mt of
primary steel instead of 57 Mt would need to be produced by 2050. Assuming an average blast furnace capacity
of 1.5 Mt, the number of operating blast furnaces that need to be converted into clean primary production pro-
cesses would decline from today’s 65 down to 38, or as low as 15 if secondary production is maximized. Since
2016, several steelmakers have announced plans to abandon their blast furnaces and switch to hydrogen-based
processes.2 These commitments currently add up to a capacity of 30 Mt green steel production – more than
needed if full material efficiency and demand reduction potentials are exhausted.

2.1. Past and present climate governance of the EU steel industry

GHG emissions from the steel sector are mainly regulated through the EU Emissions Trading System (EU ETS),
which sets the pace for emission reductions up to 2050. Trade-exposed sectors such as steel have been receiving

Figure 1. Historic data and outlook for EU steel production. Climate neutrality in 2050 means total emissions (left axis) and emission intensities
(right axis) must approach zero. Material efficiency improvements and overall steel demand reduction can lower the amount of needed primary
steel production significantly (see primary route – min.). 2050 data from Fleiter et al. (2019), Material Economics (2018); van Ruijven et al. (2016);
historic emissions from EEA (2018), steel production data from World Steel Association (2009, 2019).
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free allocation of emission allowances to prevent carbon leakage. Steel firms have in the past downplayed their
ability to pass through costs to their customers and successfully lobbied the EU for complete free allocation
(Okereke & McDaniels, 2012). Although the support volumes are based on a benchmark that reflects the
most emission-efficient installations, the industry has been receiving more free allowances than necessary to
cover its GHG emissions since the start of the EU ETS (Carbon Market Watch, 2016; Richards et al., 2018;
Sandbag, 2018).

Up until 2010, EU climate policy for energy-intensive industries was mostly concerned with efficiency
improvements and marginal emission reductions, conserving industrial structure rather than encouraging the
systemic change needed for zero emission (Åhman & Nilsson, 2015). After 2010, the focus shifted to advancing
technology and innovation as a means of enabling deep decarbonization. Innovation programmes so far stretch
from laboratory-scale (e.g. in Horizon 2020 and Horizon Europe) up to demonstration plant funding (e.g. NER300
and the Innovation Fund). Correspondingly, industry has started to develop visions and innovative ideas to
reduce emissions to essentially zero by mid-century (Eurofer, 2019b; HLG-EII, 2019; Jernkontoret, 2018).

Recent studies have estimated the production cost increase of these novel production methods to 68–80 EUR
per tonne CO2 (Mandova et al., 2019; Vogl et al., 2018). Although uncertainty is high and cost-competitiveness is
not static (see section 2.2), the EU ETS in its current form does not provide sufficiently high prices, and its vola-
tility makes investments into capital-intensive projects risky. In addition, as technologies are not yet commercial
and associated infrastructure is not in place, first movers face high technological risk and large investments.
Thus, while the EU ETS plays an important role in driving the adoption of best available technology, it is not
sufficient to remove the risks for first-of-a-kind investments into low-emission primary production technologies.

2.2. Policy for the early-commercialization stage

The EU has the opportunity and responsibility to lead innovation efforts for low-emission alternatives in primary
steel production. A transition to green steel requires a systemic change of core elements of the production
process. To fully decarbonize primary steel production, GHG emissions must either be fully avoided through
electrification, or they must be captured and stored, while at least some of the fossil fuel energy input must
be substituted with sustainable bioenergy, as carbon capture and storage (CCS) does not capture all emissions
(Mandova et al., 2019). Both pathways increase the electricity demand of primary steel production. The pro-
duction costs of novel processes are dependent on the energy systems and the new value chains they are
embedded in. Depending on the technological path chosen, important factors include access to and costs of
renewable electricity, green hydrogen, access to good quality metallurgical coal and biofuels, and the carbon
price. Consequently, uncertainty about the economic viability of new technologies is high, with some studies
concluding near cost-competitiveness, while others argue that the price for low-quality steel grades could
almost double (Hölling & Gellert, 2018).

The cost-competitiveness of new technologies should not be understood as static but depends on the co-
evolution of technological systems and the institutions that support and shape them (Unruh, 2002). Innovations
such as producing green steel face a range of systemic disadvantages that are caused by lock-in, such as missing
infrastructure, institutions specialized in the current system and risk-averse incumbents and finance (Unruh,
2000). Removing these barriers is a matter of industrial policy and affects the economic viability of current
and future production methods. A policy strategy that aims to minimize the costs of deploying low-emission
steelmaking will therefore pursue three distinct objectives: (1) Increase the share of secondary production
while reducing overall steel demand; (2) improve conditions that enable low-emission steel, for example by nur-
turing demand, and by providing grid infrastructure and hydrogen supply; and (3) once new technologies seem
viable, break the lock-in of the current production system, based on blast furnaces and coke, and thereby
remove systemic barriers for new technologies.

A transition from one production system to another requires various sequential and overlapping policy
approaches (Bataille, 2019). Initially, the up-scaling and commercial deployment of a new technology faces a
series of risks that motivate public support. During the early stages of innovation, the technical feasibility of
novel unit processes and new production systems is in focus. The closer the technology moves towards com-
mercialization, the more financial risks come to the fore. These encompass both internal factors, such as a
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company’s access to finance, and external ones, such as a customer’s willingness to pay for a green premium or
the risk of high future electricity prices. A first-of-a-kind industrial plant might initially face significantly higher
production costs compared to established technologies. However, over time, this disadvantage wanes as learn-
ing and process improvements on the producer side, and reduced uncertainties and network effects on the user
side, improve the performance of the novel production process (Sandén & Azar, 2005). Further risks that con-
dition the viability of new versus old production systems are political, such as future climate policy and expec-
tations concerning its level of ambition and continuity, as well as social, such as public reactions to the unequal
distribution of transitional costs.

It is generally agreed upon in innovation studies that successful innovation policy needs both pushes and
pulls, although demand-pull policy has been of varying importance to different innovations in different indus-
trial sectors (Åhman, 2006; Mowery & Rosenberg, 1979; Nemet, 2009). In this study we evaluate policy options
that push and pull a technological innovation (low-emission steel production) into an early commercial market.
These policies aim to create a protective space, in which the innovation can become commercially feasible by
being shielded, nurtured and empowered (Smith & Raven, 2012). Niches provide an opportunity for further tech-
nological improvement and can lead to cost reductions through increased experience and adoption (Sandén &
Azar, 2005). Over time, niche markets in a country might evolve into lead markets (Beise, 2005).

Although this type of early commercialization policy is new for green basic materials it has worked in other
sectors. For renewable energy, successful market creation policy instruments such as feed-in premiums, renew-
able portfolio standards and contracts for difference have provided stable conditions for investments into solar
cells and wind turbines (Nemet, 2009; Wilson & Grubler, 2011). Learning effects across the value chain played a
big part in the decrease of the levelised cost of wind power (−38% onshore, −29% offshore) and solar PV (−82%)
since 2010 (IRENA, 2020). The extent to which learning can be expected for new steel production processes is
not yet known, but learning rates are typically higher for modular small-scale technologies compared to large
processes (Neij, 2008).

3. Methodology

Our analysis is based on an ex ante evaluation of policy approaches for the commercialization of low-emission
steel production. We define the policy goal as realizing the first commercial-scale production of green3 steel in
Europe. With regards to this goal, we evaluate two principal policy options against effectiveness, feasibility,
efficiency, and fairness.

Effectiveness denotes the degree to which the policy goal is met and is sometimes referred to as goal attain-
ment (Huitema et al., 2011; Vedung, 1997). In our study, an effective policy must reduce the competitiveness gap
between current and clean technologies while not causing carbon leakage. It should reduce risks for invest-
ments and not add any other significant risks. It also must not pose any barriers to reaching zero emissions
in the sector in the long run.

The legal and institutional feasibility of a policy refers to how a policy instrument can effectively work and
can be implemented in a specific institutional and political context. Here, legal feasibility concerns the legality of
a policy in the EU and all its member states, if relevant. For a policy to be institutionally feasible it must fit with
the current policy framework, such as the EU ETS which we assume to be long-lasting. We do not consider pol-
itical feasibility, that is, finding political majorities for a policy.

Efficiency is not used uniformly in the evaluation literature, with some distinguishing between cost-effective-
ness and efficiency (Huitema et al., 2011) or between cost–benefit and cost-effectiveness (Mickwitz, 2003;
Vedung, 1997). In our study, we evaluate efficiency according to whether the policy encourages actors to
meet the target with as low cost as possible (cost-effectiveness), avoiding overcompensation and excessive
administration efforts.

The fairness of a policy, sometimes called equity (Arvizu et al., 2011; Mickwitz, 2003), considers how the costs
and benefits of that policy are distributed in society. It should avoid or compensate for detrimental side effects
as far as possible. Fairness issues can be found at different levels: between member states, between regions,
between companies and between private and public actors.
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We categorize policy instruments according to point of intervention, the regulated variable and whether it
works as a stick or carrot. The point of intervention describes which part of the value chain is regulated. We con-
sider interventions that support the supply (production) of finished steel or that increase or secure a volume of
demand at the point of delivery to the manufacturer of end consumer products (e.g. white goods, cars, build-
ings). Supply-side measures thus support the production of green steel, while demand-side measures support its
market uptake. For regulations we further distinguish between regulating prices and quantities (Hepburn, 2006).
Either can act as carrots, incentivising greener production or consumption, or as sticks, discouraging more pol-
luting production or consumption. The full typology including a non-exhaustive list of policy instruments is
shown in Table 1.

The policy approaches under study were identified based on a review of recent literature4 on steel decarboni-
zation policies, which is mainly grey literature originating from climate advocacy organizations (e.g. European
Climate Foundation), industrial associations (e.g. Eurofer), research institutes and the European Commission.
The review focussed on instruments that aim at the creation or stimulation of demand for low- or zero- emission
steel as their primary objective. Some polices related to steel decarbonization are thus beyond the scope of this
study. For example, the material consumption charge laid out by Pollitt et al. (2019) does incentivise reduced
material use and recycling, but does not specifically target low-emission primary steelmaking as it would take
the form of a uniform charge on steel based on a benchmark, not differentiating on the basis of an actual
carbon footprint. Emission standards for production were excluded on the same grounds of not sufficiently target-
ing low-emission primary steelmaking. Further, we exclude demand-side pricing policies due to the administrative
effort involved. Different products contain different amounts and qualities of steel, which makes the setup of
schemes such as tax credits or buyers’ premiums highly complex. Finally, border carbon adjustments have
been discussed at length by others5 and will be referred to here only to provide context.

4. Policy evaluation

We distinguish two main approaches to early-commercialization policy: supply-side production subsidies and
demand-side market creation. For each approach we first provide a description of policy instruments, followed
by an evaluation presented according to the four variables of the analytical framework.

4.1. Carbon contracts for difference

A carbon contract for difference (CCfD) is a subsidy agreement between the regulator and a steel producer
aiming to realize a decarbonization project. The volume of the annual subsidy payment is determined by the

Table 1. Typology of policy instruments for the early-commercialization phase of green steel production. The two main approaches are supply-
side pricing and demand-side market creation. Instruments in italic text are not evaluated in this study.

Type Point of intervention Regulated variable Carrot or stick? Policy instrument (examples)

Regulation Supply-side price subsidies carbon contract for difference (CCfD)
taxes –

quantity quota –
restrictions emission standards for production

Demand-side price subsidies tax credits
buyers’ premium

taxes material/ consumption tax
quantity quota green steel quota

regulated public procurement
restrictions emission standard

regulated public procurement
Information tracing of carbon footprints

tradable certificates
labelling

Voluntary measures public procurement
voluntary certificate trade
voluntary emission standards
voluntary labelling
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difference between the carbon price and a negotiated or tendered strike price and by the emissions reductions
achieved by the proposed project. The strike price represents the carbon price that the project requires to
become economically viable. By guaranteeing a constant carbon price for 20–30 years, a CCfD aims to
reduce the carbon price risk for the steel producer (Elkerbout & Egenhofer, 2018; Helm & Hepburn, 2005).
This elevation of the carbon price allows the commercial operation of technologies that require higher
carbon prices than found on the current market. If the carbon market price exceeds the strike price, the relation-
ship is inversed and the difference is paid back.6 If, for example, a firm were to compare two investments – the
refurbishment of its blast furnace versus the construction of a hydrogen-based process – and it could realize the
latter with a carbon price of 70 EUR per tonne CO2, this would be the strike price needed. The firm would then
receive the difference between the strike price and the average annual carbon price in the EU ETS for each tonne
of CO2 that is not emitted as the result of the lower-carbon investment option.

Effectiveness: Production subsidies through CCfDs can be an effective way to commercialize low-emission
primary steel production if designed right. The effectiveness of the approach depends on the volume of mon-
etary support offered by the regulator, which in turn determines how many projects can be realized. Sartor and
Bataille (2019) have argued that only first-of-a-kind projects should be subsidized. However, this would create
only a small market for green steel and thus allow for only limited technology learning. On the other hand, com-
petitive tendering requires that only some producers benefit from the scheme. Irrespective of the support
volume, eligibility criteria must avoid carbon lock-in in the medium term. Even if a supported project can
reduce the emission intensity of steel production by half, eventually it must become carbon neutral by 2050.
Such a climate neutrality ‘stress test’ could take the shape of the regulator requiring a production-site-based
roadmap to zero emissions in the application process. Furthermore, a CCfD can reduce the financing cost for
a project, as the stable cashflow increases a project’s access to debt (Neuhoff et al., 2019). However, CCfDs
alone might not suffice to reduce the investment risks for low-emission primary steel production. Especially
for producers moving into electrification, future electricity prices become a key determinant of production
costs. A stable carbon price through a CCfD might thus not be enough to guarantee a business case. In this
instance, government-backed electricity price guarantees can be a complementary policy to CCfD. Most EU
energy-intensive industries already benefit from exemptions from taxes and renewable levies when procuring
electricity (Åhman & Nilsson, 2015).

The feasibility of CCfDs depends on the evolution of existing policies such as the EU ETS, State Aid rules, and on
how they can be funded. As an extension of the EU ETS, CCfDs are co-dependent with its development, especially
the fate of free allocation and the respective benchmark levels. If benchmarks are lowered, and the amount of
allowances freely allocated across the sector is reduced according to the principle of competition-neutrality, the
beneficiary might effectively receive less support than expected. CCfD support levels can be determined
through negotiations, strike price offers by the regulator or tendering, which could be implemented either on
EU or member state level. Some authors have suggested that government-determined strike prices could
come into conflict with current EU State Aid rules (Richstein, 2017; Sartor & Bataille, 2019). At the EU level,
funding can either be based within or outside the EU budget, for example through ‘explor[ing] whether part of
the funding being liquidated under the European Coal and Steel Community can be used’ (EC, 2019, pp. 8–9),
through more auctioning of emission allowances or through consumption taxes (cf. Pollitt et al., 2019).

CCfDs are feasible irrespective of whether leakage protection under the EU ETS happens through free allocation
or through border carbon adjustments (BCA), which we illustrate in Figure 2. BCA are tariffs on imported goods,
such as steel, according to its carbon content and thereby seek to even out the costs that the EU ETS imposes on
European producers. In theory, BCA are an alternative to free allocation of emission allowances; a simultaneous use
of both schemes, as requested by some (Eurofer, 2020), would overcompensate European producers. However,
steel exported from the EU would be disadvantaged if BCA do not contain a reverse adjustment at the border
in return, for example in the form of an export credit. At the same time, EU premium markets disadvantage
non-EU producers of green steel that do not receive support under an equal domestic CCfD scheme.

Efficiency is highest when CCfDs are awarded through tenders. Determining the strike price levels through
tenders reduces information asymmetry for governments and thus increases cost-efficiency. Competitive
tenders are more likely to work at the EU level than at the national level, as many EU member states are
only home to one or a small number of primary steelmakers that could take part in such tenders. However,
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national tenders could include several sectors to reach the necessary scale. CCfDs can build on the EU ETS and its
monitoring, reporting and verification system which lowers the administrative effort needed (Richstein, 2017).
Finally, there is a risk of overcompensation if the ability to pass-through costs increases while strike price levels
remain the same. This is especially relevant once the bulk of the steel industry moves towards cleaner pro-
duction methods and the end consumer demand for green steel grows, which would increase the producer’s
ability to pass-through costs.

Fairness: CCfDs will likely distribute costs unequally. The tendering of CCfD would benefit powerful EU
members with low electricity prices or good access to renewable energy, biomass or carbon storage opportunities
at scale, while regions without these conditions would be disadvantaged. A tender will necessarily yield some
primary producers that do not win support. These producers and the regions and communities they are situated
in might require additional policy support in the transition. Furthermore, the length of contract periods faces a
trade-off between reducing the uncertainty associated with political decisions that can discourage technology
investment (Richstein, 2017), and burdening future administrations and generations with subsidy obligations.

4.2. Demand-side market creation

Creating markets for green steel through regulatory or voluntary measures relies on information about the
embodied emissions of steel products or goods containing steel. We distinguish between two ways to create

Figure 2. Schematic illustration of steel production costs for EU producers under CCfD support versus non-EU producers. Left side: production of
conventional steel. Right side: production of green steel. Top: current EU ETS setup with free allocation. Bottom: EU ETS with border carbon
adjustment. Equal production costs for EU and non-EU producers were assumed.
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and share this information: tradable certificates and carbon footprint tracing. In the first case, producers of green
steel can issue certificates that can be purchased by users on a certificate market, akin to tradable renewable
certificates (IRENA, IEA & REN21, 2018). Depending on supply and demand, certificate prices vary. While users
willing to buy green steel can procure steel from any producer, the purchase of certificates ensures that the
green premium goes to the producer of green primary steel. The second case of tracing of carbon footprints
requires data collection at each stage in the value chain, including information about the import of raw
materials, and semi-finished and finished steel products into the EU. This information must be continually
updated, verified and made available to all potential users.

Once a system for collection and sharing of information is in place, it can be used for regulatory policies and
voluntary actions by actors wanting to use green steel. Regulatory approaches either obligate the use of steel
with low embodied emissions in certain goods, which we call quota schemes, or restrict or forbid the use of steel
with a high footprint. A legal scheme regulating quantities typically consists of three parts: (1) Setting a quantity,
(2) allocating certificates, and (3) enacting a compliance mechanism (Hepburn, 2006). Both approaches can use
either certificates or traced data.

Green public procurement (GPP) follows the same logic. Reliable information about the embodied emissions
is needed in order to procure climate-friendlier materials. GPP can then be practiced on a voluntary basis or
combined with quotas or restrictions. Practical examples of GPP already exist; for example, the Swedish Trans-
port Administration set upper limits for allowed material climate impacts (Toller & Larsson, 2017). Another policy
instrument depending on a system for tracing carbon footprints is labelling, which aims at making externalities
visible to the consumer. Several industry labels exist today that communicate environmental and climate per-
formance, such as industry-led initiatives like ResponsibleSteel and SustSteel (Eurofer), and the European Union
Product Environmental Footprint Category Rules (PEFCR).

Effectiveness: Neither certificate-based nor tracing-based market creation policy is likely to be very effective
with respect to the policy goal of supporting low-emission primary steel production. Policies based on certifi-
cates add an additional certificate price risk for investors, besides already existing risks such as raw material
market prices and the variation in the carbon price (Mitchell et al., 2006). Regulation based on footprinting
and tracing suffers from limited knowledge7 regarding which goods mainly or only use primary steel; a
quota for such goods would successfully impact primary steel production. If a quota were imposed on a
sector at random, it is likely that producers will seek to use secondary steel instead of primary due to the
lower carbon footprint of the secondary route. Public procurement is a case in point. In total, 14% of the EU
GDP is spent through public procurement (European Commission, 2017), using approximately 14% of steel
(based on UK numbers: UK BEIS, 2019). Sectors in which public procurement dominates are defence and the
construction and maintenance of infrastructure such as highways and railroads, energy or water (Marron,
2004). Most of these sectors mainly use long products, especially rebar, rail and steel sections, which are typically
already produced through the secondary route (Sekiguchi, 2017). Thus, public procurement of green steel is
unlikely to have a large impact in terms of support for low-emission primary steelmaking.

The effectiveness of quotas and restrictions depends on how well steel is specifically targeted by the regu-
lation. Although the most effective choice to support markets for green steel would be to directly regulate the
steel used in goods, this would likely lead to material substitution and large administrative efforts, e.g. if separate
policies are needed for all the materials of a car. In contrast, horizontal policies such as performance-based stan-
dards that set upper limits for emission per kilometre travelled, despite being more cost-efficient, have only little
impact on primary steel production, as other emission reductions might be easier or cheaper to achieve than
using green steel.

Analogous to price regulation as discussed above, eligibility criteria determining which producers receive cer-
tificates or are endorsed with labels can lead to medium-term carbon lock-in (see also section 4.1). Finally, quan-
tity regulation should be planned well ahead in order to create an expectation of stable demand and thereby
investor certainty.

Feasibility: Although in principle feasible within the existing EU policy framework, in order to comply with
World Trade Organisation rules, certificate markets might have to be extended to non-EU countries. Tracing of
embodied emissions can build on existing EU programmes such as the PEFCR (see above) or the Ecodesign
Directive (EU, 2009). Furthermore, the steel industry has so far not shown much agreement on methodology
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for life-cycle assessment (LCA). Different LCA guidelines have been suggested to determine the carbon footprint
of primary and secondary steel, but ultimately the definition of ‘green steel’ and which methods and system
boundaries to use, is a political decision (Vogl & Åhman, 2019).

Efficiency: Regulating quantities entails large administrative efforts. Certificate-based quantity regulation
rests on the creation of a certificate market that needs monitoring, reporting and verification, as well as sanc-
tions for non-compliance. Setting up a carbon footprint tracing system requires capacity for continuous data
collection, handling and verification within and outside the EU. The cost-efficiency of market creation can be
quite low if the policy leads to significant spill-overs outside of the jurisdiction. This is the case if domestic
markets are to a large extent supplied by goods not produced domestically. On the upside, these spill-overs
stimulate the development of a cleaner steel industry even outside Europe, which is in line with the EU’s respon-
sibility to lead the transition under the United Nations Framework Convention on Climate Change (UNFCCC).

The main advantage of a certificate-based over a tracing system is the built-in trading scheme, which adds
flexibility for producers and consumers. This is especially important in complex markets when certain goods that
meet the requirements of the quota might not be available from a certified producer. Through obtaining cer-
tificates, the real carbon footprint of a product does not matter for the end consumer.

Market creation policy can be phased in on a voluntary basis and later evolve into regulation. Certificates can
start as voluntary certificate trade between producers and users willing to buy ‘greener’ steel. Building codes can
be a first step to mandatory emission standards in construction. Labelling can be used as a supplementary policy
to stricter regulation, for example as a first step in regulating a previously untouched sector by serving as a base
upon which further regulation can be built upon (Somanathan et al., 2014). Once labels are in place, ratcheting
up regulation becomes easier through several mechanisms. Firstly, introducing labelling sheds light on pre-
viously invisible problems, which might induce innovation or increase consumer demand for the endorsed
product. Secondly, a data collection, monitoring and verification scheme needs to be put in place for the
implementation of labels which further regulation can draw on. Labels face the same limitations regarding
LCA-based tracing of carbon footprints discussed above.

Fairness: Imposing quotas or standards increases the costs of steel for the end consumer. This can lead to
resistance by sectors or businesses obliged to purchase green steel. Although the share of steel in the cost struc-
ture of final products is typically below 1% (Rootzén & Johnsson, 2016), significant cost increases can be
expected for construction, where steel can become a significant cost factor that is passed through to end con-
sumers (Andersson, 2020).

5. Discussion

Here we discuss the main political choices and side effects of early-commercialization policy for low-emission
primary steelmaking in Europe. We have identified and analyzed two principal approaches: (1) production sub-
sidies through CCfDs; and (2) demand-side market creation for green steel.

CCfDs (1) are an effective instrument to realize the first industrial-scale production of low-emission steel pro-
duction. However, as many of the discussed technologies are highly sensitive to electricity costs, changes in
electricity price are a high risk even for producers under CCfD support, which could be mitigated through
long-term electricity price guarantees. The creation of markets (2) for green steel is not as effective in promoting
clean primary steelmaking. Market creation instruments either add additional risks, as is the case with quota
schemes based on tradable certificates, or do not fully deliver the benefit to the intended producers due to
the complexity of steel markets. However, market creation policy can still be warranted by other policy goals
such as creating international demand for green basic materials and thereby incentivising climate action in
other countries. The global spill-overs that market formation necessarily causes could trigger investments
into low-emission steel production outside the EU. Making information available and fostering premium
markets early can increase the willingness to pay for green steel. While this would reduce the strike price
levels needed for CCfDs, it can also lead to overcompensation.

CCfDs for the steel industry have several fairness implications. If CCfDs operate under the current practice of
free allocation in the EU ETS, there is a risk of exacerbating the already existing problem of overcompensation
due to cost pass-through. Furthermore, the main drawback of production subsidies is the distribution of
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transitional costs. Inter-firm competition in tenders implies that only some projects can be supported. Consider-
ing the increasing electricity demand of novel steel production technologies, these will likely be located in
regions with good access to large amounts of cheap electricity. At the same time, the EU seeks to make its
economy more circular, which necessitates increased recycling and a reduction of total steel demand and pro-
duction. This means that somemills that currently produce primary steel either will have to close or convert their
operations to scrap recycling, thereby retaining their downstream metalworking operations. It is plausible that
regions that are adversely positioned in the competition for CCfD support are the very same as those most
affected by global overcapacity and a move to more secondary steel production. A fair and politically feasible
policy package for the early-commercialization phase of steel should consider providing transitional assistance
to affected regions and workforces (Green & Gambhir, 2019), either in converting their plants to secondary pro-
duction or even for closure.

Workers are a particularly vulnerable group in the steel transition. According to Eurofer (2019a), the European
steel industry directly employs 330,000 people, with more than 2 million jobs indirectly associated with the
sector. The replacement of Europe’s old steel plant stock with state-of-the-art steel mills is likely to increase
the degree of automation and digitalization in steel plants. This could lead to a decrease in labour intensity
in primary production. On the other hand, a more circular steel industry could see additional jobs in recycling,
remanufacturing and reuse. In this case, retraining programmes for the current workforce could cushion the
impact. Further, if prices for basic materials increase, sectors like construction may respond by increasing
prices and reducing wages (Andersson, 2020).

In the European Commission’s own words, ‘[i]t takes 25 years – a generation – to transform an industrial
sector and all the value chains. To be ready in 2050, decisions and actions need to be taken in the next five
years’ (EC, 2019, p. 7). Based on previous estimations, a full switch to alternative production methods will
increase production costs by 1.7–4.5 bn EUR depending on the size of primary steelmaking in Europe.8 Material
efficiency and demand reduction measures can significantly reduce the overall transition costs (Hernandez et al.,
2018). Climate targets will only be met if the supported projects are able to move to deep decarbonization in the
medium term. Carbon lock-in is a risk that cuts across all mentioned policy strategies and is even relevant for
R&D policy such as the Innovation Fund. This implies that firms must be able to demonstrate that their projects
can meet long-term climate goals. Such a climate stress test should build on the latest knowledge of techno-
logical options and should be continually updated.

Irrespective of the chosen policy approach, the perceived transition risk at firm-level strongly depends on the
fate of the EU ETS. A major obstacle to the transition is uncertainty about free allocation levels if producers move
away from the blast furnace and thus might be subject to another benchmark. If a company fears losing its free
allocation bymoving to a low-emission production process, then not only the incentive that carbon pricing should
create is non-existent, but a perverse incentive is created that keeps firms from investing into breakthrough tech-
nologies. Urgent clarification and a commitment by the Commission on the allocation levels for breakthrough
technologies is needed. Furthermore, technology-specific benchmarks pick winners if allocation levels are
different for the same emissions reduction volumes. This would be the case if, for example, a steelmaker can
choose to achieve a 50% emissions reduction target by retrofitting CCS or through a new process (e.g. hydrogen
enriched direct reduction) but would receive different amounts of free allowances for these projects.

The policies discussed here constitute one part of a policy mix to decarbonize the steel industry. Besides
innovation support, once viable technological alternatives to current fossil fuel-based production systems are
feasible, a dedicated phase-out policy (e.g. retirement programme, bans, sunset clauses) must ensure that
low-carbon alternatives do not co-exist alongside their fossil fuel precursors. Finally, not all European steel
sites might win out in a low-carbon transition. In particular, areas without access to plentiful renewable
energy or renewable hydrogen might lose out in the process. The Just Transition Fund could assist these
regions and local populations.

6. Conclusion

The European Commission has committed to a transformation of industry in line with climate neutrality. Inspired
by the success of wind and solar energy policy, a more interventionist policy style using subsidies and market
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creation has been promoted by energy-intensive industries and European policy makers. In order to fully dec-
arbonize the steel sector by 2050, the first industrial-scale steel mills producing green steel should be commer-
cialized within the next decade. Due to various risks and likely increases in production costs, this requires policy
interventions.

We compare two principal policy approaches to support commercialization: production subsidies through
CCfDs and demand side market creation. CCfDs can effectively enable the commercialization of breakthrough
technologies, while market creation can reduce the subsidy volumes needed and aid the global diffusion of new
production methods. Subsidies through CCfDs are feasible and most efficient if awarded in competitive tenders.
However, as electricity demand is set to increase in the steel sector, long-term electricity price arrangements
should be considered to complement CCfDs. At the same time, production subsidies will lead to an unequal
distribution of transition costs and benefits. Regions and member states with little access to large amounts
of inexpensive renewable energy are likely to be disadvantaged in the transition.

Early-commercialization policies are one part of a policy mix to decarbonize the steel industry. Continued
supply push efforts, such as innovation support or investment grants, are needed. Once viable technological
alternatives to current fossil fuel-based production systems are feasible, a dedicated phase-out policy must
ensure high emitters do not continue to operate alongside the low-carbon alternatives. Finally, to ensure a
just transition, assistance will be required for disadvantaged regions and their communities.

Notes

1. For the remainder of this article we will use the terms low-emission and green to refer to novel steel production methods with
very low or no CO2 emissions.

2. Steelmakers with hydrogen plans and/or net-zero goals in the EU: SSAB, Voestalpine, Salzgitter, ThyssenKrupp Steel, Arcelor-
Mittal Hamburg. Other technologies are also being explored, e.g. electrowinning and different carbon capture and storage or
utilisation approaches.

3. The decision of what counts as green is essentially a political one and should be aligned with the Paris Agreement (Vogl &
Åhman, 2019).

4. The main sources of our review were: EC (2019); HLG-EII (2019); IRENA, IEA and REN21 (2018); Neuhoff et al. (2014); Neuhoff
et al. (2018); Neuhoff et al. (2019); Wyns et al. (2019). Other sources are cited as appropriate in section 4.

5. See literature on BCA, e.g. Ismer and Neuhoff (2007); Monjon and Quirion (2011) and Eckersley (2011).
6. A recent contribution by Sartor and Bataille (2019) deviates from this. In their version, once the carbon price exceeds the strike

price, no or only partial payments occur.
7. Besides simple heuristics, no scientific literature is available that assigns steel products to primary and secondary production

route.
8. Based on production outlooks in section 2 and cost increases of 80 EUR/t steel (Mandova et al., 2019; Vogl et al., 2018).
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/// 3

TRENDS AND INCENTIVES FOR 
DECARBONISATION

#1 SOCIAL PRESSURE AND 
COSTS OF EMISSIONS 

The steel industry is the biggest industrial emit-

ter of CO2 in the UK. With growing concerns from 

the public in relation to climate change and the 

net zero target by 2050 adopted by parliament in 

2019, the steel industry is under pressure to act 

fast. Tata Steel and British Steel with their blast 

furnaces in Port Talbot and Scunthorpe are fa-

cing a significant challenge. This pressure will 

come from the communities but also from the 

industry itself.  Today, worldwide, on average 

1.85 tonnes of CO2 are emitted for every tonne of 

steel (Wordsteel). The global steel industry emits 

2.8bn tonnes of CO2. To comply with the Paris 

Agreement, the emissions must fall to 600mt 

CO2 maximum by 2050. Based on a forecasted 

production of 2,500 million tonnes in 2050 (+55% 

compared to 2015), this means that the emissions 

per tonne must be reduced by 90% to 0.2 tonnes 

of CO2 per tonne of steel. The price of CO2 will 

also significantly increase. Some countries have 

already set a price of the emission per tonne in 

excess of £50 by 2025 and a price above £100 in 

2050 is a conservative estimate. Based on histo-

rical steel prices and margins, most of the steel 

producers would become non profitable. . 

#2 COSTS OF 
DECARBONISATION AND 
THE CHALLENGES FOR 
THE PRIVATE SECTOR AND 
PUBLIC AUTHORITIES

Eurofer believes that the European steel industry 

could achieve carbon emissions cuts of 95% by 

2050. This will nevertheless result in an increase 

in the total cost of production of 35-100% per 

tonne of steel by 2050, with a requirement for 
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400 TWh of CO2-free electricity, seven times the 

current consumption of the sector. 

#3 COMPETITORS’ 
STRATEGY AND JOURNEY 
TOWARD GREEN STEEL AND 
FOSSIL-FREE STEEL 

The current stock of blast furnaces and DRI fur-

naces is still young, notably in Europe, and this 

technology will remain the main source of steel-

making for at least the next 20 years. In most of 

the scenarios1, traditional scrap based EAF will 

account for less than 40% of production by 2050 

(versus 22% today).  Iron ore will remain a key raw 

material for the industry. UK producers must fac-

tor this in with the design of their strategy towar-

ds low emission steel making or even fossil-free 

steel.  

The UK is a net exporter of scrap and there is 

potential to increase the scrap usage of the UK 

industry within a strategy aiming at replacing the 

high level of imports by a higher proportion of lo-

cal production. Nevertheless, recycling of scrap 

is currently inhibited by low quality of end-of-life 

scrap as well as the lack of scrap enhancement 

capabilities to address the issue of contamina-

tion. In the longer term, scrap availability will be 

a significant constraint. In the EU 28, scrap avai-

lability will increase by 1.1% per year until 2050, 

a higher growth than steel production (+0.5%/

year) but will not be sufficient to cover the need 

of the industry (Eurofer). Globally the supply of 

scrap will become a more significant issue. This 

will surely drag up the price of scrap. Scrap-

based production could be put under pressure 

from iron ore-based producers. This risk is one 

of the reasons why most of the EU producers are 

favouring technologies allowing a dual supply. 

The other reason is that, despite significant pro-

gress, scrap-based EAFs are not all capable of 

producing all grades of steel. This is a significant 

limitation, particularly for the flat products for the 

automotive sectors and packaging. 

All big European steelmaker (TKS, Arcelor, Sal-

zgitter, Voestalpine and SSAB) are now engaged 

in the development of a DRI-Hydrogen solution 

including for most of them a transition from blast 

furnaces to EAF over the next 20 years. Hydrogen 

is also used by some steel producers as a repla-

cement for Pelletised Coal Injection (PCI). 

UK STEEL INDUSTRY  
AND THE CHALLENGES OF 
DECARBONISATION

#1 A DECISION MUST BE 
TAKEN RAPIDLY 

The UK steel industry is mainly based on BF/BOF 

technology, with two big players, Tata Steel and Bri-

tish Steel, facing a similar challenge: deciding now 

the technology for the future. Both must decide 

soon whether or not to invest in their coking plants. 

Assuring the long-term sustainability of the coke 

ovens will cost hundreds of millions of pounds. 

1.  Like in the Sustainable Development Scenario of the International Energy Agency. 

485  



/// 5

On top of this, both companies will have to invest 

in the relining of some of their blast furnaces du-

ring the next decades and in some cases to re-

build them if they want to continue with the cur-

rent technology. This choice would require the 

development of a CCS or CCU solutions, to com-

ply with net zero emission target by 2050. In or-

der to meet the intermediate targets of emissions 

reduction (2030), the industry would have to start 

to invest in CCS/U solutions. The transition to a 

DRI/Hydrogen solution seems more secure as it 

could be developed in tranches starting with the 

implementation of proven technology. It would 

allow the use of blast furnaces until the end of 

their life and does not require an immediate, or 

irreversible decision in relation to blast furnaces.. 

In all the scenarios, the amount of investment will 

be significant (c. £400-£500m CAPEX for 1mt of 

steel), which is unaffordable by the UK producers 

given their weak financial situation.

#2 RESPONSE OF THE 
GOVERNMENT 

The UK government pledged to contribute towar-

ds the transition to carbon-free steel through di-

rect (co-) financing of available technologies. Un-

til recently, the UK steel industry has benefited 

from EU funds for research on alternative tech-

nologies, through the ULCOS programme (Ul-

tra-Low CO2 steelmaking), which was, however, 

rather modest: the total budget was €35 million, 

including €20 millions of EU contributions.

The Industrial Decarbonisation & Energy Efficien-

cy Roadmaps to 2050, published by the UK De-

partment of Energy and Climate Change and the 

Department for Business, Innovation and Skills 

in March 2015, listed a range of decarbonisation 

options in the steel production process chains, 

grouped into two main categories:

 f Incremental options, which are characte-

rised by smaller CO2 savings coming from 

different parts of the production process.

 f Disruptive options, consisting of break-

through technologies, including the rebuild 

or retrofit of integrated sites based on ad-

vanced technologies such as Hisarna, Co-

rex, Finex (Smelting reduction ironmelting) 

or carbon capture.

The disruptive options were said to require a high 

capital investment with a low return on invest-

ment rate and therefore a limited incentive for 

investment from the industry. The role of the go-

vernment in supporting investment in disruptive 

technologies was therefore presented as central.

In 2019, the UK government took a further step 

by announcing a £250 million funding to help the 

UK steel industry transition towards low-carbon 

alternatives. The new Clean Steel Fund included 

a new solution, not analysed in the Industrial De-

carbonisation & Energy Efficiency Roadmaps to 

2050: hydrogen. 

The Clean Steel Fund targets three types of ini-

tiatives, on which the government has received 

comments from the industry:

 f Switching to lower carbon fuels, including 

hydrogen, biomass and renewable electri-

city.

 f Carbon capture, usage and storage.

 f Energy and material efficiency. 

#3 STRENGTH 
AND WEAKNESSES 
OF THE UK STEEL 
INDUSTRY IN TACKLING 
DECARBONISATION

The UK steel industry has a number of strengths 

and opportunities that could facilitate its transi-

tion towards a carbon-free steel production. 

Firstly, the scrap availability is high in the UK. The 

country has a mature infrastructure which is ge-

nerating more 10 Mt of scrap steel annually, and 

the forecasts project that the amount should only 

increase in the near future. The UK steel industry 
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consumes around a quarter of the internally pro-

duced scrap, the rest being exported. The UK only 

uses 2.7 Mt of recycled steel scrap (1.7 Mt by the 

EAF steelworks of Celsa, Liberty Rotherham, Ou-

tokumpu and Sheffield Forgemasters, and 1 Mt by 

the integrated steel plants Tata Steel Port Talbot 

and British Steel Scunthorpe). The development 

of scrap processing methods that allow for a more 

efficient metal separation should allow for a higher 

scrap consumption by the UK steel producers 

internally and provides a potential for switching 

towards a more EAF-based steel production. 

Secondly, the main steel producers in the UK are 

international players, integrated in international 

supply chains and having access to recent know-

how in terms of carbon efficient steel production. 

Thirdly, there is a growing need to secure a sus-

tainable internal production of steel in the UK. The 

country is a net steel importer, and its steel de-

ficit exceeds £2 billion per year. Since 2014, im-

ports cover around 60% of the total home market. 

There is a huge potential to protect the internal 

market and to deliver additional steel to UK cus-

tomers from UK sites. Available production capa-

cities and the price of steel are the main impedi-

ments for the time being.

Although there is clear potential to develop an 

internal sustainable steel industry, there are a 

number of weaknesses that impede a fast and 

efficient deployment of alternative solutions:

 f High energy prices limit the development of 

EAF route and of DRI-based solutions for the 

Blast Furnace route (although gas availability 

internally is a positive factor).

 f The access to raw and pre-processed ma-

terials for the integrated steel production is 

limited. The UK is importing iron ore and the 

development of an internal DRI production 

facility is subject to securing a stable flow of 

iron ore to the country.

 f Alternative energy technologies such as hy-

drogen production are insufficiently deve-

loped, and investment costs are unclear.

 f The R&D in the steel industry, although be-

nefitting from some previous projects at Eu-

ropean level (e.g. ULCOS, Hisarna) is insuf-

ficient and the visibility of induced costs by 

new carbon-free technologies is very low.

#4 CARBON BORDER 
ADJUSTMENTS

UK carbon dioxide emissions from industry have 

fallen by 52% since 19902. However, this has been 

accompanied by a significant reduction in the 

UK industrial base and an increase in imported 

emissions, in both materials and manufactured 

goods. Steel sections produced within the UK re-

sults in 50% less CO2 emitted than steel sections 

sourced from the EU3. In tackling the challenge of 

decarbonisation in the steel industry, and indus-

try more widely, we need policy that consciously 

seeks to ensure that we do not simply offshore 

manufacturing and emissions, as we have done 

in the past. One alternative to consider is the use 

of carbon border adjustments for imported ma-

terials and manufactured goods, ensuring that 

domestic producers are not at a competitive di-

sadvantage, as compared with producers based 

in territories that do not apply the same high en-

vironmental standards as the UK.

2.  https://www.aldersgategroup.org.uk/asset/1697.

3. https://britishsteel.co.uk/who-we-are/sustainability/#:~:text=Steel%20transported%20within%20the%20UK%20produces%20
%2050%%20less,times%20less%20than%20steel%20sourced%20from%20mainland%20Europe
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POTENTIAL ALTERNATIVES:  
CRITICAL REVIEW  

#1 CARBON CAPTURE, 
USAGE AND STORAGE :  
UK GOVERNMENT SUPPORT 

Although CCUS has for more than 10 years already 

been presented as the main solution for the de-

carbonisation of industry, as of 2020 there were no 

operational CCUS sites in the UK. Key barriers to 

the deployment of CCUS are high infrastructure 

costs, low return of investment, lack of industry 

incentives and concerns around safety. Formally, 

the UK government supported the development 

of CCUS, but there have been many policy de-

lays in the past. In 2007 and 2012 the government 

cancelled its own initiatives for the establishment 

of the UK’s first Carbon Capture Storage site. In 

2017, the government launched a CCUS Cost 

Challenge Taskforce in 2017 to provide advice on 

the steps needed to reduce the cost of deploying 

CCUS in the UK, and in November 2018 the CCUS 

Deployment Pathway was launched. Lately, the 

funding of CCUS solutions was part of wider fun-

ding schemes (Industrial Strategy Challenge Fund 

and Industrial Energy Transformation Fund) as well 

of CCUS specific grant schemes: CCUS Innova-

tion Programme, Carbon Capture Usage and De-

monstration Programme, the Carbon Capture and 

Storage Infrastructure Fund. The latter announced 

an £800 million investment to establish CCS in at 

least two UK sites, one by the mid-2020s, a se-

cond by 2030. However, it is not clear if the sites 

will be close enough to the steel-producing faci-

lities so that the steel industry could benefit from 

the new CCS capacities.

There is also a ‘moral hazard’ consideration 

around CCS. The costs of installing and running 

a CCS network are beyond the means of an indi-

vidual company in the steel industry and indeed 

economies of scale will likely require multiple 

operating units to feed into a single CCS network. 

This creates an expectation that CCS infrastruc-

ture will be publicly funded, in the same way that 

roads and railways are publicly funded. However, 

the addition of CCS to an existing blast furnace 

producing site ‘locks in’ the current technology, 

reducing incentives to invest. This would perhaps 

not be a problem if taken in isolation, except that 

switching to new low carbon technologies, also 

results in gains in productivity and, potentially, 

capability. There is therefore a risk with CCS that 

the industry risks stagnating in terms of its global 

competitiveness. This aspect needs to be fully ex-

plored alongside the technology requirements.

#2 TRADITIONAL 
EAFS COULD FACE THE 
LIMIT RANGE OF STEEL 
PRODUCED

There are four EAF steelworks in the UK: Celsa, 

Liberty Rotherham, Outokumpu and Sheffield 

Forgemasters, producing altogether 1.6 Mt of 

steel per year. The traditional EAF route is less 

carbon intensive than the integrated Basic Oxy-

gen Steel Furnace (BOF) route. Steel industry 

sources suggest that the use of EAF can reduce 

carbon intensity to 280-750 kg/tonne compared 

to more than 2t CO2/ tonne in an integrated steel 

plant. The difficulty stems mainly from the tech-
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nical aspects of steelmaking. The EAF route has 

a more limited grade range of steels (some qua-

lities can be provided only by primary steelma-

king) and it depends on the efficiency of scrap 

processing in upstream (collection and sorting 

technologies are critical, as scrap might contain 

nickel, chrome or molybdenum which change 

the physical properties of steel).

It is true however that the limitations associated 

with EAFs are being rapidly overcome, with some 

of the most highquality steel for the automotive 

sector now produced via the electric arc furnace 

in the USA. Issues concerning tramp elements 

are being addressed by greater investment in 

advanced scrap sorting technology, though for 

bulk manufacture. The production of highquality 

steel for the automotive sector requires never-

theless a significant quantity of ore based metal-

lics via Hot Briquetted Iron (HBI) or Pig Iron and 

sometimes both like in the case of Nucor or Big 

River Steel for which scrap represents below 70% 

of the load. 

 A combination of directly reduced iron and scrap 

would seem like a most sustainable strategy for 

a high quality EAF steel producer. There remains 

the issue of nitrogen, for which there is currently 

no commercialised solution. However, potential 

technologies have reached the pilot and de-

monstration phase at the Materials Processing 

Institute in the UK. The most critical issue remai-

ning being the range of steel for packaging, a key 

product for the UK industry. 

#3 DRI: MAINSTREAM 
SOLUTION IN EUROPE BUT 
WITH THE CHALLENGE 
OF INVESTMENT AND 
ELECTRICITY PRICE 

The advantage of Directly Reduced Iron (DRI) 

is that it is compatible with both Blast Furnaces 

and EAFs (and therefore compatible with scrap) 

and it allows for a gradual transition towards car-

bon-free steel production. 
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DRI can be produced using either natural gas or 

hydrogen, with the World’s first hydrogen based 

DRI plant (using a 70% hydrogen enriched gas 

feed), anticipated to be operational in China du-

ring 2021. Emissions from this plant are estimated 

at 0.25t CO2/t iron4. If hydrogen is produced using 

renewable electricity, the whole process is consi-

dered carbon-free. In the UK however this route 

is for the time being difficult to implement from 

a financial standpoint, due to volatile and high 

costs of electricity5 and the significant capital in-

vestment. A UK steel industry source estimated 

that a 600MW electrolyser would cost £600 mil-

lion and allow a potential reduction of 2MtCO2e. 

An alternative approach would be to produce 

hydrogen using steam methane reforming (as is 

the predominant process currently in use) and to 

link these plants to carbon capture and storage 

network with the limit of a CCS technology men-

tioned above.

The hydrogen DRI process is highly energy in-

tensive. According to available research, for hy-

drogen direct reduction (H-DR) steelmaking, 

3.5 MWh electricity is consumed per ton of steel, 

which means that for 6Mt steel (roughly the equi-

valent of the steel produced in UK’s Basic Oxygen 

Steel Furnaces), more than 20 TWh electricity is 

necessary. This is equivalent to around 6.5% of all 

electricity produced, 17% of all renewable electri-

city produced and 23% of all electricity supplied 

to industry in the UK. To be competitive green 

hydrogen DRI would need a price of renewable 

energy below £25/MWh with a carbon price at 

£50. Green hydrogen DRI is expected to be cash 

cost competitive between 2030 and 2040 in Eu-

rope and even before in countries with the most 

developed sources of renewable energy.

#4 INVESTMENT IN 
ENTIRELY NEW FACILITIES

It has been explained that transition and adapta-

tion of existing blast furnace facilities is both ur-

gent, as a consequence of the capital investment 

cycle time, and expensive. Estimates of £400m to 

£500m per million tonnes of installed steel capa-

city are not unreasonable. Comparing this option 

with the most efficient steel producing technolo-

gies in the world, an ‘out of the box’, three million 

tonne per year strip steel plant, such as that ope-

rated by Big River Steel at Arkansas in the USA, 

can be purchased and installed for c.£1.6bn.

It is clear therefore that in addition to the de-

carbonisation imperative, there is an economic 

consideration arising from the deployment of the 

latest steel manufacturing technologies. Never-

theless, the incentive to invest in a brand-new 

capability, with a significant CAPEX required in a 

very short time is low for most of the UK com-

panies which are financially struggling and rather 

cash constrained. The social impact as well as the 

cost, of a swift change to a technology allowing 

to produce 3Mt of steel with 600 employees 

must also be considered. Given the trade defi-

cit of the UK for steel, the development of new 

state of the art capabilities could be achieved 

in parallel to the conversion of the current steel 

plants and the utilisation of their current assets 

as long as possible to spread the financial and 

social costs over the years. 

4.  https://www.tenova.com/news/detail/first-hydrogen-based-dri-plant-in-china/#:~:text=First%20Hydrogen-based%20DRI%20
Plant%20in%20China%20The%20world%E2%80%99s,ENERGIRON%20technology.%20Monday,%20November%2023,%202020%20
|%2010:07

5. As of January 21st, 2021, the price of month-ahead electricity contract in the UK wholesale market was £66.96/MWh, which is 
190% higher than £23.10/MWh on May 28th, 2020. Assuming an electricity price of price of £60/MWh, the cost of the electricity of 
the H-DR route could reach £ 210 / t steel. For comparison, at $100-110 /t coking coal price, the cost of coking coal in the produc-
tion of BF steel is around £ 55 / t.
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A COMMON DRI HYDROGEN-
BASED FACILITIES FOR THE 
INDUSTRY

#1 DRI IS THE MOST 
ADAPTED SOLUTION TO 
CHALLENGES OF THE UK 
INDUSTRY

The hydrogen DRI technology seems the most 

adapted solution for the UK industry. This tech-

nology would allow to:

 f Start developing a DRI gas-based steelma-

king with a proven methodology with a very 

limited technological risk with an immediate 

impact on CO2 emissions. 

 f Compensate for the decrease of produc-

tivity of the coke ovens in Port Talbot and 

Scunthorpe by adding DRI to the blast 

furnaces (up to 25%) and therefore allow a 

smooth transition with a significant CAPEX 

avoidance on the life extension of the coke 

ovens.

 f Preserve the full range of steel produced 

and the downstream capabilities.

 f Switch to hydrogen when the technology 

will be proven (SSAB intends to sell the first 

fossil-free steel in 2026).

 f Decide to transition to grey hydrogen first or 

to wait until 2030 when green hydrogen is 

expected to become the cheaper source of 

hydrogen.

 f Transition more gradually to a new techno-

logy (EAF based) and therefore protect the 

workforce during a fair and just transition 

which could span between now and 2035 

when the technology could be available or 

later depending on the end of life of blast 

furnaces. 

The absence of redundancies during the transi-

tion is a condition of the support by the stakehol-

ders without which the changes would have a 

high probability to fail. 

#2 BUILDING BRIDGES 
AMONG POTENTIAL 
PARTNERS

A DRI facility could be of interest for the whole 

of the industry including the current EAF based 

producers. Nevertheless, most of the players 

are too small not only to cover the CAPEX requi-

rement but also to legitimate the investment in 

a large facility. Voestalpine 2mt of HBI in Texas 

which started production in 2018, had a total cost 

of US$1.1bn. 

As a first step, a DRI facility could be built sepa-

rately by a third party and sell its production to 

the different players. This could allow to develop 

in parallel a hydrogen facility by another partner. 

The industry would then mutualise the risks and 

benefits of the development of the new techno-

logy. This would reduce the CAPEX required up 

front and could also facilitate to support from the 

government. This support will be key as none of 

the private producers will be in position to afford 

the costs of the transition, in the UK as any coun-

tries in Europe. 

The support to the development of a DRI-Hy-

drogen facility in the UK will benefit the entire 

economy as it will allow a significant step toward 

critical mass for the hydrogen in the UK.
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ACHIEVING A JUST 
TRANSITION
Perhaps the greatest challenge around all of this 

is how to implement the new low carbon tech-

nologies, whatever they are, in such a way as 

to achieve a just transition for employees and 

communities.  Most options for decarbonisation 

also result in increased productivity and potential 

loss of front-line jobs.  The challenge facing the 

sector is that any investment which does not also 

increase productivity will leave the steel plant 

unable to compete in the global steel market, or 

else be displaced by a potential inward investor 

in the UK, which could be devastating for existing 

steel communities

The consequence of this analysis is that decar-

bonisation of the steel sector and choices made 

by individual companies, need to be taken into 

consideration alongside the UK’s wider industrial 

strategy, particularly with regard for investment 

and growth in new jobs in the green economy 

but also with a specific effort on the procurement 

strategy and the supply chain to support the de-

velopment of local production as part of a gree-

ner solution. 

The improved competitiveness of the UK steel 

industry must become the foundation of new era 

of growth particularly in the downstream activi-

ties where thousands of jobs could be created. 

The decarbonisation model favoured in this pa-

per, a DRI-hydrogen- EAF based solution, would 

take a decade, meeting all milestones of the 

Paris agreement but allowing a smooth and just 

transition for the workforce. 
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“There’s a serious risk that this country is going to leave 
its young people to a future devastated by the climate 

crisis and unemployment. But it’s not too late to turn 
this around. Investing in green apprenticeships in areas 
such as renewable energy and woodland creation could 

prevent a new wave of youth unemployment, while 
helping the UK towards a more climate-friendly future.”

“As young people we are faced with an impending double 
crisis. We will have to deal with the disproportionate 
economic fallout from Covid-19, and begin our adult 

lives in an age of greater and greater climate injustice. 
Over recent years students have shown the world we 

have the energy and determination to rise to the climate 
emergency, but we can’t do it alone. This timely report 

gives politicians some concrete steps to begin providing 
good green jobs for the next generation of workers, and 

to unleash our energy to help build a safer, fairer future.”

“Young people have borne the brunt of the job losses 
caused by the coronavirus pandemic, and we need 
an urgent plan to make sure this experience doesn’t 
scar their future. We know that investment in the 
skills required to get Britain to net zero, and in the 
good green jobs that will deliver it, could provide the 
opportunities young people desperately need now. 
This report is an important contribution to making that 
happen - and we look forward to working with everyone 
committed to ensuring that we deliver a better future 
both for young people and for the planet” 

“Young people are bearing the brunt of the unemployment 
crisis, yet our national green skills gap continues to get 
bigger. The Government must urgently invest new money 
into education and training, preparing young people to gain 
meaningful employment that delivers our carbon reduction 
commitments, halts the climate crisis and contributes to 
climate justice. The scale must be commensurate with an 
investment in an entire generation of young people, our  
lives now and our futures, but it must also be made in a 
socially just way. All young people, including marginalised 
young people, deserve a chance to gain paid work that 
delivers a more just present and secures our collective future 
– a future that puts people and planet ahead of profit.”

Denis Fernando, 
climate 

campaigner at 
Friends of the 

Earth

Serena Murdoch, 
17, campaigner at 
Teach the Future

Paul Nowak, 
Deputy General 

Secretary, 
TUC

Larissa Kennedy, 
President of the 

National Union of 
Students
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The research report [Chapters 1-3] is researched and written by Mika Minio-Paluello and Anna 
Markova (Transition Economics). With thanks for feedback and input from Mike Childs and 
Denis Fernando (Friends of the Earth), Kirsi-Marja Kekki and Iain Murray (TUC), Graham Petersen 
(Greener Jobs Alliance), Paul Gregg (University of Bath), Gianni De Fraja (University of Nottingham) 
and our supporting organisations.  Any errors and omissions remain the authors’. Case studies 
were compiled by Friends of the Earth staff.
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An emergency plan on green jobs for 
young people – why and how?

There are over 500,000 young people aged 16-24 out of work, and this is before the 
government’s furlough scheme closes. The numbers are expected to grow substantially 
with the end of the furlough scheme. It is also well recognised that the claimant count is an 
underestimate	of	the	true	unemployment	figures.	It	is	very	conceivable	that	there	could	be	
over 1 million unemployed young people by early summer. 

This is a youth unemployment emergency.

Providing young people with green jobs is one of the means of addressing youth 
unemployment. After all, the climate and ecological emergency will mostly harm young people 
and future generations as it unfolds, so addressing both these emergencies together is a win-
win for young people.

Friends of the Earth commissioned consultancy Transition Economics to identify how to create 
green jobs quickly, with a focus on green apprenticeships, and to identify the scale of funding 
needed. And to put the level of funding into context, we also asked them to estimate the 
economic scarring impact from periods of unemployment. 

Figures have been calculated for economic scarring and Green Apprentice creation at a local 
authority level in England and Wales, as well as combined authority level in England.   

The	research	report	by	Transition	Economics	identifies:

• The economic scarring impact of one year’s unemployment for an 18-20 year old 
comprises lost earnings of £42,000 - £133,000 over the next twenty years. For 
comparison, the Institute of Fiscal Studies recently estimated that school pupils could 
lose out on £40,000 of lifetime earnings due to missing classroom time.  

• Current levels of youth unemployment could lead to £32 - £39 billion in wage scarring 
across the UK, if all currently unemployed 16-24 year olds stayed unemployed for 1 
year. For an average-sized local authority area in England and Wales this represents £86 
- £105 million in lost local earnings. 

• The cost of creating 250,000 green apprenticeships over the next three years is tiny in 

  Executive 
  summary
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comparison. Rapid roll-out of a green apprenticeship scheme would cost £6.2 - £10.6 
billion in total funding over 5 years. This covers wages subsidies at 50% or full cost, 
training costs and diversity funding. Such an investment would be a natural successor 
to the job-saving furlough scheme, banking its success.

•	 Significant	skills	gaps	and	shortages	in	sectors	essential	for	delivering	net	zero	climate	
goals threaten to derail efforts to decarbonise buildings, transport and energy. The 
report	identifies	occupations	by	Standard	Occupational	Classification	(SOC)	code	
where these are particularly acute. 

• There are 161 existing apprenticeships standards in England that can support 
decarbonisation, out of a total of 571 approved for delivery by December 2020. 
However, many apprenticeship standards do not even exist yet (e.g. whole-house 
retrofits),	whilst	others	need	important	updates	and/or	numbers	to	be	expanded	
significantly	(e.g.	heat-pump	installers).

•	 Funding	the	green	infrastructure	needed	to	meet	climate	goals	–	such	as	retrofitting	
existing homes and building new green homes, upgrading the railways, and 
afforestation – could create over 1 million jobs over the next two years, and provide the 
basis for recruiting and training green apprentices.

The	report	makes	a	number	of	recommendations.	These	are:

• A “green opportunity guarantee” is needed for young people that commits to ensuring 
all young people are offered a job, an apprenticeship, or training. A government funded 
£40 billion-a-year green infrastructure programme would create over 1 million jobs, 
and	deliver	significant	co-benefits	including	healthier	air,	warmer	homes	and	saving	the	
NHS tens of billions of pounds.

• The UK government should invest up to £10 billion over the next 5 years to create 
250,000 green apprenticeships in England and Wales, with wage subsidies of 50-
100% depending on need. Devolved nations should receive equivalent funding for 
programmes within their borders.

• National and local government procurement programmes should require the 
employment of apprentices. Requirements for apprenticeships already exist in 
framework	agreements	like	for	HS2	and	in	the	Offshore	Wind	Sector	Deal.	

• Green Apprenticeships should include a greater proportion of time spent in “off-the-
job” college or workshop-based learning than currently happens. Rules and standards 
are needed to ensure apprentices are not exploited as cheap labour or used to replace 
existing paid jobs. Pay rates for apprentices should be higher than the minimum wage, 
and negotiated nationally with trade unions.

• Diversity Bursaries of £1,500 should be paid to green apprentices from historically 
disadvantaged groups, to improve access and participation, and employers should 
also be paid a Diversity Bonus payment of £1,000. Race equality conditions should be 
applied to all employers using the funded scheme.

• A 10-year funding settlement for Further Education Colleges should be announced 
immediately, ahead of the spending review, to enable the apprenticeship and training 
programmes to begin delivery fast. 

• A network of National and Regional “Centres of Excellence for Zero Carbon 
Skills” should be created at further education colleges, serving as hubs for Green 
Apprenticeship and Traineeship training. The Centres should be tasked with developing 
updates to existing vocational training, instituting new courses, and supporting 
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schools to incorporate low carbon skills into the school curriculum so that students 
are more equipped and informed to start green careers. The existing Skills Bootcamp 
programme should be expanded, targeting provision of green skills to unemployed 
young people. 

• Combined authorities, working with local authorities and Local Economic Partnerships, 
should leverage existing skills funding and programmes to develop and grow Green 
Apprenticeships, as well as using borrowing powers to invest into local green 
infrastructure.

• New apprenticeship standards should be rapidly developed where necessary – 
including	for	whole-house	retrofits,	energy	assessments,	environmental	restoration,	
sustainable farming, and circular economy manufacturing – and others will need 
additional modules, e.g. electric vehicle maintenance for car mechanics. 

• A public awareness campaign to launch the programme and recruit Green Apprentices 
should be run, including through schools, local authorities, Job Centre coaches, and via 
influencers	trusted	by	young	people.

Apprenticeships and training are devolved matters, so the recommendations above apply to 
the devolved nation governments where appropriate as well as to the UK government. In the 
full report, Transition Economics make further recommendations. The full report also provides 
data on wage scarring and on Green Apprenticeship creation at a local authority level in 
England and Wales and at a combined authority level in England. 

To support the report Friends of the Earth has interviewed young people currently working in 
green jobs. The case studies are available here.
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Chapter 1. The problem: Covid-driven 
youth unemployment and economic 
scarring

1.1. Summary
Young people are one of the groups hardest hit by the economic crisis as a result of the Covid 
pandemic.	This	chapter	quantifies	the	lost	future	wages	that	today’s	unemployed	young	
people could experience if the government does not act in time to guarantee jobs and training 
opportunities.

An 18-20 year old who experiences one year of unemployment during the pandemic crisis 
could lose out on £42,000 - £133,000 in future wages over the next 20 years, as a result of 
lower future pay. 

The collective scarring impact of youth unemployment during the pandemic could see £31 - 39 
billion lost wages in England and Wales over the following 20 years, if as many young people as 
are unemployed now experienced a year of unemployment.

On	a	Combined	Authority	and	Metro	Mayor	level,	the	greatest	estimated	collective	scarring	
impacts fall on West Midlands (£2.1 billion - £2.5 billion), Greater Manchester (£1.4 billion - £1.8 
billion) and London (£5.5 - £7.2 billion), corresponding to the greatest numbers of unemployed 
young people. The estimated 27,000 unemployed young people in Wales could lose between 
£1.3 billion - £1.6 billion in future wages over 20 years.

The real scarring impact could be greater, as youth unemployment is expected to soar 
following	the	end	of	the	furlough	scheme,	and	as	a	significant	proportion	of	young	people	on	
furlough are likely to also experience scarring impacts.1 At the same time, it is unlikely that 
every	currently	unemployed	young	person	will	remain	unemployed	for	a	year.	Our	model	aims	
to strike a balance and represent a reasonable worst case scenario.

The impacts of widespread youth unemployment, coupled with isolation enforced as 
part of the pandemic response, is by no means limited to individuals’ lost wages. Future 
life satisfaction, physical and mental health are likely to be affected, as is wellbeing on a 
community level. 

A successful economic recovery that rapidly brings young people back into employment and 
training	would	significantly	reduce	the	scarring	impact.	Such	a	recovery	could	offer	meaningful	
work with a sense of social purpose. This will require stronger and more interventionist 
government policies to stem the torrent of youth unemployment than exist at present.

  1 Thanks to Paul Gregg for commentary on the furlough and scarring issue.
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1.2. Generation Covid and youth unemployment 
The Covid pandemic has led to soaring unemployment, despite government interventions 
like the furlough scheme. Young people - Generation Covid - have been hit especially hard by 
jobs losses, hours reductions and falling pay, and were twice as likely to be furloughed as older 
workers.2

Historical evidence suggests that the young, the least educated and especially minorities are 
hit hardest in a recession.3  But the current crisis has also particularly targeted the livelihoods 
of young people, by forcing the closure and shrinkage of many sectors - e.g. hospitality and 
retail - where young people make up a disproportionate part of the workforce.

By	October,	the	number	of	young	people	in	employment	had	fallen	by	278,000	since	the	
start of the pandemic, a 7% fall, with a further 181,000 young people becoming economically 
inactive.	The	number	of	young	people	claiming	unemployment	related	benefits	increased	by	
282,000 from March to November 2020, an increase of 120%. 4		Overall,	rising	unemployment	
has been driven by young people losing their jobs, with young people making up 62% of the 
total	fall	in	employment	in	the	quarter	to	October	2020.5  

Figure 1. Young people made up the majority of the total fall in employment in the quarter to October 
2020

Source:	Labour	Force	Survey	headline	indicators	(seasonally	adjusted)

 

                            

2		https://www.bbc.co.uk/news/explainers-54005156	
3	D.G.	Blanchflower	and	R.B.	Freeman	(editors),	Youth	Employment	and	Joblessness	in	Advanced	Countries,	University	of	Chicago	Press	and	NBER,	
2000	and	Freeman,	R.	B.	and	D.	A.	Wise,	(editors),	The	Youth	Labor	Market	Problem:	Its	Nature,	Causes,	and	Consequences,	University	of	Chicago	
Press and NBER, 1982
4	Youth	Unemployment	Statistics,	House	of	Commons	Library,	15	December	2020	https://commonslibrary.parliament.uk/research-briefings/
sn05871/	
5		https://www.employment-studies.co.uk/system/files/resources/files/IES%20briefing%20-%20Labour%20Market%20Statistics%20
December%202020_2.pdf 
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Alternative opportunities are limited, with falling vacancies particularly targeting younger 
workers, including those fresh out of university.6  Apprenticeship starts also crashed with the 
onset of the pandemic, with younger apprentices being more hard hit.7  Young workers are also 
most likely to have seen their pay slashed, with over a third of 18-24-year-olds (excluding full-
time students) having had their pay reduced since before the outbreak.8 

Current statistics are struggling to even capture the scale of the current jobs crisis, with at 
least	300,000	out-of-work	people	missing	from	official	unemployment	figures.9 

1.3.  It will become worse before it gets better
There is a wide consensus that without far greater government intervention, the jobs crisis for 
young people will get much worse before it gets better.

The furlough programme has been an effective tool in holding back a torrent of 
unemployment. It played a key role in preventing the 6.1% increase in unemployment projected 
by	the	Office	for	Budget	Responsibility,	which	could	have	increased	the	youth	unemployment	
rate to 27%.10  But this postponed the potential crash, rather than preventing it. The planned 
end of the furlough scheme threatens to send employment off a precipice in 2021. The 
Learning and Work Institute estimated that 290,000 18-24 year olds could become long-term 
unemployed	by	autumn	2021,	five	times	the	existing	levels	and	higher	than	the	peaks	seen	in	
the previous two recessions. 11 

Evidence from autumn 2020 showed that young and black, Asian and minority ethnic workers 
(BAME) workers were far more likely to be made unemployed after furlough ends. A Resolution 
Foundation survey found that 19% of 18-24 year olds who were furloughed during the spring 
2020 lockdown were unemployed in September, compared to 22% for BAME workers but only 
9% for the general population.12 

The largest numeric impact in terms of employment loss in 2021 is likely to be experienced 
by	those	in	low	paid	occupations	often	with	low	skills	and	low-level	educational	qualifications.	
Recessions	tend	to	be	longer	and	deeper	for	young	people	without	higher	qualifications.13   
The	post-Covid	labour	market	will	be	a	hostile	environment	for	adults	finding	themselves	
unemployed, in which their existing skills are likely to be poorly matched with the opportunities 
that will be available when we recover from the Covid crisis.14 

1.4.  The long-term scarring impacts of youth unemployment
While being unemployed is damaging in real time – potentially putting health, well-being 
and access to housing at risk – the experience can also scar a person’s livelihood for years 
to come. This is particularly worrying for young people, who are more likely to experience 

6		https://www.bbc.co.uk/news/explainers-54005156	
7		https://feweek.co.uk/2020/06/25/apprenticeship-starts-continue-to-plummet-since-lockdown-new-data-reveals/	
8		https://www.resolutionfoundation.org/publications/young-workers-in-the-coronavirus-crisis/	
9		https://www.theguardian.com/society/2021/jan/24/gordon-brown-300000-uk-jobless-hidden-by-official-figures	
10	https://www.resolutionfoundation.org/app/uploads/2020/05/Class-of-2020.pdf	
11		https://learningandwork.org.uk/resources/research-and-reports/time-to-act-tackling-the-looming-rise-in-long-term-unemployment/
12		https://www.resolutionfoundation.org/press-releases/one-in-five-young-people-and-over-one-in-five-bame-workers-who-were-furloughed-
during-lockdown-have-since-lost-their-jobs/	
13		https://www.fenews.co.uk/press-releases/62190-kickstart-changes-government-must-extend-the-scheme	
14		https://repec-cepeo.ucl.ac.uk/cepeow/cepeowp20-12.pdf		
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unemployment during a downturn, and who have their whole working lives ahead of them.15  

Historical evidence from past recessions shows that youth unemployment has impacts 
beyond	the	immediate	negative	effects	on	individuals,	society	and	public	finances.	Numerous	
studies in the UK and internationally demonstrate that past periods of unemployment between 
the ages of 18 and 25 left persistent “scarring” effects on people’s future job prospects 
including their pay and employment status, but also on their future life satisfaction and 
mental health16 and on physical health.17 A 2009 UK survey found that young people who were 
unemployed in many cases suffered rejection, depression and hopelessness leading some to 
feeling suicidal.18 These effects on mental health tend to persist over the long-term, even into 
people’s forties.

The potential economic scarring impacts of youth unemployment caused by the Covid 
pandemic have been highlighted by policy makers, think tanks and journalists repeatedly in 
2020. A Deputy Governor of the Bank of England warned that “scarring matters profoundly for 
the living standards and wellbeing of everyone in the economy” in a November 2020 speech 
on the potential long-term effects of Covid.19  The Financial Times has referred to “scarring” 
32	times	already	in	the	first	three	months	of	the	pandemic20, and the National Institute of 
Economic and Social Research warned in July 2020 that economic scarring in the labour 
market would maintain unemployment at high levels for the coming years.21

Young people leaving education in the midst of the pandemic face a future where they are less 
likely to be employed, and could suffer scars to their pay for decades to come, even after the 
economy has recovered.22	A	range	of	studies	have	quantified	the	long	term	scarring	impacts	of	
youth	unemployment	on	future	pay:	

• Arulampalam found for young people that a spell of unemployment carries a wage 
penalty “of about 6% on re-entry in Britain, and after three years, they are earning 14% 
less compared to what they would have received in the absence of the  
unemployment”. 23

• Data from the National Child Development Survey analysed by Gregg and Tominey 
found	that	a	significant	spell	of	youth	unemployment	leaves	a	permanent	scar,	reducing	
wages for men at 23 years old by 21%, and even at age 42 by 13%, compared to 
someone with no youth unemployment.24 

15		https://www.resolutionfoundation.org/app/uploads/2020/05/Class-of-2020.pdf	
16	Bell,	D.	and	Blanchflower,	D.	(2011)	Young	people	and	the	Great	Recession.	Oxford	Review	of	Economic	Policy,	27,	241-267.	

https://academic.oup.com/oxrep/article-abstract/27/2/241/429358
17  Maclean, J. (2013) The health effects of leaving school in a bad economy. Journal of Health Economics, 32, 951-964.

https://www.sciencedirect.com/science/article/abs/pii/S0167629613000970
18		Bell,	D.	and	D.G.	Blanchflower	(2010),	‘Youth	Unemployment:	Déjà	vu’,	IZA	Discussion	Paper	4705

https://www.iza.org/publications/dp/4705/youth-unemployment-deja-vu	
19		Ramsden,	D.	(2020)	Speech:	The	potential	long-term	economic	effects	of	COVID-19	https://www.bankofengland.
co.uk/-/media/boe/files/speech/2020/the-potential-long-term-effects-of-covid-speech-by-dave-ramsden.
pdf?la=en&hash=FA29F3EE33EF0439FF20F0EBE91E55B4F64DA9B6 
20		https://voxeu.org/article/lasting-scars-covid-19-crisis	
21  Lenoël, C., Macqueen, R. and Young, G. (2020) Prospects for the UK economy. National Institute Economic Review, 253, F4-F34.

https://www.niesr.ac.uk/publications/prospects-uk-economy-37	
22	https://www.resolutionfoundation.org/app/uploads/2020/05/Class-of-2020.pdf	
23  Arulampalam, Wiji, 2001. “Is Unemployment Really Scarring? Effects of Unemployment Experiences on Wages,” Economic Journal, Royal 
Economic Society, vol. 111(475), pages 585-606, November

https://www.jstor.org/stable/798307?seq=1
24		https://www.researchgate.net/publication/222700813_The_Wage_Scar_from_Youth_Unemployment	
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• In 2017, De Fraja, Lemos and Rockey used data from the UK Lifetime Labour Market 
Database to show that one additional month of unemployment at age 18-20 causes a 
permanent income loss of 2%.25  

•	 Tumino	finds	an	increased	probability	of	experiencing	future	unemployment	of	up	to	
9% when comparing with similar other workers.26

• Paul Gregg and Lindsey Macmillan estimated the future lost output (measured 
as wages foregone) through long-term youth unemployment following the 2008 
economic crisis as £6.7 billion.27 

• In the US, the Center for American Progress think tank modelled scarring impacts 
described in existing US-based studies to conclude that young people unemployed as 
a	result	of	the	2008	financial	crisis	were	likely	to	lose	out	on	a	cumulative	$2	billion	in	
future wages.28 

Transition Economics analysis builds on these studies to estimate the potential long-term 
loss of pay to individuals and local communities resulting from youth unemployment scarring 
during the Covid pandemic, and the resulting total loss in foregone wages in England and 
Wales.

1.5.  Youth unemployment scarring quantified
Our	modelling	tells	a	cautionary	tale	of	the	losses	that	could	result	from	this	-	losses	to	
individuals and to their communities.

An 18-21 year old who experiences one year of unemployment during the pandemic crisis 
will lose out on £42,000 - £133,000 in future wages over the next 20 years, as a result of 
lower pay, according to our modelling.29 These are our lowest and highest estimates for local 
authorities in England and Wales, from Rother in East Sussex and Wandsworth in London. See 
Appendix 3 for numbers for all local authorities. Table 1 below shows the potential 20 year 
wage scarring for individuals by region or nation, and Table 2 by Combined Authority.

 

24		https://www.researchgate.net/publication/222700813_The_Wage_Scar_from_Youth_Unemployment	
25		De	Fraja,	G,	Lemos,	S	and	Rockey,	J.	2017.	‘The	Wounds	That	Do	Not	Heal.	The	Life-time	Scar	of	Youth	Unemployment’.	London,	Centre	for	
Economic	Policy	Research.	https://www.york.ac.uk/media/economics/documents/seminars/2016-17/The%20Wounds%20That%20Do%20Not%20
Heal.pdf 
26		Tumino,	Alberto,	(2015),	The	scarring	effect	of	unemployment	from	the	early	‘90s	to	the	Great	Recession,	No	2015-05,	ISER	Working	Paper	
Series,	Institute	for	Social	and	Economic	Research,	https://EconPapers.repec.org/RePEc:ese:iserwp:2015-05	
27		https://cmpo.wordpress.com/2012/02/06/the-cost-of-youth-unemployment/
28		https://www.americanprogress.org/issues/economy/reports/2013/04/05/59428/the-high-cost-of-youth-unemployment/
29 These are the lowest and highest estimates in the model, from Rother in East Sussex and Wandsworth in London.
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Figure 2 shows the 20-year projected scarring impacts of youth unemployment by age bracket (at the 
time of unemployment) in England and Wales for the three models used.

Figure 2. Future wage scar over 20 years, by age and by model, England & Wales average (£)

Source:	Transition	Economics	analysis,	ONS	data

Annual	losses	are	significant	-	an	18-year-old	in	Manchester	who	has	been	unemployed	for	a	
year can expect to lose between £2,000 and £4,900 in wages for every year of their twenties. 
Figure 3 shows the future reduction in annual wages for the next 24 years30 faced by an 
18-year-old in Manchester who was unemployed for a year.

30  All cumulative wage scarring losses modelled in this report (both for individuals and by local authority or Combined Authority) are for losses over 
20 years. The graph demonstrates 24 for illustrative purposes.
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Figure 3. Annual wage scar for an 18-year-old in Manchester who has been unemployed for a year

Source:	Transition	Economics	analysis

Adding up the impacts for all 16-24 year olds in a local authority facing a stretch of 
unemployment, the collective impacts of lower wages over the coming two decades build 
up. This means less disposable incomes to spend locally, lower local council incomes, and a 
greater need for welfare support. Today’s youth unemployment threatens to cause a town like 
Wrexham in Wales to miss out on £48 million - £62 million, while Blackpool in England would 
lose £99 million - £115 million in local wages paid over 20 years.

The	Sheffield	City	Region	Combined	Authority	would	lose	£658	-	£838	million	in	future	wages	
over 20 years, and the West Midlands Combined Authority between £2.1 billion and £2.6 
billion. See Table 1 for collective estimates for regions and nations and Table 2 for all Combined 
Authorities.

Across the UK, if all currently unemployed 16-24 year olds stayed unemployed for 1 year, 
they are projected to lose £32 - £39 billion in wages in the next 20 years.

Our	modelling	follows	the	findings	of	studies	on	economic	scarring	and	long	term	wage	
reductions caused by youth unemployment, and applies the magnitude of the scarring effect 
(by gender, age, and length of unemployment) to estimated wage trajectories for the 30th 
percentile for each local authority. It is assumed that overall future wages follow current 
patterns	by	age	and	gender,	that	wages	keep	up	pace	with	price	inflation	(in	other	words,	the	
calculation	reflects	future	lost	wages	in	today’s	currency),	and	that	people	affected	by	youth	
unemployment are likely to be non-graduates (therefore having lower than average projected 
future earnings even without unemployment exposure).31  Please see Appendix 1 for more 
detail	on	the	methodology	behind	these	findings.

31 Thanks to Paul Gregg for discussion on this point.

506  



14

Although in recent history, long-term unemployed people (whose unemployment spell lasted 
more	than	12	months)	made	up	under	one	fifth	of	unemployed	people32, the Covid crisis 
threatens to drop far greater numbers of young people into longer term unemployment. 
Modelling the impacts of theoretical future long-term unemployment equalling current 
unemployment is a reasonable worst-case scenario, given that the end of the furlough scheme 
is	expected	to	significantly	increase	youth	unemployment	if	schemes	to	bring	young	people	
back into employment (such as Kickstart) continue to fail to deliver.33 

Table 1. Economic scarring from youth unemployment, if all currently unemployed young people (16-24 year 

olds) experienced 1 year of unemployment, by region / country34

Region or country

Unemployed 
young people (Dec 
2020)

Economic scarring estimate (£ lost 
wages over 20 years)

After 1 year’s unemployment, over the 
next 20 years an average 18-21 year old 
loses... (£)

(min) (max) (min) (max)

North East 28,436 1,464,026,300 1,781,455,228 54,715 71,925

North West 69,069 3,379,403,759 4,277,959,855 54,291 72,443

Yorkshire and The 

Humber

51,412 2,560,394,146 3,192,025,493 55,124 72,593

East Midlands 42,098 2,363,159,834 2,643,051,731 57,072 74,935

West Midlands 64,150 3,336,297,800 3,954,979,883 55,574 73,198

East 48,534 2,721,605,326 3,222,648,822 59,283 77,730

London 94,479 5,527,476,559 7,191,743,838 69,677 94,507

South East 65,644 3,670,980,811 4,514,507,196 61,553 81,599

South West 43,621 2,343,356,341 2,638,161,893 54,519 71,949

Wales 26,749 1,309,673,383 1,607,309,082 52,799 71,771

United Kingdom 534,191 31,642,695,929 38,758,738,648 58,166 77,422

Source:	Transition	Economics	analysis,	ONS	data.

For	comparison:	an	analysis	published	by	the	Institute	for	Fiscal	Studies	(IFS)	estimates	
that children and adolescents missing half a year’s schooling during the pandemic will 
experience a lifetime loss in earnings of £40,00035  – a similar scale but smaller loss than 
that experienced by a young person following a year’s unemployment (£17,000-£134,000 
over the following 20 years for an 18-20 year old in our analysis). The cumulative future 
income losses we estimate – £43 billion to £50 billion – are smaller than those estimated 
by IFS in relation to missed schooling (£350 billion), but more concentrated and therefore 
more prone to exacerbate economic inequality.

32	https://www.ons.gov.uk/employmentandlabourmarket/peoplenotinwork/unemployment/datasets/
unemploymentbyageanddurationseasonallyadjustedunem01sa 
33		Fewer	than	2,000	young	people	had	started	new	Kickstart	roles	by	January	2021.	https://www.bbc.co.uk/news/business-55790439	
34		Note	that	unemployment	and	the	scarring	estimates	reflect	not	only	18-20	year	olds	(who	are	worst	affected)	but	also	16-17	and	22-24	year	olds.	
Therefore the scarring estimate does not equal unemployed people times average scarring for 18-21 year olds.
35	https://www.ifs.org.uk/publications/15291
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The	findings	by	Combined	Authority	and	Metro	Mayor	area	are	demonstrated	in	Table	2.

Table 2. Economic scarring from youth unemployment, if all currently unemployed young people (16-24 year 

olds) experienced 1 year of unemployment, by Combined Authority and Metro Mayor area36 

Combined 
Authority or 
Metro Mayor area

Unemployed 
young people (Dec 
2020)

Economic scarring estimate (£ lost 
wages over 20 years)

After 1 year’s unemployment, over the 
next 20 years an average 18-21 year old 
loses... (£)

(min) (max) (min) (max)

Greater 
Manchester

30,222 1,436,588,892 1,836,814,151 53,244 71,345

Sheffield	City	
Region

13,665 658,285,214 838,132,785 54,646 70,869

West Yorkshire 25,109 1,275,031,353 1,577,008,939 56,030 74,297

Liverpool City 
Region

16,135 791,064,354 1,015,774,090 54,687 73,378

Tees Valley 7,870 403,901,877 493,343,336 53,680 70,464

West Midlands 41,524 2,147,744,812 2,560,659,826 55,891 73,752

Cambridgeshire 
and Peterborough

6,173 378,304,649 437,644,325 63,789 84,511

West of England 7,462 400,631,680 500,834,773 60,981 81,019

North East 12,392 641,252,616 776,052,289 55,447 72,895

North of Tyne 8,094 419,616,627 517,184,205 55,294 72,601

London 94,479 5,527,476,559 7,191,743,838 69,677 94,507

Source:	Transition	Economics	analysis,	ONS	data.

36	Note	that	unemployment	and	the	scarring	estimates	reflect	not	only	18-20	year	olds	(who	are	worst	affected)	but	also	16-17	and	22-24	year	olds.	
Therefore the scarring estimate does not equal unemployed people times average scarring for 18-21 year olds.
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Figure 4. Map of economic scarring from youth unemployment (max estimate), by Combined Authority and 

Metro Mayor area

 

Source:	Transition	Economics	analysis,	ONS	data.

The	findings	by	local	authority	area	are	demonstrated	in	Appendix	3.
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Chapter 2. The problem: the green 
skills shortage

2.1 Introduction
Decarbonising our economy and adapting to climate change will require changes to the ways 
of working – and therefore changes to training – for almost any occupation. UK skills policy 
has	failed	to	grapple	with	the	magnitude	of	this	challenge:	for	instance,	the	recent	Skills	for	
Jobs white paper on technical education makes no reference whatsoever to climate change or 
decarbonisation.37 

Existing reviews that attempt to assess the need for “green skills” tend to have a relatively 
narrow focus. For example, a 2012 study found that the UK had the largest green skills gap 
among European countries, based on an assessment of skills gaps for nine target occupations 
(from engineering technologist to waste collector).38  A 2020 Local Government Association 
assessment	estimates	green	job	creation	based	on	existing	ONS	low-carbon	economy	
definitions	(for	sectors	like	energy-efficient	products	and	renewable	energy).39 

Most existing studies assume that future demand for skills follows existing market demand, or 
at best a linear pathway to net zero by 2050. However, the Climate Change Committee’s Sixth 
Carbon Budget published in December 2020 makes clear that most climate action needs to 
take place within the coming 14 years.40 Emissions need to fall by 80% by 2035 (previously the 
2050	goal).	Achieving	this	will	mean	that	many	decarbonisation	projects	–	retrofitting	the	UK’s	
28 million homes, increasing public transport and cycling infrastructure, shifting from internal 
combustion engines to electric vehicles, expanding renewable power, creating new woodlands 
– need to be primarily delivered within the next decade. 

If the necessary pace of decarbonisation is to be delivered, then demand for green skills over 
the	coming	15	years	will	be	significantly	higher	than	most	studies	expect.

This chapter provides an industry-by-industry overview of evidence of skills gaps and 
shortages, drawing on existing published assessments. We draw the distinction between skills 
gaps – where an existing workforce needs additional training, and skills shortages – where 
employers struggle to recruit for vacancies because not enough people looking for jobs 
have the required skills. For each industry, we examine the skills context for a number of key 
projects (e.g. creating new woodland, expanding renewables generation, EV manufacturing, 
energy-efficiency	retrofits)	essential	to	the	climate	transition.	We	then	highlight	specific	
occupations	within	the	sector	(organised	by	Standard	Occupational	Classification	code,	where	
possible),	and	summarise:

• Current skills shortages - i.e. whether under “business as usual”, employers already 
struggle	to	fill	vacancies

•	 Whether	significant	retraining	is	needed	for	current	workforces	to	meet	
decarbonisation needs

•	 Whether	major	updates	are	needed	to	qualification	standards	to	meet	decarbonisation	
needs

37	https://www.gov.uk/government/publications/skills-for-jobs-lifelong-learning-for-opportunity-and-growth
38		https://www.cedefop.europa.eu/files/5524_en.pdf
39		https://local.gov.uk/local-green-jobs-accelerating-sustainable-economic-recovery	
40		https://www.theccc.org.uk/2020/12/09/building-back-better-raising-the-uks-climate-ambitions-for-2035-will-put-net-zero-within-reach-and-
change-the-uk-for-the-better/	
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•	 Green	skills	shortages	-	whether	decarbonisation	needs	dictate	a	significantly	
expanded skilled workforce.

As this overview is based on a literature review, and some industries (e.g. construction) are 
better represented in recent skills policy literature than others (e.g. waste), this chapter 
should not be treated as an exhaustive catalogue of every possible green occupation, nor a 
comprehensive assessment of every skills shortage.  

This	chapter	shows	that:

•	 There	is	an	urgent	need	to	align	qualification	standards	to	the	needs	of	the	climate	
transition;

• The industrial shifts, infrastructure upgrades, and land use changes we need will 
struggle without a huge effort to recruit and skill up new workers, as well a upskilling 
and reskilling already existing workforces.

2.1 Agriculture, forestry, and land management
A successful green transformation requires changes in land use, switching large amounts 
of	land	from	pasture	or	brownfield	to	forestry	or	agroforestry,	environmental	restoration	
including peatlands and seagrass meadows, and changing farming practices. 

Public sector bodies responsible for land and ecosystem management are calling for 
investment	in	forestry	skills.	According	to	the	National	Audit	Office,	“Natural	England,	the	
Environment Agency and the Forestry Commission raised concerns with us around funding or 
skills shortages”.41		According	to	DEFRA,	“both	scientific	and	project	management	skills	are	
required to make progress, particularly in the Environment Agency and Natural England as key 
delivery bodies”.42 

Creating new woodland

A larger skilled workforce, nursery capacity and seed availability are all required to accelerate 
woodland creation and plant tens of millions of trees each year. The UK does not have these, 
relying on imports of saplings – which in turn creates risks to tree health. 

This will require upskilling and retraining across public and private sector forestry bodies, 
existing	forestry	workforces	and	land	managers,	as	well	as	significantly	expanded	workforces	
to rear saplings, plant trees, manage woodland, and harvest timber.43 Increasing the capacity 
of tree nurseries to supply tree-planting efforts, and carrying out tree planting itself, requires 
training	up	significantly	more	people	in	horticultural	trades.44 Planting and managing forests 
will	require	significant	increase	in	agroforestry,	forestry	and	other	forms	of	environmental	land	
management	skills,	and	qualified	forest	managers	ready	to	manage	previously	unmanaged	
woodland.45 

41	https://www.nao.org.uk/wp-content/uploads/2020/11/Achieving-governments-long%E2%80%91term-environmental-goals.pdf	
42	https://publications.parliament.uk/pa/cm5801/cmselect/cmpubacc/927/92707.htm
43	https://policyexchange.org.uk/wp-content/uploads/2019/12/BIGGER-BETTER-FORESTS.pdf
44	https://www.nao.org.uk/wp-content/uploads/2020/11/Achieving-governments-long%E2%80%91term-environmental-goals.pdf	
45	https://policyexchange.org.uk/wp-content/uploads/2019/12/BIGGER-BETTER-FORESTS.pdf
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Environmental Restoration

Programmes to restore natural carbon sinks (e.g. peatlands, seagrass meadows) require 
environmental and conservation professionals, as well as horticultural tradespeople. Rewilding 
and	peatland	restoration	will	require	a	significant	expansion	of	skills	from	a	very	limited	base.	
There	are	currently	few	existing	training	opportunities	or	qualifications	in	peatland	or	other	
restoration.46 More opportunities exist for rewilding, including work experience based “learning 
by doing” traineeships47 and a number of conservation degrees. Nonetheless, there is a need 
for	significantly	increased	training	schemes,	to	be	able	to	meet	labour	demand.

Agricultural transformation

A review commissioned by the Climate Change Committee concluded that to decarbonise 
agriculture,	farmers	and	farm	workers	will	“need	training	to	help	them	manage,	conserve	and/
or harvest trees”,48	and/or	to	make	changes	to	farming	practices	(livestock	diets,	fertiliser	and	
pesticide use, and manure storage and use).49 Smallholding farmers will need more support in 
order to be able to allot time and resources to upskilling.50  

Summary

Table 3 summarises available data on skills gaps in agriculture, forestry and land management.

Table 3. Green skills gaps in agriculture, forestry and land management

Occupation
SOC 
code(s)

Current 
skills 
shortage?

Needed for decarbonisation

Workforce 
reskilling?

Qualification 
standards update?

Expanded 
workforce?

Farmers 5111 No Yes Yes Insufficient	data

Horticultural trades e.g. growers, 
nursery staff, nursery assistants, 
countryside rangers.

5112, 
5119

No No No Yes

Farm workers 9111 Yes Insufficient	data Insufficient	data Yes

Forestry workers 9112 Yes Yes Yes Yes

Forest managers 1212 No Yes Yes Yes

Environmental and conservation 
professionals

215 No No No Yes

2.3 Utilities (including Energy & Water)
Electricity generation has decarbonised faster than most other sectors of UK society. 
However,	the	necessary	electrification	of	heat,	industry	and	transport	means	that	the	roll-
out of offshore wind, onshore wind, solar power, tidal stream and other renewables needs to 
accelerate	significantly.	The	Climate	Change	Committee’s	Sixth	Carbon	Budget	calls	for	a	
sales phase-out date for gas boilers of 2030 in commercial buildings and 2033 in residential 

46			https://www.iucn-uk-peatlandprogramme.org/resources/peatland-learning-training	
47		https://www.planitplus.net/Apprenticeships/ViewVacancyCA/456/7	
48		https://policyexchange.org.uk/wp-content/uploads/2019/12/BIGGER-BETTER-FORESTS.pdf
49		https://www.theccc.org.uk/wp-content/uploads/2020/01/Vivid-Economics-and-ADAS-2020-Policy-framework-for-deep-emissions-reductions-
and-carbon-removals-in-agriculture-and-land-use-in-the-UK.pdf
50		https://policyexchange.org.uk/wp-content/uploads/2019/12/BIGGER-BETTER-FORESTS.pdf
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buildings, with annual heat-pump installations expanding from 26,000 in 2019 to over 
400,000 in 2025 and over 1 million by 2030.51 The UK’s water infrastructure will also need 
large-scale upgrades, both to decarbonise and to adapt to climate change.

Expanding clean electricity generation and reinforcing networks

An assessment by Energy & Utility Skills lists the following occupations as being in shortage in 
the	electricity	sector	(starred	occupations	also	appear	on	the	UK	Shortage	Occupations	list):52

• Business and commercial

• Maintenance technicians

• Protection Engineer*

• Customer service and stakeholder 
engagement

• Marketing and communications

• Site Manager*

• Commercial capabilities

• Planners

• Substation electrical engineer*

• Commissioning engineers*

• Power System Engineer*

•	 Substation	fitters	

• Control Engineer*

•	 Planning	/	development	engineer*

• Telecommunications and digitisation

• Data analytics

• Project Engineer*

• Quality, health, safety and environment 
engineer*

• Design Engineer*

• Project Manager*

• Quantity surveyors

• Jointers (HV and LV)

• Proposals Engineer*

Specifically	for	offshore	wind	installations,	Energy	&	Utility	Skills	highlighted	a	shortage	of	
graduate-level	engineers	and	the	expanded	need	for	Operations	and	Maintenance	technicians	
as more installations complete construction. Skills that will be essential to expansion of 
offshore wind include technical skills covering mechanical, electrical, and control and 
instrumentation, blade and turbine technicians, and offshore skills like working at heights and 
in	confined	spaces.53

According to the Local Government Association, “an uptick in demand [for solar] would require 
technicians to be trained at NVQ level 3 equivalent to develop a larger installer base to deliver 
grid	connected	solar	for	utility	scale/decentralised	generation.”	54

With	the	need	to	significantly	expand	and	reinforce	electricity	distribution	and	transmission	
networks, as well as to build out renewable electricity generation on a mass scale, the 
shortages, particularly in the technical roles, will become more pressing.

51	https://www.theccc.org.uk/wp-content/uploads/2020/12/The-Sixth-Carbon-Budget-The-UKs-path-to-Net-Zero.pdf	
52	https://ore.catapult.org.uk/app/uploads/2018/10/Aura-EU-Skills-UK-Offshore-Wind-Skills-Study-Full-Report-Oct-2018.pdf
53	https://ore.catapult.org.uk/app/uploads/2018/10/Aura-EU-Skills-UK-Offshore-Wind-Skills-Study-Full-Report-Oct-2018.pdf
54		https://local.gov.uk/local-green-jobs-accelerating-sustainable-economic-recovery
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Hybrid heating and heat-pump installation and maintenance

To reach zero heating emissions, homes where a district heat network connection is 
challenging will need an electric heat pump or a hybrid heat pump installed. This needs a skilled 
workforce of nearly 70,000 people that does not currently exist. According to the Heat Pump 
Association, the challenge is rolling out retraining schemes for the existing workforce of gas 
engineers:	“The	current	route	to	becoming	a	heat	pump	installer	is	too	costly,	bureaucratic	and	
confusing, with outdated content still being taught.”55

Heat networks installation and maintenance

Heat networks today supply under 0.5 million UK homes. By 2030, the UK should aim to build 
out and maintain heat networks serving at least 1.5 million homes,56 and 5 million homes by 
2050,57 according to the Climate Change Committee. 

A 2020 BEIS-commissioned study58 looked at the skills challenges for the heat network 
sector,	and	found	that	the	lack	of	heat	network-specific	apprenticeships,	foundation	degrees,	
or graduate degrees impeded workers’ entry into the sector, and caused quality issues. The 
study found “High” skills gaps for project delivery managers, heat network development 
managers, energy master planners, and control system specialists, and “Medium” skills gaps 
for	design	engineers,	commercial	managers,	and	legal	and	financial	specialists.	On	the	other	
hand,	on-the-job	training	was	considered	efficient	and	relatively	easy	for	pipe	layers	and	
installers coming from other sectors. 

Water infrastructure

Upgrades to water infrastructure, including a new National Water Transfer network as 
recommended by the National Infrastructure commission,59 is an essential part of climate-
change adaptation over the following decades, requiring an expanded civil engineering and 
water treatment workforce. 

A variety of industry sources cite an ageing workforce as a major current problem for skills 
in	the	water	sector,	with	estimates	of	63,000	vacancies	to	be	filled	by	2027.60 The industry 
already	struggles	to	fill	35%	of	vacancies	due	to	skills	gaps.	Assessments	of	current	skills	
shortages	in	the	water	sector	vary.	Clean	Water	Operatives	are	currently	a	periodic	skills	
shortage (depending on water companies’ investment cycles).61 Energy and Utilities Skills 
Group reports shortages of technical skills in R&D in chemical and biological engineering, 
meter	installation,	water	efficiency	and	leakage	prevention.62	On	the	other	hand,	a	survey	of	
engineers and employers within the water sector (commissioned by the Chartered Institution 

55		https://www.heatpumps.org.uk/wp-content/uploads/2020/06/Building-the-Installer-Base-for-Net-Zero-Heating_02.06.pdf
56		https://www.theccc.org.uk/publication/uk-housing-fit-for-the-future/
57		https://www.theccc.org.uk/publication/net-zero-the-uks-contribution-to-stopping-global-warming/
58		https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/919521/heat-network-skills-review.pdf
59		https://nic.org.uk/app/uploads/NIC-Preparing-for-a-Drier-Future-26-April-2018.pdf	
60		http://www.watertrain.co.uk/tackling-the-water-industrys-skill-shortage
61	https://www.rullion.co.uk/media/436567/insights-talent-on-tap.pdf
62		https://www.euskills.co.uk/wp-content/uploads/2018/05/Water-Profile-2017-Final-140518-v2.pdf
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of Water and Environment Managers) highlights current and imminent gaps in a range of 
engineering	professions:

• Flood Risk Engineer

• Civil Design Engineer

• Mechanical Design Engineer

• Hydraulic Modelling

• Electrical Design Engineer

• Process Design Engineer

• Geo-environmental Engineering

•	 Environmental	Assessment/	Auditing

• Geotechnical Engineering

• Ecology

•	 Air	Quality/Acoustics

Summary

Table 4 summarises available data on green skills gaps in utilities (electricity generation and 
supply, and water supply).

Table 4. Green skills gaps in utilities

Occupation SOC 
code 
(s)

Current 
skills 
shortage?

Needed for decarbonisation

Workforce 
reskilling?

Qualification 
standards update?

Expanded 
workforce?

Engineers (Electrical, protection, 
commissioning, control, project, 
quality	/	HSE,	design,	proposals,	flood	
risk, civil, mechanical, process, geo-
environmental, geotechnical, hydraulic 
modelling)

212, 
2152, 
2481

Yes No No Yes

Planners, energy master planners 2129 Insufficient	
data

Yes Yes Yes

Commercial manager, project 
manager, data analytics

2432, 
2455, 
3544

Insufficient	
data

Insufficient	data Yes Yes

Heat network development manager 
(Project manager)

2455 Yes No Yes Yes

Control system specialist (Engineering 
professional n.e.c.)

2129 Yes Insufficient	data Yes Yes

Quantity surveyor 2453 Yes No No Yes

Technicians (operations, maintenance, 
installation), Joiners

311, 
5316

Yes No No Yes

Clean water operative 8134 Periodic No No Yes

Ecologist 2152 No No No Yes

Environmental	assessment	/	audit 2152 No Yes No Yes

Heat network installer (Plumbers and 
HVAC trades) 

5315 No No Yes Yes

Heat pump installers and maintenance 
engineers (retraining gas boiler 
engineers)

5315 No Yes Yes Yes

Pipe layer 5214 No No No Yes
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2.4 Manufacturing
The number of new green jobs that will be created in manufacturing depends heavily on 
government	policy	and	investment	choices:	to	what	extent	building	the	technologies	for	net	
zero domestically in the UK is prioritised, and whether direct public investment, local content 
requirements, and other tools are used to ensure this.63 Table 5 below summarises green skills 
gaps across manufacturing, assuming active policy choices are made to maintain and develop 
UK-based manufacturing for zero-carbon. 

Heat pump manufacturing

Transferring the boiler manufacturing workforce to making heat pumps is critical both for 
safeguarding UK employment and harnessing existing skills. Whilst the technology is different, 
many of the engineering and component assembly processes are similar. The exceptions are 
pipe	brazing	and	the	handling	of	refrigerant,	which	are	specific	processes	associated	with	heat	
pumps, but not boilers. Individuals with these skills could come from other sectors like air-
conditioning manufacture in the case of refrigerants, and the automotive industry for shaping 
and brazing.64 

Vehicles and batteries manufacturing

According to the Faraday Institution, new gigafactories – factories making batteries for 
electric vehicles – will require factory systems engineers, database development engineers, 
and thermal management engineers with a higher order of skills (including PhDs) than 
usual in automotive manufacturing, as a response to factory advances such as industrial 
Internet of Things, data-driven production, optimisation, automation, materials analysis, 
continuous improvement and simulation. Manufacturing battery packs instead of internal 
combustion engines also requires greater breadth and depth of knowledge – in particular, 
multi-skilled engineers, who are as comfortable with chemistry as they are with electrical and 
mechanical engineering.65 These will mostly be people not working in the automotive industry 
today. Within vehicle assembly (rather than battery manufacture), the switch to producing 
electric vehicles will necessitate some retraining to existing staff.66 Graduate research and 
development jobs will also be necessary in the development of hydrogen fuel cells needed for 
zero-carbon lorries, ferries and other heavy transport.67 

Remanufacturing and refurbishment

Recent research by Zero Waste Scotland and Circle Economy suggests changes to existing 
manufacturing	and	engineering	skills	provision	across	all	qualifications	(from	apprenticeships	
through to CPD courses) that are needed to enable remanufacturing and repurposing, 
including digital skills, “elimination of waste from production processes, complex problem-
solving and life-cycle engineering.”68

63  Transition Economics, STUC, upcoming in 2021.56		https://www.theccc.org.uk/publication/uk-housing-fit-for-the-future/
64		https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/943712/heat-pump-manufacturing-supply-
chain-research-project-report.pdf 
65 Skills and Training Needs for the UK Transition to Electric Vehicles. The Faraday Institution. 25 April 2019
66	https://faraday.ac.uk/wp-content/uploads/2020/03/2040_Gigafactory_Report_FINAL.pdf
67		https://www.ecuity.com/wp-content/uploads/2020/06/Local-green-jobs-accelerating-a-sustainable-economic-recovery_final.pdf
68	https://www.zerowastescotland.org.uk/sites/default/files/ZWS1543%20Future%20of%20Work%20-%20Emp%20%26%20Skills%20report%20
FINAL.pdf p. 47
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The Scottish Government has a Circular Economy strategy to support manufacturers in this 
direction, including a programme to expand remanufacturing skills provision, although so far 
no	specific	plans	have	been	published.69 Authorities in the rest of the UK have not yet made 
any moves to institute remanufacturing training. 

Hydrogen electrolysis and storage

If and when at-scale production starts, green hydrogen is expected to become an important 
source of zero-emissions fuel and feedstock for heavy and marine transport and for chemical 
industries. The operation of electrolysers is likely to require skill sets similar to those existing 
in the chemical industry. According to a study commissioned by the Engineering Construction 
Industry Training Board, the construction and maintenance of electrolysers requires “minor 
upskilling” to ensure an appropriate “workforce specialised in the connection of large electric 
equipment to the grid, as well as technical assistance for the connection to water utilities ... and 
to hydrogen transport infrastructure”.70 

Summary

Table 5. Green skills gaps in manufacturing

Occupation SOC 
code (s)

Current skills 
shortage?

Needed for decarbonisation

Workforce 
reskilling?

Qualification 
standards update?

Expanded 
workforce?71

Remanufacturing (all 
occupations)

1121, 212, 
2161, 
248, 311, 
52, 81, 
913 and 
others

N/A Yes Yes Yes

Vehicle manufacturing (all 
occupations)

No Yes Yes No

Batteries, hydrogen 
electrolysis and zero-carbon 
chemicals (all occupations)

N/A N/A Yes Yes

Wind and marine energy 
supply chains (all occupations)

Yes No Yes Yes

2.5 Construction  
Across construction occupations, producing buildings that require “near zero” energy and 
minimising embedded emissions requires sweeping changes to training standards and 
practices, both to integrate new materials, digital technologies, and offsite manufacturing, and 
to	give	workers	confidence	in	making	choices	that	affect	a	building’s	energy	performance.		

The Climate Change Committee has highlighted that “the chopping and changing of UK 
Government policy has led to a skills gap in housing design, construction and in the installation 
of new technologies. Important steps in reducing emissions are being held back as a result.”72  
Skills development within the construction sector is limited, particularly given the industry’s 
fragmented nature where the vast majority of workers are either self-employed or work for 

69	https://www.gov.scot/publications/making-things-last-circular-economy-strategy-scotland/pages/9/	
70	https://www.ecitb.org.uk/wp-content/uploads/2020/03/Net-Zero-Report-Web.pdf
71 If developing respective manufacturing sectors within the UK
72  https://www.theccc.org.uk/wp-content/uploads/2019/02/UK-housing-Fit-for-the-future-CCC-2019.pdf
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small	and	micro	firms.	In	addition,	20-25%	of	the	UK’s	construction	workforce	is	expected	
to reach retirement or transition out of the industry within the next decade, according to a 
Construction Leadership Council commissioned review.73 

An industry-wide culture shift and reskilling process is needed to mainstream “energy 
literacy”	and	a	holistic	approach	to	a	building’s	energy	efficiency.	According	to	the	Centre	
for the Production of the Built Environment, this means integrating expertise in “Nearly Zero 
Energy Buildings” (including “airtight building envelopes, thermal-bridge free construction and 
on-site renewable energy sources”) across the board of vocational training programmes.74 
Linda Clarke further argues that “transversal abilities” (effective communication, project 
management, problem solving and autonomous working) are integral to implementing Low 
Energy	Construction	and	are	not	present	in	current	vocational	qualification	standards.75

Energy efficiency retrofits (trades, planning and design)

In a 2019 assessment of the UK residential sector, the Climate Change Committee warned 
that	the	installation	of	low-carbon	heat,	particularly	heat	pumps,	was	impeded	by	“difficulty	
in	finding	trusted	installers	with	the	right	skills.	…	There	is	an	urgent	need	to	create	standards	
and	qualifications	to	ensure	that	low-carbon	heat,	mechanical	ventilation,	passive	cooling	
measures,	water	efficiency,	property-level	flood	resilience	and	Sustainable	Drainage	Systems	
(SuDS) are installed, maintained and used properly”.76

Preliminary	findings	from	the	“Building	Skills	for	Net	Zero”	survey	conducted	by	the	
Construction Industry Training Board showed that over 80% of self-employed workers believe 
that	there	is	a	skills	gap	in	their	occupation	to	deliver	decarbonisation.	Top	skills	identified	
as missing were “Ventilation training”, “Energy & Low Carbon Design” and “Understanding 
Sustainable Materials”.77

The	CITB	also	identified	that	training	courses	do	not	exist	to	meet	the	current	gap,	with	the	
following	identified	as	lacking	content	or	provision	at	the	scale	provided:	retrofit	coordinator	
and	retrofit	workers	(both	domestic	and	non-domestic),	heat-pump	installation,	hydrogen	
boiler	installation	/	maintenance	/	conversion,	low-carbon	systems	training,	and	inter-trade	
training. Reaching net zero will require urgently addressing priority skills supply gaps, 
particularly	retrofit	designers	and	coordinators,	heat-pump	installers	and	insulation	installers.78

Skills gaps play a key role in creating the “performance gap”, where incorrect and poor-
quality installation results in a “gap between the energy standards intended and achieved, 
jeopardising emission savings.”79 The risk of inappropriate design and installation is highlighted 
in	the	case	of	Fishwick	Road	in	Preston,	where	387	council	homes	were	fitted	out	with	external	
wall insulation in 2013. Because of pressure to maximise the area insulated in the shortest 
time possible, and a lack of appropriate standards, the contractor used the cheapest materials 
available, and committed a number of design mistakes. As a result, the homes became 
afflicted	with	damp	and	mould,	leading	to	costs	of	up	to	£20,000	per	household,	and	the	
hospitalisation of one resident with asthma.80  

73	https://www.constructionleadershipcouncil.co.uk/wp-content/uploads/2016/10/Farmer-Review.pdf
74	https://committees.parliament.uk/writtenevidence/21513/pdf/
75	https://www.tandfonline.com/doi/full/10.1080/01446193.2016.1248988
76	https://www.theccc.org.uk/wp-content/uploads/2019/02/UK-housing-Fit-for-the-future-CCC-2019.pdf
77	Richard	Bayliss	(Oct	2020)	“Building	Skills	for	Net	Zero	-	Preliminary	research	findings”	Construction	Industry	Training	Board	https://stbauk.org/
wp-content/uploads/2021/01/STBA-SPAB-Annual-Conference-2020-Day-2_Richard-Bayliss-compressed.pdf	
78	Richard	Bayliss	(Oct	2020)	“Building	Skills	for	Net	Zero	-	Preliminary	research	findings”	Construction	Industry	Training	Board	https://stbauk.org/
wp-content/uploads/2021/01/STBA-SPAB-Annual-Conference-2020-Day-2_Richard-Bayliss-compressed.pdf	
79	https://committees.parliament.uk/writtenevidence/21513/pdf/
80	https://themeteor.org/2020/06/26/climate-crisis-demands-retrofit/
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The	skilled	trades	involved	in	building	retrofits	and	low-carbon	heating	installation	are	
recognised	among	the	top	construction	occupations	in	short	supply:	the	Construction	Skills	
Network	forecasts	an	annual	recruitment	requirement	of	2,380	wood-and-interior	fit-out	
tradespeople and 1,900 plumbers and HVAC tradespeople in 2019-2023.81 Alongside these 
trades, the Federation of Master Builders additionally includes plasterers and roofers in its top 
six occupations in short supply.82

In	addition	to	the	trade-specific	knowledge,	workers	involved	in	home	retrofits	need	to	be	
able to understand the effects of interventions on a building’s energy performance, and make 
decisions on the basis of that understanding, meaning a broader set of knowledge and know-
how is also required.83

Changing methods of construction and sustainable materials

A shift towards more sustainable construction materials, expanding the uses of timber and 
plant	fibres,	alongside	Modern	Methods	of	Construction,	such	as	modular	and	volumetric	
construction, is commonly seen as key to decarbonising the construction industry. This has 
the potential to reduce the embedded emissions of a new build by 20 to 60%, plus operational 
emissions reductions,84 and has implications for both the industry’s hiring requirements 
by	occupation,	and	its	qualification	and	training	needs.	The	CITB	has	identified	a	shortage	
in training capacity and content for Modern Methods of Construction, including new-build 
domestic	and	non-domestic,	and	retrofit.85

As modelled by the Construction Skills Network, the shift to modular and volumetric 
construction is projected to reduce the need for future recruits among Labourers; 
Construction	Trades	Supervisors;	Wood	trades	and	interior	fit	out;	Bricklayers	and	Glaziers.86 
On	the	other	hand,	the	offsite	construction	methods	have	a	greater	need	for	factory-based	
workers.

According to the Construction Skills Board, the challenge of maximising offsite construction 
involves “up-skill[ing] existing workers to cover the site management, integration, onsite 
placement and assembly that will be increasingly required for MMC,” and “ensur[ing] that the 
professional, management, technical and non-manual workforce develops the digital skills that 
will be an increasing part of construction work in the future.”87

The use of sustainable construction materials is at present a niche subject in some 
qualifications	offered	(from	architecture	to	trades	training),	while	materials	and	technologies	
develop year-on-year, bringing existing training out of date. The International Labour 
Organisation	recommends	that	“green”	construction-skills	training	needs	to	be	broad,	to	
prepare workers with background understanding of the subject rather than just the application 
of	specific	technologies,	and	that	“skills-led	strategies	which	are	based	on	developing	skills	
and capabilities ahead of current practice can make a very strong contribution to the policy 
objective of driving green building forward.”88

81	https://www.citb.co.uk/Documents/research/csn_outlook_2021_2025.pdf
82	https://www.fmb.org.uk/asset/39D72E7C%2DB37F%2D4C54%2D9D568CDD7744439D/
83	https://www.tandfonline.com/doi/full/10.1080/01446193.2016.1248988
84	https://policyexchange.org.uk/wp-content/uploads/2019/12/BIGGER-BETTER-FORESTS.pdf
85	Richard	Bayliss	(Oct	2020)	“Building	Skills	for	Net	Zero	-	Preliminary	research	findings”	Construction	Industry	Training	Board	https://stbauk.org/
wp-content/uploads/2021/01/STBA-SPAB-Annual-Conference-2020-Day-2_Richard-Bayliss-compressed.pdf	
86	https://www.citb.co.uk/Global/research/CITB-MMC-REPORT-MAR-2019.pdf
87	https://www.citb.co.uk/Global/research/CITB-MMC-REPORT-MAR-2019.pdf
88 http://apskills.ilo.org/resources/greening-of-the-building-sector-is-held-back-by-skill-shortages.-skills-led-strategies-can-drive-green-building-
forward/at_download/file1
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Flood defences, port expansion and broadband 

Civil	engineers	are	recognised	on	the	Shortage	Occupation	list.89 The Construction Skills 
Network estimates an annual recruitment requirement of 1,190 civil engineers across the UK 
between 2018 and 2023,90	a	requirement	that	will	grow	if	significant	green	infrastructure	(e.g.	
flood	defences,	expansion	of	ports,	broadband	upgrades)	is	to	be	delivered.	

Railway construction

A skills baseline study by the Strategic Transport Apprenticeship Taskforce estimated that 
50,000 extra people are needed to deliver the planned investment into rail by 2033, including 
2,000 extra signallers by 2021.91 The National Skills Academy for Rail analysis showed that an 
ageing workforce has led the UK’s rail sector to increasingly rely on overseas and “third-tier” 
workers. It also said that the rail sector will lose “huge numbers” of skilled workers over the 
next few years, with 15,000 workers due to retire by 2025.92 

Alongside this, higher level skills are increasingly required in railway construction, with 
technology development including digital transport systems, and offsite and modular methods 
of construction and engineering.

Transport electrification 

A	mass	roll-out	of	electric	vehicle	(EV)	charging	infrastructure,	as	well	as	the	electrification	of	
rail	and	parts	of	water	transport,	will	require	a	significant	number	of	electricians.	While	there	
are accredited courses that enable existing electricians to take on EV charging work, electrical 
trades themselves are in short supply. 

The	Federation	of	Master	Builders	identifies	electricians	as	one	of	the	top	six	occupations	in	
short supply. The Construction Skills Network estimates an annual recruitment requirement of 
1,570 electricians across the UK between 2019 and 2023, while ERF Electrical-commissioned 
analysis forecasts an upcoming shortage of up to 15,000 electricians.93 According to an 
Electrotechnical Skills Partnership (ESP) assessment, on a UK level “an additional total of 
8,500-10,000 electricians and 4,000-5,000 new apprentices will be needed” between 2018 
and	2023,	only	to	meet	forecast	economic	growth	and	sector	expansion	with	electrification,	
and do not account for workforce retirement.94

The ESP analysis highlights a looming shortage of skills amongst electricians with expertise in 
smart meters, EVs and batteries, with employers citing concern about a lack of skilled capacity 
to cope with the growing volume of demand for electric charging.95 A further survey showed 
69% of electricians felt they did not have the necessary skills and knowledge to install EV-
charging	equipment	confidently.96

89	https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/927352/SOL_2020_Report_Final.pdf
90	https://www.citb.co.uk/Documents/research/csn_outlook_2021_2025.pdf
91	Strategic	Transport	Apprenticeship	Taskforce:	skills	forecasting	baseline	study	(2019)	https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/713469/dft-nsar-report.PDF	
92	https://www.cityandguildsgroup.com/-/media/cgg-website/documents/cgg-back-on-track-report-pdf.
ashx?la=en&hash=07668348451D8F75A8526EBC033870739293AB19
93	https://www.erfelectrical.co.uk/shortages-of-electricians-in-uk/
94	https://www.the-esp.org.uk/wp-content/uploads/2019/11/TESP-LMI-Report-2019.pdf
95	https://www.the-esp.org.uk/wp-content/uploads/2019/11/TESP-LMI-Report-2019.pdf
96	https://www.learninglounge.com/social/blog/post/107964022/nearly_70_electricians_feel_prepared_electric_vehicle_revolution
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Summary

Table 6 summarises the main construction industry skills gaps related to decarbonisation. 
Bearing in mind the wide changes required, this summary is not intended as exhaustive, but 
rather	indicative	of	the	main	current	and	impending	shortages	identified	by	literature	to	date.

Table 6. Green skills gaps in construction

Occupation SOC code(s)
Current skills 
shortage?

Needed for decarbonisation

Workforce 
reskilling?

Qualification 
standards update?

Expanded 
workforce?

Managers and 
supervisors

1122, 5330 Yes Yes Yes Yes

Civil engineers 2121 Yes Yes Yes Yes

Electrical trades 524 Yes Yes No Yes

Plumbing and HVAC 
trades

5315 Yes Yes Yes Yes

Energy assessors 3541 Insufficient	data Insufficient	data Insufficient	data Yes

Retrofit	Coordinators	
(Construction and 
building trades 
supervisors)

5330 No Yes Yes Yes

Insulation Installers 
(Construction and 
building trades n.e.c.)

5139 No Yes Yes Yes

Bricklayers 5313 Yes Yes Yes No

Other	occupations 53, 815, 912, 
1122, 245

Insufficient	data Yes Yes Yes

2.6 Transport & Logistics
Transport is now the UK’s biggest contributor to climate change, accounting for a third of 
carbon	emissions.	Alongside	electrification	of	private	vehicles	(covered	under	construction),	
public	transport	will	need	to	expand	significantly	to	enable	reduced	car	mileage	of	up	to	20%.97 
Universal and comprehensive public transport systems as proposed by Transport for Quality 
of Life and Friends of the Earth require more regular bus, tram and underground and suburban 
train services.98	Construction	and	electrification	of	necessary	infrastructure	is	covered	in	the	
Construction section, while changes to vehicle maintenance due to the shift to EVs are under 
Services.

Public transport

The UK’s railways workforce faces a “retirement cliff-edge”, with over 28% of workers in 
the current workforce over the age of 50, plus a squeeze on the availability of EU workers. 
Research by City & Guilds and the National Skills Academy for Rail suggests that 120,000 
additional recruits may be needed in rail between 2020-2025, and that the industry 

97	https://policy.friendsoftheearth.uk/insight/radical-transport-response-climate-emergency
98		https://policy.friendsoftheearth.uk/insight/radical-transport-response-climate-emergency
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particularly needs to attract young people.99	The	occupations	flagged	in	this	research	as	
having	the	highest	annual	recruitment	requirement	are:

•	 Between	3,000	-	5,000	new	roles	annually:	Customer	Service	Assistant,	Train	Driver,	
Maintenance	Operative

•	 Between	1,000	and	2,000	roles	annually:	Maintenance	Technician,	Operator,	Engineer,	
Operations	Manager,	Project	Manager

•	 Between	500	and	1,000	roles	annually:	Operations	Signaller,	Maintenance	Fitter,	
Engineering Supervisor, Engineering Manager, Project Management Supervisor, 
Customer Service Co-ordinator, Business Manager, Customer Service Supervisor

Decarbonising freight will add requirements for additional railway staff including transport and 
distribution clerks and freight operations assistants.

Expanding	public	transport	networks	to	significantly	reduce	the	need	for	car	travel	will	also	
require expansion of bus network workforces, including transport planners, customer service 
staff, maintenance technicians, and bus drivers. 

Rentals, product-as-service, and logistics

As services like car-sharing and tool-lending displace the demand for new goods, and as 
homeworking	overtakes	office	work,	this	requires	expanded	postal	service,	logistics	and	
reverse logistics sectors,100 including managers and operatives in logistics and warehousing.

Summary

Table 7 summarises the green skills gaps in transport and logistics. (Note that skills gaps in 
transport	electrification	upgrades	are	covered	under	Construction.)

Table 7. Green skills gaps in transport and logistics

Occupation
SOC 
code(s)

Current 
skills 
shortage?

Needed for decarbonisation

Workforce 
reskilling?

Qualification 
standards update?

Expanded 
workforce?

Railway operations (including 
customer service, train drivers, 
maintenance operatives 
and technicians, engineers, 
operations and project managers, 
clerks, freight operations 
assistants and others)

6214, 8153, 
8231, 8234, 
4243, 721, 
1121, 1241, 
4143, 8239 
and others

Yes No No Yes

Bus network operations 
(including bus drivers, customer 
service, transport managers)

8212, 1241, 
721, 8239

No No No Yes

Directors, managers and 
operatives in logistics and 
warehousing

114, 1242, 
1243, 9252

Yes Yes Yes Yes

100	https://www.cityandguildsgroup.com/research/back-on-track
101	http://www.wrap.org.uk/sites/files/wrap/Opportunities%20to%20tackle%20Britain’s%20Labour%20Market%20Challenges%20full%20report.
pdf
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2.7 Services
The climate transition will require shifts in working practices – and therefore some retraining – 
across all manner of services occupations, from health through to town planning, and catering 
through to care work. Rather than attempting to catalogue these shifts, this section points 
to the skills gap implications of infrastructural changes described elsewhere in this report for 
several service industries, summarised in Table 8.  

Repair and maintenance

Designing waste out of the economy requires a massive expansion in repair services, to enable 
product-as-service provision and second-hand goods to displace redundant purchases of 
new goods. There are no UK-wide assessments available of repair skills provision, but a Zero 
Waste Scotland study in 2014 found that there were not enough repair and maintenance 
courses, particularly accredited courses, available in Scotland. No courses at all were available 
in furniture upholstery repair, only one course in small electric appliance fault diagnosis and 
repairs, and no repair Quality Assurance courses for furniture, electronics, or textiles. No 
bicycle repair courses were accredited.101 This data is not recent, nor does it cover England and 
Wales, but it highlights the scale of the challenge for recognising and resourcing repair skills. 
If	repair	and	maintenance	are	to	be	scaled	up	in	a	way	that	will	significantly	displace	waste,	the	
relevant workforce and the skills provision will need to expand proportionately.

Procurement change (in business services and public sector)

Procurement	professionals	do	not	have	sufficient	confidence	in	and	understanding	of	growing	
technologies (including offsite and structural timber-based construction, remanufacturing 
and refurbishment) to enable public and private sector clients to make the switch. There are 
recently developed toolkits to support “circular procurement”, i.e. to “maximise the value of 
products and materials while in use and recover and repurpose them at the end of their lives, 
eliminating waste.”102 However this type of training is far from mainstream. In construction, 
the Farmer Review of the UK Construction Labour Model describes this as “a deep-seated 
cultural resistance to change”,103 and recommends the development and promotion of new 
procurement models, to enable both clients and industry to move towards Modern Methods of 
Construction.  

Electric Vehicle maintenance and services

The maintenance needed for electric vehicles is very different than for traditional combustion 
engine vehicles – electric engines don’t require oil changes, have far fewer moving parts and 
rarely break down.104 Instead, electric vehicles are more likely to need digital calibration and 
the high voltage batteries create a greater level of risk and danger, requiring a skills transition 
for mechanics and technicians.105 In 2018, the Institute of the Motor Industry assessed 97% of 
active	mechanics	as	not	suitably	qualified	to	work	on	electric	vehicles.106

101	https://www.zerowastescotland.org.uk/sites/default/files/Scoping%20repair%20training%20for%20the%20re-use%20sector.pdf
102	https://www.rypeoffice.com/how-government-can-meet-its-sustainability-targets-and-transform-furniture-procurement/	
103	https://www.citb.co.uk/documents/research/local_construction_skills_needs_scotland_summary_july2018.pdf
104	https://www.washingtonpost.com/news/innovations/wp/2017/12/11/people-are-freaking-out-why-electric-vehicles-might-doom-your-
neighborhood-auto-mechanic/
105 Skills and Training Needs for the UK Transition to Electric Vehicles. The Faraday Institution. 25 April 2019 
106	https://www.autoexpress.co.uk/car-news/96082/only-3-of-mechanics-qualified-to-work-on-electric-vehicles

523  



31

The shift toward EVs necessitates retraining for vehicle technicians, mechanics and 
electricians, emergency response staff, and service station staff.107 The mainstreaming of 
hydrogen fuel cells for heavy vehicles later on would likely require additional retraining.

Summary

Table 8. Green skills gaps in services

Occupation
SOC 
code(s)

Current 
skills 
shortage?

Needed for decarbonisation

Workforce 
reskilling?

Qualification 
standards 
update?

Expanded 
workforce?

Repair skills and repair occupations 
across skilled trades

52, 541, 
544

No Yes Yes Yes

Procurement professionals (e.g. 
purchasing managers, planning 
officers	and	consultants,	buyers	and	
procurement	officers)

1134, 
2452, 
3551 and 
others

Insufficient	
data

Yes Yes Insufficient	
data

Vehicle technicians, mechanics and 
electricians, service station staff, 
emergency response staff

5231, 6132 No Yes Yes No

2.8 Education
Teaching staff – the workers who will deliver the retraining needed to bridge green skills gaps 
– will themselves need upskilling to deliver new curricula. The Association of Colleges, the 
University	and	College	Union,	and	Students	Organising	for	Sustainability	have	called	on	the	
government to allocate extra resources to FE colleges to “bring in experienced additional staff 
to prioritise the development and delivery of low-carbon vocational training and reskilling”, 
as well as creating National Centres of Excellence to lead the curricula development and 
teaching-staff training necessary to bridge the green skills gap.108

Table 9. Green skills gaps in education

Occupation
SOC 
code(s)

Current 
skills 
shortage?

Needed for decarbonisation

Workforce 
reskilling?

Qualification 
standards 
update?

Expanded 
workforce?

Further education and Higher 
education teaching professionals

2311, 2312 No Yes Yes Yes

 

107	https://faraday.ac.uk/wp-content/uploads/2020/03/2040_Gigafactory_Report_FINAL.pdf
108	https://www.ucu.org.uk/media/10999/Retraining-revolution-letter-Jul-20/pdf/20200702-jointletter-retrainingrevolution.pdf
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Chapter 3. Solutions 

3.1. Summary

What will it take to overcome the UK’s gaping youth unemployment crisis, and to solve the 
green skills shortage?

This	report	advocates	for	a	Green	Opportunity	Guarantee	for	young	people,	delivered	through	
3	policy	strands:

1. Create green jobs in the immediate-term through a large-scale green infrastructure 
based recovery stimulus, and set a clear economic direction for decarbonisation.

Public investment is the most effective way to recover following a recession and create much 
needed jobs. Following proposals published by the TUC, a green infrastructure stimulus could 
create an emergency 1.24 million-jobs boost in the immediate two years through a public 
investment	of	£85	billion	across	the	UK.	Such	a	programme	would	make	significant	progress	
on	the	UK’s	decarbonisation	needs:	upgrade	cycling	and	pedestrian	infrastructure,	plant	
forests,	restore	peatlands,	install	electric	vehicle	chargers,	retrofit	public	buildings,	and	much	
more. Infrastructure investment should be subject to a job creation test to ensure the projects 
deliver good quality jobs locally, including jobs appropriate for young people.

2. Resource training bodies to mainstream green skills in curricula, take on more  
students, and expand green traineeships.

A bold expansion of green skills provision could help rebuild from the pandemic, reduce 
youth unemployment rapidly and shrink long-term economic scarring. This should include the 
expansion of Skills Bootcamps targeting green skills, the creation of a network of National 
Centres of Excellence for Zero Carbon Skills, and increased training and traineeships resources 
within Further Education Colleges.  

3. Create an emergency Green Apprenticeship programme to set 250,000 young people 
on a pathway into green careers in the following three years.

This chapter sets out in detail how Green Apprenticeships can become a 21st-century version 
of US President Roosevelt’s New Deal Civilian Conservation Corps, and help prevent future 
wage scarring of tens of billions of pounds from today’s youth unemployment. It learns from 
the furlough system’s success in using simple processes to deal with a jobs crisis.

Apprenticeships	combine	off-the-job	training	with	paid	work,	offer	a	recognised	qualification	
and long-term prospects. While apprenticeship starts have crashed during the pandemic, 
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this chapter argues that combining a green infrastructure stimulus with apprentice wage and 
training support and targets for employers can deliver Green Apprenticeships on the scale 
needed. 

Section 2.3 details how 250,000 Green Apprenticeships can be created over 3 years. Wage 
subsidies, training costs, and diversity access funding would cost £1.2 billion to £2.1 billion per 
year,	for	five	years.

This	will:

• Reduce and prevent the long-term economic scarring caused by extended youth 
unemployment, undermining both individual incomes and local productivity.

• Provide the immediate term workforce to deliver emergency green infrastructure as 
part of the recovery from the Covid crisis.

• Enable the UK to face up to the climate and environmental emergencies by boosting 
the domestic green skills base.

3.2. Green infrastructure jobs for young people
Skills programmes must sit alongside a larger and well-coordinated green-infrastructure and 
job-creation programme that reboots the UK economy to recover from the Covid crisis. The 
TUC outlined how a new plan for green jobs, overseen by a National Recovery Council bringing 
together unions, business and government, can prevent the despair of mass unemployment. 
Designed right, it can help address some of the UK’s biggest challenges – the need to reach 
a net zero-carbon economy, to address persistent race, class, gender, disability, regional and 
wider inequalities, and to deliver a higher skill and higher paid, more productive economy.  
Public investment is the most effective way to recover following a recession, and to restore 
the	public	finances.

This report uses the investment plan published by the TUC109 in June 2020 as a model, while 
also examining others including those published by IPPR,110 NEF,111, 112 Greenpeace.113 This could 
create an emergency 1.24 million-jobs boost in the immediate two years through a public 
investment of £85 billion. See Table 10 below to see the detailed breakdown by project.

Green infrastructure projects that could create immediate-term direct and indirect jobs 
include:

• Investment in high-speed broadband could help create over 40,000 new jobs

• Research and development in decarbonising technology in manufacturing could help 
create over 38,000 new jobs

• Expanding and upgrading the rail network could help deliver over 120,000 new jobs

•	 Investing	in	the	electrification	of	transport,	including	electric	buses,	new	electric	ferries,	
battery factories, and electric charging points could help deliver 59,000 jobs

109	https://www.tuc.org.uk/research-analysis/reports/rebuilding-after-recession-plan-jobs	
110	Jung	C	and	Murphy	L	(2020),	Transforming	the	economy	after	Covid–19:	A	clean,	fair	and	resilient	recovery	https://www.ippr.org/news-and-media/
press-releases/investing-in-a-green-recovery-could-create-1-6-million-new-jobs-after-covid-crisis-report-finds	
111	Lukasz	Krebel,	Alfie	Stirling,	Frank	van	Lerven,	Sarah	Arnold	(2020),	Building	a	Green	Stimulus	for	Covid-19:	A	recovery	plan	for	a	greener,	fairer	
future	https://neweconomics.org/uploads/files/green-stimulus-covid.pdf	
112 Donal Brown, Hanna Wheatley, Chaitanya Kumar, Joanne Marshall (2020), A green stimulus for housing - The macroeconomic impacts of a UK 
whole	house	retrofit	programme
113 https://neweconomics.org/2020/07/a-green-stimulus-for-housing
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•	 Building	new	social	housing	and	retrofitting	existing	social	housing	could	create	well	
over 500,000 jobs

• A rapid roll-out of cycle lanes and pedestrianisation could deliver 100,000 jobs

• Land restoration, reforestation and agricultural improvements could create 81,000 jobs

Figure 5 provides an overview of the potential infrastructure projects, demonstrating their 
employment	multipliers	(x-axis),	broader	societal	benefits	scoring	(y-axis)	and	short-term	job	
creation potential (bubble size).114

Figure 5. Infrastructure projects assessed by job creation multiplier and benefits score

Source:	Transition	Economics	analysis.	Bubble	size	represents	scale	of	job	creation.	

Public investment into shovel-ready green infrastructure can save thousands of workers from 
bad work or no work at all, by creating accessible, secure, and meaningful work for those at 
risk of unemployment. 16 of the 23 projects analysed can be targeted particularly at “held 
back” regions. 

As the UK emerges from repeated lockdowns and when the Job Retention Scheme is wound 
down, a green infrastructure stimulus on this scale can ensure the success of the furlough 
system in preventing mass redundancies is not lost and delivers sustainable jobs across the 
UK.

114	Greenpeace	(2020),	A	Green	Recovery	-	How	we	get	there	https://www.greenpeace.org.uk/wp-content/uploads/2020/06/A-green-recovery-how-
we-get-there-Greenpeace-UK.pdf 
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Table 10 summarises the UK wide scale of investment and job creation expected from a green 
infrastructure stimulus programme, as outlined by the TUC.

Table 10. Green infrastructure stimulus programme: spend and job creation

Source:	Transition	Economics	analysis	for	the	TUC

Project UK-wide public investment, £bn Jobs supported over 2 years

Broadband upgrade 3.50 42,365

R&D for decarbonising heavy industry 3.00 38,440

Expand bus network (buy new electric buses 
from domestic manufacturers)

1.20 9,597

Expand and upgrade rail network 15.00 126,540

Commission new electric ferries for island 
travel

0.20 2,081

Build battery factories for EVs 1.00 23,640

Electric car charging points (rural) 2.00 23,768

Build cycle lanes & pedestrianisation 7.90 103,018

Build plastics recycling plants 0.25 5,063

Build social housing (using domestic offsite 
manufacture)

13.00 361,613

Retrofit	social	housing 20.00 267,715

EPCs and Building Renovation Passport for all 
homes

6.00 79,200

Retrofit	public	buildings 2.00 26,089

Upgrade ports and shipyards for offshore wind 
supply chain

1.30 28,478

Build manufacturing facilities for offshore 
(including	floating)	wind	turbines

0.40 6,304

District Heating 1.00 20,177

Reforestation schemes 5.00 63,102

Environmental	restoration	(incld	flood	
defences)

2.00 15,477

Support	farmers	to	switch	to	Organic	
Agriculture

0.38 2,045

Total 85.13 1,244,712

528  



36

Table 11 lays out levels of investment needed for the largest infrastructure upgrades at a 
Combined Authority level.

Table 11. Green infrastructure stimulus investment by Combined Authority (£ million)

Source:	Transition	Economics	analysis

Combined Authority
Build cycle lanes & 
pedestrianisation 115

Build social 
housing (using 
domestic offsite 
manufacture)

Retrofit social 
housing

Domestic energy 
efficiency 
assessments

Cambridgeshire and 
Peterborough

42 167 232 78

Greater Manchester 468 1,062 1,011 261

Liverpool City 
Region

274 404 584 152

London 404 2,542 3,166 767

North East 182 195 502 115

North of Tyne 124 223 326 83

Sheffield	City	Region 228 504 502 131

Tees Valley 116 146 232 66

West Midlands 413 571 1,052 251

West of England 128 215 208 68

West Yorkshire Insufficient	data 784 816 265

115   The national-level proposals are for central government funding, which should be targeted towards regions where there is less existing 
investment	into	cycling	infrastructure.	For	this	reason,	London	was	excluded	from	the	national	level	assessment,	and	the	investment	need	reflected	
here for London does not correspond to that factored into the national assessment.
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Figure 6 shows a geographic breakdown of levels of total investment needed for domestic 
retrofits,	energy	assessments,	building	zero-carbon	social	housing	and	cycling/pedestrian	
infrastructure.	It	only	includes	investments	at	Combined	Authority/Metro	Mayor	level	in	
England.

Figure 6. Green infrastructure stimulus investment by Combined Authority (£ million)

Source:	Transition	Economics	analysis
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Co-Benefits of the Green 
Infrastructure programme 
Cycling & Pedestrian Infrastructure

• 50% of English and Welsh towns and cities receive best-practice cycle lanes and 
pedestrianisation, at the level of “Mini-Hollands” in Waltham Forest, Kingston and 
Enfield.

• This could lead to healthcare savings between £5 billion and £34 billion, according 
to Transition Economics analysis using studies cited by “The Value of Cycling” report 
commissioned by the Department for Transport.116 

• Analysis by Kings’ College London of the projected improvement in air pollution in 
Waltham Forest deriving from Mini-Holland estimated that the local population would 
gain 41,000 life-years as a result of the scheme.117

• “The Value of Cycling” analysis commissioned by the Department for Transport from 
the University of Birmingham found that each typical “cycling city” could be worth 
£377 million to the NHS in healthcare cost savings, in 2011 prices.118

Domestic Retrofits

•	 An	additional	40%	of	social	homes	retrofitted	to	at	least	EPC	level	C,	passing	90%	of	
total social housing at this level.

• This could should save households anywhere between £122119, and £190120 and 
£600121 per year.

•	 Over	ten	years,	this	could	save	households	across	England	and	Wales	between	£2.1	
and £10.2 billion on their energy bills.

•	 Better	home	energy	efficiency	could	help	prevent	the	3,200	deaths	each	year	
directly linked to cold, damp homes122, and reduce the estimated cost to the NHS 

116 Raje F and Saffrey A (2016) The value of cycling. University of Birmingham and Phil Jones Associates for Department for Transport.  
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/509587/value-of-cycling.pdf	 
Citing	Gotschi,	T.	(2011),	‘Costs	and	Benefits	of	Bicycling	Investments	in	Portland,	Oregon’,	Journal	of	Physical	Activity	and	Health,	20!1,	8(Suppl	1),	
S49-S58
117	Air	Quality:	concentrations,	exposure	and	attitudes	in	Waltham	Forest	For:	Waltham	Forest	By:	David	Dajnak,	Heather	Walton,	Gregor	Stewart,	
James	David	Smith	and	Sean	Beevers.	Reported	and	linked	from	here:	https://airqualitynews.com/2018/08/03/waltham-forest-sees-health-benefit-
from-cycling-and-walking-scheme/
118	https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/509587/value-of-cycling.pdf	
119 Element Energy (2020, Development of trajectories for residential heat decarbonisation to inform the Sixth Carbon Budget - a study for the 
Climate	Change	Committee	https://www.theccc.org.uk/publication/development-of-trajectories-for-residential-heat-decarbonisation-to-inform-the-
sixth-carbon-budget-element-energy/
120	The	Element	Energy	paper	cited	above	assumes	significantly	lower	investment	per	home	than	we	do.	The	£190	figure	is	derived	by	assuming	a	
greater	percentage	in	annual	energy	consumption,	using	figures	from	Rosenow,	J.,	Eyre,	N.,	Sorrell,	S.,	&	Guertler,	P.	(2017).	Unlocking	Britain’s	First	
Fuel:	The	potential	for	energy	savings	in	UK	housing.	http://www.cied.ac.uk/wordpress/wpcontent/uploads/2017/09/3900_UKERC_CIED_briefing_
final.pdf”
121 The government’s estimated potential saving from Green Homes Grants, which provides a maximum of £10,000 (in the care of home-owners on 
a	low-income)	is	equivalent	to	the	£10,000	costs	we	have	modelled	per	house.	https://www.gov.uk/government/news/greener-homes-jobs-and-
cheaper-bills-on-the-way-as-government-launches-biggest-upgrade-of-nations-buildings-in-a-generation
122	https://www.e3g.org/publications/cold-homes-and-excess-winter-deaths-a-preventable-public-health-epidemic/
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       from poor quality housing of £1.4 - £2 billion per year, in England alone.123

Additional co-benefits

• Rural electric vehicle charging roll-out covering 56% of rural businesses 

•	 Public	buildings	save	28%	on	energy	consumption	from	energy-efficiency	retrofits124 

• Flood defences in line with Environment Agency needs 

• New social housing construction in line with Shelter demands 

• Plastic-recycling infrastructure enables an end to plastic exports

• Domestic clean manufacturing protected and boosted 

• Accelerated Full Fibre Broadband rollout 

3.3. Green skills and apprenticeships for young people
The Prime Minister has promised a high-wage and highly skilled future.125 But UK government 
spending on adult education per person is only two-thirds of the European average, and UK 
employers invest just half the EU average in training for their workers.126 Emergency support 
during the pandemic (e.g. existing subsidies for traineeships and apprenticeships) is struggling 
to stem the collapse in prior training opportunities, let alone create new possibilities. The 
current pathway will fail young people in the short term, and leave the UK falling further and 
further behind on green skills.

Alongside	this,	the	green	skills	gaps	identified	in	Chapter	2	threaten	to	derail	the	UK’s	
decarbonisation	effort,	and	to	shrink	the	domestic	economic	benefit	gained	from	the	climate	
transition.

Alternatively, a bold expansion of green-skills provision could help rebuild from the pandemic, 
reduce youth unemployment rapidly and shrink the long-term economic scarring. 

The	following	elements	should	be	included:	a	large-scale	Green	Apprenticeship	programme,	
the expansion of Skills Bootcamps targeting green skills, the creation of a network of National 
Centres of Excellence for Zero Carbon Skills, and increased training and traineeships for green 
skills in Further Education Colleges. 

Green Apprenticeships

Government should ensure the creation of 250,000 Green Apprenticeships over the next 
three years, underwritten by £6.2 - 10.6 billion of funding towards wage subsidies, training and 
diversity measures. 

The	difficult	economic	context	requires	significant	incentives	for	both	public	and	private	
employers to hire Green Apprentices, including 50-100% of apprentice wages being 

123	Nicol	S.	et	al.	(2015),	The	cost	of	poor	housing	to	the	NHS	-	cited	in	The	Climate	Change	Committee	(2020)	The	Sixth	Carbon	Budget	report	https://
www.theccc.org.uk/publication/sixth-carbon-budget/
124		https://www.c40.org/case_studies/re-fit-programme-cuts-carbon-emissions-from-london-s-public-buildings	
125		https://www.conservatives.com/news/boris-johnson-unveils-a-new-deal-for-britain	
126		https://www.tuc.org.uk/blogs/fe-white-paper-missed-opportunity-boost-retraining-and-skills
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covered by government, alongside training support and bonuses. There will also need to 
be	higher	apprentice	targets	for	public	sector	bodies,	and	specific	requirements	for	private	
sector companies receiving government Green Industrial Revolution support to hire Green 
Apprentices. 

Launching the programme in the immediate term requires starting from 161 existing 
apprenticeship standards that help deliver the zero carbon transition. New standards, or 
updates to existing apprenticeship standards, should cover areas including environmental 
restoration,	whole-house	retrofits,	residential	thermal	insulation,	energy	assessments,	and	
remanufacturing. To meet future skills needs, Green Apprenticeships should provide a broad 
base of training and education, preparing apprentices not only for one job, but a career in 
delivering the climate and environmental transition over the coming four decades.

The Green Apprenticeship programme should provide good quality jobs and training to young 
people, and take a proactive approach through Diversity Bursaries for apprentices, Diversity 
Bonuses for employers, and best-practice advertising and hiring, to increase take-up of Green 
Apprenticeships by underrepresented and historically marginalised groups. 

Section	3.3	details	how	a	Green	Apprenticeship	programme	can	be	delivered	and	financed.

Further Education colleges and Green Traineeships

We need to see a substantial increase in Green Traineeships provided by FE Colleges, 
alongside a broader expansion of courses providing training in skills necessary for the zero-
carbon	transition.	This	must	be	underpinned	by	specific	funding	lines,	alongside	a	clear	
long-term funding settlement brought forward (and not left until the Autumn 2021 Spending 
Review). As part of this, the government needs to set a clearer steer on the skills required to 
deliver the climate transition. 

FE colleges are often expected to deliver much of the heavy lifting to prepare the workforce 
for net zero. However, the existing practice of FE colleges responding to signals from local 
employers, who in turn respond to signals from government on the long-term direction and 
shape of the economy, is failing to deliver the college-based training system we need to see 
to decarbonise rapidly. A recent survey by the Construction Industry Training Board showed 
that	“the	specific	skills	required	to	develop	low-carbon	retrofit	and	new-build	designs	are	not	
(yet) in demand”.127	This	is	exacerbated	in	sectors	like	energy-efficiency	retrofits,	where	most	
activity	is	delivered	by	small	and	medium	companies,	who	are	less	likely	to	influence	training	
delivery. 

A proactive and coordinated national plan should set out the key skills and competencies that 
the FE sector needs to deliver in the coming 15 years to achieve accelerated decarbonisation. 
It should also learn from the successes in qualifying existing and new workforces for low-
energy construction in Belgium, Austria and Germany.128 These have focused on college-
based	learning	to	mainstream	zero-carbon	skills	into	curricula,	and	benefitted	from	a	social	
partnership	model	with	significant	union	involvement.129

Increased	government	funding	to	FE	colleges	should	specifically	target	a	ramp-up	in	Green	
Traineeships, investment into well-equipped and modern workshops and the creation of green 
skills	curricula	for	broad	occupational	profiles.

127	Richard	Bayliss	(Oct	2020)	“Building	Skills	for	Net	Zero	-	Preliminary	research	findings”	Construction	Industry	Training	Board	https://stbauk.org/
wp-content/uploads/2021/01/STBA-SPAB-Annual-Conference-2020-Day-2_Richard-Bayliss-compressed.pdf	
128 Clarke, L., Gleeson, C.P., Sahin-Dikmen, M., Winch, C. and Duran-Palma, F. (2019) , Inclusive Vocational Education and Training for Low Energy 
Construction:	VET4LEC	Final	Report,	https://www.fiec.eu/our-projects/completed-projetcs/vet4lec	
129 Clarke, L., Sahin-Dikmen, M., & Winch, C. (2020). Transforming vocational education and training for nearly zero-energy building. Buildings and 
Cities,	1(1),	650–661.	https://journal-buildingscities.org/articles/10.5334/bc.56/	
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National and Regional Centres of Excellence for Zero Carbon Skills

A network of National and Regional Centres of Excellence for Zero Carbon Skills should 
be created at further education colleges, serving as hubs for Green Apprenticeship and 
Traineeship training.130 The Centres of Excellence should be geographically spread to help with 
the levelling-up agenda, based on regional hubs that integrate with local industry. 

Collectively	the	network	can	lead	on	designing	new	teaching	resources,	retrofitting	zero-
carbon skills into existing apprenticeship and traineeship curricula, reskilling teaching 
staff, and sharing best practice. Training centres should be prioritised towards sectors 
where deployment is already cost-competitive, but the UK skills base is lagging behind 
other	countries,	such	as	energy-efficient	construction	and	retrofits,	electric	vehicle	battery	
manufacture and maintenance, heat pump manufacture, remanufacturing and the circular 
economy.

Green Skills Bootcamps and the National Skills Fund

The existing Skills Bootcamp programme should be expanded, targeting provision of green 
skills to unemployed young people. The National Skills Fund should also support additional 
upskilling and retraining opportunities to boost the domestic green-skills base and access 
green jobs.

The government’s recently launched skills bootcamps provide free 12-16 week courses. These 
initially focused on digital skills, and were trialled in Derbyshire and Nottinghamshire, Greater 
Manchester, Liverpool City Region, Leeds City Region and parts of South West England. 
Technical skills have been added in areas like welding, construction and engineering, including 
Marine Electronics at South Devon College131	and	fibre-optic	broadband	installation	at	Shipley	
College in West Yorkshire132.

There	is	scope	for	a	significant	increase	in	Green	Skills	bootcamps	to	create	pathways	to	green	
jobs for unemployed young people. These could particularly target geographic areas where 
skills	shortages	have	been	identified,	and	be	linked	to	Green	Apprenticeships.

Retraining the existing workforce

This report explicitly focuses on the potential for an emergency jobs and skills plan for young 
people	-	here	defined	as	16-25	year	olds.	

There are also very important challenges on how to reskill and upskill the existing over-25 
workforce to deliver the climate transition, including ensuring a just transition for those 
currently working in high-carbon industries. Most of the workforce who will deliver the climate 
transition over the coming two decades are already working. Policies that have been proposed 
to address this include a right to paid time off to train, wage compensation, guaranteed jobs 
pathways, greater union voice and social dialogue, union learning, workplace framework 
agreements, local content requirements and greater levels of public ownership. This report 
does not aim to address this challenge.

130	https://www.ucu.org.uk/media/10999/Retraining-revolution-letter-Jul-20/pdf/20200702-jointletter-retrainingrevolution.pdf
131 https://www.southdevon.ac.uk/course/marine-technical-electronics-autonomous-satellite-control-bootcamp-supporting-progression-level-3	
132	https://www.skillsbootcamps.com/copy-of-overhead-lines	
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3.4. Green Apprenticeships 
This	section	describes	the	proposed	programme:	the	work	apprentices	would	do,	the	
employers, training providers, and training standards involved, the policy challenges in a quick 
delivery	at	scale,	costing,	and	considerations	of	futureproofing,	diversity,	and	job	quality.

Current apprenticeship & training policy context

The UK’s apprenticeship programme was already struggling to deliver before the Covid 
economic	crisis.	Apprenticeship	starts	fell	by	a	quarter	in	2019,	with	the	National	Audit	Office	
concluding that the government’s target of 3 million starts in 2020 was “very unlikely” to be 
met.133 The UK’s biggest employers underspent £400 million in expired apprenticeship levies 
between May and December 2019.134

Some sectors have structurally weak training-and-apprenticeship programmes. UK 
construction in particular has an extremely weak training infrastructure, in large part because 
over	half	the	workforce	is	self-employed	and	much	of	the	rest	are	in	small	or	micro	firms.	Large	
contractors do not employ their workforce. The sector employs far too few apprentices, and 
most construction trainees are not apprentices but full-time in FE colleges.135 

With the Covid economic crisis underway, apprenticeship starts have further collapsed by over 
50%.136 A further 12% of existing apprentices had been made redundant during the pandemic 
by	October	2020.137	The	weak	economy	and	many	struggling	businesses	make	it	difficult	for	
employers to commit to hiring apprentices.

In their 2019 Manifesto, the Conservatives pledged to improve the working of the 
apprenticeship levy,138 and the Prime Minister has recently said that the levy will be 
reformed.139

Since the pandemic began, the government has promised to guarantee an apprenticeship 
for every young person who wants one, with the Prime Minister saying in June that “Young 
people, I believe, should be guaranteed an apprenticeship.”140 In July 2020 the government 
announced its Plan for Jobs 2020, including £1.6 billion in support for boosting worksearch, 
skills and apprenticeships. This included a new payment to employers in England for each new 
apprentice	they	hire:	£2,000	for	each	apprentice	under	25,	and	£1,500	for	each	apprentice	
aged 25 and over from 1 August 2020 to 31 January 2021 (extended to 31 March 2021).141 This 
payment is in addition to the £1,000 payment the government already provides for new 16-18 
year old apprentices, and those aged under 25 with an Education, Health and Care Plan.142

However, this has not been enough to stem the collapse in apprentice numbers, and was 
described by Make UK as “a drop in the ocean in covering the cost of taking on an apprentice”. 

133	https://www.bbc.co.uk/news/business-47462193
134	https://www.peoplemanagement.co.uk/news/articles/more-than-400m-expires-from-apprenticeship-levy-pots
135 Input from Linda Clarke, University of Westminster. January 2021.
136	https://www.fenews.co.uk/fevoices/52381-apprenticeships-and-traineeships-july-20202
137	https://www.suttontrust.com/news-opinion/all-news-opinion/new-sutton-trust-survey-shows-covid-19-is-continuing-to-have-an-impact-on-
apprentices/
138	https://www.conservatives.com/our-plan	
139	https://hansard.parliament.uk/Commons/2020-01-15/debates/2CA2C0F3-F47F-4201-AFB2-3D951B3C2F29/Engagements#contribution-
6FA2CDBE-57D2-4F00-8D98-EB6333433A6C
140 https://www.ft.com/content/38afd505-c816-43cf-9fb8-a839cc7da949
141	https://www.gov.uk/guidance/incentive-payments-for-hiring-a-new-apprentice
142	https://www.gov.uk/government/publications/a-plan-for-jobs-documents/a-plan-for-jobs-2020
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The Plan for Jobs budgeted for 100,000 incentive payments, but data showed that only 
18,670 apprentices had been taken on under the scheme by 8 January 2021.143 Costs are the 
largest barrier to hiring apprentices, with apprenticeships in engineering and manufacturing 
costing employers up to £80,000.144 Wage and management costs of £15,000 - £40,000 are 
more usual, but the wage costs remain the key obstacle.

In January 2021, the government also announced a £1,000 grant for businesses to take on new 
trainees.145 

This followed the existing Kickstart Scheme launched in September, a £2 billion fund to 
create six-month work placements aimed at 16-24 year olds who are on Universal Credit 
and deemed at risk of long-term unemployment. The funding covers 100% of the relevant 
National Minimum Wage for 25 hours a week plus associated employer National Insurance 
contributions, per person.146 However, as of mid-January, less than 2,000 young people 
had begun their placements.147 The scheme has also been criticised by the Association of 
Employment and Learning Providers and the Labour Party, including for the short-term nature 
of Kickstart employment compared to apprenticeships148 and because “Apprenticeships offer 
young people the skills training needed for sustainable employment, but they are now being 
displaced by Kickstart which doesn’t require any training. In terms of incentives, we need a 
level	playing	field.”149 

The Institute for Apprenticeships and Technical Education has recently recruited a Green 
Apprenticeships Advisory Panel to advise how to make existing apprenticeship standards 
greener, and identify skills gaps.150 This can create a pathway to ensuring that apprenticeship 
standards are proactively meeting tomorrow’s skills needs. However, it is concerning that the 
Institute for Apprenticeships and Technical Education focused its recruitment on employers, 
given the key role of environmental organisations, training bodies, and trade unions in 
identifying the green skills required to transition.

What projects can employ Green Apprenticeships quickly?

A large-scale and coordinated public green infrastructure programme creates the potential for 
the massive Green Apprenticeship programme laid out in this chapter.

This	report	takes	the	£85	billion	green	infrastructure	investment	programme	identified	in	the	
TUC’s	“Rebuilding	after	Recession:	a	plan	for	jobs”	as	its	starting	point.	A	public	investment	
programme of this type – necessary to kickstart the economy out of the Covid crisis and to 
prevent spiralling unemployment – also hands the government important levers to ensure 
apprenticeships are recruited, and that job quality and diversity targets are met. A co-ordinated 
programme	also	allows	a	more	high-profile	recruitment	drive.	

Different sectors can take on new apprentices at different proportions. However, the scale 
of overall jobs growth for different green infrastructure projects can give an indication of the 
potential for Green Apprenticeship creation within it.

The following table (Table 12) takes the shovel-ready green projects and infrastructure 
upgrades	identified	by	the	TUC,	with	the	addition	of	‘Insulating	privately-owned	homes’,	‘Heat	

143	https://labour.org.uk/press/labour-calls-for-wage-subsidy-to-boost-apprenticeships-as-government-incentive-fails-to-create-opportunities/	
144	Make	UK	evidence	to	Employment	and	Covid-19	inquiry	https://committees.parliament.uk/writtenevidence/12143/html/	
145	https://www.gov.uk/government/news/funding-boost-to-get-young-people-get-into-work	
146	https://www.gov.uk/government/news/landmark-kickstart-scheme-opens	
147	BBC	(2021)	Kickstart:	Most	job	roles	for	youths	not	yet	filled	https://www.bbc.co.uk/news/business-55790439	
148	https://feweek.co.uk/2021/01/08/labour-party-calls-for-apprentice-wage-subsidy/
149	https://inews.co.uk/news/politics/labour-calls-apprenticeships-support-young-people-training-slumps-809359	
150 https://www.instituteforapprenticeships.org/about/newshub/news-events/invitation-to-join-new-green-apprenticeships-advisory-panel/
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pump	installation’,	and	‘Urban	Greening’.	It	ranks	the	different	proposed	projects	against	the	
scale of potential emergency job creation, their readiness to deploy, employers’ ability to take 
on apprentices and the existence of relevant accredited apprenticeship standards. 

Table 12. Potential for Green Apprentices by sector 

Scale of job 
creation  

(short-term) 151

Projects ready 
to deploy (at 

scale)152 
Employer 

capacity153

Apprenticeship 
standard in 

place154

Environmental	efficiency	audits	
(EPCs	/	DECs)	of	buildings 4 5 3 1

Insulating public buildings and 
social homes

5 5 3 3

Insulating privately-owned homes 3 4 2 3

Heat pump installation 2 4 1 5

Cycle-lanes and pedestrianisation 3 3 3 5

Railway expansion and 
electrification

4 2 4 5

Green manufacturing (e.g. EVs, 
heat pumps, insulation)

2 2 2 3

Zero carbon social home 
construction

5 3 3 1

Clean energy infrastructure 
(e.g. renewables, port upgrades, 
district heating)

3 4 3 5

Electric vehicle charging 
networks

2 5 3 5

Flood defences 2 5 3 3

Nature restoration (eg peatlands, 
salt marshes, rewilding) 2 5 3 1

Afforestation 3 5 3 3

Urban Greening 2 4 4 5

Environmental	efficiency	audits	
(EPCs	/	DECs)	of	buildings

4 5 3 1

As demonstrated in Table 12 above, employer capacity to take on apprenticeships is 
the	most	significant	block	to	readiness.	This	is	for	a	mix	of	reasons	including	employers	
shedding workforces during the economic crisis and pre-existing skills gaps concerning both 
management	skills	(across	the	board)	and	project-specific	skills	(e.g.	in	energy	efficiency	

151	Scoring	criteria:	

<5,000 jobs = 1 ; 5,000 - 40,000 jobs = 2 ; 40,000 - 100,000 jobs = 3 ; 100,000 - 200,000 jobs = 4 ; 200,000+ jobs = 5

Sourced	from	Transition	Economics	calculations	related	to:	https://www.tuc.org.uk/sites/default/files/TUC%20Jobs%20Recovery%20Plan_2020-
06-17_proofed.pdf 
152 Scoring criteria relates to pace at which projects can be deployed at scale. All projects included can be initiated at scale within the next two years.
Scoring	criteria:	Can	only	start	in	18	months	time	=	1	;	Can	start	immediately	=	5	 
Sourced	from	Transition	Economics	analysis	related	to:	https://www.tuc.org.uk/sites/default/files/TUC%20Jobs%20Recovery%20Plan_2020-06-
17_proofed.pdf 
153 Transition Economics assessment in the context of green infrastructure stimulus at scale.  
Few relevant employers exist = 1; employers exist but have skills gaps = 2; employers have relevant team = 3; team likely ready to be expanded = 4; 
team likely ready to take on new staff = 5.
154 No necessary apprenticeship standards in place = 1 ; some = 3 ; all the necessary standards = 5. Transition Economics analysis of existing 
apprenticeship standards in England.
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retrofits).	Mitigation	for	this	challenge	should	include	support	to	employers’	management	
capacity by funding Continued Professional Development courses. Furthermore, in many 
cases employers who need time to build up capacity to manage apprentices and slot them into 
their work programme, can recruit apprentices who then spend several months in off-the-job 
training with a training provider, before joining the employer properly. These mitigations are 
discussed in greater detail across the rest of this section. 

How to ensure employers recruit Green Apprentices?

A range of public sector and private sector employers should take on Green Apprentices, as 
part of delivering Green Industrial Revolution infrastructure and Covid recovery programmes. 
The House of Lords Economic Affairs Committee has called for an opportunity guarantee 
including “public sector job creation and hiring incentives for private sector job creation.”155 
Significant	government	incentives	and	support	will	be	required	to	motivate	employers	to	
recruit	sufficient	numbers	of	Green	Apprentices,	while	maintaining	apprenticeship	quality.	

Ensuring employers recruit Green Apprenticeships at the necessary scale requires 
government to

• Cover a large proportion if not the entirety of the wages for Green Apprentices

• Ensure that training costs are covered for all Green Apprentices

• Significantly expand training capacity and employers’ management capacity.

Most	employers	are	not	focused	only	on	green	activities.	Receiving	the	financial	incentives	
for	recruiting	a	Green	Apprentice	should	require	completing	a	simple	form	affirming	that	the	
apprentices will be working primarily on green activities.

Public sector bodies can provide the backbone of rapidly creating Green Apprenticeship 
provision. Large public bodies in England have an existing target to employ at least 2.3% of 
their staff as new apprentice starts156, but this should be dramatically increased for target 
public bodies. 

Alongside this, private companies receiving government support as part of the climate 
transition will need to step up and create relevant apprenticeships. Ambitious training targets, 
decarbonisation targets, and recovery spending need to go hand in hand here. 

Regardless of incentives offered for taking on new staff, employers who foresee a downward 
trend in turnover during an economic crisis will be hesitant to take up new staff. New 
apprentice recruits are not worth the investment if it means going beyond the employer’s 
needs.	On	the	other	hand,	employers	who	foresee	expanding	operations	will	be	more	willing	
to hire apprentices. Beyond training costs and wages, there are additional costs to employers 
(e.g.	existing	staff	supervising	apprentices).	This	points	to	a	different	skills	shortage	of	its	own:	
57% of all skills gaps among existing UK workforces are down to “a lack of management and 
leadership skills” (Employers’ Skills Survey 2019).157

Trade unions should be involved in developing the Green Apprenticeship programme from 
early on, bringing their expertise into ensuring successful training and employment practices 
in the workplace.

155	https://publications.parliament.uk/pa/ld5801/ldselect/ldeconaf/188/18806.htm
156  https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/837900/Apprenticeship-and-levy-statistics-
October-2019-main-text-2.pdf	
157	https://www.gov.uk/government/publications/employer-skills-survey-2019-uk-excluding-scotland-findings
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Green	Apprentice	employers	will	need	to	include:

• Local authorities

Local councils have a motivation to reduce local unemployment as well as long-term 
scarring	impacts,	and	to	boost	green	skills	in	their	locality.	They	also	have	significant	relevant	
responsibilities	for	delivering	the	zero-carbon	transition,	including	improving	energy	efficiency,	
delivering more sustainable local transport including cycling, walking and public transport, 
installing EV charge networks, and greater urban greening.

Local	councils	could	significantly	expand	in-house	building	maintenance	and	building	
assessment	teams	to	plan	and	carry	out	retrofit	works	of	social	housing	to	reach	EPC	level	C	
and higher. An expanded Green Homes Grant Local Authority Delivery scheme could include 
requirements for hiring apprentices, in return for additional funding for wider delivery in the 
community beyond social-rent homes. 

A	coordinated	and	large-scale	approach	to	energy-efficiency	retrofits	by	local	authorities	with	
guaranteed central government funding could help address the existing market-driven failure 
to skill up new and existing construction workers. The many small businesses that deliver 
most	private	home	retrofits	currently	see	little	benefit	in	expensive	training	for	the	short-
lived Green Homes Grants scheme, despite its initial extension.158 Focusing the expansion of 
energy-efficiency	programmes	on	local	authorities	and	social	homes	could	accelerate	both	
installations and skills development. Potential scale of investment ranges from £9.75 billion159 
to £20 billion.160

•	 Other	public	bodies	such	as	the	Environment	Agency,	Forestry	Commission,	Natural	
England and Natural Resources Wales

Non-ministerial departments and non-departmental public bodies with existing responsibilities 
for the environment in England and Wales need to take leadership roles as part of the Green 
Industrial	Revolution	and	Covid	recovery	in	repairing	and	expanding	flood	defences,	restoring	
environments like peatlands, saltmarshes and coastlines, and reforesting our landscapes. 
There	is	significant	scope	for	a	radical	expansion	of	Green	Apprenticeships	here.

• Private sector recipients of green infrastructure funding

Where government funding is provided to private sector contractors, it should be made 
conditional	on	the	creation	of	Green	Apprenticeships,	e.g.	in	railway	electrification,	port	
upgrades, or electric bus manufacturing.

This should apply to large and small private companies. For example, many companies 
delivering	retrofit	works	as	part	of	the	Green	Homes	Grants	are	SMEs.	The	existing	cap	
of 10 apprenticeship starts for non-levy paying employers should be lifted for Green 
Apprenticeships.161

Where possible, framework agreements should be developed with employers to ensure the 
creation	of	specific	numbers	of	high-quality	apprenticeships	(and	jobs)	at	a	decent	wage	
rate	in	the	delivery	of	green	infrastructure	by	private	companies.	The	HS2/TUC	Framework	
Agreement162	specifies	commitments	on	apprenticeships,	training	and	wider	issues	on	

158	https://eciu.net/blog/2021/what-to-look-for-in-the-governments-buildings-decarbonisation-plan	
159	Lukasz	Krebel,	Alfie	Stirling,	Frank	van	Lerven,	Sarah	Arnold	(2020),	Building	a	Green	Stimulus	for	Covid-19:	A	recovery	plan	for	a	greener,	fairer	
future	https://neweconomics.org/uploads/files/green-stimulus-covid.pdf	
160	https://www.tuc.org.uk/research-analysis/reports/rebuilding-after-recession-plan-jobs	
161	https://feweek.co.uk/2020/07/14/small-employer-apprenticeship-cap-on-starts-to-increase-from-3-to-10/
162	https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/515079/HS2_Ltd_and_TUC_initial_
framework_agreement_April_2016.pdf
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employment	terms	and	conditions,	with	similar	agreements	covering	the	London	Olympics	and	
Heathrow T5.163

How to train Green Apprentices?

The necessary scale of Green Apprenticeships demands a scale-up of training capacity, which 
has been hit hard by the Covid crisis.

Off-the-job	apprenticeship	training	is	provided	both	by	FE	colleges	and	by	private	training	
providers. The trade body for private providers, the Association of Employment and Learning 
Providers, claims that they train seven out of every 10 apprentices in England.164

A number of FE colleges already provide the “off-the-job”-based learning for renewable 
energy apprenticeships. For example, Furness College165 in Cumbria and Grimsby Institute166 
in North East Lincolnshire both partner with offshore wind company Ørsted to run three-
year	Maintenance	&	Operations	Engineering	Technician	apprenticeships.	Privately-provided	
training for low-carbon apprenticeships include Total People’s off-the-job training for 
bus electrician apprenticeships for First Bus in Doncaster167 and Level 3 Refrigeration Air 
Conditioning and Heat Pump Engineering Technician apprenticeships for Atmostherm in 
Manchester.168

Colleges and other training bodies will need to build up the requisite skills and teaching 
capacity to deliver large-scale Green Apprenticeship training. Further Education has been 
stripped of capacity and hollowed out by years of privatisation and austerity. In the current 
funding model in England, FE college funding is allocated largely on the basis of the number of 
students	taught	during	the	previous	year,	precluding	significant	expansion	of	provision.169 This 
likely contributes to a situation where FE colleges are hesitant to adopt new climate-relevant 
curricula.170

In addition to individual funding per apprentice, apprenticeship-training providers need 
support to rapidly expand classroom provision for Green Apprenticeships. Given the need 
for a rapid roll-out, upfront funding should be available to colleges to support recruitment 
of staff, specialist equipment and infrastructure required for new apprenticeships. Careers 
pathways teams, secondary education teachers and FE teachers will need accelerated training 
and professional development support to be able to support students to identify green 
apprenticeships as meaningful progression routes,171 as well as ensuring the apprenticeships 
are rolled out at the appropriate pace.

Common	base	curricula	(with	scope	to	tailor)	for	Green	Apprenticeships	in	specific	sectors	
would make it more affordable for colleges and businesses to develop the new training 
programmes. These should cover essential knowledge and skills to apply the apprenticeship 
learning to the climate transition. National and Regional Centres of Excellence for FE could 
lead on developing these and supporting professional development for FE staff.

163	https://www.tuc.org.uk/wmca-industrial-strategy-consultation-infrastructure	
164	https://www.peoplemanagement.co.uk/news/articles/apprenticeships-threatened-uncertain-funding-providers-warn	
165	https://orsted.co.uk/en/Careers/Graduates-and-Apprenticeships/Apprenticeships
166	https://www.grimsbytelegraph.co.uk/news/business/dong-energy-grimsby-institute-offering-120049
167	https://www.totalpeople.co.uk/apprenticeships/electrician-apprentice-doncaster-doncaster-1625597	
168	https://www.totalpeople.co.uk/apprenticeships/air-conditioning-heating-apprentice-manchester-1644827 
https://debut.careers/jobs/air-conditioning--heating-apprentice-atmostherm-limited-22315
169	https://www.resolutionfoundation.org/app/uploads/2020/05/Class-of-2020.pdf
170 Anecdotal evidence reported by Combined Authorities.
171  Build	on	existing	programmes	like	https://carbonliteracy.com/
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There	also	needs	to	be	a	clear	long-term	financial	guarantee	to	the	FE	sector	to	provide	
stability over the coming ten-year period – an absolutely essential period for delivering green 
skills – so that apprenticeship training providers are prepared to invest and not at risk of the 
government pulling the plug in the short term. This should happen in the immediate term, so 
that the FE sector can plays its role in green skills as part of the Covid recovery, rather than 
waiting for the spending review in autumn 2021.172 (Note that this guarantee is not included in 
our costings of a Green Apprenticeship programme.)

Green Apprentices can spend a greater proportion of their time in “off-the-job” 
training

Some	green	sectors	and	professions	require	greater	levels	of	classroom/workshop	
training than is currently the norm. This is especially the case where current working 
practices within the industry do not match the required practices to decarbonise. 

For	example,	the	large	“performance	gap”	in	energy	efficiency	retrofits	–	where	a	retrofit	
does	not	meet	the	predicted	goal	in	improved	energy	efficiency	–	has	been	ascribed	
to the lack of skills in the sector.173 Construction for a zero-carbon future requires 
knowledge, skills and competencies that challenge existing apprenticeship and training 
systems in construction, requiring a deeper knowledge and understanding of energy 
efficiency,	higher	technical	skills	and	a	holistic	approach	to	the	building	process.174 It 
demands a fundamentally different approach from conventional construction methods, 
one that recognises the building envelope as a single thermal unit and as made up of 
elements that come together through the social interaction of different occupations, 
including	bricklaying,	carpentry,	plastering,	floor	laying,	insulation,	electrical	engineering	
and plumbing. The “technical” challenges illustrate the need for this broader, “energy 
literacy”, expertise.

Lessons from Belgium, Austria and elsewhere show that a greater proportion of time 
spent in college- and workshop-based learning can address this. It delivers a more 
qualified	and	energy-literate	workforce	with	a	stronger	theoretical	grounding.175

Depending on the sector, Green Apprenticeships should include a greater proportion 
of time spent in “off-the-job” college- or workshop-based learning. The wage subsidies 
for Green Apprenticeships should enable this shift where it is deemed necessary. The 
greater	qualification	levels	and	improved	work	standards	will	benefit	climate	action,	local	
communities and the employers.

It would also be possible for Green Apprentices to initiate their off-the-job training 
significantly	before	beginning	their	on-the-job	work.	This	would	be	especially	useful	
where further Covid lockdowns mean that workplaces are shut, or where employers are 
not	immediately	ready	to	manage	the	arrival	of	significant	numbers	of	Green	Apprentices.

172	https://www.tuc.org.uk/blogs/fe-white-paper-missed-opportunity-boost-retraining-and-skills	
173 Clarke, L., Gleeson, C.P., Sahin-Dikmen, M., Winch, C. and Duran-Palma, F. (2019) , Inclusive Vocational Education and Training for Low Energy 
Construction:	VET4LEC	Final	Report,	https://www.fiec.eu/our-projects/completed-projetcs/vet4lec	
174 Written evidence to Environment Audit Committee, submitted by Professor Linda Clarke, Dr Fernando Duran Palma, Dr Melahat Sahin-Dikmen 
and	Professor	Christopher	Winch.	January	2021	https://committees.parliament.uk/writtenevidence/21513/pdf/	
175 Clarke, L., Gleeson, C.P., Sahin-Dikmen, M., Winch, C. and Duran-Palma, F. (2019) , Inclusive Vocational Education and Training for Low Energy 
Construction:	VET4LEC	Final	Report,	https://www.fiec.eu/our-projects/completed-projetcs/vet4lec
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What updates do apprenticeship standards need?

Short-term

Our	analysis	of	existing	approved	apprenticeship	standards	in	England	showed	161	standards	
that	can	or	definitely	do	contribute	to	net	zero	(See	Appendix	2).	

However, in the short term, several gaps need to be rapidly plugged to deliver the green 
infrastructure needed. 

The largest gaps appeared to be in standards preparing workers to deliver large-scale 
domestic-building	retrofits	and	environmental	restoration.	Missing	content	can	potentially	be	
incorporated into existing apprenticeship standards, rather than requiring the creation of new 
standards.

Introducing additional modules with base curricula (with scope to tailor) for all Green 
Apprenticeships would make it more affordable for colleges and businesses to develop 
the new training programmes. These should cover essential knowledge and skills to 
apply the apprenticeship learning to the climate transition. For example, buildings-related 
apprenticeships within this programme should include both theoretical and practical energy-
efficiency	components.

Buildings-based	apprenticeships	do	not	cover:

•	 “Whole-house	approach”	to	retrofits

•	 Energy-efficiency	assessments

• Domestic thermal insulation (as opposed to commercial or industrial)

Training programmes in other European countries tend to give construction workers focused 
on	domestic	buildings	a	holistic	set	of	skills	–	covering	bricklaying,	roofing,	window	installation,	
floor-laying,	insulation	and	other	skills.	This	broader	training	and	education	leaves	workers	
better	prepared	for	the	“whole-house	approach”	to	energy-efficiency	retrofits.	In	comparison,	
UK training tends to be more atomised and focused.176 As described in the Skills chapter, the 
Construction	Industry	Training	Board	also	highlights	“retrofit	designers	and	coordinators”,	
“insulation installers” and “general low-carbon systems training” as skills gaps requiring 
greater training content and provision.177

Land-based	and	agricultural	apprenticeships	do	not	cover:

• Environmental restoration – including peatland, saltmarshes, seagrass meadows or 
rewilding

• Aquaculture

• Sustainable farming 

 

There	are	several	apprenticeships	related	to	reforestation,	including	“Forest	Operative”,	
“Arborist”	and	“Land-based	Service	Engineer”.	Two	others	are	in	development:	
“Arboriculturist”	and	“Professional	forester”,	and	should	be	finalised	rapidly.

176	Interview,	Linda	Clarke,	Professor	of	Organisations,	Economy	and	Society,	University	of	Westminster
177	Richard	Bayliss	(Oct	2020)	“Building	Skills	for	Net	Zero	-	Preliminary	research	findings”	Construction	Industry	Training	Board	https://stbauk.org/
wp-content/uploads/2021/01/STBA-SPAB-Annual-Conference-2020-Day-2_Richard-Bayliss-compressed.pdf	
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Manufacturing	apprenticeships	do	not	cover:

• Remanufacturing and circular economy processes

• Electric vehicle and battery manufacture

Figure 7 shows a breakdown of 161 existing apprenticeship standards that can contribute to 
reducing emissions, broken down by Transition Economics into relevant sectors. Numbers 
within the slices are absolute numbers of apprenticeship standards.

Figure 7. Existing approved low-carbon apprenticeship standards, broken down by sector. 

Source:	Transition	Economics	analysis	of	data	from	Institute	for	Apprenticeships	&	Technical	Education

Figure 7. Existing approved low-carbon apprenticeship standards, broken down by sector

Source:	Transition	Economics	analysis	of	data	from	Institute	for	Apprenticeships	&	Technical	Education

 

 

  

Medium- and long-term

In the medium- and long-term, the details of skill sets required to deliver the climate transition 
will change as technologies mature and evolve, and as mass industrial programmes begin and 
are	completed	(e.g.	building	retrofits).	It	is	important	that	training	programmes	do	not	create	a	
problem of overspecialisation, and strive to limit the need for retraining down the line. 

Green Apprenticeships should provide a broad base of training and education, preparing 
apprentices not only for one job, but a career in delivering the climate and environmental 
transition. This is consistent with the approach taken by countries with mature and successful 
apprenticeship systems, that have a smaller number of broader apprenticeship standards. 
Germany has 320 apprenticeships standards, Switzerland has 240178 – while the UK’s Institute 
for Apprenticeships and Technical Education lists over 700.179 The Swiss and German systems 
are seen as focusing on quality where the English one offers quantity, often at a lower skill 
level.180 As training standards are developed and upgraded, a more holistic approach will 
ensure that Green Apprenticeships create the skills base needed for the future.

178	https://www.hrmagazine.co.uk/article-details/assessing-the-apprenticeship-levy-three-years-on
179	https://www.instituteforapprenticeships.org/apprenticeship-standards/?
180	https://www.hrmagazine.co.uk/article-details/assessing-the-apprenticeship-levy-three-years-on
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How to deliver at speed, scale and quality 

Delivering the Green Apprentice programme at the necessary scale and speed to meet the 
unemployment emergency will be a challenge. Employers’ and training providers’ capacity to 
take on apprentices and meet training standards makes apprenticeships harder to scale up.181  

The need for rapid, joined-up and concerted programme delivery has been a key requirement 
of responding to the Covid crisis, whether it is the vaccine roll-out, tracking and tracing 
infections or emergency food deliveries to shielding households. Years of whittling down the 
public sector has left the UK unprepared for many of these challenges. However, the Green 
Apprenticeship programme itself can provide a stepping stone to building greater capacity for 
future crises – including the climate crisis.

Plugging the enormous green skills gap through apprenticeships, traineeships and 
other programmes will require a more coordinated effort than the existing employer-led 
apprenticeship-standard process, which focuses on the present needs and not a society-wide 
transformation over a decade. The government needs to work together with trade unions, 
training bodies and civil society as well as employers to ensure that Green Apprenticeships 
meet our collective needs.

Accessibility of existing low-carbon apprenticeships to young people

Transition	Economics	identified	161	existing	approved	apprenticeship	standards	in	Appendix	2	
that can contribute to net zero.

Of	these,	33%	are	Level	2,	30%	are	Level	3	and	almost	15%	are	Level	4.	This	means	that	
over 60% of existing relevant standards are entry-level and suitable for young people with 
or	without	formal	qualifications	at	GCSE	level.	Over	75%	are	suitable	for	young	people	
with GSCEs or A-Levels.182 Levels 5-7 (making up less than 25% of relevant apprenticeship 
standards) tend to require some prior experience in relevant industries. See Figure 8 for an 
overview.

Figure 8. Existing “low-carbon” apprenticeship standards, by Apprenticeship Level

 

 

 

 

             

181	https://repec-cepeo.ucl.ac.uk/cepeow/cepeowp20-12.pdf
182	https://www.ucas.com/alternatives/apprenticeships/apprenticeships-england/entry-requirements-apprenticeships-england	
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Recruiting tens of thousands of Green Apprentices from a standing start 

A public awareness campaign about the availability of Green Apprenticeships and the process 
to	apply	should	include	public	announcements	by	government	and	local	authorities,	specific	
outreach by Job Centre mentors183,	public	engagement	by	influencers	trusted	by	young	people,	
media adverts and targeted social media. 

Care should be taken to ensure that Green Apprenticeships are not presented as a form of 
charity. Instead, signing up to be a Green Apprentice should be framed as serving the collective 
good and building a better future for all of us, instilling a sense of pride alongside the individual 
skills	and	career	benefits.	

Transforming existing apprenticeship standards into “Green Apprenticeships”

The urgency means the roll-out should begin before adjusting the contents of existing 
apprenticeship	standards	or	developing	new	standards.	Transition	Economics	identified	161	
existing approved apprenticeship standards in Appendix 2 that can contribute to net zero. 

These	range	from	the	clearly	“green”	–	e.g.	“Tramway	Construction	Operative”	and	“Transport	
Planner”,	to	the	potentially	“green”	–	e.g.	“Road	Surfacing	Operative”	and	“Civil	Engineer”.

All 161 existing standards in England can carry the badge “Green Apprenticeship”, with the 
ensuing	financial	benefits,	where	the	employer	signs	a	simple	document	affirming	that	the	
apprentice will be working primarily on carbon-reducing areas.

Additional curricula components to improve the climate skills and knowledge acquired through 
the	apprenticeship	should	be	incorporated	during	the	first	year.	For	example,	buildings-focused	
apprenticeships like “Roofer”, “Floor-layer” and “Fenestration Installer” should have additional 
components	on	whole-house	retrofit	and	sustainable	construction	methods	added	to	them.	

In the medium-term, Green Apprenticeships should be adapted to ensure apprentices gain a 
broader skillset preparing them for a range of careers in delivering the zero-carbon transition, 
with input from employers, unions and other stakeholders.

Scaling up employers of apprentices 

The rapid growth required for the Green Apprentice programme will require employers to take 
on larger numbers of apprentices than they are used to.

The initial focus should be on employers who can be pushed to scale up rapidly. Past 
experience of job creation programmes such as the 2009 Future Jobs Fund indicates 
that public sector employers are more able and prepared to take on new staff in a short 
timeframe.184 

Institutions best able to take on large numbers of Green Apprentices in the immediate term 
are public sector bodies delivering green infrastructure, who also have an interest in boosting 
skills in their locality and sector. These include local authorities, alongside central bodies such 
as the Environment Agency, Forestry Commission and Natural Resource Wales.

This could involve expanding existing local authority-led components of the green recovery 
alongside	requirements	for	significant	green	apprenticeships.	For	instance,	the	£500	million	
Local Authority Delivery scheme within the Green Homes Grants programme should be 
expanded	to	cover	more	homes	as	well	as	mass	energy-efficiency	assessments.

183	https://www.bbc.co.uk/news/uk-politics-53297306	
184	https://www.tuc.org.uk/research-analysis/reports/new-plan-jobs-why-we-need-new-jobs-guarantee
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Most employers are not focused entirely on climate transition activities, whether they are an 
engineering	firm,	a	local	authority	or	an	energy	company.	Receiving	the	financial	incentives	
for	recruiting	a	Green	Apprentice	should	require	completing	a	simple	form	affirming	that	the	
apprentices will be working primarily on carbon-reducing or other green activities.

Online curricula and scaling up apprentice training programmes

In the Covid pandemic context, initial off-the-job training for Green Apprenticeships will need 
to be online. Many existing training providers have already moved teaching and learning online 
given the lockdown regulations and closing of schools.185 Teaching online initially could enable 
more rapid scaling up of Green Apprenticeships and make more training more geographically 
accessible. 

It	would	also	be	possible	for	Green	Apprentices	to	initiate	their	off-the-job	training	significantly	
before beginning their on-the-job work. This would be especially useful where further 
lockdowns mean that workplaces are shut, or where employers are not immediately ready to 
manage	the	arrival	of	significant	numbers	of	Green	Apprentices.

FE colleges and other training providers will need to adjust their online teaching to meet the 
needs of Green Apprentices. Careful measures are also needed to avoid dilution or reduction in 
quality of apprenticeships.

Ensuring high-quality work, skills and climate action

An oversight board should monitor the implementation and delivery of the Green 
Apprenticeship programme, to ensure high quality of learning and work, as well as contribution 
to the climate transition. 

Membership should include trade unions representing relevant sectors, environmental 
organisations and bodies engaged in the climate transition, in balance with employers, central 
and local government.

How can Green Apprenticeships create a more diverse green workforce?

The apprenticeship programme as it currently stands is not delivering solutions to the pay and 
unemployment gaps between men and women, white and BAME people or non-disabled and 
disabled people.

The proportion of ethnic minority people who apply for an apprenticeship is far higher than 
the	proportion	who	start	one.	In	2015/16,	38%	of	the	applications	for	apprenticeships	were	
from individuals not classed as white British, but only 17.2% starts in that year were from this 
group.186	TUC	research	based	on	ONS	data187 revealed that the unemployment gap between 
BME and white workers with training in craft skills is nearly 5%, while in apprenticeships the 
gap is a shocking 23% (that is, 28.6% of BME people who have completed an apprenticeship 
are unemployed, as compared to 5.5% of white people). 

185  https://grimsby.ac.uk/news/	
186 	https://feweek.co.uk/2017/02/26/ethnic-minority-target-for-apprenticeship-diversity-group/
187 	http://www.tuc.org.uk/sites/default/files/BlackQualifiedandunemployed.pdf
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The proportion of all apprentices who are disabled fell from 11.5% to 9.9% in the ten years 
from 2005 until 2015.188	By	2019/2020,	the	apprentices	declaring	a	learning	difficulty	or	
disability still only account for 12.5%.189

Key sectors for the climate transition (e.g. engineering, construction) are faring even worse 
for diversity than other sectors, particularly on gender. Women made up only around 8% of 
STEM	apprenticeship	starts	in	2016/17,	and	only	7.4%	for	engineering	and	manufacturing	
technologies	in	2017/2018.190	Only	1%	and	3%	of	apprenticeship	starts	by	under-19	year	olds	
were by women in construction and engineering, respectively.191

How can the Green Apprenticeship programme improve on this? Diversity Bursaries of 
£1,500 can promote participation in Green Apprenticeships among historically disadvantaged 
groups, including BAME, women and disabled people. Young and disadvantaged people can 
find	pursuing	an	apprenticeship	difficult	financially,	and	struggle	to	cover	expenses	like	travel,	
subsistence, clothing and equipment.192 Bursaries will enable more applicants to take up an 
apprenticeship. Green Apprenticeship bursaries for disadvantaged groups can be modelled 
on the care leavers bursary,193 where 16-24 year old care-leavers receive a bursary of £1,000 if 
they become an apprentice.194

Alongside this, employers need to be pushed to recruit Green Apprentices from disadvantaged 
groups, to overcome the imbalance between applications and starts cited above. A Diversity 
Bonus of £1,000 could be explored, paid to employers who recruit from disadvantaged groups. 
This is also modelled on the existing £1,000 payment to employers and training providers 
when they take on 19-24 year olds who were in care or who have an Education, Health and 
Care plan.195

Government should introduce race equality requirements into Apprenticeship funding, 
making sure that the work required to meet them is proportional to the size and resources of 
employers.	Requirements	could	include:	monitoring	and	reporting	of	equalities	data	(for	larger	
employers); the use of anonymised application forms in recruitment; recruitment promotion 
targeted at underrepresented groups; BAME representation in hiring panels and other 
relevant decision-making bodies; equal opportunities training for staff involved in running 
the apprenticeships programme; and support for apprentices in accessing further training or 
employment.196 The Institute for Apprenticeships and Technical Education needs to improve 
its own processes, following criticism for having no BAME representation on its board197 and 
not including improving diversity amongst its criteria for a good quality apprenticeship.198

Green Apprenticeships should be promoted particularly to women, BAME and disabled 
people, with proactive outreach activities and active engagement of unions to negotiate with 
employers on this agenda.199 Studies indicate that women are more likely to be attracted to 
“eco construction” than to traditional construction training schemes.200 So a “green” framing 

189  https://explore-education-statistics.service.gov.uk/find-statistics/apprenticeships-and-traineeships/2019-20#dataBlock-33d78555-fff5-42eb-
8c76-08d884b70554-tables 
190	https://www.nao.org.uk/wp-content/uploads/2019/03/The-apprenticeships-programme.pdf
191	https://www.unison.org.uk/content/uploads/2018/08/TUC-Apprenticeships-pack-sheets-2018-Low_res-Unison-version.pdf
192	Education	Select	Committee	https://publications.parliament.uk/pa/cm201719/cmselect/cmeduc/344/344.pdf
193 The Education Select Committee recommended that the Government introduces more apprenticeship bursaries for disadvantaged groups 
modelled	on	the	care	leavers’	bursary.	Education	Select	Committee	https://publications.parliament.uk/pa/cm201719/cmselect/cmeduc/344/344.pdf
194	https://www.gov.uk/government/news/new-support-for-young-care-leavers-starting-an-apprenticeship
195	https://www.gov.uk/government/news/new-support-for-young-care-leave
196	https://www.unionlearn.org.uk/sites/default/files/publication/UL%20Supporting%20BME%20Apprentices.pdf;	http://www.tuc.org.uk/sites/
default/files/BlackQualifiedandunemployed.pdf	
197	https://feweek.co.uk/2020/10/15/revealed-government-appoints-two-new-board-members-at-apprenticeships-quango/
198	https://feweek.co.uk/2020/10/23/anger-and-dismay-as-bame-apprenticeship-figures-fall/
199	https://www.unionlearn.org.uk/equality-and-diversity-apprentices
200	Interview,	Linda	Clarke,	Professor	of	Organisations,	Economy	and	Society,	University	of	Westminster
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of apprenticeships in engineering and construction will hopefully improve gender diversity.

Green	apprenticeships	should	enable	flexible	working	hours,	especially	part-time	
apprenticeships	to	meet	the	needs	of	specific	groups,	such	as	carers,	parents,	disabled	people	
etc.201

The government should monitor the outcome of apprenticeships to ensure that people from 
under-represented groups gain access to long-term employment opportunities.202 

How to ensure job quality 

Incentives for Green Apprenticeships must not lead to job substitution. Safeguards need to 
ensure that apprentices are not used for job substitution as a way to save on wage costs, and 
that employers plan for future skills gaps.203 Lessons can be learned from the Future Jobs 
Fund,	which	effectively	ensured	that	jobs	were	both	“real”	and	“new”:	“new”	in	that	a	FJF	job	
could not replace a pre-existing one.204

Apprentices in the UK are entitled to the same set of workplace rights as regular employees, 
with	a	lower	minimum	wage	during	the	first	year	of	training.	Apprenticeships	for	some	sectors	
(e.g. construction) have nationally negotiated set pay rates. 

The government should set higher pay rates for Green Apprenticeships, to strengthen job 
quality, the attractiveness of Green Apprenticeships and commitment to them, and to boost 
the economy further. We suggest that Green Apprentice pay rates should mirror those 
already negotiated by the Construction Industry Joint Council for apprentices.205 Trade union 
membership of Green Apprentices should also be proactively encouraged.

The Institute for Apprenticeships206 and the TUC Charter207 lay out guidelines for 
apprenticeship	quality,	with	elements	including:

• Trade union involvement in schemes

• Training quality

• Mentorship

• Safeguarded training time

• Health and safety protections

• Pathways to continued employment

The Green Apprenticeship programme should include strong measures to maintain high 
apprenticeship quality, such as an oversight board including trade unions to monitor the Green 
Apprenticeship programme, to ensure high quality of learning and work is delivered in practice. 
The Institute for Apprenticeships and Technical Education should also include a trade union 
representative on its overall board.208

201  https://www.unison.org.uk/content/uploads/2018/08/TUC-Apprenticeships-pack-sheets-2018-Low_res-Unison-version.pdf
202		https://www.unison.org.uk/content/uploads/2018/08/TUC-Apprenticeships-pack-sheets-2018-Low_res-Unison-version.pdf
203		https://www.unison.org.uk/content/uploads/2018/08/TUC-Apprenticeships-pack-sheets-2018-Low_res-Unison-version.pdf
204	https://www.resolutionfoundation.org/app/uploads/2020/05/Class-of-2020.pdf
205	https://builduk.org/wp-content/uploads/2018/06/Working-Rule-Agreement-CIJC-May-2018.pdf	
206	https://www.instituteforapprenticeships.org/quality/what-is-a-quality-apprenticeship/
207	https://www.unionlearn.org.uk/tuc-charter-apprenticeships
208	Greener	Jobs	Alliance	Statement	on	Green	Jobs	and	Skills	November	2020	https://www.greenerjobsalliance.co.uk/wp-content/uploads/2020/11/
GJA-statement-on-Green-Jobs-and-Skills-2.pdf
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How to finance the Green Apprenticeship Programme

Overall	costs	for	a	programme	of	250,000	Green	Apprentice	starts	in	the	coming	three	years	
in England and Wales are estimated at £6.2 - £10.6 billion (shown in Table 13). These costs 
would be spread over 5 years, and cover wage subsidies, all direct apprentice training costs, 
and diversity bursaries and bonuses. Initial costs in Year 1 are estimated at £1.1 - £1.7 billion. 

In	our	model,	the	250,000	Green	Apprenticeships	supported	start	across	three	years:	
100,000 each in the years 2021-2022 and 2022-2023, and 50,000 in 2023-2024 (see Figure 
9).209 

Figure 9. Timeline of Green Apprenticeship starts and total number of Green Apprentices 

 

           

Table 13 shows Green Apprenticeship starts and estimated costs by year, broken down by 
wage subsidy, diversity funding and training costs. Note that these costings do not include the 
budget for administration or promotion of the scheme, nor funding available for CPD courses 
to support employers’ capacity to train and manage apprentices.

Table 13. Target Green Apprentice starts and costs breakdown by year

Source:	Transition	Economics	estimates

Year Apprentice starts

Wage costs210 (£) Bursaries and 

bonuses (£)

Training costs 

(£)211   min max

2021-2022 100,000 577,980,000 1,155,960,000 82,500,000 475,232,000

2022-2023 100,000 1,267,500,000 2,535,000,000 82,500,000 950,464,000

2023-2024 50,000 1,498,185,000 2,996,370,000 41,250,000 59,464,000

2024-2025 864,435,000 1,728,870,000 -

2025-2026 259,837,500 519,675,000 -

209  The modelling does not factor in that some Green Apprentices will not complete their apprenticeships. Depending on drop-out rates, this means 
that this level of funding would actually support more than 250,000 apprentice starts, but less than 250,000 completions. 
Funding should not be lost or re-allocated away from the programme when apprentices do not complete their apprenticeships.
210 The average duration of a Green Apprenticeship is estimated to be 2.5 years (see “Duration of Green Apprenticeships” below). Therefore, wage 
costs continue in 2024-5 and 2025-6 as young people complete their apprenticeships, even though there are no new starts.
211	There	are	no	projected	training	costs	budgeted	in	the	second	half	of	the	five-year	programme	due	to	the	proposed	ring-fencing	of	the	
apprenticeship	levy	(See	‘Source	of	funds’	below.)
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A breakdown of the costs and apprentice starts targets by region and country is in Table 14.

Table 14. Green Apprentice starts and costs of programme by region and country

Source:	Transition	Economics	estimates

Region or country
Target Green Apprentice 
starts over 3 years

Estimated annual cost of programme (£ million, over 
5 years)

(min) (max)

North East 13,310 66 113

North West 32,320 159 275

Yorkshire and The Humber 24,060 119 205

East Midlands 19,700 97 167

West Midlands 30,020 148 255

East 22,710 112 193

London 44,220 218 376

South East 30,720 151 261

South West 20,410 101 174

Wales 12,520 62 106

England and Wales total 250,000 1,232 2,125

Table 15 presents the estimated programme costs and targets by Combined Authority area.

Table 15. Green Apprentice starts and costs of programme by Combined Authority

Source:	Transition	Economics	estimates

Combined Authority
Target Green Apprentice 
starts over 3 years

Estimated annual cost of programme (£ million, over 
5 years)

(min) (max)

Greater Manchester 14,140 70 120

Sheffield	City	Region 6,400 32 54

West Yorkshire 11,750 58 100

Liverpool City Region 7,550 37 64

Tees Valley 3,680 18 31

West Midlands 19,430 96 165

Cambridgeshire and 
Peterborough

2,890 14 25

West of England 3,490 17 30

North East 5,800 29 49

North of Tyne 3,790 19 32

London 44,220 218 376
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Appendix 3 presents target numbers of Green Apprentice starts by Local Authority area. The 
costing methodology is explained below.

Duration of Green Apprenticeships

Transition	Economics’	analysis	of	existing	apprenticeship	standards	in	England	identified	161	
standards that are important for the climate transition – see Appendix 2. The typical duration 
of these apprenticeships varied between 

• 12 months for a “Countryside Worker”

• 24 months for a “Community Energy Specialist”

• 36 months for a “Refrigeration air conditioning and heat pump engineering technician”

• 60 months for a “Transport Planner”

The mean duration across the 161 existing “green” apprenticeship standards was 29.8 
months. We have therefore assumed that that average duration of the proposed Green 
Apprenticeships is 30 months.

Average training costs for Green Apprentices

Existing apprenticeship standards each have a funding band allocated, which sets in place the 
maximum government-supported spend on training and assessment for that apprenticeship. 
For example, maximum training spends include 

• £9,000 for a “Smart home Technician”

•	 £15,000	for	a	“Tramway	Construction	Operative”	

• £27,000 (the maximum spend) for a “Marine Engineer”

Our	analysis	of	the	161	existing	climate	transition-relevant	apprenticeship	standards	in	
England	identified	in	Appendix	2	revealed	a	mean	Maximum	Funding	level	of	£14,851.	

Funding bands are intended as an upper band when negotiating the price of training and 
assessment, and actual spend is less than the maximum. Additionally, Green Apprenticeships 
will	benefit	from	significant	economies	of	scale,	given	the	large-scale	numbers	of	
apprentices required. We therefore assumed that on average, actual training costs per Green 
Apprenticeship are 80% of the maximum funding. 

Combined with the mean duration, we estimate the average training cost for a Green 
Apprenticeship as £4,752 per year.

As described above in the “How to train Green Apprentices” section, additional funding 
support will be required for FE Colleges to scale up and prepare for Green Apprentices, as part 
of a long-term funding settlement.
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Source of funds to cover Green Apprentice training costs

Currently, large employers (with a pay bill over £3 million) source the funds for training 
apprentices from their Apprenticeship Levy payments, which sit in an apprenticeship service 
account for two years. Smaller employers who do not pay the levy contribute 10% of the costs 
of training directly, or none in the case of 16-18 year old apprentices.212 Apprenticeship Levy 
funds cannot cover overheads, supervision costs and apprentices’ wages.

In the immediate term, the training costs for Green Apprenticeships will in large part need to 
be funded directly by government, as large employers able to rapidly scale up the hiring of 
Green Apprentices will not have appropriate levels of funds in their apprenticeship service 
accounts, and small employers already largely rely on government funds to cover the cost of 
training

Longer-term (potentially from 2023) ringfencing 33% of the apprenticeship levy towards 
training	spend	specifically	on	Green	Apprenticeships	would	cover	much	of	the	costs	and	help	
direct UK employers towards developing skills required for the climate and environmental 
emergencies. 

Alongside this, the £1.5 billion apprenticeship budget previously available to SMEs before the 
Levy was introduced should be restored, as called for by many SMEs and the Association of 
Employment and Learning Providers.213 50-75% of the SME budget should be reserved for 
Green Apprenticeships in SMEs. This will protect SME apprenticeship funding while enabling 
SMEs to deliver much of the backbone of green skills growth. 

Green Apprentice wages

To achieve a rapid scale-up of Green Apprenticeships in a context where employers are 
already struggling to pay existing wage bills, government will need to cover a large part if not 
the entirety of the wages of Green Apprentices. London Councils, the Lords Economic Affairs 
Committee, the Labour Party and the Association of Learning and Employment Providers have 
all recently called for greater government subsidies for apprenticeships, sometimes including 
wage support.214

This report proposes that the government directly covers between 50% and 100% of Green 
Apprentice wages. This would total £4.5 - £8.9 billion for 250,000 apprentices. 

The	legally	required	minimum	for	all	apprentices	in	their	first	year	starts	at	the	lowest	
minimum wage level of £4.15 per hour.215 To strengthen job quality, the attractiveness of Green 
Apprenticeships and commitment to them, and to boost the economy further, wages levels for 
Green Apprentices should be set higher. 

As a guide, we have used the Apprentice Rates of Pay negotiated by the Construction Industry 

212 	On	6	April	2017,	the	apprenticeship	levy	came	into	effect	with	all	UK	employers	with	a	pay	bill	of	over	£3	million	per	year	paying	the	levy.	The	
levy	is	set	at	0.5%	of	the	value	of	the	employer’s	pay	bill,	minus	an	apprenticeship	levy	allowance	of	£15,000	per	financial	year.	The	levy	is	paid	into	
an apprenticeship service account, and funds in this account have to be spent on apprenticeship training and assessment. Employers who do not 
pay the levy will pay 10% of the cost of training and assessment with the government contributing the remaining 90% (up to the upper limit of the 
funding band). 
“Apprenticeships and skills policy in England”, House of Commons Library, 7 September 2020 
https://commonslibrary.parliament.uk/research-briefings/sn03052/
213 https://feweek.co.uk/2020/01/09/apprenticeship-providers-turning-away-up-to-40000-small-employers-due-to-levy-shortage-survey-finds/
214	“3rd	Report	-	Employment	and	Covid-19:	time	for	a	new	deal”,	Lords	Economic	Affairs	Committee 
https://committees.parliament.uk/publications/3958/documents/39777/default/ 
https://www.aelp.org.uk/news/news/press-releases/86bn-skills-package-needed-to-boost-the-post-pandemic-economy/ 
https://feweek.co.uk/2021/01/08/labour-party-calls-for-apprentice-wage-subsidy/	
215	The	Apprentice	minimum	rate	is	£4.15	per	hour,	until	they	are	both	over	19	and	have	completed	the	first	year	of	their	apprenticeship.	After	this	
they	are	entitled	to	the	minimum	wage	for	their	age.	https://www.gov.uk/national-minimum-wage-rates
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Joint Council, in effect from June 2019. The minimum hourly rates are £5.70 for Year 1, £6.80 
for	Year	2,	and	between	£7.93	and	£12.67	in	Year	3,	the	latter	dependent	on	qualifications.216 
However, a 21-24 year old in their second or third year would earn at least £8.20, as this is 
the	minimum	rate	for	that	age	bracket	for	apprentices	who	have	completed	their	first	year.217 
There are no employer Class 1 National Insurance contributions to pay, as the rate is set at 0% 
for apprentices under 25 earning less than £43,000 per year.218

Additional support to increase access and diversity

Green Apprenticeship bursaries for disadvantaged groups (including disabled people, BAME 
people, women and people from highly-deprived wards, depending on the apprenticeship) 
were modelled on the care-leavers bursary for 16–24 year-old care-leavers becoming 
apprentices.219 

We estimated that up to 33% of Green Apprenticeships would be accompanied by a £1,500 
bursary.

Alongside this, a Diversity Bonus to encourage employers to recruit apprentices from 
disadvantaged backgrounds with a payment of £1,000. This is modelled on the £1,000 
payment the government already provides to employers recruiting new apprentices aged 
under 25 with an Education, Health and Care Plan.220

The Diversity Bursaries and Diversity Bonuses would be paid in instalments in the apprentice’s 
first	year.	

What impacts will Green Apprenticeships have on apprenticeship provision in other 
sectors?

The Green Apprenticeship programme can act as a lever to encourage employers who 
can refocus business models for decarbonisation (e.g. ports) to develop the skills bases 
to do so. However, there are other sectors, notably health and social care, that are not 
included within this proposal and where apprenticeships could also provide a crucial part 
of the solution to skills gaps and shortages. The government should consider offering 
similar support and incentives for key sectors outside of the Green Apprenticeship 
agenda.

 

216	https://builduk.org/wp-content/uploads/2018/06/Working-Rule-Agreement-CIJC-May-2018.pdf	
217	https://www.gov.uk/national-minimum-wage-rates
218	https://www.gov.uk/government/publications/national-insurance-contributions-for-under-25s-employer-guide/paying-employer-national-
insurance-contributions-for-apprentices-under-25
219	https://www.gov.uk/government/news/new-support-for-young-care-leavers-starting-an-apprenticeship
220 “Apprenticeships and skills policy in England”, House of Commons Library, 7 September 2020 
https://commonslibrary.parliament.uk/research-briefings/sn03052/
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Chapter 4. Recommendations

Recommendations to the UK government

•	 A	Green	Opportunity	Guarantee	for	young	people,	ensuring	every	young	person	has	
access to a high-quality job or training

Green Apprenticeships

• Rapid roll-out of a Green Apprenticeship programme, creating 250,000 apprenticeship 
starts over 3 years, backed up by £6.2 - £10.6 billion in total funding over 5 years. Total 
Year 1 funding for the programme should be at least £1.1 - £1.7 billion. This covers wages 
subsidies, training costs and diversity funding.221

• Green Apprentices should be employed in activities directly confronting the climate and 
environmental	emergencies	–	ranging	from	energy-efficiency	retrofits	to	constructing	
train lines, restoring wetlands to installing cycle lanes. Green Apprenticeship training 
gives young people the skills for a career in delivering the zero-carbon transition.

• Government to introduce a formal Apprentice Guarantee – ensuring that every young 
person can train as an apprentice if they want.

• The Green Apprenticeship programme should be developed through dialogue between 
central government, local authorities, employers, trade unions, training bodies and 
civil society. A formal oversight board composed of all these different groups should 
monitor implementation and delivery of the Green Apprenticeship programme, 
ensuring high quality of learning and work, and contribution to the climate transition. 

• A public awareness campaign about the availability of Green Apprenticeships and 
the process to apply should include public announcements by government and local 
authorities, outreach by schools, colleges and job centre coaches, public engagement 
involving	influencers	trusted	by	young	people,	media	adverts	and	targeted	social	media.	

• The government should consider offering similar incentives and support to 
apprenticeship provision in key sectors outside of the proposed Green Apprenticeship 
agenda, e.g. health and social care. 

Employing Green Apprentices

•	 Wage	subsidies	of	between	50%	and	100%	should	apply	to	the	first	250,000	Green	
Apprentices hired within the next three years. The wage subsidies should apply to the 
full length of the apprenticeship (estimated to average 2.5 years).

• Target public bodies (e.g. local authorities, Forestry England, Environment Agency) 
should be set temporarily higher targets (than the existing 2.3%) for Green 
Apprenticeship starts. 

•	 A	significantly	expanded	Green	Homes	Grant	Local	Authority	Delivery	scheme	should	
include requirements for hiring apprentices, in return for large-scale funding for wider 

221	See	the	section	on	“How	to	finance	the	Green	Apprenticeship	Programme”	for	detailed	breakdown	and	calculations.
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delivery in the community, including beyond social-rent homes. 

• Government funding to private sector contractors should be made conditional on the 
creation of Green Apprenticeships.

• Framework agreements should be developed with employers and trade unions to 
ensure	the	creation	of	specific	numbers	of	high-quality	apprenticeships	(and	jobs)	
at a decent wage rate in the delivery of larger-scale green infrastructure by private 
companies. 

• The existing cap of 10 apprenticeship starts for non-levy paying employers should be 
lifted for Green Apprenticeships.

Training Green Apprentices

• Training costs for Green Apprentices should initially be funded directly by 
government, with an average total of £11,900 in training costs over the length of each 
apprenticeship.

• From 2023, 33% of the apprenticeship levy should be ringfenced towards training 
spend	specifically	on	Green	Apprenticeships.	

• Upfront funding should be made available to colleges to support recruitment 
and training of staff, specialist equipment and infrastructure required for Green 
Apprenticeships.

• Common base curricula for Green Apprenticeships should be developed by Further 
Education institutions with input from employers, academia, skills bodies, and trade 
unions,	initially	through	shared	modules	to	be	retrofitted	into	existing	relevant	
apprenticeship standards. 

• Depending on the sector, Green Apprenticeships should include a greater proportion of 
time spent in “off-the-job” workshop or college-based learning than the current 20% 
requirement. This is particularly necessary where current working practices and skills 
within	the	sector	do	not	match	those	required	to	decarbonise	–	e.g.	energy	efficiency	
retrofits.	

• Green Apprenticeships should provide a broad base of training and education, 
preparing apprentices not only for one job, but a career in delivering the climate and 
environmental transition. 

• In the Covid pandemic context, initial off-the-job training for Green Apprenticeships 
will need to be online. This could enable a more rapid scale-up, and make training more 
geographically accessible.

• Gaps in apprenticeship standards that need to be plugged in the immediate term 
include	covering	whole-house	retrofits,	energy	assessments	and	domestic	thermal	
insulation in buildings-based apprenticeships, environmental restoration and 
sustainable farming in land-based apprenticeships, and remanufacturing and circular 
economy approaches in manufacturing apprenticeships.

Diversity of Green Apprentices

• Diversity Bursaries of £1,500 should be introduced for Green Apprentices from 
historically disadvantaged groups, to improve access and participation. 

• Diversity Bonus payments of £1,000 should encourage employers to recruit Green 
Apprentices from historically disadvantaged groups.
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• The government should introduce race equality requirements into Apprenticeship 
funding, potentially including monitoring of equalities data (for larger employers), 
anonymised application forms in recruitment, recruitment promotion targeted 
at underrepresented groups, BAME representation in hiring panels, and equal 
opportunities training for staff involved in running the apprenticeships programme.

•	 Green	Apprenticeships	should	enable	flexible	working	hours,	especially	part-time	
apprenticeships	to	meet	the	needs	of	specific	groups	(e.g.	carers,	parents,	disabled	
people).

• Green Apprenticeships should be promoted particularly to women, BAME and disabled 
people, with proactive outreach activities and active engagement of unions to negotiate 
with employers on this agenda.

• The Institute for Apprenticeships and Technical Education should improve its own 
diversity, particularly in relation to its all-white board.

Job quality of Green Apprentices

• Safeguards need to ensure that the Green Apprenticeships are “new” jobs, and that 
financial	incentives	are	not	used	for	job	substitution	as	a	way	to	save	on	wage	costs.	

• Set pay rates for Green Apprenticeships above the minimum wage, to strengthen 
job quality, the attractiveness of Green Apprenticeships and commitment to them, 
and to boost the economy. This could be done by mirroring apprentice pay rates 
already negotiated by the Construction Industry Joint Council, or through a new pay 
negotiation.

• Trade union membership of Green Apprentices should be proactively encouraged.

• Green Apprenticeships should be expected to meet the TUC Charter’s guidelines for 
apprenticeship quality.

• The Institute for Apprenticeships and Technical Education should include a trade union 
representative on its board and its Green Apprenticeships Advisory Panel.

• An oversight board should monitor implementation and delivery of the Green 
Apprenticeship programme, ensuring high quality of learning and work, and 
contribution to the climate transition. This should include trade unions representing 
relevant sectors, environmental organisations and bodies engaged in the climate 
transition, and training standards bodies, in balance with employers, central and local 
government.

Green infrastructure

• Public investment on the scale of £85 billion over two years should be directed towards 
shovel-ready	green	infrastructure	programmes,	including	energy-efficiency	retrofits,	
electrification	of	transport	(railways,	buses,	private	vehicles),	new	social	homes,	cycling	
and pedestrian infrastructure, broadband, environmental restoration and reforestation, 
and clean manufacturing.

• Local authorities should be funded to take a leadership role in delivering green 
infrastructure,	including	energy-efficiency	retrofits,	more	sustainable	local	transport	
including cycling, walking and public transport, EV charge networks, and urban 
greening.	Councils	should	be	funded	to	significantly	expand	in-house	building	
maintenance	and	building	assessment	teams	to	plan	and	carry	out	retrofit	works	of	all	
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social housing to reach EPC level C and higher within three years. 

• Non-ministerial departments and non-departmental public bodies with existing 
responsibilities for land, the environment and forests in England and Wales should 
be tasked and appropriately funded to take leadership roles as part of the Green 
Industrial	Revolution	and	Covid	recovery	in	repairing	and	expanding	flood	defences,	
restoring environments like peatlands, saltmarshes and coastlines, and reforesting our 
landscapes. 

• Decisions on infrastructure spending should be subject to a job creation test, including 
numbers	of	jobs	created,	numbers	of	jobs	appropriate	for	young	people	/	education	
leavers, and job quality metrics.

Further education, traineeships and the National Skills Fund

• A substantial increase in green courses and traineeships provided by FE Colleges, 
supported by dedicated Strategic Development Funding from government. 

• Strategic Development Funding should cover accelerated training and professional 
development support to create Green Apprenticeship training programmes, and 
support students to identify green apprenticeships as meaningful progression routes. 

• A long-term funding settlement covering the next 10 years (an essential period for 
delivering green skills) should be brought forward, and not left until the Autumn 2021 
Spending Review. 

• A network of National and Regional Centres of Excellence for Zero Carbon Skills should 
be created at Further Education colleges, serving as hubs for Green Apprenticeship and 
Traineeship training, and professional development for FE teaching staff. The Centres 
of Excellence should be geographically spread to help with the levelling-up agenda, 
based on regional hubs that integrate with local industry. The Centres should be tasked 
with developing updates to existing vocational training and new courses where this is 
needed to support the climate transition.

• The existing Skills Bootcamp programme should be expanded, targeting provision of 
green skills to unemployed young people. 

Long-term Green Skills planning

• The Climate Change Committee – working from its Carbon Budgets – should develop 
long range Green Skills Requirement Plans for the UK.

• Detailed audits of the present green skills base should be conducted, broken down by 
local authority. The Skills and Productivity Board should be tasked with considering 
green skills gaps and shortages as one of its priority areas.

• The government should commit to setting a clear policy steer on the skills required to 
deliver the climate transition. Working from the Climate Change Committee’s Green 
Skills Requirement Plans and the skills audits, the government should create long-term 
Green Skills Development Plans. These should guide funding decisions and shape 
how education providers, public bodies and industry invest into skills over the coming 
decades.

• Local Skills Improvement Plans development or updates (as proposed in the Skills for 
Jobs white paper) should be guided by the Green Skills Requirement Plans with respect 
to decarbonisation, and be developed in collaboration with trade unions and local 
growing green employers.
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Recommendations to local authorities

• Apply pressure to Wesminster to allocate funding for an ambitious Green Infrastructure 
and Green Apprenticeship programme.

•	 Utilise	borrowing	powers,	and	work	with	Combined	Authorities	and/or	devolved	
governments to invest into local green infrastructure.

• In-source operations and the labour to deliver the climate transition, including energy-
efficiency	retrofits,	EV	charging	installation,	public	transport	and	urban	greening.

• Promote high standards of job quality for apprentices and other workers delivering the 
green transition.

• Introduce stronger measures to promote diversity amongst local authority-employed 
workers and apprentices delivering the green transition.

• Collaborate closer with trade unions, skills bodies and environmental organisations to 
develop ambitious green transformation policies to boost the local economy, skills and 
environment.

• Make full use of government funding to accelerate local action on the climate and 
environmental emergencies.

Recommendations to Combined Authorities

• Apply pressure to Wesminster to allocate funding for an ambitious Green Infrastructure 
and Green Apprenticeship programme (see Table 16 and Table 17).

• Leverage existing skills funding and programmes to develop and grow Green 
Apprenticeships.

• Utilise borrowing powers, and work with local authorities to invest into local green 
infrastructure.

• In-source operations and the labour to deliver the climate transition, including energy-
efficiency	retrofits,	EV	charging	installation,	public	transport	and	urban	greening.

• Promote high standards of job quality for apprentices and other workers delivering the 
green transition.

• Introduce stronger measures to promote diversity amongst local authority-employed 
apprentices and other workers and apprentices delivering the green transition.

• Collaborate closer with trade unions, skills bodies and environmental organisations to 
develop ambitious green transformation policies to boost the Combined Authorities’ 
economy, skills and environment.

• Commission Green Skills Audits to assess the current levels of green skills amongst 
local residents. 

• Develop Green Skills Development Plans in line with climate targets, utilising existing 
skills budgets and policy powers.
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Table 16 and Table 17 summarise the estimated spending required for green infrastructure 
upgrades and the Green Apprenticeship programme by Combined Authority area.

Table 16. Green infrastructure stimulus investment by Combined Authority (£ million)

Combined Authority

Build cycle 
lanes and 
pedestrianisation

Build social 
housing (using 
domestic offsite 
manufacture)

Retrofit social 
housing

Domestic energy 
efficiency 
assessments

Cambridgeshire and 
Peterborough

42 167 232 78

Greater Manchester 468 1062 1011 261

Liverpool City 
Region

274 404 584 152

London 0 2542 3166 767

North East 182 195 502 115

North of Tyne 124 223 326 83

Sheffield	City	Region 228 504 502 131

Tees Valley 116 146 232 66

West Midlands 413 571 1052 251

West of England 128 215 208 68

West Yorkshire Insufficient	data 784 816 265

Table 17. Target Green Apprentice starts and costs of programme by Combined Authority

Source:	Transition	Economics	estimates

Combined Authority
Target Green Apprentice 
starts over 3 years

Estimated annual cost of programme (£ million, over 
5 years)

(min) (max)

Greater Manchester 14,140 70 120

Sheffield	City	Region 6,400 32 54

West Yorkshire 11,750 58 100

Liverpool City Region 7,550 37 64

Tees Valley 3,680 18 31

West Midlands 19,430 96 165

Cambridgeshire and 
Peterborough

2,890 14 25

West of England 3,490 17 30

North East 5,800 29 49

North of Tyne 3,790 19 32

London 44,220 218 376
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Recommendations to Welsh government

•	 Commit	to	a	Green	Opportunity	Guarantee	for	young	people,	ensuring	every	young	
person in the devolved nation has access to a high-quality job or training.

• Apply pressure to Westminster to allocate funding for an ambitious Green 
Infrastructure and Green Apprenticeship programme.

• Expand training and employment opportunities for young people. Implement policies to 
reduce the long-term economic scarring caused by Covid-driven youth unemployment, 
by expanding training and employment opportunities for unemployed young people.

• Utilise borrowing powers, and work with local authorities to invest into local green 
infrastructure.

• In-source operations and the labour to deliver the climate transition, including energy-
efficiency	retrofits,	EV	charging	installation,	public	transport	and	urban	greening.

• Promote high standards of job quality for apprentices and other workers delivering the 
green transition.

• Introduce stronger measures to promote diversity amongst local authority-employed 
workers and apprentices delivering the green transition.

• Collaborate closer with trade unions, skills bodies and environmental organisations 
to develop ambitious green transformation policies to boost the devolved nation’s 
economy, skills and environment.

• Apprenticeships are a devolved matter. Devolved governments such as Wales 
should use an equivalent proportion to Green Apprenticeship funding allocated by 
Westminster, to develop their own national Green Apprenticeship schemes.

• In the absence of additional funding from Westminster, the devolved governments 
should seek to ringfence 33% of existing apprenticeship funding towards Green 
Apprenticeships.

• An audit of existing Welsh Apprenticeship Frameworks to identify which are 
contributing	to	the	climate	transition,	and	identify	how	to	fill	gaps.

• Commission Green Skills Audits to assess the current levels of green skills within 
devolved nations.

• Request that the Climate Change Committee – working from its Carbon Budgets – 
develop long-range Green Skills Requirement Plans for devolved nations. 

• Develop Green Skills Development Plans in line with climate targets and Skills plans 
laid out by the Climate Change Committee, utilising existing skills budgets and policy 
powers.
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Amelia Crews, 21, is a CRM 
Marketing Assistant at renewable 
energy company Ecotricity.  
 

How did you get into your role? 

I’ve always been interested in sustainability 
but started out studying business and digital 
marketing at university. I was lucky enough to 
meet a Sustainable Consultant and ended up 
doing some work for her. It was through this contact 
that I was put in touch with Catalyse Change, a life-
changing group aimed at empowering young people and 
young women who want careers in sustainability. The very 
same contact ended up sending me the job ad for Ecotricity, 
and that was that.   

 

What appealed to you about a career in a green company? 

I always wanted to try and make a difference with what I do and make a change. I don’t see the 
point in fully investing yourself in a job if you’re not invested in the outcome. 

Apart	from	some	freelance	work,	this	is	my	first	green	job.	I	love	the	sense	of	community	that	
arises from everyone reaching for the same goal of a greener planet. I feel like I’m doing the 
right	thing	and	I’m	where	I’m	meant	to	be.	It’s	been	really	beneficial	to	work	in	a	green	job	as	it	
allows me to have the experience to get a green job in the future.  

 

What’s your experience been like working in a green job? 

There aren’t enough green jobs available for young people, especially graduates. It was 
because I was involved in the Catalyse Change network that I managed to hear about the 
roles. I applied for so many and had a driving passion to secure a green job. I was disheartened 
to think that I might not have the opportunity to work in a green job and just have to do 
something to pay the bills.  

What would your advice be to anyone reading this and thinking about a green job? 

If you want a green job, look into the sustainability reports of companies you’re researching. 
You can if a company is truly green. 

It’s	quite	difficult	to	research	for	a	green	job	as	some	of	the	keywords	don’t	come	up.	I	made	a	

Case studies

These case studies primarily show graduate routes into jobs, partly because the UK’s apprenticeship
system to date has not worked well enough. Our report presents a solution that would allow more
young people who did not attend university to enter jobs like these via an apprenticeship. Friends of 
the Earth produced these case studies through interviews with the young workers featured.
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list of green companies that I liked and wanted to be a part of and followed them on LinkedIn, 
regularly checking their job boards for updates. I’d also recommend connecting with people at 
preferred	companies	via	LinkedIn	to	find	out	what	they’re	looking	for	and	scope	out	whether	
you’re a suitable candidate.  

Something	that	has	been	fundamental	to	my	career	so	far	has	been	finding	a	group	such	as	
Catalyse Change, they were a pivotal point in my professional development. It was amazing to 
hear	from	green	professionals	and	I’d	100%	recommend	finding	a	similar	group.		

How can employers, educators and government make it easier for young people to 
access good green jobs like yours?  

A lot of graduate schemes are very corporate, and some require environmental science 
degrees.	I	think	a	green	grad	scheme	would	be	extremely	beneficial	and	open	more	doors	to	
young people.  

The government is prioritising the economy, but you can’t have a strong economy without the 
environment. We must start somewhere. 

There should be more investment in young people’s groups in order to build a nice network 
and	sense	of	community,	which	would	help	young	people	find	jobs,	as	well	as	offering	a	
support network.  

It’s important for sustainable companies to realise young people are really driven to work for 
green companies – they’ve just got to give young people a chance.  

The education system doesn’t teach sustainability, and they need to instil that sense of 
urgency to prepare people for green careers. This will also push the government to invest in 
this area more. 

Bridie Salmon, 22, is studying 
for a Level 3 BTEC National in 
Engineering through Ørsted, 
a Danish renewable energy 
company.  
 

How did you get into your studies? 

I’m	in	my	first	year	of	a	three-year	paid	internship	
with	Ørsted.	The	first	year	is	spent	at	college,	
learning the basics in electrical engineering, mechanics 
and maintenance. Then in my second year I’ll work at 
Ørsted, and I’ll go onto work there when the internship is 
completed.  

I sort of fell into the industry after I realised I didn’t want to go into hospitality. I spoke to people 
who were on apprenticeships and realised it was a good way of learning new skills and being 
able to get work experience and employment at the end of the course, rather than going to 
university to do more studying.  
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What appealed to you about your course? 

I grew up caring about sustainability and the environment. My dad used to make me litter pick 
on the Lincolnshire Wolds where we live when I was young. That, together with witnessing 
how much we consume and waste through my previous work in the hospitality industry, has 
inspired me to look for green jobs.  

Money was also a factor. I needed to keep earning, and this was the best opportunity I could 
find,		as	the	apprenticeship	offers	the	chance	to	learn	and	earn	at	the	same	time.			

Getting	a	job	in	a	green	industry	was	definitely	a	priority.	After	travelling,	climate	issues	really	
hit home – especially after seeing tourist attractions that have been destroyed, such as the 
Great Barrier Reef.  

What’s your experience been like working in a green job? 

My experience has been quite straightforward. I didn’t encounter any barriers getting on to 
the BTEC – Ørsted welcomes everyone, and their focus is being sustainable and green. The 
company has done so much for Grimsby and it’s really nice to work at a company that gives 
back to the community. There’s also a certain level of security – it’s not a career you go into and 
think, “the industry might not be here in 10 years.”  

The pandemic has made us reassess which jobs are important, and the younger generation is 
more aware of climate issues. Personally, I love thinking that I’m saving the planet everyday by 
studying and doing what I’m doing. 

 

What would your advice be to anyone reading this and thinking about a green job? 

It would be great to get into green jobs now while we are on the cusp of change, so you can 
see real-time growth. If you want longevity, a green company is the best option unlike oil which 
won’t be around for much longer.   

I follow some government apprenticeship accounts on Twitter, as well as following Ørsted and 
other companies I’m interested in on LinkedIn. If you follow people on LinkedIn, it’s a really 
good way of seeing what roles are out there and networking.  

 

How can employers, educators and government make it easier for young people to 
access good green jobs like yours?  

If employers want to entice younger people, they should shout about their sustainability 
credentials – that’s what young people are interested in. The green industry is the industry we 
should all be getting into, and if a company is not yet green, it needs to change its ways.  

When I was at school, green jobs and apprenticeships just weren’t mentioned, and I didn’t 
know	that	apprenticeships	were	so	accessible,	beneficial	and	available.	Schools	should	
promote more options and make sure green jobs are promoted.  

The biggest thing the government can do is to increase awareness and provide grants. 
Most apprenticeships offer half of the minimum wage. The government should offer grants 
to support companies to offer minimum wage for apprenticeships. They also need to 
advocate for green jobs. 
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Briony Batchelor, 25, is a 
Formulation Co-ordinator and 
Cosmetics Regulatory Officer at 
Neal’s Yard Remedies. 

How did you get into your role? 

In 2015, I started my master’s degree in cosmetic 
science course and two years in, I opted for a 
placement year at Neal’s Yard Remedies (NYR) as 
Formulation Intern. I was based in the lab, working 
on innovation and new product development. When 
I	went	back	to	finish	my	degree,	I	continued	working	at	
their	London	office	part-time.	Then,	once	I’d	graduated,	
I returned full-time to NYR as Formulation Co-ordinator and 
took	on	a	new	role	of	Cosmetics	Regulatory	Officer.		

What appealed to you about a career in sustainable cosmetics? 

What initially drew me to NYR was the amazing eco-factory and our iconic blue 
bottles. However, in the last 3 years I have learnt so much about our ingredients and the 
consideration that goes into the sustainability of the brand.   

Initially I wasn’t looking for a green job. But in the ever-growing cosmetic industry, it became 
obvious to me that there is certainly a need for greater ethics and sustainability. Studying 
at London College of Fashion made me aware of the fast-fashion industry and vast day-to-
day consumerism. Since working for NYR, I now consider sustainability daily and I would 
always continue to do so in every aspect of my life.   

What’s your experience been like working in a green job? 

There are certainly more obstacles, especially with our raw materials – being meticulous about 
every detail of a manufacturing process really takes time and is often more expensive. There 
are	lots	of	cosmetic	ingredients	that	we	just	won’t	use	because	they	don’t	fit	in	with	the	
precautionary principle that our formulation policies are based on, and they wouldn’t get 
accredited	as	COSMOS	natural	or	organic.	The	cosmetic	industry	is	certainly	not	a	green	one	in	
its entirety, but it feels good to be part of a community who are conscientiously sustainable.   

What would your advice be to anyone reading this and thinking about a green job? 

Firstly, the job needs to be the right one for you. If you are fortunate to have the opportunity 
to choose, I’d really recommend the green option – generally, I believe that it will be the more 
rewarding choice. I would hope that the more people that choose ethical and sustainable jobs, 
the more it encourages other businesses to strengthen that side of how they operate.  

How can employers, educators and government make it easier for young people to 
access good green jobs like yours?  

Simply put, there needs to be more businesses that take a green and ethical approach in 
everything they do, until it becomes the norm. It does have many cost implications to 
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ensure that sustainable considerations are carried out to the highest degree within a 
business, and more of those could potentially be subsidised or regulated by the government to 
encourage this.  

Clare Linton, 32, from Leeds is a 
Policy and Research Advisor at 
Urban Transport Group. 

How did you get into your role? 

I work for Urban Transport Group, 
a membership organisation that 
represents transport authorities like TfL 
(Transport for London).  I did an undergraduate 
degree in Geography, and then a master’s degree 
in Climate Change Policy. I graduated in 2010, 
and there weren’t that many jobs about. I took a 
paid internship at IPPR in climate change, energy and 
transport to gain policy experience, before going on to 
study a PhD in low carbon technology. Although a PhD wasn’t 
required for the role, it helped prepare me for the role.  

 

What appealed to you about a career in sustainable transport? 

I’ve always been interested in sustainability and policy. I have a deep interest in where the 
human	and	physical	intersect	and	how	people	are	influenced	by	and	influence	the	environment	
and climate change. I think studying geography probably stoked that interest. I’ve also 
been involved in environmental campaigning and am quite active in building networks for 
young people. 

As for transport, it’s just so interesting. It touches so many different sustainability issues and 
what people care about. Almost everyone uses transport, and transport systems are a great 
opportunity	to	change	and	influence	behaviours,	especially	in	cities.			

  

What’s your experience been like working in a green job? 

Climate	wasn’t	really	on	the	public	agenda	when	I	first	started	my	job	–	not	as	much	as	it	is	
now anyway – and it was a bit of a challenge trying to make the case for more climate-friendly 
systems.  

That’s changed completely since parliament declared a climate emergency and government 
announced targets for achieving net zero emissions. It’s easier to make the case for investing 
in	good	practice,	though	the	pandemic	has	made	progress	difficult.			

Although my role is quite niche, it has given me transferable skills to use in future jobs, such as 
strategic thinking.  
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What would your advice be to anyone reading this and thinking about a green job? 

If you’re interested in transport, there are lots of opportunities and different routes in. If you 
don’t fancy studying for a degree, you could look at available apprenticeships and search 
for schemes related to the sector. For example, TfL runs a career-switch scheme and Leeds 
University host a transport planning apprenticeship scheme, now in its third year.  

I	always	think	the	definition	of	green	jobs	is	quite	interesting,	because	we	think	of	green	jobs	
as	doing	something	specifically	around	sustainability.	But	if	you	think	about	it,	there	are	lots	
of “green” jobs that are green because they have a smaller carbon footprint and aren’t in a 
polluting or damaging sector, like librarians for instance. So, we need to broaden our idea of 
what a green job entails. 

How can employers, educators and government make it easier for young people to 
access good green jobs like yours?  

Transport has done quite a lot on apprenticeships, but there’s scope for it to keep growing. 
However, my current big bugbear is the fact that the government’s transport decarbonisation 
plan, which should be published soon, doesn’t mention skills or jobs at all. It’s a surprisingly 
good plan, but there’s not a single mention of jobs needed to deliver the strategy, which is 
ludicrous. So that’s my one big ask – that government acknowledge the need for jobs and 
reskilling in their plan. 

Eishar Bassan, 23, is a Graduate 
Support Engineer at Siemens 
Gamesa – a renewable energy 
company. 

How did you get into your role? 

I did an undergraduate degree in mechanical 
engineering, which included a placement year 
with Siemens Gas Turbines. From my placement, 
I found out about the Siemans Gamesa graduate 
scheme, a new, government-funded scheme 
designed in collaboration with Aston University. The 
scheme is 3-years long and comprises of an integrated 
master’s degree and three placements in engineering, 
operations and QEHS (Quality, Environment, Health and Safety). 
These placements facilitate the learning of new skills and competencies, which I believe 
produce	well-rounded	graduates.		I’m	looking	forward	to	my	final	placement,	where	I	will	be	
working on the construction side of things and get the opportunity to design a windfarm. 
Once	we	complete	our	placements,	we	have	the	opportunity	to	look	for	a	job	within	Siemens	
Gamesa which is exciting as the company is international, so we have the chance to work 
abroad in places like Taiwan or the US.  
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What appealed to you about a career in engineering and renewable energy? 

My uncle suggested I study mechanical engineering after noticing I liked the mechanics side 
of further maths during my A-Level studies. Before my placement year, I had heard about 
renewable	energy,	but	I	was	open	to	getting	a	job	in	any	sector.	Once	I	had	completed	my	
placement year and experienced full-time work in a sustainable, good company, I realised 
I wanted to do the job I love as ethically as possible. That’s why I pursued my interest in 
renewables	and	sustainability	during	my	final	year	and	applied	for	the	graduate	scheme	I’m	
now on. 

 

What’s your experience been like working in a green job? 

Personally, I haven’t found too many barriers to working in a green job due to my academic 
background. Since working, I’ve realised there is a gender gap and unconscious bias. For 
example, lots of adjustments are needed for things like the size of safety equipment or the 
provision of on-site toilets in order to make the sector more accessible to women. These small 
barriers cumulatively are off-putting for women entering the sector.  

 

What would your advice be to anyone reading this and thinking about a green job? 

For women in particular, the sector is increasingly acknowledging and talking about the gender 
gap in engineering. This needs to begin early on, selecting the right GCSE and A-Level courses 
is necessary, and not doing so can exclude people from accessing the relevant skills to pursue 
a career in engineering.  There are many factors to contend with when accessing a career 
in engineering, including systemic and ingrained stereotyping of women, as well as cultural 
and unconscious bias.  

 

How can employers, educators and government make it easier for young people to 
access good green jobs like yours?  

Schools	should	help	students	who	have	an	interest	and/or	aptitude	to	choose	the	relevant	
GCSE and A-Level subjects. I believe there is a responsibility for industries to go into schools 
and promote the opportunities, using female role models if possible. If you only see men in the 
engineering roles, you can’t imagine it’s for you. You struggle to be what you can’t see.  

Matthew Snelling, 26, is a Peatland 
Restoration Officer at the Yorkshire 
Wildlife Trust.  
 

How did you get into your role? 

Like most people who do what I do, my interest 
started by visiting nature reserves at an early 
age. I didn’t know exactly what I wanted to do, 
but I knew I wanted to work outside so I studied 
biology and ecology at Newcastle University. 
Following university, I volunteered at the RSPB and 

567  



75

the	Yorkshire	Wildlife	Trust	while	working	an	office	job	to	get	by.	I	also	did	an	internship	with	
the Yorkshire Wildlife Trust. 

 

What appealed to you about a career in nature restoration? 

I really love being outdoors, and this was the main driver to wanting a green job and being 
involved in a job that is increasing nature in the world. I couldn’t imagine working in a role that 
wasn’t in nature, and I was way more motivated to do a green job, even though there was no 
guarantee of a permanent role. I want to stay in this line of work, and I’ve learnt so many skills, 
from project management to technical skills. There are huge opportunities in sustainable and 
green jobs.  

 

What’s your experience been like working in a green job? 

There’s an expectation with these types of role that you will have a degree but going to 
university is a big luxury.  

There’s also an expectation that you should work for free for a while, which I did, but I felt this 
was	really	valuable	as	it	allowed	me	to	upskill	and	learn	about	different	roles.	It’s	tough	finding	
volunteering	opportunities	that	fit	your	schedule,	so	you	have	to	sacrifice	by	working	in	jobs	
you don’t particular like. I was lucky that I didn’t have to rent, and my family could support me.  

 

What would your advice be to anyone reading this and thinking about a green job? 

My advice is to keep going and keep trying. Look for alternative experiences, such as 
mentoring	and	volunteer	opportunities,	so	you	can	build	up	your	confidence	and	skill	base.	
Environmental jobs list volunteering and internships, so you can look there to start off with. But 
there are so many young people not even waiting for jobs to be advertised, and just going for it; 
I recently spoke at a youth conference in Manchester, and it was really inspiring to see lots of 
young people making their own opportunities.  

There’s huge demand and appetite for environmental jobs from young people, and they’ll be 
basing their decisions on future jobs around the environment.  

 

How can employers, educators and government make it easier for young people to 
access good green jobs like yours?  

We should be doing more to educate people on the different job opportunities that are out 
there – I would’ve loved to have volunteered while studying to help prepare me for future roles 
if I’d known that was an option.  

Investment now can lead to a huge amount of delivery in the future; there’s massive demand 
across Wales and Scotland to restore peatland, but we need the people to do that job.  

It’s up to the government to invest in green jobs and in organisations to fund habitat 
restoration and teach young people how to do that job. Investing in organisations to ensure 
people can attend courses and train young people would be very worthwhile.  
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Nick Sheward, 29, is a Product 
Manager at sustainable bank 
Triodos.

How did you get into your role? 

I studied economics and geography at 
university, and after a brief stint volunteering at 
a	local	recycling	centre,	I	found	a	job	at	a	finance	
company. This gave me professional experience 
in the sector, but the company didn’t really 
align with my values – it was mainly focused on 
maximising	profit.	I	started	building	up	my	knowledge	
of ethical investment, which is when I came across 
Triodos Bank UK. After a successful interview, I joined the 
team. That was 5 years ago, and I haven’t looked back since. 

What appealed to you about a career in sustainable finance? 

I wanted a job that aligned with my values and wanted to achieve something that I felt was 
more socially valuable. When I left university, I was actively looking for a job in sustainability 
but	found	it	very	difficult.	Fresh	from	studying	and	with	no	experience,	I	discovered	there	
were very few entry level jobs in sustainable sectors. I tried out for jobs in environmental 
consultancy, project management and waste management, but it’s a very small pool and very 
competitive.	That’s	why	I	went	for	a	job	with	a	finance	company	–	so	I	could	gain	relevant	
experience and work towards my goal of a green job. 

What’s your experience been like working in a green industry? 

Triodos	are	specialists	in	all	kinds	of	sustainable	finance,	so	it	felt	like	my	background	was	
a	natural	fit	with	their	ethos.	They	provide	opportunities	to	gain	a	wider	understanding	
of what you’re working towards and the impact it’s having, and it helps you build a better 
understanding of environmental and social challenges.  

We face some challenges of our own – funding things like customer and co-worker services 
that you’d get in a big bank are harder, as it’s a niche area. Although Triodos is good at tracking 
and reporting positive impact, it’s hard to benchmark as there isn’t an agreed industry standard 
and transparency is one of the big challenges in the big banking sector. 

 

What would your advice be to anyone reading this and thinking about a green job? 

No experience is bad experience. Participate in projects, volunteer work and wider activities 
that you’re interested in and passionate about. 

Imagine	the	different	job	roles	you	take	on	as	stepping	stones,	and	get	as	many	qualifications	
and as much experience out of them as possible. These jobs will equip you with key skills and 
help you transition to the job you really want.  

Research what you’re interested in and passionate about and think about the underlying core 
skills, and how you might acquire those skills in a professional capacity in order to help achieve 
your goal. 
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How can employers, educators and government make it easier for young people to 
access green jobs? 

There’s a shortage of jobs in the green sector, and neither government nor business are doing 
enough to right the imbalance between the aspiration for green jobs and what’s actually 
available.  

We’re not short on educated and highly motivated young people, instead it’s a shortage of 
employers and jobs. Government should fund programmes and initiatives that encourage 
more companies working in green sectors, which would then generate more jobs. 

More should be done to provide work placements and apprenticeships to help kids get an 
understanding of what’s out there and what the roles are like.

Pete Statham is a Sustainability 
Manager at Carlsberg Marston’s 
Brewing Company and Carlsberg 
Group. 

How did you get into your role?  

I’ve been interested since school about issues 
like the climate crisis and sustainability, so 
studied geography, followed by an MSc in 
sustainable development. It was during my MSc 
that	I	learned	how	businesses	can	make	a	significant	
impact on green and sustainable futures. I started an 
internship at a sustainability consultancy where I worked 
my way up the ranks for 6 years. From there I got my role 
as Sustainability Manager at Carlsberg, where I lead on the 
implementation of Carlsberg’s sustainability plan in the UK, as well as 
communications for the Carlsberg Group. 

What appealed to you about a career in sustainable business? 

My geography degree had a strong environmental focus and helped me to understand the 
crisis we’re facing. I wanted to do something about it and saw the huge opportunity for 
business to make an impact through its ability to invest and innovate. Although sustainability 
has been discussed for a long time, it’s only really become mainstream in the last few years. I’m 
fortunate to be working in this sector while it’s rising in prominence and it’s an exciting place to 
be. It’s also a good career move with long-term prospects and the opportunity to do something 
that makes an impact.

 

What’s your experience been like working in a green job?  

Working in sustainability comes with its challenges. You’re constantly balancing priorities like 
budgets, resource and time. And despite working all the hours in the day, there’s always more 
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you could do. It also takes strong negotiation skills – getting people on board with your ideas 
isn’t always easy, but there’s huge satisfaction when you do.  

 

What would your advice be to anyone reading this and thinking about a green job?  

Look for advertised jobs on platforms like LinkedIn but be aware that there are lots of entry 
level jobs that aren’t advertised. Get in touch with people who have the job that you want in the 
future	and	find	out	how	they	got	there	and	any	advice	they	can	share.	The	green	jobs	sector	
is so wide-ranging, and people often ask whether you need a degree or even a masters. But 
personally, I think work experience is incredibly valuable. Think outside of what you’re directly 
aiming for and whether there’s an alternative route to it. For example, after graduating I found 
a job doing door-to-door surveys on sustainable travel. While not what I wanted to do long-
term,	it	showed	my	eagerness	to	work	in	the	sector	which	definitely	helped	with	the	next	step.	
Most importantly of all, read around the topic. Sustainability encompasses lots of issues and 
employers will want the candidates who have a passion and understanding for the issues and a 
point of view to share.

 

How can employers, educators and government make it easier for young people to 
access good green jobs like yours?  

I’m very fortunate to have done both an undergraduate and a postgraduate degree. 
Investment	in	education	is	key.	But	first	we	need	the	demand	for	employment	in	this	space.	
There’s huge opportunity in the recovery from the pandemic for businesses and governments 
to invest in a better, more sustainable and low-carbon economy. The measures we’ve seen so 
far are a start, but there’s much more to be done.

Sam David, 26, is Technical Account 
Manager for Product Experience at 
Demand Logic, a software tool for 
property managers and building 
contractors.  
 

How did you get into your role? 

I studied Astrophysics at university but didn’t 
want to go down the traditional academic 
route. So I took a chance and followed a lead 
from someone I knew who worked in software 
development for a small company, and ended up 
learning on the job. I was inspired by how tech can be 
used to solve problems and started looking for companies 
that worked with disruptive tech and solved problems.   

Demand Logic are a company that provide an intelligence platform based on collected data, 
which	enables	users	to	run	their	building(s)	more	efficiently.	I	work	on	the	customer	facing	
end helping people to use the tech as well as suggesting ideas to make their company more 
efficient.			
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What appealed to you about a career at Demand Logic? 

I wanted to work at a job that made a difference, so I tagged “sustainability” or “green tech” 
on to job searches. You get more from it than purely the salary package, and I couldn’t imagine 
doing anything else. Everyone in this company is passionate about sustainability – to be 
honest, I don’t think I’d work in a role that wasn’t a green job. It’s refreshing to work in a place 
that	wants	to	fix	problems	and	being	part	of	this	community	will	make	it	easier	to	get	a	green	
role in the future.  

 

What’s your experience been like working in a green job? 

I love that everyone in the company is passionate about working in a sustainable way. It’s 
inspiring to learn about some of the great stuff our team is doing, including in their own time. 
Working at Demand Logic, where all the founders are still a part of the company, it feels very 
personal – so everyone is heavily invested in the work they are doing. I can’t think of anything 
else I would rather be doing. Working in a green job has really made me aware of the problems 
we	are	facing,	and	it’s	really	refreshing	being	part	of	fixing	some	of	those	things.		

What would your advice be to anyone reading this and thinking about a green job? 

The company is almost as important as the role. There are all sorts of roles within green 
companies, it’s important that you are enthusiastic about what they do. I’ve found learning how 
to link up with people on LinkedIn and build a network is very useful.  

 

How can employers, educators and government make it easier for young people to 
access good green jobs like yours?  

The government can help by improving further education options. Apprenticeships have 
mainly been manual jobs, but I think this can be widened by offering young people more 
advice on different job options. It would be great to be able to search for a company based on 
sustainability so people can choose who they want to work for. Lots of companies would love 
to	be	more	sustainable	but	could	be	finding	it	difficult	especially	during	the	COVID	crisis	so	it	
would be good to get government support to help.  

There is a real appetite from young people to want to go into the green jobs. I don’t feel 
like we were really taught about the climate crisis at school, and its impact on jobs. I’d 
like to see apprenticeships improve and to see a mailing list to update on policy and 
changes. Sustainability will become a bigger part of everyone’s lives and with the current 
changes to remote working which allows people to pick and choose where they work. I think 
if you’re a company and you don’t have a sustainability policy, you’ll struggle to attract young 
people to your roles. 
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Will Bickerton, 24, is a Clean 
Energy Specialist (Customer 
Service) at Good Energy. 

How did you get into your role?  

I studied Environmental Sciences at Bristol 
University, where I became really interested in 
renewable energy. I made the most of university 
support, attending workshops on CV writing 
and interview prep. To complement my academic 
background,	I	undertook	some	volunteering	–	first	
in Uganda, looking at water contamination, and then 
at a water charity. I wanted to stay in Bristol, so I worked 
full time in a restaurant while looking for opportunities in the 
green economy. I think my determination to work for a green 
company helped keep me motivated. Seven months after graduating, I secured my role at 
Good Energy, which I came across through a recruiter on LinkedIn.  
 

What appealed to you about a career in green energy? 

I’ve always had a connection with nature and enjoy walks and being outside. Studying 
Environmental Sciences at university fostered my interest in a green role and introduced me 
to a breadth of issues, including sustainable development, green energy and pollution and 
climate	change	modelling.	I	became	aware	of	global	issues	and	how	CO2	emissions	limit	our	
future. I wanted to be part of a company actively combatting climate change — an organisation 
committed	to	fighting	the	good	fight.	I	finds	the	work	is	rewarding	—	if	Good	Energy	performs	
well,	I	have	made	a	personal	contribution	to	tackling	CO2	emissions.		

What’s your experience been like working at Good Energy?  

I	find	working	at	Good	Energy	like	being	in	a	collective	of	like-minded	people	—	everyone	
has the same mindset and values. Good Energy walks the walk— when looking for a new HQ, 
they	wanted	to	maximise	efficiency	and	preserve	trees.	Another	positive	is	that	there’s	a	
big push to develop talent. Good Energy have hired a lot of graduates who want to harness 
their passions and develop a career. There’s a lot of opportunity for growth in learning and 
development, which is rewarding.  

Working	during	a	pandemic	has	been	difficult	because	of	the	barriers	to	casual	conversation	
and	connecting	with	your	colleagues	within	an	office	setting,	but	Good	Energy	has	instituted	
connectivity sessions which has really helped.   

 

What would your advice be to anyone reading this and thinking about a green job?  

Make	the	most	out	of	the	resources	available	to	you:	use	free	resources	at	university,	including	
workshops, placement years and alumni services. Network — use LinkedIn and keep your 
profile	developed	and	keep	marketing	yourself.	Build	a	rapport	with	a	recruiter;	I	googled	
“green recruiters in the South West” and attended networking events to build my list of 
contacts.  

Be resilient and believe you’ll get the job you want. Passion is the biggest thing employers look 
for, and you can’t fake it. 
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And	I	recommend	practising	5	seconds	of	courage	—	try	something	you	find	daunting	and	just	
throw your hat in the ring.  

How can employers, educators and government make it easier for young people to 
access good green jobs like yours?  

It’d be good if students received more practical support from academic institutions, such 
as free courses, good alumni services and employability workshops. If companies linked 
with colleges then that might open up more apprenticeships and work experience, allowing 
students	to	have	experiences	that	they	can	refer	to	during	job	interviews.	And	finally,	funding.	
We need government funding for jobs with companies with green credentials to promote a 
more inclusive and diverse workforce.
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Appendix 1. Methodology for modelling future wage scarring from 
youth unemployment by area

Our	analysis	focuses	on	unemployed	16-24	year	olds.

Each	data	point	representing	the	scarring	effect	reflects:	
• Current (December 2020) youth unemployment by local authority (by gender and age 

bracket); 
• Local salary levels (by gender) in each local authority;
• Regional projected trajectory of median earnings over time, by gender;
• Scarring	projection	(following	one	of	three	sets	of	estimates)	over	20	years,	specific	to	

gender, age bracket at unemployment, and optionally length of unemployment.

The model does not account for migration (between UK areas or in and out of the UK), future 
economic shifts (such as the levelling-off of the gender pay gap), or future economic crises 
that may result in other mass unemployment spells.

The calculations and sources behind the variables are explained in further detail below. 

Unemployment for 18-24 year olds for each local authority by gender was estimated using 
the Claimant Count for December 2020, published on 26 January 2021. The Claimant Count 
reflects	the	number	of	people	claiming	Jobseeker’s	Allowance	plus	the	number	of	Universal	
Credit claimants who are required to look for work.1

For	16-17	year	olds,	the	Claimant	Count	significantly	underestimates	unemployment	due	to	
unavailability	of	JSA	/	Universal	Credit	to	16-17	year	olds.	Therefore,	unemployment	for	16-17	
year olds in each local authority was estimated by scaling up the local authority’s Claimant 
Count, in proportion to the regional Claimant Count to regional unemployment for 16-17 year 
olds	as	represented	in	ONS’s	Regional	labour	market	statistics	(using	an	average	coefficient	
calculated	from	regional	Claimant	Count	and	ONS	unemployment	data	points	for	this	age	
bracket	from	the	8	months	from	March	-	October	2020).	

Future earnings trajectories (unscarred) were modelled following the current distribution of 
both	median	and	mean	wages	by	age,	by	gender	and	by	region	in	the	ONS	2020	Annual	Survey	
of Hours and Earnings. (Data on wage distribution by age is not available at a local authority 
level.) It is assumed that future wages follow current patterns by age and gender, and that 
wages	keep	up	pace	with	price	inflation	(in	other	words,	the	calculation	reflects	future	lost	
wages in today’s currency). In order to model the scarring effect, average (median) wages for 
each age category were expressed as a proportion to the overall median wage for all workers 
in a given region.

Appendices

1	https://commonslibrary.parliament.uk/research-briefings/cbp-7927/
2	https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.397.6821&rep=rep1&type=pdf

575  



83

Scarring effect: We reviewed eight studies estimating the effect of unemployment spells 
on future wages. Studies were excluded from modelling for a number of reasons, including 
not	reflecting	UK	data,	or	focusing	on	people	in	one	continuous	employment	following	
unemployment. For the three remaining studies (Gregg and Tominey 20052,  Gregg and 
Tominey 20043,  and de Fraja et al 20174	),	coefficients	that	represented	scarring	effects	on	
wages over 20 years by gender, length of unemployment, and age were calculated from the 
results	marked	as	statistically	significant	in	each	study.	

The three separate estimates presented in our model are based on 1) the lower-end 
coefficients	for	scarring	for	men	in	Gregg	and	Tominey	2004b,	alongside	coefficients	for	
women	from	Gregg	and	Tominey	2004a;	2)	the	higher	coefficients	for	scarring	for	men	in	
Gregg	and	Tominey	2004b,	alongside	the	coefficients	for	women	from	Gregg	and	Tominey	
2004a;	3)	the	coefficients	for	scarring	from	de	Fraja	et	al	2017.	For	example,	a	man	who	
was unemployed for a year at age 18-20, is projected to experience wage scarring at age 33 
(comparative to his potential “un-scarred” wage) of 14.9% in estimate 1, 19.7% in estimate 2, 
and 26% in estimate 3.

The	coefficients	were	extrapolated	to	cover	gaps	in	ages	where	those	existed	(e.g.	if	data	
only covered the ages of 23, 33 and 42, then assuming that the scarring effect follows a linear 
regression from age 23 to age 33, and age 33 to age 42). 

Where no data was given for scarring effects affecting unemployed 16-17 year olds, a 
conservatively smaller scarring effect was assumed proportionate to unemployed 18-19 year 
olds. The de Fraja et al 2017 study reports no scarring effect for unemployed 24 year olds, and 
no scarring effect beyond the age 40. This is included in our model.

Based	on	the	projected	scarring	coefficients	covering	the	ages	16-42,	alongside	the	projected	
future	earnings	trajectories	by	region	(as	above),	region-specific	20-year	scarring	multipliers	
on the average salary were calculated for three age groups – those currently experiencing 
unemployment at age 16-17, those at age 18-21, and those at age 22-24 (to match age groups 
represented in Claimant Count data). 

Earnings by Local Authority and by region were sourced from the 2020 Annual Survey of 
Hours	and	Earnings.	Our	modelling	uses	the	30th	percentile	of	earnings	by	area,	to	ensure	
a	conservative	estimate	and	reflect	the	fact	that	youth	unemployment	disproportionately	
affects people without university degrees, who are likely to have lower earnings later in life.5  
To compare, if calculations are based on mean wages, the estimate of scarring across England 
and Wales is a much higher £44 billion - £53 billion.

Multiplying	the	region-specific	20-year	scarring	multipliers	with	the	unemployment	estimates	
by age bracket for each area and with the median salary for each area, we derive the estimate 
for scarring by local authority.

3	https://www.bristol.ac.uk/cmpo/publications/papers/2004/wp97.pdf
4	https://www.york.ac.uk/media/economics/documents/seminars/2016-17/The%20Wounds%20That%20Do%20Not%20
Heal.pdf
5 Thanks to Paul Gregg for commentary on this point.
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Appendix 2. Existing apprenticeship standards that can help deliver the 
zero-carbon transition, by sector

Agriculture, environmental and 
animal care Transport Engineering and manufacturing

Countryside ranger
Agriculture or horticulture professional 
adviser
Water environment worker
Arborist
Forest operative
Fencing installer
Land-based service engineering 
technician
Sustainability business specialist  
(integrated degree)
Countryside worker
Environmental practitioner (degree)
Landscape or horticulture supervisor
Crop technician
Horticulture or landscape operative
Land-based service engineer
Ecologist

Bicycle mechanic
High speed rail and infrastructure 
technician
Passenger transport driver - bus, coach 
and tram
Passenger transport onboard and station 
team member
Passenger transport operations 
manager
Rail and rail systems engineer
Rail and rail systems principal engineer 
(integrated degree)
Rail and rail systems senior engineer 
(degree)
Rail engineering operative
Rail engineering technician
Rail infrastructure operator
Railway engineering design technician
Road surfacing operative
Train driver
Tramway construction operative
Transport planner (degree)
Transport planning technician

Automation and controls engineering 
technician
Automotive glazing technician
Composites technician
Compressed air and vacuum technician
Construction equipment maintenance 
mechanic
Electrical or electronic technical support 
engineer (degree)
Electronic systems principal engineer
Engineer surveyor
Engineering design and draughtsperson
Engineering	fitter
Engineering manufacturing technician
Engineering operative
Engineering technician
Fenestration fabricator
General welder (arc processes)
Lifting equipment technician
Maintenance and operations engineering 
technician
Manufacturing engineer (degree)
Manufacturing manager (integrated 
degree)
Material cutter
Materials process engineer (degree)
Materials science technologist (degree)
Metal casting, foundry and 
patternmaking technician
Metal fabricator

Digital Health and science
Business and administration, and 
procurement

Network engineer
Data technician
Network cable installer

Environmental health practitioner 
(integrated degree)
Research scientist
Regulatory affairs specialist
Technician scientist
Metrology technician
Food industry technical professional 
(integrated degree)

Sustainability business specialist 
(integrated degree)
Quality practitioner
Operational	research	specialist
Systems thinking practitioner
Regulatory	compliance	officer
Supply chain leadership professional 
(integrated degree)
Procurement and supply assistant

Energy Marine and offshore Buildings and retrofitting

Community energy specialist
Electrical power networks engineer
Electrical power protection and plant 
commissioning engineer
Gas network operative
Junior energy manager
Power network craftsperson

Able seafarer (deck)
Boatmaster
First	officer	pilot
Harbour master
Marina and boatyard operative
Marine engineer
Marine Pilot
Marine surveyor (degree)
Marine technical superintendent 
(degree)
Maritime mechanical and electrical 
mechanic
Port	marine	operations	officer
Port operative
Workboat crewmember

Asbestos removal operative
BEMS (building energy management 
systems) controls engineer
Bricklayer
Building control surveyor (degree)
Building services design technician
Building services engineering 
craftsperson
Building services engineering installer
Building services engineering site 
management (degree)
Building services engineering technician
Commercial thermal insulation operative
Dual fuel smart meter installer
Facilities management supervisor
Fenestration installer
Floorlayer
Industrial thermal insulation technician
Installation electrician and maintenance 
electrician

577  



85

Painter and decorator
Plasterer
Plumbing and domestic heating 
technician
Refrigeration air conditioning and heat 
pump engineering technician
Roofer
Scaffolder
Smart home technician

Other construction Protective Services Circular economy and recycling

Construction plant operative
Construction design and build technician
Construction site management (degree)
Construction site supervisor
Construction assembly and installation 
operative
Groundworker
Hire controller (plant, tools and 
equipment)
Structural steelwork erector
Engineering construction erector rigger
Industrial coatings applicator
Structural steelwork fabricator
Formworker
Piling attendant
Construction site engineering technician
Geospatial survey technician
Electrical, electronic product service and 
installation engineer
Engineering	construction	pipefitter
Building services design engineer 
(degree)
Civil engineer (degree)
Civil engineering technician
Steel	fixer

Fire safety inspector
Safety, health and environment 
technician
Water network operative
Water process operative
Water process technician
Water treatment technician

Waste resource operative
Metal recycling technical manager 
(MRTM)
Metal recycling general operative
Digital device repair technician
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Appendix 3. Future wage scarring impacts by Local Authority; Green 
Apprenticeships targets by Local Authority

Table 18. Future wage scarring impacts by Local Authority, if long-term youth unemployment 
equals current youth unemployment level, and Green Apprenticeship starts targets.

Area

Unemployed 
young 
people 
(estimate, 
Dec 2020)

Economic scarring estimate 
(£ lost wages over 20 years)

After 1 year's 
unemployment, over the 
next 20 years an average 
18-21 year old loses... (£)

Green 
Apprenticeship 
starts target 
over 3 years

(min) (max) (min) (max)

Darlington 1263 76,479,811 83,893,581 58,984 77,816 590

County Durham 5405 299,935,982 348,802,772 57,348 75,279 2530

Hartlepool 1184 58,143,794 70,661,004 50,329 67,754 550

Middlesbrough 2109 98,140,029 122,736,968 50,931 65,838 990

Northumberland 2952 160,876,384 188,854,492 53,712 70,148 1380

Redcar and 
Cleveland

1449 70,683,457 85,209,144 49,534 65,368 680

Stockton-on-Tees 2093 114,176,330 140,433,981 56,414 73,532 980

Gateshead 2149 105,062,907 129,890,279 53,867 69,513 1010

Newcastle upon 
Tyne

3214 149,755,840 196,079,519 54,504 71,616 1500

North Tyneside 1849 101,837,719 126,145,307 58,197 76,859 870

South Tyneside 1719 82,570,928 105,122,537 53,399 71,262 800

Sunderland 3114 153,344,569 191,036,509 54,259 71,861 1460

Blackburn with 
Darwen

1696 73,725,876 95,177,201 50,573 66,104 790

Blackpool 2176 98,791,852 114,667,987 46,033 64,033 1020

Cheshire East 2051 107,899,905 143,327,575 59,389 78,978 960

Cheshire West and 
Chester

2301 116,562,425 152,427,149 58,671 77,715 1080

Halton 1205 62,975,356 80,051,246 57,537 76,941 560

Warrington 1411 73,983,733 88,118,450 55,557 73,717 660

Allerdale 550 26,075,245 36,642,954 58,796 75,952 260

Barrow-in-Furness 635 44,004,154 54,101,437 76,602 97,698 300

Carlisle 751 41,163,313 47,312,822 57,027 76,007 350

Copeland 350 No data No data No data No data 160

Eden 180 7,474,861 11,571,234 56,444 72,262 80

South Lakeland 335 18,917,475 23,067,334 61,074 78,770 160

Bolton 3628 184,652,366 217,197,268 55,192 71,526 1700

Bury 1801 99,138,535 116,263,226 57,116 77,785 840

Manchester 7307 307,185,994 419,805,753 50,154 67,478 3420

Oldham 3126 147,002,590 185,954,732 51,825 70,355 1460

Rochdale 2326 102,309,113 129,588,384 48,498 65,882 1090

Salford 2946 135,165,482 173,159,083 51,596 68,409 1380

Stockport 2246 111,449,925 143,527,852 55,137 73,700 1050

Tameside 2476 115,675,639 141,780,273 51,730 68,746 1160
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Trafford 1555 76,217,228 104,384,500 57,631 77,814 730

Wigan 2951 152,873,777 190,535,107 54,460 72,942 1380

Burnley 1181 59,769,014 67,619,773 52,571 70,068 550

Chorley 655 32,625,765 39,646,483 54,825 74,539 310

Fylde 570 35,032,813 43,760,919 68,542 89,233 270

Hyndburn 1021 52,399,315 59,927,215 52,332 68,828 480

Lancaster 1040 48,117,853 65,732,769 54,616 70,226 490

Pendle 790 No data No data No data No data 370

Preston 1451 69,935,049 84,709,832 52,836 70,659 680

Ribble Valley 245 12,047,660 16,730,073 61,300 81,284 110

Rossendale 615 No data No data No data No data 290

South Ribble 715 34,926,938 42,429,660 52,952 70,653 330

West Lancashire 916 46,889,374 58,150,578 52,767 70,917 430

Wyre 881 44,871,527 52,842,437 53,047 71,295 410

Knowsley 1921 93,750,222 112,865,680 52,957 71,725 900

Liverpool 5937 286,027,196 380,564,493 54,928 73,457 2780

Sefton 2461 No data No data No data No data 1150

St. Helens 1675 85,931,487 109,065,165 56,542 74,685 780

Wirral 2986 143,179,549 181,242,195 53,727 72,086 1400

East Riding of 
Yorkshire

1905 102,079,621 124,253,910 57,592 75,723 890

Kingston upon Hull, 
City of

3625 170,492,806 212,279,566 51,149 67,939 1700

North East 
Lincolnshire

1538 82,275,528 103,690,493 60,096 77,670 720

North Lincolnshire 1451 82,156,150 93,935,283 57,322 75,387 680

York 1158 52,626,033 69,179,568 53,356 69,932 540

Craven 200 9,991,446 13,116,166 58,174 77,454 90

Hambleton 387 20,680,740 23,499,377 55,726 73,410 180

Harrogate 769 39,817,941 45,640,904 54,573 72,394 360

Richmondshire 311 No data No data No data No data 150

Ryedale 190 No data No data No data No data 90

Scarborough 787 41,086,961 50,056,773 55,552 74,234 370

Selby 405 18,888,288 25,973,879 56,431 73,856 190

Barnsley 2240 107,694,247 135,189,896 52,486 69,972 1050

Doncaster 3325 170,803,361 214,155,959 58,552 74,742 1560

Rotherham 2634 121,578,177 152,598,942 51,754 67,368 1230

Sheffield 5426 253,343,276 331,792,479 54,797 70,741 2540

Bradford 7302 349,508,347 434,975,874 53,787 70,392 3420

Calderdale 2196 122,376,008 145,403,762 59,461 81,073 1030

Kirklees 4154 204,424,338 258,180,422 56,220 73,691 1940

Leeds 8609 463,365,768 569,573,783 59,030 78,386 4030

Wakefield 2941 145,825,724 175,592,084 51,653 69,814 1380

Derby 3662 227,897,331 252,254,732 59,942 78,227 1710

Leicester 4524 227,205,070 251,715,666 51,900 69,987 2120

Nottingham 4544 231,332,031 259,682,555 52,505 71,465 2130
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Rutland 125 No data No data No data No data 60

Amber Valley 675 32,848,296 42,100,112 57,578 75,118 320

Bolsover 673 31,658,645 34,379,710 50,735 65,567 310

Chesterfield 983 54,055,050 65,190,080 56,498 74,133 460

Derbyshire Dales 270 No data No data No data No data 130

Erewash 958 56,430,208 68,898,303 60,804 79,930 450

High Peak 515 24,212,477 32,822,928 58,233 73,873 240

North East 
Derbyshire

698 39,982,088 44,879,761 56,333 74,228 330

South Derbyshire 876 58,721,204 64,919,148 67,932 89,194 410

Blaby 836 55,132,219 61,653,875 68,145 88,419 390

Charnwood 1281 72,772,610 80,577,289 57,580 75,494 600

Harborough 365 18,307,500 24,761,415 61,878 83,289 170

Hinckley and 
Bosworth

520 26,373,167 34,766,123 62,518 82,002 240

Melton 220 9,115,463 12,379,312 No data No data 100

North West 
Leicestershire

515 23,879,472 33,221,691 55,491 73,639 240

Oadby	and	
Wigston

285 15,261,214 20,679,679 66,964 86,165 130

Boston 485 18,655,454 25,410,770 47,676 62,159 230

East Lindsey 1291 66,336,502 72,829,552 49,341 66,111 600

Lincoln 1444 74,538,045 82,235,276 50,980 67,173 680

North Kesteven 610 33,857,258 45,203,900 62,628 84,097 290

South Holland 778 46,463,238 50,315,631 62,826 82,699 360

South Kesteven 1156 65,096,620 71,025,117 56,919 75,647 540

West Lindsey 896 56,643,544 62,248,824 62,748 82,294 420

Corby 535 26,544,671 35,196,641 58,965 76,606 250

Daventry 440 No data No data No data No data 210

East 
Northamptonshire

400 23,382,001 31,784,813 72,222 93,211 190

Kettering 971 No data No data No data No data 450

Northampton 2026 114,555,861 137,220,940 61,012 80,316 950

South 
Northamptonshire

310 No data No data No data No data 150

Wellingborough 693 No data No data No data No data 320

Ashfield 1133 61,443,190 67,344,877 54,425 71,371 530

Bassetlaw 943 49,046,889 54,893,186 52,842 68,651 440

Broxtowe 610 27,631,121 40,686,517 59,576 77,305 290

Gedling 958 51,697,028 59,151,309 51,146 68,138 450

Mansfield 1126 60,150,233 66,289,059 49,916 67,719 530

Newark and 
Sherwood

839 43,624,887 52,904,710 51,397 66,845 390

Rushcliffe 435 20,181,069 31,057,439 63,231 82,683 200

Herefordshire, 
County of

1078 56,581,960 63,333,967 51,911 68,898 500

Shropshire 1928 86,255,633 108,072,785 49,458 64,819 900

Stoke-on-Trent 2890 150,943,921 181,182,989 56,335 75,364 1350
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Telford and Wrekin 2238 123,322,141 136,741,682 51,177 66,690 1050

Cannock Chase 879 44,979,670 51,479,953 55,212 71,859 410

East Staffordshire 799 43,408,756 50,323,357 59,486 78,981 370

Lichfield 545 32,688,977 44,145,320 68,981 91,628 260

Newcastle-under-
Lyme

1141 64,154,269 70,844,447 54,484 71,544 530

South 
Staffordshire

714 40,422,606 50,583,318 67,443 86,751 330

Stafford 724 38,752,469 48,314,730 58,496 75,904 340

Staffordshire 
Moorlands

509 31,974,859 38,309,814 No data No data 240

Tamworth 868 49,177,021 53,622,836 59,670 76,940 410

North 
Warwickshire

395 22,014,675 29,460,433 63,793 83,296 180

Nuneaton and 
Bedworth

1109 55,080,663 66,469,607 53,444 70,000 520

Rugby 753 46,067,444 49,965,200 62,645 85,570 350

Stratford-on-Avon 728 45,994,580 50,527,862 64,334 84,481 340

Warwick 774 41,492,628 50,967,265 62,005 81,134 360

Birmingham 19411 944,464,466 1,136,571,832 53,186 69,976 9080

Coventry 3710 184,231,993 230,558,674 56,089 75,615 1740

Dudley 3778 220,649,616 250,266,837 60,846 78,700 1770

Sandwell 4733 225,564,119 270,309,542 51,730 68,379 2220

Solihull 2076 No data No data No data No data 970

Walsall 3878 206,246,404 235,432,568 55,154 73,354 1810

Wolverhampton 3948 203,822,994 239,221,676 55,673 73,818 1850

Bromsgrove 639 32,737,068 41,807,847 59,194 78,094 300

Malvern Hills 534 25,226,294 30,534,276 46,872 61,768 250

Redditch 808 41,748,840 46,027,310 52,276 68,506 380

Worcester 988 49,322,097 56,619,515 52,401 68,969 460

Wychavon 655 30,327,591 39,641,683 53,875 70,470 310

Wyre Forest 923 55,590,091 61,195,719 No data No data 430

Bedford 1526 91,086,032 107,767,993 66,586 86,022 710

Central 
Bedfordshire

1821 119,785,724 133,479,886 66,074 87,477 850

Luton 2206 111,189,181 140,400,617 56,324 76,034 1030

Peterborough 2131 101,157,145 123,351,701 50,802 66,977 1000

Southend-on-Sea 2006 105,789,516 127,355,840 55,411 73,306 940

Thurrock 1596 No data No data No data No data 750

Cambridge 1026 68,959,747 74,517,937 69,350 93,831 480

East 
Cambridgeshire

310 16,868,754 22,721,373 63,625 83,670 150

Fenland 850 48,075,147 58,207,423 56,898 73,913 400

Huntingdonshire 1021 67,572,916 73,452,514 67,605 90,343 480

South 
Cambridgeshire

720 46,762,635 55,882,225 71,326 93,666 340

Basildon 1876 92,114,150 106,485,426 51,967 68,223 880

Braintree 1106 60,291,387 70,694,755 55,320 72,880 520
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Brentwood 445 No data No data No data No data 210

Castle Point 690 37,021,313 45,678,634 55,377 73,479 320

Chelmsford 1181 65,163,085 78,867,383 58,374 76,332 550

Colchester 1481 74,077,440 93,295,212 55,052 71,257 690

Epping Forest 1166 67,351,209 81,223,693 59,471 79,424 550

Harlow 790 38,032,899 51,831,100 58,854 77,190 370

Maldon 350 19,151,967 25,017,432 63,275 82,587 160

Rochford 515 No data No data No data No data 240

Tendring 1987 No data No data No data No data 930

Uttlesford 480 29,077,776 31,998,021 66,797 87,935 220

Broxbourne 835 No data No data No data No data 390

Dacorum 1121 69,413,149 84,239,814 65,706 85,531 520

East Hertfordshire 815 52,069,515 66,565,972 69,700 91,257 380

Hertsmere 810 51,597,249 60,040,322 67,465 91,519 380

North 
Hertfordshire

800 51,222,999 64,918,698 71,626 92,025 370

St Albans 730 44,243,751 58,701,656 75,504 97,497 340

Stevenage 645 36,210,307 47,372,242 64,704 84,262 300

Three Rivers 680 39,990,973 52,532,368 69,588 89,265 320

Watford 805 48,898,110 59,301,730 70,027 93,993 380

Welwyn	Hatfield 1081 67,763,307 73,248,189 63,695 87,355 510

Breckland 981 49,262,626 54,173,347 49,094 64,688 460

Broadland 610 No data No data No data No data 290

Great Yarmouth 1256 61,173,868 67,554,354 46,893 61,561 590

King's Lynn and 
West Norfolk

1161 58,389,302 69,621,250 51,710 66,867 540

North Norfolk 425 18,640,021 25,581,396 51,214 65,941 200

Norwich 1445 66,937,247 85,143,348 54,877 72,633 680

South Norfolk 675 34,417,634 41,585,650 57,744 75,535 320

Babergh 610 30,567,058 36,867,779 54,011 70,474 290

Ipswich 1376 65,617,349 81,444,829 50,666 65,196 640

Mid Suffolk 565 No data No data No data No data 260

East Suffolk 1841 103,502,957 124,289,837 58,050 74,055 860

West Suffolk 1061 62,668,035 70,229,544 58,377 77,637 500

Camden 2083 No data No data No data No data 970

City of London 30 No data No data No data No data 10

Hackney 3188 146,026,952 203,258,347 59,417 81,214 1490

Hammersmith and 
Fulham

1530 92,938,699 149,739,511 89,784 121,719 720

Haringey 3556 177,155,820 245,478,619 62,348 84,422 1660

Islington 2626 183,227,998 233,962,028 83,629 113,226 1230

Kensington and 
Chelsea

850 No data No data No data No data 400

Lambeth 4182 285,824,874 345,284,752 77,730 104,871 1960

Lewisham 4584 311,412,584 357,276,654 73,371 102,641 2150

Newham 4936 No data No data No data No data 2310

Southwark 3957 253,602,887 321,559,490 74,468 99,961 1850
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Tower Hamlets 4196 298,657,524 409,783,507 89,829 121,424 1960

Wandsworth 2571 195,125,056 250,159,558 92,712 132,552 1200

Westminster 1560 102,027,844 155,215,671 94,047 127,697 730

Barking and 
Dagenham

3076 160,593,402 209,380,326 60,205 79,990 1440

Barnet 3148 151,315,137 220,007,581 63,107 86,550 1470

Bexley 2409 162,966,026 183,287,026 68,431 92,927 1130

Brent 3678 158,485,503 231,748,440 57,480 78,115 1720

Bromley 2561 176,452,812 222,146,734 77,341 103,946 1200

Croydon 5542 324,799,052 380,364,127 60,489 81,929 2590

Ealing 3498 181,391,797 263,155,821 68,464 92,905 1640

Enfield 4232 212,946,472 255,854,438 56,725 76,922 1980

Greenwich 3737 244,029,137 287,755,378 70,686 97,212 1750

Harrow 2093 112,067,703 155,696,289 69,898 94,456 980

Havering 2526 154,698,782 193,397,005 67,385 88,717 1180

Hillingdon 3006 169,663,921 216,368,423 63,540 87,523 1410

Hounslow 3219 186,547,886 232,797,551 66,869 89,897 1510

Kingston upon 
Thames

1010 No data No data No data No data 470

Merton 1966 125,845,731 154,798,486 71,505 97,993 920

Redbridge 2968 153,605,912 220,596,068 66,991 90,029 1390

Richmond upon 
Thames

960 61,862,538 93,667,869 89,354 120,905 450

Sutton 1438 76,100,322 99,199,686 60,043 78,743 670

Waltham Forest 3188 170,024,954 232,260,407 67,933 90,570 1490

Bracknell Forest 815 52,432,029 58,911,702 65,682 87,328 380

Brighton and Hove 3120 143,000,262 199,758,337 57,774 76,739 1460

Isle of Wight 1250 64,017,875 76,859,435 53,785 70,846 580

Medway 2820 166,365,257 200,575,799 66,048 86,304 1320

Milton Keynes 2181 137,998,365 150,848,873 63,729 85,278 1020

Portsmouth 2055 110,831,598 138,488,378 60,165 83,626 960

Reading 1370 68,578,992 86,404,814 60,381 78,723 640

Slough 1435 90,271,266 113,848,252 71,420 93,885 670

Southampton 2951 159,056,399 189,055,774 58,345 75,908 1380

West Berkshire 760 39,018,421 55,022,315 61,311 82,898 360

Windsor and 
Maidenhead

810 52,611,688 71,071,372 73,317 98,465 380

Wokingham 705 35,729,886 53,129,532 65,508 87,383 330

Buckinghamshire 2775 149,136,443 204,526,580 63,944 85,652 1300

Eastbourne 1100 58,678,399 68,861,503 56,097 73,508 510

Hastings 1205 56,776,244 63,194,978 47,811 64,182 560

Lewes 910 55,032,566 62,476,158 60,420 80,961 430

Rother 930 39,114,234 42,708,040 42,479 56,539 440

Wealden 995 58,635,587 69,835,820 61,636 81,514 470

Basingstoke and 
Deane

1150 78,527,388 87,494,498 72,894 96,880 540

East Hampshire 515 No data No data No data No data 240
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Eastleigh 725 43,862,180 53,159,476 60,487 80,062 340

Fareham 610 No data No data No data No data 290

Gosport 615 35,404,414 44,920,821 60,516 80,576 290

Hart 440 27,696,976 31,792,771 70,750 91,628 210

Havant 985 48,766,520 60,984,918 54,808 73,496 460

New Forest 970 58,202,705 67,675,378 58,669 77,820 450

Rushmoor 660 40,176,769 48,032,906 63,558 85,758 310

Test Valley 745 47,043,027 52,820,405 60,183 78,787 350

Winchester 760 53,835,434 62,702,781 74,902 99,365 360

Ashford 1200 75,499,652 88,142,213 67,583 87,329 560

Canterbury 1410 72,402,906 91,392,626 54,156 72,956 660

Dartford 870 52,575,369 65,292,502 69,531 91,939 410

Dover 1210 65,898,063 79,876,283 56,218 73,733 570

Gravesham 1155 69,705,414 82,680,481 64,023 84,154 540

Maidstone 1140 No data No data No data No data 530

Sevenoaks 800 No data No data No data No data 370

Folkestone and 
Hythe

1170 62,507,590 72,851,805 57,281 73,875 550

Swale 1575 76,530,977 89,804,492 51,214 67,128 740

Thanet 1985 100,756,756 115,763,828 52,333 70,760 930

Tonbridge and 
Malling

700 No data No data No data No data 330

Tunbridge Wells 570 No data No data No data No data 270

Cherwell 925 56,401,791 61,531,552 63,971 85,385 430

Oxford 950 46,129,661 62,299,167 57,768 76,706 440

South	Oxfordshire 510 26,890,177 40,915,673 69,178 93,616 240

Vale of White 
Horse

695 44,471,862 49,893,248 67,717 87,599 330

West	Oxfordshire 565 31,848,228 39,772,292 59,014 79,011 260

Elmbridge 650 37,946,213 49,977,197 65,013 85,733 300

Epsom and Ewell 335 No data No data No data No data 160

Guildford 615 No data No data No data No data 290

Mole Valley 345 16,004,686 22,677,512 53,447 74,659 160

Reigate and 
Banstead

830 51,103,528 67,333,301 72,350 97,276 390

Runnymede 550 No data No data No data No data 260

Spelthorne 745 No data No data No data No data 350

Surrey Heath 425 24,535,381 38,273,354 78,812 103,867 200

Tandridge 470 24,259,177 34,027,919 64,958 86,195 220

Waverley 575 34,370,623 44,952,041 67,551 87,304 270

Woking 450 25,007,625 35,722,643 69,088 90,339 210

Adur 425 No data No data No data No data 200

Arun 1098 56,204,887 66,661,538 53,579 71,061 510

Chichester 545 22,124,771 32,840,625 53,359 70,675 260

Crawley 1164 70,557,355 85,563,497 69,954 90,727 540

Horsham 670 27,312,746 40,041,095 54,704 70,502 310

Mid Sussex 595 30,454,386 43,703,305 65,744 86,123 280
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Worthing 730 37,228,418 52,301,643 61,916 80,766 340

Bath and North 
East Somerset

1333 No data No data No data No data 620

Bristol, City of 4435 241,872,504 306,822,118 62,588 83,423 2080

Cornwall 5721 276,413,152 303,283,275 47,471 63,646 2680

Isles of Scilly 10 No data No data No data No data 0

North Somerset 1691 103,188,045 113,295,295 62,417 80,518 790

Plymouth 3193 168,804,978 184,383,062 52,360 71,170 1490

South 
Gloucestershire

1693 90,429,605 111,190,884 60,272 78,647 790

Swindon 2200 136,470,992 149,307,017 64,638 83,608 1030

Torbay 1392 66,473,476 72,275,883 48,329 65,161 650

Wiltshire 3194 171,009,472 194,544,255 53,384 69,684 1490

East Devon 749 46,824,212 56,358,619 62,530 83,266 350

Exeter 1152 57,083,263 62,268,286 50,534 66,832 540

Mid Devon 529 28,248,567 32,996,506 51,068 67,512 250

North Devon 734 34,859,488 38,142,058 47,083 64,293 340

South Hams 380 16,086,283 21,592,552 47,201 63,934 180

Teignbridge 1077 54,695,720 60,197,201 50,131 66,642 500

Torridge 400 18,218,304 24,931,672 49,206 64,360 190

West Devon 394 21,344,561 23,869,592 52,915 68,145 180

Bournemouth, 
Christchurch and 
Poole

3270 178,388,150 204,421,509 58,289 76,683 1530

Dorset 2028 103,512,400 128,498,658 55,403 72,137 950

Cheltenham 864 48,696,497 61,330,320 64,512 83,528 400

Cotswold 350 18,338,594 25,293,211 63,598 84,110 160

Forest of Dean 450 17,140,410 23,219,302 46,674 59,946 210

Gloucester 1084 52,603,276 62,608,170 52,185 68,612 510

Stroud 659 No data No data No data No data 310

Tewkesbury 559 28,839,996 31,282,111 56,016 72,287 260

Mendip 749 31,360,374 38,046,101 44,529 59,847 350

Sedgemoor 804 39,137,511 48,811,192 49,078 64,205 380

South Somerset 1078 57,713,104 65,500,760 53,283 69,139 500

Somerset West 
and Taunton

1023 55,664,296 60,904,207 54,015 72,353 480

Isle of Anglesey 537 25,316,259 29,462,349 47,211 66,305 250

Gwynedd 1033 46,632,279 54,460,588 46,394 61,288 480

Conwy 966 46,129,836 54,993,741 49,767 68,453 450

Denbighshire 946 43,227,756 51,716,003 47,182 66,210 440

Flintshire 1091 52,713,438 65,370,428 51,598 70,135 510

Wrexham 972 48,125,768 61,627,979 54,992 73,028 450

Powys 677 32,171,797 39,676,065 48,749 65,888 320

Ceredigion 531 No data No data No data No data 250

Pembrokeshire 1004 52,122,501 60,904,560 52,716 72,617 470

Carmarthenshire 1540 81,477,851 94,538,332 53,015 74,940 720

Swansea 2035 92,026,897 114,203,577 50,250 67,703 950
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Neath Port Talbot 1233 68,651,602 77,477,952 56,639 76,854 580

Bridgend 1196 59,484,362 74,854,843 55,468 74,717 560

Vale of Glamorgan 1096 55,995,035 67,968,645 55,875 78,244 510

Cardiff 3535 160,854,091 212,298,430 53,068 72,293 1650

Rhondda Cynon 
Taff

2296 108,971,406 139,219,553 52,494 70,893 1070

Merthyr	Tydfil 565 28,376,628 36,405,963 57,013 78,136 260

Caerphilly 1617 77,832,352 97,665,828 54,444 72,010 760

Blaenau Gwent 722 No data No data No data No data 340

Torfaen 926 45,881,880 56,580,449 55,641 73,154 430

Monmouthshire 582 33,299,679 40,093,854 61,369 82,006 270

Newport 1702 86,547,956 106,057,254 53,455 71,196 800
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Foreword by Chair –  
Mike Smith OBE, LEP 
Board Member

Cumbria’s £12 billion economy has an unusual 
polycentric industrial structure with strengths in 
agriculture/land-based industries and tourism 
on the one hand and in food manufacturing and 
nuclear and advanced manufacturing on the other. 

The Skills Advisory Panel (SAP) for Cumbria has brought 
together information and intelligence about skills successes, 
needs and challenges and works closely with leaders from 
across Cumbria’s economy and vibrant education and skills system.  

The progress made has been significant, building on the Cumbria LEP Skills Investment Plan, eight 
sector skills plans and developing a skills evidence base that supports the priorities set out in the 
people section of the draft Local Industrial Strategy.

The strategic imperatives relating to people set are reflected in the data and intelligence analysed 
to develop this report and can be summarised as follows:

• A declining working age population

• A thin pool of higher-level skills; and

• Cold spots of worklessness and deprivation

In response the SAP has developed a set of 5 priorities to address the challenges that underpin 
the strategic imperatives.  These priorities are:

• Making the best use of available talent

• Developing and retaining higher level skills in our economy

• Creating the future workforce and skills to meet the needs of our economy

• Developing our future leaders and managers; and,

• Addressing worklessness and youth unemployment

The SAP has also developed a range of interventions to deliver on these ambitions and provide 
a focus for innovative partnerships between employers and education/skills providers, to support 
workforce and skills development across the County.

These partnerships have never been more needed.  With changes to the labour market emerging 
at the end of the EU transition period and the impact on the economy of the Covid-19 pandemic 
the SAP has recognised that young people are increasingly concerned about their futures, 
employer’s skills needs are changing rapidly, unemployment is rising and the skills system is facing 
unprecedented challenges in providing support to learners as well as employers. 

These challenges, however also present opportunities for employers and the skills system to work 
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together to develop an offer that responds to the critical needs set out above but also the 
changes brought about by digitisation and the increasing drive to develop ‘green jobs’ in our 
economy.

The ability of the SAP to bring together intelligence from across the economy and skills system and 
develop responses to emerging challenges has been evident in our drive to simplify a complex 
skills and advice offer to enable individuals, communities and employers to benefit from the 
high-quality skills offer across our county. This report also builds upon the Business and Economic 
Response and Recovery Group of the Local Resilience Forum’s “Restart, Reboot, Rethink - A Plan 
for Cumbria’s Economic Recovery”. 

The conclusions emerging from the analysis of the skills landscape in this report are critical in 
driving improved productivity and growth across the economy.  These are:

•  the communication of careers and careers pathways are essential to developing, retaining 
and attracting talent to Cumbria

•  continued targeting of provision needs to be developed to ensure that skills and employment 
support reflects the changing labour market  

• continued development of the higher-level skills offer.

I am particularly delighted that we have been able to consult in the development of this report 
with young people who will form the workforce of the future and Cumbria’s future leadership.  Their 
thoughts and views are critical to the development of the work of the SAP and we will continue 
to ensure our talented young people contribute to the development and implementation of the 
SAP’s priorities. 

Finally, the SAP recognises that this report is just a starting point.  It identifies needs and strategies.  
It proposes actions.  It looks back at what has been achieved and looks forward to what must be 
done to continue our aspiration for inclusive growth at a time when there are significant changes 
in the labour market and the skills needed for employment.  The details in this report have been 
developed in partnership with employers, young people, schools, Colleges, Universities, voluntary 
and community sector, private training providers and Government Departments.  As the economy 
recovers, as our employers look to develop their workforce, as our young people look beyond 
uncertainty and to their future careers and as individuals look to gain employment, the SAP will 

continue the conversation with our partners in order to secure the on-going 
development of skills needed to support the Cumbrian economy.
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CHAPTER 2 - 
Introduction

Cumbria matters. Our economy generates 
£12 billion annually, we are home to 500,000 
peopleand attract some 47 million visits per 
annum. 

We fulfil a number of unique functions that 
make our polycentric economy significant 
nationally, namely our:

•  Unique geography and vital location

•  Special environment and strategic resources

•  People, business and economic assets

•  Major investment opportunities.

Cumbria has a complex and unique economic geography. As the 8th 
largest LEP area geographically (at 6,800 sq. kms) combined with a relatively low population, 
Cumbria overall has the lowest population density and economic output density (GVA per 
hectare) of any LEP area. Cumbria therefore has genuine space to grow. 

Our geography is not without its challenges: population and businesses are dispersed across 
Cumbria and travel to work and learn distances across different functioning economic areas are 
longer and more complex than in urban environments.

Cumbria sits at the heart of Britain – on vital cross-roads between England and Scotland, supporting 
critical north/south (M6/West Coast Mainline) and east/west links (A66 and A69).

Our close and historic ties to Scotland 
are reflected in the Borderlands Inclusive 
Growth Deal and in the daily flows of 
workers, shoppers and visitors between 
southern Scotland and north Cumbria. 
Carlisle acts as a sub-regional centre for a 
large part of the Borderlands geography 
(covering all of Cumbria, Northumberland 
and south Scotland). Cumbria is playing its 
full part in the Borderlands Inclusive Growth 
Deal providing strategic investment 
proposals related to digital infrastructure, 
renewable energy, place-making, 
better business premises, enhancing the 
higher education offer and knowledge 
exchange.

South Cumbria has strong housing and 
labour market links with northern parts 
of Lancashire – especially Lancaster – 
with a history of cross-border economic 
development activity around the 
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Morecambe Bay area. Lancaster University is closely involved in Cumbria, working in partnership 
with the University of Cumbria. Lancaster, South Lakeland and Barrow are working together on 
producing an Investment Plan for the Lancaster and South Cumbria region around Morecambe 
Bay, building on strengths in skills, energy, world class manufacturing and tourism.

The understanding of the skills needs and offer across the County is critical as Cumbria is the 
most self-contained LEP area in terms of travel to workflows (at the level of the overall LEP area).  
According to the 2011 Census, 96% of Cumbria’s residents worked in Cumbria and 94% of all jobs 
based in Cumbria were filled by Cumbrian residents. However, the County does not function 
as one single travel to work or functional economic area. The size and typography of Cumbria 
means that the county has a series of overlapping economic and housing areas centred on 
our main towns and city. The impact of technology and the current environment may have an 
impact on this that the skills system will need to consider.

Skills Advisory Panels: the national and local context

Skills Advisory Panels (SAPs) bring together employers, skills providers, and key local stakeholders 
to better understand and resolve skills mismatches at a local level. There are 36 SAPs across 
England as part of Mayoral Combined Authorities and Local Enterprise Partnerships.

The Department for Education (DfE) supports SAPs with grant funding primarily to produce high 
quality analysis of local labour markets and Local Skills Reports. The Reports set out the local 
strengths and skills needs and how the SAP proposes its area addresses its key priorities. The 
Reports aim to influence local partners and feed intelligence to central government, including 
the national-level Skills and Productivity Board (SPB).

In January 2021, DfE published its White Paper “Skills for Jobs: Lifelong Learning for Opportunity 
and Growth,” which set out a number of reforms aimed at putting employers more firmly at the 
heart of the skills system. The White Paper outlined plans to test in 2021-22, in a small number of 
areas, “Local Skills Improvement Plans” created by business representative organisations.

The White Paper committed to build on the work of SAPs to date. SAPs and their Local Skills 
Reports will continue as the DfE trailblazes “Local Skill Improvement Plans” and until any potential 
changes are made to a SAP’s remit and responsibilities.

The role of the Skills Advisory Panel in Cumbria is delivered by the Cumbria LEP People, Employment 
and Skills Strategy Group (PESSG), and this is the thematic arm of the Cumbria LEP Board for all 
employment, education and skills related issues and provide advice and recommendations to 
the LEP Board on future investment in line with the current and future needs of the Cumbrian 
economy.
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The SAP draws together leaders from employers, schools, Colleges, Universities, independent 
private training providers and voluntary and community sector organisations across Cumbria.

It provides guidance and support to the skills system to tailor provision to the needs of the 
current and future workforce to facilitate sustainable and inclusive economic growth.  It works 
with businesses to understand their employment and skills needs and encourage the continued 
upskilling of individuals to drive productivity and business growth.  The SAP champions inclusive 
growth ensuring that nobody is left behind and effective measures to tackle worklessness are in 
place. 

The membership of the SAP is, therefore, necessarily wide and reflects the specific geographies 
and distinct economies within Cumbria.

The membership of the group can be demonstrated as follows:
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This model places employers at the heart of the system, providing high quality intelligence and 
support to a skills system that has demonstrated its ability to respond. 

In addition to the involvement of employers at all stages of strategy and plan development, the 
Cumbria SAP model also includes the voice of young people as the SAP includes representation 
from the Cumbria LEP Futures Forum.

As detailed in the Executive Summary, a key priority for the SAP is the development of the 
future workforce.  It is therefore critical that our workforce of the future is able to comment 
on the development and delivery of SAP work.  The Cumbria SAP has representation from the 
LEP Futures Forum, a group of young people who support the LEP in the development of its 
strategies and plans.  In addition, the SAP also has also met with other young people to gather 
their views on the development of the Local Skills Report.

The SAP meets usually on a quarterly basis, however during the pandemic the group has been 
meeting more frequently.  In the early stages this was weekly as challenges to the continued 
delivery of skills to employers and young people were identified, with employers and the skills 
system working together to support learners and ensure progress was maintained.  

To maximise contributions to the work of the SAP, the work programme of the group is co-
ordinated with that of employer and skills system groups.  This is secured through the LEP Head 
of Skills and SAP members attending each Sector Panel and LEP Strategy Group, being a 
members of the Work Based Learning Provider Forum and the County’s Children’s Trust Board.

Details of the progress made with this report and skills strategies can be found here:

https://www.thecumbrialep.co.uk/skills/

If you are interested in getting involved in developing Cumbria’s skills offer contact:

Craig Ivison

Head of Skills

Craig.ivison@thecumbrialep.co.uk
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Chapter 3 – 
Skills Strengths 
and Needs

Summary
Cumbria has strong and effective partnerships 
between employers and the skills system to 
secure the skills the county needs.  

At a time of rapid change across the economy the 
need for these partnerships has never been greater to 
ensure that the skills offer reflects the changing demand 
for skills as a result of economic change, a declining 
working age population and the demand for increased higher 
level skills.

Cumbria LEP receives quarterly projections from Experian since before the pandemic and these 
are explored in more detail in Annex B but in summary, the pre-pandemic projections suggested 
a relatively static economy in Cumbria compared to growth nationally.  When pandemic impacts 
are factored in, they show a sharper decline in Cumbria and slower recovery, largely due to 
Cumbria’s reliance on the hospitality sector, together with the pre-existing slow rate of growth.

Whilst much of the local manufacturing base has been protected to some degree from the worst 
economic impacts of Covid-19, the same cannot be said for the substantial visitor economy which 
has been hugely impacted by repeated closures and travel restrictions which have effectively 
seen the sector endure “3 successive winters”.  The extensive use of furloughing, with parts of 
Cumbria consistently having the highest rates in the country, is evidence of the impact on the 
sector and its workforce and the reliance of other sectors in the county on trade from the visitor 
economy has also been exposed by the pandemic.  Migration changes resulting from the UK’s 
exit from the EU present a further challenge for a sector which has traditionally relied on overseas 
workers at peak times.

This has implications for the skills system to produce both new skills required by employers and 
employees but also the skills needed by employers facing a loss of skills through a declining 
working age population.

In addition to the skills strengths and needs set out in this chapter, there is an imperative to 
ensure those potential entrants to the workforce understand the opportunities available and the 
pathways into those opportunities.  This will require employers, the skills system, Careers Hubs and 
the National Careers Service to work together to ensure young people, unemployed residents 
and those considering career changes have access to simple, high quality, relevant careers and 
pathway information to help them make informed decisions about the opportunities available 
in the county.

Finally, to enhance the skills available to the sectors in our unique economy, partners, including 
the Cumbria Local Enterprise Partnership, are working together to promote opportunities for 
careers and employment within Cumbria beyond the county.
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The SAP has clearly set out the skills strengths and weaknesses of the county:

The challenges include:

• A declining working age population;

• A small pool of higher-level skills, and;

• Cold spots of worklessness and deprivation

The implications of these challenges are that employers report skills shortage vacancies where 
they cannot source the skills and talent they need, and they face increased workload, higher 
operating costs, and challenges in introducing new working practices.

This situation is likely to become more acute with the needs to develop have a direct impact 
on productivity, particularly when aligned with the need to develop new skills for emerging 
technological change and new legislation.

Consequently, the analysis suggests particularly high concentrations in education, transport and 
storage and construction.  However, the impact of the declining working age population can 
be seen in several other sectors and occupations with employers looking to replace over 86,000 
roles over the next 10 years.  Whilst every sector and occupation will require skills to be replaced, 
the following occupations have replacement demand rates above the average for the county:

• Corporate managers and directors

• Health professionals

• Health and social care associate professionals

• Caring personal service occupations

• Teaching and educational professionals

• Business, media, and public service professionals

• Skilled agricultural and related trades

• Leisure, travel, and related personal service occupations

• Transport and mobile machine drivers and operatives

There will also be significant replacement demand for administrative, sales and public service 
occupations.

This is re-enforced by the analysis of growth sectors and occupations which suggests growth in 
the following areas:

Growth Sectors Growth Occupations
Arts and entertainment Caring personal service occupations

Information technology Customer service occupations

Professional services Health & social care associate professionals

Health and social work Corporate managers & directors

Real estate Business, media & public service professionals

In addition to the analysis of growth sectors and occupations the LEP Sector Panels and partners 
have identified a range of occupations where recruitment is challenging, and skills are in short 
supply.  These include:
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Sector Role
Visitor Economy Food and beverage professionals

Chef

Restaurant Manager

Hotel Manager

Advanced Manufacturing Production and process engineers

Control and Automation including remote handling, adaptive control, 
intelligent autonomous systems, and control networks/logic controllers.

Mechanical and Electrical Design. 3D CAD & Modelling, Structural 
Analysis & FEA, Virtual modelling and Thermo-fluid systems. 

Electronics Engineers

Electrical and Electronics trades

Mechanical Engineers

Quality Control and planning

Welding

Construction Civil Engineers - including structural analysis and design

Civil Site Managers- including building site management and project 
management

Quantity Surveyors

Electrical Power Technicians and Engineers

Scaffolders

Clean Energy Waste Management

Waste Characterisation

Innovative decommissioning technologies/techniques

Nuclear safety case design

Rural Sector Agricultural engineers – especially Agri-tech technicians

Countryside conservation or estate management professional

Arboriculture

Commercial landscapers

Heritage skills professionals

Healthcare Medical Professionals

Psychologists

Nurses

Radiography / therapy

Occupational Therapist

Paramedics

Professional Services Purchasing, IT, HR, Quality, Project Managers

Asset & Facilities Managers - including asset performance and analysis, 
asset management & sustainability

Safety, Health and Environmental professionals

Teachers

In addition to the specific occupational challenges detailed above, the SAP has also identified 
the need for enhancements to the skills offer to support the development of skills that would 
support every sector of the economy:

• Leadership and Management

•  Digital Skills – both productivity level skills e.g. Word, Excel, and industry specific higher-level 
digital skills and

• Digital Marketing
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Workforce Change
Cumbria has seen barely any growth in total population over the last 25 years (11,700 or 2%) and 
indeed the total population peaked in 2008 and has since fallen slightly. In the rest of the North 
West and nationally there has been much stronger population growth. 

The population of working age (16-64) has been contracting and fell by 21,000 or 7% over the last 
10 years. This is the fastest rate of decline of any LEP area, although within this age group there 
exists a complex picture with growth in some age ranges. 

The latest official projections are for continued population decline with total population falling 
from the current 497,000 to 490,000 by 2030.  The projected overall population of working age 
(16-64) could fall by 7% (20,000) over the 10 years to 2028 and by 11% (33,000) over the 15 years 
to 2033.  However, this is likely to be offset to some degree by increases in economic activity rates 
for those over 60, particularly women. 

The overall available labour force is projected to fall by over 20,000 over the next 15 years in 
the absence of a change in current population trends. Within the overall total, older workers will 
become much more important. 

Even with employment remaining at current levels and very modest jobs growth, the current 
trends projected forward are for a steady reduction in the available workforce in Cumbria. 

The effect of the assumed growth in economic activity rates for those over 60 offsets the decline 
in core working age population (by around 10,000 people by the 2030s). However, it is important 
to stress that these rises are not guaranteed. 

Even with this growth, based on the latest official population forecasts the available labour force 
will fall by 16,000 to 2032, increasing to a fall of 22,000 by 2037. This takes place in the context of 
an already very tight labour market in Cumbria. 

Source: ONS population projections 2016, OBR economic activity rates
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Higher Level Skills
Cumbria has by far the smallest pool of residents qualified to Level 4 or better (degree level) of 
any LEP area with around 92,100. This is around 32% of all those aged 16-64 which is one of the 
lower rates in England.  However, the relatively low rate coupled with Cumbria’s geography 
(and relative isolation from other areas) means that the effective pool of higher-level skills is very 
modest overall and within each travel to work geography. This means that the labour market for 
higher level skills is particularly “thin”, creating an issue for employers and in attracting people to 
live and pursue a career in Cumbria. 

The factors that explain the use and prevalence of higher-level skills (as proxied by qualifications) 
are largely the sector and occupational mix in Cumbria with the pattern of NVQ4 qualifications 
by sector closely matching that at a national level in most sectors.  Exceptions are manufacturing 
with a higher rate locally reflecting the high level of skills in sectors such as nuclear and shipbuilding; 
conversely ICT, finance and professional/technical services have notably a lower proportion of 
graduate level qualifications locally.  These are also the private knowledge-based sectors where 
relative productivity is lower than nationally. So we can see that the proportion of higher level skills 
in the Cumbrian economy is partly a composition effect (importance of sectors with relatively 
low rates of people with NVQ4 (such as tourism and agriculture)) and also a below average rate 
within the private sector knowledge based service sector. 

Strengths and Weaknesses
At broad occupation level, the largest occupations among residents in Cumbria are professional 
occupations (19%) and skilled trades (15%).  This reflects the concentration of manufacturing 
employment in Cumbria with the latter being the second highest concentration of any LEP area. 

Cumbria also has relatively higher shares of residents working as process, plant, and machine 
operatives and in elementary occupations than nationally. 

Conversely, despite the local proportion of professional occupations, this is lower than the national 
average and there are also lower proportions of residents working in associate professional and 
technical occupations, and administrative and secretarial occupations than nationally. 

As noted above, Cumbria has a lower proportion of its workforce qualified to NVQ4 or higher.  
However, the proportion of the workforce with NVQ level 3 qualifications is higher than average 
which reflects the importance of manufacturing and skilled trades in the county.  Over the past 
decade there has been a shift towards higher skill levels among the working age population in 
Cumbria. 

An analysis of the skills offer also indicates that the offer is broadly aligned to the needs of 
employers:

• A degree level offer that supports growth sectors and skills shortages within the economy

•  A greater proportion of young people entering higher and degree level Apprenticeships at 
the end of Key Stage 5 than the national average

•  Level 4+ starts in Community Learning, Apprenticeships and Education and Training for 
learners whose home geography is Cumbria have risen by a third

•  Over 60% of Apprenticeship starts are at level 3 and 4

•  The learning aims analysed align closely with the key sectors of the economy with the largest 
3 sector subject areas being Engineering and Manufacturing, Health, Public Service & Care 
and Business Administration and Law
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Chapter 4 – 
Skills Strategy

Chapter 3 of this document set out the 
skills strengths and needs of the county as 
identified by the SAP.  These strengths and 
needs have been considered by the SAP and 
Cumbria LEP’s broader governance structure 
including our eight employer panels and five 
strategy groups.

The SAP has worked with partners to develop strategies 
to deliver on our ambitions of growing Cumbria’s talent 
pool and ensure all residents contribute by sharing prosperity 
and opportunity.  These strategies are aligned to the challenges 
set out in the previous chapter:

• Declining working population

• Thin pool of higher- level skills

• Cold spots of worklessness and deprivation

• The strategy encompasses the following elements

Making the best use of available talent
The decline in our future workforce needs to be addressed and the LEP’s strategy groups are 
working with partners to help attract more people of working age to Cumbria.

However, the SAP has identified areas related to skills development and recruitment which can 
help maintain or increase our workforce, focusing on:

• Our older residents/workers.

• Our workless residents (see below).

• Provision of new/innovative paths for careers and education

• Young people who leave the county.

Older people over 60 will become, in both absolute and proportional terms, an increasingly 
important part of our actual and potential workforce, given the decline in working age population. 
This will involve developing and building on existing interventions as part of a fuller working lives 
strategy.  There are opportunities to:

•  Work with employers to encourage them to consider recruiting and training/developing 
older people

• Provide suitable support and training for those seeking to re-skill

• Use links into the voluntary and third sector to help recruit older workers

• Ensure that suitable flexible working opportunities are offered in all sectors

•  Explore how to tap into the experience and skills of those not wishing to work full time or in 
paid employment
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The actions underpinning this element of the strategy are set out in the following chapters.  
However, these actions need to reflect some cross-cutting themes.

Firstly, in attracting old people into the workforce there may be a need to connect opportunities, 
providing opportunities for partners within the County.

Secondly, the provision of a range of information to highlight the opportunities for reskilling for 
older residents and workers and the routes into these opportunities

Thirdly, the development of modular skills programmes to facilitate flexible delivery to this group.

Develop and retain higher level skills in our economy
The thin pool of higher-level skills in Cumbria is recognised as a barrier to improved productivity 
and progression.

There are examples of partnerships of employers and skills providers working together across 
the County to extend the higher education offer to fully reflect the needs of the economy, 
demonstrating a shared ambition to attract and retain graduates as well as up-skilling the existing 
workforce.  

Examples of these partnerships include:

• University of Cumbria’s Project Academy with Sellafield Ltd (see case study)

• University of Cumbria’s Institute of Health

• The growth in Higher and Degree Apprenticeships

• Partnerships between further education providers and universities

In addition to these the SAP has also supported the development of a bid for an Institute of 
Technology to support the Healthcare and Manufacturing sectors.

As the offer continues to grow there is also a need to promote the full range of HE  opportunities to 
young people, highlighting the range of career opportunities on offer and encouraging younger 
people to build rewarding careers in Cumbria. 

The rates of progress into higher education vary widely across Cumbria and there is a need to 
make young people (and those in the workforce) better aware of the opportunities and benefits 
from obtaining higher levels skills and qualifications whether through full-time traditional study or 
alternative routes including degree apprentices etc.  The Cumbria Careers Hub’s partnership 
with Hello Future (Cumbria’s Uni Connect Programme) will promote the higher education offer to 
young people across the County, reflecting the breadth of the offer and the progression routes into 
opportunities.  The SAP will continue to support partnerships between schools, further education 
providers and higher education institutions to encourage more young people to access high 
education opportunities e.g. Hello Future.

As well as increasing the number of residents developing higher level skills, we need also to 
develop a graduate retention/attraction strategy. This will have a two-pronged approach:

•  First, continue to develop longitudinal relationships with those young people who leave 
Cumbria to study and then work elsewhere. This could build on existing alumni networks 
of individual school and colleges and develop Cumbria ambassadors and networks in 
major cities in the UK, supporting projects such as the development of the Cumbrian Award 
implemented by Beacon Hill Community School.  The Cumbrian Award aims to support 
students in understanding about the benefits of living and working in Cumbria through 
exploring the local area in hope that students will share their reflections of Cumbria with 
other students whilst at Uni, and that they will be more likely to return
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•  Second, support the creation and promotion of graduate opportunities in our businesses 
and organisations to provide the glue to retain our graduates, potentially via graduate 
placements and secondments post degree.  

Create the future workforce and skills to meet the needs of our economy
The SAP recognises the range of high-quality partnerships between employers and the skills 
system that deliver the skills needed by sectors across the Cumbrian economy.  However, LEP 
Sector Panels and other partnerships have identified a range of roles where skills shortages exist, 
for example chefs, food and beverage workers and cross-sector skills shortages such as business 
and digital skills.

To build the workforce of the future the SAP and partners recognise the need to ensure that 
young people receive messages and signals about the economy and career opportunities that 
reflect a changing labour market and the changing skills required to secure opportunities within 
this labour market.

The strategy for securing the skills needed across our workforce and building the workforce of the 
future includes:

•  Working with our sector panels and partners to understand emerging and current skills 
needs, and supporting our high quality, responsive skills system to enhance their skills offer to 
meet identified demand

•  Supporting our schools, colleges and universities to enhance careers education and work 
experience across the county, effectively linking young people to the workforce

•  Ensuring young people are equipped with the necessary digital and creative skills to 
supportinnovation in the future

•  Supporting the system to help address the variations and gaps in attainment and progress 
which represent lost opportunities and talent for Cumbria.

Develop our future leaders and managers
There is considerable national evidence that the success of companies in improving productivity 
and engaging in innovative activity is in very large part due to the quality of and investment in 
the leadership and management of the business. 

Cumbria’s employers and skills system work together to develop a range of business management 
and leadership programmes to meet this challenge.

As the economy changes, so will the skills required of leaders and managers need to change 
and the challenge of developing digital leadership and management skills is becoming ever 
more critical.

The SAP has worked to develop the leadership skills focused element of the Cumbria LEP Digital 
Strategy and has collaborated with our Sector Panels to understand their leadership and 
management skills needs within sector skills plans.

This work has informed the development of programmes of skills support for future leaders and 
managers and will continue to inform the development of the skills offer

Address worklessness and youth unemployment
In engaging with workless households and communities that are not fully engaged with the labour 
market employers and the skills system have the opportunity to develop a workforce that has the 
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skills required to address needs identified above and also bring more people into the workforce.

The challenge in doing this is frequently a range of skills and employment support programmes 
that are similar, duplicate the offer and not focused on the needs of the county, residents, or 
employers.

The SAP is committed to working with a range of partners to ensure the offer is simplified and 
recognises the different needs of a very diverse cohort e.g. some people will be a long way 
from the labour market and will need a considerable amount of support, whilst others will find 
themselves closer to the labour market and need a different level of support.  This is particularly 
the case in the growth of the unemployed cohort as a result of the Covid-19 pandemic, and the 
recent increases in the group of young people not in education, employment or training (NEET).  
The strategy is to develop an offer that employers can access easily and meets the needs of their 
business, and one which provides access for residents at a point appropriate to their needs and 
facilitates progression towards the labour market.

The strategy is to develop an offer that employers can access easily and meets the needs of their 
business, and one which provides access for residents at a point appropriate to their needs and 
facilitates progression towards the labour market.

This will require innovation and collaboration across the skills system and with employers and 
community partners.

The skills strategy is also critical to the implementation of other LEP led strategy and plans.

Firstly, the LEP economic recovery strategy, Restart, Reboot, Rethink sets out the skills challenges 
contained within this report reframed to address the priorities emerging from the Covid-19 
pandemic.  This is reflected throughout this report

Secondly, Digital Cumbria – Connected, Capable and Creative: 2021 – 2026 sets out a strategy for 
digital transformation across the County.  The strategy recognises that digital skills are imperative 
for an economy to thrive in the digital age. This spans inclusivity, so that people can access digital 
applications in everyday life, through to higher-end skills, so that a talented workforce can both 
apply existing and introduce new digital applications and techniques to business operations and 
drive revenue and margin in firms.

The skills priorities within the strategy include:

•  Developing a high-quality skills and training offer that is focused on the needs of the employer 
and wider economy (see curriculum for growth). 

• Promoting digital as a career option for young people (see Careers Strategy). 

•  Encouraging lifelong learning including the uptake of basic digital skills for those unable to 
use technology. 

•  Improving  the adaptability of the workforce to future changes – by developing digital 
capability 

•  Supporting the capacity of schools to nurture and develop children’s digital capabilities 
- through formal education by embracing technology and encouraging its use in the 
classroom. Deliver targeted school-business engagement activities focused on the STEM 
requirements of future employers. 

•  Enabling education professionals to be digitally enabled - ensure schools are plugged into 
the leading digital networks and have resources to access appropriate digital equipment 
and software to enable pupils to learn with the latest digital applications. 

•  Continuing to align the further and higher education curriculum with business needs – 
further and higher education institutions to deliver curriculum and content that is relevant 
to employers needs and emerging trends in the digital sector.
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The Careers Strategy for Cumbria  was launched in 2019 and is delivering an effective support 
programme for schools, Colleges and providers to achieve the Gatsby Benchmarks and develop 
Careers Leaders, communicating labour market information and opportunities to young people 
and developing a wide range of employer encounters and experience of the workplace.  This 
has seen growth in the Enterprise Advisor Network and Cornerstone employer network, a group 
of committed employers working with schools and Colleges through the Careers Hub to support 
young people in understanding the labour market, the world of work and experiencing high 
quality opportunities with employers across the Cumbrian economy.

The Impact of Covid-19
The Covid-19 pandemic has required the SAP to consider the skills priorities set out above.  The 
table below sets out how the priorities reflect the current economic environment. The timescales 
within the table reflect the projected economic recovery period from the pandemic:

The strategies set out above align with other national strategies that reflect the importance of 
skills as a driver of productivity, innovation, and growth.
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The Plan for Jobs announced a range of support for employers to build the skilled workforce they 
need as we emerge from the pandemic and offered skills support and guidance to those seeking 
to return to employment.  The incentives within the plan reflect the strategies we have set out 
above, focusing on technical training (Apprenticeships and T Levels), routes into employment and 
skills opportunities (Traineeships, Kickstart and Sector Work Academies) and guidance through an 
enhanced National Careers Service.

The Green Jobs Taskforce launched in November 2020 looks to ensure we have the immediate 
skills needed for building back greener, such as in offshore wind and home retrofitting.  It aims to 
develop long-term plan that charts out the skills needed to help deliver a net zero economy and 
will support workers in high carbon transitioning sectors, like oil and gas, to retrain in new green 
technologies.

Cumbria’s ambition is to become a net positive contributor to the UK on clean energy, 
decarbonising heat, power and transport through offshore wind, nuclear and hydrogen, driving 
clean growth to support the achievement of net zero by 2050.  The SAP will work with the LEP’s 
Clean Energy panel and other local partnerships to identify the skills and support required for 
this transition and support the skills system to continue to develop and provide a skills offer that 
enables employers to build the workforce of the future.

The Further Education White Paper, published in January 2021, sets employers at the heart of the 
skills system.  The proposals within the paper include giving employers a role in designing skills 
programmes to ensure that the education and training people receive is directly linked to the 
skills needed for real jobs.  It also aims to boosting the quality and uptake of Higher Technical 
Qualifications that provide the skills that our employers need and will provide support to enable 
people to train and retrain through modular and flexible learning.  The aspiration of the SAP is 
to secure this for skills provision at all levels, including in partnership with our higher education 
partners.
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Chapter 5 – 
Skills Action Plan

This action plan sets out the actions agreed 
by the Skills Advisory Panel to address 
the priorities set out in Chapter 3 and the 
strategy set out in Chapter 4.

Each of these actions aligns with one or more 
of the priorities and is being led by a member of 
the Skills Advisory Panel.

This section outlines each of the actions agreed, 
which of the priorities it aligns with, the current priority 
status, links to national initiatives and any changes as a 
result of the Covid-19 pandemic.

Place-Based Promotional Campaign 

The SAP will work with partners across the LEP to deliver a place-based promotional campaign to 
reflect the opportunities available for rewarding careers in Cumbria,  recognising the contribution 
young people make to the Cumbrian economy and their communities, the success of students 
in Cumbria, the skills and careers that can be secured in Cumbria.  

The campaign will focus on young people and those in the workforce looking to locate to Cumbria 
and will be supported by the Cumbria Careers Hub and other agencies promoting opportunities 
in Cumbria. 

As a result of the pandemic, in the short term this is low priority but by September 2022 will return 
to a high priority action.  

Whilst the campaign is low priority, a high priority element to this for young people has been 
Cumbria Careers Hub providing a wide range of support and guidance for young people about 
the opportunities for young people to build rewarding careers in Cumbria.  This has included 
the delivery of virtual work experience and links with employers, the provision of labour market 
intelligence and short videos for young people outlining current changes in the labour market.  
The aim of support is to ensure that young people understand the Cumbrian economy, the range 
of rewarding careers available across all sectors, the diverse nature of these opportunities and 
the routes through which they can access them.

For adults, this high priority support has been provided through the delivery of the Jobs Fuse 
initiative, a programme of co-ordinated careers guidance and skills support linking National 
Careers Service support with skills support for unemployed programmes.

This action aligns with the following priorities:

SKILLS PRIORITY

Nurturing 
Talent

Grow & retain 
higher-level 
skills

Create the 
future  
workforce

Develop our 
future leaders 
& managers

Address  
worklessness

PRIORITIES 
ADDRESSED
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SKILLS PRIORITY

Nurturing 
Talent

Grow & retain 
higher-level 
skills

Create the 
future  
workforce

Develop our 
future leaders 
& managers

Address  
worklessness

PRIORITIES 
ADDRESSED

The development of a longitudinal relationship  
with young people          

The SAP has identified the development of a longitudinal relationship with young people as a key 
driver in making the best use of available talent and creating our future workforce.  

The aim of this project is to maintain a relationship with young people who leave Cumbria, to 
promote opportunities in Cumbria that would enable them to build a rewarding career in the 
County.

The key aspects of the project are:

•  Map the existing offer and identify gaps – Cumbria has a range of excellent initiatives 
supported by a range of organisations which maintain contact with young people at 
different points in their career journey.  These include Cumbria Future Leaders, Cumbria 
Futures Forum, school alumni, university alumni associations, Hello Future, service leavers 
groups etc.

•  Identify the range of information and messages that could be communicated to young 
people and routes through which this could be done

• Develop mechanisms to co-ordinate the production and dissemination of information

•  Work with Cumbria Careers Hub to develop effective tracking of students for up to three 
years in line with Gatsby Benchmark expectations

In the short term this is low priority but by September 2022 will return to a high priority action

This project aligns with the following priorities:
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Build a curriculum for inclusive growth  
                                                        
The SAP is committed to working with partners to build a curriculum that supports employers and 
learners to grow, to provide pathways into rewarding careers and employment opportunities, to 
provide opportunities for upskilling and re-skilling and to demonstrate the impact skills development 
can have on growth, productivity and progression.  This will build on established partnerships 
between employers, schools, further and higher education providers and the voluntary and 
community sector.  It will also build on national and regional skills interventions such as Careers 
Hubs, National Careers Service, Apprenticeships, Traineeships, T Levels, and the development of 
Institutes of Technology

The key elements of this curriculum will include:

• An effective approach to transition at key points

• A clear understanding of employer skills needs

• A technical education vision

• Building an enterprising culture

• A clear understanding of the current and future skills offers

• Demonstrate career pathways across growth sectors

• An approach to digital skills

• Meeting the needs of older workers

• Securing a consistent approach to employability skills

• An employer-led Higher skills offer.

In the short term this is a medium priority returning to high priority by September 2022

During the Covid-19 pandemic the SAP has worked to simplify and clarify the careers education, 
skills and employment support for young people, employers, and individuals.  This has included 
the development of:

•  Cumbria Activate Your Future – a programme of support for young people making the 
transition from school to further education

•  Jobs Fuse – an extension of the National Careers Service to include skills support and guidance 
for individuals facing unemployment and employers making changes to their workforce

•  The Edge – Skills Support for Workforce support employers making changes to their workforce, 
enabling people to upskill and reskills

•  The Key and Journey to work – Skills support for unemployed residents focused on progressing 
towards, and into employment.

•  Cumbria Opportunities – an online tool bringing together careers education, job opportunities 
and skills opportunities

•  Careers Hub support for schools and Colleges – a range of support for young people and 
careers leaders including virtual work experience and Hello Future 

•  Youth Hubs – led by DWP and local authorities, a range of local agencies, including colleges, 
the third sector and the Careers Hub, have established virtual hubs which will offer face to 
face support for young people as guidance permits. Located in alternative venues to Job 
Centre Plus, Youth Hubs will be coordinated by Youth Employment Coaches. Hubs in Barrow 
and Carlisle have been launched to date.
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The SAP will work with employers to understand their skills needs and priorities and work in 
partnership with the skills system to identify opportunities for development, innovation growth of 
the offer to respond to these needs, reviewing progress.  This action will be an on-going piece of 
work as skills needs and employment patterns across the economy are changing rapidly.

The SAP will also support partners in the development of innovative skills initiatives such as the 
Borderlands Inclusive Growth Deal which will drive investment and innovation in rural skills and 
support the development of the Citadels project, a new city centre campus for the University 
of Cumbria which will expand opportunities for local students and attract new students to the 
area.  The Borderlands Partnership aims to narrow the productivity gap, increase the working age 
population and deliver inclusive growth across the region. 

This action aligns with the following skills priorities:

SKILLS PRIORITY

Nurturing 
Talent

Grow & retain 
higher-level 
skills

Create the 
future  
workforce

Develop our 
future leaders 
& managers

Address  
worklessness

PRIORITIES 
ADDRESSED
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 Deliver a Careers Strategy for Cumbria  
                                                     
The SAP is committed to the delivery of the Careers Strategy for Cumbria.  The actions associated 
with this plan include:

•  An approach to careers education for all ages – the promotion of careers opportunities 
is critical to addressing some of the challenges set out earlier in this report.  Improving the 
understanding of the scope of the Cumbrian economy, the employers that flourish within this 
unique economy and the opportunities available, will help with retaining young people and 
encouraging older workers to remain in work.  Cumbria Careers Hub will work with schools 
and colleges to enhance career education for young people, ensuring young people learn 
from labour market information and link curriculum learning to careers.  For adult careers 
education the National Careers Service provides a range of information to inform careers 
choices.  This support has been enhanced during the Covid-19 pandemic to link this to skills 
support programmes and provide a service to those facing redundancy or unemployment

•  A campaign promoting opportunities – this action will ensure that the work of the Careers 
Hub and the National Careers Service is linked to place-based initiatives such as the LEP’s 
Your Future/Our Future campaign promoting opportunities for young people to build 
rewarding careers in the county

•  Effective co-ordination of experiences – young people across Cumbria benefit from a 
wide range of encounters with employers and experiences of the workplace, with many 
employers working with Careers Leaders in our schools and Colleges to provide work 
experience, world of work days, mock interviews and a range of other experiences.  The 
county also has a range of innovative projects that link employers with curriculum learning 
such the Local Labour Market Aligned Curriculum at Beacon Hill School in Aspatria.  The 
challenge is to co-ordinate these projects and opportunities to secure support for all young 
people across the County including young people within special schools and pupil referral 
units.

During the Covid-19 pandemic the SAP has worked to implement a range of support including:

•  Cumbria Activate Your Future – a programme of support for young people making the 
transition from school to further education

•  Jobs Fuse – an extension of the National Careers Service to include skills support and 
guidance for individuals facing unemployment and employers making changes to their 
workforce

•  Careers Hub support for schools and Colleges – a range of support for young people and 
careers leaders including virtual work experience 

This action remains a high priority for all age groups and aligns to the following priorities:

SKILLS PRIORITY

Nurturing 
Talent

Grow & retain 
higher-level 
skills

Create the 
future  
workforce

Develop our 
future leaders 
& managers

Address  
worklessness

PRIORITIES 
ADDRESSED
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Develop a shared understanding of employer demand  
for higher level skills 

The SAP has brought together a range of information and intelligence on current and emerging 
skills needs from LEP Sector Panels and other networks.  This intelligence and information 
supplement the analysis contained in Annex A and B in this report which identifies the need for 
higher level skills across the breadth of the Cumbrian economy.

To clarify the specific higher-level skills needs of employers the SAP will work with each sector panel 
to identify the occupations where these skills will be required.  At the same time the SAP is working 
with higher level skills providers across the area to identify the precise higher-level skills offer.  A 
mapping exercise will then be undertaken to identify gaps in the offer and plans developed to 
enhance the offer where required.  

In addition to sectoral and occupational level mapping, the SAP will also review the offer to 
ensure employer needs for higher level leadership, management, digital and enterprise skills are 
also met.  This will have impact across all sectors of the economy. 

The SAP will ensure that this activity is aligned with the implementation of T Levels across the 
County, supports the continued expansion of higher and degree level Apprenticeships and is 
also used to inform the development of a proposal for an Institute of Technology supporting the 
Healthcare and Manufacturing sectors.

This remains a high priority and aligns with the following skills priorities:

SKILLS PRIORITY

Nurturing 
Talent

Grow & retain 
higher-level 
skills

Create the 
future  
workforce

Develop our 
future leaders 
& managers

Address  
worklessness

PRIORITIES 
ADDRESSED
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 Develop a technical education vision for Cumbria 

The SAP has identified the development of a Technical Education Vision as a key component in 
further developing the high quality, responsive curriculum that meets the needs of employers and 
communities.

This is particularly critical given the significant shifts in technical education policy and Cumbria’s 
strength in technical education, with many employers working with the skills system to deliver high 
quality technical education.

The changes to technical education include changes to Apprenticeship programmes, the growth 
of higher level and degree level Apprenticeships, the decline in intermediate and advanced 
Apprenticeships and the introduction of T Levels.

The aim of the Technical Education Vision will be to bring together a range of information, 
guidance, and support to enable employers and potential learners to become informed 
consumers of technical education.  

It will cut through the often, complex nature of technical education and present the high quality, 
responsive technical skills offer in the county in a way that enables employers and learners to 
easily access the skills support they need.  This is particularly important when employer’s skills 
needs are driven by significant, fast moving technological and economic change.

The vision will have the following objectives:

•  Identify and promote provider specialisms 

•  Streamline access for employers

•  Share good practice in flexible delivery of skills support

•  Drive collaboration between employers and providers and facilitate the translation of 
business skills needs into effective responses

•  Provide high quality information for learners, employers, and influencers

•  Support the development of high-quality pathways within the curriculum for inclusive growth, 
co-designed with employers

•  Promote the high quality, responsive skills system across the County.

As part of the work programme of the SAP the Technical Education Vision will also support:

•  The aims and ambitions set out in the Careers Strategy for Cumbria  

•  The aims and ambitions of the escalator model of support for unemployed residents

This remains a high priority action and aligns with the following skills priorities:

SKILLS PRIORITY

Nurturing 
Talent

Grow & retain 
higher-level 
skills

Create the 
future  
workforce

Develop our 
future leaders 
& managers

Address  
worklessness

PRIORITIES 
ADDRESSED
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Develop an escalator model of support for  
unemployed residents

The SAP has supported the development of a wide range of skills support and careers guidance 
to assist unemployed residents in gaining employment.

The programmes of support have enabled many people secure employment, however the 
range of support can often seem confusing to both learners and employers, and provision is 
often provided for a broad client group leading to duplication.

This action aims to secure collaboration to ensure that individuals and employers who require 
support can source guidance identifying the right programme for their needs and the guidance 
includes the identification of next steps in the journey towards employment.  This is particularly 
important with the recent introduction of a variety of new national initiatives which add to the offer 
already in place and developed at a local level, and with significant changes unemployment 
rates and cohorts across the County.

The key aspects of the project are:

•  Map the existing offer and identify gaps – the range of provision offered is significant but 
may lead to duplication and gaps in provision for some sectors, in some geographies and 
for some individual needs.

•  Develop an escalator model of support – each individual seeking support will require a skills 
solution that reflects their ambitions and their distance from the labour market.  The provision 
should be structured and communicated in a way that reflects this.

•  Maximising flexibilities in funding to support the solutions identified above

•  Communicating opportunities to older workers – utilising routes such as National Careers 
Service to communicate the range of opportunities available in Cumbria

•  Ensuring employers are provided with a range of material that sets out the support available.

•  Work with the Voluntary and Community Sector to reflect the work carried out in this critical 
area of skills support

During the Covid-19 pandemic the SAP has worked to implement a range of support including:

•  Cumbria Activate Your Future – a programme of support for young people making the 
transition from school to further education

•  Jobs Fuse – an extension of the National Careers Service to include skills support and guidance 
for individuals facing unemployment and employers making changes to their workforce

•  Enhancements to the Key and Journey to Work programmes to support skills support for 
unemployed residents

•  Supported the implementation of the Kickstart initiative

•  Developed Cumbria Opportunities – an online tool bringing together careers education, 
job opportunities and skills opportunities

•  Developing a programme of support for young people NEET to secure progression into 
education and employment opportunities

This remains a high priority and aligns with the following priorities:

SKILLS PRIORITY

Nurturing 
Talent

Grow & retain 
higher-level 
skills

Create the 
future  
workforce

Develop our 
future leaders 
& managers

Address  
worklessness

PRIORITIES 
ADDRESSED
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Chapter 6 – 
Assessment of 
Progress

Cumbria’s Skills Advisory Panel (part of 
Cumbria LEP’s People, Employment and 
Skills Strategy Group) is the only strategic 
group in the county focusing on working with 
employers to develop a shared understanding 
of skills priorities across Cumbria’s unique 
economy and influencing the development 
and delivery of the skills offer to meet these needs.  
The People, Employment and Skills Strategy Group 
is the thematic arm of the Cumbria LEP Board for all 
employment, education, skills and careers related issues 
and provide advice and recommendations to the LEP Board on 
future investment in line with the current and future needs of the Cumbrian 
economy.

The SAP has worked together with partners across the LEP Governance 
structure of identify the strategic imperatives for skills and brought together 
leaders from across the skills system to develop 
responses to these priorities.  This has facilitated 
the development of skills responses focused 
on challenges arising from the Covid-19 
pandemic.  The SAP has also worked 
with the Cumbria Business and 
Economic Response and Recovery 
Group to develop and promote 
skills initiatives and incentives and 
address employer needs.

It is the group that provides 
leadership through both 
membership and influence 
with links to a wide range 
of other networks and 
partnerships.  This ecosystem 
is set out below:

LEP Board
LEP Network

NP11
Sector Panels
LEP Strategy 

Groups

Nuclear 
Skills Strategy 

Group
National College 

for NuclearCumbria 
Association 

of Secondary 
Heads

Department 
for Education 

ESFA

Local 
Authorities
Town Deals

Department 
for Work 

and Pension

Cumbria 
Careers Hub

CEC

Northern 
Skills 

Network

Children's 
Trust Board

Locality Group

FE Principals 
Group

AoC

Education 
Planning 
Group

Universities
Land-Based 
Skills Group

Sector 
Panels

Work 
Based 

Learning 
Provider 
Forum

AELP

Skills 
Advisory 

Panel

Department for 
Business, Energy 

and Industrial 
Strategy

Ministry for Housing, 
Communities and 
Local Government
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Drawing on the skills, knowledge, and expertise from across this partnership the group has made 
considerable progress in driving forward agreed skills priorities detailed previously.

A summary of progress is set out in the following table:

Intervention Progress

Deliver a place based promotional campaign 
to reflect the opportunities available for 
rewarding careers in Cumbria,  recognising 
the contribution young people make to the 
Cumbrian economy and their communities, the 
success of students in Cumbria, the skills and 
careers that can be secured in Cumbria.

The campaign commenced prior to the Covid-19 
pandemic.  Examples of the campaign material can be 
found here:

https://www.thecumbrialep.co.uk/young-people-careers-in-
cumbria/

The Cumbria Careers Hub has also developed a range 
of support and guidance for young people to ensure 
they understand the opportunities across the Cumbrian 
economy.  The impact of this can be demonstrated 
through performance data from the Careers and 
Enterprise Company (CEC) that indicates young people 
in receive high levels of encounters with employers and 
experience of the workplace

The development of a longitudinal relationship 
with young people to inform them of 
opportunities in Cumbria at every point in their 
learning journey as well as an approach to 
the communication of opportunities for older 
workers.

The structures through which the initial iteration of this 
could be delivered have been identified.  This remains 
a work in progress and has been delayed due to the 
pandemic.

An example of progress made includes the 
development of the Cumbria Future Leaders led 
steering group which draws together different youth 
boards and networks.  The group is a mechanism by 
which the various Youth boards and youth groups 
and young people networks can come together to 
collaborate.  The group have developed a website 
where all pre-existing opportunities placements work 
experience employer opportunities are gathered in one 
plug in place for young people 16 to 25 can access 
there’s also a series of networking and development 
events. 

616  



LOCAL SKILLS REPORT 2021 • 30

Intervention Progress

Build a curriculum for inclusive growth that 
builds on strengths across the skills system.  

This should include:

a) An effective approach to transition at key 
points

b) A clear understanding of employer skills 
needs

c) A technical education vision

d) Building an enterprising culture

e) A clear understanding of the current and 
future skills offers

f) Demonstrate career pathways across growth 
sectors

g) An approach to digital skills

h) Meeting the needs of older workers

i) Securing a consistent approach to 
employability skills

j) An employer led Higher skills offer.

The progress made to date includes: 
•   The development of a transition focused portal 

containing a wide range of support for young people 
at the end of Key Stage 4 and Key Stage 5

•   On-going discussions with employers and 
representative groups to understand skills needs and 
identify ways in which they can be supported has 
informed the development of the Skills Support for the 
Workforce programme, Edge in Cumbria.

•   Developing a programme of enterprise skills support 
for schools and Colleges through the Cumbria 
Careers Hub in partnership with University of Cumbria 
and the development of a programme of support for 
business start up

•   The evidence base provides an overview of the skills 
offer and this has been translated into a useable 
tool for learners and employers within the Cumbria 
Opportunities website and will inform the on-going 
development of the Cumbria Careers Hub website 
and Cumbria LEP website skills pages

•   Cumbria Careers Hub continues to bring together 
a range of information and support for schools and 
Colleges to demonstrate career pathways and the 
Jobs Fuse programme and Cumbria opportunities 
website provide career pathway support for adults 
and employers

•   The development of digitally capable section of a 
Digital Strategy for Cumbria  

•   The development of a Centre for Digital 
Transformation by University of Cumbria 

•   The development of a co-ordinated programme 
of support for unemployed residents focusing on 
employability skills and sector focused pathways.

•   The employer led higher led skills offer continues to 
develop with the increase in degree and higher-level 
Apprenticeships, the development of a proposal 
for an Institute of Technology, the development of 
higher-level skills offers within Town Deal proposals

Deliver a Careers Strategy for Cumbria 
including:

a) Effective co-ordination of experiences

b) A stable Careers Education workforce

c) A campaign promoting opportunities

d) An approach to Careers Education for all 
ages.

The progress made with the delivery of the Careers 
Strategy for Cumbria includes:

•   TThe place-based campaign detailing careers 
available in Cumbria

•   TThe Careers Hub providing support, guidance and 
information to schools and Colleges to develop their 
careers education practice

•   TThe development of high-quality work experience 
and employer encounters for young people, 
including virtual work experience 

•  Progress has been made against each of the 
benchmarks for high quality careers education 
(Gatsby Benchmarks) with Cumbria amongst the 
best performing Careers Hubs for encounters with 
employers and experiences of the workplace.  
Significant progress has also been made against 
benchmarks for the stability of careers education 
programmes, learning from labour market 
intelligence, linking curriculum learning to careers, 
encounters with further and higher education and 
personal guidance.
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Intervention Progress

Develop a shared understanding of employer 
demand for higher level skills including:

a) Understanding future employment trends 
and needs

b) Developing flexible delivery methods

c) Building an enterprise culture.

The employer led higher led skills offer continues to 
develop with the increase in degree and higher-level 
Apprenticeships, the development of a proposal for an 
Institute of Technology, the development of higher-level 
skills offers within Town Deal proposals

The SAP is working with partners to develop a shared 
understanding of the breadth of the higher skill offer 
across the County.  Further details are in Annex A and B 
to this paper

Develop a sustainable offer of Higher-Level 
Skills:

a) Understanding what Cumbria can offer

b) Develop a shared approach to employability 
skills

c) Develop theoretical pathways into high level 
skills opportunities.

See above

Develop a technical education vision for 
Cumbria that will:

A draft technical education vision has been drafted to 
support employers and learners identify the available 
routes and simplify the system

Develop a technical education vision for 
Cumbria that will: 

a) Develop High Quality routeways

b) Improve work readiness

c) Anticipate skills demand changes

d) Provide information for learners and 
influencers

e) Provide engagement with employers at all 
stages of learning

f) recognise skills and knowledge obtained 
outside the classroom

g) Secure on-going collaboration between 
employers and the skills system

h) Enable employers to become expert 
customers of the skills system i) Define delivery 
methods that will encourage employer 
participation.

A draft technical education vision has been drafted to 
support employers and learners identify the available 
routes and simplify the system

Develop subject and sector specific academies 
that would bring together the skills offer in 
common themes such as leadership and 
management, project management.

LEP sector panels have identified the development of 
sector focused academies as a solution to the delivery 
of skills needs.  The basis for this concept needs to be 
further developed and the SAP will move this work 
forward as the economy recovers and the proposals for 
the following facilities are developed:

Institutes of Technology

Town Deal skills projects

Civil Construction skills facility

Electric vehicle skills facility

Develop an approach to engage young 
people in the design and delivery of responses 
to the People, Employment and Skills 
challenges.

The SAP has engaged the LEP Futures Forum and 
Cumbria Future Leaders in the development of 
proposals and the development of this report.
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Intervention Progress

Develop an escalator model of support for 
unemployed residents.

Ensure that flexibilities in skills funding are 
fully influenced by the LEP, understood by 
employers, and utilised by providers to meet 
identified needs.

The range of support available for unemployed 
residents is significant, including:

Kickstart

The Key ESF project

Journey to Work

JETS

CAEHRS

Job Finding Service

The SAP has identified that as programme continue to 
be developed at a national level the need for localised 
co-ordination aimed at localised priorities is becoming 
ever more important as the cohort changes and the 
skills needed to secure employment opportunities 
change.

The influence of the SAP is demonstrated in the progress made against each of the priorities set 
out above and the associated work programme for the group.

There are, however, areas where the SAP has concerns about the ability to influence the 
development and implementation of provision.

These include:

•  Local input to the development and implementation of national programmes such as 
Kickstart, Restart and Traineeships

• The speed at which provision is commissioned following LEP identification of priorities

• The commissioning of provision with large, diverse geographies

However, where influence has been possible the SAP has been able to support the development 
of a range of initiatives, including:

•  Careers Hub – Cumbria was successful is an application for a wave 1 Careers Hub to develop 
a community of practice for schools and Colleges to enhance their Careers Education 
strategies.  The Hub brings together a partnership of employers, schools, Colleges, Higher 
Education Institutions, and other agencies to ensure young people understand the range of 
rewarding careers available across the Cumbrian economy

•  Institute of Technology – Cumbria has developed a proposal for an Institute of technology 
focusing on higher level digital skills for the Healthcare and Manufacturing sectors

•  Skills Support for the Workforce – the Edge in Cumbria is an ESF funded project currently in 
its third iteration that has been critical to the development of the workforce in Cumbria, 
focusing on identified skills needs within the skills evidence base and sector skills plans.  The 
current programme initially focused on the challenge of higher-level skills and has now 
shifted focus to address challenges arising from the Covid-19 pandemic

•  Cumbria Opportunities – an online portal for young people, adults and employers bringing 
together careers guidance, job opportunities and skills opportunities
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•  The Link – a programme of employer engagement to link schools with the world of work 
and facilitate access to employer links for schools and Colleges.  This project supports the 
Career Strategy for Cumbria and will help to enhance the range of workplace experience 
available to young people as well as linking careers to the curriculum

•  The Key and Journey to Work – skills support for unemployed residents that enables 
participants to gain employment or the skills required to move towards the labour market.

•  Jobs Fuse – an extension to the National Careers Service to enable adults to secure high 
quality careers guidance 

•  T Levels – building on Cumbria’s high-quality technical education offer T Levels will offer 
higher level technical skills at a time when employers are setting out the need for the skills.  
With our skills system offering a range of T Levels this will enhance our higher-level skills offer.

The SAP has continued to enhance its knowledge and understanding of the local labour market, 
current and future skills needs and will continue dialogue with LEP sector panels, LEP strategy 
groups, Cumbria Business and Economic Response and Recovery Group and other key partners 
to continue this understanding and develop skills solutions that respond to identified needs.  In 
addition, the SAP has purchased a range of labour market, employment and skills analysis tools 
to inform the development of programmes, plans and strategies.
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Chapter 7 – 
Case Studies

As outlined in the previous sections of 
this report Cumbria has many examples 
of employers and the skills system working 
together to develop the workforce, 
provide skills and employment opportunities 
and support young people in identifying 
and securing the skills they need to develop 
rewarding careers.

The examples contained in this section highlight 
effective collaboration and impact and demonstrate 
the range of skills support available to employers and 
individuals across Cumbria.

The case studies set out in this report are:

Skills Priority

No

Case 

Study
Nurturing 

Talent

Grow & 
retain 

higher-
level skills

Create 
the future 
workforce

Develop 
our future 
leaders & 
managers

Address 
worklessness

1

Hello Future – a 
University of Cumbria 
led partnership 
supporting young 
people from 
underrepresented 
groups into higher 
education

2

Bright Stars – a 
project led by Centre 
for Leadership 
Performance 
providing careers 
support to primary 
schools
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Skills Priority

No

Case 

Study
Nurturing 

Talent

Grow & 
retain 

higher-
level skills

Create 
the future 
workforce

Develop 
our future 
leaders & 
managers

Address 
worklessness

3

Local Labour Market 
Aligned Curriculum 
– an innovative 
approach to 
embedding careers 
education in the 
school curriculum

4 Careers at Lunesdale 
Learning Trust

5 Youth Futures – Oaklea 
Trust

6
University of Cumbria 
and Sellafield Project 
Academy

7
Lakes College civil 
engineering skills 
centre

8
SP Training 
Teaching Assistant 
Apprenticeships

9

Penrith Building Society 
– a Carlisle College 
led skills support for the 
workforce project

10 Lakes College support 
for Westhouse

11 Copeland Digital Skills 
Programme

12
Copeland Self 
Employment 
Programme

622  



LOCAL SKILLS REPORT 2021 • 36

Case Study 1 
Hello Future Case Study
Hello Future is part of the Uni Connect Programme, a national programme funded by the Office 
for Students.  Uni Connect aims to support the government’s social mobility goals by rapidly 
increasing the number of young people who go into higher education, particularly those from 
underrepresented groups.   

Hello Future is the Cumbrian partnership, led by the University of Cumbria together with a number 
of partners including universities, FE colleges, employers and skills providers.  Since January 2017, 
the partnership has focused on working with local areas within Cumbria where higher education 
participation is lower than might be expected given the GCSE results of the young people who 
live there.  The Cumbrian wards are clustered around West Cumbria, Carlisle and Eden and Barrow 
in Furness and the partnership offers support to the schools and colleges within these areas.

As an overview, since January 2017 the partnership has: 

•  Worked with 12,000 young people in Cumbria 

•  7,000 of whom are on a sustained and progressive programme of outreach, receiving more 
than 5 activities 

•  4,500 live in our targeted areas 

•  Engaged 52 schools, colleges, and organisations  

•  Delivered over 1,300 activities 

•  Delivered over 20,000 hours of outreach activity 

Hello Future is committed to working closely with Cumbria LEP and the Careers Hub to support 
local skills needs.  With the many challenges young people are facing due to the pandemic, 
there has never been such an important time to support and equip them to realise their talent 
and ambition.  The programme has aligned to support the Cumbria Careers Strategy by working 
closely with schools and colleges on Impact Measure 7 (Encounters with Further and Higher 
Education) to offer meaningful intervention activities that are linked to skills required for the 
workplace and the sector skills gaps.  

Cultural Trips and community experiences have been created to provide a package of visits and 
activities for learners to explore different careers, sector pathways, training, and higher education 
environments. Following the sustained model of outreach, the packages were created to offer 
three trips which link to a regionally significant sector; informed by the Cumbria Careers Strategy 
and works in support of the Cumbria Local Enterprise Partnership and the Cumbria Careers Hub.  
Learners engage with local employers to expand their knowledge of the sector and careers 
available, network with industry professionals and hear their educational and training journeys. 
The With a focus on specific sectors and career opportunities, the trips provide subject insight for 
learners to experience the subject at higher education level, meeting student ambassadors and 
course representatives to hear first-hand accounts of student life. 

In February 2020 a ‘Digital and Media’ employer engagement package was launched, facilitating 
learner trips to theidol.com, based in Penrith and LA12 in Ulverston for Cumbrian students in year 
10 and 12 with an interest or passion for the subject.
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The intervention aimed to:

•  To support the work of the Cumbria Careers Hub, supporting learners in pursuing careers in 
showcased industries.

•  To increase the likelihood of individual target learner progression to HE or a degree 
apprenticeship.  

•  To match the high aspirations set by learners based on learner feedback forms we have 
collected. 

•  To showcase how university can be suited to learners who may not aspire to higher education. 

•  Provide learners with low financial support the opportunity to visit institutions that would 
normally beyond their financial capable reach. 

•  To recruit learners from a low socio-economic background. 

Impact:

To evaluate the effectiveness of the outreach programme we used pre and post learner surveys 
to measure distanced travelled of their aspirations, attitudes, knowledge, and intentions. This was 
triangulated with ethnographic observation by outreach practitioners on the day. Many of the 
learners told us that they had not spoken to someone who had been to Higher Education before 
or someone who was older but had shared interests.

As a result of their participation:

•  Learners were more confident asking a question in a group and in giving their opinion to 
new people. 

•  Learners were more positive about their ability to learn outside of the classroom. 

•  Learners felt more able to apply their skills to new tasks. 

•  Learners felt more confident in their ability to ask for help when they need it. 

•  Learners enjoyed being able to challenge their skill set. 

•  Learners felt more confident travelling alone and travelling in a group. 

•  Learners felt more supported to make decisions about their future and generally felt more 
positive about their future. 

•  For learners who were unsure about pursuing university, an apprenticeship, or a career in 
this sector prior to the activity we saw a positive shift in their intention and those who had 
already decided remained confident of their decision after participation.
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Case Study 2 - 
Centre for Leadership Performance (CfLP) –  
Bright Stars

“Bright stars has really lived up to its name. We have developed a school full of Bright Stars who 
have gained so much knowledge about the world of work and how to run a company. The 
competition has given our children so many opportunities, beyond what we anticipated. Thank 
you CfLP.” Fiona Stoddart, Walton and Lees Hill CE Primary School, Brampton

OBJECTIVE

Bright Stars is an exciting eight-week programme designed to introduce children in primary schools 
across Cumbria to leadership, entrepreneurship and the world of business whilst raising money for 
charity, winning funds for their school and having fun along the way.

Bright Stars is project-managed by CfLP and delivered in partnership with local businesses. The 
programme originated through discussions with Cumbrian business leaders keen to address 
low levels of business start-ups and the need to inspire and nurture a culture of enterprise and 
aspiration from a young age.  

Now in its 9th year Bright Stars has involved more than 60 businesses and 100 schools, and engaged 
more than 6000 children, raising over £100,000 for schools, and chosen charities

PROGRAMME

Schools are partnered with local business mentors and have eight weeks to grow a stake of £50 
through investment and creativity by setting up their own mini businesses.  

The programme is an inclusive programme open to whole year groups. Children who may not be 
switched onto traditional learning often light up though the excitement of running a business and 
being leaders in their schools with roles and responsibilities. 

Pupils develop their skills while raising money for charity, winning prize funds for their school and, 
of course, having fun along the way. Bright Stars provides opportunities for local businesses to 
forge ongoing links with their local community, and gives the business partners a refreshing new 
perspective on the world of business. 

To overcome COVID restrictions, the CfLP in consultation with primary schools and business 
partners developed a new approach for Bright Stars 2021.  It has become a virtual experience 
and the focus of the challenge has shifted from “making a profit” to “making a difference”. 

It focuses on growing concern of communities being ‘left behind’ due to COVID-19, reinforced 
the need to provide enriching and stimulating experiences for the children.  Each school and 
their business mentors will work together to develop a digital campaign to ‘make a difference’ 
or bring about change relating to an issue that matters to the children, either local or linked to a 
national or global topic.  
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OUTCOMES: BRIGHT STARS

•  Helps to raise aspirations, confidence and self-belief as young people showcase hidden 
talents. 

•  Enables children to develop new skills in communication, enterprise, and leadership.

•  Gives the young entrepreneurs access to positive role models from the world of business - 
raising aspirations and showcasing local careers and companies.  

•  Encourages children to ‘Dream Big ‘and feel more confident and braver about their future, 
empowering them to influence change and ‘make a difference’.

•  Forges ongoing links between schools and businesses and builds stronger relationships with 
their communities they serve. 

IN THEIR OWN WORDS

“We worked better as a team and have learnt to be grateful for what we’ve got as we have 
raised lots of money for our charity” Poppy & Marsie, St Joseph’s, Cockermouth 

“I loved the experience, every minute of the planning and at the end it was all worth it. Our team 
was outstanding I wish it had never ended! We all said how happy the people at the Shelter and 
Centre were to see us and our soup. It put huge smiles on our faces for the rest of the day.” Pupils 
at Newbarns Primary and Nursery school”

“it’s not like learning, it’s just brilliant!” Pupils at Victoria Academy
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Case Study 3 - 
Beacon Hill Community School
The Local Labour Market Aligned Curriculum (LLMAC) is one of the many aspects of Beacon Hill 
school that makes it individual, forward thinking and deeply embedded within the community.  

The school recognised that as a country we are in the midst of great change, and these changes 
have a major impact in Cumbria, which will accelerate in the coming years. In Cumbria, there 
is a significant shortage of people to take over the jobs of those projected to retire or leave in 
the coming years. This number is in the tens of thousands, and there are just not enough students 
coming through from our schools and colleges to fill these often vital roles.

In response to these challenges the school decided, following extensive talks and consultation 
with local and national employers and professional bodies to introduce the LLMAC curriculum.

The school wants to ensure that their students are prepared, aware and ready to accept the 
challenges that are coming and grasp the huge opportunities that they offer.

The strands that weave together into LLMAC, together with the traditional curriculum, are 
Cumbrian Award, Industry Project and a BTec in Engineering.

The Cumbrian Award was developed with the aim of preparing students with the necessary 
knowledge, communication and problem-solving skills they will need to address both their own 
and the local areas needs for the future. Independence is a core attribute, and many of the 
activities are designed with this in mind. Teamwork and defined team roles are also practised 
with each team member having a defined and contributory role.  Within the Cumbrian Award, 
students learn more about the opportunities available to them and how to access them, and the 
geographical features- the science that surrounds us, and historical aspects of Cumbria – often 
through planning then taking part in expeditions where they explore parts of our region with a 
guided purpose.

Industry Projects expose students to the job opportunities available to them in Cumbria.  A business 
works with students on a six-week project.  Students present their findings to professionals in the 
field they are exploring for that project. Site visits give a greater awareness and understanding of 
the industry that surrounds us. There are five core skills, which were identified following extensive 
discussion with leaders in industry and education, that Beacon Hill seeks to develop in each 
student - communication, teamwork and leadership, problem solving and analytical thinking, 
personal management, creativity and innovation.  

LLMAC is assessed on a different basis to other subjects, with students expected to work towards 
the five skills outlined through their project work. There is a progression through each of the skills, 
and this is split into four descriptors- Introductory, Developing, Applying and Excelling. This allows 
students who have particular strengths or weaknesses to be self-reflective in assessing their own 
performance and be aware of their own areas of development or success.
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Case study 4: 
Exemplary Careers Education at the Lunesdale Learning Trust

CAREERS AT THE LUNESDALE LEARNING 

TRUST: https://vimeo.com/mulhollandmedia/review/524223197/fc39fcd6bb 

At the Lunesdale Learning Trust their ambition is to provide a gold standard of careers advice 
and guidance tailored to meet individual student needs.  The Trust promotes all options from HE 
to becoming self employed and they place a huge amount of emphasis on employability skills 
and project based learning.

The Lunesdale Learning Trust is an exemplary example of demonstrating commitment to providing 
outstanding careers education in school.  Their team consists of a Careers Leader, Careers Advisor, 
Careers Co-ordinator, Employer Engagement Officer supported by an Enterprise Advisor.

Careers Leader Cathy Harrison drives the careers agenda across her two school sites.  She has 
shown real leadership in establishing a strategic framework which gives real stability and focus to 
the differing agendas across the two schools.  

One of the sites is a Studio School, and Cathy with her careers team has shown real leadership in 
realising the vision for the school, establishing the school and embedding the careers pathways 
across the school.  The Studio School is the jewel in the crown for our approach to careers 
education development across Cumbria. Queen Elizabeth Studio School is also one of four lead 
schools for Cumbria Careers Hub and they work hard to share best practice with colleagues 
across the sector.  

The Lunesdale Learning Trust is pro-active when developing their careers programme and 
willing to look at new initiatives as opportunities to enhance opportunities for their young people 
including establishing Young LinkedIn Champions and establishing the Employer Advisory Board 
for the school, another development which is unique within our Hub Area.  The Trust know the 
importance of developing strong stakeholder engagement and has worked tirelessly to establish 
and develop really strong links within their local area.  The development of the Employer Advisory 
Board has added stability to the careers programme and also ensures that the school is well 
connected to the local business community.  During 2020, the trust took advantage of the use 
of technology to connect the Studio School with the widest possible employer pool – this has 
broadened the perspective of the young people and helped to raise aspirations and horizons.

The Careers Team are passionate about raising the future prospects of young people and through 
their five year careers strategy they are able to adapt their provision to meet the bespoke needs 
of any individual whilst delivering an innovative and inspiring careers education programme.
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Case Study 5
Youth Futures Programme – Oaklea Trust

BACKGROUND

T lives at home with 2 younger sisters, Mum and Dad. He is on roll at a local secondary school but 
he had not accessed education fully since Year 8. He does not have any special education needs 
and other than moderate behavioural issues there was no explanation to T disengaging from his 
education. At the point of referral in October it was noted that ‘T’s difficulties attending school 
were historical which have incrementally deteriorated over a period of time, specifically due to 
lockdown and the return to school’. At this stage in Year 11 he was at risk of NEET and leaving year 
11 with no qualifications. T used to play in 2 football teams but had stopped and also withdrawn 
from seeing friends. Parents are very supportive and made continuous attempts to get T in school. 
Medical history – T is generally fit and well other than a Gastro problem which previously resulted 
in admissions to hospital and is currently under the Gastroenterology department at RVI but no 
actual diagnosis (he takes regular medication). Mental health – T does have episodes of anxiety, 
mainly relating to the school which worsened when attempting to enter the school building, he 
also is anxious with new situations. CAHMS were involved but T didn’t engage and they recently 
have withdrawn.  

PROGRESS TO DATE

Just prior to R2W being involved, T was not accessing any provision. HHTS had started in the 
October with Functional Skills Maths & English being taught at home 2 x 2.5 hour sessions per 
week and this is going well. 16th November was the initial home visit with T and Mum present. T 
was quiet and lacking confidence but was polite and engaged in conversation (although it was 
1 word answers). At this stage it was very clear that T would not manage returning to school for 
the remainder of Year 11 and school accepted this. The family did not know what options there 
were for T if he did not go to school and were concerned for his future. Up until now T had some 
occasional experience of working alongside his Mum doing groundworks tasks and ‘was not 
shy’ of outdoor practical work but had not had significant experience to explore his skills and 
identify areas for skills development. Post 16 education routes were discussed with T including 
College options and Apprenticeships. A careers advice and guidance session was conducted 
and action plan completed. T followed through with the action points which included college 
and apprenticeship research, accessing a virtual college open event and exploring options for 
work experience. Weekly 1 hour meetings were confirmed for mentoring T on an employability 
programme from home, building up to the meetings taking place in school. Work experience was 
set up and risk assessments carried out by R2W with all paperwork of consent and preparation for 
work experience delivered by R2W.

January 2021 (during lockdown); T continued with his work experience placement and our 1:1 
meetings were online. Maths and English continues (online). R2W support adapted to suit online 
delivery with guidance and support with T to complete a power point presentation about his 
work experience to be used for the Speaking & Listening element of the English exam.
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April 2021; T continues with Eden Bespoke 2 or 3 days each week. In February T was offered an 
Apprenticeship with his work experience provider. R2W worked with the employer to explore 
suitable Apprenticeship programmes and set up meetings with both Kendal and Carlisle College 
for further discussion. Neither could offer a programme that suited the employer ie; a combination 
of general construction and landscaping. Myerscough was considered by the employer for a 
Landscape Gardening Apprenticeship but T was not interested due to his passion being more 
general construction at this stage. R2W supported T with exploring other options.  

REFLECTION

T was at risk of becoming NEET. From knowing T for the past 5 months there has been a remarkable 
change. He now has full engagement in two way conversations, he is happier and his anxiety is 
improving. The work placement are very, very happy with T commenting on his reliability, hard 
work and enthusiasm. He goes alone to placement without the support of R2W and other than 
anxiety at the start he has settled in very well and is really enjoying it. T has improved his skills in 
confidence, commitment, resilience, independence, communication, time management, team 
work and problem solving through his work experience. He has also had chance to become 
more aware about Health & Safety in the workplace and recognises he is a practical learner. 
Attending a construction related placement has helped further develop his skills, knowledge 
and experience in this sector which ultimately has confirmed his desire to pursue a career in 
the construction industry. Engaging with friends again is very promising and his family have 
commented on the improvement in his moods at home, he now has conversations with them 
and is ‘happy’ again. Although T is not getting the opportunity to sit all the exams like other Year 
11’s he is doing very well with his efforts towards his FS Maths & English. The biggest achievements 
for T has been entering the school premises (pre lockdown) supported by R2W and his ongoing 
positive record of attendance with his work experience.  

Although an Apprenticeship was T’s first choice Post 16 and is still keen to explore this option, he 
also now recognises the benefits of attending a full time course at college to work alongside 
others of a similar age and the chosen course will give him experience in 4 disciplines to further 
his skills and knowledge. 

With the continued working relationship between the learner, parents and R2W there are no 
immediate concerns to the ongoing success of T. R2W are in place to ensure T is successfully 
accepted into further education after Year 11. T is happy with the progress to date and is 
motivated to follow through with the next steps. 

Expected outcome at the end of Year 11:- To continue in education, either a Level 2 Apprenticeship 
(if Level 1 Maths & English achieved in the summer) or a full time Level 1 course at Carlisle College 
then leading into a Level 2 course next year or Apprenticeship.
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Case Study 6 
Project Academy for Sellafield  
with University of Cumbria
Originally established in 2016, the Project Academy for Sellafield is a collaborative commercial 
relationship between the University of Cumbria and Sellafield Ltd. The Project Academy for 
Sellafield is the first of its kind in the UK, providing specialist education, training, and professional 
qualifications necessary to deliver the complex and challenging projects on one of Europe’s most 
complex nuclear sites. The Academy delivers project management short courses, professional 
qualifications, and degree programmes to prepare and educate employees for the changing 
landscape of project management.

The Project Academy is not a physical place, but an integrated pathway of education, training, 
development, and professional qualifications. This approach means candidates can begin 
qualifications at various entry points, determined by their existing experience and qualifications – 
and to build on this to enhance their skill set. We currently have over 40 offerings available in the 
form of continuous professional development, professional qualifications, and higher education 
from Level 4 (HNC) to Level 8 (PhD).

We have worked closely with the Association for Project Management (APM) to ensure our 
educational offerings are current and reflect the developments being made in wider industry. 
As the leading professional body for the project management sector, the APM has gone on 
to accredit a number of our products and we are a provider of APM franchised products. We 
currently provide a full range of professional qualifications including APM PMQ, APM PFQ, Risk Level 
1 & 2 plus many more. We are also delivering a full suite of Continuing Professional Development, 
including short courses covering a range of project management related professions and 
disciplines.

The education on offer is available to employees, the supply chain and members of the wider 
community. This in conjunction with longer term relationships with supply chain companies ensures 
that our in-house capability is being developed in a sustainable way. 

This year we have developed our long-term strategy in response to the Coronavirus pandemic, 
with our courses being delivered online using specialist software for education purposes. Online 
courses for the Project Academy are delivered through a virtual classroom to up to 12 participants 
at a time. The courses are highly interactive; participants will take part in a variety of small group 
activities and have opportunities to discuss and share experiences throughout the course.

The Project Academy for Sellafield has:

•  Engaged with 50 companies and charities who have benefitted from the training and 
education 

•  Over 60% of students enrolled on Higher Education courses from organisations external to 
Sellafield, showing sustainable growth and expansion beyond the nuclear sector. 

•  Had 4000 Sellafield Ltd attendances on Project Academy courses 

•  Registered 200 members of Sellafield’s project teams on higher education courses 

•  Delivered over 70,000 hours of education to the Sellafield project teams

•  aved over £1.3m compared to education market rates 
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The Academy has also received the following:

•  Recognised as part of Sellafield’s Contribution to the Profession APM Award 2019 

•  Winner of the Nuclear Decommissioning Authority Supply Chain award 2017 – Best 
Enhancement of Capacity and Capability 

•  Excellent Award at the Sellafield Business Awards 

•  Foundation degree students won the regional APM award in 2017 

•  The University of Cumbria was invited to speak about the Project Academy at five 
international conferences

•  Selected as a finalist for the National Skills Academy for Nuclear 2021 ‘Best Employer & 
Training Provider Partnership Award’ (outcome to be announced March 2021).

The vast majority of feedback we have received from candidates enrolled on Project Academy 
courses is extremely positive. An example of which is shown below: 

 “I recently attended the Introduction to Commercial, Contracts and Supply course and the 
whole experience was very positive. Our course tutor was very knowledgeable and paced the 
course well. I really enjoyed the delivery using the Zoom platform, in fact it was even better than 
some of the classroom courses I have attended previously. I’m looking forward to taking part in 
other courses that are being delivered in the same way.” 

Engineering Manager, Sellafield Ltd
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Case Study 7 – 
Civil Engineering and Lakes College
Work is set to begin on building a multi-million pound Civil Engineering Training Centre at Lakes College.

Celebrations are taking place after the Department for Education awarded £1.4million for the 
project. This will be added to £900,000 from Cumbria LEP’s Growth Deal fund, and £550,000 of 
college funds. 

The centre, earmarked for land opposite the college’s main entrance at Lillyhall, Workington, is 
due to open its doors to the first students next September – the same time the college launches 
its new T Level courses, which are the equivalent to three A Levels.

College principal Chris Nattress said: “I’m thrilled that we are commencing the construction of 
our Civil Engineering Training Centre, and have appointed a local contractor in Storys to work 
with us. “Once open for training next summer, this Centre will provide a fantastic facility here in 
West Cumbria to support individuals, communities and employers throughout the region train for 
skilled employment, apprenticeships and careers in construction and civil engineering. 

“We know how important a pipeline of talent is for the civil engineering sector, in support of a 
multitude of build projects and infrastructure across the North. We can’t wait to get started now 
and develop a very impressive asset for Cumbria and beyond.”

Work has been going on behind the scenes for six years, planning for the Civils centre. The facility 
will form a ‘world-class’, integrated training and skills environment for all aspects of the nuclear 
and civil engineering supply chain.  

It will have an indoor practical area with teaching spaces and outdoor areas for civils training 
and for heavy machinery and plant operations. It will provide training for a variety of trades, 
including scaffolders, steel fixers and plant operatives. 

Mike Smith OBE, Cumbria LEP Board Member and Chair of the People, Employment and Skills 
Strategy Group, said: 

“Cumbria LEP is proud to support the investment in a high-quality civil construction skills facility at 
Lakes College.  This facility will enhance the skills offer across Cumbria providing our construction 
sector with a range of support to build their workforce of the future and develop the talent 
needed to address the challenges of future.  Cumbria LEP is committed to supporting our high 
quality, responsive skills system in meeting the skills needs of our unique economy.”

Employers and the civil engineering industry has been fully involved in the design and range of 
training offered from the outset.  

Following the news that planning permission has been secured from Allerdale Borough Council, 
employers have welcomed the project.

Tracey Emerson-Jewkes, group human resources manager at Thomas Armstrong (Holdings) Ltd, 
said: “We are delighted to hear Lakes College’s wonderful news about the new Multi-Million 
pound Civils Centre to be built at Lillyhall in Workington.  

“As a large local Construction Company employer operating throughout Cumbria and beyond, 
it will certainly be a valuable and beneficial resource for us and enable us to boost our future 
employee’s skillset.”

Paul Fletcher, Cumbria Projects Director for Jacobs, the global technology-forward solutions 
company, said: “Jacobs has been fortunate enough to recruit many apprentices who trained at 
Lakes College, so we are looking forward to seeing this new centre take skills to the next level for 
people joining Cumbria’s thriving civil engineering sector.”
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Case Study 8 – 
Teaching Assistant Apprentices and SP Training 
Apprentices from Carlisle based training provider System People are enjoying great success as 
results from the Level 3 Teaching Assistant Apprenticeships are announced. A staggering 80% of 
these Apprentices achieved a distinction grade. The remaining 20% of level 3 learners all gained 
a pass result. 

An Account Manager from CACHE the awarding body confirmed that just under 50% of learners 
are receiving a distinction nationally. The fact that 80% of their learners received a distinction is 

fantastic news for the local training provider. This result is particularly 
welcome since this year sees the first cohort to graduate following 
the new apprenticeship standards released in 2018. 

Louisa Bowman from Carlisle began her Level 3 Teaching Assistant 
Apprenticeship after she completed the Level 2 with System People 
in 2019. Louisa achieved a distinction grade and is delighted with 
her results. Louisa thoroughly enjoyed her Apprenticeship and 
completed this as an apprentice Teaching Assistant working for 
Castle Carrock School, a small village school situated on the fringes 
of Cumbria. 

Louisa told us “I am so happy with my result and have thoroughly 
enjoyed my apprenticeship. I want to say a massive thank you to my 

Tutor, Sarah Taylor and all the staff at System People and Castle Carrock School for the support, 
guidance and learning opportunities throughout my apprenticeship journey.”

Managing Director of the company Rebecca Bird said that the results are “fantastic and a real 
achievement for Louisa, our other Apprentices and teaching staff at System People especially 
in light of the recent 3 lockdowns.” She went on to say that “We are very proud of all of our 
current Apprentices who are a real credit to our business. They have all showed dedication and 
commitment to their work and study and deserve the grades they have been awarded, even 
more so in light of the current lockdown situation.”

In March this year, as a response to the lockdown, all apprenticeship learning moved to virtual 
platforms within 1 week of lockdown being announced. Rebecca Bird went on to say “This 
prompt reaction and the quick adjustment to the new delivery method has meant that learning 
continued throughout the pandemic without any classroom sessions being missed with a zero 
break in learning. Our apprentices have shown real resilience during these trying times and for 
80% of them to receive a distinction is testament to that. 

All of the Apprentices from these courses have progressed into permanent full-time employment 
which is a positive sign for young people who are considering this route. If you are interested in 
beginning an Apprenticeship this year and would like to find out more about how System People 
can help you, please visit their website. www.system-people.co.uk
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Case Study 9 – 
Penrith Building Society and The Edge Project
Penrith Building Society is a small local business, with 20 members of staff with a relatively small 
turnover, and so without access to funding, the training and development of staff would be 
difficult. 

Penrith Building Society were able to access European Social Fund (ESF) Skills Support for the 
Workforce funding via The Edge Project and Carlisle College. The Edge project was commissioned 
by Cumbria LEP and aims to support SMEs with workforce development needs by raising attainment 
levels, thus supporting business growth and prosperity.

Following a training needs analysis, Penrith Building Society identified four members of staff to 
be put through the Leadership and Management programme. All had a number of years of 
experience within the company and were deemed suitable to complete the Level 4 course.

Penrith Building Society has several key values as a business, one of these values is that they are 
there to “help its staff to achieve what they aspire to, for themselves and their family during their 
lifetime.” 

Michelle Stevens, Retail Operations and Distribution Executive said

 “The Edge funding has assisted Penrith Building Society to help invest in our staff where otherwise 
it would not have been possible.

“As a company we recognise the importance of training and developing our staff, ensuring they 
have the adequate support, training and knowledge to conduct their roles to their best ability. 
We also recognise the importance of staff satisfaction within their roles, and the benefits of staff 
development and training to get the best out of them, and to make each individual feel valued, 
whilst also enjoying their working life and building a loyal and happy workforce.” 

One of the members of staff on the Level 4 course has since progressed to a Level 5 Leadership 
& Management Apprenticeship, whilst Penrith Building Society also has a second Apprentice 
completing an Assistant Accounting Apprenticeship. Both apprentices attend Carlisle College 
to develop their knowledge and enhance their skills and will achieve professional qualifications. 

The training provided by Carlisle College has ensured that Penrith Building Society employees 
have the knowledge and support to deliver their roles to the best of their ability. 
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Case Study 10 – 
West House and Lakes College
Created in 1986 as a partnership between the NHS, Social Services and local charities such as 
MIND and Impact Housing, West House soon established itself as a care and support provider 
specialising in helping people feel and be a part of their local community.

West House became an independent Industrial and Provident Society in 1996. Since then the 
organisation has continued to grow whilst remaining true to its vision of creating better lives for 
people.

Westhouse are now both one of the largest voluntary organisations and a major employer in 
Cumbria, with over 400 care and support staff; supporting over 200 adults and over 150 children 
at home and in the community. West House is a charitable membership organisation, with around 
60 shareholding members.

Recognising the need to recruit, upskill and retain staff in a sector that has high staff turnover, 
Westhouse has demonstrated commitment to training and continual professional development. 
Lakes College has currently supported them by undertaking organisational training needs 
analysis. Training packages have been agreed such as 50 care apprenticeships, 11 team leading 
apprenticeships, 3 leaders in care apprenticeships and NVQ training to upskill current staff.  
Short courses, care certificates and distance learning are also planned to ensure continuous 
professional development for staff.
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Case Study 11 - 
Digital Programme helps fill Vacancies in Care Sector 
A new digital programme in Copeland has been rolled out for the first time to move people into 
work. The programme prepared eight unemployed residents for jobs in the Care Sector. Working 
alongside Wyndham Manor Care Home in Cleator Moor, Copeland Work & Skills Partners trialled 
the new programme using a Google Classrooms platform as part of delivering differently and 
as a result of COVID-19. Five unemployed individuals have been offered employment through 
taking part. 

The Programme covered essential short course training relevant to the care sector such as: Person 
Centred Approach; Dementia Awareness; Common Signs and Indicators of Stress; Nutrition and 
Hydration and; Health & Safety in the Workplace. Wyndham provided an insight into the range 
of job roles in the care sector and what skills and qualities are required to work in the sector. 
DWP identified and referred candidates to the programme. Inspira assisted clients to get set up 
digitally and then delivered employability skills over the course of the programme.  

The new delivery model allows candidates to prepare for work in the care sector in a safe 
environment.  The care sector was targeted as it is one of the few sectors that has continued to 
recruit during Coronavirus. 

Quote from Deborah Naylor, Area Operations Manager, Inspira: “Inspira are keen to work 
creatively in these difficult times to help unemployed clients access training that will lead to work. 
The response from job seekers and Wyndham Care Homes has been fantastic.”

Vacancies at Wyndham Manor included: Care Coordinators; Support Workers; Domestic 
Assistants; and Kitchen Assistants. The Partnership plans to trial out the programme with employers 
in other sectors such as Food and Drink.

Quote from Sue Edwards, Manager at Wyndham Manor Care Home:

 “The Programme has helped us identify some good quality candidates who will fill key roles in 
our business. The candidates have been able to have a clear insight what it is like to work at 
Wyndham Manor and have had the benefit of care sector related training as part of the process. 
We have really enjoyed taking part in the Programme”.

The Partnership has experience of delivering these programmes working with employers across 
a wide range of sectors. It’s part of the Partnership’s remit to help businesses recruit and prepare 
people for work and they have had to adapt our thinking and be creative in terms of delivery. 
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Case Study 12 - 
Self-Employment Awareness Raising  
Session for Copeland’s Unemployed  
Residents

Copeland Work & Skills Partnership is encouraging unemployed residents to consider self- 
employment as a future career option. They now better understand the concept of self-
employment through recently attending a newly developed ‘awareness raising’ session, unique 
to the Copeland Work & Skills programme. 

Supported by Inspira and DWP, the half day, online session, delivered by Dave Porthouse, Director 
at Money, Education & Support Services, offers attendees the opportunity to find out more about 
self –employment, including the challenges and requirements of being self-employed and is 
designed to provide attendees with information about aspects of self -employment to help them 
decide if self- employment is something they could be interested in. It is seen as a forerunner to 
‘Entry into Self Employment’ – a longer-term programme, currently in place and being delivered 
by Inspira. The opportunity is open to all unemployed residents across Copeland, including those 
whose careers may have been affected by COVID-19. 

Chris Gibson, Deputy Area Operations Manager at Inspira said: “Through getting involved, 
attendees will: have an awareness of the different types of self- employment; an awareness of 
the myths versus the reality of self- employment, along with an understanding of some of the 
essential skills and characteristics required whilst being self-employed. Support will be available 
for people who wish to go self-employed including how to access pathway projects such as 
Inspira’s Copeland Entry to Self-Employment programme.”

Wayne Dixon, a participant at the session said: “I really enjoyed the course and found out things I 
didn’t know about starting up as being self-employed. The session was very useful in pointing me 
in the right direction. Dave was a great trainer and the course covered everything I needed to 
know.”

Dave Porthouse of Money, Education & Support Services, said: 

“I believe many people at some point in their lives consider self-employment, but are put off by 
how daunting it can seem. Self-employment is about taking an idea, identifying the barriers and 
then looking at how to overcome them and unless you actively take those steps to find out more 
about it you will never know what you don’t yet know. Exploring Self Employment gives people 
the opportunity to find out more about what it means to be self-employed and realise that is not 
as daunting as it first seemed.”

A number of those who attended are now progressing on to Inspira’s Entry to Self-Employment 
Programme, commencing 8th March 2021. 

This opportunity is one of a number of ways the Work and Skills Programme – jointly funded by 
Copeland Community Fund and Sellafield Ltd - is providing support to unemployed residents 
across Copeland. The Programme also offers workforce development support to employers 
through its Sector Based Work Academy Programmes and Wage subsidy schemes. 
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Chapter 8 – 
Looking Forward

The previous sections of this report outline 
the challenges facing employment and 
skills in Cumbria.

The report demonstrates the strengths in skills 
Cumbria has across its unique economy, and 
the breadth of employer engagement with our 
high-quality, responsive skills system where they are 
at the heart of innovation in skills support and delivery.

The report also demonstrates that the skills priorities 
identified by the SAP prior to the Covid-19 pandemic are still 
relevant, albeit with a change in focus and priority level.

It is with this in mind that this section of the report looks forward and draws together the various 
strengths, challenges and opportunities that exist for skills development across the county.

Firstly, there is a clear need to simplify the skills system to enable employers and individuals as 
users of the skills system to efficiently access the support they need when they need it.  The 
development of the technical education vision and the on-going development of Cumbria 
Opportunities, aligned with effective promotion of the skills offer will enables employers, young 
people, those in work and unemployed residents to become informed consumers of skills support.  
The SAP will work with employers to understand their challenges and work with the skills system to 
simplify what can often be a complicated skills offer.

The continued drive to enhance careers education will enable young people to understand the 
world of work, the Cumbrian economy, and the opportunities for rewarding careers across the 
county.  Cumbria Careers Hub has continued to support schools and Colleges in the development 
of careers education practice and innovative projects, some receiving national recognition, and 
the LEP’s sector panels are clear that further employment involvement in careers education is 
critical to developing the workforce of the future.  The SAP will continue to engage with employers, 
schools, and Colleges to secure the high-quality careers support young people across the county 
require, and that employers have identified as a priority in developing the future workforce.

In discussions with employer partners and the SAP the challenge of flexible skills delivery has 
emerged.  At a time when employers are facing challenges relating to the Covid-19 pandemic 
the need for increasingly flexible methods of delivery from our skills system is increasing.  The 
innovation developed during the pandemic in supporting skills delivery to employers and 
individuals can be built upon to continue upskilling and reskilling the economy will require and as 
set out in Restart, Reboot and Rethink.  The SAP will continue to work with our employers to identify 
the methods of support they need and share these with the skills system to facilitate the on-going 
innovation in skills delivery.  The SAP will also support other innovations in skills for example the 
Borderlands Inclusive Growth Deal which will drive investment and innovation in rural skills and 
support the development of the Citadels project, a new city centre campus for the University of 
Cumbria which will expand opportunities for local students and attract new students to the area.
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The higher-level skills offer in Cumbria has continued to grow with the growth in degree level 
Apprenticeships and the development of the Barrow Learning Quarter as examples of this.  As this 
development continues we will look to our employer partners to continue to identify the specific 
higher level skills they need to enable their businesses to grow and prosper, which will enable the 
SAP to support proposals for the on-going enhancement of the offer e.g. Institute of Technology.  
This will be aligned to the SAP’s on-going review of the skills offer and work with sector panels to 
ensure the skills offer meets needs.

As the effects of the pandemic on employment become clearer the need for a co-ordinated 
approach to skills support and careers guidance for unemployed residents is critical.  There 
are many programmes of support available, each offering a very similar mix of skills delivery 
and guidance and targeted broadly at the same cohort.  The SAP will work with partners to 
secure effective targeting and the development of an approach that recognises the distance 
the individual is from the labour market and the rapid changes in the skills needed to secure 
employment.
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Local Skills  
Report Annexes

Core Indicators (A) and  
Additional Data (B)

The core indicators in this Annex and the 
additional analysis in Annex B act as an insight 
into the key aspects of Cumbria’s labour market.  
The core indicators and data sources have been 
selected by DfE to cover aspects of the labour 
market and skills landscape which are likely to be 
relevant across all areas.  

The format and structure of this Annex have also been 
determined by DfE as this means that consistent data and analysis is 
available for all areas which will help those looking across reports from different areas to understand 
the national picture.  Interpretation and narrative has been provided by local analysts and the 
Cumbria People Employment and Skills Strategy Group (PESSG) which acts as the Skills Advisory 
Panel (SAP) in Cumbria.  

In addition to the fixed, core indicators in this annex, further analysis, including additional data 
sources selected by local analysts, is contained in Annex B.  For clarity, both annexes are structured 
using the same theme headings as Annex A (Local Landscape; Skills Supply; Skills Demand; and 
Mapping Skills Supply and Demand) and this structure also reflects the structure used in the skills 
evidence base produced in 2019 (Skills evidence base 2019).
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LOCAL LANDSCAPE

Local Landscape - Summary
•  Cumbria’s geography – its size and location – is a key driver of the county’s economic 

structure and performance.

•  Cumbria has an unusual “poly-centred” industrial structure and the £12 billion economy has 
strengths in 

 o agriculture/land-based industries and tourism on the one hand and in 

 o food manufacturing and nuclear and advanced manufacturing on the other. 

•  Cumbria also has strengths in logistics, construction, some technical services and in social 
care (linked to the elderly population).

• Cumbria LEP’s 9 key sectors account for about 60% of the economy.

•  There are wide variations across the county in economic success and performance in large 
part because of the location and concentration of different industrial sectors.

•  Cumbria has a series of to some degree overlapping but distinct economic areas. This 
means that the industrial structure varies widely. At a local level some areas have a high 
and indeed overly high degree of dependence on certain sectors and businesses. 

•  Relative productivity performance is poor to middle ranking in a UK context. Cumbria sits 
13% to 15% behind national productivity levels and productivity performance is patchy 
across sectors (and geographies).

•  Much of the relative productivity difference is caused by Cumbria’s industrial structure, but 
there is some evidence of below national productivity rates in some sectors, especially in 
private sector services and digital/creative.

•  Cumbria performs better on other economic measures such as employment rate, relatively 
high wage levels and average household incomes, although this varies between areas 
within the county. 

•  Cumbria ranks in the top 25% of LEP areas in terms of how inclusive growth has been recently, 
but there is more to do, and Covid-19 has highlighted this to a greater degree.
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Employment by sector: Cumbria’s biggest employing sectors are manufacturing, health, 
accommodation & food services, retail, and professional, scientific & technical services which 
between them account for over half of employment.  All these sectors contribute to one or more of 
the LEP’s 9 priority sectors, designated as such either for their local specialism and/or potential for 
growth.  Cumbria has twice the national average concentration of employment in manufacturing 
and in some parts of the county, notably Copeland and Barrow, this concentration is around 4 
times the average due to significant nuclear and defence manufacturing capability.  Alongside 
this major manufacturing base is a significant land-based and tourism dependent rural economy 
giving Cumbria a unique sectoral structure.  Cumbria has lower than average proportions of 
employment in financial services, IT and in professional, scientific & technical services.

Whilst much of the local manufacturing base has been protected to some degree from the worst 
economic impacts of Covid, the same cannot be said for the substantial visitor economy which 
has been hugely impacted by repeated closures and travel restrictions which have effectively 
seen the sector endure “3 successive winters”.  The extensive use of furloughing, with parts of 
Cumbria consistently having the highest rates in the country, is evidence of the impact on the 
sector and its workforce and the reliance of other sectors in the county on trade from the visitor 
economy has also been exposed by the pandemic.  Migration changes resulting from the UK’s 
exit from the EU present a further challenge for a sector which has traditionally relied on overseas 
workers at peak times.

Source: Business Register and Employment Survey, 2019 (published 2020)
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Source: Annual Population Survey, Oct 2019 - Sept 2020

Source: UK Business Counts, 2020

Employment by occupation: The biggest employing occupations in Cumbria are professional 
occupations, skilled trades, and elementary occupations.  The concentration of jobs in skilled 
trades is significantly above the national average (and the second highest of any LEP area), 
a finding which is linked to the substantial manufacturing sector in the area and which leads 
to significant demand for Apprenticeships.  There are similar concentrations in process, plant 
and machine operative occupations and elementary occupations.  However, the area has 
lower concentrations in higher level occupations such as managers, directors & senior officials, 
professional occupations and associate professional & technical occupations, and whilst this is 
partly a reflection of the sector structure in the area, it is also a trend which is known to cause 
recruitment and growth challenges for local businesses.
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Enterprises by employment size band: In common with most areas, the registered business base 
in Cumbria is predominantly made up of micro and small businesses with 90% of registered 
enterprises employing fewer than 10 people, in addition to a substantial number of small, 
unregistered businesses not captured by the statistics.  Many of these businesses are facing 
challenges because of Covid-19 which will have far reaching consequences for their growth 
potential and may impact on their plans to recruit new staff, particularly young people or those 
requiring training.  Despite the predominance of small businesses, the geography of Cumbria 
means that in some areas there is significant employment dependence on a small number of 
large firms with the health of the local labour market strongly linked to trends within these firms 
and their supply chains.

1. Banksearch Consultancy start-up data / FAME live business database (including non-registered enterprises)

Source: ONS Business Demography, 2014 - 2019 (published 2020)

Business birth and death rates: Business birth and death rates (measured by registration for VAT/
PAYE) have both traditionally run below the national average and in recent years, birth and 
death rates have been broadly similar, unlike the national trend where births have consistently 
exceeded deaths.  This suggests a good degree of stability in the local economy, supported 
by further data from the same dataset showing that once registered for VAT/PAYE, Cumbrian 
businesses are more likely to remain so than average.  However, it can also be argued that the 
data suggests a lower level of dynamism and possibly in entrepreneurial activity.  Despite this, 
other datasources1 suggest that significant activity takes place below the VAT/PAYE thresholds 
measured by these statistics and that with appropriate business support, many of those micro 
businesses can be encouraged to grow and become employing organisations.  Covid-19 has 
presented many challenges for the growth prospects of smaller firms but local surveying during 
the pandemic has shown a willingness to flex and adapt to changing circumstances and the 
challenge will be to harness and develop this in the post-pandemic recovery phase and beyond.
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Employment rate and level: Cumbria’s employment rate has consistently been above the national 
average and has changed relatively little in recent years.  However the LEP-wide average masks 
variations within the area and for example the most urban part of the area, Barrow, has an 
employment rate that runs well below that of the LEP area and country whilst employment rates in 
more rural areas are above the LEP average.  The latter areas have smaller proportions of working 
age residents and the high employment rate, whilst a positive feature, also presents challenges 
for recruitment and for economic growth as labour supply is limited by demographics.  Linked 
to the low employment rate in Barrow, the economic inactivity rate is also higher than average, 
and this is in part due to high rates of poor health and low rates of high-level qualifications among 
residents.  

It is too early to assess the long-term impact of Covid-19 on employment levels.  At the time 
of writing Cumbria’s labour market has been extremely sensitive to the imposition and lifting 
of pandemic restrictions with furlough and claimant rates rising and falling more quickly than 
nationally but there are concerns about the long term impact not just on current jobs but on future 
growth which was already predicted to run behind national levels even before the pandemic.  

Source: ONS Subregional Productivity, 2004 - 2018 (published 2020)
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Nominal GVA per hour worked: Cumbria derives over a quarter of total Gross Value Added from 
the manufacturing sector (more than double the national average) and derives more than the 
national average from land-based and visitor economy related activities.  Conversely, Cumbria 
derives less than average GVA from high value sectors such as computing/digital, financial 
services, professional scientific & technical services.  This mix of sectors, together with the particular 
activities within certain sectors, is largely responsible for productivity levels that run below the 
national average for the LEP area as a whole and also for disparities within the area - productivity 
is higher in those parts of the area with a significant manufacturing presence and lower in areas 
where land-based and visitor economy activities dominate.  

It follows that areas with high productivity are generally those with higher average pay rates and 
this is true within Cumbria.  However, those areas with the highest average pay in Cumbria are 
also those with highest levels of unemployment and deprivation presenting a major challenge in 
lifting those outside the labour market into employment and improved prosperity.

Source: Annual Survey of Hours and Earnings, 2014 - 2019

Median gross weekly wage for full-time workers: Average earnings are estimated to be below 
the national average for Cumbria but are higher than average in areas where manufacturing 
employment dominates.  The LEP area is a relatively self-contained labour market and there is 
little overall difference between resident and workplace earnings.  However there is commuting 
between districts and in more rural areas such as Eden, South Lakeland and Allerdale, resident 
earnings are higher than workplace earnings, reflecting both the nature of employment in those 
areas and the level of outward commuting to employment centres elsewhere in the county.
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Source: ONS Mid-Year Population Estim 2019

Source: ONS claimant count & DWP Stat Xplore, January 2013 – November 2020

Population by age group: Cumbria has relatively fewer young residents and more older ones 
than the national average and has seen barely any population growth in recent years (0.3% in 
the past 5 years compared to 3.4% nationally).  Of note is that Cumbria’s working age population 
has fallen by over 8,000 in the past 5 years which is contrary to increases in this age group in other 
areas.  Projections suggest this trend will continue and Cumbria could see a further reduction 
of over 12,000 working age people by 2028.  Although increases in economic activity rates, 
especially for over 60s, are expected to offset this to some degree, a net decline in the available 
labour force is still anticipated which presents obvious challenges for the labour market and 
could act as a constraint on post-pandemic recovery and future economic growth.  However 
the pandemic, and in particular the use of technology and the shift to more remote ways of 
working resulting from it, present an opportunity to promote Cumbria as a place to live, work and 
invest via a Reboot Your Future campaign planned as part of Cumbria’s Covid-19 economic 
recovery strategy.
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Claimant Count and Alternative Claimant Count: Cumbria’s claimant rates have historically run 
below the national average although this is not the case in all part of the county – there are 
concentrations of unemployment in Barrow, the west coast and in parts of Carlisle that are close 
to, and at times in excess of, national rates.  In particular, claimant rates for young adults in 
Barrow are above the national average, despite average NEET rates and extremely high levels of 
apprenticeships.  The pandemic saw steep rises in claimant numbers in Cumbria that were well 
in excess of the national average and particularly concentrated in those areas hitherto relatively 
little impacted by unemployment, notably Eden and South Lakeland where much employment 
is reliant on the visitor economy.  

Since the initial pandemic peak in July 2020, claimant volumes have fluctuated in line with the 
imposition and lifting of economic restrictions, rising and fall more quickly than nationally which 
demonstrates both the flexibility and vulnerability of the labour market in Cumbria.  There are risks 
that if employment opportunities reduce and the labour market becomes more competitive, 
those furthest away from the labour market will find it even harder to return to work and significant 
investment in skills is required to prevent inequality deepening.  Support for the newly unemployed 
and for young unemployed are a priority in Cumbria’s pandemic economic recovery strategy, 
co-ordinated with the delivery of sector-based work academies and effective information, 
advice, and guidance through initiatives such as Jobs Fuse.  

Note: the Alternative Claimant Count models the impact of the rollout of Universal Credit, under 
which a broader span of claimants is eligible to claim and is a more consistent measure over time 
than the Standard Claimant Count. 

Source: ONS claimant count & DWP Stat Xplore, January 2013 – November 2020
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Income, Employment and Education deprivation: Levels of deprivation, especially relating to 
employment and skills, vary considerable across the LEP area – the west and Barrow, has more 
deprivation “hot spots” compared to the east of the county.  This is despite the former areas 
having some of the highest apprenticeship rates in the country, mostly linked to the significant 
manufacturing presence in these areas.  The key challenge is to narrow the attainment gap and 
ensure that young people and those furthest away from the labour market are provided with the 
skills and support to be able to take advantage of the opportunities available and reduce levels 
of deprivation.

Source: Index of Multiple Deprivation, MHCLG, 2019
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SKILLS SUPPLY

Skills Supply – Summary
•  Cumbria faces a challenging workforce supply issue. There is already a very tight labour 

market and limited spare capacity; forecasts suggest a severe worsening of overall skills 
supply relative to need and there is a need to consider how to:

 o Retain and attract more people of working age

 o Retain and attract more people with high level skills

 o Encourage more of our older residents to enter or stay in the labour markets

 o Find ways to increase employment rates amongst those out of the labour markets.

•  We have an ageing workforce which is also driving a growing need for replacement 
demand and ways to upskills the existing workforce.

•  The proportion of our workforce with high level qualifications has increased considerably 
since 2007 (from 25% to 31%) but there is still a significant gap on the national average 
(around 39%).

•  In absolute terms, there is a relatively thin pool of higher levels skills (measured by 
qualifications or occupations) which, despite increasing as a proportion of overall skills, 
has varied little in absolute volume terms.  There is also growing demand on this pool 
which is spread across the county in what are in effect separate labour markets.

•  The evidence suggests there is strong performance in vocational education and training, 
with a well-functioning apprenticeship system with strong employer engagement. 

•  Within our school system there are wide variations between individual schools and 
geographies and there are concerns about the performance and progress of 
disadvantaged pupils at GCSE level.

•  Overall unemployment rates are low, but youth unemployment rates are above average 
in some areas.

•  There are significant concentrations of worklessness and low skills in some of our 
communities - often ones with large and important employers and growing employment 
(eg Barrow) - and the pandemic risks widening this inequality gap.  
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Cumbria has a lower proportion of its workforce qualified to level 4 or more than either regionally 
or nationally although this proportion has improved slightly over the last decade.  The proportion 
with level 3 qualifications is higher than average as is the proportion holding a trade apprenticeship 
(the latter group does not include modern apprenticeships which are included under the relevant 
level).  This reflects the importance of manufacturing and skilled trades especially in the west and 
south of the county.  

As well as having one of the lowest proportions of residents with high level qualifications, Cumbria 
has the smallest pool of such individuals in absolute terms and this volume has changed little over 
the past decade.  Taken alongside Cumbria’s geography this means the availability of higher-
level skills is modest at county level and particularly so within each travel to work geography.  As 
a result, the labour market for higher level skills is particularly thin, creating an issue for employers 
and in attracting people to live and pursue a career in Cumbria.  This is despite around 3,000 
Cumbrian residents achieving HE qualifications each year and a similar volume of HE qualifications 
being delivered by HE institutions within the county.

Source:Annual Population Survey, January 2019 – December 2019 
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FE Education and Training Achievements: Cumbrian residents (aged 19+) achieved over 6,000 
adult education and training learning aims in 2019/20 (through funded training).  Over a quarter 
of these were in “preparation for life & work”, although this proportion was well below the national 
average (48%).  Conversely, Cumbria delivered a higher proportion of achievements in health, 
public services & care, in business administration & law and in engineering & manufacturing 
technologies (although volumes were low in the latter).  These achievements reflect the nature of 
the economy and demographics in Cumbria and the demand for skills from employers in industry 
sectors relative to the national average.

In 2019/20 compared to 2017/18 the volume of funded achievements fell by over a third (down 
from 10,000 to 6,300) with a decline across all subject areas.  The volume of achievements in 
preparation for life & work fell by 1,400 (-43%) while there were 600 fewer in health, public services 
& care, 500 fewer in retail & commercial enterprise and 275 fewer in business, administration & 
law.  Despite these falls in volume, the relative share of achievements in health, public services & 
care and in business, administration & law increased by 3% each with a corresponding decline in 
share accounted for by retail & commercial enterprise and preparation for life & work.

Source:Further Education & Skills data, DfE (published 2020)
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Cumbria delivered over 2,000 Apprenticeship achievements in 2019/20 with a third of these in 
engineering & manufacturing technologies reflecting the strong involvement with apprenticeships 
from businesses in this sector.  This is almost double the national proportion of achievements in this 
subject area.  Cumbria also has proportionately more achievements in construction subjects but 
fewer in business administration & law, health, public services & care and in retail.

The volume of apprenticeship achievements has fallen by 45% in the last 3 years, a trend seen 
across all levels but not all subjects.  Achievement volumes have remained stable in construction 
and in education & training and have reduced at a lower rate in engineering & manufacturing 
technologies and information & communication than the average across all subjects.  However, 
achievement volumes have fallen markedly in retail (down 75%) and in business administration 
& law and in health, public services & care (both down by more than 50%).  Within the context 
of falling volumes, the proportion of achievements accounted for by apprenticeships in 
engineering & manufacturing technologies has increased from 25% to 33% in the past 4 years 
and the proportion in construction has increased from 6% to 10%.  Conversely, the proportion of 
achievements accounted for by retail & commercial has fallen from 14% to 7% and in business 
administration & law from 25% to 20%.  This, together with the previous data on FE achievements, 
indicates a clear shift away from retail & commercial enterprise which has seen falling volumes 
and a falling share of activity across both activity streams.

Source:Apprenticeships data, DfE (published 2020)
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HE Qualifiers: There were 3,070 HE qualifiers from Cumbrian based HE institutions in 2018/19, a 
third of them in subjects allied to medicine and almost a third in education subjects, both well 
more than the England profile.  There were relatively fewer qualifiers in business & administrative 
studies, social studies, and engineering & technology subjects.  However, this data only captures 
the range of HE provision provided by the University of Cumbria (including its London campus) 
and not that provided by other institutions with a presence in Cumbria.  Therefore, it does not fully 
reflect the HE offer in the county or the demand for HE from Cumbrian residents and businesses.  

In recognition of the limitations of the published data on HE provision/outcomes, a piece of work is 
planned with local HE analysts to explore HE data in depth in order to get a more comprehensive 
overview of HE delivery in Cumbria, HE accessed by Cumbrian domiciled residents and HE learners 
whose ultimate destination after study is Cumbria. 

Source:HESA, 2018/2019 qualifiers (published 2020)
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KS4 destinations: Cumbria has a slightly higher proportion of KS4 (16 years) pupils going into 
sustained learning or employment destinations than nationally (96% v 94%) and in particular 
a higher proportion in a sustained apprenticeship (11% v 4%) with a correspondingly lower 
proportion in sustained education.  The level of entry to apprenticeships is the highest of any SAP 
area in England (the next nearest is Humber with 7%).  This is in line with Cumbria’s long tradition of 
apprenticeship delivery and is in large part driven by demand from the substantial manufacturing 
sector and its supply chain.  

There are possible early signs that the pandemic may be having an influence on young people’s 
choices and opportunities.  In January 2021 there was reduction of 2.8% in the proportion of 16/17 
year olds in Cumbria participating in apprenticeships or in employment with regulating training 
compared to the same time last year (down from 13.4% to 10.6%) with an increase of 2.1% in the 
proportion continuing in full time education/training.  This may reflect a reduction in employer 
opportunities and / or potentially some caution among young people at a time when a national 
“lockdown” is still place with large swathes of the economy closed and is clearly something to 
monitor in the coming months.

Source:KS4 destination measures, DfE 2018/19 (published 2020)
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KS5 destinations: In Cumbria, 84% of Key Stage 5 leavers (16-18 education) from 2017/18 were 
in a sustained employment or learning activity in 2018/19 which is above the national average 
of 81%.  Almost of fifth of these (19%) were in a sustained apprenticeship, more than double the 
national average (9%) and the highest of any LEP area (next nearest is Worcestershire with 13%).  
Proportionately fewer were in sustained education (40% v 47%).  

The importance of apprenticeship routes in Cumbria is evident from the fact that across all levels 
of study at 16-18, the proportion leaving to enter an apprenticeship was double the national 
average.  In the case of those that had studied at level 2 in KS5, almost a third (29%) went on to 
an apprenticeship destination.

A further breakdown of destination types by level shows that a lower proportion of KS5 leavers in 
Cumbria go into Higher Education or a Level 4 Apprenticeship than the national average (31% v 
37%).  In light of an already increasing demand from employers for higher level skills and forecasts 
for this to increase (see Working Futures analysis in Annex B), this is a key priority for action to 
increase the supply of high level skills into the local labour market.

Source: 16-18 Destination Measures (State-funded schools and colleges), DfE, 2018/19 (published 2020)

Source: 16-18 Destination Measures (State-funded schools and colleges), DfE, 2018/19 (published 2020)
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Source: FE outcome based success measures, 2018/19 achievements, DfE, (published 2020)

Source: FE outcome based success measures, 2018/19 achievements, DfE, (published 2020)
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FE and skills destinations: Cumbria had over 4,700 FE & Skills leavers in 2017/18 and of these 66% 
were in sustained employment when followed up the following year meaning that over 3,100 FE 
& Skills leavers entered the labour market.  This proportion is higher than the national average of 
61%.  

A fifth of learners were in sustained education the year after leaving learning which is slightly 
below the national average (21% v 24%).  However, the proportion of leavers after Level 3 study 
who were in sustained learning was higher in Cumbria than nationally (48% v 62%).

Source: FE outcome based success measures, 2018/19 destinations, DfE (published 2020)

Source: FE outcome based success measures, 2018/19 destinations, DfE (published 2020)
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Apprenticeship destinations: Cumbria has a marginally higher proportion of Apprenticeship 
leavers entering sustained employment than nationally and this is mirrored across all levels.  This is 
also true for progression into learning and reflects Cumbria’s very well established and significant 
Apprenticeship provision which accounts for a much more significant element of post 16 learning 
than is the case elsewhere.

Source: HESA, 2017/18 graduates (published 2020)

HE graduate destinations: Unlike the earlier HE qualifiers data, this data on HE destinations does 
include some provision offered by providers other than the University of Cumbria, although UoC 
still accounts for the vast majority.  However, the geographic mapping does not match provision 
at Carlisle College, Newton Rigg College to Cumbria, or bodies such as the Dalton Institute as 
the parent provider is located outside the area.  Taking that caveat into account, HE graduates 
learning in Cumbria are more likely than the national average to go into full time employment 
(69% v 59%) but there are no major differences in other destinations.

As noted previously, published data on HE provision/outcomes has several limitations and as a  
result a piece of work is planned with local HE analysts to explore HE data in more depth in order 
to get a more comprehensive overview of HE delivery in Cumbria, HE accessed by Cumbrian 
domiciled residents and HE learners whose ultimate destination after study is Cumbria. 
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Graduate retention: This data captures graduate region of residence for graduates from the 
University of Cumbria and suggests a high degree of retention within the North West (two thirds 
resident  in the region after 5 years) with the neighbouring North East accounting for the next 
highest proportion.

As with other HE data, there are limitations and this dataset only captures destinations for students 
at the University of Cumbria (across all sites) and not for other HE provision in Cumbria.  In addition 
it does not go below region and therefore it is not possible to assess how many students who 
studied in Cumbria remain in the county after study, nor does it show how many students who 
studied elsewhere may end up in Cumbria after study.  As part of the HE data project planned for 
2021, we will examine destinations data in more depth to see if more granular analysis is possible.

Source: Graduate Outcomes in 2017/18, DfE, (published 2020)
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Employer provided training: The incidence of employer training is similar in Cumbria to nationally 
(72% providing some form of training compared to 71%).  The highest proportion provide both 
off the job and on the job training (almost half of those providing training offering both types).  
Local survey data from the Cumbria Business Survey (conducted Q4 2020) suggests these levels 
of training dropped during the pandemic (56% providing training) and that, understandably, this 
was mostly in off the job training.  The survey also showed continued uncertainty about future 
training with only 54% planning any in the next 12 months.  The main reason given for not training 
was the businesses didn’t feel any was required (65% of those not planning training) with much 
lower proportions saying their business was too small (12%), that there was no funding for training 
(8%) or citing Covid related issues (7%).

Also from the Cumbria Business Survey 2020, we can see that 49% of private sector business have a 
training plan and/or a training budget with the propensity to have these increasing with business 
size and also being more prevalent among businesses in private sector education, health and 
finance businesses.  The existence of training plans and budgets is an important factor in the 
likelihood of a business engaging in training activity  - 61% of businesses that have provided off 
the job training have a training plan in place whereas only 21% of those that haven’t provided 
any training do.  This suggests that supporting businesses in taking a planned approach to training 
is a key area in increasing levels of participation.

Further details of the Cumbria Business Survey are in Annex B and the full report will be published 
in Spring 2021.

Source: Employer Skills Survey, 2019 (published 2020) 
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SKILLS DEMAND 

Skills Demand - Summary
•  There has been a limited employment growth in recent years and projections suggest this 

will continue in the next 10 years, lagging that of the nation.

•  Despite limited employment growth, there will be significant demand from the need to 
replace existing staff, a factor exacerbated by the ageing profile or the workforce and a 
declining pool of working age residents.

•  Projections suggest a net demand for 90,000 jobs to be filled in the next 10 years whilst 
estimates suggest only around 3,000 young people will join the workforce each year

•  Demand will be most acute in caring & personal service occupations, sales occupations, 
managers, and health professionals.

•  Over third of replacement demand jobs are expected to require level 4 or above 
qualifications which is higher than the current share of such qualifications among the 
working age population.

•  The prevalence of hard to fill vacancies in Cumbria is above the national average 
and this is particularly acute in manufacturing and hotels & restaurants, sectors which 
between them account for more than a quarter of employment.

•  A fifth of businesses in Cumbria report skills gaps among their current workforce and 
many report these are having a major impact on their business. 
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Source: Labour Insight (Burning Glass Technologies) 2020

Source: Labour Insight (Burning Glass Technologies) 2020
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Source: Labour Insight (Burning Glass Technologies) 2020

Source: Labour Insight (Burning Glass Technologies) 2018 & 2020
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Online vacancies: Cumbria LEP utilises the Labour Insight online job postings monitoring service. 
The impact on job postings at the height of the pandemic in 2020 was very apparent although 
levels returned to those seen before the pandemic when restrictions were first eased in the 
summer.  Much of this was driven by the need for the visitor economy to recruit staff that under 
normal circumstances would have been recruited much earlier in the year.  The variations by 
key sector can be seen in the second job postings chart which focusses on the 4 industry sectors 
which usually account for the most online job postings in Cumbria.  Vacancies in the health sector 
increased following the first wave of the pandemic, those in manufacturing remained stable 
whilst those in retail and hospitality have tracked the imposition and lifting of restrictions.

In terms of occupations, postings for occupations relating to health, engineering and teaching 
dominated in 2020, particularly at professional level.  Lower down the list were occupations in 
sales, food preparation, childcare, customer services etc.  However, to some extent this reflects 
recruitment methods at different levels of occupation with senior roles more likely to be formally 
advertised than other roles which can be recruited by word of mouth or similar less formal routes.

By comparing the share of postings by occupation in 2018 and 2020 we can see that postings for 
health and care roles have increased as a proportion of all postings as have those for science, 
engineering & technical professionals whilst conversely the share of postings for sales occupations 
has fallen.  These trends have undoubtedly been influenced by the pandemic and resulting 
closure of large sections of the economy for much of 2020 and we will be monitoring the data 
closely during 2021 t assess the extent to which these trends continue.

Note: We have not included a comparison of the volume of postings over time as the job boards 
incorporated into the dataset can change.  This affects the overall volume of postings but is less 
likely to impact on the relative distribution of postings by occupation which is therefore more 
meaningful as a comparison over time.
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Cumbria LEP
Sectors with highest forecast growth

(2017-2027)
Sectors with lowest forecast growth

 (2017-2027)

1. Arts and entertainment 1. Food drink and tobacco

2. Information technology 2. Agriculture

3. Professional services 3. Rest of manufacturing

4. Health and social work 4. Transport

5. Real estate 5. Education

Cumbria LEP
Occupations with highest forecast growth 

(2017-2027)
Occupations with lowest forecast growth 

(2017-2027)

1. Caring personal service occupations 1. Secretarial & related occupations

2.Customer service occupations 2. Process, plant & machine operatives

3. Health & social care associate professionals 3. Textiles, printing & other skilled trades

4. Corporate managers & directors 4. Skilled metal, electrical & electronic trades

5. Business, media & public service 
professionals

5. Elementary trades & related occupations

Sector growth forecasts: These Working Futures projections were generated before the Covid-19 
pandemic and also before the nature of the UK’s exit from the EU had been agreed and the 
authors acknowledge that the macro forecast is “probably at the more conservative end of the 
spectrum in terms of the negative magnitude of GDP impacts following Brexit”.  Therefore they 
should be treated with a degree of caution in light of the significant economic shock experienced 
by the UK economy in the past 12 months – a 9.9% downturn in GPD in 2020, record levels of 
redundancy despite job support measures, and increasing evidence of the disparity of labour 
market impacts across sectors, occupations, age groups, income groups and geographies.

Working Futures anticipated minimal employment growth in Cumbria of just 0.2% per annum 
between 2017 and 2027, equating to 5,200 additional jobs.  No sector was projected to grow by 
more than 2% and none by less than 2% suggesting a broadly static labour market, although in 
larger sectors, even 1% growth or decline can equate to 2,000+ job losses or gains.

Cumbria LEP receives quarterly projections from Experian since before the pandemic and 
these are explored in more detail in Annex B but in summary, the pre-pandemic projections 
also suggested a relatively static economy in Cumbria compared to growth nationally.  When 
pandemic impacts are factored in, they show a sharper decline in Cumbria and slower recovery, 
largely due to Cumbria’s reliance on the hospitality sector, together with the pre-existing slow rate 
of growth.

Occupation growth forecasts: Despite projections of relatively minimal net employment growth, 
when replacement demand (through retirement, job movers and other labour market change) 
is factored in, this translates into over 90,000 potential opportunities, half of them in senior level 
occupations (associate professional and above).  Whilst the pandemic will inevitably reduce 
this somewhat in the short term, the total requirement for new skills brought by net change and 
replacement demand is still significant and has major implications for the skills sector in order 
to ensure residents, both employed and unemployed, are equipped with the skills to take 
advantage of the opportunities that are presented.   This is explored in more detail in the Skills 
Demand section of Annex B.
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Skills that need developing: Among businesses interviewed in 2019 for the national Employer Skills 
Survey and which anticipated a requirement for new skills in the following year, more than half 
identified specialist skills/knowledge needed for the role and a similar proportion knowledge of 
products & services offered by the organisation and adapting to new equipment or materials.  
Lower down the list came more generic skills such as computer literacy and numerical skills.  These 
are generally in line with the national trends, although Cumbrian respondents were slightly more 
likely to specify demand for each of the skills mentioned.

Local survey data from the Cumbria Business Survey (conducted Q4 2020) suggests that a fifth 
of private sector businesses believed that skills gaps already existed among their workforce.  This 
was more prevalent among “skills active” businesses where a quarter identified current skills needs 
compared to just 10% of those that aren’t skills active (ie undertake training, have a training plan, 
or have a training budget).  In line with the national survey on future demand, it was technical 
& practical skills specialise to the sector which were most prevalent current need followed by 
advanced IT/software skills, management skills, problem solving skills, customer handling and 
basic computer literacy.  When probed further, the technical & practical skills related mostly to 
IT-related skills.

Further details of the Cumbria Business Survey are in Annex B.

Source: Employer Skills Survey, 2019 (published 2020)
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MAPPING SKILLS SUPPLY AND DEMAND

Skills Supply and Demand - Summary
•  Cumbria faces a challenging workforce supply issue. There is already a very tight labour 

market with limited spare capacity and forecasts suggest a severe worsening of overall skills 
supply relative to need  Much of this is due to demographic change reducing the overall 
supply of labour rather than directly being an issue of a skills mismatch.  As such, the solutions 
are complex and challenging.  In particular there is a need to consider how to:

 o  Retain and attract more people of working age;

 o  Retain and attract more people with high level skills;

 o  Encourage more older residents to enter or stay in the labour markets;

 o  Find ways to increase employment rates amongst those out of the labour markets.

•  Cumbria has an ageing workforce which is also driving a growing need for replacement 
demand and ways to upskills the existing workforce.

•  The proportion of the workforce with high level qualifications has increased considerably but 
there is still a significant gap on the national average.

•  In absolute terms, there is a relatively thin pool of higher levels skills (measured by 
qualifications or occupations) and growing demand on this pool which is also spread across 
the county in what are in effect separate labour markets.

•  The evidence suggests there is strong performance in vocational education and training, 
with a particularly well-functioning apprenticeship system and strong employer engagement. 

•  The school system performance varies by institution and geography. However, there are 
some concerns about the performance and progress of disadvantaged pupils at GCSE level.

•  Overall unemployment rates are lower than nationally, even since the Covid-19 pandemic, 
but youth unemployment rates are high in some areas.

•  Even with limited anticipated overall employment growth, there will be significant demand 
from the need to replace existing staff, a factor exacerbated by the ageing profile or the 
workforce and a declining pool of working age residents.

•  Projections suggest a net demand for 90,000 jobs to be filled in the next 10 years whilst 
estimates suggest only around 3,000 young people will join the workforce each year

•  Demand will be most acute in caring & personal service occupations, sales occupations, 
managers, and health professionals.

•  At least a third of replacement demand jobs are expected to require level 4 or above 
qualifications which is higher than the current share of such qualifications among the 
working age population.

•  There are significant concentrations of worklessness and low skills in some communities, often 
ones with large and important employers and growing employment (eg Barrow) – and these 
disparities have been amplified by the Covid-19 pandemic.  

•  The prevalence of hard to fill vacancies in Cumbria is above the national average and this 
is particularly acute in manufacturing and hotels & restaurants, sectors which between them 
account for more than a quarter of employment.

•  A fifth of businesses in Cumbria report that there are skills gaps among their current 
workforce and many report these are having a major impact on their business.  However, 
these frequently relate to competition for staff with relevant skills and in some cases to a 
reluctance to invest in training, rather than lack of suitable training being available in the 
area.
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Proficiency of workforce: The national Employer Skills Survey conducted in 2019 suggested that 
4.2% of staff in Cumbria were not fully proficient, just below the national average of 4.6% which 
equates to approximately 10,000 staff.  Taken alongside the earlier evidence on skills needs, we 
can assume that most of this relates to specialist skills/knowledge needed for the role, knowledge 
of products & services offered by the organisation and adapting to new equipment or materials.  

The same survey suggests that around a third of businesses have under-utilised staff, i.e. staff with 
both qualifications and skills more advanced than required for their current job.  This proportion 
is in line with the national average where it is most prevalent in hotels & restaurants and arts 
& other services.  In some cases this will be out of choice (eg for lifestyle reasons or temporary 
employment) but in other cases it will arise from a lack of suitable employment and/or career 
progression opportunities in the local area.  This is a particular challenge in a rural county such 
as Cumbria with dispersed populations, long distances between employment centres and a 
significant volume of small businesses.

Source: Employer Skills Survey, 2019 (published 2020)
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Hard-to-fill and skills shortage vacancies: The national Employer Skills Survey conducted in 2019 
suggested that around 15% of businesses in Cumbria had at least one vacancy and that half 
of these businesses were finding at least one of them hard to fill (similar to national average).  
Looked at in terms of the number of vacancies (rather than businesses), 40% of vacancies in 
Cumbria were deemed hard to fill, slightly above the national average, and in two thirds of 
these the difficulty related to the availability of skills rather than other factors.  This suggests that 
although the issue of hard to fill vacancies might only be affecting a relatively small proportion of 
businesses, for some it may be having a significant impact on their ability to recruit.  

In Cumbria hard to fill vacancies were more likely to occur in middle skill and service-intensive 
occupations than nationally and less likely to occur in high skill occupations.  The main reasons 
given by businesses for vacancies being hard to fill were there not being enough people interested 
(higher in Cumbria than nationally), low number of applicants with required skills (lower in Cumbria 
than nationally) and remote location/poor public transport (significantly higher in Cumbria than 
nationally).

Source: Employer Skills Survey, 2019 (published 2020)
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Additional analysis 
and references

Local Landscape
Cumbria has the following key sectoral 
strengths and other assets:

•  A major concentration of 
manufacturing and engineering:

 •  Nuclear reprocessing, 
decommissioning, environmental 
management, and associated 
engineering skills with £2 billion pa supply 
chain spend and national research bodies and 
university research.

 • Nuclear submarine.

 •  Range of advanced manufacturing activity in plastics, rubber, paper, and engineering.

 • Food manufacturing from large multi-nationals to artisan producers.

•  Major tourism sector – 47 million visitors to Cumbria support around 8% of GVA and around 
38,000 jobs (more when supply chain and multiplier effects are considered). Supports jobs 
in food and beverages, accommodation, retail, transport, and other sectors.

•  Significant land-based industries (agriculture and forestry). Cumbria has major 
concentrations of sheep, beef and dairy cattle and associated upstream (dairy, feed stuff 
etc) and downstream (food processing) activity.

•  Strategic road and rail location for the North of England and Scotland (M6/A66) and 
important road transport sector in Carlisle (linked to motorway location).

•  Although not a major source of direct employment, there are important energy assets in 
Cumbria (beyond the nuclear sector):

 •  Offshore wind farms (20% of UK capacity)

 •  Oil and gas (Morecambe Bay/Irish Sea)

 •  Tidal power potential in Solway Firth and Morecambe Bay

 •  Biomass and micro hydro.

•  Major water assets and supplier of water to North West.

•  Other natural assets and associated natural capital and ecosystem services.

•   Largest concentration of protected landscapes in UK (Lake District National Park now a 
World Heritage Site, large part of Yorkshire Dales National Park, Hadrian’s Wall WHS, three 
AONBs).

•  Lowest population density of any LEP in England: space to visit and air to breathe.
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•  University of Cumbria is located in Carlisle and Ambleside (and with smaller campuses 
in Barrow and Workington); Lancaster University is within 20 miles of south Cumbria; the 
University of Manchester and UCLAN both have facilities in Cumbria.

•    Extensive and successful vocational training sector (FE Colleges and private providers).

Cumbria has the following key challenges and issues:

•  Patchy and underperforming levels of productivity with significant productivity gaps on all 
measures caused largely by the sectoral mix.

•  Declining working age population which is projected to continue.

•  Thin pool of higher-level skills spread across a large geographical area.

•  An innovation ‘gap’ and weak ecosystem.

•  Low rate of business start-ups and enterprise.

•  Few faster growing firms:  in both absolute and relative terms fewer businesses that grow 
faster.

•  Serious cold spots of worklessness and deprivation including concerning levels of 
unemployment among young adults in some areas.

•  Several areas are heavily dependent on one or two sectors and in some instances one 
major employer.

•  Infrastructure connectivity challenge: issues in connectivity in a physical and digital sense 
given the needs of our dispersed population, labour force and economy.
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SKILLS SUPPLY

The Cumbria Business Survey 2020 was conducted in Q4 of 2020 with a representative sample of 
1,700 employing businesses (excluding public sector and not for profits).  It was commissioned by 
Cumbria County Council, Cumbria LEP, all 6 District Councils and Cumbria Chamber of Commerce) 
and covered a range of topics including trading & investment, business performance & plans, 
barriers to growth, innovation, digital technology, low carbon, skills, EU and Covid-19 impact.  The 
full report will be published on the Cumbria Observatory website in Spring 2021 (see References 
for link).  

Training & Development
Around half of Cumbria establishments (49% overall) have either a training plan that specifies in 
advance the level and type of training their employees will need in the coming year in place 
(42%) or a budget for training expenditure (33%).

Just over half of establishments (56%) had arranged or funded staff training or development for 
employees at their site.  This is a lower proportion than in 2015/16 (61%) and 2013 (62%).   Training 
may have been lower priority in 2020 against the challenges faced during the Covid-19 pandemic 
and there are likely to have been fewer new starters.

More than half of establishments (54%) plan to provide training in the next year (41% off-the-job 
training and 48% on-the-job.  The most frequently mentioned reason for not planning training is 
that all staff are fully proficient i.e. there is no need for training (65% of those not planning training).  
This is more likely to be the case in small establishments where the range of skills required may be 
narrower.

There is a wide range of other reasons for not planning training, including that the establishment 
is small (12%); that there is no money for training (8%); COVID-19 issues (7%); it being low priority 
at present (5%); general uncertainty (3%), and that no training is available in the relevant subject 
area (2%).  Most reasons given reflect circumstances, sometimes constraints, within the business 
rather than supply issues.  

Opportunities for Employment & Work Experience
Overall, around two-thirds of establishments plan or hope to offer work experience opportunities 
of any description in the next 12 months (63%).  

More than a quarter plan or hope to offer apprenticeship opportunities for 16 to 24-year olds 
(28%), while fewer (18%) plan or hope to offer these opportunities for older people (aged 25 and 
over).  

Almost two-fifth of respondents (38%) reported that their establishment plans to offer employment 
opportunities for young people.   

One in six respondents (18%) reported that their establishment plans to offer other technical 
education opportunities.  

A third of all respondents (33%) reported that their establishment plans to offer higher level skills 
development for staff.  

More than a quarter of respondents (28%) reported that their establishment plans to offer work 
experience/taster opportunities (including virtual formats) and volunteering opportunities are 
likely to be offered within 18% of establishments.
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Higher Education
As noted in Annex A, there are significant limitations to the published data on HE provision and 
outcomes.  This is because data frequently only relates to institutions head quartered in an area 
and/or does not always disaggregate by campus location.  In addition, the published data on 
geographic destination after learning is very broad.  As a result, it is challenging to get a full 
picture of HE delivery which takes place within the area or is undertaken by residents of the 
area.  In recognition of this, preliminary discussions have taken place with local HE analysts and 
we intend to convene a group to explore the data in more depth to produce a more robust 
assessment for Cumbria.  This will broadly focus on 3 key strands – students undertaking delivery 
in Cumbria; students domiciled in Cumbria; students whose destination after learning is Cumbria.  

In the interim, we have sourced some additional data on Cumbrian domiciled students which is 
summarised below and will be explored in more detail as part of the planned analysis project.

Demand for HE from Cumbrian residents

Demand from Cumbrian residents as evidenced by the top 10 subjects studied by the 3,245 
Cumbrian domiciled students who qualified in 2019/20 is shown in the above chart.  These 10 
subjects accounted for 80% of all qualifiers with subjects allied to medicine being the most 
popular (15%) followed business & management (11%) and education & teaching (10%).   Almost 
a quarter (23%) of these qualifiers had chosen the University of Cumbria as their provider with 
the University of Central Lancashire (9%), University of Northumbria at Newcastle (7%), University 
of Lancaster (4%), Newcastle University (4%) accounting for the rest of the top 5 most popular 
providers. 

Source: HESA student data
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SKILLS DEMAND

Cumbria Business Survey 2020
Further data from the Cumbria Business Survey 2020 on skills needs confirmed that skills gaps 
remain among the Cumbrian workforce and their prevalence may have increased since 2015/16 
(although the sample base was different which may explain some of this variance).

Skills Gaps
More than a fifth of respondents (22%) identified skill gaps within their establishment, and this 
represents a significantly higher proportion than in 2015/16 (14%).  Reflecting the number of 
employees and the scope for skill shortfalls, the propensity to report skill gaps increases with 
establishment size from 18% where there are fewer than 10 employees to 36% where there are 
between 25 and 99 employees, to 46% in establishments with 100 or more employees.

In terms of where skill gaps lie, technical and practical skills, or skills specialist to sectors predominate 
(63% of those reporting skill gaps).  Advanced IT or software skills are next most frequently 
mentioned as skill gaps (42%), followed by management skills (34%).  While featuring heavily as 
skills in which the workforce is lacking, IT/computer-based skills also feature in terms of specific 
technical or practical skills that are needed (21% of those specifying technical or practical skills).  

Employer demand – West Cumbria
Lakes College West Cumbria produced a paper in February 2021 on employer skills demand, 
particularly considering the impact of the pandemic.  This was based on local market intelligence, 
conversations with employers and conservative mitigating activities expected to take place as 
lockdown restrictions ease.  The College’s main areas of provision are STEM subjects, nuclear, 
constructions, civils, and health & social care, supported by a broader offer which includes arts, 
computing & business, public services, sport, catering, education, and early years.  The college is 
also an HE provider in engineering, construction, and the sciences.

The full paper is available to members of the People, Employment & Skills Strategy Group (PESSG) 
for Cumbria but some key skills needs identified by West Cumbrian businesses were:

Nuclear sector - technical skills at level 4-6, civil engineers, civil site manager, quantity surveyor, 
nuclear specialists, asset & facilities managers, electrical engineers, mechanical & electrical 
design, control & automation.

Construction – civil engineers, civil site managers, heavy civils & plant, quantity surveyors, 
scaffolders.

Engineering & manufacturing –management upskilling from level 4-6, support service upskilling, 
safety, health & environment, technical short courses, lean manufacturing, digital, food 
manufacturing, quality control, basic & advanced digital skills.

Health & social care –digital, leadership, technical, managerial.

Digital –baseline digital, machining & manufacturing technology, computer aided design, digital 
marketing, IT professionals.

Business support – quality, marketing, social media, website development, higher management. 
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Future Occupation Demand
As outlined in the Skills Demand section of Annex A, economic projections suggest minimal net 
employment growth in Cumbria over the next 10 years.  However, expansion demand is only one 
element of demand and significant opportunities will be available through other factors such 
as retirement, leavers from the workforce for other reasons, job movements etc.  The Working 
Futures projections calculate this in addition to net growth by factoring in demographic data on 
occupations by age and relationships between occupations.  Furthermore, they assign skill levels 
to occupations to assess how expansion and replacement demand might influence future skill 
level requirements.

This analysis suggests that there could be over 90,000 opportunities created between 2017 and 
2027, mostly through retirement demand.  Much of this will be in senior occupations but there 
is also substantial demand for caring, leisure & other services and in elementary occupations.  
Aligned to this the analysis also suggests substantial demand for higher level qualifications with 
two thirds of opportunities requiring a first degree or higher and alongside this, reducing demand 
for opportunities with low or no qualifications.

Source: Working Futures, 2017-2027 (published 2020), 2017 LEP boundaries

Source: Working Futures, 2017-2027 (published 2020), 2017 LEP boundaries
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PROJECT PARTNERS:
Cumbria Action for Sustainability is a charity with 
a vision for a net zero carbon Cumbria. It promotes and 
facilitates low-carbon living that is socially, environmentally 
and economically beneficial for Cumbrians.  It delivers 
several projects per year: ranging from home energy 
efficiency to securing EV chargepoints for communities to 
developing low-carbon and sustainability action plans for 
whole villages and towns.  CAfS also co-chairs the Zero 
Carbon Cumbria Partnership (ZCCP) with Cumbria County 
Council.  Over 70 Cumbrian public, private and third sector 
organisations are members of the Partnership, which has 
recommended 2037 as the target year for net zero carbon 
emissions for the county.  

Opal Research and Consulting Ltd has more than 
15 years’ experience of research and consulting on 
environment and sustainability projects for government, 
business, NGOs and communities, as well as in writing and 
editing reports, papers and journals.

Green House Think Tank, founded in 2011, aims to lead 
the development of green thinking in the UK, to challenge 
the ideas that have created the world we live in now, and 
offer positive alternatives. It aims to communicate clearly the 
complex and interconnected systemic changes that need to 
be made and is a member of the Rapid Transition Alliance. 
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The climate emergency has been recognised by all the local 
authorities in Cumbria and a target year for achieving net zero 
carbon of 2037 recommended by the countywide Zero Carbon 
Cumbria Partnership (ZCCP).  Cumbria would need to reduce 
its carbon emissions by 18% each year to achieve this, which 
would require a rapid transition from our fossil fuel dependant 
high-carbon economy to a low or no carbon one. Doing so 
offers multiple benefits alongside lowered emissions: reduced 
air pollution, health benefits from active travel, cost savings for 
organisations and individuals, improved public transport, homes 
that are warm, dry and cheap to heat, and more efficient resource 
use. It also reduces the key, direct climate change risks to Cumbria 
of flooding, sea level rise and wildfires and offers the opportunity 
for good, ‘green’ jobs in areas of deprivation.

Our research focuses on greenhouse gas (GHG) emissions from 
two types of sources:  fossil fuels used directly in Cumbria and 
GHGs from other sources such as landfill sites or industry (Scope 
1); and the electricity used in Cumbria (Scope 2).

By 2037 Cumbria’s Scope 1 and 2 emissions will have fallen by 
around 54% from 2000 levels, taking into account the ongoing 
decarbonisation of electricity through the grid, and population and 
economic growth. Over the same period, expenditure on energy 
will have grown from £1.35 billion in 2019 to £1.6 billion a year. 
This ‘business as usual’ scenario would result in annual emissions 
of around 3.8 MtCO2e which would need to be reduced.

Using available date, we initially focused on identifying the costs, savings and impact on 
emissions and jobs of adopting around 130 existing proven measures in:

transport 

(including more walking 
and cycling, enhanced 

public transport, 
electric and more fuel-
efficient vehicles); and

industry 
(including better lighting, 

improved process 
efficiencies and a wide 
range of other energy 
efficiency measures).  

households and other public/
commercial buildings 

(including better insulation, 
improved heating, more efficient 

appliances, some small-scale 
renewables);
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EXECUTIVE SUMMARY

This report addresses two major issues that Cumbria faces: 
climate change, and the low incomes and high unemployment 
suffered by many rural communities. 

1. Executive Summary
Cumbria could adopt a combination of  
cost-effective measures (which would more 
than pay for themselves through reduced 
energy expenditure), cost-neutral measures, 
and options which have technical potential but 
the costs of which are not presently covered 
by the direct benefits. Altogether, investments 
of £8.88 billion could put in place measures 
that would reduce Cumbria’s annual energy 
bill by £854 million and the county’s carbon 
emissions by 57% compared to the ‘business as 
usual’ scenario. Around 1,400 net jobs would be 
created over 20 years. 

Cumbria would need to put in place additional 
innovative or ‘stretch’ options to fill the 
remaining 43% gap to net zero. These could 
include zero-carbon heavy goods vehicles, 
electrification of industrial heating and cooling, 
and of domestic and commercial heating and 
cooking and carbon sequestration from tree 
planting and peatland management. Ambitious 
investment in and implementation of all of these 
options could potentially secure net-zero carbon 
in Cumbria by 2033 and further jobs. 

Additional green jobs can be created when 
renewable energy and waste and resource 
management are added into the mix of 
measures being adopted.  For example, if the 
potential identified for renewable electricity 
generation from wind (offshore and onshore), 
hydro, PV, tidal and anaerobic digestion were 
fully realised, then over 5,700 jobs in the first 
15-year ‘transition’ and 1,709 in the longer 
term would be created, of which 5,000 would 
be in west Cumbria.  Furthermore, Cumbria 
could provide all its own electricity from 
onshore renewables, even with a doubling of 
consumption, and still provide a substantial 
contribution to the national demand. Similarly, 
for waste management, best practice authorities 
across Europe are already achieving household 
waste recycling rates approaching 90%. If reuse, 
repair and recycling equivalent to increasing 
recycling from 47% to 90% were introduced in 
Cumbria there could be a net gain of around 
1000 long-term jobs.

Overall, we calculate that 
around 9,000 net jobs could 
be created during a 15-year 
‘transition period’ and 3,800 jobs 
supported in the long term in 
transport, industry, the retrofit 
of buildings to improve energy 
efficiency, renewable heat, 
renewable electricity and waste.  

Over half of these jobs are in renewable 
electricity and just under half of the 9,000 are 
in west Cumbria (Allerdale and Copeland).  
Many of them could be in servicing offshore 
renewables which could be from the ports at 
both Workington and Whitehaven could be 
used.

In conclusion, by reducing carbon emissions, we 
can achieve net zero by 2037 in Cumbria and 
also secure energy savings – for households, 
transport, business operating costs, waste 
disposal – as well as generating thousands of 
good jobs.

Urgent action and government support is 
needed to scope, plan, resource and implement 
the transition from a high-carbon economy and 
jobs to low carbon in a way that ensures funding 
is included for workforce capacity and skills 
development and supports more isolated and 
vulnerable communities. Local authorities and 
key businesses can lead by example.
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INTRODUCTION

2. Introduction

The science is clear1 that in order to avoid 
exacerbating the climate crisis, we must rapidly 
shift away from extracting and using fossil fuels. 
We are currently highly dependent on fossil 
fuels in all aspects of our lives - from the way 
we move around, to how we heat our homes, to 
the products we consume. This means reducing 
fossil fuel use has significant implications for 
local people, communities and businesses, and, 
in particular, on jobs. However, decent jobs 
and tackling climate change are not mutually 
exclusive.

Coronavirus has put into 
perspective the scale of 
the effort needed to reduce 
carbon emissions.

It has been estimated that, due to Covid 
lockdowns, global carbon emissions may have 
been around 8% lower in 2020 than 2019.2 
That is a significant figure but in order to have 
any hope of keeping the rise in global average 
temperature to 1.5 degrees, we need to reduce 
carbon emissions by a similar amount year on 
year for the next 10 years.

The coronavirus crisis has also shown us that 
fast and comprehensive changes, informed by 
science, are possible. Polls have shown a large 
majority of people agree that climate change 
is as big a threat as Covid 193 and also that the 
majority of people support a green economic 
recovery4. The #buildbackbetter movement 
has momentum. Influential businesses and 
institutions are calling for recovery plans that 
prioritise the environment.5 

1  IPCC (2018) Mitigation Pathways Compatible with 1.5°C in the Context of Sustainable Development. In: Global Warming of 1.5°C. An IPCC Special 
Report on the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, IPCC
2  https://www.globalcarbonproject.org/news/TemporaryReductionInCO2EmissionsDuringCOVID-19.html
3  https://www.pewresearch.org/fact-tank/2020/10/16/many-globally-are-as-concerned-about-climate-change-as-about-the-spread-of-
infectious-diseases/
4  https://www.cen.uk.com/polling
5  https://www.aldersgategroup.org.uk/asset/1697
6  https://www.ecuity.com/wp-content/uploads/2020/06/Local-green-jobs-accelerating-a-sustainable-economic-recovery_final.pdf
7  https://www.greenpeace.org.uk/news/new-greenpeace-report-green-recovery-could-create-a-1-8-million-jobs-revolution/#:~:text=A%20
green%20economic%20recovery%20package,by%20Greenpeace%20UK%20has%20found.
8  https://www.ippr.org/research/publications/transforming-the-economy-after-covid19
9  https://www.gov.uk/government/news/pm-outlines-his-ten-point-plan-for-a-green-industrial-revolution-for-250000-jobs
10 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/945899/201216_BEIS_EWP_Command_
Paper_Accessible.pdf
11  https://ukerc.ac.uk/news/green-industrial-revolution-and-the-long-term-effect-of-renewable-electricity-on-uk-employment/?utm_source=U
KERC+subscribers+2018+post+GDPR&utm_campaign=ebf06f919b-EMAIL_CAMPAIGN_2020_05_20_11_04_COPY_01&utm_medium=email&utm_
term=0_2886c4f7af-ebf06f919b-155380537
12  https://www.gov.uk/government/publications/net-zero-review-interim-report

We have heard from the Local Government 
Association that there could be 700,000 new 
green jobs by 2030.6  Greenpeace predicts that 
£100 billion investment could create 1.8 million 
new green jobs.7 The low-carbon economy 
has been predicted to grow four times faster 
than the rest of the economy over this decade. 
The Institute for Public Policy Research has 
estimated 1.6 million green jobs could be 
created in the recovery from Covid8. The Prime 
Minister’s 10 Point Plan for a Green Industrial 
Revolution aims to9 provide 250,000 jobs with 
£12 billion of investment. The 2020 Energy 
White Paper 10 predicts 40,000 new jobs in zero11 
emission vehicles. The UK Energy Research 
Centre has found that renewable electricity 
could have a considerable positive long-term 
employment effect. The Treasury’s Net Zero 
Review: interim report published in December 
202012 states that “reaching zero carbon is 
essential for long term prosperity”.

We wanted to find out what these predictions 
and opportunities could mean for Cumbria. With 
the help of funding from Quadrature Climate 
Foundation (QCF) CAfS brought together two 
research teams to identify the potential in 
Cumbria for jobs that contribute to reduced 
carbon emissions across a range of sectors.

In the 18 months before Covid-19 
there was an extraordinary 
upsurge in public and political 
awareness of climate change 
and the urgent need to tackle it 
nationally, regionally and locally. 
Many local authorities in Cumbria 
declared climate emergencies 
and set ambitious target dates 
for achieving zero-carbon 
emissions. The level of concern 
and momentum to tackle climate 
breakdown remains high despite 
the pandemic, as many Cumbrian 
communities have experienced 
firsthand the devastating impact 
of flood events, which are 
exacerbated by the rural isolation, 
fuel poverty, rural depopulation, 
limited employment opportunities 
and low incomes experienced here. 
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Two different methods were applied to estimate the impact on 
carbon emissions and number of jobs that could be created by 
the transition to a zero-carbon economy.

3. Project approach

3.2 METHOD 2 
Green House Think Tank considered 
the opportunities in renewable 
electricity generation, renewable 
heat, transport and waste (full report 
in Appendix 2).  They identified 
both ‘transition jobs’ – required, for 
example, to install new infrastructure 
– and ‘long-term jobs’, such as in 
maintenance of systems, recycling 
or operation of public transport. The 
activities for which jobs have been 
estimated are those that necessarily 
take place in Cumbria -for example, 
the installation of renewable energy 
systems but not their manufacture. 
Where jobs that will be lost in 
the transition to zero carbon can 
be identified these have been 
subtracted from the job numbers. 

Results are presented for Cumbria 
overall and broken down by local 
authority area where the data allows.

3.3 EXCLUSIONS

3.1 METHOD 1 
Opal Research & Consulting identified 130 energy-saving/
low-carbon measures for homes, public/commercial 
buildings, transport and industry. They assessed the 
costs and benefits of the different low-carbon measures, 
and analysed the scope for their adoption across 
Cumbria in the next 15 years. From this, they estimated 
the number of ‘job years’ that could be created by 
investing in different low-carbon measures (where one 
job for ten years equals ten job years). Opal’s estimates 
for jobs in retrofitting buildings are based on installing all 
the recommendations in energy performance certificates 
(EPCs), scaled up to cover the whole building stock.

(Full report in Appendix 1). The report includes a league 
table of the most cost- and carbon-effective options 
that could be implemented in Cumbria, along with the 
investment needed to put these options into effect. 

This research has also identified the gap between the 
levels of carbon reduction achievable through cost-
effective, cost-neutral and technically viable options, and 
the zero-carbon target date of 2037, which was adopted 
by the Zero Carbon Cumbria Partnership in 2020. It 
proposes some more innovative measures that could 
close this gap.

There are some sectors that have not been included in our research and analysis, although they may 
offer potential for green jobs:

NUCLEAR   Cumbria Local Enterprise Partnership’s report, Cumbria: Nuclear Prospectus,13 has 
looked at this potential. 

AGRICULTURE AND OTHER LAND MANAGEMENT SECTORS   There need to be changes to 
the agriculture sector over the next ten to twenty years to address climate change and restore 
natural ecosystems and, more immediately, there will be changes resulting from Brexit. The 
impact these might have on jobs in Cumbria is complex and would require comprehensive 
treatment beyond the resources of this project. Work created by forestry or peatland restoration, 
natural flood defence provision or nature conservation projects are not included.

13  https://www.copeland.gov.uk/sites/default/files/attachments/cumbria_nuclear_prospectus.pdf

Dividing the remaining global carbon budget up by population gives 
Cumbria a maximum total carbon budget of 26 million tonnes from 
2020. Based only on the fuel and electricity used within its boundaries, 
Cumbria currently emits about 5 million tonnes of carbon a year, 
meaning that it would use up its share of the global carbon budget in 
just over five years’ time (see Appendix 1).

Carbon emissions in Cumbria have fallen by 42% since 2000. Without 
further action, it’s projected that Cumbria’s emissions will have fallen 
by a total of 54% from 2020 levels by 2037, taking into account the 
ongoing decarbonisation of electricity and growth in population and the 
economy. (Section 3, Appendix 1)

For Cumbria to reach net zero by 2037 it would need to reduce its 
emissions by 18% year on year (Section 4, Appendix 1).

Cumbria could close the gap between its 
projected emissions in 2037 and net zero by 
41% through the adoption of cost-effective, 
low-carbon options in houses, public and 
commercial buildings, transport and industry 
(Section 5, Appendix 1). These would more than 
pay for themselves directly through the energy 
savings that they generate. 

Adopting these options would reduce Cumbria’s total projected energy 
bill in 2037 by £792 million each year whilst also creating over 11,811 
years of extra employment across the region, which is equivalent to 592 
full-time jobs each year over a period of 20 years (Section 5, Appendix 1).

The most carbon-effective options that could be applied to deliver these 
carbon cuts include improved heating, lighting and insulation in houses, 
cooling and insulation in offices, shops and restaurants, shifting journeys 
to non-motorised transport and the wider uptake of electric vehicles 
(Table 5, Section 5, Appendix 1). 

4. Carbon 
emissions 
reduction
SUMMARY OF FINDINGS
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Cumbria could go further and close the gap between projected 
emissions and net zero in 2037 by 57%, by adopting options 
that are already available but that may not pay for themselves 
directly through the energy they save. However, many of these 
options would generate indirect benefits, for example, reduced 
congestion and air pollution, and improved public health 
(Section 5, Appendix 1).

CARBON EMISSIONS REDUCTION

5.1 RENEWABLE ELECTRICITY GENERATION
The potential for increasing the amount of renewable electricity generated in Cumbria 
from onshore wind, solar PV, hydro and anaerobic digestion has been estimated for each 
district, along with the number of new jobs that would be created (Section 3, Appendix 2).

It is estimated that a further 14,802GWh a year could be generated in addition to the 
existing 5,165GWh (in 2019). This includes an assumed 1,200GWh from tidal lagoon 
proposals. To build and maintain this new capacity would require an average of 5,747 full-
time equivalent jobs over the first 15-year ‘transition’ period, with around 3,500 of those 
in west Cumbria (Allerdale and Copeland). In the longer term beyond the transition period 
there could be 1,709 jobs with around 1,500 of these being in west Cumbria. An assumed 
loss of 400 jobs in offshore gas in Barrow have been subtracted but Barrow would still 
have a net increase in jobs in offshore energy, assuming an additional 1GW of offshore 
wind is installed and maintained from Barrow.

TABLE 1: Generation from existing and proposed renewable capacity.

 TECHNOLOGY In 2019 [1]
(GWh)

From new 
capacity

(GWh)
  Total 

(GWh) 

Onshore wind 462 3,118 3,580
Solar PV 101 2,214 2,315
Hydro 20 185 205
Anaerobic digestion 47 459 506
Plant biomass 364 364
Landfill gas 19 19

Offshore wind [2] 4,151 7,626 11,778
Tidal lagoon 1,200 1,200

TOTAL GENERATION 5,165 14,802 19,967

Cumbria electricity consumption 2018 [3] 2,637
Total UK electricity generation 2018 [4] 333,080

[1] From Renewable Electricity by Local Authority - https://www.gov.uk/government/statistics/regional-renewable-statistics
[2] Note the tables in [1] attribute the generation from offshore wind off Barrow to Lancaster district, as it comes ashore at 
Heysham, and the generation from the Robin Rigg Wind farm in the Solway Firth to Dumfries and Galloway.  
[3] From sub-national electricity consumption statistics 2005-2018, available at https://www.gov.uk/government/statistical-
data-sets/regional-and-local-authority-electricity-consumption-statistics
[4] UK generation plus imports from DUKES 5.1.2 - https://www.gov.uk/government/statistics/electricity-chapter-5-digest-of-
united-kingdom-energy-statistics-dukes

5. Green jobs 
opportunities

SUMMARY OF FINDINGS

For more detail see Appendix 2

The potential to reduce emissions for each district has been 
identified, along with accompanying economic measures in five-
year periods. These show the investment that would be needed, 
the reductions in energy expenditure in each scenario and job 
creation estimates. The potential to deploy each intervention 
varies between districts, but the typical productivity of each 
measure (in energy, emissions and cost savings) remains fairly 
stable across the region (Section 8, Appendix 1).

Cumbria needs to identify some other more innovative options 
that could deliver the last 43% of the gap between its projected 
emissions in 2037 and net zero.  This could include zero-carbon 
heavy goods vehicles and electrifying heating, cooling and 
cooking.  With the ambitious roll-out of such initiatives, the 
analysis suggests that Cumbria would still have some residual 
emissions after 2037 (Section 9, Appendix 1).

Some of these residual emissions could be sequestered 
through nature-based approaches, such as tree planting or 
peatland conservation or restoration. These can also make 
important contributions to protecting biodiversity, enhancing 
flood protection and improving public health and wellbeing.  To 
have significant impact on the residual emissions through tree 
planting alone would require an additional 3% of Cumbria to 
be afforested. The scale of this highlights the need to address 
emissions at source (Section 9, Appendix 1).
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GREEN JOBS OPPORTUNITIES

5.2 BUILDINGS AND HEAT
Assuming that new house building continues at the same rate as between 2015 and 2018, nearly 
90% of the homes that will exist in 2037 in Cumbria already exist. Of the 55% of domestic properties 
with an energy performance certificate, only 0.2% are rated A, 8.6% B and 23.4% C. Almost 70% are 
D or below. Achieving net zero in Cumbria by 2037 requires upgrading at least 220 properties a week 
to band C or better (Section 4, Appendix 2).

The job estimates made by Opal Research and Consulting (method 1) include those required to 
install all the measures recommended in domestic and commercial EPCs, scaled up for all properties. 
In their ‘technical potential’ scenario this was 1,350 jobs over 15 years.  These measures include 
fitting heat pumps to just 1.6% of homes in Cumbria but to get to net zero almost all homes will need 
low- or zero-carbon heating. Therefore, Green House estimated the jobs created from the retrofitting 
of air-source heat pumps to an assumed 90% of the 2025 housing stock (after which new builds will 
have to be fitted with renewable heating systems). 

Around 630 jobs could be created from this activity during the 15 year transition phase and around 
180 in the long term.

These shifts in travel behaviour will 
require installation of EV chargepoints, 
upgrading of the railways (lines and 
rolling stock), improvement and 
integration of bus and train services, 
adoption of electric or hydrogen buses, 
affordable ticket prices and improved 
cycling and walking infrastructure – all of 
which create jobs.

Assumptions were made on the number 
of public, workplace and home EV 
chargepoints that would be required in 
2037 and on that basis it is calculated 
that an additional 4,080 public, 
17,797 workplace and 10,915 home 
chargepoints would need to be installed. 
This would create around 130 jobs in 
Cumbria over the 15-year transition 
period (Appendix 2, Fig. 5.1).

Research carried out for the TUC has suggested that upgrading and expanding the rail network could 
result in 908 jobs in Cumbria, with a further 532 jobs installing cycling and walking facilities. Green 
House has estimated that there could be a gain of 370 jobs in transport across the county. The jobs 
lost in the maintenance of petrol and diesel vehicles (because these require more maintenance 
than electric vehicles) would be more than compensated for by the gains in jobs in public transport 
(Appendix 2, Fig 5.2). 

5.3 TRANSPORT
Following the scenario set out in the Zero Carbon Britain report produced by the Centre for 
Alternative Technology, achieving zero carbon transport would require a shift from driving private 
vehicles to walking, cycling and public transport, with the remaining private vehicle travel shifting 
from internal combustion engine (ICE) to electric vehicles (EV), as shown in Table 2. 

TABLE 2: Proposed changes in distance travelled by car, bus and train

Current distance travelled per person Proposed distance travelled per person

Car – EV Not available 6,204
Car – ICE 10,550 104
Bus 548 761
Train 702 1,722

[Derived from Appendix 2, Table 5.3]

5.4 RECYCLING, REUSE AND REPAIR OF WASTE
It is estimated that the overall recycling rate for all household waste in Cumbria is 47% (kerbside 
collection and material taken to Household Waste Recycling Centres). Local authorities are already 
achieving 80% recycling of household waste in various locations across Europe so reducing residual 
waste, equivalent to recycling, reusing and repairing 90% of all types of waste, should be achievable. 
This would lead to a net gain of around 1000 long-term jobs (Section 6, Appendix 2).

In addition to these jobs, Cumbria could play a role in helping to create a more circular UK economy, 
in which more products are repaired and reused, and recovered waste materials are used to make 
new products in the UK, as opposed to being exported. 

Four opportunities have been identified: 

· the coordinated expansion of local reuse/repair centres across Cumbria to 
deliver reuse at significantly greater scale than currently; 

· the development of electric arc furnace steel production in Workington from 
scrap steel, most of which is currently exported, and renewable electricity from 
offshore generation. There are at least two operational electric arc furnaces in the 
UK, each employing several hundred staff directly and as sub-contractors. 

· building on existing Cumbrian expertise in papermaking to produce office-
grade paper from recycled paper – of which there is currently no UK production; 

· the development of plastics reprocessing capacity in Cumbria to use 
segregated plastic waste.
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COMBINED GREEN JOBS ESTIMATES

The results of the two different methods to estimate the number of jobs 
that could be created by the transition to a zero carbon economy have 
been combined and duplications removed. 

In the Green House report the transition period is considered to be over 15 years: 2022 to 2037. 
Over this period the average number of jobs will be the average number of transition jobs plus 
half of the long-term jobs. However, as various elements of the transition are likely to grow over 
time, the actual number of jobs will be much greater at the end than the start of the period – so 
the job numbers are an underestimate of the number of people needed.

The estimates of job years in the ‘technical potential’ scenario of the Opal report have been 
divided by 15 to give an average number of jobs over a 15-year transition period and they have 
been assumed to all be ‘transition jobs’.  

In total around 9,000 jobs could be created during the transition period (Fig. 1) and 3,800 in the 
long term (Fig. 2). Over half of these are in renewable electricity. Just under half of the estimated 
jobs are in west Cumbria (Allerdale and Copeland). We have shown the jobs in these two districts 
together because many of them are in offshore renewables and ports could be used at both 
Workington and Whitehaven.

6. Combined green 
jobs estimates

In total around 

9,000 
green jobs 
could be 
created during 
the transition 
period and 

3,800 in 
the long term.

Figure 1: Jobs in the transition period, 2022 to 2037

Figure 2: Long-term jobs

In addition to these jobs, Green House has suggested ways in which Cumbria could play a role in 
helping to create a more circular UK economy, in which more products are repaired and reused and 
recovered waste materials used to make new products in the UK, as opposed to being exported 
(Section 6, Appendix 2). The opportunities discussed are in: 

· expanding current salvage, repair and reuse activities to create local clusters

· the production of ‘green steel’ from steel scrap using renewable electricity

· production of office-grade recycled paper

· plastics reprocessing.
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It is clear from this research that 
by reducing carbon emissions 
not only can we achieve net zero 
but we can also secure energy 
savings on the cost of energy 
bills – for households, transport, 
business operating costs, waste 
disposal – as well as generate 
thousands of good jobs.

Cumbria has significant motivation to achieve 
net zero carbon emissions as a rural county 
that can be hard hit by extreme weather events 
and is under threat from sea level rise. Cumbria 
also has strong motivation to create new 
employment opportunities in its several areas 
of rural deprivation where marginalised groups 
are hardest hit by both climate change and the 
coronavirus crisis. It has active communities, 
local authorities that have recognised the 
climate emergency, natural assets in the form 
of wind, water and tide, and a county-wide Zero 
Carbon Cumbria Partnership (ZCCP) that brings 
together more than 70 diverse organisations to 
plan the county’s pathway to net zero. 

Existing trade union activity in the green jobs 
arena is already extensive:  many unions have 
green representatives in the workplace and are 
currently educating and supporting members 
around climate change and green issues. Trade 
unions are actively pursuing a ‘just transition’ 
to green jobs. Unions are also playing a role in 
policy development – for example, lobbying to 
change infrastructure funding rules and for a 
higher priority for climate friendly policies. 

These opportunities, strengths and assets 
provide the springboard to accelerate action to 
a net zero carbon economy and to overcome the 
barriers, such as the upfront costs, skills gaps, 
resistance to change, and lack of local control 
over national policy areas.  

Key barriers to measures to reduce carbon emissions 
and grow green jobs identified by participants 
included:

a. Poor public transport provision for isolated 
communities.

b. The challenges of achieving modal shifts in transport, 
especially for work and shopping journeys.

c. Lack of safe infrastructure for cycling/walking.

d. The complexity and technical nature of whole 
house retrofit and lack of integrated support to 
householders.

e. Workforce and skills shortages, particularly with 
regard to retrofitting buildings.

f. The upfront investment needed, whether for 
businesses to introduce new low-carbon measures or 
individuals buying an electric car.

g. The short-term nature of government support or 
sudden withdrawal of support, which damages 
business confidence and leads to boom-and-bust 
cycles.

h. Planning barriers to renewable energy development, 
particularly onshore wind.

i. The lack of plastic and food waste reprocessing 
facilities in Cumbria.

7. Barriers to 
transition to    
low-carbon jobs

In order to sense check the assumptions being made in our research, three consultation events 
were held in November and December 2020 at which preliminary findings from the two approaches 
outlined above were presented. A total of 44 participants from local authorities, businesses, 
community groups and trade unions were asked to identify existing activities or plans to develop 
green jobs and the barriers to green jobs (see Appendix 3 for a full report).  

Attendees highlighted several existing initiatives to reduce carbon emissions, which are being 
delivered by community sustainability groups such as Ambleside Action for a Future and Sustainable 
Brampton, as well as CAfS’ work. Local authorities and other organisations such as Kendal Futures 
have developed or are developing various plans and strategies for reducing carbon emissions. The 
trade unions are raising awareness of climate change and promoting a just transition to a green 
economy with employees, employers and policy makers.

8. Conclusions
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8.1 RECOMMENDATIONS
Action is needed to scope, plan, resource and implement a transition from a high-carbon economy 
and jobs to low carbon, including: 

a. Taking full opportunity for funding from existing initiatives such as Borderlands, which 
is developing an Energy Masterplan. A commitment is being made in the Borderlands 
growth deal for there to be a capital fund of up to £31million to invest in energy projects 
across the Borderlands area.  This could help facilitate the optimisation of renewable energy 
generation in Cumbria. 

b. Local authorities in Cumbria leading the way by integrating climate change into all of 
their activities and by requiring new strategies, policy proposals and planning applications to 
assess and communicate their contributions to and impacts on the zero carbon target. 

c. Businesses supported to cut emissions across supply chains, to adopt new 
technologies, create demand for workforce and skills and provide training 
opportunities. Large organisations and businesses in the county could be encouraged to 
match the 2037 target and report back on progress.

d. Further work undertaken to identify the skills levels required for the kinds of green jobs 
highlighted through this research, the investment and support needed to develop training 
schemes and apprenticeships to secure those skills and potential sources of funding. 

e. Exploration of the potential and role of public and private finance in accelerating the 
transition, and ‘just transition’ investment plans developed for priority areas such as west 
Cumbria.

f. An assessment of Cumbria’s mining heritage could identify potential additional options 
for reducing carbon emissions, such as through district heating systems, or sequestering 
carbon by carbon capture and storage.

g. The contribution that changes to land management could present both to reduce 
carbon emissions, sequester carbon, mitigate flood risk and their impact on jobs should be 
identified to complement this research. 

h. Cumbria could look to the experience of Scotland’s Just Transition Commission, which 
engages workers, communities, NGOs, business and industry leaders and specifically 
seeks and considers the views of young people as part of its work to advise the Scottish 
government on how to grow an inclusive, net zero economy.

i. Consider the wider, non-employment related, induced or indirect impacts of the 
different options assessed here, along with the likely trends in jobs that are low carbon, 
such as care, nursing and teaching.

j. Finally any further theoretical analysis of green job opportunities must be sense 
checked with the people whose lives would be most affected to ensure the findings 
have credibility and take account of skills, social welfare, individual wellbeing and 
the financial sustainability of employees, communities and the businesses involved.  
Vulnerable communities in particular must be supported through a transition to a lower 
carbon economy.

CONCLUSIONS

Appendices

APPENDIX 1: A net zero carbon roadmap for Cumbria

APPENDIX 2: Estimates of green jobs in Cumbria

APPENDIX 3: Report of consultation events
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1. Introduction
Climate science has proven the connection 
between the concentration of greenhouse gases 
(GHG) in the atmosphere and the extent to 
which the atmosphere traps heat and so leads 
to global warming. 

The science tells us – with a very high level of confidence – that 
such warming will lead to increasingly severe disruption to our 
weather patterns and water and food systems, and to ecosystems 
and biodiversity. Perhaps most worryingly, the science predicts that 
there may be a point where this process becomes self-fuelling, for 
example where warming leads to the thawing of permafrosts such 
that they release significant quantities of greenhouse gases leading 
to further warming. Beyond this point or threshold, the evidence 
suggests that we may lose control of our future climate and become 
subject to what has been referred to as dangerous or ‘runaway’ 
climate change. 

Until recently, scientists felt that this threshold existed at around 
2 degrees C of global warming, measured as a global average of 
surface temperatures. However, more recent scientific assessments 
(especially by the Intergovernmental Panel on Climate Change or 
IPCC in 20181) have suggested that the threshold should instead 
be set at 1.5 degrees C. This change in the suggested threshold 
from 2 degrees to 1.5 degrees C has led to calls for targets for 
decarbonisation to be made both stricter (e.g. for the UK to move 
from an 80% decarbonisation target to a net zero target), and to be 
brought forward (e.g. from 2050 to 2030). At the time of writing, the 
UK Parliament (but not yet the UK Government) has endorsed the 
adoption of a net zero target for 2050.

Globally, the IPCC suggests that from 2020 we can only emit 344 
billion tonnes of carbon dioxide if we want to give ourselves a 66% 
chance of avoiding dangerous climate change. We are currently 
emitting over 37 billion tonnes of carbon dioxide every year, which 
means that we will have used up our global carbon budget within 
a decade. It is this realisation – and the ever-accumulating science 
on the scale of the impacts of climate change – that led to calls for 
organisations and areas to declare a climate emergency and to 
develop and implement plans to rapidly reduce GHG emissions. 

In this report, we examine how the global carbon budget translates 
into a local carbon budget for Cumbria, and assess what needs to 
be done within the county for it to stay within this carbon budget 
and also achieve net zero emissions by 2037. 

1  IPCC (2018) Mitigation Pathways Compatible with 1.5°C in the Context of Sustainable 
Development. In: Global Warming of 1.5°C. An IPCC Special Report on the impacts of global 
warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission 
pathways, IPCC. 

2. Our approach
2.1 MEASURING AN AREA’S CARBON 
FOOTPRINT
Any area’s carbon footprint – measured in terms of the total impact of all of its 
greenhouse gas emissions – can be divided into three types of emissions. 

- Those coming from the fuel (e.g. petrol, diesel or gas) that is directly 
used within an area and from other sources such as landfill sites or 
industry within the area. These are known as Scope 1 emissions. 

- Those coming from the electricity that is used within the area, 
even if it is generated somewhere else. These are known as Scope 
2 emissions. Together Scope 1 and 2 emissions are sometimes referred 
to as territorial emissions.

- Those associated with the goods and services that are produced 
elsewhere but imported and consumed within the area. After 
taking into account the carbon footprint of any goods and services 
produced in the area but that are exported and consumed elsewhere, 
these are known as Scope 3 or consumption-based emissions. 

In this report we focus on Scope 1 and 2 emissions, and exclude consideration 
of long-distance travel and of Scope 3 or consumption-based emissions. We 
do this because Scope 1 and 2 emissions are more directly under the control 
of actors within an area, and because the carbon accounting and management 
options for these emissions are better developed. We stress though that 
emissions from longer distance travel (especially aviation) and consumption 
are very significant, and also need to be addressed. If we took these Scope 
3 emissions into account, then the rates of change required to stay within 
Cumbria’s share of the global carbon budget and meet a net zero target would 
need to be more ambitious still.

2.2 DEVELOPING A BASELINE OF PAST, 
PRESENT AND FUTURE EMISSIONS
Having a baseline of carbon emissions is key to tracking progress over time. 
We use local authority emissions data to chart changes in emissions from 2005 
to 2018. We also break this down to show the share of emissions that can 
be attributed to households, public and commercial buildings, transport and 
industry. 

We then project current emissions levels for the period through to 2037 and 
then on to 2050. To do this, we assume ongoing decarbonisation of electricity 
in line with government commitments and a continuation of background 
trends in a) economic and population growth, and b) energy use and energy 
efficiency. Specific numbers for the key variables taken into account in the 
forecasts are presented below. As with all forecasts, the level of uncertainty 
attached increases as the time period in question extends. Even so, it is useful 
to look into the future to gauge the scale of the challenge to be addressed in 
each area, especially as it relates to the projected gap between the forecasted 
emissions levels and those that are required if an area’s emissions are to be 
consistent with a global strategy to limit average warming to 1.5 degrees C.
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2.3 SETTING SCIENCE-BASED CARBON REDUCTION 
TARGETS 
To set science-based carbon reduction targets for an area, we take the total global level of emissions 
that the IPCC (2018) suggests gives us a 66% chance of limiting average levels of warming to 1.5 
degrees C, and divide it according to the share of the global population living in the area in question. 
This enables us to set the total carbon budget for an area that is consistent with a global budget. To 
set science-based targets for carbon reduction, we then calculate the annual percentage reductions 
from the current level that are required to enable an area to meet its net zero targets. 

2.4 IDENTIFYING AND EVALUATING CARBON 
REDUCTION OPPORTUNITIES 
Our analysis then includes assessment of the potential contribution of c.1302 energy saving or low 
carbon measures for: 

- households and other public/commercial buildings (including better insulation, improved 
heating, more efficient appliances, some small-scale renewables);

- transport (including more walking and cycling, enhanced public transport, electric and more 
fuel efficient vehicles); and

- industry (including better lighting, improved process efficiencies and a wide range of other 
energy efficiency measures). 

We stress that the list of options that is assessed may not be exhaustive; other options may be 
available and the list could potentially be expanded. 

For the options included, we assess the costs of their purchase, installation and maintenance, the 
direct benefits (through energy and fuel savings) of their adoption in different settings and their 
viable lifetimes. We also consider the scope for and potential rates of deployment of each option. 
This allows us to generate league tables of the most carbon- and cost-effective options that could be 
deployed within an area. We note that, as well as financial aspects, some of the options (e.g. relating 
to changing travel patterns and modes) may require significant behavioural changes. 

It is important to note that we base the analysis on current capital costs, although future costs and 
benefits are adjusted for projected levels of inflation and interest/discount rates. Like all forecasts, 
there are various sensitivities that could influence the actual outcomes – for example, the economic 
benefits are likely to be larger if costs fall and benefits increase as some options become more 
widely adopted, or smaller if the costs increase as the rates of deployment increase. While these are 
limitations of our work, they allow this analysis to provide a clear picture of what is possible today.

It is also important to note that, although we consider the direct and indirect employment generation 
potential of different options, we do not consider the possible wider (i.e. non-employment related) 
induced or indirect impacts of the different options, although these can be considered in wider 
consultations. 

Beyond the range of currently available options, we also consider the need for more innovative or 
‘stretch’ options to be developed and adopted within the area if it is to meet its carbon reduction 
targets. These need to be developed in each area, but some of the ideas for innovative options 
identified elsewhere include targeting zero carbon heavy transport vehicles, the electrification of 
heating, cooling and cooking in all buildings and the potential for offsetting through UK-based tree 
planting. Again we stress that this list of ‘stretch’ options is not exhaustive and other options are also 
likely to be available. 

2  We evaluate over 130 separate low-carbon technologies/interventions applied across sectors, with variable place-specific data on how 
their productivity and economics will change by application. This results in over 1,000 unique data points customised to Cumbria’s economy, 
infrastructures and demography

2.5 AGGREGATING UP TO SEE THE BIGGER PICTURE
Based on this bottom-up analysis of the potential for different options to be adopted within the area, 
we then aggregate up to assess the potential for decarbonisation within that area, and the costs and 
benefits of different levels of decarbonisation. We then merge the aggregated analysis of the scope 
for decarbonisation with the baseline projections of future emissions to highlight the extent to which 
the gap between the projected and required emissions levels can be met through different levels 
and forms of action.

To break this gap down, we merge interventions into three broader groupings: 

a. Cost-effective (CE) options where the direct costs of adoption are outweighed by the 
direct benefits that they generate through the energy savings they secure, meaning the 
portfolio of measures as a whole has a positive economic impact in present value. These 
options may also generate indirect benefits – for example, through job creation, fuel 
poverty and improved air quality and public health. 

b. Cost-neutral (CN) options where the portfolio of interventions mentioned above is 
expanded to consider investments that may not be as cost effective on their own terms, 
but where the range of measures as a whole will have near-zero net cost.

c. Technical potential (TP) options where the direct costs are not (at present) covered by 
the direct benefits. However, the cost of many low-carbon options is falling quickly, and 
again these options could generate important indirect benefits such as those listed above. 

As it is unlikely that adopting all of the cost-effective or even technically viable options will enable an 
area to reach net zero emissions, we also highlight the need for a fourth group of measures:

d. Innovative or ‘stretch’ options that include low-carbon measures that are not yet widely 
adopted. Some of the options within this group may well be cost and carbon effective, and 
they may also generate significant indirect benefits, but whilst we can predict their carbon 
saving potential, data on their costs and benefits is not yet available. Included in these 
measures are carbon offsetting opportunities related to afforestation and reforestation.

2.6 DEVELOPING TARGETS AND PERFORMANCE 
INDICATORS
Linked to the analysis detailed above, we extend our evaluation of potential emissions reductions 
across Cumbria’s economy to substantive, real-life indicators for the levels of investment and 
deployment required to achieve targets. Termed ‘KPIs’, these illustrate the scale of ambition required 
to reach the emissions savings presented in the Technical Potential scenario and are disaggregated 
by sector.

2.7 FOCUSING ON KEY SECTORS
As well as presenting an aggregated picture, we also focus on the emissions saving potential in the 
housing, public and commercial buildings, transport, industry and waste sectors. We focus in on 
overall investment needs and returns, and present more detailed league tables of the most carbon- 
and cost-effective options that could be adopted in each sector. 

22 23The potential for green jobs in Cumbria report

APPENDIX 1: OUR APPROACH

692  



24 25The potential for green jobs in Cumbria report

With full decarbonisation of UK electricity by 2045, and taking into account economic growth (assumed 
at 1.5% a year), population growth (assumed at 0.1% a year) and ongoing improvements in energy and 
fuel efficiency, we project that Cumbria’s baseline (Scope 1 and 2) emissions in 2037 will be 54% lower 
than their 2000 levels, leaving 3.8Mt CO2e of annual emissions that need to be addressed. 
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Figure 1: Cumbria’s Scope 1 and 2 GHG emissions (2000-2050)

At present, 30% of Cumbria’s emissions come from the transport sector, 30% from public and 
commercial buildings, 22% from industry (including energy use in and process emissions from 
buildings and facilities) and 18% from homes. By 2037, we project emissions from transport will 
increase very slightly (approximately 1%) with a 3% increase in the proportion of emissions from 
housing. Decreases are forecast in the proportion of emissions from public and commercial 
buildings and industry, largely a result of the projected expansion in the domestic buildings sector 
over this period.

Figure 2: Cumbria’s present and projected emissions by sector

3. Developing a 
baseline of past, 
present and future 
emissions for Cumbria
Analysis shows that Cumbria’s baseline (Scope 1 and 2) 
emissions have fallen by 42% since 2000, due to a combination 
of increasingly decarbonised electricity supply, structural 
change in the economy, and the gradual adoption of more 
efficient buildings, vehicles and businesses. 
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Related to this emissions baseline, after evaluating the range of energy sources that Cumbria 
consumes (spanning electricity, gas, all solid and liquid fuels), we find that in 2019 £1.35 billion was 
spent on energy across the county. Transport fuels generated the majority of this expenditure (55%), 
followed by domestic buildings (22%) then public and commercial buildings and industry (19% and 
4% respectively). By projecting demand and energy prices into the future, assuming population 
growth (based on BEIS estimates) and a continuation of recent trends on inflation and efficiency 
improvements, we find that Cumbria’s business-as-usual energy expenditure will likely grow to £1.6 
billion a year in 2037, retaining approximately the same sectoral proportions as the present (see Figure 
3 below). Importantly, we find that energy expenditure across all composite district authorities in the 
Cumbria region is expected to grow (see Figure 4 below). 
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Figure 3: Cumbria’s present and future energy expenditure by sector
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Figure 4: Cumbria’s present and future energy expenditure by district

4. Setting science-based 
carbon reduction targets 
for Cumbria
The Intergovernmental Panel on Climate Change (IPCC) has argued 
that, from 2020, keeping within a global carbon budget of 344 
gigatonnes (i.e. 344 billion tonnes) of CO2 emissions would give us a 
66% chance of limiting average warming to 1.5 degrees and therefore 
avoiding dangerous levels of climate change. If we divide this global 
figure up on an equal basis by population, and adjust to consider other 
GHGs as well as CO2, this gives Cumbria a total carbon budget of 26 
megatonnes. 

At current rates of emissions output, Cumbria would use up this budget in just over five years, or 
during the later months of 2026. If Cumbria matches the current UK target and seeks to reach net 
zero by 2050, to stay within its carbon budget it would need to reduce its emissions by around 12.4% 
year on year. To reach a more ambitious target of reaching net zero by 2037 would require Cumbria 
to reduce its emissions by 18% a year. 
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5. Aggregating up: the 
bigger picture for Cumbria
Our analysis predicts that the gap between the Cumbria’s business-
as-usual emissions in 2037 and the net zero target could be closed 
by 41% through the adoption of cost-effective (CE) options, by over 
51% through the adoption of cost-neutral (CN) options at no net cost, 
and 57% through the adoption of all technically viable (TP) options. 
This means that Cumbria still has to identify the innovative or 
stretch options that could deliver the last 43% of the gap between the 
business-as-usual scenario and net zero in 2037.
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Figure 6: Cumbria’s BAU baselines with cost-effective, cost-neutral, and technical potential options

2025 2030 2035 2040 2045 2050

Reduction on BAU baseline
CE 31% 37% 41% 42% 45% 47%
CN 36% 45% 50% 53% 55% 57%
TP 40% 50% 56% 59% 61% 63%

Reduction on present 
emissions

CE 28% 32% 33% 33% 33% 34%
CN 33% 38% 41% 41% 41% 42%
TP 36% 43% 45% 45% 46% 46%

Table 1: Cumbria’s potential 5-year emissions reduction percentages

Appendix 1A outlines an explicit league table of measures and their potential emissions savings over 
this period. Figure 7 below similarly highlights groups of investments and emissions reductions at 
full technical potential in Cumbria. Across Cumbria, the portfolio of measures evaluated here has 
the potential to accumulate reductions of nearly 31 MtCO2e by 2037 and 60MtCO2e by 2050. (A full 
breakdown of absolute emissions reductions by measure is provided in Appendix 1B).
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Figure 7: Simplified emissions reduction potential by measure for Cumbria 2020-50

Exploiting the cost-effective options in households, public and commercial buildings, transport, and 
industry could be economically beneficial. Although such measures would require investments of 
£3.83 billion, once adopted they would reduce Cumbria’s total annual energy bill by £790 million in 
2037 whilst also creating 11,811 years of employment – nearly 600 jobs for 20 years. By expanding 
this portfolio of measures at no net cost to Cumbria’s economy (the cost-neutral scenario), 
investments of £5.77 billion would reduce Cumbria’s total annual energy bill by £770 million, 
generate 17,651 years of employment whilst reducing Cumbria’s emissions to nearly half of today’s 
levels. Exploiting all the technically viable options would be more expensive but would realise further 
emissions savings – eliminating 57% of the projected shortfall in Cumbria’s 2037 emissions, whilst 
saving £850 million annually.

  Cumulative
total Domestic Industry Transport Commercial

CE 591 178 52 31 329
CN 883 235 84 66 498
TP 1,399 342 321 66 670

Table 2: Net jobs created over a 20-year period

APPENDIX 1: AGGREGATING UP
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2025 2030 2035 2040 2045 2050

Cumulative investment 
(£2020m)

CE 2,794 3,728 3,829 3,829 3,829 3,829

CN 4,035 5,597 5,765 5,765 5,765 5,765

TP 5,645 8,301 8,885 8,885 8,885 8,885

Annual energy expenditure 
savings (£2020m)

CE 697 787 784 725 693 717

CN 553 664 772 725 698 712

TP 463 561 854 811 767 780

Table 3: Potential 5-year investments and energy expenditure savings

Sector Scenario Investment 
(£2020M)

Domestic

CE 1,667

CN 2,198

TP 3,201

Public and 
commercial

CE 1,397

CN 2,118

TP 2,850

Industry

CE 305

CN 490

TP 1,875

Transport

CE 460

CN 960

TP 960

Table 4: Potential investments by sector and economic scenarios
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Figure 8: Cumbria’s potential reductions in energy expenditure by economic scenario 2020-50

Simplified league tables of the most cost- and carbon-effective options in Cumbria are presented 
below. For cost effectiveness, figures are expressed as the number of £ per tonne of carbon saving, 
with a negative number indicating a cost saving per tonne. For carbon effectiveness, the emissions 
saving potential is over the lifetime of the low-carbon measure in question. More detailed league 
tables are presented in Appendices 1A and 1B.

Rank Measure Cost effectiveness (£/tCO2e)

1 Fabric upgrades and improvements in retail buildings -576

2 Diesel car to bus (diesel) journey shifts -458

3 Improved cooling in commercial buildings -431

4 Petrol car to bus (diesel) journey shifts -373

5 Compressed air system upgrades in industry -360

6 Diesel car to bicycle journey shifts -345

7 Diesel car to walk journey shifts -345

8 Petrol car to bicycle journey shifts -323

9 Petrol car to walk journey shifts -323

10 Fabric upgrades and improvements in public buildings -269

Table 5: Cumbria’s top-10 most cost-effective emission reduction options

Rank Measure Emissions reduction potential (ktCO2e)

1 Fabric upgrades and improvements in retail buildings 3,344

2 Improved furnace processes and heaters in industry 3,293

3 Petrol car to bicycle journey shifts 2,733

4 Petrol car to walk journey shifts 2,733

5 Boilers and steam piping upgrades in industry 2,515

6 Fabric improvements in public buildings 2,198

7 Petrol car to bus (electric) journey shifts 2,084

8 Insulating domestic buildings (various forms) 2,076

9 Diesel car to bicycle journey shifts 1,996

10 Diesel car to walk journey shifts 1,996

Table 6: Cumbria’s top ten most carbon-effective emission reduction options

Some of the ideas for innovative options identified elsewhere that could also be considered for 
Cumbria include targeting a full transition to net zero homes and public/commercial buildings by 
2030, promoting the rapid acceleration of active travel (e.g. walking and cycling), tackling food waste, 
reducing meat and dairy consumption and reducing concrete and steel consumption/promoting 
adoption of green infrastructure. These are highlighted in section nine.
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6. Developing key 
performance indicators
To give an indication of how far the investments detailed in this report translate into levels of 
practical intervention, the tables below detail total and annual levels of deployment of key measures 
through to 2050. These lists are not exhaustive, and also apply by measure; any one building or 
industrial facility will usually require the application of several measures over the period. The key 
performance indicators (KPIs) below are provided for the domestic, commercial and transport 
sectors, where both the challenge, and opportunity for action, are concentrated.

Domestic:

Measure Total Homes Applied Average annual 
installations (homes)

Thermostats and heating controls 307,162 32,333

Loft insulation (new and top-up) 259,986 27,367

Boiler upgrades and improvements 165,946 17,468

Draughtproofing and fabric upgrades 165,946 17,468

Low-energy lighting 162,063 17,059

Floor insulations 125,532 13,214

Solar PV 97,079 10,219

Wall insulation 72,887 7,672

Window upgrades 72,131 7,593

External/internal wall insulation 17,142 1,804

Heat pumps 4,087 430

Public and commercial buildings:
Measure Floorspace Applied (m2) Annual Rate of Installation (m2)

Heating system upgrades and controls 5,203,622 612,191

Lighting upgrades and sensors 4,747,225 558,497

Solar PV 2,402,930 282,698

Wind turbines 1,255,244 147,676

Fabric improvements 1,231,674 144,903

Solar thermal systems 592,664 69,725

Heat pumps 424,400 49,929

Transport:

Measure Total (2030) Average annual increase

EVs replacing conventional cars annually 
through 2030 26,868 2,985

Annual increase in public transport 
ridership through 2030 (trips) 4,278,386 475,376

Electric buses purchased annually through 
2030 71 8

High quality protected cycling highway built 
annually through 2030 (kms) 40 4

7. Focusing on key sectors 
in Cumbria

At full deployment (technical potential) across Cumbria, we calculate that there is potential to avoid 
over 31MtCO2e in emissions that will otherwise be produced in the region between 2020 and 2037. 
The transport sector will contribute most significantly toward this total, with a decarbonisation 
potential of between 21MtCO2e (cost-effective scenario) and 26MtCO2e (technical potential) in the 
period. However, the role of the built environment in Cumbria’s progress towards its climate targets 
should not be understated; domestic, public and commercial buildings combined could reduce 
emissions by up to 18MtCO2e over the same period at full technical potential. In the following 
section summaries of the emissions reduction potential and economic implications of investment 
are presented for the four main sectors comprising this analysis. 

22% 

25% 43% 

10% 

Domestic Public & Commercial Transport Industry 

Figure 9: Cumbria’s emissions reduction potential (2020-2050) by sector 
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CE CN TP Figure 10: Cumbria’s emissions reduction potential (2020-2037) by sector and economic scenario

For display and continuity purposes, each sector is displayed with a summary of the same metrics: 
(1) emissions reduction potential over time in the three economic scenarios; 
(2) five year totals for emissions savings, investment requirements and energy expenditure 
reductions; and (3) a simplified table of the most cost-effective low-carbon measures applied in each 
sector across Cumbria.
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7.1 HOUSING
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2025 2030 2035 2040 2045 2050

Reduction on baseline 
emissions 

CE 41% 41% 38% 39% 39% 39%

CN 48% 48% 45% 46% 46% 46%
TP 59% 57% 54% 55% 55% 55%

Reduction on present 
emissions 

CE 40% 38% 35% 35% 35% 35%
CN 47% 45% 41% 41% 41% 41%
TP 57% 54% 49% 49% 49% 49%

Annual energy 
expenditure savings 

(£2020M)

CE 214 245 245 250 226 263
CN 286 314 312 304 291 319
TP 238 239 259 252 243 255

Cumulative investment 
(£2020M)

CE 1,280 1,667 1,667 1,667 1,667 1,667
CN 1,688 2,198 2,198 2,198 2,198 2,198
TP 2,458 3,201 3,201 3,201 3,201 3,201

Rank Measure Cost Effectiveness (£/
tCO2e)

1 Electrical and appliance upgrades -215
2 Electricity demand reduction -138
3 Lighting improvements and upgrades -135
4 Insulating homes -74
5 Draughtproofing and fabric upgrades -48
6 Installing heat pumps -38
7 Upgraded heating controls and inputs -30
8 Glazing improvements and upgrades -28
9 Installing biomass boilers -22

10 Solar thermal installations -19

7.2 PUBLIC AND COMMERCIAL BUILDINGS
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Technical Potential Cost Neutral Cost Effective Baseline (Historic) Baseline (BAU) 

2025 2030 2035 2040 2045 2050

Reduction on baseline 
emissions

CE 40% 41% 40% 36% 38% 39%

CN 46% 47% 46% 41% 43% 45%
TP 50% 51% 50% 45% 47% 49%

Reduction on present 
emissions

CE 35% 33% 30% 26% 26% 26%
CN 40% 38% 34% 29% 29% 29%
TP 44% 41% 37% 32% 32% 32%

Annual energy 
expenditure savings 

(£2020M)

CE 429 418 363 307 318 322
CN 216 213 240 209 220 229
TP 308 310 356 329 318 342

Cumulative investment 
(£2020M)

CE 1,073 1,397 1,397 1,397 1,397 1,397
CN 1,626 2,118 2,118 2,118 2,118 2,118
TP 2,189 2,850 2,850 2,850 2,850 2,850

Rank Measure Cost Effectiveness (£/
tCO2e)

1 Fabric upgrades and improvements in retail buildings -576
2 Improved cooling systems and monitoring in retail buildings -431
3 Fabric improvements and upgrades in public buildings -269
4 Lighting improvements and monitoring in public buildings -214
5 Improved cooling systems and monitoring in office buildings -180
6 Heating improvements and upgrades in public buildings -142
7 Lighting improvements and monitoring in retail buildings -126
8 Heating upgrades in office buildings -90
9 Improved cooling in public buildings -88

10 Lighting upgrades in office buildings -51
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7.3 TRANSPORT
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2025 2030 2035 2040 2045 2050

Reduction on baseline 
reductions

CE 35% 51% 63% 70% 76% 81%

CN 40% 61% 78% 89% 94% 97%

TP 40% 61% 78% 89% 94% 97%

Reduction on present 
reductions

CE 32% 44% 52% 56% 59% 62%

CN 36% 53% 65% 71% 73% 74%

TP 36% 53% 65% 71% 73% 74%

Annual energy 
expenditure savings 

(£2020M)

CE 78 130 141 133 115 98

CN 93 158 180 171 146 124

TP 93 158 180 171 146 124

Cumulative investment 
(£2020M)

CE 380 451 460 460 460 460

CN 623 938 960 960 960 960

TP 623 938 960 960 960 960

Rank3 Measure Cost Effectiveness (£/
tCO2e)

1 Shift from diesel car to bus (diesel) journeys -458
2 Shift from petrol car to bus (diesel) journeys -373
3 Shift from diesel car to bicycle journeys -345
4 Shift from diesel car to walk journeys -345
5 Shift from petrol car to bicycle journeys -323

3 Interventions in transport have been aggregated into five types reflecting different kinds of mode shift.

7.4 INDUSTRY
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Technical Potential Cost Neutral Cost Effective Baseline (Historic) Baseline (BAU) 

2025 2030 2035 2040 2045 2050

Reduction on baseline 
reductions

CE 4% 10% 12% 11% 11% 11%
CN 6% 16% 21% 21% 21% 21%
TP 9% 26% 34% 34% 35% 36%

Reduction on present 
reductions

CE 3% 8% 9% 8% 7% 7%
CN 5% 13% 15% 14% 14% 14%
TP 8% 21% 25% 24% 24% 23%

Annual energy 
expenditure savings 

(£2020M)

CE -24 -7 34 34 34 34
CN -41 -21 40 40 40 40
TP -176 -146 59 59 59 59

Cumulative investment 
(£2020M)

CE 61 214 305 305 305 305
CN 98 343 490 490 490 490
TP 375 1,312 1,875 1,875 1,875 1,875

Rank4 Measure Cost Effectiveness (£/
tCO2e)

1 Compressed air system upgrades in industry -360

2 Fan process improvements in industry -146

3 Boilers and steam piping upgrades in industry 21

4 Pump upgrades in industry 28

5 Improved furnace processes and heaters in industry 51

6 Upgrades to cooling and refrigeration in industry 662

4 For display purposes interventions in industry have been aggregated here into process type
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8. Carbon reduction 
opportunities in Cumbria’s 
districts
The emissions reduction potential for each of Cumbria’s constituent districts is presented below, 
along with accompanying economic measures in five-year periods detailing investment requirements 
and energy expenditure reductions in each scenario. Five-year cumulative emissions savings for each 
district are also presented along with percentage reductions in emissions in relation to each district’s 
business-as-usual baseline for a given year, and in relation to present (2020) emission outputs.

It is important to note that, although the potential for deployment for each separate intervention 
modelled varies between districts, the typical productivity of each measure (in energy, emissions 
and cost savings) remains fairly stable across the region. Varying economic and infrastructural 
characteristics between districts translate to different absolute emissions reductions potentials, but 
the districts as a whole accumulate to the same lifetime emissions reductions across the Cumbria 
region.

2050 District Totals

Allerdale

Emissions savings (ktCO2e) 10,583

Investment (£2020M) 1,915

Energy savings (£2020M) 152

Barrow-in-Furness

Emissions savings (ktCO2e) 5,195

Investment (£2020M) 1,192

Energy savings (£2020M) 90

Carlisle

Emissions savings (ktCO2e) 12,697

Investment (£2020M) 1,931

Energy savings (£2020M) 184

Copeland

Emissions savings (ktCO2e) 5,611

Investment (£2020M) 929

Energy savings (£2020M) 77

Eden

Emissions savings (ktCO2e) 13,011

Investment (£2020M) 1,224

Energy savings (£2020M) 107

South Lakeland

Emissions savings (ktCO2e) 13,845

Investment (£2020M) 1,695

Energy savings (£2020M) 170

 
Table 5: Summary of Cumbria’s district emissions and investment opportunities totals (to 2050)

8.1 ALLERDALE
ï Emissions fell by 58% between 2000 and 2020, and are projected to fall by 66% between 2000 

and 2037. 
ï The gap between projected emissions in 2037 and net zero could be closed by 41% with 

investments of £676m that would more than pay for themselves by reducing the £231m 
annual energy bill by approximately £140m a year by 2037. 

ï This could create 2080 years of extra employment (or 104 jobs all running for a period of 20 
years) within the district.

2025 2030 2035 2040 2045 2050

Reduction on baseline 
reductions

CE 32% 38% 41% 41% 43% 44%

CN 39% 48% 52% 53% 55% 57%
TP 45% 57% 62% 64% 66% 67%

Reduction on present 
reductions

CE 29% 33% 33% 32% 32% 33%
CN 36% 41% 42% 41% 42% 42%
TP 41% 49% 51% 50% 50% 50%

Annual energy expenditure 
savings (£2020M)

CE 132 146 143 135 137 139
CN 106 123 149 140 140 141
TP 85 99 171 160 155 152

Cumulative investment 
(£2020M)

CE 479 651 676 676 676 676
CN 844 1,176 1,216 1,216 1,216 1,216
TP 1,180 1,768 1,915 1,915 1,915 1,915
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8.2 BARROW-IN-FURNESS
ï Emissions fell by 43% between 2000 and 2020, and are projected to fall by 56% between 2000 

and 2037. 
ï The gap between projected emissions in 2037 and net zero could be closed by 32% with 

investments of £427m that would more than pay for themselves by reducing the £139m 
annual energy bill by approximately £79m a year by 2037. 

ï This could create 1,317 years of extra employment (or 66 jobs all running for a period of 20 
years) within the district.

2025 2030 2035 2040 2045 2050

Reduction on baseline 
reductions

CE 28% 31% 33% 32% 34% 35%

CN 33% 39% 42% 41% 44% 46%
TP 39% 47% 51% 51% 53% 56%

Reduction on present 
reductions

CE 24% 25% 24% 22% 22% 22%
CN 29% 31% 31% 29% 29% 29%
TP 34% 38% 38% 35% 35% 35%

Annual energy 
expenditure savings 

(£2020M)

CE 74 85 93 79 78 81
CN 60 70 88 79 81 84
TP 43 51 100 92 90 90

Cumulative investment 
(£2020M)

CE 293 408 427 427 427 427
CN 496 692 720 720 720 720
TP 727 1,094 1,192 1,192 1,192 1,192

8.3 CARLISLE
ï Emissions fell by 32% between 2000 and 2020, and are projected to fall by 48% between 2000 

and 2037. 
ï The gap between projected emissions in 2037 and net zero could be closed by 55% with 

investments of £922m that would more than pay for themselves by reducing the £323m 
annual energy bill by approximately £178m a year by 2037. 

ï This could create 2,843 years of extra employment (or 142 jobs all running for a period of 20 
years) within the district.

2025 2030 2035 2040 2045 2050

Reduction on baseline 
reductions

CE 43% 50% 53% 55% 58% 61%

CN 49% 58% 63% 66% 69% 71%
TP 53% 63% 69% 72% 75% 78%

Reduction on present 
reductions

CE 39% 42% 42% 41% 42% 43%
CN 44% 49% 51% 50% 50% 51%
TP 48% 54% 55% 54% 55% 55%

Annual energy 
expenditure savings 

(£2020M)

CE 180 203 182 173 160 165
CN 133 153 168 164 154 156
TP 110 141 190 184 174 184

Cumulative investment 
(£2020M)

CE 676 901 922 922 922 922
CN 910 1,250 1,281 1,281 1,281 1,281
TP 1,277 1,830 1,931 1,931 1,931 1,931
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8.4 COPELAND
ï Emissions fell by 34% between 2000 and 2020, and are projected to fall by 51% between 2000 

and 2037. 
ï The gap between projected emissions in 2037 and net zero could be closed by 36% with 

investments of £922m that would more than pay for themselves by reducing the £323m 
annual energy bill by approximately £178m a year by 2037. 

ï This could create 2,843 years of extra employment (or 142 jobs all running for a period of 20 
years) within the district.

2025 2030 2035 2040 2045 2050

Reduction on baseline 
reductions

CE 29% 34% 36% 36% 37% 38%

CN 34% 42% 46% 47% 48% 50%
TP 41% 53% 59% 61% 62% 64%

Reduction on present 
reductions

CE 26% 28% 27% 26% 26% 26%
CN 30% 34% 35% 34% 34% 34%
TP 36% 43% 45% 44% 44% 44%

Annual energy 
expenditure savings 

(£2020M)

CE 71 77 77 74 68 75
CN 57 68 79 76 72 73
TP 46 50 83 78 77 77

Cumulative investment 
(£2020M)

CE 284 377 385 385 385 385
CN 382 531 548 548 548 548
TP 568 856 929 929 929 929

8.5 EDEN

ï Emissions fell by 43% between 2000 and 2020, and are projected to fall by 52% between 2000 
and 2037. 

ï The gap between projected emissions in 2037 and net zero could be closed by 37% with 
investments of £596m that would more than pay for themselves by reducing the £401m 
annual energy bill by approximately £102m a year by 2037. 

ï This could create 1,838 years of extra employment (or 92 jobs all running for a period of 20 
years) within the district.

2025 2030 2035 2040 2045 2050

Reduction on baseline 
reductions

CE 23% 30% 34% 37% 40% 43%

CN 26% 36% 43% 47% 49% 50%
TP 28% 39% 46% 50% 52% 53%

Reduction on present 
reductions

CE 21% 25% 28% 30% 31% 33%
CN 24% 31% 35% 37% 38% 38%
TP 26% 33% 38% 39% 40% 41%

Annual energy 
expenditure savings 

(£2020M)

CE 90 106 106 99 97 98
CN 76 100 115 105 101 99
TP 65 89 125 115 106 107

Cumulative investment 
(£2020M)

CE 449 584 596 596 596 596
CN 589 820 842 842 842 842
TP 786 1,151 1,224 1,224 1,224 1,224
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8.6 SOUTH LAKELAND
ï Emissions fell by 32% between 2000 and 2020, and are projected to fall by 45% between 2000 

and 2037. 
ï The gap between projected emissions in 2037 and net zero could be closed by 47% with 

investments of £824m that would more than pay for themselves by reducing the £382m 
annual energy bill by approximately £175m a year by 2037. 

ï This could create 2,541 years of extra employment (or 127 jobs all running for a period of 20 
years) within the district.

2025 2030 2035 2040 2045 2050

Reduction on  baseline 
reductions

CE 33% 41% 45% 47% 49% 51%

CN 38% 48% 54% 58% 60% 62%
TP 42% 53% 60% 63% 65% 67%

Reduction on present 
reductions

CE 31% 35% 37% 37% 39% 40%
CN 35% 42% 45% 46% 47% 48%
TP 39% 46% 50% 50% 51% 52%

Annual energy expenditure 
savings (£2020M)

CE 151 169 183 164 154 159
CN 120 150 173 161 150 158
TP 114 130 186 182 163 170

Cumulative investment 
(£2020M)

CE 613 807 824 824 824 824
CN 814 1,128 1,158 1,158 1,158 1,158
TP 1,107 1,603 1,695 1,695 1,695 1,695

9. Innovative stretch 
measures in Cumbria
Even with full delivery of the broad programme of cross-sectoral, 
area-wide low-carbon investment described above, there 
remains an emissions shortfall of 43% between Cumbria’s 2037 
BAU baseline and the net zero target. Here we briefly consider 
the productivity of certain key technologies and interventions 
that may well be able to plug this gap into the future. Many of 
these so-called ‘stretch options’ are innovative by nature but they 
will be required to reach Cumbria’s targets in future.

2025 2030 2035

Annual 
emissions 
reduction 
potential 
(ktCO2e)

Zero carbon heavy goods transport 111 250 250

Electrification of industrial heating and cooling 267 600 600

Electrification of domestic heating 222 500 500

Electrification of domestic cooking 27 60 60

Electrification of commercial/public heating 244 550 550

3500 Ha. of tree planting annually 2020-29* -144 -382 -573

Table 7: Stretch measures’ decarbonising potential ( * sequestration values)

Figure 12 below shows the impact that the adoption of these stretch measures would have on 
Cumbria’s carbon emissions, with the red dotted line showing the business-as-usual baseline, the 
yellow dotted line showing emissions after adoption of all technically viable options and the blue 
dotted line showing emissions after all technically viable and stretch options in Table 7 other than 
tree planting. This indicates that Cumbria would still have some residual emissions until after 2037.
 
In theory at least, Cumbria could sequester these residual emissions and achieve carbon neutrality 
by 2033 through nature-based approaches such as tree planting or peatland conservation or 
restoration. As well as sequestering carbon emissions, such approaches can also make important 
contributions to the protection of biodiversity, the enhancement of flood protection and the 
improvement of public health and wellbeing. However, we should not underestimate the scale 
of the activities needed to make a significant impact on carbon emissions. For illustration, and as 
represented in the green shaded area in Figure 12, just to offset Cumbria’s residual emissions (i.e. 
those left after ambitious levels of decarbonisation of housing, transport and industry in the county) 
would require the planting of 155 million trees. Even with the densest possible planting, this would 
require 35,000 hectares of land, equivalent to 3% of the total land area of Cumbria. The scale and 
extent of the tree planting required to sequester residual emissions could be reduced through 
peatland conservation or restoration, but this finding highlights the need for carbon emissions to be 
addressed at source rather than through any significant dependence on sequestering. 
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Figure 12: Sectoral emissions shortfall reduction with stretch measures

APPENDIX 1A. 
League table of the most carbon-effective options for Cumbria

Measure5 Emissions Reduction Potential (ktCO2e)

Fabric improvements in retail buildings 3,344
Improved furnace processes and heaters in industry 3,293

Petrol car to bicycle 2,733
Petrol car to walk 2,733

Boilers and steam piping upgrades in industry 2,515
Fabric improvements in public buildings 2,198

Petrol car to bus (electric) 2,084
Insulating domestic buildings 2,076

Diesel car to bicycle 1,996
Diesel car to walk 1,996

Upgraded heating controls in domestic buildings 1,939
Petrol car to EV 1,888

Petrol car to bus (diesel) 1,698
Petrol car to plug-in hybrid 1,614

Petrol car to hybrid 1,614
Diesel car to EV 1,592

Electrical upgrades in domestic buildings 1,535
Installing heat pumps in domestic buildings 1,497

Diesel car to bus (electric) 1,466
Heating improvements in public buildings 1,383

Diesel car to plug-in hybrid 1,187
Upgraded boilers in domestic buildings 1,104

Electricity demand reduction in domestic buildings 1,089
Installing air source heat pumps in office buildings 1,061

Hybrid car to EV 1,032
Installing solar PV in domestic buildings 1,018

Diesel car to bus (diesel) 961
Solar thermal devices in public buildings 960
Lighting improvements in office buildings 861
Solar thermal devices in retail buildings 815

Plug-in hybrid car to EV 678
Wind microgeneration associated with public buildings 669

Lighting improvements in domestic buildings 632
Draught-proofing in domestic buildings 589

Installing biomass boilers in domestic buildings 578
Improved lighting controls and sensors in public buildings 576

Upgrading heating controls in office buildings 556
Improved lighting controls and sensors in office buildings 556

Improved cooling in office buildings 552
Glazing improvements in domestic buildings 523

Improved lighting controls and sensors in retail buildings 466
Solar thermal devices in domestic buildings 442
Lighting improvements in public buildings 428

5 Measures listed here have been grouped and summed across multiple applications for display purposes

Appendices

APPENDIX 1A: League table of the most carbon-effective 
options for Cumbria

APPENDIX 1B: League table of the most cost-effective 
options for Cumbria
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Diesel car to hybrid 284
Heating improvements in retail buildings 271

Compressed air system upgrades in industry 137
Pump upgrades in industry 105

Installing solar PV in public buildings 85
Fan process improvements in industry 70
Fabric improvements in office buildings 66

Improved cooling in public buildings 64
Improved cooling in retail buildings 43
Installing solar PV in office buildings 31

Heating improvements in office buildings 30
Installing air source heat pumps in retail buildings 29

Upgraded heating controls in retail buildings 26
Installing air source heat pumps in public buildings 26

Lighting improvements in retail buildings 25
Wind microgeneration associated with retail buildings 25

Upgraded heating controls in public buildings 24
Solar thermal devices in office buildings 23

Installing solar PV in retail buildings 22
Wind microgeneration associated with office buildings 20

Upgrades to cooling and refrigeration in industry 16
TOTAL 59,946

APPENDIX 1B. 
League table of the most cost-effective options for Cumbria

Measure6 Cost Effectiveness (£/tCO2e)

Fabric improvements in retail buildings -576
Diesel car to bus (diesel) -458

Improved cooling in retail buildings -431
Petrol car to bus (diesel) -373

Compressed air system upgrades in industry -360
Diesel car to bicycle -345
Diesel car to walk -345

Petrol car to bicycle -323
Petrol car to walk -323

Fabric improvements in public buildings -269
Electrical upgrades in domestic buildings -215

Petrol car to plug-in hybrid -214
Lighting improvements in public buildings -214

Improved cooling in office buildings -180
Fan process improvements in industry -146

Petrol car to EV -145

6 Measures listed here have been grouped and summed across multiple applications for display purposes. The cost per tonne of emissions 
reduction displayed here are mean values across applications.

Heating improvements in public buildings -142
Electricity demand reduction in domestic buildings -138

Diesel car to plug-in hybrid -136
Lighting improvements in domestic buildings -135

Petrol car to bus (electric) -134
Lighting improvements in retail buildings -126

Petrol car to hybrid -114
Heating improvements in office buildings -90

Improved cooling in public buildings -88
Insulating domestic buildings -74

Diesel car to bus (electric) -71
Diesel car to EV -55

Lighting improvements in office buildings -51
Heating improvements in retail buildings -48
Draughtproofing in domestic buildings -48
Fabric improvements in office buildings -41

Installing heat pumps in domestic buildings -38
Upgraded heating controls in domestic buildings -30

Glazing improvements in domestic buildings -28
Upgrading heating controls in office buildings -28

Installing biomass boilers in domestic buildings -22
Solar thermal devices in domestic buildings -19

Hybrid car to EV -18
Upgraded heating controls in public buildings -12

Diesel car to hybrid -12
Upgraded boilers in domestic buildings -11

Upgraded heating controls in retail buildings -8
Installing air source heat pumps in retail buildings -1

Installing solar PV in domestic buildings 3
Installing air source heat pumps in public buildings 11

Solar thermal devices in retail buildings 18
Boilers and steam piping upgrades in industry 21

Pump upgrades in industry 28
Improved lighting controls and sensors in retail buildings 29

Installing air source heat pumps in office buildings 33
Installing solar PV in public buildings 37
Installing solar PV in office buildings 50

Improved furnace processes and heaters in industry 51
Installing solar PV in retail buildings 52

Solar thermal devices in public buildings 73
Improved lighting controls and sensors in office buildings 77

Solar thermal devices in office buildings 114
Wind microgeneration associated with office buildings 150

Improved lighting controls and sensors in public buildings 177
Wind microgeneration associated with public buildings 190
Wind microgeneration associated with retail buildings 316

Plug-in hybrid car to EV 425
Upgrades to cooling and refrigeration in industry 662
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1. Introduction
Since 2016, Green House has been 
carrying out work on estimating the 
number of jobs that would be created 
by a transition to a zero carbon 
economy; an economy where we take 
climate change seriously and reduce 
emissions of greenhouse gases in 
line with the aspiration to limit global 
warming to 1.5 degrees.1 We have 
taken a location specific approach, 
combining data on population, 
buildings, transport and land use for 
particular locations, a vision of where 
we want to be in terms of buildings 
insulated, or renewable energy 
systems installed, with information 
about the amount of work involved 
in getting there. This has enabled 
us to estimate the number of jobs in 
particular localities. We started by 
looking at the Isle of Wight (Essex 
and Sims, 2017) then the Sheffield 
City Region (Essex and Sims 2018) 
then the whole of the UK by local 
authority area (Chapman, Essex 
and Sims 2018). These reports were 
produced with the Green European 
Foundation.2   

For this project we have revised the results of our 
2018 work for Cumbria, including changing from a 12 
year (2018-2030) to a 15 year transition period – from 
2022 to 2037. 

1  See IPCC (2018) Special Report: Global Warming of 1.5°C. https://www.
ipcc.ch/sr15/ 
2  The first two reports were part of a project on Ecological Production 
in a Post-Growth Society (https://gef.eu/project/ecopro) and the third 
Strengthening Climate Targets, Creating Local Climate Jobs (https://gef.eu/
project/local-climate-jobs). The Green European Foundation projects were 
carried out with the financial support of the European Parliament to the 
Green European Foundation.

2. Methodology
Our model combines: 

- A zero carbon vision and how this would impact on each sector in practical terms; 

- Published data about the geographic area of interest, such as land area, 
population, waste generation, renewable energy potential etc.; and

- ‘Job metrics’ – hours of work and hence numbers of jobs per activity, derived from 
published sources.

These are combined in a spreadsheet to give an estimate for the number of jobs in each 
sector during a 15-year transition period (2022 to 2037) and in the longer term. The 
transition and long-term jobs are estimated separately as they are for essentially different 
activities (e.g. installing and then maintaining renewable energy systems). In calculating the 
number of transition period jobs we have assumed that the activities required to bring about 
the transition, such as installing renewable energy systems or insulating homes, are spread 
equally throughout the 15-year transition period. This is unlikely to be the case in many 
sectors where it takes time to train people and build up the workforce required. In reality 
the number of jobs will be lower in the first year and a lot higher towards the end of the 
transition period, so more people will be required than indicated by the average number of 
full-time equivalent jobs. 

Long-term jobs will not just start from the end of the transition period, but grow as the 
transition is implemented. If half the transition has happened halfway through the transition 
period, half of the long-term jobs will, on average, exist in the transition period.  

Many of the jobs created by a transition to zero carbon in Cumbria will not necessarily be 
located in Cumbria – for example, jobs manufacturing low-carbon heating systems or solar 
photovoltaic panels could be elsewhere in the country or abroad. These jobs have not been 
included in our estimates. Rather we have estimated the jobs involved in installing heat 
pumps or solar panels; in driving and maintaining buses but not the manufacture of electric 
buses. We have allocated these jobs to districts where the work will take place. This does not 
mean that the jobs will necessarily be based there as companies may set up elsewhere and 
travel to do the work.  

The sectors included in this report are: 

·	 Renewable electricity generation

·	 Buildings and heat

·	 Transport

·	 Reuse and recycling of waste

Our 2018 work also included modelling of jobs in agriculture and forestry, but that is not 
included here.

Where information is available, we have subtracted the jobs that will be lost in current fossil 
fuel dependent activities, such as in the maintenance of internal combustion engine vehicles, 
or offshore gas extraction. Many people will need training or support of some kind to take 
up the new jobs so we have included an estimate for such ‘support jobs’, calculated from the 
total number of jobs. 

An overview of our method is given in Figure 2.1. A map of Cumbria is shown in Figure 2.2, 
and information about population and land area in Table 2.1.
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Figure 2.1 Overview of methodology

Table 2.1 Cumbria population and land area

District Population 
2020 [1]

Population 
2037 [2]

Area  
km2

Population density 
people per km2

Allerdale 97,761 98,998 1,242 79

Copeland 68,183 63,585 7,321 93

Barrow-in-Furness 67,049 63,405 12 5,541

Carlisle 108,678 108,334 1,040 104

Eden 53,253 54,490 2,142 25

South Lakeland 105,088 109,650 1,534 69

Cumbria Total 500,012 498,462 6,702 75

[1] From ONS mid 2019-April 2020 population estimates 
[2] From ONS 2018-based population projections (published March 2020)

Figure 2.2 Cumbria

Source: https://www.cumbria.gov.uk/roads-transport/public-transport-road-safety/transport/publictransport/busserv/timetables/
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3. Renewable Electricity 
Generation

The potential for renewable energy in Cumbria was 
investigated in 2011 by SQW and Land Use Consultants. 
Their report was intended to assist with planning policies 
for renewable energy, so, in identifying capacity, the Lake 
District National Park and the part of the Yorkshire Dales 
National Park that is in Cumbria were treated separately, 
whereas data on current installed capacity is for the districts, 
including the areas within them that are part of a national 
park. Tables A1 to A5 (in Appendix 2A) show the capacity 
identified in the SQW report compared with that which 
had been installed by the end of 2018 for onshore wind, 
hydro, anaerobic digestion, plant biomass and landfill gas. 
Subtracting the installed capacity from the capacity identified 
in 2011 gives a ‘remaining capacity’. In some cases more 
capacity has been installed than expected, which results in 
a negative remaining capacity for a district, though this may 
be because the identified capacity was in a national park.  

More generating capacity using plant biomass and landfill 
gas has been installed than predicted in 2011. Much of 
the plant biomass capacity is accounted for by a 50MW 
combined heat and power (CHP) plant installed at the 
Iggesund paper mill in Workington (in Allerdale) in 2013. 
This uses wastes from the paper production process, which 
imports wood from outside Cumbria, though they are 
attempting to increase the local supply of biomass.8

Since 2011 wind turbines have become much larger. Larger 
turbines are able to generate much more electricity as the 
amount that can be generated is proportional to the area 
swept by the blades, so increases fourfold if the length of 
the blades are doubled. Three wind farms in Cumbria have 
already been repowered,9 increasing their capacity from 6.62 
to 18.86MW. If all the other existing wind farms in Cumbria 
were repowered this could create an additional 361MW of 
generating capacity (see Table A6).

The solar capacity predicted in 2011 (of 150.5MW) was 
all small-scale microgeneration. Since 2011 the price of 
solar panels has fallen substantially and large-scale solar 
farms are now viable. Table A7 shows the number of solar 
installations registered for the feed-in tariff (and therefore 
<5MW) in each district, on domestic properties and non-
domestic installations, at the end of 2019. Comparison 
with the total installed capacity of solar PV in 2019 suggests 
there are 58MW of solar PV in Cumbria, 27MW of that in 
Allerdale,10 which is not registered for FITs, presumably 
because it consists of large-scale solar farms, though some 
smaller systems may have been installed after the end of the 
FIT scheme in March 2019. 

We propose a possible scenario for what further solar PV 
could be installed in Cumbria, set out in Box 3.1. 

8  See p.45 of Carbon Trust, 2018 and https://www.iggesund.com/sustainability/raw-
material/fossil-free-energy/
9  Great Orton (Allerdale), Harlock Hill (South Lakeland) and Haverigg III (Copeland). 
See RenewableUK, 2019.
10  Much of this will be the Aspatria Solar farm, which consists of 19MW of solar PV 
on 34.8ha (http://www.renewables-map.co.uk/project.asp?pageid=3759)

VISION: An energy system powered by renewable energy, where 
electricity is used for most transport and heating as well as its 
current uses. 

This section considers the potential for increasing the amount of renewable electricity generated in 
Cumbria and estimates the number of new jobs that would create. Decarbonising our energy system 
means moving away from fossil fuels – such as petrol and diesel in vehicles, as well as fuel oil and 
gas to heat our homes and other buildings – and instead using electricity generated from renewable 
sources.3 Because most renewable generation is intermittent, dependent on the wind, sun or flow of 
water, we also need to be smarter at using it by managing demand so that it more closely matches 
supply, and to find ways of storing it, such as batteries, or by using it to create hydrogen from water 
by electrolysis (termed ‘green hydrogen’). The hydrogen could then be used as a transport or heating 
fuel or to produce ‘synthetic fuels’, both liquid and gas. These could be used to generate electricity 
(using existing gas generation capacity) at times where there is a shortage of supply, or be used as a 
fuel for vehicles that cannot easily be electrified, such as heavy goods vehicles, aircraft and shipping.4

The latest annual review by the Association for Renewable Energy and Clean Technology (REA), 
published in 2020 but covering the financial year 2017/18, says that in the UK as a whole there 
were 128,954 people employed in over 6,600 companies in the renewable energy sector (not just 
electricity generation) (REA, 2020, p.8). REA considers that this number could almost double by 2030 
if the right policies were put in place (ibid p.27). 

3.1 EXISTING AND POTENTIAL RENEWABLE 
GENERATION IN CUMBRIA
Cumbria has plentiful renewable energy resources and currently generates a little over 1 GWh 
of electricity each year from onshore renewables. In addition, there are a substantial number of 
offshore wind turbines in the Irish Sea west of Barrow. These offshore turbines are serviced from 
Barrow, where Dong Energy, who operate them, employs 180 people.5 In addition, there is the Robin 
Rigg wind farm in the Solway Firth, which is serviced from Workington, where E.ON employs 40 
people,6 though some boats servicing it are based in Whitehaven.7 

Onshore renewables in Cumbria currently generate nearly 40% of the electricity used within the 
county. If offshore renewables are included, Cumbria generates almost twice what is needs (see 
Table 3.2). However, as a very rural county with plenty of wind resource in particular, Cumbria should 
be a net exporter of renewable energy if the UK as a whole is to be self-sufficient. 

3  This follows the scenario set out in the Zero Carbon Britain reports, see CAT, 2019
4  Royal Society, 2019
5  http://fedf.co.uk/supply-chain/how-to-supply-to/dong-energy 
6  https://en.wikipedia.org/wiki/Robin_Rigg_Wind_Farm
7  Information from consultation. We do not know how many people are employed on offshore wind in Whitehaven.
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Box 3.1 Solar PV proposed scenario

Domestic Solar PV
Percentage of properties with solar PV increased to 20%
Average capacity per installation 3.5 kWp

Public and community buildings rooftop
Number of systems equivalent to number of buildings with Display Energy Certificates
Average capacity per installation 20 kWp

Industrial/commercial buildings rooftop
Percentage land area that is suitable roof space [1] 5%
Area of roof space required for 1kWp of roof-mounted PV [2] 10 Sq m

Ground mounted solar 
Percentage of mineral extraction site land (once these cease operation) [1] 10%
Percentage of pastureland [1] 1%
Land required for 1MW of ground mounted solar PV [3] 1.62 Ha

[1] Land areas obtained from: https://land.copernicus.eu/pan-european/corine-land-cover/clc2018?tab=metadata. 
Pastureland with solar PV panels can still be used for sheep grazing, so is not taken out of permanent pasture.  The 
pastureland category does not include ‘moors and heathland’ or ‘natural grasslands’.
[2] A solar buyers’ guide produced by the Energy Managers Association says between 6.5m2 on a pitched roof and 12m2 
on a flat roof is required for each kW of power.  From https://www.lowcarbonenergy.co/wp-content/uploads/2016/03/
solar-buyers-guide.pdf
[3] https://www.solar-trade.org.uk/solar-farms/ 

The percentage of domestic properties currently with solar PV ranges from 1% in Barrow to 5% in 
Eden (see Table A8). Increasing this to 20% of properties with an average of 3.5kW per property (less 
than the current average) results in just over 47,000 new solar PV systems, with a total capacity of 
166MW. At the rate of new house building between 2015 and 2018, around 10% of the properties in 
2037 will have been built between 2019 and 2037 and planning policies can require that renewable 
energy systems such as solar PV be installed on them during the build.

For commercial-scale solar, the assumptions in Box 3.1 result in more than 2GW of additional solar 
PV capacity, as shown in Table A9 in Appendix 2A.

The potential capacity for renewable electricity generation in each district by technology is shown in 
Table 3.1.

Table 3.1 Potential additional capacity in each district by technology

  Onshore Wind Solar PV Hydro Anaerobic digestion

  MW MW MW MW

Allerdale 575 481 12 19

Copeland 97 236 10 9
Barrow in Furness 22 75 0 1
Carlisle 188 402 1 18
Eden 662 603 20 22
South Lakeland 260 484 19 15

Cumbria total 1804 2281 62 84

Note: Capacity identified in 2011 by SQW and Land Use Consultants in the Lake District National park has been split equally 
between Allerdale, Copeland, Eden and South Lakeland. Capacity in the Yorkshire Dales National Park has been split between 
South Lakeland and Eden.

For anaerobic digestion, untapped potential in Cumbria includes the production of biogas from 
sewage sludge at sewage treatment works (none in Cumbria have anaerobic digestion at present11) 
or from food waste, when this is collected from households across Cumbria (see section 6). This 
biogas could be used for vehicle fuel, or burned in combined heat and power plants to produce heat 
as well as electricity, perhaps when other renewables are in short supply. 

In addition to these onshore renewables there is capacity for further development of offshore wind 
and tidal power. The Irish Sea currently has just under 30% of the UK’s offshore wind but, despite 
there being ample room for more turbines (see Appendix 2B), there are currently no new projects 
under construction or development. In the current Offshore Wind Leasing Round 4, launched 
in September 2019,12 there is up to 3.5GW available in the Irish Sea, including in an area west of 
Workington/Whitehaven and one further south, off Millom/Barrow.13 For the purposes of this report 
we have assumed 18GW (ten times the size of the current Robin Rigg wind farm) in the former area 
and 1GW in the latter area. Clearly, if the maximum allocation of 3.5GW is made to the Irish Sea area 
in this and subsequent bidding rounds, and if this is all serviced from Cumbria, then this figure could 
be greater.

Proposals have also been put forward by Ecotricity and Tidal Electric for two offshore tidal lagoons.14 
Each would have a capacity of 380MW, and produce 600GWh of electricity a year. It is likely that both 
would be serviced from Workington. We do not know how viable these proposals are.

The amount of electricity that could be generated from this proposed new generation capacity, in 
addition to that identified in Table 3.1 from the SQW work in 2011, is shown in Table 3.2.  

Table 3.2 Generation from existing and proposed renewable capacity

  In 2019  
[1]

From new 
capacity   Total 

Technology GWh GWh   GWh
Onshore wind 462 3,118 3,580
Solar PV 101 2,214 2,315
Hydro 20 185 205
Anaerobic digestion 47 459 506
Plant biomass 364 364
Landfill gas 19 19

Offshore wind [2] 4,151 7,626 11,778
Tidal lagoon 1,200 1,200

Total generation 5,165 14,802 19,967

Cumbria electricity consumption 2018 [3] 2,637
Total UK electricity generation 2018 [4] 333,080

[1] From Renewable Electricity by Local Authority - https://www.gov.uk/government/statistics/regional-renewable-statistics
[2] Note the tables in [1] attribute the generation from offshore wind off Barrow to Lancaster District, as it comes ashore at 
Heysham and the generation from the Robin Rigg wind farm in the Solway Firth to Dumfries and Galloway.  
[3] From sub-national electricity consumption statistics 2005-2018, available at https://www.gov.uk/government/statistical-
data-sets/regional-and-local-authority-electricity-consumption-statistics
[4] UK generation plus imports from DUKES 5.1.2 - https://www.gov.uk/government/statistics/electricity-chapter-5-digest-
of-united-kingdom-energy-statistics-dukes

11  Response from United Utilities to our question to them, November 2020
12  https://www.thecrownestate.co.uk/en-gb/what-we-do/on-the-seabed/offshore-wind-leasing-round-4/ 
13  https://www.windenergynetwork.co.uk/wp-content/uploads/2020/01/A1-Map_Issue-52.pdf 
14  https://www.ecotricity.co.uk/news/news-archive/2018/english-scottish-tidal-lagoon-schemes-emerge-on-morning-of-swansea-bay-
review and https://www.dropbox.com/s/a7owm80c9pumh9i/20180508_Swansea_tidal.pdf?dl=0
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Electricity demand is expected to increase significantly, even as overall energy use falls, because 
both heating and transport need to be switched from fossil fuels to electricity. Getting to net zero is 
likely to require a doubling of electricity generation.15 However, Table 3.2 shows that Cumbria could 
provide all its own electricity from onshore renewables, even with a doubling of consumption and 
still provide a substantial contribution to the national demand. To do this, though, will require a 
combination of:

- upgrading of the local grid to enable the connection of new generation capacity; and 

- provision of local storage and balancing, for example the 10MW battery storage park 
installed at Cleator Moor in 201616 and the installation of batteries with solar PV systems in 
domestic and other properties.17 

In addition, there is the opportunity to use the electricity generated, when it is in excess of demand, 
to produce hydrogen from water by electrolysis. This hydrogen can then be used as a transport fuel, 
particularly for vehicles that are too energy demanding to make an electric battery feasible, such as 
heavy goods vehicles, buses, trains and aircraft. 

15  CCC, 2019
16  http://www.lowcarbon.com/our-portfolio/portfolio-overview/our-projects/cleator 
17  Such systems are increasingly attractive, enabling the building to make use of much more of the electricity generated by the solar PV 
system as well as ‘time of use’ tariffs to charge the battery from the grid when electricity is cheap, such as in the middle of the night. For 
example, a recent quotation for a 3.25kWp east/west PV system plus an 8.2kWh battery storage in Lancaster was under £10,000.

3.2 JOBS FROM RENEWABLE ELECTRICITY 
GENERATION
In 2011/12 it is thought that there were 5063 jobs in renewable energy in Cumbria, 4,774 of which 
were in the wind sector (KMatrix Ltd and Gyron LL, 2013). 62% of renewable energy jobs were in 
Allerdale and Copeland (see Figure 3.1).  

Figure 3.1   Distribution of jobs in renewable energy by district

From KMatrix Ltd and Gyron LL, 2013 p.68

Since 2012 many of these wind-sector jobs will have been lost, as it has become increasingly difficult 
to obtain planning permission for onshore wind turbines, though there will have been an increase 
in jobs in offshore wind, concentrated in Barrow (180 jobs)18 and Workington (40 jobs),19 from where 
the offshore wind farms are serviced. Similarly there will have been an increase in jobs in solar PV 
since 2012, followed by a fall as the feed-in tariff and other support mechanisms have been cut. The 
union Prospect claims that around 30% of UK jobs in renewable electricity were lost between 2014 
and 2017 (Prospect, 2019) and REA (2020) states that 8,700 jobs have been lost in the solar PV sector 
in the UK since 2014/15. However, there is still a need for more renewable energy generation if we 
are going to achieve a zero-carbon economy, and much of it could be installed in Cumbria if policies 
were changed.

We have estimated the jobs involved in installation and maintenance of the wind, solar PV, tidal 
lagoons and hydro capacity shown in Table 3.2 plus the offshore capacity discussed in the previous 
section, assuming that it is installed over a 15-year period of 2022 to 2037 (the transition period). 
Long-term jobs are jobs in operation and maintenance of this renewable energy capacity. We have 
not estimated potential jobs from anaerobic digestion as we have not been able to find appropriate 
data on the number of jobs involved. This could include new jobs in the processing of future food 
waste collections from households across (see section 6) as well as in producing biogas from sewage 
treatment plants. The job numbers do not include ones in the manufacturing supply chain, though 
there is clearly potential for the latter in Cumbria, as in 2011/12 47% of the wind energy jobs were 
in manufacturing (KMatrix Ltd and Gyron LL, 2013, p.61). We have used published data on the 
number of jobs (full-time equivalents) per MW installed of each technology. The job numbers for the 
transition period are the average over that period, though in reality the number will be much lower 
to start with and then grow throughout the period. This means that the total number of people 
employed at the end of the period will be greater than the average number of jobs. We have not 
estimated the number of jobs required to facilitate this amount of renewable energy generation, 
such as upgrades to the grid, demand management and storage. 

Our estimates can be found in Tables A10 and A11 of Appendix 2A and are presented below as bar 
charts. In total we estimate that there could be an average of 5,747 full-time equivalent jobs, over the 
transition period, with 3,300 of those in Allerdale. In the long term there could be 1,709 jobs, nearly 

18  http://fedf.co.uk/supply-chain/how-to-supply-to/dong-energy
19  https://en.wikipedia.org/wiki/Robin_Rigg_Wind_Farm
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1,500 of those being in Allerdale. Allerdale has a significant number of jobs because most of 
the jobs are associated with offshore renewables and we have assumed that for West Cumbria 
these will be serviced from Workington. However, it is likely that some work associated with 
offshore renewables will be based out of Whitehaven, as at present, plus, for many residents 
of Copeland, jobs in Allerdale are within easy travelling distance.

We have subtracted the 400 jobs in offshore gas in Barrow from our long-term jobs, but 
Barrow still has a net increase in jobs in offshore energy, assuming an additional 1GW of 
offshore wind is installed and maintained from Barrow. 

Figure 3.2 Transition jobs in renewable electricity generation

Figure 3.3 Long-term jobs in renewable electricity generation

4. Buildings    
and Heat

VISION: Buildings are energy efficient, so require 
little heating or cooling. The heat they do need is 
provided primarily by heat pumps with some use of 
local, sustainably produced biomass. 

Achieving zero carbon requires reductions in the amount of energy we 
use, as well as the development of new renewable generating capacity. In 
the UK about 45% of energy is used in buildings, mainly to heat them, but 
also to provide hot water and to power lights and appliances (CAT, 2019 
p.37). Much of this is in domestic buildings, which accounted for 29% of 
total UK energy consumption in 2019 (BEIS, 2019 p.10). In the Zero Carbon 
Britain scenario the energy used for heating buildings is reduced by 
around 50% through all new homes being built to Passivhaus standards 
(which require very little energy to heat them) and retrofitting existing 
buildings. Insulation of buildings needs to be improved to cut heat lost 
through walls, ceilings, floors and windows. Draughts need to be reduced 
and heat recovered from the air that leaves the building as controlled 
ventilation (CAT, 2019 p.42). Further reductions in energy demand could 
be made by better heating controls and reducing internal temperatures 
(which have increased in recent decades). The heat that is required is 
proposed to be provided mainly by heat pumps. These do not heat air, but 
pump heat energy from a source outside the building (such as the ground, 
water or air) into a building, thereby raising the temperature inside the 
building (even though it is higher than the outside temperature). In this 
way it is possible to get two to four times as much heat energy as the 
energy of the electricity used to power the pump. Heat pumps are also 
favoured as the way to decarbonise heat by the Committee on Climate 
Change (CCC, 2019). 

Until recently, the carbon intensity of the grid (the amount of carbon 
dioxide emitted from burning fossil fuels per unit of electricity consumed) 
was so high that using mains gas for heating, where it was available, 
resulted in lower carbon emissions than using a heat pump. However, as 
the proportion of renewable energy generation has increased, and almost 
all coal-fired power stations closed,20 heat pumps are now lower carbon. 
The net benefit of heat pumps over gas boilers will increase further in the 
future. This is reflected in the government’s announcement that by 2025 
new homes will not be allowed to use gas boilers.21 

20  In 2019 just 2.1% of electricity was generated by coal, compared with 5.1% in 2018 and around 40% in 
2005 Digest of UK Energy Statistics 2020 (DUKES)  p.87 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/
file/912023/DUKES_2020_MASTER.pdf and https://www.ofgem.gov.uk/data-portal/electricity-
generation-mix-quarter-and-fuel-source-gb
21  https://www.gov.uk/government/speeches/spring-statement-2019-philip-hammonds-speech
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An alternative to heat pumps would be to decarbonise the gas grid, allowing gas to continue to 
be used for some heating. A small part of this could be achieved by substituting fossil gas with 
biomethane, produced from the anaerobic digestion of biomass that is injected into the gas grid. 
The potential for this is limited by the availability of suitable biomass.22 Another alternative could be 
to use hydrogen, produced from water by electrolysis, using electricity generated by renewables, 
or from the reaction of fossil natural gas (methane) with steam. The former could make use of 
electricity from solar, wind, hydro or tidal power when generation exceeds demand. This is termed 
green hydrogen. The latter, which is how most hydrogen is currently produced, produces carbon 
dioxide, which contributes to global warming. For that reason it is termed grey hydrogen (or blue 
hydrogen, if the carbon dioxide is captured and stored) though this is not yet the case. However, the 
Committee on Climate Change points out that hydrogen made from fossil fuels is not zero carbon, 
even when the carbon dioxide is captured and stored.23 Either way, the hydrogen would be fed 
into the gas network, which will require upgrading, and used in boilers and cookers, which would 
have to be replaced.24 However, it is not yet known whether this will to be viable and we need to 
start decarbonising properties that are on the gas grid before we know if hydrogen could be used 
(Rosenow, 2020 p.9). The electricity required to produce hydrogen by electrolysis is four times that 
required for a heat pump25 and, if formed from natural gas (a fossil fuel), hydrogen will be more 
expensive in financial and energy terms than just using the natural gas. So installing heat pumps 
will be more efficient and affordable to consumers in the long term than converting the gas grid to 
hydrogen. 

Heat pumps are best suited to well-insulated buildings. They are not good at quickly heating up 
buildings, and often cannot provide all the heat needed in old, poorly insulated buildings. In these 
situations biomass boilers, wood-burning stoves or direct forms of electrical heating may be more 
appropriate, or hybrid systems that use a back-up system to top up the heat provided by a heat 
pump. In some places, district heating systems, for example using waste heat from industry, or to 
pump heat from former mine workings (ground source heat pumps), may be more appropriate 
than installing heat pumps in individual dwellings. For example, the draft local energy plan says that 
there are opportunities to develop a local heat network associated with the Iggesund Paper Mill in 
Workington (Carbon Trust, 2018). 

22  For example, the Committee on Climate Change estimate that the available biomass resource is 20TWh, against an estimated 2030 gas 
demand (from industry, buildings and power) of 700TWh (CCC 2016 p.3).
23  See https://www.theccc.org.uk/2018/11/22/hydrogen-is-a-credible-option-for-the-future-the-uk-must-now-prepare-for-the-key-decisions-
on-zero-carbon-energy/
24  The H21 project, which is looking at converting the grid and boilers to hydrogen is constructing a bespoke testing facility at DNV-GL 
Spadeadam, near Brampton.  https://www.h21.green/about/
25  See https://theconversation.com/hydrogen-isnt-the-key-to-britains-green-recovery-heres-why-143059?utm
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4.1 ENERGY EFFICIENCY OF BUILDINGS IN CUMBRIA
It is important that new homes and other buildings are built to as high an energy efficiency standard 
as possible. Proposed zero-carbon developments such as at Burneside26 are welcome, but zero-carbon 
new homes should be the rule. Requiring new housing to be zero carbon, and strict enforcement to 
ensure that completed buildings do actually perform as predicted,27 can help develop local skills in 
building airtight homes (which requires many changes to standard practices) and stimulate the supply 
chain for low-carbon technologies such as heat pumps. However the real challenge is the existing 
building stock as nearly 90% of the homes that will exist in 2037 already exist (assuming that house 
building continues at the same rate as between 2015 and 2018),  

Information on the energy efficiency of buildings in Cumbria has been obtained from the national 
database of energy performance certificates (EPCs).28 EPCs were introduced in 2008 and rate 
properties as A to G on the basis of their construction, levels of insulation, heating systems, efficiency 
of lighting, etc. In theory, band D properties use about four times as much energy per m2 as band 
A properties and band G properties at least six times as much.29 EPCs have to be provided when 
buildings are sold (including new builds), rented out or to obtain feed-in tariff or renewable heat 
incentive payments for renewable energy systems. The 55% of domestic properties in Cumbria30 with 
an EPC are therefore likely to be more energy efficient, on average, than the properties for which an 
EPC has not been obtained, as they will include all new homes and all homes with renewable energy 
systems.  

The EPC rating of domestic and non-domestic properties in each district is shown in Figures 4 and 5. 
Only 0.2% of homes are rated A, 8.6% B and 23.4% C. Almost 70% are D or below. 

Of the non-domestic properties with an EPC (it is not known what proportion of the total stock of such 
properties this is), 1.1% are rated A, but the number at the other end of the scale, in band G is also high 
at 9.1 %, (only 2.1 % of homes in band G). Sixty-six percent of non-domestic properties with EPCs are 
band D or below.

Many public buildings31 must have a display energy certificate (DEC). This also gives an A-G rating for 
the building, but it is based on actual energy use (heating fuel and electricity consumption) not just on 
inspection of the building. The breakdown of DECs in each district of Cumbria is shown in Figure 6. Just 
over 10% are A or B rated, with 55% D to G.

It is considered that homes need to be at least C rated if we are going to achieve net zero carbon. It is 
likely, therefore, that over 70% of homes and a similar proportion of non-domestic buildings will need 
to be retrofitted to improve their energy performance, given that, on average, properties with EPCs will 
be more energy efficient than those without.  

The current government aspiration is ‘for as many homes as possible to be EPC band C by 2035’.32 For 
Cumbria to achieve net zero by 2037 this target needs to be exceeded. The UK Energy Research Centre 
has recently said: 

Almost all of the UK’s 29 million homes will require upgrading by 2050, that is about 1 million 
homes per year, and is equivalent to more than 19,000 homes per week. Current retrofit rates are 
inadequate for achieving even a significant portion of the required level of decarbonisation to 
meet the 2050 targets.33

Achieving net zero in Cumbria over a 15-year period requires upgrading at least 220 properties a week 
to band C or better.

26  See https://www.enwl.co.uk/globalassets/zero-carbon/community-and-local-energy/documents/event-presentations/burneside-
community-energy-feb-2019.pdf
27  New builds frequently do not perform as well with regard to energy efficiency as predicted – see de Wilde, 2014.
28   https://epc.opendatacommunities.org 
29  http://energyrating.org.uk/energy_performance_certificate1.html 
30  The total number of domestic properties in Cumbria was obtained from www.gov.uk/government/statistics/council-tax-stock-of-
properties-2018, to which two years’ worth of new-build properties were added, assuming the number per year is the average number of new 
dwellings per year, 2015-2018 (From p.111 of Cumbria Intelligence Observatory and Nicol Economics, 2019). The 84 dwellings per year for the Lake 
District NP split equally between Allerdale, Copland, Eden and South Lakeland.  
31  Those with a total useful floor area greater than 250m2 , occupied by a public authority and frequently visited by the public (https://assets.
publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/452481/DEC_Guidance__rev_July_2015_.pdf)
32  P.141 of Committee on Climate Change, 2019.
33  https://ukerc.ac.uk/publications/net-zero-heating/ 
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Figure 4.1  Domestic EPCs by district

Figure 4.2  Non-domestic EPCs by district

Figure 4.3  Display energy certificates by district

4.2 RENEWABLE HEAT IN CUMBRIA
Information about the use of renewable heat in Cumbria has been 
obtained from data on accreditations for the renewable heat incentive 
(RHI). The non-domestic RHI was introduced in 2011 and the domestic 
RHI in 2014. The RHI covers biomass boilers, heat pumps and solar 
thermal (water heating), but not wood-burning stoves. The number of 
accreditations for each district is shown in Table 4.1 and the breakdown 
between the technologies (only available for the North West as a whole) in 
Figures 4.4 and 4.5. As can be seen, the proportion of domestic properties 
with low-carbon heating systems is less than 0.5%, except in South Lakes 
(0.9%) and Eden (2.12%). This will reflect the high number of properties 
in these rural districts that are off the gas grid (57% in Eden and 24% in 
South Lakeland34), for whom other forms of heating, such as fuel oil, is very 
expensive, as well as the relative wealth of these areas compared with 
other parts of Cumbria.  

Table 4.1  Number of RHI accredited installations

  Domestic RHI   Non-Domestic RHI 

 
 Number of 
accredited 

installations

% of 
housing 

stock  

Number of 
accredited 

installations
Capacity 

MW

Allerdale 215 0.48%   215 40
Barrow-in-Furness 14 0.05%   10 5
Carlisle 214 0.42%   171 28
Copeland 133 0.43%   60 9
Eden 514 2.12%   302 39
South Lakeland 446 0.92%   146 19

Cumbria total 1,536 0.67%   904 139
Source: https://www.gov.uk/government/statistics/rhi-monthly-

deployment-data-december-2019-annual-edition

Nearly half of domestic renewable heat installations in North West 
England are ground source heat pumps, whereas 85% of non-domestic 
installations are biomass boilers and only 8% are heat pumps. Solar 
thermal only accounts for 10% of domestic installations and 2% of non-
domestic installations. The usefulness of solar thermal is limited by the 
need to use the hot water when it is produced and many households use 
little hot water if they have dishwashers and washing machines that take a 
cold fill (as most newer ones do) and use electric showers. In contrast, the 
electricity from a solar PV system can be exported to the grid, stored in a 
battery or used to heat water.  

Decarbonisation of heat requires a massive increase in the rate at which 
heat pumps are installed. At the current rate of deployment UK-wide, it 
would take more than 700 years to reach the 19 million heat pumps that 
the Committee on Climate Change (CCC) suggests are needed in the UK.35

34  From https://www.gov.uk/government/statistics/sub-national-estimates-of-households-not-
connected-to-the-gas-network 
35  Rosenow, 2020, p.4.
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Figure 4.4 Domestic RHI accreditations, Split between technologies in North West England

Figure 4.5 Non-domestic RHI, split between technologies in Great Britain (number of 
installations, November 2011 – December 2019)

 

4.3 JOBS IN RETROFIT AND RENEWABLE HEAT
In 2017 there were just over 150,000 people in the UK employed in trades relevant to retrofit, which 
is a reduction from the 250,000 in this workforce in 2008.36 Parity Projects, specialists in housing 
retrofit, estimates that there needs to be an increase of 139% in employment in the domestic 
refurbishment sector to retrofit all UK homes to an EPC band C by 2030.37 

Opal Research and Consulting has estimated the number of jobs that would be created by installing 
all the measures recommended in EPCs (for their report see Appendix 1). Converting their job years 
to a 15-year transition period and using their ‘technical potential’ scenario, this equates to 1,350 jobs 
in the retrofit of domestic and commercial buildings - see Figure 4.6. 

Figure 4.6 Transition jobs in retrofit of buildings

Source: Opal Research and Consulting, see Appendix 1

EPC recommendations do not generally include the retrofit of heat pumps, and the job estimates in 
Figure 4.6 include the fitting of only around 4,000 heat pumps. This is just 1.6% of the 250,000 homes 
in Cumbria, and an even lower percentage of all buildings. But, as discussed in the introduction to 
this section, replacement of existing fossil fuel based heating systems will be needed to achieve 
net zero. We have therefore calculated the jobs that would be created from retrofitting air source 
heat pumps to 90% of the housing stock that will be in existence in 2025 (assuming current rates of 
house building continue). After 2025 new build housing will have to be fitted with renewable heating 
systems and we have assumed that the work involved in installing these will not be additional to that 
required to build houses with gas heating systems.

The RHI data (see Figure 4.4) shows air source heat pumps are the most common form of low-carbon 
domestic heating. Although they are not suitable for all properties, installing the alternatives, such as 
ground or water source heat pumps, biomass boilers and heat networks, are likely to involve similar 
if not more work, so an estimate based on air source heat pumps gives a conservative baseline of 
the number of jobs created. There will also be a need to decarbonise heat in non-domestic buildings, 
so the job estimates here are a minimum of the amount of work involved for all buildings. In total, 

36  https://parityprojects.com/net-zero-housing-workforce, accessed 22/09/20
37  Ibid
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including jobs in training, we estimate that an average of 630 jobs would be created during the 15-
year transition phase and around 180 in the long term. These jobs would, to some extent, replace 
those that are currently involved in fitting and maintaining gas boilers and other existing heating 
systems. However, a great deal more work is involved in fitting a heat pump than replacing a gas 
boiler (which can take just 4-6 hours38) so heat pumps will require an increase in the workforce fitting 
heating systems.  

Table 4.3  Jobs in the installation of air source heat pumps

      Transition jobs - average over 15 years Long-term jobs

Properties New-build 
properties 

Retrofit of 
pre-2018 

properties

Retrofit of 
2018-2025 

homes
Total

Replacement of 
5% of pumps 

every year
   2018 [1] 2018-2025 [2]     [3] [3] [4]
Allerdale 46,970 2751 113 5 121 35
Copeland 33,470 1106 80 2 85 24
Barrow-in-Furness 52,150 595 125 1 130 37
Carlisle 33,610 3612 81 7 90 26
Eden 26,360 1652 63 3 68 19
South Lakeland 53,330 2268 128 4 136 39

Cumbria total 245,890 11,984 590 22 630 179
Working days for installation of heat pumps from Heat Pump Association, 2019:
pre-2018 properties 8 working days
2018-2025 properties 6 working days
replacements 3 working days

[1] From https://www.gov.uk/government/statistics/council-tax-stock-of-properties-2018 

[2] Assuming average number of new dwelling per year the same as in 2015-18 (Cumbria Intelligence Observatory and 
Nicol Economics , 2019) and that the 84 new dwellings per year in the Lake District NP are split equally between Allerdale, 
Copeland, South Lakeland and Eden.

[3] Includes training jobs (3% other jobs)
[4] As heat pumps last, on average, for 20 years (https://www.evergreenenergy.co.uk/heat-pumps/how-long-do-heat-
pumps-last/)

Figure 4.7 Jobs in renewable heating systems

38  See https://idealheating.com/tips-and-advice/how-long-does-it-take-to-fit-a-boiler

5. Transport
VISION: There is less need to travel and more of the journeys we do 
make are by walking, cycling or public transport rather than private 
car. Internal combustion engine (ICE) vehicles are replaced by electric 
vehicles (EVs) or, where this is not feasible, with vehicles that use 
hydrogen or biodiesel. The railways are electrified or use zero-carbon 
engines, using hydrogen or batteries.

5.1 TRANSPORT IN CUMBRIA
Transport accounts for 28% of Cumbria’s territorial carbon dioxide emissions39. On a per capita basis 
Cumbria’s transport emissions are 22% higher than the UK national average.40 Almost all of this is 
due to road transport. However, on a consumption basis the biggest contribution to the greenhouse 
gas footprint is air travel by visitors to Cumbria (17% of the total). Visitor road travel by private 
vehicles to and within Cumbria makes up a further 15%.41  

This section considers transport of people, not goods, though changes to freight transport are clearly 
needed. We need to reduce the amount and distance goods are transported and shift their transport 
to zero-carbon methods.

As a predominantly rural area with a dispersed population, transport in Cumbria is highly dependent 
on private cars. The 2011 census found that 74% of people travelled to work by private vehicles in 
Cumbria compared with a national (England) average of 67% (see Table 5.1). However, more people 
than nationally walk to work, suggesting that more people live within walking distance of where they 
work. Commuting by car was highest, and cycling and walking lowest, in Allerdale and Copeland. 
This may reflect the extent of commuting to concentrations of employment outside urban centres, 
such as Sellafield and West Lakes Science Park. Use of public transport is low. The main places where 
trains were used for travel to work are Barrow, South Lakeland and Copeland. For Copeland this may 
reflect rail travel to Sellafield. This has a station on the Cumbria Coast line and the timetable takes 
account of the shift changes at Sellafield.  

39  See p.15 of Small World Consulting, 2020.
40  Ibid, p.15.
41  Ibid, p.21
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Table 5.1  Method of travel to work in 2011

  Car/van/ 
motorbike Bus Train Bicycle On 

foot Other

Allerdale 77% 4% 1.0% 1.6% 15% 0.7%

Barrow 68% 5% 1.8% 5.4% 18% 0.8%

Carlisle 71% 7% 0.7% 2.8% 17% 0.6%

Copeland 80% 5% 1.7% 1.8% 11% 0.6%

Eden 75% 2% 1.0% 1.4% 19% 0.9%

South Lakeland 72% 2% 1.7% 3.0% 20% 0.9%

Cumbria 74% 5% 1.3% 2.7% 17% 0.7%

North West 73% 9% 3.6% 2.3% 11% 0.6%

England 67% 8% 10.0% 3.1% 11% 0.7%

Source: Table QS701EW, Method of Travel to Work, Local Authorities in 
England and Wales, ONS, 2011 Census.

Almost all the bus services in Cumbria are run by Stagecoach, which has depots in Barrow, Carlisle, 
Kendal and Workington. Stagecoach Cumbria and North Lancashire (they also operate in the 
Lancaster District, where they have a depot in Morecambe) employs 600 drivers, 106 maintenance 
staff and cleaners and 63 supervisors and managers running 11.9 million miles of bus services a 
year.42 Walk-on ticket prices are high, particularly in the Lake District National Park,43 where many 
users are visitors, many of whom have free bus passes, so there is little pressure on Stagecoach to 
reduce their prices to attract local, repeat custom. Cumbria County Council does not provide any 
funding to support non-commercial bus routes44 and some parts of the county, such as the southern 
part of Copeland, have no bus services at all.

The west coast mainline railway goes through East Cumbria, with stops in Oxenholme, just outside 
Kendal, Penrith and Carlisle. This is the only line in Cumbria that is electrified. Other railway lines are:  

·	 Oxenholme to Windermere;

·	 the Settle to Carlisle line, which runs through the Eden Valley to Carlisle;

·	 the Furness line, which runs from Lancaster around the edge of Morecambe Bay to Barrow;

·	 the Cumbria Coast line, from Barrow up to Carlisle (some but not all trains on the Furness 
line continue through Barrow); and

·	 the Carlisle to Newcastle line.

All these services still use diesel trains, which are often of very poor quality. Services are mostly 
hourly, but less frequent on the Settle to Carlisle line.  

In our modelling work we have estimated the total miles currently travelled per person using data on 
vehicle numbers (private cars and buses) in Cumbria and the miles per person per vehicle travelled 
nationally. For bus travel we assumed occupancy rates based on the whole county being rural: an 
average of nine people per bus. For train travel our model uses the number of stations and the 
population density to scale down from national figures for train travel per person. The figures in 
Table 5.2 are therefore for bus travel within Cumbria, train travel starting or finishing in Cumbria, but 
car travel by people living in Cumbria. Table 5.2 also shows the percentage of travel by the various 
modes in the Transport for the North Strategic Plan. 

42  Stagecoach Cumbria and North Lancashire, 2019.
43  For example the 4.5-mile, 15-minute bus journey from Windermere to Ambleside costs a family of four £17 (see https://www.
stagecoachbus.com/plan-a-journey) compared to the £3 (£1.50 per adult) that journey would cost in London, where any bus journey is just £1.50 
per adult.  
44  https://www.in-cumbria.com/news/17246264.cumbria-transport-funding-shrinks-2m-zero-10-years/ 

We have not been able to estimate the current miles travelled by the active modes of walking and 
cycling. However, Transport for the North considers that these only account for 1% each of the total 
distance travelled.

Table 5.2 Travel by different modes

  Cumbria distance travelled [1]   Northern England [2]

distance 
travelled

% of 
distance

% of 
trips  % of distance

  km/person/year    
Cars 10,550 89% 68% 81%
buses 548 5% 7% 7%
Trains 702 6% 1% 7%
walking 22% 1%
Cycling 1% 1%
Total 11,801        
[1] For method see Box 5.1

[2] Transport for the North, 2019 p.65

Box 5.1  Calculation of distance travelled per person per year

Cars km travelled: 
No. of cars in Cumbria in 2016 x passenger car miles in UK in 2012 

no. of cars in UK 2016 

Bus km per 
person:

No. of buses (2016) x passenger miles by bus in UK (2012)
no buses in UK (2016)
50:50 weighted between population density & bus stocks x average 
occupancy, assumed to be 9 per bus (average for rural areas)

Train km per 
person:

Scaled down from UK figures for passenger km by train (in 2016), 
according to station density and population density 

Source: All data from Eurostat (https://ec.europa.eu/eurostat)
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5.2 PROPOSED CHANGES IN HOW WE TRAVEL
We have followed the scenario set out in Zero Carbon Britain45 for the changes needed in transport 
to bring about a zero-carbon Cumbria. These are shown in Table 5.3. They involve firstly reducing 
the distance travelled by motorised transport, at least partly by a shift to walking and cycling. Then 
a shift from private vehicles to public transport (using zero-emissions technology), with almost 
all the remaining private vehicle travel using electric vehicles. Electric vehicles (EVs) are more 
energy efficient than internal combustion engine vehicles46 and can use electricity generated from 
renewable sources. The proposed modal shift is a target, not something that will happen without 
active policies and local implementation to make it happen. For buses the increase in distance 
travelled is approximately 60% of the current distance travelled by buses operated by Stagecoach 
Cumbria and North Lancashire.47 

Increased walking and cycling clearly have a key role to play in a zero-carbon future, not least 
because of the benefits to health of active travel. In many places increasing walking and cycling is 
likely to require improved facilities, such as segregated cycling and walking routes. Cycling should 
be made a viable option in rural as well as urban areas. Where a main road is the only road there is, 
such as on parts of the West Coast, or the A66 east of Brough, this will require new, segregated cycle 
routes.  

Table 5.3 Assumed changes in modes of transport and vehicle occupancy by 2037

  Occupancy
Persons per vehicle

Current 
distance 

travelled per 
person

Proposed 
distance 

travelled per  
person

Total increase 
in distance 

travelled by 
vehicles

  Current Proposed km/person/year km/person/year million km /year

Car- EV 1.74 6204 1757

Car – ICE 1.6 1.74 10,550 104 -2959

Bus (assume all rural) 9 10 548 761 11.6

Train 127 130 702 1,722 3.9

EV:  electric vehicle.  Currently less than 1% of cars in Cumbria are EVs.

ICE:  internal combustion engine (i.e. petrol or diesel)

The transition to this new transport system will require a massive programme of installation of 
electric vehicle charging points. It will also require upgrading of the railway lines, rolling stock 
and services on the railway lines other than the west coast mainline so they use zero-emission 
trains (either electric or hydrogen-powered) and are of more use for everyday travel, including by 
commuters, as well as being more attractive to visitors. Better services on the Furness/Cumbria coast 
lines would facilitate visitor access to West Cumbria and the western Lake District, reducing visitor 
reliance on private cars. Bus services should be better integrated with the train services, made more 
affordable and provide a reasonable service in rural areas. They will also need to be electric, use 
hydrogen fuel cells, or combination of both.  

45  See p.51 of CAT, 2019
46   A typical electric vehicle uses 19kWh of energy to travel 100km, while the average petrol vehicle uses 67kWh (European Commission 
Joint Research Centre, 2014).
47  Stagecoach Cumbria and North Lancashire, 2019.

There are currently around 130 chargepoints in Cumbria that are available for public use.48 Barrow-
in-Furness is particularly poorly served with only five public chargepoints (see Table 5.4). A report on 
the need for EV chargepoints in the UK, published in August 2020, considered that the number of 
chargepoints in 2019 is just 5% of what will be needed in 2030, assuming that by then EVs are 70% of 
new vehicle sales (Nicholas and Lutsey, 2020) which would give a figure of around 2,600 chargepoints 
needed in Cumbria by 2030. Since that report was written however the government has said it will 
ban the sale of petrol or diesel cars (other than hybrids) from 2030 so EVs would be 100% of new 
vehicle sales. An additional consideration is that Cumbria’s net zero carbon target date is 2037 so in 
calculating the number of chargepoints needed by 2037 we have multiplied the current number of 
chargepoints by 30. This may overestimate the number needed in areas that currently have quite a 
few chargepoints, but underestimate the numbers in places that have very few.  

In addition we have assumed that of the number of cars driven to work will be 60% of those who 
drove to work in the 2011 census, partly because of increased home working and partly because 
of a modal shift away from private cars. We have assumed that 20% of these will need to be 
charged at work on any one day, so this number of workplace chargepoints will be needed. Plus 
we have assumed that domestic chargepoints will be installed at 50% of domestic properties 
that are bungalows, semi-detached or detached (and therefore probably have off-street parking). 
Note that there is uncertainty about the impact of advancements in EV charging technology and 
practice, eg more fast chargers may mean fewer chargepoints are required, but the limitations of 
grid connections may mean slower chargers are more common which could lead to vehicles being 
plugged in for long periods and their batteries being used for short term grid balancing through 
vehicle to grid technology.

Table 5.4 Estimate of number of chargepoints needed

  Public chargepoints Workplace 
chargepoints Home chargepoints

District

Estimated 
number of 

chargepoints 
2020

Additional 
number 
needed

Number 
driving 

to work

Number 
needed for 

20% to be 
charged at 

work
Number of 
properties

Chargepoints 
for 28% of 
properties

  [1] [2] [3]   [4] [5]

Allerdale 12 360 17,599 3,520 49,721 13,673

Copeland 16 480 13,012 2,602 37,222 10,236
Barrow-in-
Furness 5 150 10,485 2,097 34,576 9,508

Carlisle 21 630 19,474 3,895 52,745 14,505

Eden 30 900 9,998 2,000 28,012 7,703

South Lakeland 52 1560 18,417 3,683 55,598 15,289

Cumbria Total 136 4,080 88,985 17,797 257,874 70,915

[1] From National Chargepoint Registry (www.gov.uk/guidance/find-and-use-data-on-public-electric-vehicle-chargepoints) 
and www.zap-map.com.  Some of those on Zap map may be workplace chargepoints or only for use by customers of 
particular businesses.
[2] 30 times existing number 
[3] 60% of numbers in Table QS701EW, ONS 2011 Census data
[4] Total from Table 4.3

[5] 55% of dwellings in Cumbria are detached, semi-detached or bungalows (see https://www.cumbriaobservatory.org.uk/
housing/). It is assumed that half of these will have domestic chargepoints.

48  From National Chargepoint Registry (www.gov.uk/guidance/find-and-use-data-on-public-electric-vehicle-chargepoints) and www.zap-
map.com.  Some of those on Zap map may be workplace chargepoints or only for use by customers of particular businesses.
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5.3 ESTIMATES OF JOBS IN TRANSPORT
There will be transition jobs in: 

·	 installing cycling and walking infrastructure

·	 upgrading the railways 

·	 installing EV chargepoints

In work carried out for the TUC, Transition Economics has estimated employment creation from a 
clean infrastructure stimulus.49 This included upgrading and expanding the rail network, building 
cycle lanes and pedestrianisation. Scaling down their estimates for the North West as a whole to 
Cumbria, according to relative population,50 would result in 908 jobs in upgrading the railways and 
532 jobs in building cycling and walking facilities.

Here we have estimated the jobs involved in the installation of electric vehicle chargepoints using 
information obtained by Charge My Street, a local community benefit society engaged in installing 
chargepoints in Cumbria and Lancashire (see Appendix 2C). Installing the number of chargepoints in 
Table 5.4 would create, on average, around 130 jobs in the county over the 15-year transition period. 
These are shown in Figure 5.1.

Figure 5.1 Transition jobs in installing EV chargepoints

New long-term transport jobs are primarily in public transport. As electric vehicles require less 
maintenance than petrol/diesel cars, there will be a net loss of jobs in vehicle maintenance, which we 
have subtracted from the new jobs. The metrics used, of jobs per bus or train mile, are in Appendix 
2C and the estimated number are shown in Figure 5.2. For vehicle maintenance jobs the number in 
each district is based on population in each district. Bus jobs are based on the modal shift for the 
county as a whole then split between the districts where there are bus stations (Allerdale, Barrow, 
Carlisle and South Lakeland). For train jobs we have doubled the number of people currently 
employed in railway-related occupations in Cumbria, then assumed that these jobs would be 
split between Barrow-in-Furness and Carlisle, though there may be some jobs based at stations 

49  Appendix 2 of TUC, 2020.
50  The population of Cumbria is just under 7% of the 7.3 million in the North West.

elsewhere. Overall there would be a gain across Cumbria of around 370 jobs, but in all the districts 
except Barrow and Carlisle the net number of jobs is negative, because of the loss of jobs in repair of 
internal combustion engine vehicles, which in South Lakes and Allerdale is not fully compensated by 
increased numbers of jobs at the bus stations.  

Figure 5.2 Long-term jobs in transport

There would also be long-term jobs generated by increased cycling. Long-distance cycle routes, 
such as the C2C and Hadrian’s Cycle Way, bring tourists into West Cumbria. In 1997 cyclists on the 
C2C were thought to have spent £1.1million in local businesses.51 Increased cycling will also support 
employment in local bicycle shops, particularly in cycle repair, as, while you can buy a bike online, 
you can’t get it repaired online. For example, in Allerdale and Copeland there are currently 10 
businesses selling or repairing bikes. If they each employ two people, doubling cycling, and thus the 
amount of work in cycle repair, could create 20 additional jobs.  

51  This is for the whole of the C2C route. £1.1 million in 1997 is equivalent to £1.7 million today (Cycling UK, 2020).
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6. Reuse and Recycling 
of Waste
VISION: A society where products last longer, are repaired 
and reused much more than they are today, and we use 
less packaging, reducing the amount of waste we produce. 
Most of what does end up as waste is recycled, with new 
industries making use of that recycled material in the UK, 
reducing imports of raw materials and exports of waste.

6.1 AVAILABLE INFORMATION
The amount of waste generated and managed in Cumbria has been obtained from the 
Joint Cumbria Waste Needs Assessment (Cumbria County Council and the Lake District 
National Park Authority, 2019), which uses data from 2017. Waste arisings, excluding 
excavation waste and hazardous waste, are shown in Table 6.1. For industrial waste 
and construction and demolition (C&D) waste significant quantities are exported from 
and imported into Cumbria, so the final amount managed within the county is around 
100,000 tonnes less of industrial waste and 150,000 tonnes more of C&D waste.

Table 6.1 Waste arisings in Cumbria

Type of waste Tonnes

Local authority collected waste (LACW) 269,707

Commercial waste (C) 292,192

Industrial waste (I) 640,728

Construction and demolition waste (C&D) 203,617

From CCC and LDNPA, 2019

Local authority collected waste (LACW) is all waste collected by the county and district 
councils, including kerbside collections as well that taken to Household Waste Recycling 
Centres (HWRCs) and bring sites (e.g. bottle banks). It also includes waste from small 
businesses that choose to use the waste collection service provided by their local 
council plus street sweepings and collections from litter bins. Kerbside collections 
by the district councils include the separate collection of materials for recycling. This 
material is sold by the district councils and only the residual waste and material from 
the HWRCs are the responsibility of the county council.52 Residual waste is taken to one 
of two mechanical biological treatment plants (at Hespin Wood near Carlisle and at 
Sowerby Woods, Barrow-in-Furness) where the waste is dried out, recyclable materials 
removed and most of the remainder turned into ‘refuse derived fuel’ (RDF). 

52  See https://www.cumbria.gov.uk/planning-environment/waste-management/wasteissue/what.asp

In 2017 13% of LACW went to landfill; 27% was recycled; 20% composted; 24% was used to produce 
RDF or sent for incineration outside the county, with 16% lost in processing (loss of the mass of water 
during drying).  

All the districts have separate, kerbside collection of glass bottles and containers; paper and card; 
plastic bottles; plastic pots, tubs and trays; steel and aluminium tins and cans. For some districts 
all these materials were not collected until 2020. Food waste is not collected but the government is 
requiring local authorities to provide weekly separate collection of food waste by 2023.53 This is an 
opportunity to provide food waste composting facilities in Cumbria, or to use anaerobic digesters to 
produce methane from this waste.  

Key organisations involved in the collection and treatment of waste by the public sector in Cumbria 
are shown in Box 6.1.

Box 6.1 Key organisations involved in public sector waste collection and treatment 

District councils  
Collection of household waste and some waste from small businesses, including segregated 
materials for recycling which they sell on directly to processors.

Cumbria County Council 
Waste planning authority responsible for ensuring facilities for dealing with waste are available 
and that residual waste collected by district councils is treated/managed.

Cumbria Waste Group 
Owned by Cumbria County Council. Operates 14 Household Waste & Recycling Centres and 
manages landfill sites (Hespin Wood and Lilyhall) (which generate 5MW of electricity from landfill 
gas). Produce recycled aggregates and soil products from C&D waste at their Hespin Wood site 
near Carlisle. 

Renewi 
Have a 25-year contract (signed in 2008) with Cumbria County Council to operate the mechanical 
biological treatment facilities at Carlisle and Barrow.

Table 6.2 shows the waste collected by each local authority (districts and county) in 2018-2019 and 
the proportion that is sent for recycling or composting and the amount of residual waste. This is 
predominantly household waste. The overall household waste recycling rate for Cumbria of 47% is a 
combination of the average rate of kerbside collections of 37% and the average for materials taken 
to HWRCs, of 78%. 

53  https://www.gov.uk/government/consultations/waste-and-recycling-making-recycling-collections-consistent-in-england/outcome/
consistency-in-recycling-collections-in-england-executive-summary-and-government-response 
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Table 6.2 Recycling by local authority

 

2018/19 
recycling 
rank for 
English 

councils 
(of 345)

% HH* waste 
sent for reuse, 

recycling or 
composting  (Ex 

NI192)

Collected 
household 
waste per 

person 

Total HH 
residual 

waste

Total 
non-HH 

residual 
waste

Total 
collected 
residual 

waste

Authority [1]   kg tonnes tonnes tonnes

Allerdale Borough 
Council 282 33% 422 28,499 4,877 33,377

Barrow-in-Furness 
Borough Council 344 19% 363 17,924 130 18,054

Carlisle City Council 196 41% 390 25,005 5 25,010

Copeland Borough 
Council 247 37% 372 16,385 2,213 18,598

Eden District Council 178 42% 398 12,050 1,715 13,765

South Lakeland District 
Council 145 44% 429 25,078 19 25,097

Cumbria County 
Council 119 47% 478 138,480 8,592 147,072

[1] From https://www.letsrecycle.com/councils/league-tables/2018-19-overall-performance/ 
*HH waste is Household waste.
Data from https://www.wastedataflow.org/reports/default.aspx

Information on the management of commercial, industrial and construction and demolition waste, 
taken from Tables 11 and 15 of the county council’s Waste Needs Assessment report is shown 
in Table 6.3. This does not define what ‘treatment’ means or include information on the final 
destination of materials sent to materials recovery or transfer facilities.

Table 6.3 Management methods for commercial, industrial and construction and demolition wastes

Commercial Industrial C&D

Recovery/re-use 0% 12.% 0.2%

Treatment 41% 48% 59%

Civic amenity site 8.% 0.5% 3%

Composting 9% 3% 1%

Materials recovery facility 2% 2% 1%

Metal recycling 4% 5% 2%

Inert landfill 0% 0.04% 0%

Non-hazardous landfill 12% 13% 2%

Hazardous landfill 0% 0.3% 0.3%

Transfer 24% 14.% 31%

From Table 11 and Table 15 of CCC and LDNPA, 2019

6.2 POTENTIAL FOR INCREASING RECYCLING
The latest local authority collected waste figures and recycling rates for councils across Cumbria, 
shown in Table 6.2, have been obtained from Waste Data Flow and are for 2018/19.54 We have 
assumed the same current recycling rates for commercial and industrial waste (as no recycling 
rates are published either for Cumbria, or for England as a whole) and a 70% recycling rate for the 
construction sector. UK statistics on waste suggest that 92% of construction and demolition waste 
in England was ‘recovered’ in 2016.55 However, this includes ‘downcycling’, in which demolition 
reduces buildings to rubble and then turns it into lower quality materials. For example, brickwork 
and blockwork are reduced to aggregate and then buried as land raising on a construction site 
or in an inert landfill. Similarly ‘recycling’ at construction sites tends to involve throwing things in 
skips and then mechanically sorting these at material recycling facilities/transfer stations, where, 
apart from recovery of metal for scrap, materials tend not to be recycled or reused because they 
are contaminated or broken. Instead of a recovery-led approach to recycling where most items 
are downcycled we need a reuse-led approach to construction and demolition where the value of 
materials is maximised.56 

As explained above, currently Cumbria imports and exports waste from and to surrounding regions. 
The result is that Cumbria is a net importer of construction and demolition waste and exporter of 
commercial and industrial waste. The potential for job creation, though, has been based on the 
amounts of waste arising within the county itself. 

In 2015 Green Alliance and WRAP modelled the potential for job creation through the creation of 
a circular economy in England and considered that a transformational shift equated to an 85% 
recycling rate.57 Research by Zero Waste Europe58 has found that some local authorities are already 
achieving recycling rates of around 80%.59 Considering the economy-wide transformation required 
to bring about a zero-carbon economy, and best practice being demonstrated already in Europe, a 
90% potential recycling rate is considered a reasonable target. Therefore, we propose that a 90% 
recycling rate for all types of waste would align with a zero-carbon future.

54  https://www.wastedataflow.org.
55  Government Statistical Service, 2020.
56  See for example Resource Futures (2011)
57  Morgan J and Mitchell J, 2015. 
58  See https://zerowasteeurope.eu/about/principles-zw-europe/. 
59  For example, Treviso in Italy currently achieves a recycling rate of 85%, with 53kg per person per year of residual waste. Its target is for 
97% and 10kg/person residual waste by 2022. (https://zerowasteeurope.eu/library/the-story-of-contarina/). Palma in Italy has increased its 
recycling rate from 49% in 2012 to 76% in 2016 (https://www.livingcircular.veolia.com/en/city/four-european-waste-sorting-champions).

721  

https://www.letsrecycle.com/councils/league-tables/2018-19-overall-performance/
https://www.wastedataflow.org/reports/default.aspx
https://www.wastedataflow.org
https://zerowasteeurope.eu/about/principles-zw-europe/
https://zerowasteeurope.eu/library/the-story-of-contarina/
https://www.livingcircular.veolia.com/en/city/four-european-waste-sorting-champions


82 83The potential for green jobs in Cumbria report

6.3 JOB CREATION POTENTIAL
A report by Friends of the Earth in 2010, More Jobs Less Waste, looked at the jobs that could be 
created across Europe by increasing rates of recycling. Their review of the available information 
suggested that recycling could increase the number of jobs ten-fold over landfill and incineration. 
They estimated that, across the different key recyclable materials, recycling could create an 
additional 4.9 jobs per 1,000 tonnes of material. This includes additional jobs in collection and sorting 
as well as subsequent remanufacturing using collected material. Table 11 from their report is shown 
below in Figure 6.1 and gives the jobs created per 1000 tonnes of key recyclable materials:

Figure 6.1  Jobs from recycling (Table 11 of FOE, 2010)

To estimate the jobs just from collection and sorting of waste for recycling we have used 2.9 jobs 
per 1,000 tonnes of waste, based on other information in the FoE report. We have assumed that the 
potential for job creation from reuse and recycling of commercial, industrial and construction waste 
will be half of that for household waste, because the greater scale of the collection and reprocessing 
of this waste. In reality some of these jobs may be in activities that reduce the volume of materials 
that become waste, such as repair and resale of household goods and clothing, or salvage of 
construction materials.

Our estimates of the number of jobs that could be created from increasing the rate of recycling, 
reuse and repair to 90% are shown in Table 6.4. We have subtracted the number of landfill jobs lost 
(considered to be 0.29 jobs 1000 tonnes, i.e. one tenth of the jobs created), assuming half of these 
to be at Lillyhall in Allerdale and half at Hespin Wood near Carlisle, giving a total of 547 jobs. The 
jobs created by recycling of waste collected by Cumbria County Council have been split between the 
districts, as shown in Table 6.4. Table 6.5 shows our estimates of the number of jobs that could be 
created from increased recycling of other waste.

Table 6.4 Jobs from increased recycling of household waste

Local Authority

Increase in 
waste recycled

jobs 
created

Landfill 
jobs lost

Net Jobs per 
district

  tonnes [2] [1]
Allerdale Borough Council 23,367 93 -30 63
Barrow-in-Furness Borough Council 17,197 150 150
Carlisle City Council 12,950 138 -30 108
Copeland Borough Council 21,519 87 87
Eden District Council 10,096 54 54
South Lakeland District Council 20,643 85 85
Cumbria County Council 103,425
  209,198 607 -60 547
[1] Assumed to be at the landfill sites at Lillyhall in Allerdale and Hespin Wood, Carlisle

[2] Half of Cumbria County council jobs distributed equally between districts, other half split between Barrow and Carlisle 
where mechanical biological treatment plants are located.

Table 6.5 Jobs from increased recycling of other waste

   

Waste 
generated

Assumed 
current 

recycling rate

Increase in 
amount recycled 

to get to 90% 
recycling rate Jobs

    tonnes   tonnes  
LA collected non-HH residual waste 17,550 78% 2,194 2.6
Commercial waste 292,192 47% 126,519 151.8
Industrial waste 640,728 50% 256,291 307.5
Construction and demolition waste 203,617 70% 40,723 48.9
    1,154,087   425,727 511

We estimate that in total just over 1,000 long-term jobs could be created across Cumbria through 
increased high-value recycling of different waste streams. The number in each district is shown in 
Figure 6.1, assuming the jobs in Table 6.5 are split equally between the districts.

Figure 6.1 Jobs in recycling of waste by district60

60  Assumes that jobs in recycling of non-household waste, shown in Table 6.5, are split equally between the districts.
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6.4 LOCAL CIRCULAR ECONOMY
Recycling and reuse would be facilitated by moving to a more local circular economy, in which goods 
were repaired for reuse, or recovered materials used to manufacture new products. In this section 
we briefly outline four opportunities for Cumbria to develop a more circular economy:

·	 Local reuse/repair clusters;

·	 ‘Green steel’ production;

·	 Production of office-grade recycled paper; and

·	 Plastics reprocessing.

We have not been able to estimate the number of jobs that could be created by these opportunities, 
as this depends on the scale at which each opportunity is taken up in Cumbria.

Opportunity 1: Local reuse/repair clusters

Reuse projects in the UK are typified by local third sector enterprises, often connected into the 
voluntary sector, but not operating at scale. Historically builders’ yards enabled reuse from one 
construction site to the next, but these have tended to be replaced by skips, which lead to recycling 
not reuse. Small projects across the UK include furniture reuse stores, scrap stores, paint reuse 
projects and salvage enterprises. 

There are a wide range of reuse enterprises already present in Cumbria including:

·	 Furniture reuse – Cumbria-wide Impact Furniture Services, with stores in Carlisle, 
Workington and Barrow.61 

·	 Waste Electrical and Electronic Equipment (WEEE) – Cumbria Recycling Ltd, a 
social enterprise based at Lillyhall near Workington, collects white goods and other 
electrical equipment from waste recycling centres and from local businesses and 
schools, for testing, repair, reuse or deconstruction for recycling of materials.62

·	 Community Scrapstore – Ragtag Arts in Kendal.63

·	 Reclamation and architecture salvage – at least 12 reclamation and salvage 
businesses across Cumbria.64

·	 Scrap metal merchants – around 15 in Cumbria.

·	 Community repaint schemes in Barrow, Carlisle, Kendal and Wigton (North 
Allerdale).65 

·	 Bike repair/reuse in Carlisle – Rebike Cumbria.66 

These initiatives are significant in the communities they serve, but could be expanded and co-
ordinated to provide coverage across all of Cumbria and scale up reclamation and reuse.  This could 
take the form of a series of relatively small-scale “Social Enterprise Eco-Parks67” to cluster enterprises 

61  https://www.impacthousing.org.uk/impact-furniture-services. 
62  https://cumbriarecycling.co.uk/ 
63  https://www.ragtagarts.co.uk 
64  https://www.salvoweb.com/salvo-directory/category/all/location/uk/region/cumbria 
65  https://communityrepaint.org.uk/need-paint/find-your-nearest-scheme/#map-view 
66  https://www.rebikecumbria.co.uk. 
67  See Bioregional (2009) Social Enterprise Eco-Park for the East Midlands: Executive Summary. https://en.calameo.com/
read/0005759535fbcf3bada47. 

together.68 These hubs/eco-parks could be co-located with other 
social enterprises, skills centres (needed to retrain for the green 
economy) and bases for community-based climate jobs, such as 
for the retrofit of homes. As well as increasing the reuse and repair 
of household items they could encourage a stronger salvage and 
deconstruction industry, working with architects to facilitate the 
use of ‘second hand’ steel,69 for example, and with the demolition 
industry to increase reclamation and reuse, not just recycling of 
materials.70 

Such ‘reuse at scale’ is common in the US, with its more favourable 
policies for corporate donations for reuse, for example: 

·	 Habitat Restores across the US71 are large 
warehouses that bring together reclamation and 
reuse from household deconstruction to furniture 
and so on. These are multi-million not-for-profit 
enterprises that build housing for the homeless with 
their surplus income. 

·	 St Vincent de Paul in the US, runs reuse warehouses 
and deconstructs and recycles mattresses,72 a product 
that is often disposed of in landfill sites in the UK.

Opportunity 2: UK ‘green steel’ production

The UK currently exports most of its scrap steel,73 and then imports 
both new steel and iron ore and coal to make new steel in blast 
furnaces. Blast furnaces have high carbon emissions that currently 
cannot be decarbonised.74 There is an opportunity for the UK to 
instead retain its scrap steel and use it to make new steel in electric 
arc furnaces. With the current carbon intensity of UK electricity such 
steel has only a third of the carbon emissions of the global average 
for primary steel and as renewable generation increases this will 
decrease further (Allwood et al, 2019).  

The UK currently has at least two operational electric arc furnaces: 
in Cardiff, owned by Celsa Steel,75 and in Rotherham, owned by 
Liberty Steel.76 The latter has two furnaces each with a capacity of 
400,000 tonnes a year and makes specialist steels for uses such 
as vehicle gearboxes and aircraft landing gear. The Celsa Steel site 
directly employs over 500 staff as well as using several hundred sub-
contractors.77 

68  For example, see http://www.nef.org.uk/themes/site_themes/agile_records/images/uploads/
WP4A12_-_Community-Led_Reuse_of_Resources.pdf. 
69  https://www.dunkerley.co.uk/news-blog/second-hand-steel/
70  For lessons on how to do this see Bioregional (2011) 
71  For example see https://www.habitatmichigan.org/restores. 
72  https://www.svdp.us/what-we-do/recycling-and-manufacturing/mattress-recycling/ 
73  For example, the UK currently exports more scrap steel to Turkey (alone) than is melted 
down into new steel in the UK. See Sims and Essex, 2020
74  A pilot of smelting iron ore using electricity and hydrogen is taking place in Sweden 
but does not expect to be brought to market until 2026.  See-https://www.ssab.com/company/
sustainability/sustainable-operations/hybrit
75  http://www.celsauk.com/ProductionProcess.mvc/Introduction
76  https://www.recyclingtoday.com/article/liberty-eaf-steel-furnace-uk-recycling/ 
77  http://www.celsauk.com/Company.mvc/CelsaSteelUK
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The opportunity in Cumbria is probably for electric arc furnace steel production in Workington, a 
town with a long history of steel making until the closure of the rail-making plant in 2006.78 This could 
make use of the considerable amount of electricity that can be generated offshore from Workington 
(see section 3.1) and provide steel for the local manufacture of wind turbines that could then be 
installed in the Irish Sea. A 400,000 tonnes a year furnace would provide enough steel for 1.2–1.9GW 
of new offshore wind each year,79 more than is likely to be needed in the Irish Sea alone. There 
is also likely to be a demand for steel for making rails over the coming years, particularly for the 
construction of HS2.80

Increasing the quantity of UK scrap that is used to make steel in the UK would provide the 
opportunity for steel makers to work with scrap merchants to improve the quality of the scrap metal 
available. For example, motors, which have copper windings, could be removed from cars before 
they are shredded. Copper is the major problematic contaminant of scrap steel (Allwood, 2019 p.10).

Opportunity 3: UK production of office-grade recycled paper

 
The UK no longer produces its own office-grade recycling paper (although it still makes newsprint 
and cardboard products from recycled paper). Establishing a UK-based plant that makes high-quality 
paper from recycled paper in the UK would:

·	 reduce the UK’s export of waste paper whilst simultaneously reducing our import of 
paper products from overseas;

·	 create jobs where this paper is produced; and

·	 create jobs in the segregation of waste paper for recycling, as demand for high-
quality recyclate expands capture rates and improves waste segregation.81

Cumbria has expertise in paper making: James Cropper near Kendal makes speciality paper and 
uses some recycled fibres from coffee cups; Iggesund in Workington manufactures paperboard from 
wood pulp. This expertise could be used to produce recycled office paper.  

Opportunity 4 – Plastics reprocessing

 
The government has said that in 2022 it will introduce a tax on plastic packaging that does not 
contain at least 30% recycled plastic. It has been estimated that to provide 30% of recycled content in 
plastic packaging the UK’s plastics reprocessing capacity needs to be doubled (RECOUP, 2020). There 
is an opportunity for Cumbrian local authorities to work together to improve the quality of plastic 
waste collected and develop some plastics reprocessing capacity in Cumbria to use segregated 
plastic wastes.  

78  https://www.timesandstar.co.uk/news/17057236.heartbreak-and-tears-as-rail-making-bids-farewell-to-workington/
79  The Government’s Steel Procurement Pipeline (https://www.gov.uk/government/publications/steel-public-procurement-2020 ) suggests 
that there is a need for between 211-328 tonnes of steel per MW of installed offshore wind – a total of 0.6-1million tonnes over a three-year 
period (2021-2024) - based on three wind farms: Doggerbank (1200MW), Seagreen (454MW) and Sofia (1400MW). Estimates by IRENA (2019) are 
comparable, 117 tonnes of steel per MW onshore wind and 402 tonnes of steel for offshore wind construction. 
80  Phase 1 is likely to require 1,300,000 metric tonnes of steel. (https://www.gov.uk/government/publications/steel-public-
procurement-2020).
81  For example, ending the practice of co-mingled household waste recycling collections would allow paper to be reprocessed back into 
paper products and glass recycled back into new glass. Collecting these waste streams together cross-contaminates both. Demanding a high-
quality stream of white paper could improve capture rates and value of UK recycling in offices and other workplaces.
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APPENDIX 2A: 
Additional Tables 

Table A1 Onshore wind energy resource and installed capacity

  Accessible energy resource (in MW) at 
2030 

Actual 
installed 
capacity 

Remaining 
capacity Generation

estimated in 2011 [1] at end 
of 2019 

[2]

in 2019 [2]

commercial scale Small 
scale total

Local 
planning 
authority

technical 
resource 

assessment  

reduced 
to allow 

for 
landscape 
capacity 

  MW MW MWh

Allerdale 835 494 5.7 499 96 403   218,249 

Barrow in 
Furness 20 15 0.5 16 7 9     11,188 

Carlisle 213 141 6.1 147 49 97   90,251 
Copeland 152 82 2.1 84 23 61   53,316 
Eden 1181 657 4.6 661 1 660    3,102 
South 
Lakeland 457 246 2.9 249 38 211   85,898 

Lake 
District NP 0 0 5.2 5 5

Yorkshire 
Dales NP 0 0 0.2 0 0

Cumbria 
total 1656 1634 27.3 1661 214 1445  462,003 

[1] From Tables 5-4 and 5-9 and 5-10 of SQW and LUC, 2011

[2] From Renewable Electricity by Local Authority - https://www.gov.uk/government/statistics/regional-renewable-statistics
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https://www.solar-trade.org.uk/wp-content/uploads/2016/07/Raising-Standards-in-Solar-PV-OM-STA-01072016.pdf
https://www.solar-trade.org.uk/wp-content/uploads/2016/07/Raising-Standards-in-Solar-PV-OM-STA-01072016.pdf
https://www.stagecoachbus.com/about/cumbria-and-north-lancashire
https://www.stagecoachbus.com/about/cumbria-and-north-lancashire
https://www.tuc.org.uk/research-analysis/reports/voice-and-place-how-plan-fair-and-successful-paths-net-zero-emissions
https://www.tuc.org.uk/research-analysis/reports/voice-and-place-how-plan-fair-and-successful-paths-net-zero-emissions
https://doi.org/10.1016/j.autcon.2014.02.009
https://doi.org/10.1016/j.autcon.2014.02.009
https://www.gov.uk/government/statistics/regional-renewable-statistics
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Table A2 Hydro resource and installed capacity

 
Accessible energy 
resource (in MW) 

at 2030 

Actual 
installed 
capacity 

Remaining 
capacity Generation 

estimated in 2011 
[1]

at end of 
2019 [2] in 2019 [2]

Local planning 
authority MW MW MW MWh

Allerdale 2.10 0.86 1.2        2,595 
Barrow in Furness 0.00 0.00 0.0             -   
Carlisle 1.50 0.02 1.5              45 
Copeland 0.00 0.66 -0.7       1,996 
Eden 4.40 1.22 3.2     3,182 
South Lakeland 6.60 4.12 2.5     12,403 
Lake District NP 42.50 42.5
Yorkshire Dales NP 12.60 12.6

Cumbria total 69.70 6.88 62.8 20220

[1] From Table 5-4 of SQW and LUC, 2011
[2] From Renewable Electricity by Local Authority - https://www.gov.uk/government/statistics/regional-renewable-
statistics

Table A3 Anaerobic digestion resource and installed capacity

Accessible energy 
resource (in MW) 

at 2030 

Actual 
installed 
capacity 

Remaining 
capacity Generation 

estimated in 2011 
[1]

at end of 
2019 [2] in 2019 [2]

Local planning 
authority MW MW MW MWh

Allerdale 18.7             3.6 15.1          19,656 
Barrow in Furness 1.0                -   1.0                   -   
Carlisle 19.2             1.5 17.7            8,148 
Copeland 6.2             0.5 5.7            2,475 
Eden 21.5             2.9 18.6          16,153 
South Lakeland 11.8             0.0 11.8                155 
Lake District NP 14.2 14.2
Yorkshire Dales NP 0.2 0.2

Cumbria total 92.8 8.5 84.3 46,586

[1] From Table 5-5 of SQW and LUC, 2011 - figures for: Wet organic waste and Poultry litter

[2] From Renewable Electricity by Local Authority - https://www.gov.uk/government/statistics/regional-renewable-
statistics

Table A4 Plant biomass resource and installed capacity

 

Accessible 
energy 

resource (in 
MW) at 2030 

Actual 
installed 
capacity 

Remaining 
capacity Generation 

estimated in 
2011 [1]

at end of 
2019 [2] in 2019 [2]

Local planning 
authority MW MW MW MWh

Allerdale 2.7           50.2 -47.55        360,888 
Barrow in Furness 0.7                -   0.70               -   
Carlisle 4.3             0.2 4.14           750 
Copeland 1.1                -   1.10                   -   
Eden 3.9             1.4 2.52        2,728 
South Lakeland 1.4                -   1.40           154 
Lake District NP 3.4 3.40
Yorkshire Dales NP 0.2 0.20

Cumbria total 17.7 51.8 -34.09 364,367
[1] From Table 5-5 of SQW and LUC, 2011 - figures for: Under managed woodland (E) , Energy crops (E), 
Waste Wood (E) 
[2] From Renewable Electricity by Local Authority - https://www.gov.uk/government/statistics/regional-
renewable-statistics

Table A5 Landfill gas resource and installed capacity

 

Accessible 
energy 

resource (in 
MW) at 2030 

Actual 
installed 
capacity 

Remaining 
capacity Generation 

estimated in 
2011 [1]

at end of 
2019 [2] in 2019 [2]

Local planning 
authority MW MW MW MWh

Allerdale 0.8             2.0 -1.21            1,640 
Barrow in Furness 0.5             2.3 -1.83            4,774 
Carlisle 0.3             1.3 -1.03            8,846 
Copeland 0.0             1.9 -1.93            2,303 
Eden 0.1             0.8 -0.72            1,863 
South Lakeland 0.0                -   0.00                   -   
Lake District NP 0.1 0.10
Yorkshire Dales NP 0.0 0.00

Cumbria total 1.8 8.4 -6.61 19,426
[1] From Table 5-5 of SQW and LUC, 2011 

[2] From Renewable Electricity by Local Authority - https://www.gov.uk/government/statistics/regional-
renewable-statistics

ADDITIONAL TABLES

726  

https://www.gov.uk/government/statistics/regional-renewable-statistics
https://www.gov.uk/government/statistics/regional-renewable-statistics
https://www.gov.uk/government/statistics/regional-renewable-statistics
https://www.gov.uk/government/statistics/regional-renewable-statistics
https://www.gov.uk/government/statistics/regional-renewable-statistics
https://www.gov.uk/government/statistics/regional-renewable-statistics
https://www.gov.uk/government/statistics/regional-renewable-statistics
https://www.gov.uk/government/statistics/regional-renewable-statistics


92 93The potential for green jobs in Cumbria report

Table A6 Potential new generating capacity from repowering existing wind farms

Actual installed 
capacity at end 

of 2019 [1]

Capacity of non-
repowered sites 

[2]

Potential new 
capacity through 

repowering [3]

Net new 
capacity

District MW MW MW MW

Allerdale 96 92 263 171
Barrow in 
Furness 7 7 19 12

Carlisle 49 49 140 91
Copeland 23 20 56 36
Eden 1 1 4 3
South Lakeland 38 26 75 49

Cumbria total 214 196 557 361
[1] From Table 

[2] Subtracting capacities of repowered wind farms at Great Orton (Allerdale), Harlock Hill (South Lakeland) and 
Haverigg III (Copeland).

[3] Assuming capacity increased by a factor of 2.85, as for already repowered sites - see RenewableUK, 2019

Table A7 FIT registered solar PV installations by district

 
Total 

installed 
capacity 
at end of 

2019 [1]
MW

Installed capacity of 
FIT registered solar PV 

installations at end of 2019 
[2] (MW)

 
Number of FIT registered 
solar PV installations at 

end of 2019 [2]

Other PV 
installations 

District Dom-
estic

Non-
domestic Total   Dom-

estic
Non-

domestic Total Capacity MW

Allerdale     36.0 5.85 3.04 8.89  1,514         136 1,650 27
Barrow in 
Furness        14.5 1.69 5.79 7.48   473 30 503 7

Carlisle        17.5 6.17 2.69 8.86   1,707 88 1,795 9

Copeland          3.9 3.47 0.47 3.94   938 31 969 0

Eden        17.0 5.38 2.79 8.17   1,422         104 1,526 10

South Lakeland        12.5 6.34 1.91 8.25   1,927 88 2,015 5

 

Cumbria total 103.8    28.91 16.69  45.60   7,981 477 8,458      58 
[1] From Renewable Electricity by Local Authority - https://www.gov.uk/government/statistics/regional-renewable-statistics

[2] From https://www.gov.uk/government/statistical-data-sets/sub-regional-feed-in-tariffs-confirmed-on-the-cfr-statistics

Table A8 Potential for domestic solar PV by district

    Domestic PV at end of 2019 [1]   New domestic PV [2]
Number 

of 
dwellings 

in 2019 [3]

Installed 
capacity

No of 
systems

% of 
dwellings

Average 
size Number Capacity 

[4]

District   kW     kWp     kW
Allerdale 47363 5,853 1,514 3% 3.87   9,298 32,542 
Barrow-in-
Furness 33,555 1,694 473 1% 3.58   6,544 22,904 
Carlisle 52,666 6,173 1,707 3% 3.62   10,684 37,393 
Copeland 33768 3,471 938 3% 3.70   6,305 22,066 
Eden 26596 5,381 1,422 5% 3.78   4,667 16,335 
South Lakeland 53654 6,337 1,927 4% 3.29   9,890 34,616 

Cumbria Total 247,602      28,909 7,981 3% 3.62   47,388 165,857 

[1] From sub-regional feed-in tariff confirmed on the CFR statistics, available at https://www.gov.uk/government/statistical-data-sets/
sub-regional-feed-in-tariffs-confirmed-on-the-cfr-statistics
[2] To increase percentage of dwellings with PV to 20% of 2037 dwellings, assuming rate of house building is the same per year as the 
average for 2015-2018. Around 10% of dwellings in 2037 are likely to have been built since 2020 and therefore have renewable energy 
systems as a planning requirement.
[3] From www.gov.uk/government/statistics/council-tax-stock-of-properties-2018, plus one year of new-build properties, assuming the 
number per year is the average number of new dwellings per year, 2015-2018 shown on p.111 of Cumbria Intelligence Observatory 
and Nicol Economics, 2019. The 84 dwellings per year for the Lake District NP were split equally between Allerdale, Copland, Eden and 
South Lakeland.
[4] Assuming an average system size of 3.5kWp.

Table A9 Capacity for large-scale solar PV

  Roof-top   Ground-mounted  

Public/
community 

buildings

 Industrial/ 
commercial 

areas
Pasture land

Mineral 
extraction 

sites

  Number Cap-
acity Area Cap-

acity Area Cap-
acity Area Cap-

acity
Total 

capacity
[1] [2] [2] [2]

District   MW Ha MW   Ha MW Ha MW MW
Allerdale 85 1.7 1,055 53 62,778 388 110 7 449
Barrow-in-
Furness 74 1.5 466 23 4,204 26 26 2 52
Carlisle 117 2.3 1,023 51 48,538 300 186 11 365
Copeland 73 1.5 717 36 27,165 168 140 9 214
Eden 54 1.1 179 9 90,108 556 328 20 586
South 
Lakeland 113 2.3 202 10 67,430 416 331 20 449

Cumbria Total 516 10 3,642 182   300,224 1,853 1,119 69 2,115
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Table A10 Transition jobs in renewable electricity generation over 15 years (full-time equivalents)

  Onshore 
wind

Offshore 
wind

Solway 
tidal 

lagoons

Solar 
PV Hydro Training 

jobs [1] Total jobs

District              
Allerdale 407 1647 893 145 135 97 3324
Barrow in Furness 17 915 52 4 17 818
Carlisle 145 132 39 9 327
Copeland 71 85 49 6 211
Eden 406 159 161 21 748
South Lakeland 175 148 104 12 440

Cumbria total 1222 2562 893 721 493 161 6147
Includes 50% of long-term jobs, as it is assumed that half the long-term jobs will exist halfway through the transition period.
[1] Some of the gas fields in the Irish Sea/Morecambe Bay link to the Rampside Gas Terminal at Barrow where about 400 
people are employed by Centrica. 
https://en.wikipedia.org/wiki/Rampside_Gas_Terminal

Table A11 Long-term jobs in renewable electricity generation (full-time equivalents)

  Onshore 
wind

Offshore 
wind

Solway 
tidal 

lagoons

Offshore 
gas jobs 

lost [1]

Solar 
PV Hydro Total 

jobs
               
Allerdale 193 774 89 56 16 1459
Barrow in 
Furness 8 430 -400 50 0 88

Carlisle 69 59 2 130
Copeland 34 49 13 96
Eden 193 45 27 265
South Lakeland 83 57 26 166

Cumbria total 580 1204   -400 317 84 2204
[1] Assumes training and support jobs equivalent to 3% of jobs.

APPENDIX 2B: Current 
and Potential Areas for 
Offshore Wind Farms in 
the Irish Sea
As can been seen from the figure and table below, the current wind farms commissioned in the Irish 
Sea off Cumbria total 2905MW, around 30% of current UK offshore wind capacity,82 yet only take up a 
small part of the potential generation area. 

Current offshore wind installed in the Irish Sea (left), and potential areas for new turbines (right).83  

Ref. Name MW
1 Barrow 90
4-5 Burbo Bank, extension 349
13 Gwynt y Môr 576
24 North Hoyle 60
25 Ormonde 150
28 Rhyl Flats 90
29 Robin Rigg East 84
30 Robin Rigg West 90
35-37 Walney 1,2, extension84 1027
38 West of Duddon Sands 389

Total (all fully commissioned) 2905

82  Crown Estate (2020) offshore wind operational report 2019 notes that the UK had 9701MW of offshore capacity fully commissioned as of 
31 December 2019 and a further 9871MW under construction or with government contract secured. 
83  Sources: Crown Estate (2020) Offshore wind operational report 2019. (https://www.thecrownestate.co.uk/en-gb/media-and-insights/
stories/2020-the-crown-estate-2019-offshore-wind-operational-report-demonstrates-strength-and-maturity-of-the-uk-offshore-wind-
industry/) and Crown Estate (2019) Offshore Wind Leasing Round 4: Regions Refinement Report. (https://www.thecrownestate.co.uk/
media/3330/tce-r4-regions-refinement-report.pdf).
84  BEIS (2019) DUKES 2019 notes this is currently the largest wind farm in the world. 
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APPENDIX 2C: Metrics 
used in calculation of jobs 
estimates

Job Type Scaling 
metric Notes Source

Onshore wind 
construction

7 job years 
per MW 

2030 value for direct jobs of 11 
job years/MW from EWEA (2009) 
scaled down by 63.5% as this is the 
proportion of direct construction 
jobs that Kahouli and Martin (2018), 
in their study of wind energy jobs in 
Brittany, consider are local to the site 
of construction.

European Wind 
Energy Association, 
2009 and Kahouli and 
Martin, 2018

Onshore wind 
maintenance

0.29 jobs 
per MW

2030 value for operation and 
maintenance jobs from source.

European Wind 
Energy Association, 
2009

Offshore wind 
construction

10.5 job 
years per 
MW 

Uplift of 1.5x compared with onshore 
wind based on predicted cost 
difference by 2030.  

European Wind 
Energy Association, 
2009

Offshore wind 
maintenance

0.43 jobs 
per MW

Uplift of 1.5x compared with onshore 
wind based on predicted cost 
difference by 2030.   

European Wind 
Energy Association, 
2009

Tidal lagoon 
construction

13,392 job 
years for 
two 380MW 
lagoons 

2,232 construction and manufacturing 
jobs will be directly sustained by the 
build of Swansea Bay tidal lagoon 
(320MW) over 4 years. Assume 1.5 
times this number for 2 offshore 
lagoons off Cumbria over same time.

http://www.
tidallagoonpower.
com/projects/
swansea-bay/

Tidal lagoon 
maintenance

Assumes same relationship between 
construction and maintenance jobs as 
for offshore wind.

Solar PV - 
domestic 
installation

0.038 job 
years per 
installation

50 hrs installation plus 7 hours quote, 
invoicing, etc. for 3.5kWp system.

Personal 
communication from 
a local installer 

Solar PV – 
domestic 
maintenance

0.002 
jobs per 
installation

Assumes inspected every 5 years, half 
a day per visit.

Solar PV - 
commercial 
roof mounted 
installation

2.93 Job 
years per 
MW 

220 hours for a 50kWp system, 
including admin, scaffolding, etc.

Personal 
communication from 
a local installer

Solar PV - 
Commercial 
roof mounted 
installation

3.19 job 
years per 
MW

Bold scenario, 20GW in 2030 (p.32) 
direct employment 63,800 FTE years Cebr, 2014

Solar PV – 
commercial 
maintenance

0.07669 
jobs per 
MW

600-700 people employed in 2016 
when there was 8475.7MW

Solar Trade 
Association, 2016 
and https://www.
gov.uk/government/
statistics/solar-
photovoltaics-
deployment

Hydro 
installation 
(low head: 
run of river 
schemes)

48.5 job 
years 
per MW 
installed

From data for <100KW projects Forrest and Wallace, 
2009

Hydro 
maintenance 
(low head: 
run of river 
schemes)

1.3 jobs per 
MW From data for <100KW projects Forrest and Wallace, 

2009

Transport sector jobs

Job Type Scaling Metric Notes Sources

Driving buses
0.313 FTE jobs 
per 10,000 bus 
km/year

600 bus drivers employed by 
Stagecoach Cumbria and North 
Lancashire and 19.15 million 
km travelled.  

Stagecoach Cumbria and 
North Lancashire, 2019 

Maintaining 
buses

881 FTE jobs 
per 10,000 bus 
miles/year

106 maintenance staff and 
cleaners and 63 supervisors 
and managers employed 
by Stagecoach Cumbria 
and North Lancashire and 
19.15 million km travelled. 
Existing maintenance intensity 
assumed to apply to Trolley/
EV/hydrogen buses. 

Stagecoach Cumbria and 
North Lancashire, 2019

Railways - 
operation and 
maintenance

4.1 FTE jobs per 
10,000 train 
miles/year

Total UK rail industry staff 
divided by total train-km 
(Includes supply chain).

Rail Delivery Group Annual 
Report 2016 and Office for 
Rail and Road, 2016 /17 
statistics

Maintaining 
private 
internal 
combustion 
engine 
vehicles (ICE)

0.5 FTE jobs 
per 1,000,000 
private vehicle 
miles/year

Based on 233,000 FTE jobs 
supporting 316.7 billion vehicle 
miles.

ONS, Table TRA8901 
and Table EMP04, All in 
Employment by Occupation, 
Apr-June 2016

729  

http://www.tidallagoonpower.com/projects/swansea-bay/
http://www.tidallagoonpower.com/projects/swansea-bay/
http://www.tidallagoonpower.com/projects/swansea-bay/
http://www.tidallagoonpower.com/projects/swansea-bay/
https://www.gov.uk/government/statistics/solar-photovoltaics-deployment
https://www.gov.uk/government/statistics/solar-photovoltaics-deployment
https://www.gov.uk/government/statistics/solar-photovoltaics-deployment
https://www.gov.uk/government/statistics/solar-photovoltaics-deployment
https://www.gov.uk/government/statistics/solar-photovoltaics-deployment


 

Appendix 3
REPORT OF CONSULTATION EVENTS  

Preliminary research results were presented during three online 
consultation events in November and December 2020 to a total of 
43 participants. Thirty one different Cumbrian organisations were 
represented, as follows:
• Action with Communities in Cumbria
• Allerdale and Copeland Green Party
• Allerdale Borough Council
• Ambleside Action for a Future
• Carlisle City Council
• Carlisle College
• Copeland Borough Council
• Cumbria Chamber of Commerce
• Cumbria County Council
• Cumbria CVS
• Cumbria Local Economic Partnership
• Cumbria Youth Alliance
• Eden District Council
• Eden Housing Association
• Environment Agency – Cumbria and Lancashire
• Federation of Small Businesses – Lancs and Cumbria
• Friends of the Earth
• Kendal Futures
• Lake District National Park Authority
• Millom Without Parish Councils
• NASUWT (Cumbria County Council branch)
• Northern TUC 
• PCS (DEFRA branch) 
• Penrith Action for Community Transition
• Penrith Business Improvement District
• South Lakeland District Council
• South Lakes Action on Climate Change
• Sustainable Brampton
• Sustainable Keswick
• Unison
• University of Cumbria
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Maintaining 
private electric 
vehicles (EVs)

0.3 FTE jobs 
per 1,000,000 
private vehicle 
miles/year

Based on EVs requiring 
approximately 2/3 of the 
maintenance of ICE vehicles.  

Van den Bulk, 2009

Installing EV 
chargepoints 
(public)

0.09 job years /
chargepoint

Approximately 19 days per 
chargepoint (200 working 
days/year)

Personal communication 
from Charge My Street, 
2020

Installing EV 
chargepoints 
(workplace)

0.05 job years /
chargepoint

Assumes workplace 
chargepoints done in half the 
time required for public ones.

Installing EV 
chargepoints 
(domestic)

0.01 job years
/chargepoint

Assume a tenth that of a public 
chargepoint (cost is less than 
£1000, public charge points 
can be £10,000).

Waste Sector jobs

Job Type Scaling Metric Notes Sources

Recycling of 
household 
waste

2.9 jobs per 
1,000 tonnes of 
waste recycled

Reduced from 4.9 jobs per 
1,000 tonnes in source to just 
be collection and sorting jobs.

Friends of the Earth, 2010

Waste 
disposal

0.29 jobs per 
1,000 tonnes of 
waste

Source states that waste 
disposal (landfill & incineration) 
employs roughly a 10th of 
reuse and recycling.

Waste Watch, 1999, p.6

Recycling of 
other waste 

1.2 jobs per 
1,000
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During breakout discussion sessions, participants shared information about initiatives that are 
currently underway to reduce carbon emissions or create green jobs and discussed barriers to the 
development and uptake of green jobs. 

Existing initiatives highlighted included several projects led by community sustainability groups, such 
as: 

·	 Ambleside Action for a Future’s work to establish a community solar PV project 

·	 Community gardening to grow food in the Eden area. 

·	 Sustainable Brampton’s community renewable energy (biodigester) project 
which aims to provide a district heating scheme and renewable energy for water 
purification. 

·	 Community owned renewable energy initiatives (Burneside Community Energy). 

In addition, the Woodland Trust is working on tree planting, the Cumbria Cycle Mayor campaigns for 
car free days and streets, Kendal Futures has set out a vision for energy efficient homes and active 
travel, and there are various local authority plans and strategies for reducing organisational and area 
carbon emissions. 

Furthermore, greening the workplace is now coming to top of the agenda for trade unions. They are 
seeking to embed ‘Just Transition’ considerations into their collective agreements with employers, 
covering jobs, pay and conditions, equal opportunities, health and safety and skills.

The barriers to action to reduce carbon emissions and support the transition to low carbon jobs 
were also discussed.  These are collated and summarised below with suggested actions split into 
things that can be done at a local level (some of which may already be being done to a certain extent) 
and required national policy changes.  

The relatively short range of EVs compared to the internal combustion engine (ICE) is an issue in 
large, rural, hilly county with limited charge points.

Experience elsewhere suggests it is challenging to achieve modal shifts in transport especially 
journeys for work and shopping despite the fact that the majority of people support making fewer 
car journeys1. A key barrier to people ditching car use in favour of active travel is often the lack of 
safe, car free routes. 

Electric bicycles are attractive in Cumbria’s hilly terrain. People on low incomes may find the high 
cost of bicycle battery replacement prohibitive.

Potential local level actions
a. Identify the likely trajectory of the second hand EV market and the point at which EVs 

with sufficient range could become affordable.
b. Signpost information on the performance of EVs in hilly terrain to the public.
c. Promote the government funds available for installation of chargepoints to 

householders and businesses: the Electric Vehicle Homecharge scheme and 
Workplace Charging Scheme2.

d. Local Authorities to apply to the government’s On-street Residential Chargepoint 
Scheme3

e. Work with the Community Benefit Society, Charge My Street, which provides 
community-owned charge points, targeting residential areas where most properties 
do not have off-street parking.  

f. Public sector organisations to lead the way in adopting EVs and encouraging staff to 
do the same.

g. Promote the government’s Plug in Car Grant which offers 35% of the purchase price 
of certain new electric vehicles, up to a maximum of £3,000.

h. The continued support for and promotion of active travel options through eg local 
bike training, cycle maps and public transport

i. Planning policies need to ensure that new developments are not car-dependant, 
eg new housing within easy walking distance of, or with car free routes to, essential 
services and provided with good bus services.  

j. Provide and promote chargers for electric bicycles
k. Electric bike hire schemes could help with costs – LDNPA are looking at carbon 

benefits of these kinds of initiatives. 
l. Prioritise the delivery of cycleways and pathways in those places well suited to cycling 

and walking due to being relatively flat, such as Carlisle.
m. Covid19 has resulted in an increase in delivery drivers - work with trades unions to 

encourage shift to low carbon delivery vehicles including bikes/mopeds.

UK policy changes needed
a. Improvements to rail services
b. More local control over bus services (eg powers to franchise services, as in London).  
c. Extension of fiscal measures to encourage uptake of EVs
d. More resources for local authorities to improve dedicated cycle/walking routes

1  https://www.cyclinguk.org/news/clear-and-unambiguous-government-survey-reveals-significant-support-using-car-less
2  https://www.gov.uk/government/collections/government-grants-for-low-emission-vehicles#workplace-charging-scheme
3  https://energysavingtrust.org.uk/grants-and-loans/street-residential-chargepoint-scheme/

3.1 TRANSPORT
In the absence of significant improvements in public transport, electric vehicle uptake will be 
particularly important in rural areas but the cost of electric cars may be prohibitive for the wider 
population initially. Whilst longer term savings on tax, power and servicing might induce investment 
in EV purchase now, as EVs become more popular the current road tax exemption is likely to end 
which could reduce the longer term costs savings and put off potential purchasers.
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3.2  RENEWABLE ENERGY
Onshore wind energy has been hampered by onerous planning barriers, along with antipathy 
towards wind turbines in some communities in Cumbria. 

The leaseholding of buildings is a barrier to uptake of PV on commercial buildings as installation is 
not in the interest of the building owner.

Pasture-based solar PV may conflict with other potential land uses (eg woodland creation, flood 
defence) though is compatible with continued use for sheep grazing and the creastion of biodiverse 
grasslands; 

Potential local level actions
a. Install solar PV systems on all appropriate public buildings, using Cumbria-based 

installers in partnership with local community energy organisations. 

b. Work with Electricity North West on increasing grid capacity to enable connection of 
renewable supply, heat pumps and EV chargers

c. Work with bidders and the Crown Estate in the current licensing Round 4 for offshore 
wind to ensure use of the ports of Workington and Barrow and local supply chain 
benefits.

d. Ensure renewable energy generation is the right technology in the right place.

UK policy changes needed
a. Changes to planning guidance on onshore wind to reduce barriers.

b. Support for onshore wind and solar.

c. Support for small scale renewable energy which communities can be involved in 
developing and owning, so that the public has a stake in the low carbon transition

d. A long term roll out of offshore wind in the Irish Sea of Cumbria so there is a steady 
stream of construction work over the next 15 years.

3.3  ENERGY IN BUILDINGS 
It can be costly to retrofit existing homes and commercial buildings. At the moment it is most 
economical to ensure high energy efficiency for new builds.  The VAT rate for heat pumps in new 
builds is only 5% in comparison to 20% VAT on retrofitting heat pumps (unless the cost of materials 
is less than the cost of installation).

Specialist skills are needed for air source heat pumps installation. The Trustmark scheme for GHG 
appears to be onerous. Small local companies may not have the capacity or competence to gain 
accreditation and are not motivated to invest in it. As of November 2020 there was only one firm in 
Cumbria accredited and registered to install air source heat pumps under the Green Homes Grant 
(GHG) scheme.  The resulting lack of local suppliers means that incentive schemes inevitably draw 
installers in from outside Cumbria.  

Potential local level actions
a. Support the development of the supply chain (architects, plumbers, electricians and 

other trades) for carbon neutral new build, heat pump install and retrofitting.

b. Use local planning and other policies to the full extent possible to ensure new 
development is zero-carbon. This will in turn help build skills and capacity in the local 
workforce and supply chain that will help in retrofit of properties. 

c. Test/inspect during and after build to ensure that new buildings perform as 
predicted with regard to energy efficiency, and share results with architects, 
developers, planners and householders.

d. Provide advice and support to help building owners undertake major retrofit projects 
and so help create and illustrate demand for installers to encourage local traders to 
invest in training and accreditation.

e. Fast track training in PAS 2030/2035 in local colleges.

f. Target least-efficient properties (E-G) first for retrofits to get early carbon savings 
(could start with ones off the gas grid)

g. Promote whole house retrofits, rather than single measures, to include low carbon 
heat.

h. Investigate opportunities for district heating systems.

i. Bring all public buildings with Display Energy Certificates (DECs) of band D or below 
to at least band B (287 buildings).

j. Offer targeted support to owners of other non-domestic buildings with EPCs of 
Bands D and below.

k.    Engage local businesses in improving their environmental performance, e.g. 
SLDC initiative for SMEs https://www.southlakeland.gov.uk/news/subsidised-
green-certification-on-offer-to-small-businesses/, and the University of Cumbria 
eco-innovations programme https://www.cumbria.ac.uk/business/eco-innovation-
cumbria/

UK policy changed needed
a. Consistent, long term funding mechanisms for energy efficiency retrofits which give 

suppliers the confidence to invest in training and accreditation.

b. All new build to be required to be ‘zero carbon’.

c. Tighten building regulations eg require energy efficiency improvements to whole 
property when extensions are being built.
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3.4  FINANCIAL
Early adopters of new technologies are disadvantaged by higher costs which, coupled with the 
expectation that costs will decline over time, discourages early uptake.

The removal of national support (eg feed in tariffs) causes local employers to withdraw from the 
market.

Cumbria may be a more expensive location and work delivery landscape than other areas putting 
the county at a competitive disadvantage.

Potential local level actions
a. Identification of potential sources of investment, such as green and community 

bonds, community shares, localised pension funds, growth deals.

National policy needed
a. Further changes to the HMT Green Book guidance on policies, programmes and 

projects to influence procurement.

3.5 DEMOGRAPHIC CHALLENGES
Cumbria has an ageing population and reducing workforce numbers. There is a lack of relevant skills, 
and the policies, resources and training required to enable people to develop new skills. 

Cumbria lacks the infrastructure to deliver the skills needed.  Capital expenditure is needed on 
schools/colleges. 

New apprenticeships are needed to replace the existing focus on high carbon skills eg the demand 
for ICE vehicle maintenance will reduce and EV increase.

Technical education framework is quite complicated to work around. 

Potential local level actions
a. Consider the experience of ‘Scarborough construction skills village’ which was 

established to assist in the employment of young people into the housing sector. Funded 
by the LEP, Scarborough Council, housing companies and suppliers it helps to plug the 
skills gap being experienced by the housebuilders. http://skills-village.co.uk/

b. Consider whether local community centres, which may be in poor condition, could be 
revamped into local training hubs. 

c. Connect the unemployed with opportunities for green jobs training and pay.

d. The TUC’s report Voice and place:  how to plan fair and successful paths to net zero 
emissions suggests the following:

• use procurement and advocacy and soft powers to ensure that the recovery strategy 
has a core aim of driving up employer engagement in training, with a view to 
increasing: – the number of employers providing workplace training – engagement 
with unions on the learning and skills agenda, including the use of workplace 
learning agreements negotiated with relevant trade unions – the number of 
employees provided with time off to train

• ensure local skills strategies are aligned with infrastructure and investment decisions, 
around investment in a future net zero economy

• secure employment and training opportunities for local communities through 
intelligent procurement and framework agreements such as those used for the 
London Olympics and HS2, including making sure that apprenticeships and other 
training opportunities are established across supply chains

• sign the TUC Apprenticeship Charter, like has been done with Liverpool City Region, 
and work with LEPs to engage employers to ensure every apprenticeship has 
purpose, is paid fairly, with high-quality learning and training elements and access to 
trade unions.

National policy needed
a. Industrial policy which has net zero carbon emissions and a just transition as its 

defining principles.

b. Recognition of a national shortage of green job skills and funding support.

c. A devolved adult education budget to meet Cumbria’s needs and fit with regional 
economic strategy.
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3.6  WASTE
At the present time the UK doesn’t have the capacity to produce enough recycled plastics to meet 
the 30% recycled target. Could Cumbria be in a position to propose a new plastics reprocessing plant 
backed by government funding?

Cumbria is under resourced to process food waste, especially in the Lake District .

Potential local level actions
a. District and County Councils work together to improve quality and quantity of 

materials collected for recycling. 

b. Investigate opportunities to expand current salvage, repair and reuse activities to 
create local reuse/repair clusters, the production of ‘green steel’ from steel scrap 
using renewable electricity, and the production of office-grade recycled paper.

c. Identify the opportunities for building a new plastics reprocessing plant and viable 
food waste reprocessing facilities in Cumbria. 

d. Share case studies with business networks which illustrate the savings that can be 
made from improved resource efficiency and reducing waste and re-invested back 
into employment.

National policy needed
a. Government support for reprocessing facilities

3.7  ATTITUDES/BEHAVIOUR CHANGE
Fear of change inhibits uptake of low carbon options eg moving from ICE to electric vehicles, 
undertaking complex/expensive home retrofitting, new jobs which may require new skills.  

Attitudes in some areas may be informed by cultural heritage, for example the strong mining 
heritage of west Cumbria may influence attitudes to new, green jobs.

Reluctance to change behaviour, for example from car use to bicycle/walking.

There is a lack of consumer knowledge or misconceptions about low or no carbon alternatives to 
products and services.

Potential local level actions
a. Articulate the positive case for the economy, people and the environment of a just 

transition to low carbon jobs.

b. Take a person-centred approach to communications.

c. Provide advisory support for eg whole house retrofit.

d. Learn from national experts in climate change communications, such as Climate 
Outreach, https://climateoutreach.org/britain-talks-climate/

e. Work with the unionised workforce which has significant reach to individuals, 
organisations and communities in Cumbria.

f. Offer carbon literacy training to employees and communities to improve 
understanding of climate change, its causes and inspire action.
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Foreword 

On 1st December last year, the new Von der Leyen 
Commission took office with a clear ambition:  to make 
Europe the first climate-neutral continent by 2050.  The 
European Green Deal, presented by the Commission just 
two weeks later, includes a comprehensive package of 
measures enabling European citizens and businesses to 
benefit from a sustainable green transition.  This Deal 
represents the new growth strategy for Europe, aiming to 
reduce emissions while also creating jobs and boosting the 
economy.  The energy sector is at its core. 

As vital elements of the Green Deal, in January 2020, the 
Commission presented the Just Transition Mechanism and 
the Green Deal Investment Plan.  The Just Transition 
Mechanism will ensure that no country, region nor person will 
be left behind in the green transition, by providing tailored 
financial and practical support to help reskilling the most 
impacted employees and generating investments and new 
jobs in those areas most affected by the transition.  For the 
transformation to be a success, large-scale investment is 
absolutely essential.  The overall financial package of the 
Mechanism is worth at least €100 billion.  As for the 
Investment Plan, it will mobilise public investment and help 
unlock private funds through EU financial instruments, 
notably InvestEU, leading to a total of at least €1 trillion 
euros of investments in the European economy. 

The Commission is conscious of the economic significance 
of coal to the economies of many regions in Europe.  The 
coal sector still accounts for around one fifth of the total 
electricity production in the EU, and provides jobs to around 
230 000 people in mines and power plants across thirty-one 
regions and eleven Member States.  While for the time being 
coal remains an important fuel in the European energy mix, 
we need to acknowledge that change is already happening.  
In the context of climate change, the transition to cleaner 
sources of energy and innovative technologies is taking 
place and accelerates as coal is replaced by more 
sustainable and competitive alternatives.  We as policy 
makers are committed to helping communities, which rely on 
the coal value chain during the progressive phasing out of 
coal from our energy mix over the next decades. 

 
 
 
 
 
 
 

Cover photo:  RWE Niederaußem lignite-fired power plant and wind 
farm at Bergheim in North Rhine-Westphalia, Germany. 
© Stevotion | Dreamstime.com 

 
 
 
 
 
 
 
 
 

 
Kadri Simson, European Commissioner for Energy 

 

 

To do so, the Commission already in 2017 launched the 
“Platform for Coal Regions in Transition”, to support coal and 
carbon-intensive regions in transition to be prepared for the 
upcoming changes.  This shift is an ongoing reality in Europe 
and although the move to a low-carbon economy presents 
many opportunities, the economic and social impacts in 
many coal regions cannot be ignored.  The transformation 
ahead of us Europeans is unprecedented, and it will only 
work if it works for all. 

Co-operation and exchange of views with the coal industry 
has been and will continue to be important for the European 
Commission.  It is in our common interest to secure that the 
clean energy transition is just, fair and informed by the views 
of those who are living through it. 

February 2020 
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Introduction 

This publication, prepared by EURACOAL members, tells the 
story of a vital fuel:  where coal comes from, what it is used 
for and the challenges it faces.  Presenting facts and figures 
on the coal industry, it covers not only the European Union, 
but also countries that participate in the Energy Community. 

Since we drafted the last edition of Coal industry across 
Europe, the Paris Agreement of 2015 has been signed and 
the European Commission has published its Clean energy 
for all Europeans package of proposals which have now 
been enacted.  The package delivers on the commitments 
made by the European Union under the Paris Agreement.  It 
took months of negotiation before EU member states were 
able to agree to all the proposals, but the new laws will help 
reduce greenhouse gas emissions with a transition away 
from fossil fuels towards clean energy.  Central to the 
package remains the EU emissions trading system which will 
deliver the politically agreed reductions with certainty. 

Towards the end of 2018, the European Commission 
presented its new strategic long-term vision for a prosperous, 
modern, competitive and climate-neutral economy by 2050.  
Now, under the European Green Deal tabled in December 
2019, this vision is being turned into legislative proposals 
that will transform society.  Europeans must decide how 
committed they are to these ambitious proposals.  Achieving 
climate neutrality will not be an easy task as it goes far 
beyond what other regions of the world have offered, but the 
European coal industry is preparing itself for such change 
and welcomes the promised structural investments in the 
coal-mining regions. 

To demonstrate the coal industry’s position as an important 
stakeholder, the coal-mining region of Silesia was pleased to 
host in December 2018 the 24th UNFCCC Conference of the 
Parties in Katowice (COP24).  Although the leaders of the 
ten economies responsible for two-thirds of global 
greenhouse gas emissions were absent – China, the United 
States, India, Russia, Japan, Brazil, Indonesia, Germany, 
Canada and Iran – the Katowice Rulebook was adopted.  It 
is a roadmap to implement the Paris Agreement and shows 
us that industrial decarbonisation is only one of the ways to 
tackle climate change;  forestry and farming are also 
important.  Unfortunately, no agreement was reached in 
Katowice or at COP25 in Madrid in December 2019 on the  

 
 
 
 
MEP Grzegorz Tobiszowski, former Secretary of State and 
Government Plenipotentiary for the restructuring of hard coal mining 
in Poland (left) and Mr. Tomasz Rogala, President of EURACOAL 
and Chairman of the Board, Polska Grupa Górnicza S.A. 

important issue of international emissions trading.  Although 
the Intergovernmental Panel on Climate Change (IPCC) 
report on the impacts of a 1.5°C global warming was not 
universally endorsed, that target looks now to be achievable 
in Europe. 

Those EU member states who depend heavily on coal, such 
as Poland, Czechia, Bulgaria, Germany and Greece, have all 
submitted to the European Commission their draft national 
energy and climate plans, including assumptions on their 
future energy mixes.  Following the cessation of subsidised 
hard coal mining in Germany and Spain at the end of 2018, 
as required under EU law, a growing number of countries are 
now expected to largely exit from coal and lignite use:  
France in 2021, the United Kingdom in 2025, Greece in 2028 
and Germany in 2038.  Other countries are likewise 
considering how and when to exit. 

For this reason, the Coal Regions in Transition Platform, a 
welcome initiative of the European Commission, is gaining 
momentum.  Replacing coal with renewable energy sources 
or nuclear power will take time, but progress is being made.  
Replacing the advantages of coal – its abundance, its 
affordability and its availability – is also a challenge, but one 
that can be met with massive investment in renewable 
energy sources and large-scale energy storage technologies. 

The world is set to use around seven billion tonnes of coal 
each year through to 2040.  The success of the energy 
transition in the European Union will be important not only for 
the European citizens who must pay the cost of transition 
which, according to estimates by the European Commission, 
will run to an additional €175 billion to €290 billion per year 
from 2031 to 2050, but also for the citizens of the world who 
will watch this experiment with deep interest.  If it works, they 
will want to follow.  For the European regions with coal mines 
and coal power plants, it means finding at least €25 billion each 
year from 2021 to replace these assets and associated jobs. 

With the above in mind, EURACOAL members organised an 
Energy Summit in October 2019, co-operating with the Polish 
Ministry of Energy to formulate the expectations of the coal 
sector and the support needed to implement the energy 
transition in a way that builds on the coal value chain.  We 
invite you to read the summit declaration and lend your 
support to a sustainable energy transition. 

Coal will be used for many decades to come.  While the 
volumes used by EU member states will continue to decline, 
meeting politically agreed emission-reduction targets, flexible 
and reliable coal-fired power generation will undoubtedly 
bring security to the energy transition and avoid an 
overdependence on fossil gas. 
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DECLARATION 
CONCERNING THE CONDITIONS FOR A SUSTAINABLE ENERGY TRANSITION 

 
 

Energy transition is an industrial technology-driven transformation towards a low-emission economy 
employing diverse energy sources.  This process should be carried out in compliance with social justice, 

taking into account rational economic decisions and the competitiveness of EU industry as well as 
respecting the natural environment. 

 
 
 
 

I. A sustainable transition needs to address the climate challenge, including the Paris target, 
but it requires global solutions with adequate ambitions and valid contributions 
everywhere but particularly within the G20.  The EU energy and coal sectors will  
continue to reduce their emissions under the reliable EU ETS. 

 
II. As such, Energy transition is a cost-intensively process and it will differ between 

particular European Union countries, reflecting the different starting points of each 
member state.  That is why it is crucial to have the freedom to define the time 
framework as well as tools and instruments necessary to carry it out in a fair and 
sustainable way. 

 
III. The European mining and energy sector is the source of a value chain which should be 

actively included in this transition – therefore, the transformation we need is one that 
prevents impoverishment and social instability of the mining regions and incentivises 
innovation and investment. 

 
IV. There must be an appropriate balance between the objectives of the European Union’s 

energy policy of competitiveness, energy security and climate protection.  This triangle 
without any overriding element can form the basis for functioning and fair development 
of the society and economy of every country. 

 
 
 
 

It is considered important that the message be taken into account when adopting strategies, policies, 
outlooks and directives issued by European Union authorities.  We suggest that the transition process 
stakeholders co-operate with scientists and experts in order to evaluate the implemented process of 

transition and its compliance with the conditions included in this declaration. 
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From Energy Union to a 
carbon-neutral Europe 
via a just transition 

An energy transition is coming.  No one is quite sure what 
precise shape it will take as some elements are missing, 
such as diurnal and seasonal energy storage.  The transition 
is being driven by technological change and political will.  In 
the media, the environmental impacts of growing energy use 
feature prominently, especially in light of reports by the UN 
Intergovernmental Panel on Climate Change (IPCC) which 
warn of “profound consequences for ecosystems and 
people” if man-made global warming is not limited to well 
below 2°C above pre-industrial levels.  Other, related issues 
attract less attention, such as energy security, and the costs 
and time needed for a revolution on the scale of the 
Industrial Revolution. 

Figure 1 
The UN IPCC states that a sustainable energy transition 
needs to address the climate challenge with an equitable 
global response that eradicates poverty. 

 

Source:  IPCC, 2018 

The vision 

In the UNFCCC Paris Agreement of 2015, world leaders set 
the 2°C guardrail on global warming and agreed that each 
country would deliver according to its ability.  The Katowice 
Rulebook of 2018 outlines reporting standards which will 
provide a picture of the overall level of ambition.  Parties to 
the UNFCCC are encouraged to inform citizens and explain 
what progress is being made to avert a climate catastrophe. 

 

Box 1 
Energy Union 

A communication on Energy Union was published by the 
European Commission in February 2015.  It heralded a 
fundamental transformation of Europe’s energy system, 
promising a sustainable, low-carbon and climate-friendly 
economy.  To reach this goal means moving away from an 
economy driven by fossil fuels;  although with a strategy for 
imported fossil gas.  The Energy Union proposal consists of 
five main pillars: 

 ■ energy security, solidarity and trust; 
 ■ a fully integrated European energy market; 
 ■ energy efficiency contributing to moderation of demand; 
 ■ decarbonising the economy;  and 
 ■ research, innovation and competitiveness. 

The fourth pillar is based on an EU-wide carbon market 
under the EU emissions trading system (ETS), with the 
vision of making Europe the number one in renewable 
energy sources. 

Energy systems have never been static, always changing 
and modernising with, for example, larger, more efficient 
power generation units, more robust grids and evermore 
imaginative ways to use electricity.  The way coal is used 
has changed – from the burning of raw coal to the controlled 
combustion and gasification processes of today, with modern 
pollution control technologies to further reduce environmental 
impacts.  The new political vision is of a carbon-neutral 
energy system that relies on renewable energy sources, 
smart grids, decentralised power production and the active 
participation of prosumers through the digitalisation of energy 
services.  These are the aims of Energy Union in the EU. 

The challenge 

Energy transition is complex and to achieve it on the scale 
needed will require the wide deployment of new 
technologies. 

The EU emissions trading system (ETS) should remain the 
only instrument used to drive down CO2 emissions from the 
power sector:  it delivers a politically agreed emission 
reduction target.  By 2050, the power sector and other 
energy-intensive industries must have reduced their CO2 
emissions by around 90% compared with 2005, and no new 
emission allowances will be auctioned after 2058.  Following 
recent political decisions to tighten the ETS, the price of 
emission allowances surged and the cheapest fuel suppliers 
(i.e. coal and lignite mining companies – see Figure 2) and 
power utilities now struggle to deliver the cheapest electricity 
to consumers.  Such moves have damaged the ETS as a 
reliable and predictable policy instrument. 
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Figure 2 
Oil, gas and coal prices in the EU since 1990 – compared 
on an energy basis, € per tonne of coal equivalent 

 

Sources:  IEA databases, BAFA in BP, 2019 and IHS, 2019 

Figure 3 
GHG emission reduction pathways in the EU, 1990-2050 
showing the range of scenarios reported by the 
European Commission in its long-term strategic vision 
for a climate-neutral economy 

 

Sources:  European Commission, 2018, IEA databases and 
EURACOAL estimates for CO2 emissions from coal use based on 
industry trends. 

Box 2 
EU climate strategy to 2050: a clean planet for all 

 
In November 2018, the European Commission published its 
new vision for reducing greenhouse gas (GHG) emissions to 
achieve a carbon-neutral European Union by 2050.  The 
long-term strategy for a climate-neutral economy would 
require joint action by member states in seven strategic areas: 

 ■ energy efficiency; 
 ■ deployment of renewables; 
 ■ clean, safe and connected mobility; 
 ■ competitive industry and a circular economy; 
 ■ energy infrastructure and interconnections; 
 ■ bio-economy and natural carbon sinks;  and 
 ■ carbon capture and storage to address remaining  
  emissions. 

Member states were invited to submit draft National Climate 
and Energy Plans by the end of 2018.  These continue to be 
reviewed and refined so that the EU’s climate and energy 
targets for 2030 and 2050 can be met through the 
aggregated efforts of member states. 

Carbon neutrality by mid-century is a challenge, even for 
progressive regions like the European Union.  It will require 
substantial changes not only to the energy system, but also 
to the way we all live:  what food we eat and how it is 
produced, packaged and transported;  how we travel and 
whether we can fly or drive;  what fuels we use to keep 
warm;  and where we live.  Cities are changing in response 
to the transition – from the deep renovation of old buildings 
to make them energy efficient, through new smart buildings 
and low-energy lighting, to roads that limit the space for cars 
in favour of bicycles and buses. 

With the right impetus, change can come quickly.  Mobile or 
cell phone subscribers grew from just a few in 1990 to an 
estimated 5.4 billion in 2020;  69% of the global population 
willingly pays for a communication system that existed only 
in sci-fi forty years ago.  The climate challenge also requires 
global solutions, with similar ambitions everywhere.  
However, when it comes to energy supply, not all countries 
have the same possibilities. 
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The response 

The coal sector has invested heavily in environmental 
technologies such as flue gas desulphurisation (FGD) for 
SO2 and selective catalytic reduction for NOx.  The fall in 
pollutant emissions has been impressive – by between 60% 
and 90% since 1990.  In the European Union, CO2 emissions 
from the coal sector fell from 1990 to 2016 by an astonishing 
47%, helping to meet the EU’s ambitious climate targets.  
Now, the circular economy concept can be taken to a new 
level, not just using ash for cement making and FGD gypsum 
for plasterboard, but closing the carbon cycle.  Much work is 
in progress to capture CO2 and convert it using renewable 
energy into useful products such as basic chemicals and 
plastics, or as replacements for oil-based fuels.  During the 
transition, coal should be used in the cleanest possible ways.  
This means continued technical research on current issues 
and also on alternative uses of coal for a carbon-neutral era. 

Figure 4 
CO2 emissions from fuel combustion by fuel type in the 
EU-28, 1990-2016 

 

Source:  IEA, 2018 

While it is true that the coal industry is in decline in some 
member states, this is merely the continuation of a long-term 
trend that began decades ago.  There are member states 
that will stop using coal in the next few years.  For them, 
switching to fossil gas is relatively easy and not disruptive.  
In other member states, with a continued high dependence 
on coal (as well as oil shale and peat), the switch is not as 
straightforward.  They will still need coal in their energy 
portfolios for decades to come.  The switch away from coal 
needs to be supported with major investments in new energy 
infrastructure which will increase national debts. 

The total additional cost of transition, over and above 
business-as-usual, is estimated by the European 
Commission to be €175 billion to €290 billion each year out 
to 2050 (COM(2018) 773).  This would achieve net-zero 
emissions at a cost of up to US$10 trillion – more than €500 
each year for every man, woman and child in the EU. 

Figure 5 
EU coal, crude oil and fossil gas production, 1990-2018 

 

Source: IEA databases 

The cost of transition is not shared uniformly across the EU.  
For example, in 2016, €57 billion was spent in support of 
renewable power generation (Figures 6 and 11), or over 
€100 per person.  This subsidy added 17.60 €/MWh to the 
average cost of all EU electricity.  Germany paid the most for 
renewables:  €24 billion to subsidise one quarter of its power 
production, adding 37.67 €/MWh to the cost of all electricity 
consumed – more than its wholesale value.  Not all countries 
can afford to invest so heavily in renewables, especially as 
conventional plants must also be kept operating as backup. 

Figure 6 
RES electricity support per unit of gross electricity, 2016 

 

Source: CEER, 2018 

“Energy transition is a costly process and it will differ 
between particular EU countries, reflecting the different 
starting points of each member state.  That is why it is 
crucial to have the freedom to define the timeframe as 
well as tools and instruments necessary to carry it out in 
a fair and sustainable way.” 

Energy Summit Declaration, Warsaw, October 2019 
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The social dimension 

Around the world, 862 million people do not have access to 
electricity and 2 651 million are without clean cooking fuels 
(IEA, 2019a).  In the European Union, despite efforts to 
reduce economic disparity, the prosperity map is unequal 
when viewed along the east-west, and north-south axes.  
Average salaries can be five times lower in some member 
states compared with others for nominally similar work.  This 
discrepancy reflects the wide range of per capita GDP in 
member states, even on a purchasing power parity basis.  It 
is often the less wealthy eastern and south-eastern member 
states who are most dependent on coal. 

Figure 7 
Inequality across European Union regions as shown by 
per capita GDP in NUTS 2 regions, 2017 
(purchasing power standards, EU average = 100) 

 

 

Source:  Eurostat databases nama_10r_2gdp, nama_10r_3popgdp, 
nama_10_gdp and nama_10_pe, last update 28.06.2019 

The policy push towards carbon neutrality places coal mining 
and coal power companies in the less wealthy member 
states in a particularly difficult position.  Unlike other 
industrial enterprises, they are first and foremost local 
companies serving local markets.  Whatever the cost, they 
must remain in place to supply essential energy and 
electricity until viable alternatives become available.  For 
them, relocation outside of the EU is not an option. 

Figure 8 
Share of coal in the energy mix for EU electricity 
generation, 2017 

 

Source:  Eurostat database nrg_bal_peh, last update 25.06.2019 
(n.b. coal includes coke oven / BF gas, peat* and oil shale**) 

If coal power utilities were not burdened with expensive CO2 
allowances (a c.100% tax for lignite producers), they could 
be in position to diversify their activities:  switching to other 
fuels or entering new industrial markets that require similar 
skill sets.  However, diversification needs legal certainty and 
the availability of funds to invest. 

There is much talk of a “just transition”, leaving nobody 
behind;  coal miners are promised workplaces after coal is 
phased out.  It will take time to restore land and attract 
investors to establish new activities in the coal regions.  The 
“green economy”, though it promises new jobs, is not well 
developed in these regions.  Therefore, it would be wise to 
include coal companies in any discussions on structural change 
in the regions as they can contribute and offer solutions – 
some of a bridging nature, others more permanent. 

“The European mining and energy sector is the source 
of a value chain which should be actively included in 
this transition – therefore, the transformation we need is 
one that prevents impoverishment and social instability 
of the mining regions and incentivises innovation and 
investment.” 

Energy Summit Declaration, Warsaw, October 2019 
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Box 3 
European Green Deal 

In July 2019, the President-elect of the European 
Commission presented her 2019-2024 political agenda to the 
European Parliament.  In a radical departure from free-
market economics, a Green Deal is proposed that will affect 
all areas of life in Europe.  By March 2020, the Commission 
will propose: 

 ■ a 50% GHG reduction target by 2030; 
 ■ the first climate-neutral continent by 2050; 
 ■ an extension of the EU ETS to cover maritime, traffic  
  and construction; 
 ■ a Carbon Border Tax to avoid carbon leakage; 
 ■ a review of the Energy Taxation Directive; 
 ■ a Circular Economy Action Plan and decarbonisation of  
  energy-intensive industries; 
 ■ a zero-pollution ambition (e.g. air and water quality,  
  industrial emissions and plastics); 
 ■ a Biodiversity Strategy for 2030; 
 ■ a Farm-to-Fork Strategy for sustainable food; 
 ■ a European Climate Pact for the regions, local  
  communities, civil society, industry and schools; 
 ■ a new Just Transition Fund so that nobody in any  
  region is left behind, with targeted support to industrial,  
  coal and energy-intensive regions and energy islands; 
 ■ a ten-year, €1 trillion Sustainable Europe Investment  
  Plan led by the European Investment Bank. 

A large majority of member states have already endorsed the 
EU objective of climate neutrality by 2050. 

Figure 9 
Solidarity and Just Transition Silesia Declaration 

 

To this end, the European coal sector supports the European 
Commission’s Coal Regions in Transition Platform initiative – 
being actively involved from the initial proposal to 
participating in a fully-fledged interest group with hundreds of 
stakeholders.  The World Bank, the European Commission 
and the Energy Community are also engaged in establishing 
a similar coal platform for the Western Balkans and Ukraine. 

A just transition 

The term “just transition” has been embraced by the 
European Commission, trade unions, and environmental 
NGOs who call for the “fair” treatment of workers during what 
they see as the necessary and inevitable de-industrialisation 
of society in order to save the planet for future generations. 

During the energy transition, some sectors are expected to 
shrink and hundreds of thousands of jobs will disappear.  
The role of the European Commission is not only to present 
a vision for the EU, but also to secure this vision in a way 
that avoids social unrest and the extinction of economic 
activity in those regions of Europe which depend on fossil 
fuels and heavy industry.  More generally, across Europe, 
there is a risk associated with rising energy prices.  The 
issues of energy poverty and industrial competitiveness have 
to be addressed. 

At the UNFCCC COP24 conference in December 2018, the 
Solidarity and Just Transition Silesia Declaration was signed 
by fifty-six heads of state.  The declaration demands that no 
one be left behind during the energy transition.  In the long 
term, the implementation of a solidarity-based transition will 
help garner and maintain public support for policies to reduce 
emissions.  In turn, this should enable the successful 
implementation of a transition which is a prerequisite for 
achieving global climate policy objectives. 

The €5 billion Just Transition Fund, as called for by the 
European Parliament in November 2018, will surely not be 
enough to cover the costs of energy transition in the coal 
regions.  However, the European Commission proposes 
using the existing Structural Funds and Cohesion Fund to 
support the transition.  With such support, the coal regions 
can look forward to a bright, carbon-neutral future. 
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Added value from coal 

Coal is abundant, affordable and available – that is why it is 
the fuel of choice for electricity generation in many 
developed and developing countries.  In Europe, coal 
ensures a truly competitive energy market.  Without inter-fuel 
competition from coal, industrial and residential electricity 
consumers would face much higher power prices. 

Since the beginning of the Industrial Revolution, coal has 
brought prosperity to many nations.  Industrialisation has 
improved living conditions, health care and communications.  
Life expectancy in the United Kingdom has doubled thanks 
to industrialisation – a picture repeated around the world.  As 
society has aged so the global population has increased, 
creating a higher demand for energy.  Forecasts predict that 
energy demand will continue growing, so new energy 
technologies will be needed to meet the expectation of 
higher living standards for all and a clean environment. 

Figure 10 
Life expectancy in rich and poor countries around the 
world has increased with industrialisation 

 

Sources:  Riley, 2005;  Clio Infra, 2015 in Zijdeman, 2015;  and UN 
Population Division, 2019.  N.b. life expectancy at birth is the 
average number of years a newborn would live if the pattern of 
mortality in the given year were to stay the same throughout its life. 

In the European Union, coal remains an important energy 
source, meeting 15% of primary energy demand in 2017.  At 
187 million tonnes of coal equivalent (Mtce), indigenous coal 
and lignite production exceeded EU production of oil or fossil 
gas.  Ample reserves of coal and lignite are found in many 
member states. 

Coal mining companies create well-paid jobs with above-
regional-average salaries (Figure 12).  They pay national 
taxes and contribute to local authority budgets.  Overall, EU 
companies making up the coal-value chain (e.g. mining, 
supply, power generation and coke making) paid a net 

€35 billion to governments in 2015 (Figure 11).  Unlike 
renewable energy sources, the oil, gas and coal sectors 
make net contributions to the public purse. 

Figure 11 
EU28 + Norway net government revenues and mandated 
transfers, 2015 

 

Source:  NERA analysis for IOGP, 2018 

In 2018, across the EU, 76 million tonnes of hard coal and 
367 million tonnes of lignite were produced.  Mining this coal 
employed 163 thousand people, some at integrated mine 
and power plants.  In the greater Europe, including the 
Balkans, Turkey and Ukraine, this number rises to 
291 thousand people (Table 1).  Adding the indirect jobs 
supported by coal mining at suppliers of equipment, services 
and materials leads to a total of around 800 thousand people 
whose livelihoods depend on the coal industry.  Coal mining 
is often the main employer in regions which would otherwise 
be depressed and suffering from high unemployment. 

Figure 12 
Average annual wages in the mining and quarrying 
sector, which includes coal mining, compared with 
wages across industry in EU member states, 2014 

 

Source:  Eurostat database earn_ses14_27, last update 18.05.2018 

The annual value of EU-wide coal and lignite production, 
based on its calorific value and on international hard coal 
prices, totalled around €18 billion in 2018.1  Adding coal 
imports lifts the total value of coal used in the EU to 
€34 billion.  To replace this coal with fossil gas would mean a 
greater dependency on non-EU gas as the EU itself has 
insufficient indigenous fossil gas production to meet its 
existing needs.  In 2017, the EU was 74% dependent on gas 
imports. 
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In 2017, power generation from coal and other solid fuels – 
indigenous and imported – accounted for 21.5% of gross 
electricity production in the EU.  With the growth of 
intermittent renewable power generation from wind and 
solar, the flexibility of conventional thermal power plants 
matters more and more.  Coal-fired power plants respond as 
quickly as gas-fired plants to the ups and down of electricity 
supply and demand, helping to keep electricity grids in 

balance and our lights on, whatever the time of day, 
whatever the weather and whatever the season. 

Note 
1  Indigenous coal production of 76 Mt, lignite production of 
367 Mt (approximately 133 Mt at 6 000 kcal/kg) and imports 
of 167 Mt in 2018, at an average price of 92 US$/tonne for 
steam coal and double this for coking coal (IHS, 2019). 

Table 1 
Manpower in the European coal industry, 2015 and 2018 

 
2015 2018 

Hard Coal Lignite Total Hard Coal Lignite Total 
Bosnia and Herzegovina - 14 382 14 382 - 13 323 13 323 
Bulgaria - 11 765 11 765 - 10 294 10 294 
Czech Republic 10 131 7 869 18 000 6 757 7 147 13 904 
Germany 9 640 15 428 25 068 4 125 15 876 20 001 
Greece - 4 919 4 919 - 4 082 4 082 
Hungary - 1 655 1 655 - 1 400 1 400 
Norway 267 - 267 126 - 126 
Poland 89 924 9 574 99 498 82 843 8 583 91 426 
Romania 4 442 10 600 15 042 3 022 13 000 16 022 
Serbia 1 600 12 360 13 960 3 500 14 850 18 350 
Slovakia - 2 190 2 190 - 2 000 2 000 
Slovenia - 1 274 1 274 - 1 252 1 252 
Spain 3 324 - 3 324 1 549 - 1 549 
Turkey 15 668 28 856 44 524 14 251 37 596 51 847 
Ukraine 122 000 - 122 000 44 300 - 44 300 
United Kingdom 1 975 - 1 975 647 - 647 
Total 258 971 120 872 379 843 161 120 129 403 290 523 

Source:  EURACOAL members 
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International coal market 
and global energy trends 

Around the world, coal makes a crucial contribution to the 
security of energy supply.  It is a very competitive fuel and 
adds economic value wherever it is used:  for steelmaking, 
for cement production and, most importantly, for electricity 
production.  Coal oils the wheels of industry.  A diverse 
energy mix with coal can be part of any strategy that aims to 
reduce risks and underpin sustainable economic growth. 

The aim of this section is to give an overview of how coal 
production and use in the European Union fit with the wider 
global picture of expanding coal consumption.  Although it is 
impossible to forecast the future, it is instructive to look at 
current energy trends and examine how climate and energy 
policies may influence these trends. 

Coal and sustainability 

The European coal industry believes that the three energy 
sustainability objectives – security of supply, competitiveness 
and environmental compatibility – must be pursued with 
equal effort.  Europe’s energy sector faces considerable 
challenges to ensure security of energy supplies and 
investment in new energy infrastructure.  Conventional 
thermal power generation, including nuclear power plants 
and, to an even greater extent, coal-, lignite- and gas-fired 
power plants, will continue to be needed for decades to 
come, so, they need to be sustainable. 

Figure 13 
The energy trilemma according to the World Energy 
Council 

 

Source:  World Energy Council, 2015 

A key requirement for the development of sustainable energy 
supplies in Europe is competitiveness.  Energy at affordable 
and equitable prices helps to maintain the competitiveness of 
European industry as a whole and allows people to enjoy 
comfortable lives.  At present, the EU imports 55% of all the 
energy it consumes, at a cost of around €266 billion per year.  
The EU imports 87% of its crude oil needs, 74% of its fossil 
gas and 44% of its coal:  all are rising. 

Managing energy-supply risks is an integral part of the 
Energy Union strategy of 2015.  Two essential elements of a 
secure energy system are a diversity of energy sources and 
a diversity of energy technologies.  A diverse energy mix, 
comprising indigenous and imported energy sources, 
including hard coal and lignite, helps to limit supply risks. 

Electric power is no longer generated using conventional 
hydro, coal, fossil gas and nuclear energy alone.  Today, 
new renewable energy sources, such as wind turbines and 
solar PV, are growing in importance, but still require reliable 
backup from conventional sources, at least until large-scale 
electricity storage options become available.  By valuing the 
flexibility and reliability of coal- and lignite-fired power 
generation, there is great scope for developing and 
implementing renewable energy sources to the maximum 
possible extent.  The key to Europe’s future power 
generation lies in a broad mix of energy sources, so that 
supply risks are minimised, reliability maximised, affordable 
electricity enjoyed and further progress made in 
environmental protection. 

Global energy mix and coal 

World total primary energy supply in 2018 was 19.8 billion 
tonnes of coal equivalent (Gtce) of which 27.2% came from 
coal.  Coal is of particular significance for electricity 
generation.  Some 38.0% of global power generation and 
20.0% of EU power generation in 2018 was based on coal. 

Figure 14 
World total primary energy supply by fuel, 2018 

 

Source:  BP, 2019 (excludes non-commercial biofuels) 
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Figure 15 
World electricity generation by fuel, 2018 

 

Sources:  IEA databases, BP, 2019 and own estimates 

According to ENTSO-E (2019), 592 TWh of net electricity 
generation in the EU came from solid fuels in 2018 (284 TWh 
from hard coal, 294 TWh from lignite and the remainder from 
oil shale and peat).  Hard coal-fired power plants in the EU 
have a total capacity of 99 GW and lignite-fired power plants 
add a further 52 GW.  Individual countries have very different 
energy mixes for power generation, with coal being 
indispensable for many (Figure 16 and table on page 83). 

Figure 16 
Share of coal- and lignite-fired gross power generation 
in selected countries, 2017 and 2018 

 

Source:  IEA databases (including coal gases and coal products) 

World coal resources 

Reserves of coal and lignite are abundant;  total resources 
are estimated at 17 489 billion tonnes of coal equivalent 
(Gtce) of which only 1.2% have been extracted since 1950.  
Reserves amount to 747 Gtce and are substantially greater 
than those of either oil or fossil gas, even if one includes 
non-conventional oil and gas reserves.  In fact, coal reserves 
account for over half of all non-renewable energy reserves 
and are distributed more equally than those of fossil gas or 
oil.  The world coal market is a free commodity market, which 
– in contrast to oil and fossil gas markets – is not influenced 
by geopolitics or the formation of cartels. 

Figure 17 
Global hard coal and lignite reserves as at 1.1.2018 

 

Source:  BGR, 2019 and own calculations 

 

EU coal resources 

The availability of coal and lignite resources in Europe and 
around the world, combined with the high productivity of 
European coal and lignite producers and the diversity of coal 
exporters to Europe, guarantee a high degree of supply 
security and competitive prices.  Indigenous energy 
production, diversified sources of import supply and the 
storage capacities available at mines, ports and consumers 
all help to ensure a stable supply chain.  Unlike oil and fossil 
gas, coal does not require strategic stocks to safeguard 
against political risks. 

Table 2 
Non-renewable energy reserves in the European Union 

 Gtce share 

Hard coal 20.6 51.0% 
Lignite 16.4 40.5% 
Oil 1.4 3.5% 
Fossil gas 1.7 4.2% 
Uranium 0.3 0.8% 
Total 40.5 100.0% 

Source:  BGR, 2019 
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International coal market 

The largest coal producers in 2018 were China and India, 
followed by the United States and Indonesia.  Australia was 
the fifth largest coal producer and is the world’s largest 
exporter of steam and coking coal by value.  The European 
Union was the sixth largest producer, being the world’s 
largest producer of lignite by a wide margin.  The top-10 
producers accounted for 94% of total world production. 

Table 3 
Largest coal producers, 2018 

 

 
Country 
 

Coking 
coal 
(Mt) 

 
Steam coal 

(Mt) 

 
Lignite 

(Mt) 

 
Total 
(Mt) 

1 China 3026.4 523.7 - 3550.1 
2 India 676.4 49.2 45.3 770.9 
3 United States 561.7 71.9 51.7 685.4 
4 Indonesia 543.0 5.6 - 548.6 
5 Australia 257.8 179.4 46.0 483.1 
6 EU-28 15.5 60.2 366.9 442.6 
7 Russia 245.4 93.0 81.4 419.8 
8 South Africa 254.2 4.4 - 258.7 
9 Kazakhstan 96.4 10.8 6.4 113.7 

10 Turkey 1.9 0.7 85.2 87.8 
others 298.1 34.4 120.3 452.6 
World 5976.8 1033.3 803.2 7813.3 

Source:  IEA Coal Information 2019 and EURACOAL members 

Figure 18 
Largest coal producers in 2018, billion tonnes 

 

Source:  IEA Coal Information 2019 

The largest coal consumers in 2018 were China and India, 
followed by the United States.  The European Union was the 
fourth largest consumer, with steam coal for electricity 
generation being the main use of coal, accounting for three 
quarters of all coal and lignite use on an energy basis.  The 
top-10 consumers accounted for over 90% of total world 
consumption, with the European Union accounting for 7.8%.  
At 1.2 tonnes, the annual per-capita coal consumption of 
European Union citizens is above the global average of 
1.0 tonne of coal per person. 

Table 4 
Largest coal users, 2018 

 

 
Country 
 

Coking 
coal 
(Mt) 

 
Steam coal 

(Mt) 

 
Lignite 

(Mt) 

 
Total 
(Mt) 

1 China 587.4 3157.8 - 3745.1 
2 India 97.4 842.3 45.3 985.0 
3 United States 16.7 545.4 52.4 614.5 
4 EU-28 55.0 175.9 368.6 599.6 
5 Russia 64.5 93.4 73.8 231.7 
6 South Africa 3.3 186.1 - 189.4 
7 Japan 46.7 139.3 - 186.0 
8 South Korea 36.9 106.9 - 143.8 
9 Turkey 7.7 33.1 84.9 125.7 

10 Indonesia 7.5 107.6 - 115.1 
 others 69.0 547.8 168.5 785.3 

World 992.1 5935.6 793.5 7721.2 

Source:  IEA Coal Information 2019 and EURACOAL members 

Figure 19 
Largest coal users in 2018, billion tonnes 

 

Source:  IEA Coal Information 2019 

Global seaborne hard coal trade is estimated at 1 210 million 
tonnes in 2018, of which 906 million tonnes were steam coal 
and 304 million tonnes were coking coal.  Seaborne coal 
trade can be divided into Pacific and Atlantic markets, each 
with different supply patterns. 

Figure 20 
World traded coal flows in 2018 

 

Source:  VDKi, 2019 
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Important exporting countries for steam coal and coking coal 
are Australia, Indonesia, Russia, the United States, 
Colombia and South Africa and who together accounted for 
91% of all coal exports in 2018 (Table 5). 

Table 5 
Largest coal exporters, 2018 

 
Country 
 

Coking coal 
(Mt) 

Steam coal 
(Mt) 

Total 
(Mt) 

1 Indonesia 3.5 435.4 439.0 
2 Australia 179.2 202.7 381.9 
3 Russia 26.4 183.4 209.9 
4 United States 55.8 49.1 104.9 
5 Colombia 2.4 79.5 81.9 
6 South Africa 1.2 68.2 69.3 
7 Mongolia 25.7 8.3 34.0 
8 Canada 28.9 0.9 29.9 
9 Kazakhstan 3.6 22.2 25.8 

10 Mozambique 6.2 5.4 11.6 
 others 3.9 28.2 31.9 

World 336.8 1083.3 1420.1 

Source:  IEA Coal Information 2019 

Top coal importing countries are China, India, Japan, South 
Korea and Taiwan, together accounting for 65% of all coal 
trade in 2018.  In the European Union, Germany and Poland 
were the biggest coal importers in 2018, followed by Spain, 
Italy and France.  Leading exporters to the European Union 
are Russia, Colombia, the United States, Australia and South 
Africa.  In 2017, 38.9% of all coal imports into the European 
Union came from Russia. 

Figure 21 
Hard coal imports into the EU by country of origin, 2017 

 

Source:  European Commission DG Energy, 2019 

Global energy trends 

Future world energy scenarios to 2040 and beyond from the 
International Energy Agency (IEA) and other respected 
bodies show a marked increase in world total primary energy 

consumption, with more or less similar proportions of oil, coal 
and gas in the energy supply mix. 

In contrast to the global picture of growing fossil fuel use and 
hence rising carbon emissions, leaders of the European 
Union have agreed to reduce greenhouse gas emissions by 
80-95% by 2050 compared with 1990 levels.  Their ambition 
is to achieve carbon neutrality by 2050, such that residual 
man-made emissions are balanced by enhanced removals.  
The European Commission presented its Energy Roadmap 
2050 in December 2011, accompanied by an impact 
assessment in which it details various scenarios to achieve 
an 80% reduction in greenhouse gas emissions by 2050.  
While all sectors are analysed, the power sector is seen as 
the one carrying most of the burden of emission reductions. 

The IEA World Energy Outlook analyses future energy 
supply and demand to 2040.  In its Stated Policies Scenario, 
the Agency assumes the cautious implementation of already 
announced policy measures.  Figures 22 and 23 show that 
coal and lignite are expected to remain an important albeit 
smaller component of EU energy supply for many years. 

Figure 22 
EU production of coal and lignite 

 

Figure 23 
EU consumption of coal and lignite 

 

Sources:  European Commission, 2011 & 2016 and IEA, 2019a 
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Bulgaria 

Since the global economic crisis of 2007-08, the Bulgarian 
economy has grown steadily, by up to 4% per year.  In 2018, 
GDP growth was 3.4% and the unemployment rate was 
5.2%.  The driving forces for this growth are investment and 
domestic consumption as disposable household incomes 
rise.  EU funds and low interest rates on loans provide 
favourable investment conditions. 

With its large resource potential, the mining sector is of great 
importance to Bulgaria and has developed strongly over the 
years.  The mining sector has attracted considerable local 
and foreign investment with several companies investing in 
world-class exploration, extraction and processing projects.  
The National Strategy for the Development of the Mining 
Industry to 2030 envisages further growth of the sector. 

Following its Energy Strategy to 2020, the Bulgarian 
government is elaborating a new energy strategy to 2030, 
with a horizon to 2050.  The key priorities are:  guaranteeing 
energy security and the financial stability of companies in the 
energy sector;  full liberalisation of the Bulgarian electricity 
market in line with EU legislation;  selection of a prime 
contractor for the Belene nuclear power plant;  continued gas 
exploration in the Black Sea and construction of related 
infrastructure;  increasing the share of renewable energy 
sources in power generation;  and implementing an energy 
efficiency programme. 

In October 2019, the Council of Ministers approved a National 
Climate Change Adaptation Strategy and Action Plan for the 
period to 2030.  This will serve as a reference document, 
setting a framework for action and priority directions. 

Primary energy production totalled 16.8 million tonnes of coal 
equivalent in 2017, with lignite and brown coal having the 
highest share at 48.3%, followed by nuclear energy (34.6%).  
Renewables (16.3%), fossil gas (0.6%) and liquid fuels 
(0.2%) accounted for the remaining energy production.  In 
2012, eight years early, Bulgaria reached its 2020 target of 
16% renewable energy in final energy consumption, but at a 
high economic and political cost. 

Due to its domestic production of coal and nuclear power, 
Bulgaria had an import dependency in 2017 of just 39.5%, 
far below the EU average of 55.1%.  At 32.7%, the share of 
coal in total primary energy supply is more than double the 
EU average, while the 21.7% share of nuclear power is 
around 70% above the EU average.  Power prices are 
correspondingly low – among the lowest in the EU. 

Coal power plants accounted for 45.9% of total electricity 
generation in 2017 and help to guarantee Bulgaria’s energy 
security and economic competitiveness.  Indigenous coal 
reserves can fuel power generation for the next sixty years. 

 

 
 
 
General data  2018

Population million 7.1
GDP € billion 55.2
Per capita GDP €/person 7 800

 
 
 
The 1 926 MW Kozloduy nuclear power plant plays a 
prominent, baseload role.  The ten-year lifetime extensions 
granted in 2017 and 2019 for units 5 and 6 are of great 
importance; operation could continue for thirty years. Kozloduy 
accounted for 34.1% of gross power generation in 2017. 

The Bulgarian energy sector is important for the country’s 
energy-intensive industries and accounts for above 
EU-average shares in total employment and value added.  
The sector contributes to the socio-economic development 
and welfare of the coal mining municipalities. 

Large investments in new capacity, rehabilitation of old 
power plants and expansion of the electricity grid have been 
made over recent years.  However, regulated consumer 
tariffs are insufficient to cover new investments and the CO2 
emission allowance costs borne by electricity utilities, a 
situation exacerbated by the high number of consumers in 
arrears. 
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Lignite 

Opencast lignite mining is mainly carried out in the mines of 
MINI MARITSA IZTOK EAD (MMI) whose production of 
28.0 million tonnes accounted for 96.6% of the country’s total 
29.0 million tonnes in 2018.  Its mines cover an area of some 
240 square kilometres, being the largest mining site in South 
East Europe.  MMI is also the biggest employer in Bulgaria.  
The company supplies four power plants with its own lignite:  
the state-owned Maritsa East 2 thermal power plant (TPP) 
(1 620 MW) and the privately owned CONTOURGLOBAL 
Maritsa Iztok East 3 TPP (908 MW), AES Galabovo TPP 
(670 MW) and BRIKELL TPP (200 MW).  MMI also supplies 
lignite to the 120 MW Maritsa 3 TPP in Dimitrovgrad. 

As a subsidiary of BULGARIAN ENERGY HOLDING, MMI 
plays an important role in ensuring national energy security.  
In the next few years the level of lignite production by MMI 
will remain at 26-28 million tonnes, used exclusively for 
thermal power generation, whose share will remain stable.  
As there is no alternative to lignite in the immediate future, 
no significant reduction in lignite production or lignite-fired 
power generation is foreseen.  Under the various Energy 
Strategy scenarios, a decrease in lignite-fired power 
generation and capacity closures are projected after 2030 or 
when the new nuclear power plant is commissioned. 

The price of lignite mined by MMI, despite being the lowest in 
the EU, will most probably remain unchanged in the years 
ahead.  This has a negative impact on the company’s ability 
to invest.  The company will rely on European investment 
funds for development projects, including diversification 
projects such as a solar PV farm on the spoil tip of a mine. 

Other lignite mining companies accounted for small shares of 
national lignite production in 2018:  STANYANTSI JSC 
(1.9%) and BELI BYRAG JSC (1.5%). 

Brown coal 

Bulgaria’s brown coal deposits are mostly located in the 
western part of the country (Bobov Dol, Pernik and Pirin 
coalfields and the Katrishte deposit) and near the Black Sea 
(Cherno More coalfield).  In 2018, brown coal production 
from underground and surface mines was 1.3 million tonnes. 

VAGLEDOBIV BOBOV DOL EOOD mines in the Bobov Dol 
coalfield, being the largest deposit of brown coal in the country 
with reserves amounting to some 100 million tonnes.  After the 
closure of the country’s last underground mine at Bobov Dol in 
2018, only coal mined at a single opencast mine is supplied to 
the nearby 210 MW Bobov Dol TPP and to households. 

OTKRIT VAGLEDOBIV MINES EAD, another private 
company, owns two opencast mines in the Pernik coalfield 
supplying Bobov Dol TPP.  BALKAN MK OOD carried out 
underground coal mining in the Oranovo coalfield with some 
30 million tonnes of brown coal reserves. 

Other small, privately owned mines are the Vitren mine 
located in the Katrishte deposit, with an annual capacity of  

Bulgaria 

Coal resources and reserves  as at 1.1.2018

Total resources brown coal Mt 4 112
Total resources lignite Mt 4 574
Reserves brown coal Mt 192
Reserves lignite Mt 2 174

 
Primary energy production  2018

Total primary energy production* Mtce 16.8
Brown coal and lignite (saleable) Mt / Mtce 30.3 / 7.2

 
Saleable coal quality  

Brown coal calorific value kJ/kg 12 140-13 400
Lignite calorific value kJ/kg 5 652-7 746 
Brown coal ash content % a.r. <26
Lignite ash content % a.r. 17-45
Brown coal moisture content % a.r. <16
Lignite moisture content % a.r. 51-60
Brown coal sulphur content % a.r. <2.7
Lignite sulphur content % a.r. 2.2-2.8

 
Coal imports / exports  2018

Hard coal imports Mt 0.8

 
Primary energy consumption  2017

Total primary energy consumption* Mtce 26.8
Coal consumption Mtce 8.8

 
Power supply  2017

Total gross power generation TWh 45.6
Net power imports (exports) TWh (5.5)
Total power consumption TWh 30.0
Power generation from lignite TWh 19.6
Power generation from hard coal TWh 1.3
Lignite and brown coal power 
generation capacity MW 3 558

Hard coal generation capacity MW 175

 
Employment  2018

Direct in brown coal & lignite mining thousand 10.294
Other brown coal- & lignite-related** thousand 45.000

* 2017 data 
** e.g. in power generation, equipment supply, services and R&D 

around 0.1 million tonnes, and the Cherno More mine in the 
Black Sea coalfield near Burgas, with an annual capacity of 
0.25-0.3 million tonnes.  The latter closed in 2016. 

Hard coal 

Hard coal production is not significant (c.35 thousand 
tonnes) and is carried out by MINA BALKAN 2000 EAD. 
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Czech Republic 

Since 2014, the Czech Republic has enjoyed real GDP 
growth of around 3% per year.  Over the next few years, 
GDP is expected to grow at around 2%, driven almost 
exclusively by domestic demand.  Labour shortages 
constrain faster growth.  The Czech government aims to 
decouple energy consumption from economic growth. 

Coal is the only significant indigenous energy resource in the 
Czech Republic.  The country’s proven coal reserves have 
been estimated to total 705 million tonnes.  Brown coal, 
which accounts for more than 95% of these reserves, is 
mainly produced in north-western Bohemia, while hard coal 
is mined in northern Moravia.  Significant quantities of hard 
coal are exported to Slovakia, Poland, Austria and Hungary. 

Primary energy supply, which was 61.8 million tonnes of coal 
equivalent (Mtce) in 2018, comprised:  36.2% coal 
(22.4 Mtce total of which an estimated 5.7 Mtce was hard 
coal and 16.4 Mtce was brown coal), 15.8% fossil gas 
(9.7 Mtce) and 21.6% oil (13.3 Mtce).  The primary energy 
mix also includes nuclear energy with an 18.1% share in 
2018 (11.2 Mtce), as well as biofuels and waste which 
together accounted for 10.2% (6.3 Mtce).  Solar, hydro and 
wind power supplied the remaining 0.9% (0.6 Mtce). 

The Czech Republic’s dependence on energy imports has 
been quite modest to date, but is growing;  37.2% of energy 
demand was met by imports in 2017.  However, imports are 
structurally imbalanced with around 97% dependence on 
imported oil and gas.  A number of direct and indirect 
measures are being adopted to reduce energy import 
dependence, including:  increased energy efficiency, the 
promotion of renewable energy sources which already 
account for more than the targeted 13% share in final energy 
consumption by 2020, and the efficient use of indigenous 
solid fuel resources, mainly brown coal. 

In 2018, 49.5% of national gross electricity production of 
88.0 TWh came from coal-fired power plants with a total 
capacity of approximately 10.0 GW, including those using 
coal gas.  Fossil gas-fired power generation had a 4.3% 
share.  Nuclear power plants supplied 34.0% of gross 
generation and 11.8% came from renewable energy sources 
including hydro.  After rapid growth from 2009 to 2011, 
output from solar PV has stagnated, with 2.3 TWh in 2018 
when output from wind turbines was just 0.6 TWh. 

There are five coal mining companies in the Czech Republic, 
including OSTRAVSKO-KARVINSKÉ DOLY, the only hard 
coal producer, and four brown coal mining companies:  
SEVEROČESKÉ DOLY, the biggest producer of brown coal,  

 

 
 
 
General data  2018

Population million 10.6
GDP € billion 207.8
Per capita GDP €/person 19 600

 
 

owned by ČEZ;  VRŠANSKÁ UHELNÁ, with coal reserves to 
last until 2055;  SEVERNÍ ENERGETICKÁ, with the largest 
brown coal reserves in the Czech Republic;  and 
SOKOLOVSKÁ UHELNÁ, the smallest of the brown coal 
mining companies.  All five companies are publicly listed or 
in private ownership.  The majority state-owned utility 
company, ČEZ, is the largest coal consumer in the Czech 
Republic and the most important Czech supplier of 
electricity. 

Hard coal 

The Czech Republic has 23 million tonnes of economically 
recoverable hard coal reserves, with the largest deposits 
located in the Upper Silesian coal basin.  Having an area of 
6 500 square kilometres, this coal basin ranks among the 
largest in Europe.  A major part is located in Poland, while 
about one sixth (1 200 square kilometres) lies in the Czech 
Republic where it is called the Ostrava-Karviná basin (after 
the city of Ostrava and the town of Karviná).  Here, 
OSTRAVSKO-KARVINSKÉ DOLY (OKD) extracts hard coal 
from three deep mines:  Karviná, Darkov and ČSM.  A fourth 
mine, Paskov, stopped production in March 2017.  In 2018, 
OKD’s saleable output was 4.5 million tonnes, with a 
workforce of 6 895 own employees and 2 200 contractors.  
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The thickness of worked coal seams at Karviná mine ranges 
from 1.5 to 6.5 metres.  Production at OKD mines is mainly 
longwall with shearer loaders, combined with controlled 
caving.  The last longwall working with a plough finished in 
October 2019 and “room and pillar” trials have ended.  Raw 
coal is washed in coal preparation plants at ČSM and Darkov 
mines and is sold as coking coal or steam coal, based on its 
quality parameters. 

Brown coal and lignite 

The Czech Republic has 682 million tonnes of economically 
recoverable brown coal reserves.  In addition to a coal basin 
in North Bohemia and another basin near the town of 
Sokolov, there are coalfields in the south of the country, 
although these are not economically viable.  Production of 
brown coal totalled 39.2 million tonnes in 2018, providing an 
important contribution to the country’s energy supply. 

The main brown coal deposit and the largest mining area, 
covering 1 400 square kilometres, is the North Bohemian 
brown coal basin, which is located at the foothills of the 
Krušné hory mountains, along the border with the German 
state of Saxony, in the vicinity of the towns of Kadaň, 
Chomutov, Most, Teplice and Ústí nad Labem.  The coal 
seams in this area lie at depths of up to 400 metres and are 
between 15 and 30 metres thick. 

Brown coal is extracted in the central part of the North 
Bohemian brown coal basin by two mining companies, 
VRŠANSKÁ UHELNÁ (VUAS) and SEVERNÍ 
ENERGETICKÁ (SEAS).  Both are members of the vertically 
integrated SEV.EN ENERGY GROUP and together employ 
2 700 people for coal production out of a total group 
workforce of 3 140 in 2018. 

SEAS exploits the country’s largest brown coal deposit at its 
ČSA surface mine, which holds reserves of 750 million 
tonnes of good quality brown coal with an energy content of 
up to 17 500 kJ/kg.  These reserves are sufficient to support 
production for the next one hundred years.  However, 
reserves within the current mining limits, which were 
approved in 1991, will last until 2024.  A total of 3.7 million 
tonnes was produced in 2018. 

VUAS extracts brown coal at the Vršany surface mine.  Its 
coal reserves within existing mining limits have the longest 
remaining life of any in the Czech Republic.  In 2013, the 
company entered into a fifty-year coal supply agreement with 
the ČEZ Počerady power station (5 × 200 MW).  This long-
term contract secures the future of Vršany mine through to 
its depletion and brings economic stability to the North 
Bohemian region.  In 2018, VUAS extracted 7.8 million 
tonnes of brown coal. 

The SEV.EN ENERGY GROUP also operates the 820 MW 
Chvaletice brown coal power plant which is undergoing an 
extensive modernisation programme to reduce emissions 
and meet stringent European environmental standards with 
the aim of extending its life to 2030. 

Czech Republic 

Coal resources and reserves as at 1.1.2018

Resources hard coal Mt 1 437
Resources lignite Mt 2 210
Reserves hard coal Mt 23
Reserves lignite Mt 682

 
Primary energy production  2018

Total primary energy production Mtce 39.4
Hard coal (saleable output) Mt / Mtce 4.4 / 4.0
Lignite (saleable output) Mt / Mtce 39.2 / 16.7

 
Saleable coal quality  

Hard coal net calorific value kJ/kg 25 490-32 070
Lignite net calorific value kJ/kg 11 600-20 560
Hard coal ash content % a.r. 4.3-18.9
Lignite ash content % a.r. 6.0-37.8
Hard coal moisture content % a.r. 3.5-9.9
Lignite moisture content % a.r. 26.5-38.3
Hard coal sulphur content % a.r. 0.42-0.43
Lignite sulphur content % a.r. 0.78-1.44

 
Coal imports / exports  2018

Hard coal imports Mt 3.8
Hard coal exports Mt 1.9

 
Primary energy consumption  2018

Total primary energy consumption Mtce 61.8
Hard coal consumption Mtce 5.7
Lignite consumption Mtce 16.4

 
Power supply  2018

Total gross power generation TWh 88.0
Net power imports (exports) TWh (13.9)
Total power consumption TWh 74.1
Power generation from hard coal TWh 5.8
Power generation from lignite TWh 37.7
Hard coal power generation capacity MW 1 200
Lignite power generation capacity MW 8 450

 
Employment  2018

Direct in hard coal mining thousand 6.757
Direct in lignite mining thousand 7.147

 
 
In 2019, SEV.EN ENERGY GROUP expanded its portfolio 
by acquiring two heat and power plants:  a 516 MW coal- 
and gas-fired plant at Kladno near Prague and a 64 MW 
plant at the city of Zlín in eastern Moravia. 

The brown coal mining company SEVEROČESKÉ DOLY 
(SD) based in the town of Chomutov operates in the North 
Bohemian brown coal basin, northwest of Prague.  SD 
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extracts brown coal at two sites, namely the Tušimice mine 
and the Bílina mine.  A total of 21 million tonnes was 
produced in 2018, giving SD a 54% share in national brown 
coal production. 

The Tušimice brown coal mine is located between the towns 
of Chomutov and Kadaň and has an annual production 
capacity of over 11 million tonnes.  After blending at the 
Tušimice coal preparation plant, the vast majority of the coal 
produced is supplied to the Tušimice and Prunéřov power 
stations operated by ČEZ. 

The Bílina brown coal mine is located between the towns of 
Bílina and Duchcov.  Each year, over 9 million tonnes of 
high-quality, low-sulphur brown coal (11 000-13 000 kJ/kg) 
are produced and transported to Ledvice power station, CHP 
plants, district heating plants, industrial users and 
households. 

In 2018, the SD group had a total workforce of 4 841. 

Located in western Bohemia, in the western part of the 
coalfield below the Krušné hory mountains, the brown coal 
basin around the town of Sokolov is mined by 
SOKOLOVSKÁ UHELNÁ (SU).  The company operates one 
surface mine, the Jiří mine.  In 2018, its output was 
6.8 million tonnes.  Brown coal from the Sokolov area is 
mainly used for power and heat generation, with chemical 
by-products from coal gasification also being important. 

SU generates electricity and heat at two of its own plants:  
the Vřesová IGCC plant (2 × 200 MWe) and a CHP plant 
(5 × 270 MWt), which have a combined annual output of 
3.5 TWh.  Most of the heat produced is consumed by the 

company itself, although some is supplied to the towns of 
Karlovy Vary, Nejdek, Chodov and Nová Role.  The 
company also pursues environmental activities, notably the 
reclamation of land affected by surface mining, as well as 
waste processing and disposal.  SU’s operations employed a 
total workforce of 2 980 in 2018. 

The Czech coal industry has always played and will continue 
to play a significant role in the national economy.  In 2018, 
the share of coal in gross electricity production amounted to 
49.5%.  According to the most recent State Energy Policy, 
adopted in May 2015, the share of coal in gross electricity 
production should decrease to between 11% and 21% by 
2040.  The State Energy Policy will be updated in 2020, 
based on the recommendations of a Coal Commission 
established in 2019.  With this gradual phasing out of coal-
fired power generation, the use of fossil gas, biogas and, 
prospectively, synthetic methane and hydrogen will increase 
in the Czech Republic, according to the draft National Energy 
and Climate Plan submitted by the Czech government to the 
European Commission in December 2018. 

To ensure the sustainable use of coal in the future, the 
Czech Republic is engaged in a comprehensive programme 
to renovate and renew coal-fired power stations in North 
Bohemia.  The 800 MW Tušimice II power station has been 
renovated, reducing its CO2 emissions significantly and 
extending its life to 2035.  The life of the 750 MW Prunéřov II 
power station has also been extended following the 
renovation of three units, successfully reducing CO2 
emissions by 40%.  Finally, the new, state-of the-art 
supercritical 660 MW Ledvice power station, commissioned 
in 2017, has an efficiency of 42.5%.  With a forty-year design 
life, its 140-metre high boiler house is a Czech landmark. 
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Germany 

Germany has the fourth largest economy in the world, after 
the United States, China and Japan.  Following a major 
downturn in 2009, after the global economic crisis, the 
German economy has grown at an average rate of 2.1% 
since 2010.  The unemployment rate in 2018 was 3.4%.  
Germany accounts for almost one fifth of EU energy use. 

Germany has considerable reserves of lignite, making it one 
of the country’s most important indigenous sources of 
energy.  There are long-term prospects to mine about 
4 billion tonnes of lignite reserves at existing and approved 
surface mines.  The last two hard coal mines were closed in 
December 2018, following a political decision ten years 
earlier to end subsidised German hard coal production. 

In 2018, primary energy production totalled 160.9 million 
tonnes of coal equivalent (Mtce).  With an output of 
54.0 Mtce, coal and lignite had a share of 33.6%.  The mix of 
indigenous primary energy production can be broken down 
as follows:  51.4 Mtce of lignite (32.0%), 2.6 Mtce of hard 
coal (1.6%), 10.1 Mtce of oil and fossil gas (6.3%), 28.3 Mtce 
of nuclear power (17.6%) and 68.5 Mtce of renewable 
energy and other fuels (42.6%). 

Germany’s primary energy consumption amounted to 
447.2 Mtce in 2018.  Oil accounted for the largest share 
(34.0%), followed by fossil gas (23.4%), coal (22.2%), 
renewables (13.8%) and nuclear energy (6.3%).  Within the 
figure for coal, hard coal accounted for 10.9% and lignite for 
11.3% of total primary energy consumption.  Germany is 
dependent on energy imports to a large extent, except in the 
cases of lignite and renewable energy.  About 94% of hard 
coal supply was imported in 2018 and, since 2019, Germany 
has depended entirely on imported hard coal.  The country’s 
overall energy import dependence was 63.6% in 2018. 

The power generation structure is characterised by a 
diversified energy mix.  In 2018, Germany’s gross power 
generation of 646.8 TWh was produced as follows:  35.4% 
from coal (of which 22.5% was from lignite and 12.9% from 
hard coal), 35.0% from renewable energy sources, 12.9% 
from fossil gas, 11.8% from nuclear and 4.1% from other 
sources.  Thus, hard coal and lignite, along with nuclear 
power, are still the mainstays of the German power industry. 

Since 2011, the German government and parliament have 
decided on a package of several new or amended energy 
laws and further political measures to foster change in the 
energy sector.  This fundamental, long-term change is known 
as the Energiewende or “energy transition” to renewable 
energy sources and includes the phase-out of nuclear power 
generation in Germany by the end of 2022. 

 

 
 
 
General data  2018

Population million 82.8
GDP € billion 3 344.4
Per capita GDP €/person 40 300

 
 
 
In November 2016, the federal government agreed a 
“Climate Protection Plan 2050” (Klimaschutzplan 2050) 
which sets out strategies to reduce greenhouse gas 
emissions by 55% by 2030 compared with 1990 and by 80% 
to 95% by 2050.  The plan provides for specific reduction 
targets for each sector for 2030:  61% to 62% for the energy 
sector.  To ensure that implementation of the plan is not 
uniquely detrimental to the coal-producing regions, the 
governing parties (CDU/CSU and SPD) decided in their 2018 
coalition agreement to establish a “Growth, Structural 
Change and Employment” Commission”. 

This commission was appointed in June 2018.  In late 
January 2019, it presented its final report which inter alia 
includes recommendations for the gradual reduction and 
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eventual phase out of all coal-fired power generation in 
Germany.  According to the commission’s report, a reduction 
in the installed capacity of lignite and hard coal power plants, 
to about 15 GW each, should be made by 2022.  Compared 
with the end of 2017, when coal capacity totalled 42.5 GW, 
this means a decline of almost 5 GW for lignite-fired power 
plants and of 7.7 GW for hard coal-fired power plants.  By 
2030, the installed capacity of coal-fired power plants 
(outside of reserves) is to be reduced to a maximum of 9 GW 
for lignite and 8 GW for hard coal. 

In addition, the commission recommends a complete phase-
out of coal-fired power generation in Germany by the end of 
2038 – more than ten years earlier than planned.  This coal 
phase-out is to be linked to a number of energy security and 
social policy conditions which will be verified in 2023, 2026 
and 2029.  Insofar as certain prerequisites are met with 
regard to energy-intensive industries, regional employment 
and economic competitiveness, the date for the final phase-
out may be set earlier than 2038, but no earlier than 2035 
and subject to negotiations with the power plant operators.  
Whether an earlier date would be possible will be examined 
in 2032 under a “flexibility clause”. 

In implementing these recommendations, Germany will be 
prematurely deprived of an important source of electric 
power for its industrial heartland.  These recommendations 
are, at the same time, a major intervention into the social 
framework and value creation of the lignite-mining districts.  
In fact, even without a premature, state-regulated exit from 
coal, power generation based on lignite in Germany would 
have ended by no later than 2050. 

To decommission lignite-fired power plants, the “Growth, 
Structural Change and Employment” Commission 
recommends a contractual agreement with the operators.  
This should contain compensation payments for the 
operators and be linked to legal regulations on a socially 
acceptable phase-out.  By late autumn 2019, such 
agreements between the lignite companies and the federal 
government should have been negotiated.  Hard coal-fired 
power plant operators should receive a “voluntary premium” 
through tenders.  A bill was presented in autumn, allowing a 
coal phase-out law to be passed by the end of 2019 or early 
in 2020.  To support the structural change and transition 
process in the affected coal regions, another bill was 
presented by the federal government in late summer 2019.  It 
provides for several measures, including state aid up to 
€40 billion through to 2038 for investments and projects in 
the affected regions. 

The recommendations of the commission also propose 
incentives for the construction of gas-fired power plants and 
for the increased use of combined heat and power (CHP) 
plants.  Both are needed in order to ensure security of supply 
since coal-fired power plants will no longer be available.  
Additional investments will be needed, for example in open-
cycle gas turbines or gas engines. 

Until there is a large-scale storage solution for electricity, a 
combination of power systems will be needed to match the 

ups and downs of wind and solar PV power generation and 
so balance supply and demand, because renewable power 
can be close to zero at times and low for several months. 

Figure 24 
Coal power plant decommissioning plan of the “Growth, 
Structural Change and Employment” Commission 

 

Hard coal 

In 2018, the German hard coal market amounted to 
48.7 Mtce, of which 27.2 Mtce were used for power and heat 
generation, while 20.4 Mtce were consumed by the steel 
industry.  The remaining 1.1 Mtce were sold to the residential 
heating market. 

At 46.7 million tonnes, Germany was the EU’s largest hard 
coal importer in 2018 (32.1 million tonnes of steam coal, 
12.4 million tonnes of coking coal and 2.3 million tonnes of 
coke).  The most important sources of imported coal were 
Russia with a share of 41.1%, followed by the United States, 
Australia, Colombia, Canada and South Africa. 

The German government has phased out – in a socially 
acceptable manner – all state aid for hard coal production.  
In 2018, the saleable output from Prosper-Haniel and 
Ibbenbüren deep mines, the last two mines of RAG 
DEUTSCHE STEINKOHLE (RAG), totalled 2.8 million 
tonnes.  Both mines closed at the end of 2018.  Therefore, 
Germany’s hard coal production has definitively ended. 

Employment figures continue to fall steadily and the number 
of employees in the hard coal mining sector was 4 125 at the 
end of 2018. 

The core activities of RAG are now:  mine water 
management, repairing subsidence damage due to past coal 
mining, and the restructuring of former coal mining areas.  
The private RAG FOUNDATION, created in July 2007, is the 
owner of RAG and majority owner of EVONIK, a speciality 
chemicals company.  Continuing liabilities after the phase-
out of hard coal mining will be financed by the proceeds of 
the Foundation which also promotes education, science and 
culture in the mining regions. 
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Brown coal and lignite 

Lignite supply in 2018 totalled 51.1 Mtce of predominantly 
domestic production (lignite imports were an insignificant 
35 thousand tonnes).  Exports of pulverised lignite and 
briquettes amounted to 1.1 Mtce. 

Lignite production, which totalled 166.3 million tonnes 
(51.4 Mtce) in 2018, was centred in three mining areas, 
namely the Rhenish mining area around Cologne, Aachen 
and Mönchengladbach, the Lusatian mining area in south-
eastern Brandenburg and north-eastern Saxony, and the 
Central German mining area in the south-east of Saxony-
Anhalt and the north-west of Saxony.  In these three mining 
areas, lignite is exclusively extracted at opencast mines.  In 
2018, a total of 880 million cubic metres of overburden were 
moved during mining – an average overburden-to-coal ratio 
of 5.3 cubic metres per tonne. 

Nearly 90% of lignite production is used for power generation 
(148.2 million tonnes in 2018), accounting for 22.5% of total 
power generation in Germany.  On 1 July 2015, as part of 
the “Climate Action Programme 2020”, national political 
leaders, trade unions and the power plant operators jointly 
agreed that 2 700 MW of lignite-fired power generation 
capacity would be gradually transferred into a security 
standby reserve, starting in October 2016 and ending in 
October 2023.  These plants will remain on standby for a 
period of four years after which they will be closed.  These 
decommissionings will decrease electricity production from 
lignite by about 15% by 2023 and so reduce lignite demand 
by about 21 million tonnes, thus reducing greenhouse gas 
emissions by approximately 21 MtCO2 per year. 

Figure 25 
Lignite-fired power plants in the security standby reserve 

 

 
 

In the Rhineland, RWE POWER AG produced a total of 
86.3 million tonnes of lignite in 2018 from its three opencast 
mines:  Hambach, Garzweiler and Inden.  Almost 90% of the 
lignite was consumed at the company’s own power stations, 
whilst some 10.3 million tonnes were used for processed 
products.  At the end of 2018, the Rhenish mining area had a 
total workforce of around 10 000. 

At the end of March 2018, the district government of 
Arnsberg approved the main operating plan for the open-pit 
mine Hambach, covering the 2018-2020 period.  Then, in 
April and June 2018, the German Federation for the 
Environment and Nature Conservation (BUND or Friends of 
the Earth Germany) filed a legal complaint against the plan’s 
approval and initiated an expedited proceeding against the 
order for immediate enforcement.  The Higher Administrative 
Court of North Rhine-Westphalia ruled on 5 October 2018 
that forest clearing should not be carried out in Hambach 
Forest before a legally enforceable decision had been 
reached in the BUND case, although other mining operations 
could continue.  No decision has been reached on the factual 
issue of clarifying Hambach Forest’s fauna-flora habitat 
status and a final decision on the case might not be available 
before the end of 2020.  Hence, forest clearing is likely only 
in 2021.  For RWE POWER, the interruption to forest 
clearance has far-reaching consequences.  It is expected 
that the first mining bench will reach Hambach Forest by the 
end of 2019.  At the same time, recultivation measures will 
be affected, because overburden will not be available.  In 
order to avoid reaching a complete standstill, lignite mining 
and hence electricity production have been reduced since 
early 2019.  Elsewhere, the “Growth, Structural Change and 
Employment” Commission recommends keeping Hambach 
Forest as it is now. 

In 2018, gross electricity production at the lignite-fired power 
plants of the Rhenish District amounted to 72.0 TWh, from a 
gross installed capacity of 11 489 MW.  Two 300 MW 
Frimmersdorf units (P and Q) were transferred into secure 
standby from 1 October 2017, followed by two 300 MW 
Niederaußem units (E and F) from 1 October 2018.  A 
300 MW Neurath unit (C) was transferred into secure 
standby by 1 October 2019.   

In the Lusatian mining region, the Czech EPH-owned 
LAUSITZ ENERGIE BERGBAU AG (branded LEAG) 
extracts lignite at Jänschwalde and Welzow-Süd in 
Brandenburg, as well as at Nochten and Reichwalde in 
Saxony with a total output of 60.7 million tonnes in 2018. 

Lignite sales to power plants in Lusatia totalled 56.9 million 
tonnes in 2018.  LEAG is the main operator of lignite-fired 
power plants in the mining area with a total gross capacity of 
7 175 MW, including Jänschwalde, Schwarze Pumpe and 
Boxberg power plants.  In 2018, the gross power output from 
these plants was 53.1 TWh.  At the end of 2018, LEAG had a 
total workforce of around 8 000. 

The Central German mining area around Leipzig yielded a 
total lignite output of 19.2 million tonnes in 2018.  The most 
important company in this area is MITTELDEUTSCHE 
BRAUNKOHLENGESELLSCHAFT mbH (MIBRAG), owned 
by the Czech company, EPH.  It has two opencast mines at 
Profen in Saxony Anhalt and Schleenhain in Saxony.  The 
company supplies lignite to its two combined heat and power 
plants at Deuben and Wählitz with a total capacity of 
124 MW, as well as to the larger LEAG/ENBW Lippendorf 
and UNIPER Schkopau power stations.  With a gross 
capacity of 3 200 MW, these plants generated 20.3 TWh in 

1 Oct 2016 1 Oct 2018 1 Oct 2020 1 Oct 2022

1985

1966

1970

1970

1971

1989

1987

1973

commissioning year

Neurath C - 292 MW

Jänschwalde E - 465 MW

Jänschwalde F - 465 MW

Niederaußem F - 299 MW

Niederaußem E - 295 MW

Frimmersdorf Q - 278 MW

Frimmersdorf P - 284 MW

Buschhaus - 352 MW
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2018.  At the end of 2018, the Central German mining area 
had a total workforce of 2 380. 

Also in Central Germany, ROMONTA GmbH operates an 
open-pit lignite mine for crude montan wax production at 
Amsdorf in Saxony-Anhalt.  Montan wax is primarily used in 
the plastics industry, for the manufacture of cosmetics and 
cleaning products, and for the hydrophobic treatment of 
building materials.  In addition, montan wax is used as a 
forming wax in investment casting and as an additive to 
modify the performance of asphalt and bitumen.  Lignite 
production in 2018 was 466 thousand tonnes.  The wax-free 
fuel is used for power generation at Amsdorf. 

Extraction of lignite from opencast mines changes the natural 
landscape, so land reclamation is an integral part of any 
mining project.  Mining activities are only complete following 
the transformation of a former “industrial” opencast mine into 
a vibrant landscape.  For more than one hundred years, 
nature has inspired landscape restoration projects in 
Germany, including indigenous flora and fauna.  Projects that 
return land to productive use, often with a high recreational 
and agricultural value, are most typical. 

The approved opencast mining plans take into account many 
issues and ensure a balance between the various interests in 
the lignite mining areas.  Implementation of the “Growth, 
Structural Change and Employment” Commission’s 
recommendations may require changes to the existing 
permits, depending on the nature of the opencast mine sites.  
It will be a real challenge to find a new balance between the 
various interests, including agriculture, forestry, local 
authorities, water management, nature conservation and, 
last but not least, mining. 

The German lignite industry is represented by the Deutscher 
Braunkohlen-Industrie-Verein e. V. (DEBRIV – the German 
Brown Coal Association).  On behalf of DEBRIV, the German 
Economic Institute (IW) examined the impact of a stricter 
national CO2 reduction target on the operation of the EU 
emissions trading system (ETS) to 2030 and beyond.  IW 
concluded in October 2018 that electricity prices in Germany 
would rise as a result of the EU ETS reforms adopted earlier 
in 2018 and that added value and jobs in the lignite industry 
would be lost because of the higher cost of CO2 emission 
allowances required for lignite-fired power generation. 

An accelerated phase-out of coal, as has now been 
recommended and is being adopted by the state, will lead to 
an even larger reduction of added value and jobs in the 
lignite industry, and indirectly in upstream sectors.  The 
national 55% reduction target for CO2 emissions from the 
energy sector by 2030 (c.f. 1990) would already halve jobs in 
the German lignite industry by 2025.  By 2030, more than 
two thirds of jobs would be lost.  According to IW 
calculations, around 72 000 direct, indirect and induced jobs 
depend on the lignite industry, as every job in the industry is 
linked to almost two more jobs elsewhere in the economy. 

Germany 

Coal resources and reserves  as at 1.1.2019

Total resources hard coal Mt 82 964
Total resources lignite Mt 72 400
Reserves lignite Mt 35 900

 
Primary energy production  2018

Total primary energy production Mtce 160.9
Hard coal (saleable output) Mt / Mtce 2.8 / 2.6
Lignite (saleable output) Mt / Mtce 166.3 / 51.4

 
Saleable coal quality  

Hard coal net calorific value kJ/kg 30 264
Lignite net calorific value kJ/kg 7 000-11 300
Hard coal ash content % a.r. 3.3-21.0
Lignite ash content % a.r. 2.0-15.0
Hard coal moisture content % a.r. 2.5-13.0
Lignite moisture content % a.r. 47.0-61.0
Hard coal sulphur content % a.r. 0.45-1.8
Lignite sulphur content % a.r. 0.12-2.1

 
Coal imports / exports  2018

Hard coal imports Mt 44.5
Lignite imports Mt 0.0

 
Primary energy consumption  2018

Total primary energy consumption Mtce 447.2
Hard coal consumption Mtce 48.7
Lignite consumption Mtce 50.4

 
Power supply  2018

Total gross power generation TWh 646.8
Net power imports (exports) TWh (51.2)
Total final power consumption TWh (est.) 526.9
Power generation from hard coal TWh gross 83.2
Power generation from lignite TWh gross 145.5
Hard coal power generation capacity MW net 24 462
Lignite power generation capacity MW net *20 327

 
Employment  2018

Direct in hard coal mining thousand 4.125
Direct in lignite mining thousand 15.876
Other hard coal-related** thousand 15.000
Other lignite-related** thousand 4.979

* of which 1 973 MW is in a security standby reserve 
** e.g. in power generation, equipment supply, services and R&D 
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Greece 

Accounting in 2018 for 20.5% of the country’s primary energy 
supply of 32.3 Mtce, lignite is Greece’s most important 
indigenous energy resource, although the country does have 
modest oil and gas reserves.  At 0.3 Mtce, hard coal imports 
accounted for 0.9% of energy supply.  Oil accounted for 
45.9% of total primary energy supply in 2018;  Greece has a 
large refining industry which exports oil products.  Fossil gas 
had an 18.2% share in primary energy supply in 2018.  
Electricity trade has grown steadily over the years, although 
the global economic crisis disrupted first imports and then 
exports.  In 2018, electricity imports into Greece reached 
8.7 TWh. 

Security of supply, low extraction costs and stable prices are 
important reasons why lignite still maintains a significant 
share in the Greek energy mix.  However, in September 
2019, Prime Minister Kyriakos Mitsotakis pledged to phase 
out lignite-fired power generation by 2028. 

Lignite 

Greece boasts lignite resources of 3.6 billion tonnes and 
2.9 billion tonnes of economically workable reserves.  The 
most important deposits are located in the north of the 
country at Ptolemais-Amynteon and Florina (1.6 billion 
tonnes) which contribute around 80% of production.  Other 
deposits lie at Drama (900 million tonnes) and at Elassona 
(170 million tonnes), as well as in the south at Megalopolis 
(132 million tonnes).  There is also a large peat deposit of 
about 4 billion cubic metres at Philippi in the northern part of 
Greece (Eastern Macedonia).  Only 30% of the total lignite 
reserves have been extracted to date and remaining 
reserves are good for over forty years at current production 
rates. 

Lignite deposits in Greece lie at an average depth of 150 to 
200 metres and typically comprise layers of lignite alternating 
with mineral layers. 

The quality of Greek lignite can be characterised as follows:  
the lowest calorific values are in the areas of Megalopolis 
and Drama (3 770 to 5 020 kJ/kg) and Ptolemais-Amynteon 
(5 230 to 6 280 kJ/kg).  In Florina and Elassona the calorific 
value lies between 7 540 and 9 630 kJ/kg.  The ash content 
ranges from 15.1% (Ptolemais) to 19.0% (Elassona), and the 
water content from 41.0% (Elassona) to 57.9% 
(Megalopolis).  At less than 1%, the sulphur content is 
generally low. 

Lignite is mined by the PUBLIC POWER CORPORATION 
(PPC) exclusively in opencast mines.  This majority state- 

 

 
 
 
General data  2018

Population million 10.7
GDP € billion 184.7
Per capita GDP €/person 17 200

 
 

owned company is the largest lignite producer in Greece and 
operates mines in Western Macedonia at Main Field, South 
Field, Kardia Field and Amynteon Field.  LIGNITIKI 
MEGALOPOLIS SA, a 100% owned subsidiary of PPC, also 
operates an opencast site in the Peloponnese region of 
southern Greece, in the Megalopolis Field. 

Bucket-wheel excavators, spreaders, tripper cars and 
conveyor belts are used to mine and transport lignite at these 
sites.  PPC currently operates forty-three bucket-wheel 
excavators and twenty-two spreaders, together with more 
than 300 kilometres of belt conveyors.  Hydraulic excavators 
and heavy trucks are used to remove the hard overburden 
formations found at some mines. 

In 2018, lignite production amounted to 36.5 million tonnes, 
mostly mined by PPC, with 27.2 million tonnes extracted by 
the company at the West Macedonia Lignite Centre (WMLC) 
and 7.4 million tonnes at the Megalopolis Lignite Centre 
(MLC).  The few privately operated mines in the West 
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Macedonia area produced a total of 1.9 million tonnes of 
lignite. 

In 2018, WMLC operations removed a total of 143.7 million 
cubic metres of overburden and interburden, corresponding 
to an overburden-interburden-to-lignite ratio of 5.3 cubic 
metres per tonne.  At MLC, overburden plus interburden 
removal was 15.8 million cubic metres, corresponding to an 
overburden-interburden-to-lignite ratio of 2.1:1.  Although the 
overburden-interburden-to-lignite ratio has significantly 
increased in recent years, it is expected to remain stable in 
the future.  The two mining areas, WMLC and MLC, and the 
head office in Athens, employed during 2018 a total 
permanent workforce of about 4 082. 

Environmental protection is one of the major parameters 
defining PPC’s overall strategy and its daily mining activities.  
In the lignite mining areas around Ptolemais-Amynteon and 
Megalopolis, PPC has carried out site restoration projects to 
create farmland, tree plantations, woodland, animal 
sanctuaries and crop-testing areas. 

At the end of 2018, power generation plants owned by PPC 
and its subsidiaries accounted for 60.6% of the country’s 
total installed capacity of 21.5 GW and include lignite- and 
gas-fired plants, oil-fired plants on interconnected and 
autonomous islands, hydro plants, wind farms and solar PV 
plants.  There are also seven private power plants with a 
total capacity of 2 626 MW.  PPC and its subsidiaries own six 
lignite-fired power plants comprising fourteen units with a 
total installed capacity of 4 337 MW.  In 2018, lignite-fired 
power plants accounted for 29.2% of net power generation of 
51.0 TWh.  The share of gas was 27.7%, oil 9.0%, hydro 
11.3%, wind 12.3%, solar 7.7%, CHP 2.2% and 
biofuels/waste 0.6%.  The output from solar PV has been flat 
since 2013 when subsidies were reduced.  In 2018, 
residential consumers paid €23/MWh in renewable subsidies 
to support wind and solar. 

Lignite’s future role in Greece will depend on changes taking 
place across the European energy sector, including the cost 
of carbon allowances under the EU emissions trading 
system.  The significant increase in allowance prices during 
2018 resulted in a reduction of the competiveness of lignite-
fired power generation.  PPC faces other important 
challenges relating to the regulatory framework governing 
energy market liberalisation, including the forced divestment 
of lignite-fired units at its Meliti and Megalopolis power 
stations.  Strategic priorities now include the replacement of 
old and inefficient plants and investment in renewable energy 
sources.  The new 660 MW Ptolemaida V lignite-fired power 
plant is one priority, with construction by TERNA SA and 
HITACHI POWER EUROPE of this €1.4 billion project well 
underway. 

In response to declining lignite production, the national 
government and the regional government of Western 
Macedonia are working with the World Bank, the European 
Commission, PPC and other stakeholders on regional 
development strategies to ensure a smooth transition to 
alternative means of wealth creation and energy supply. 

Greece 

Coal resources and reserves  as at 1.1.2018

Total resources lignite Mt 6 430
Reserves lignite Mt 2 876

 
Primary energy production  2018

Total primary energy production Mtce 10.6
Lignite (saleable output) Mt / Mtce 36.5 / 6.3

 
Saleable coal quality  

Lignite net calorific value kJ/kg 3 770-9 630
Lignite ash content % a.r. 15.1-19.0
Lignite moisture content % a.r. 41.0-57.9
Lignite sulphur content % a.r. 0.4-1.0

 
Coal imports / exports  2018

Hard coal imports Mt 0.4

 
Primary energy consumption  2018

Total primary energy consumption Mtce 32.3
Hard coal consumption Mtce 0.3
Lignite consumption Mtce 6.3

 
Power supply*  2018

Total net power generation TWh 51.0
Net power imports (exports) TWh 6.3
Total power consumption TWh 57.3
Net power generation from lignite TWh 14.9
Lignite power generation capacity MW 4 337

 
Employment  2018

Direct in lignite mining thousand 4.082
Other lignite-related** thousand 2.012

* including small islands with independent diesel generators 
** at PPC lignite-fired power plants 
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Hungary 

Since 2013, Hungary’s export-oriented economy has grown 
strongly;  GDP grew by a healthy 5.1% in 2018.  The country 
enjoys almost full employment with an unemployment rate of 
just 3.6% at the end of 2018, thanks partly to a public work 
scheme.  Due to its sparse energy and raw material 
resources, Hungary is import dependent. 

Total conventional energy resources in Hungary comprise 
about 10.5 billion tonnes of coal, 4.1 trillion cubic metres of 
fossil gas (including unconventional) and 0.8 billion cubic 
metres of oil (including unconventional).  Lignite and brown 
coal reserves account for about half of Hungary’s total coal 
resources and are the most important indigenous sources of 
energy currently exploited. 

Hungary’s primary energy consumption in 2018 amounted to 
38.1 Mtce.  Fossil gas had the biggest share in this total 
(31.3%), followed by oil (29.2%), nuclear energy (15.4%), 
combustible renewables and waste (10.3%) and coal (8.1%).  
Hungary aims to increase the share of renewable energy in 
gross final energy consumption to 14.65% by 2020 and 20% 
by 2030. 

Hungary is a net importer of energy and in 2017 had an 
overall energy import dependency of 62.6%.  In 2018, import 
dependencies were as follows:  oil 89%, fossil gas 78% and 
coal 49%. 

National electricity generation in 2018 totalled 31.9 TWh from 
an installed capacity totalling around 9.2 GW.  A net 
14.3 TWh of electricity was imported.  Nuclear energy from 
Hungary’s sole nuclear power plant at Paks accounted for 
49.4% of gross electricity production.  This state-owned plant 
has four reactors with a combined gross capacity of 
2 000 MW.  As a result of a service lifetime extension 
programme, the four units at Paks will operate for another 
fifteen to twenty years.  Paks II (2 × 1 200 MW) has been 
approved for constructed on the same site;  the new units 5 
and 6 are expected to start operation in the late 2020s.  Gas-
fired generation also makes a major contribution to national 
electricity supply;  it had a share of 22.7% in 2018.  
Electricity produced from coal, including lignite, had a share 
of 15.1% in gross electricity production in 2018, generated 
mainly by MÁTRAI ERÖMÜ ZRT which is majority owned by 
OPUS GLOBAL.  Renewable energy sources had a share of 
11.6%, mostly biomass, followed by equal shares from wind 
turbines and solar PV, then biogas, municipal and industrial 
wastes, hydro and some geothermal.  A new support 
scheme for renewable power generation was adopted in 
June 2016, with feed-in tariffs and premiums that have led to 
a surge in solar PV projects. 

 

 
 
 
General data  2018

Population million 9.8
GDP € billion 131.9
Per capita GDP €/person 13 500

 
 
 
The second National Climate Change Strategy, approved by 
the Hungarian parliament in October 2018, targets a 40% 
reduction in greenhouse gas (GHG) emissions by 2030, 
compared with 1990, and a 52% to 85% reduction of gross 
GHG emissions by 2050.  The Ministry of Innovation and 
Technology (MIT) is developing a new National Energy 
Strategy in which a climate-friendly electricity mix will be 
central to achieving these targets. 

Lignite 

Hungary’s lignite and brown coal resources are concentrated 
in the regions of Transdanubia and in northern and north-
eastern Hungary.  In 2018, Hungary’s total lignite output was 
7.9 million tonnes.  Almost all of this was used for heat and 
power generation, with only small quantities supplied 
elsewhere, mainly to households. 

Since the closure in 2014 of the Márkushegy underground 
mine in western Hungary, all lignite production has been at 
opencast mines, principally the Visonta and Bükkábrány 
mines belonging to MÁTRAI ERŐMŰ ZRT (MÁTRA).  The 
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approved mining fields of these two opencast mines have 
about 770 million tonnes of lignite reserves. 

In 2018, MÁTRA produced 7.8 million tonnes of lignite and 
removed 52.1 million cubic metres of overburden.  The lignite 
is used in the company-owned power plant at Visonta which 
comprises four lignite-fired units and two topping gas 
turbines.  Lignite from the Bükkábrány mine, some 
50 kilometres from the power plant, is transported by rail 
while a conveyor belt links the plant to the adjacent Visonta 
mine.  Besides lignite and fossil gas, biomass is co-fired to a 
fuel input level of around 10%. 

The MÁTRA power plant at Visonta, located 90 kilometres 
north-east of Budapest, has a total capacity of 966 MW 
(2 x 100 MW units, 1 x 220 MW unit, 2 x 232 MW units, 
2 x 33 MW gas turbines and, since 2015, a 16 MW solar park 
which was sold in 2018).  The wet flue gas desulphurisation 
(FGD) system commissioned in 2000 at Visonta is interesting 
as it is installed inside dry cooling towers and makes use of 
the natural draft to release flue gas high into the atmosphere.  
The plant is also fitted with selective, non-catalytic NOx 
reduction (SNCR) to further reduce pollutant emissions.  
Additional wet cooling cells have been added to units 4 and 5 
to create a hybrid cooling system that improves efficiency. 

As part of its development strategy, MÁTRA has created an 
industrial park at Visonta with many activities related to the 
power plant, such as block manufacture using bottom ash 
and fly ash, plasterboard production using gypsum from the 
FGD system and biomass fuel processing.  A new 60 MW 
solar PV farm is proposed for the overburden deposit at the 
Bükkábrány mine.  Looking to the future, MÁTRA has plans 
for a 450 MW gas-fired CCGT, a 100 MW biomass plant, a 
31.5 MW refuse-derived fuel plant and 50 MW of battery 
storage, as well as bigger solar farms totalling 200 MW and a 
solar panel factory at Visonta and Halmajugra.  In the Mátra 
mountains, a site has been identified for a 600 MW pumped 
storage scheme which can proceed if there is a market 
demand and political support.  Plans also exist for a new 
500 MW lignite-fired unit with 42% efficiency.  The future 
trajectory of the Visonta site will depend on decisions taken 
by the Hungarian government and local authorities, as well 
as the many other stakeholders involved, all within the 
framework of the EU’s evolving climate and energy policy. 

Hard coal 

At the end of 2014, trial coal mining operations began in the 
Mecsek region.  In 2018, PANNON HŐERŐMŰ ZRT 
extracted some quantities of coal from its Pécs-Vasas 
opencast mine in the region.  This coal is officially classified 
as lignite due to its low calorific value. 

Hungary 

Coal resources and reserves  as at 1.1.2018

Total resources hard coal Mt 4 821
Total resources lignite Mt 5 687
Reserves hard coal Mt 4 157
Reserves lignite Mt 4 241

 
Primary energy production  2018

Total primary energy production Mtce 15.8
Hard coal (saleable output) Mt / Mtce 0.002 / 0.0
Lignite (saleable output) Mt / Mtce 7.9 / 1.8

 
Saleable coal quality  

Hard coal net calorific value kJ/kg 17 549
Lignite net calorific value kJ/kg 6 742
Lignite ash content % a.r. 23.0
Lignite moisture content % a.r. 47.4
Lignite sulphur content % a.r. 1.2

 
Coal imports / exports  2018

Hard coal imports Mt 1.5

 
Primary energy consumption  2018

Total primary energy consumption Mtce 38.1
Hard coal consumption Mtce 1.5
Lignite consumption Mtce 1.8

 
Power supply  2018

Total gross power generation TWh 31.9
Net power imports (exports) TWh 14.3
Total power consumption TWh 43.3
Power generation from lignite TWh 4.5
Lignite power generation capacity MW 783

 
Employment  2018

Direct in lignite-mining thousand 1.400
Other lignite-related* thousand 0.800

* i.e. in power generation at MÁTRA power plant 
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Poland 

The Polish economy has grown every year since 1992 by an 
average annual rate of 4.2%.  In 2018, GDP growth was 
5.2% and, on a purchasing power parity basis, per capita 
GDP is now three quarters of the European Union average.  
Unemployment has fallen steadily over recent years, to 3.9% 
in 2018 or around half the EU average.  Poland’s population 
has been stable over the last thirty years;  recent emigration 
has been largely balanced by immigration from Ukraine. 

Coal is of strategic importance to the Polish economy.  
Compared with other EU member states, Poland has much 
larger reserves and makes good use of hard coal and lignite 
for electricity production with a 78.3% share in 2018 
(133.0 TWh).  Hard coal reserves total 22.3 billion tonnes, 
located mostly in the Upper Silesian and Lublin coal basins, 
while lignite reserves amount to 1.0 billion tonnes with a 
further 23.3 billion tonnes of resources. 

At 38.3%, Poland’s energy import dependency was well 
below the EU average of 55.1% in 2017.  The country’s total 
primary energy supply in 2018 was dominated by coal 
(47.1%), with oil (28.2%) and gas (15.2%) also taking 
significant shares, followed by biofuels and waste (7.7%), 
wind (1.0%) and hydro (0.2%). 

In 2018, total gross power generation was 169.9 TWh.  
Polish electricity exports have declined since 2015 such that 
net imports reached 5.7 TWh in 2018.  83.6 TWh or almost 
half (49.2%) of Polish electricity production was generated at 
hard coal-fired power plants or from coal gases at coking 
works and steel plants.  49.3 TWh were generated at lignite-
fired power plants, a 29.0% share.  Power generated from 
wind grew to 12.8 TWh (7.6%);  solar accounted for 0.2%.  
Fossil gas (7.4%), biofuels and waste (4.0%), hydro (1.2%) 
and oil (1.1%) were the other sources of electricity in 2018.  
In total, renewable energy sources had a 12.6% share. 

Poland is currently building 4.3 GW of new coal-fired power 
generation capacity:  TAURON Jaworzno III (910 MW), PGE 
Opole units 5 and 6 (2 ×900 MW), ENERGA Ostrołęka C 
(1 000 MW) and the 490 MW lignite-fired unit 11 at the PGE 
Turów power station.  According to the government, these 
will be the last coal power plants to be built in Poland.  With 
an otherwise ageing fleet and stricter EU emission 
standards, these new plants will replace older ones.  Output 
from coal and lignite plants will thus remain relatively stable 
through to 2030 when they are expected to deliver at least 
113 TWh according to the Energy Policy of Poland to 2040 
published in November 2019. 

Poland has no nuclear power generation, but plans to 
construct a nuclear power plant, with the first unit at 
Żarnowiec or Kopalino in 2033. 

 

 
 
 
General data  2018

Population million 38.0
GDP € billion 496.4
Per capita GDP €/person 12 900

 
 

Hard coal 

Exploitable hard coal reserves are located in Upper Silesia 
and in the Lublin basin in the east of Poland, with the Upper 
Silesian coalfield accounting for 78.9% of the total.  The coal 
reserves in this region contain some 400 coal seams with 
thicknesses of 0.8 metres to 3.0 metres.  About half of these 
seams are economically workable.  71.6% of the reserves 
are steam coal, 27.0% coking coal, while other coal types 
account for the remaining 1.4%.  All hard coal is deep mined 
at an average working depth of approximately 600 metres, 
with some over 1 000 metres.  Mining is fully mechanised, 
with over 90% of coal produced by longwall systems. 

Since the beginning of the 1990s, the Polish mining industry 
has been going through a process of transformation.  Hard 
coal production decreased from 177.4 million tonnes in 1989 
to 63.4 million tonnes in 2018.  Over the same period, 
employment in the Polish hard coal mining sector decreased 
from 407 000 to 82 843 employees at the end of 2018. 
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Despite the significant reduction of mining capacity over 
almost three decades, Poland remains by far the largest hard 
coal producer in Europe.  The largest coal mining company, 
POLSKA GRUPA GÓRNICZA (PGG – Polish Mining Group) 
was established in May 2016 when the mines of its 
predecessor, KOMPANIA WĘGLOWA (KW), were 
transferred to this newly formed group.  Then, on 1 April 
2017, the mines previously owned by KATOWICKI 
HOLDING WĘGLOWY (KHW) were integrated into PGG.  
Other leading coal mining companies are JASTRZĘBSKA 
SPÓŁKA WĘGLOWA (JSW) and LUBELSKI WĘGIEL 
„BOGDANKA” (LW „Bogdanka”).  JSW is the EU’s largest 
coking coal producer, with an output of 10.3 million tonnes of 
coking coal and 4.7 million tonnes of steam coal in 2018. 

Following its earlier privatisation in 2009, a majority (65%) of 
the shares in LW „Bogdanka” were acquired in 2015 by 
ENEA, a Polish power utility company.  In 2011, JSW was 
privatised and listed on the Warsaw Stock Exchange, 
although the state retains a majority shareholding.  Other, 
smaller coal hard coal producers include:  TAURON 
WYDOBYCIE with three mines;  PG SILESIA mine which the 
Czech group EPH acquired from KW in 2010, restarting coal 
production in 2012;  WĘGLOKOKS KRAJ with Bobrek-
Piekary mine;  SILTECH mine;  and EKO-PLUS mine. 

In 2018, steam coal output of 51.3 million tonnes accounted 
for the majority (87.8%) of hard coal production.  Coking coal 
production reached 12.1 million tonnes, mainly by JSW. 

Unprofitable mines or units of integrated mines have been 
transferred to SPÓŁKA RESTRUKTURYZACII KOPALŃ 
(SRK – Mines Restructuring Company) for their eventual 
closure.  In 2018, there were fourteen mines or units of 
mines managed by this restructuring company. 

The Polish hard coal mining industry works to ensure the 
sector’s profitability.  This entails new investment in 
modernisation, matching production volumes to market 
demand, reducing costs and increasing productivity.  
Structural changes to the industry are already showing 
promise and the decision in November 2016 of the European 
Commission to allow state aid for the closure by 2018 of 
uncompetitive units allowed the process to continue with the 
co-operation of investors and trade unions, while alleviating 
the social and environmental impacts of closing 
uncompetitive coal mines in line with EU state aid rules.  The 
Commission concluded that this support would not unduly 
distort competition.  More recently, on 8 February 2018, the 
Commission issued its decision extending until the end of 
2023 the possibility of granting state aid for the further 
restructuring of the Polish hard coal mining sector. 

Coal exporters and importers have an efficient infrastructure 
at their disposal in Poland, with cross-border rail links to 
neighbouring countries and to the Baltic Sea ports of 
Gdańsk, Szczecin-Świnoujście and Gdynia.  Among these 
terminals, Gdańsk and Świnoujście can load Capesize 
vessels.  Hard coal exports from Poland totalled 3.9 million 
tonnes in 2018.  Most of the shipments were transported 
overland to neighbouring EU member states, namely the 

Czech Republic, Slovakia, Austria and Germany, while small 
volumes were transhipped via the Baltic ports.  In 2018, 
WĘGLOKOKS traded almost 4 million tonnes of coal, of 
which 1.3 million tonnes were exported. 

In 2018, hard coal imports reached a record 19.7 million 
tonnes, including 3.5 million tonnes of coking coal, and were 
dominated by deliveries from Russia (13.5 million tonnes or 
68.5%).  Smaller quantities came from the USA (1.5 million 
tonnes), Australia (1.5 million tonnes), Colombia (1.4 million 
tonnes), Mozambique, Kazakhstan and the Czech Republic. 

Irrespective of the large volume of coal imports in 2018, 
Poland aims to meet its demand for steam coal for power 
generation from domestic resources.  Indigenous coal will be 
the foundation of Poland’s energy mix and a key element of 
its energy security.  The forecast increase in power demand 
will be covered by sources other than conventional coal-fired 
power plants.  So while the share of coal in the power 
generation mix will decline to approximately 60% in 2030, the 
volume of coal used by the power sector will remain stable. 

In order to improve the combustion and gasification of coal 
through the use of modern technologies, a Clean Coal 
Technology Centre (CCTW) has been established in 
Katowice, co-financed with EU funds and co-managed by 
GŁÓWNY INSTYTUT GÓRNICTWA (GIG – Central Mining 
Institute) and INSTYTUT CHEMICZNEJ PRZERÓBKI 
WĘGLA (IChPW – Institute of Chemical Processing of Coal).  
Poland also has a well-developed and technically advanced 
mining machinery and equipment industry.  Together with the 
research institutes and technology centres KOMAG, EMAG 
and GIG, machinery and equipment suppliers work with the 
Polish hard coal industry to develop and modernise mining. 

Lignite 

Poland exploits its lignite deposits exclusively at surface 
mines.  Two are located in central Poland and a third lies in 
the south-west of the country.  In 2018, lignite production 
was 58.6 million tonnes, 99% of which was used by mine-
mouth power plants which generated 49.3 TWh of electricity 
or 29.0% of Poland’s total gross power generation. 

The Bełchatów lignite basin, situated in the central part of 
Poland, incorporates two lignite fields:  Bełchatów and 
Szczerców.  In 2018, the Bełchatów mine produced 
44.3 million tonnes of lignite or 75.5% of total lignite 
production in Poland.  Mining this lignite required the removal 
of some 132.7 million cubic metres of overburden, which 
equates to an overburden-to-lignite ratio of 3.3 cubic metres 
per tonne.  The depth of mining operations in the Bełchatów 
field is about 300 metres and the average calorific value of 
the fuel is 8 070 kJ/kg.  Bełchatów mine is expected to 
remain in operation until 2040.  The lignite output is supplied 
entirely to a mine-mouth power station owned by PGE GiEK, 
with a capacity of 5 298 MW.  Electricity produced at this 
power station covers about 20% of domestic power 
consumption.  Built mainly between 1981 and 1988, it 
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generates the cheapest electricity in Poland.  A new 858 MW 
unit was put into service in 2011. 

In the Turoszów lignite basin, located in the south-west of 
Poland, reserves are estimated at 290 million tonnes 
(77.3 Mtce).  In 2018, Turów mine produced 6.5 million 
tonnes of lignite with a calorific value of 9 500 kJ/kg to supply 
the 1 498 MW PGE GiEK Turów mine-mouth power station.  
In 2018, some 22.6 million cubic metres of overburden were 
removed, giving a stripping ratio of 4.0 cubic metres per 
tonne.  Turów mine is expected to be in operation until 2045. 

The Bełchatów and Turów lignite mines, as well as the four 
adjacent power plants, belong to PGE Górnictwo i 
Energetyka Konwencjonalna (PGE GiEK), one of the six 
companies in the majority state-owned Polish utility POLSKA 
GRUPA ENERGETYCZNA (PGE Capital Group).  
Headquartered in Bełchatów, PGE GiEK has operations in 
four voivodships.  It is a leader in the Polish lignite mining 
sector with a market share of approximately 87%.  It is also 
the biggest electricity producer in Poland, satisfying over 
36% of domestic power demand in some months of the year. 

The Pątnów-Adamów-Konin (PAK) lignite basin, located in 
central Poland between Warsaw and Poznań, has been 
producing lignite for over fifty years and now generates 
approximately 8.5% of Poland’s electricity needs.  There are 
two active mining sites:  Konin and Adamów, belonging to 
ZESPÓŁ ELEKTROWNI PĄTNÓW-ADAMÓW-KONIN 
(ZE PAK Group) which was listed on the Warsaw stock 
exchange in October 2012.  The mines and power plants are 
operated by two subsidiary companies. 

PAK KWB Konin SA has three mines:  Jóźwin IIB, Drzewce 
and Tomisławice which together produced 6.8 million tonnes 
of lignite in 2018, requiring the removal of 50.7 million cubic 
metres of overburden (a stripping ratio of 7.4 cubic metres 
per tonne).  Working depths are between 25 metres and 
80 metres.  The extracted fuel has an average calorific value 
of 9 220 kJ/kg and is supplied to three mine-mouth power 
plants:  Pątnów I with an installed capacity of 1 244 MW, 
Pątnów II (474 MW) and Konin (583 MW).  Lignite production 
at Konin is planned through to 2030, although only the 
Tomisławice surface mine will be working after 2020. 

PAK KWB Adamów SA operated three surface mines, 
namely Adamów, Władysławów and Koźmin.  Following the 
completion of mining and mine decommissioning, only the 
Adamów mine remains.  Its output has been reduced as this 
mine also nears completion, scheduled for 2020.  In 2018, 
lignite production of 0.8 million tonnes was supplied to the 
600 MW ZE PAK Adamów power station.  5.6 million cubic 
metres of overburden were removed, which implies a 
stripping ratio of 7.0 cubic metres per tonne. 

The average productivity at Poland’s lignite mines was 
6 800 tonnes per man-year in 2018 and employment totalled 
8 583 people.  Poland’s lignite mining areas can maintain 
their annual output at current levels of around 60 million 
tonnes;  lignite is expected to play a stable and important 
role in Poland’s energy supply until at least 2030.  Beyond  

Poland 

Coal resources and reserves*  as at 1.1.2019

Resources hard coal Mt 61 436
Resources lignite Mt 23 315
Reserves hard coal Mt 22.307
Reserves lignite Mt 1 047

 
Primary energy production  2018

Total primary energy production Mtce 88.3
Hard coal (saleable output) Mt / Mtce 63.4 / 51.7
Lignite (saleable output) Mt / Mtce 58.6 / 16.6

 
Saleable coal quality  

Hard coal net calorific value kJ/kg 21 000-28 000
Lignite net calorific value kJ/kg 7 400-10 300
Hard coal ash content % a.r. 8.0-30.0
Lignite ash content % a.r. 6.0-12.0
Hard coal moisture content % a.r. 6.5-11.0
Lignite moisture content % a.r. 50.0-60.0
Hard coal sulphur content % a.r. 0.4-1.2
Lignite sulphur content % a.r. 0.2-1.1

 
Coal imports / exports  2018

Hard coal imports Mt 19.7
Hard coal exports Mt 3.9
Lignite imports Mt 0.2

 
Primary energy consumption  2018

Total primary energy consumption Mtce 150.7
Hard coal consumption Mtce 63.5
Lignite consumption Mtce 16.6

 
Power supply  2018

Total gross power generation TWh 169.9
Net power imports (exports) TWh 5.7
Total final power consumption TWh (est.) 138.1
Power generation from hard coal TWh gross 83.6
Power generation from lignite TWh gross 49.3
Hard coal power generation capacity MW net  19 195
Lignite power generation capacity MW net 8 049

 
Employment  2018

Direct in hard coal mining thousand 82.843
Direct in lignite mining thousand 8.583

* Source: Państwowy Instytut Geologiczny (Polish Geological 
Institute) as at 31 December 2018 

then, the Złoczew deposit has 611 million tonnes of 
exploitable reserves while the Ościsłowo deposit has 
50 million tonnes and both are considered prospective by the 
government in its strategic forecast to 2040.  The much 
larger Gubin deposit of 1 624 million tonnes is seen as a 
backup energy resource, if required. 
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Romania 

Romania enjoyed solid economic growth of 4.1% in 2018 
and a low unemployment rate of 4.2%, thanks mainly to its 
manufacturing sector.  The country has significant energy 
resources, including coal, fossil gas and oil.  Over three 
quarters of the country’s total primary energy supply is met 
from indigenous resources, well above the EU average of 
45%.  Coal and lignite account for 16.2% of energy supply, 
this being slightly above the EU average. 

Hard coal resources are estimated at 2 446 million tonnes of 
which 11 million tonnes might be economically recoverable.  
Proven reserves of lignite total 280 million tonnes, within 
9 640 million tonnes of resources.  Of these, 95% lie in the 
Oltenia mining basin where more than 80% can be surface 
mined.  The remaining lignite deposits have low economic 
potential and so extraction in most other areas has stopped.  
The country has a long coal mining tradition, stretching back 
over 150 years.  Romania’s entire hard coal and lignite 
output is used for heat and power generation. 

The total net capacity of installed generation was 19 766 MW 
in 2018:  coal 4 373 MW (22.1%), fossil gas / fuel oil 
3 404 MW (17.2%), hydro 6 329 MW (32.0%), nuclear 
1 300 MW (6.6%) and renewables 4 360 MW (22.1%), 
mostly wind turbines and solar PV.  Peak demand in 2018 
was 8 920 MW on 27 February, indicating a generation 
overcapacity and thus the opportunity for electricity exports. 

In 2017, gross electricity production in Romania was 
64.3 TWh:  26.2% from coal, 23.1% from hydro, 17.9% from 
nuclear, 16.6% from fossil gas and 15.2% renewables.  Net 
electricity exports were 2.9 TWh in 2017 and 2.5 TWh in 
2018.  Exports have collapsed in 2019 and imports rose, 
making Romania a net importer;  the additional cost of 
allowances under the EU emissions trading system (ETS) 
has made non-EU power generation more competitive. 

Romania’s first commercial nuclear reactor began operating 
in 1996 and a second CANDU reactor was commissioned in 
May 2007, thus completing two of the five reactors whose 
construction began in the 1980s and bringing the total gross 
capacity at the Cernavodă nuclear power plant to 1 413 MW.  
The completion of two further 720 MW reactors is planned by 
SOCIETATEA NATIONALA NUCLEARELECTRICA (SNN).  
It is a government priority to progress these reactors. 

Romania has established an energy policy framework which 
is in line with EU law, regulating the production of gas, coal, 
lignite, oil and nuclear energy, as well as power plant 
modernisation.  Indeed, by 2030, Romania plans to replace 
those older power plants reaching the end of their lives with 
new, high-efficiency, low-emission power plants. 

 

 
 
 
General data  2018

Population million 19.5
GDP € billion 202.9
Per capita GDP €/person 10 400

 
 
 
 
The Romanian government published its Energy Strategy 
2019-2030 in November 2018, including a perspective to 
2050.  A priority of the strategy is to maintain the current 
level of diversity of indigenous energy sources.  To that end, 
the government will stimulate investment in oil, fossil gas and 
lignite exploitation.  Romania is also considering the 
development of a national gas transmission system along the 
Bulgaria-Romania-Hungary-Austria (BRUA) corridor and the 
development, on Romanian territory, of the Southern 
Transmission Corridor for Black Sea gas. 

Lignite 

COMPLEXUL ENERGETIC OLTENIA (CEO) or Oltenia 
Energy Complex is Romania’s largest producer of coal-
based energy with an installed gross capacity of 3 240 MW.  
The company is responsible for 99% of national lignite 
production.  Its mines and power plants provide direct jobs 
for 13 000 people. 
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Lignite mining offers Romania a competitive advantage with 
the use of modern technologies and skilled labour to provide 
low-cost, base-load electricity.  Reserves of lignite are 
concentrated in a relatively small area of 250 square 
kilometres where lignite is mined in twelve opencast pits 
licensed for another fifty years.  These reserves provide a 
long-term, secure supply for the adjacent Turceni 
(1 320 MW) and Rovinari (990 MW) power plants.  Further to 
the south lie the 300 MW Craiova and 630 MW Ișalnița 
power plants, also lignite-fired. 

Since January 2017, the price of CO2 emission allowances 
under the EU emissions trading system (ETS) has imposed 
an unbearable financial burden on CEO.  In 2018, the 
company reported a loss of around €230 million, mainly due 
to its obligation to acquire CO2 allowances.  These now 
account for half of its total operating costs, so more than fuel 
and labour costs combined.  The company has been forced 
to take out loans for the purchase of allowances.  This is 
clearly an unsustainable economic situation for a country 
which depends on electricity from lignite-fired power plants. 

Negotiations between CEO and CHINA HUADIAN 
ENGINEERING COMPANY to develop a new 600 MW 
lignite-fired unit that will replace some existing older units are 
currently ongoing. 

Hard coal 

The COMPLEXUL ENERGETIC HUNEDOARA (CEH) or 
Hunedoara Energy Complex is a state-owned electricity and 
heat producer headquartered at Petroşani in the Southern 
Carpathians.  It owns and operates four underground hard 
coal mines in the Jiu Valley (Lonea, Livezeni, Vulcan and 
Lupeni) and two coal-fired power plants, as well as the 
Prestserv mines rescue station.  The company accounts for 
less than 2% of Romanian electricity generation, with a gross 
capacity of 1 225 MW and 3 022 employees in 2018. 

The main consumers of hard coal are CEH’s two thermal 
power plants at Paroşeni (150 MW) and Mintia-Deva 
(1 075 MW).  Indigenous hard coal production has the 
advantage of ensuring a long-term supply for these power 
plants.  However, hard coal mining in Romania faces 
complex geological conditions, making profitable mining 
difficult.  Petrila mine closed in 2015, followed in 2017 by 
Paroşeni and Uricani mines. 

In April 2018, the Romanian government adopted an 
emergency ordinance requiring CEH to provide 400 MW of 
system services over the two-year period to 2020 under a 
Service of General Economic Interest (SGEI) exemption. 

In November 2018, the European Commission found that 
CEH had received around €60 million of incompatible state 
aid through four repayable public loans.  These had funded 
the temporary rescue aid approved in April 2015 by the 
European Commission (C(2015) 2652) with a view to 
securing the company’s long-term economic viability 
according to Council Decision 787/2010/EU. 

Romania 

Coal resources and reserves  as at 1.1.2018

Total resources hard coal Mt 2 446
Total resources lignite Mt 9 920
Reserves hard coal Mt 11
Reserves lignite Mt 280

 
Primary energy production  2018

Total primary energy production* Mtce 36.4
Hard coal (saleable output) Mt / Mtce 0.7 / 0.4
Lignite (saleable output) Mt / Mtce 23.5 / 5.6

 
Saleable coal quality  

Hard coal net calorific value kJ/kg 14 200-15 900
Lignite net calorific value kJ/kg 7 200-8 200
Hard coal ash content % a.r. 37-44
Lignite ash content % a.r. 30-36
Hard coal moisture content % a.r. 5.0-7.4
Lignite moisture content % a.r. 40-43
Hard coal sulphur content % a.r. 0.5-1.8
Lignite sulphur content % a.r. 1.0-1.5

 
Coal imports / exports  2018

Coal imports Mt 0.9
Coal exports Mt 0.0

 
Primary energy consumption  2017

Total primary energy consumption Mtce 47.6
Hard coal consumption Mtce 1.2
Lignite consumption Mtce 5.6

 
Power supply  2017

Total gross power generation TWh 64.3
Net power imports (exports) TWh (2.9)
Total power supply TWh 56.0
Power generation from hard coal TWh 1.2
Power generation from lignite TWh 15.6
Hard coal power generation capacity MW gross 1 225
Lignite power generation capacity MW gross 3 240

 
Employment  2018

Direct in hard coal mining thousand 3.022
Direct in lignite mining and generation thousand 13.000

 

* 2017 data 

At the end of October 2019 and in the absence of any viable 
restructuring plan, CEH again filed for insolvency, having 
reported losses of €56 million for the first half year and total 
debts of over €0.5 billion. 
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Serbia 

At the heart of the Balkans, Serbia is well located for 
services and trade:  the Morava Valley is the easiest land 
route from Europe to Turkey and beyond.  Economic growth 
in 2018 was a healthy 4.3% and annual GDP per capita 
stood at €12 300 on a purchasing power parity basis. 

Serbia has very substantial lignite resources which are easily 
accessible for exploitation.  Its lignite reserves are estimated 
to be over 7 billion tonnes;  in Europe, only Germany and 
Turkey have larger reserves.  Serbia relies on lignite and 
small quantities of imported coal for one half of its total 
primary energy supply.  For electricity generation, the share 
of lignite was 71.0% in 2018 with hydro (26.3%) accounting 
for most of the remainder, while fossil gas (0.5%) and wind 
(0.3%) made only very small contributions.  According to the 
Serbian energy strategy, coal will remain the country’s main 
source of energy. 

The 100% state-owned ELEKTROPRIVREDA SRBIJE (EPS) 
or Electric Power Industry of Serbia is a vertically integrated 
utility company with two subsidiaries:  EPS Distribution LLC 
Belgrade and EPS Trading LLC Ljubljana.  EPS has eight 
divisions for electricity and coal production, including 
electricity supply which is the company’s main activity.  The 
production, processing and transport of coal, electricity 
generation and distribution, including distribution system 
operator, renewable energy production, and the raising of 
steam and hot water in cogeneration plants are all performed 
by EPS.  Since June 1999, EPS has not been able to 
operate its facilities in Kosovo and Metohija. 

With 29 153 employees, excluding workers from Kosovo, 
and about 3.5 million consumers, EPS is the largest 
company in Serbia.  The installed capacity of EPS power 
plants totals 7 401 MW:  lignite-fired power plants 4 079 MW;  
gas- and oil-fired combined heat and power plants 336 MWe 
/ 505 MWth;  and hydro power plants 2 986 MW. 

Investment in new renewable energy sources is growing.  In 
May 2019, the 158 MW Čibuk 1 wind farm became 
operational, 60 kilometres from Belgrade.  This was followed, 
in August 2019, by the commissioning of the 104.5 MW 
Kovačica wind farm, located 70 kilometres from the capital 
and partly financed by the European Bank for Reconstruction 
and Development.  In the Kostolac lignite basin, another 
project is nearing completion:  the 66 MW Kostolac wind 
farm, a €100 million investment partly financed by the 
German KfW Bank. 

In order to increase the efficiency of the power sector 
through market mechanisms, the Serbian government has 
gradually introduced competition since adoption of the Law 
on Energy in 2004.  Opening of the electricity market will 
continue until it is fully opened in line with the country’s 
ratification of the Energy Community Treaty. 

 

 
 
 
General data  2018

Population million 7.0
GDP € billion 42.9
Per capita GDP €/person 6 100

 
 

Lignite 

Production of lignite, with an average calorific value of 
7 850 kJ/kg, takes places at open-pit and underground mines 
in the Kolubara and Kostolac coal basins. 

The 600 square kilometre Kolubara coal basin is located in 
the western part of Šumadija, between Rudovci to the east, 
Koceljeva to the west, Stepojevac to the north and Slovac to 
the south.  There, Field B/C, Field D, Tamnava-West Field 
and Field G open-pit mines account for around 75% of 
Serbian lignite production.  Lignite is supplied by rail to the 
Kolubara thermal power plant (TPP) at Veliki Crljeni, TPP 
Nikola Tesla A and B at Obrenovac about 40 kilometres from 
the mines, and TPP Morava at Svilajnac.  Together, these 
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three thermal power plants comprise fourteen units with a 
total capacity of 3 141 MW.  Lignite from all four open-pit 
mines is processed in coal preparation plants at Vreoci and 
the Tamnava-West Field mine. 

In the Kolubara coal basin, preparatory works are in progress 
to develop open-pit mine Field E, with 400 million tonnes of 
lignite reserves, as a replacement for Field D.  The mine’s 
planned annual output is 12 million tonnes.  Field G open pit 
mine extension was opened in 2017 with 36.5 million tonnes 
of good quality lignite reserves.  In 2019, the new open-pit 
Radljevo mine with 350 million tonnes of lignite reserves was 
officially opened after many months of overburden removal.  
The mine’s annual output will be 13 million tonnes of lignite.  
The relocation of infrastructure to serve these new mines in 
the Kolubara basin was completed early in 2019. 

Lignite mined in the Kostolac basin, from the 50 square 
kilometre Drmno coal deposit in the eastern part of the basin, 
accounts for the remaining 25% of Serbian lignite production 
and is supplied to the TPP Kostolac A and B power plant 
(310 MW and 700 MW). 

In 2018, EPS extracted 38.0 million tonnes of lignite in the 
Kolubara and Kostolac basins, with overburden-to-production 
ratios of 2.5 cubic metres per tonne in Kolubara and 
4.5 cubic metres per tonne in Kostolac.  In addition, EPS 
purchased coal from underground mines operated by state-
owned PEU “Resavica”.  The closure of two of these mines 
was announced in 2018. 

In December 2014, a loan agreement was signed by the 
Serbian government with the EXIM BANK OF CHINA for a 
$715.6 million project to build a new 350 MW unit (B3) at 
TPP Kostolac and to extend the annual capacity of Drmno 
mine from 9 million tonnes to 12 million tonnes of lignite.  
Construction is in progress and the new unit is planned to be 
operational by the end of 2021.  Unit B3 of TPP Kostolac will 
help stabilise Serbia’s energy system while respecting 
European Union environmental standards. 

Environmental protection is a business priority for EPS, this 
being in line with the Serbian government’s policy to join the 
European Union and the country’s commitments under the 
Energy Community Treaty.  Since 2015, EPS has 
harmonised the operation of its facilities with the EU acquis. 

From 2016 to 2019, EPS has invested about €320 million in 
production modernisation and environmental protection 
projects, particularly at its thermal power plants where flue 
gas desulphurisation, electrostatic filters, ash and slag 
transport, and wastewater treatment projects have been 
completed.  By the end of 2025, EPS plans to have invested 
more than €850 million in its facilities in order to improve 
efficiency and environmental protection.  About €650 million 
will be invested in air pollution control equipment to further 
reduce emissions of sulphur dioxide, oxides of nitrogen and 
fine particulates. 

Serbia 

Coal resources and reserves  as at 1.1.2018

Total resources hard coal Mt 855
Total resources lignite Mt 20 186
Reserves hard coal Mt 402
Reserves lignite Mt 7 112

 
Primary energy production  2018

Total primary energy production* Mtce 15.0
Lignite (saleable output) Mt / Mtce 38.0 / 9.8

 
Saleable coal quality  

Hard coal net calorific value kJ/kg 12 000-18 000
Lignite net calorific value kJ/kg 7 500-8 200
Hard coal ash content % a.r. 12.0-35.0
Lignite ash content % a.r. 14.0-18.0
Hard coal moisture content % a.r. 45.0-54.0
Lignite moisture content % a.r. 48.0-52.0
Hard coal sulphur content % a.r. 0.9-3.8
Lignite sulphur content % a.r. 0.4-0.9

 
Coal imports / exports  2018

Hard coal imports Mt 0.1
Lignite imports Mt 0.5

 
Primary energy consumption  2017

Total primary energy consumption Mtce 22.3
Hard coal consumption Mtce 0.1
Lignite consumption Mtce 10.5

 
Power supply  2018

Total gross power generation TWh 39.6
Net power imports (exports) TWh 0.6
Total power consumption TWh 40.2
Power generation from lignite TWh 28.1
Lignite power generation capacity MW 5 314

 
Employment  2018

Direct in underground coal mining thousand 3.500
Direct in lignite mining and power thousand 14.850

 

* 2017 data 
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Slovakia 

After quickly recovering from the global economic crisis, the 
Slovak economy has grown strongly, by 4.1% in 2018. 

The Slovak Republic does not have any significant 
exploitable fossil energy reserves.  While the extraction of 
crude oil and fossil gas accounts for less than 2% of overall 
energy supply, there is quite a large potential for gas 
storage.  In recent years, there has been a public debate on 
the exploitation of a uranium deposit at Kurišková. 

At 54.7% in 2018, nuclear power has the largest share in 
electricity generation, followed by hydro (14.4% excluding 
pumped hydro).  Hard coal, including coke oven gas, 
accounted for an estimated 5.5% of generation, lignite 
accounted for a further 5.7% of generation, while fossil gas 
(7.0%) and oil (1.5%) accounted for smaller shares.  The 
remainder came from biofuels and waste (5.7%) and, since 
2011, a steady share from solar PV (2.3%). 

In the south-east of the country, the coal-fired Elektráreň 
Vojany I (EVO I) power plant’s 4 × 110 MW units are 
designed to use imported semi-anthracitic hard coal, coming 
now from Russia and Poland. 

Two gas-fired power stations are in operation:  the 350 MW 
Malženice CCGT commissioned in 2011 near the town of 
Trnava, 60 kilometres from Bratislava, and the 4 x 110 MW 
Vojany II or EVO II which was commissioned in 1973-74 as 
an oil-fired boiler plant, but converted to gas soon after. 

Given the need for long-term, low-carbon strategies under 
the Paris Agreement, the Slovak Republic is preparing, in 
co-operation with the World Bank, a low-carbon development 
strategy to 2050.  The national energy policy, approved in 
November 2014, signals measures to reduce end-user 
electricity prices, including the phasing out of tariffs for 
renewable electricity by 2020.  The policy is to focus on the 
use of renewable energy sources for heat, electricity and 
transport, and encourage heat and power co-generation. 

Overall, the energy mix under the national energy policy is 
well-balanced, with support for indigenous lignite and 
renewables.  Given the high share of nuclear in its power 
generation mix, Slovakia’s dependency on imported energy 
sources in 2017 (64.8%) is only slightly above the EU 
average, despite an almost total dependency on imported oil 
and gas. 

 

 
 
 
General data  2018

Population million 5.4
GDP € billion 90.2
Per capita GDP €/person 16 600

 
 

Lignite 

Lignite resources are estimated at just over one billion 
tonnes.  Exploitable lignite reserves, including brown coal, 
are calculated at 135 million tonnes.  There is an insignificant 
hard coal deposit in the eastern part of Slovakia, which is not 
exploitable. 

In 2018, 1.5 million tonnes of lignite were produced.  Lignite 
is extracted by one company at three underground mines 
located in the central and western parts of Slovakia.  More 
than 90% of the total lignite production was used for 
electricity generation and district heating. 

HORNONITRIANSKE BANE PRIEVIDZA (HBP) is a private 
coal mining company with a history of over one hundred 
years.  Seated in the town of Prievidza, HBP extracts lignite 
at the Cigeľ-Handlová and Nováky deposits located in the 
Horná Nitra region in central Slovakia and at the Čary 
deposit located in western Slovakia.  In the past, there were  
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three independent collieries in operation in Horna Nitra – 
Cigeľ, Handlová and Nováky – which were integrated into 
HBP.  Cigeľ colliery was closed in October 2017.  The depth 
of the worked coal seams ranges from 150 metres to 
450 metres. 

The lignite seams have a thickness of up to 20 metres and 
are mostly extracted using a long-wall, top-coal caving 
(LTCC) method.  Thin seams, of around 4 metres, are 
extracted with conventional longwalls.  HBP also operates a 
mines rescue station which serves all mining districts in 
Slovakia.  All lignite is supplied to the nearby 486 MW 
Nováky power plant (Elektráreň Nováky – ENO) belonging to 
the SLOVENSKÉ ELEKTRÁRNE COMPANY which is 50% 
owned by ENEL of Italy and 50% by EPH of the Czech 
Republic.  Nearly one third of the lignite supplied in 2018 
came from mines in the Nováky deposit. 

BAŇA DOLINA COMPANY, near the town of Veľký Krtíš, 
extracted lignite from the Modrý Kameň deposit in southern 
Slovakia at a depth of 150 metres.  Lignite was supplied to 
the ENO power station.  The mine was closed in May 2015. 

The BAŇA ČÁRY COMPANY, near the town of Holíč in 
western Slovakia, extracts around 170 thousand tonnes of 
lignite each year from a working depth of 180 metres.  The 
mine plans to expand its annual production to reach 
350 thousand to 500 thousand tonnes. 

BANSKÁ MECHANIZÁCIA A ELEKTRIFIKÁCIA NOVÁKY 
(BME) is a modern mining equipment supplier owned by 
HBP that designs and manufactures high-pressure hydraulic 
roof supports suitable for LTCC mining.  BME also produces 
other mining and construction machinery, as well as 
equipment for the transport sector. 

Together with SLOVENSKÉ ELEKTRÁRNE and ENEL, HBP 
is actively engaged with modernising the coal-fired ENO 
power plant at Nováky.  In May 2015, work began on a 
de-NOx system for two of the 110 MW blocks at the plant.  
The flue gas desulphurisation and particulate filtration 
systems were also renewed.  HBP also has an interest in 
research and works with universities on various projects 
mostly on the non-energetic use of Čary lignite and on the 
accumulated water in surface swamps and wetlands found in 
surface depressions. 

Slovakia 

Coal resources and reserves  as at 1.1.2018

Total resources hard coal Mt 19
Total resources lignite Mt 1 073
Reserves hard coal Mt 0
Reserves lignite Mt 135

 
Primary energy production  2018

Total primary energy production Mtce 9.0
Lignite (saleable output) Mt / Mtce 1.5 / 0.5

 
Saleable coal quality  

Lignite net calorific value kJ/kg 10 450
Lignite ash content % a.r. <25
Lignite moisture content % a.r. <35
Lignite sulphur content % a.r. <2.5

 
Coal imports / exports  2018

Hard coal imports Mt 3.8
Lignite imports Mt 0.6

 
Primary energy consumption  2018

Total primary energy consumption Mtce 24.7
Lignite consumption Mtce 0.8

 
Power supply  2018

Total gross power generation TWh 27.2
Net power imports (exports) TWh 3.8
Total power consumption TWh 31.0
Power generation from hard coal TWh 1.5
Power generation from lignite TWh 1.4
Hard coal power generation capacity MW 440
Lignite power generation capacity MW 486

 
Employment  2018

Direct in lignite mining thousand 2.000
Other lignite-related* thousand 0.430

* e.g. in power generation, equipment supply, services and R&D 
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Slovenia 

Since its foundation in 1991, the Republic of Slovenia has 
enjoyed steady economic growth.  After a period of strong 
growth since 2014, the economy slowed in 2019.  The 
country’s primary energy consumption increased by 40% 
between 2000 and 2008, reaching a peak of 11.1 Mtce.  In 
2018, consumption was 9.8 Mtce. 

Resources of lignite and brown coal in Slovenia are 
estimated to be 1 256 million tonnes, lying at Velenje 
(358 million tonnes), Zasavje (68 million tonnes) and Goričko 
(830 million tonnes), with mineable reserves accounting for 
109 million tonnes.  Approximately 47% of the country’s 
primary energy requirements are met by imports.  Indigenous 
lignite production accounted for approximately 13.1% of 
primary energy supply in 2018, with imported coal bringing 
coal’s total share to 16.3%.  Oil had a share of 34.3%, 
nuclear 21.7%, biofuels and waste 10.2%, fossil gas 10.5%, 
hydro 5.8% and the remaining 1.2% came from renewable 
energy sources. 

The key elements of Slovenian energy policy are closely 
aligned with the priorities of the European Union, such as a 
national plan for renewables and a plan to improve energy 
efficiency.  In the area of climate policy, Slovenia adopted a 
strategic framework for climate change adaptation in 
December 2016.  In the long term, coal and lignite are 
expected to be partially replaced by renewable energy 
sources and coal imports will reduce.  PREMOGOVNIK 
VELENJE will continue its lignite production until 2054 under 
currently valid plans as lignite is needed in the currently well-
balanced energy mix for security of supply reasons. 

At 35.9% in 2018, nuclear power accounted for the largest 
share of electricity generation in Slovenia, followed by hydro 
(29.2%) and coal and lignite (28.7%).  Other sources had 
rather small shares, for example:  fossil gas (2.9%), biofuels 
and waste (1.7%) and solar (1.6%). 

Lignite 

Only one lignite deposit is exploited in Slovenia, at Velenje in 
the north of the country.  In 2018, 3.2 million tonnes of lignite 
were produced.  Velenje mine is the only coal mine in 
Slovenia and all of its lignite output is used at the nearby 
Šoštanj power plant.  Operated by PREMOGOVNIK 
VELENJE and employing a unique mining method, it is one 
of the largest and most modern underground mines in 
Europe.  The mine is located in the Šaleška dolina valley and 
boasts one of the thickest-known lignite seams in the world, 
at more than 160 metres. 

 

 

 
 
General data  2018

Population million 2.1
GDP € billion 45.8
Per capita GDP €/person 22 100

 
 
 
The company’s long-term strategy is to operate the mine 
until 2054, as it is likely to remain Slovenia’s only exploitable 
energy resource.  The Velenje coal mine belongs to the 
state-owned HOLDING SLOVENSKE ELEKTRARNE (HSE) 
who also owns the 1 029 MW Šoštanj (TEŠ) thermal power 
plant as well as hydro power plants. 

Imported coal is mostly used at ENERGETIKA LJUBLJANA’s 
Termoelektrarna Toplarna Ljubljana (TE-TOL) heat and 
power plant in Ljubljana.  The company covers over 74% of 
the capital’s household demand for gas and heat. 

Taking into consideration the increasing demand for 
electricity, the risks of energy import dependence and the 
abundant coal reserves at Velenje, HSE commissioned a 
new 600 MW unit at Šoštanj thermal power plant in 2015.  
Unit 6 uses the best available techniques (BAT) to achieve 
an efficiency of more than 43% and deliver CO2 emission 
reductions of 35%, as older units are replaced.  The new unit 
has had a significant economic and environmental impact in 
Slovenia by ensuring stable electricity prices and lower 
emissions. 
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PREMOGOVNIK VELENJE is a technologically well-
developed and strongly integrated company with over 
144 years in lignite mining.  In 2007, the company received a 
special award from the Slovenian Chamber of Engineers for 
its innovative approach to mining engineering. 

The “Velenje mining method” is performed by top caving 
hanging seams.  The very first long-wall faces appeared in 
1947, quickly followed by the extensive introduction of long-
wall faces in 1952.  The basic approach is to extend the 
lignite extraction area above the protected area at the face.  
The “Velenje mining method” has been proven to be the 
most effective method for extracting thick coal seams.  
PREMOGOVNIK VELENJE continues to develop this 
method in order to gain even more improvements. 

The knowledge and products of PREMOGOVNIK VELENJE 
offer excellent opportunities for co-operation with other 
countries, particularly where there is a need to introduce new 
technologies in Europe (e.g. in Bosnia and Herzegovina, 
North Macedonia, Montenegro, Serbia, Slovakia and Turkey) 
and further away in the Asia-Pacific region. 

PREMOGOVNIK VELENJE is also a partner in many EU-
funded research and innovation projects which aim to 
develop clean coal technologies and safer mining solutions, 
as well as methods for predicting gas and rock outbursts and 
gas emissions from thick coal seams. 

PREMOGOVNIK VELENJE has always aimed to prevent 
and eliminate any negative environmental impacts of its 
operations and has played an active role in land 
rehabilitation and air/water protection programmes in the 
Šaleška dolina valley.  The company regularly monitors its 
environmental impacts, but the clearest testament to 
sustainable development is the tourist and sports resort that 
has been developed around the man-made lakes above the 
Velenje coal mine. 

The energy transition brings new challenges in Slovenia and 
elsewhere.  As recognised in the “Clean energy for all 
Europeans” package of legislation tabled in November 2016, 
a just transition should be ensured in those regions affected 
by structural change brought about by any reductions in coal 
mining or coal-fired power generation.  There is no clear 
decision for a coal phase-out in Slovenia, but the question 
will certainly be addressed as emission reduction targets are 
set in upcoming strategic documents to be adopted by the 
government in 2020, including a new Energy Concept for 
Slovenia.  In any event, Slovenia and PREMOGOVNIK 
VELENJE are actively involved in the Coal Regions in 
Transition Platform initiative of the European Commission as 
all stakeholders strive to address the challenges of the future 
energy transition. 

Slovenia 

Coal resources and reserves  as at 1.1.2019

Total resources lignite Mt 1 256
Reserves lignite Mt 109

 
Primary energy production  2018

Total primary energy production Mtce 5.0
Lignite (saleable output) Mt / Mtce 3.2 / 1.3

 
Saleable coal quality  

Lignite net calorific value kJ/kg 10 650
Lignite ash content % a.r. 16
Lignite moisture content % a.r. 35
Lignite sulphur content % a.r. 1.6

 
Coal imports / exports  2018

Hard coal imports Mt 0.4

 
Primary energy consumption  2018

Total primary energy consumption Mtce 9.8
Lignite consumption Mtce 1.3

 
Power supply  2018

Total gross power generation TWh 16.3
Net power imports (exports) TWh (0.5)
Total power consumption TWh 13.8
Power generation from lignite TWh net 3.8
Lignite power generation capacity MW 1 029

 
Employment  2018

Direct in lignite mining thousand 1.252
Other lignite-related* thousand 2.371

* e.g. in power generation, equipment supply, services and R&D 
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Spain 

Following the global economic crisis, Spain’s economy has 
been growing since 2014;  annual growth was 2.6% in 2018.  
The unemployment rate remains very high at around 15%. 

The country is highly dependent on imported oil and fossil 
gas.  It had an overall import dependence of 73.9% in 2017, 
well above the EU average of 55.1%.  This places a burden 
on the Spanish economy by increasing its trade deficit and 
foreign indebtedness.  Spain’s primary energy production 
was 48.6 Mtce in 2018, notably nuclear – just 2.3% came 
from indigenous coal production. 

The only significant conventional energy resource that Spain 
possesses is coal, totalling 4 550 million tonnes, including 
accessible reserves of 1 187 million tonnes.  In 2018, coal 
met 7.8% of the country’s energy demand:  2.5 million 
tonnes of domestic production and 15.8 million tonnes of 
imported coal.  Oil, fossil gas and nuclear are the other 
principal energy sources, with wind and solar providing 5.9% 
of total primary energy supply.  However, after a decade of 
growth, wind and solar power have been in decline since 
their 2013 peak. 

Electricity produced in 2018 came mainly from conventional 
sources:  nuclear power with 55.6 TWh gross (20.3%), 
followed by fossil gas 57.1 TWh (20.8%), wind 50.8 TWh 
(18.6%), hard coal 39.3 TWh (14.4%) and hydro which had a 
good year with 36.8 TWh (13.4%).  Solar, wind and other 
renewable energy sources accounted for 38.6% of electricity 
generation in 2018.  Indigenous coal fuelled around 2% of 
generation. 

Spain has one of the most dynamic electricity markets in 
Europe.  There is fierce competition between coal-fired and 
fossil gas-fired power generation for the market that remains 
after nuclear, hydro and must-run renewables have supplied.  
Hydro output can vary significantly from one year to the next 
and, with a system capacity margin of over 150%, there is 
plenty of room for switching between sources. 

Spain plans to be a carbon-neutral country by 2050.  In its 
draft National Energy and Climate Plan 2021-2030, 
submitted to the European Commission in February 2019, 
the government expects coal power plants to cease 
operation by 2030 at the latest, driven out of the market by 
the high cost of CO2 allowances under the EU emissions 
trading system.  Of the fifteen coal-fired power plants 
operational in 2019, only six are expected to continue after 
2021 and coal consumption could halve by 2025.  By 2030, 
the government wants to more than double wind power 
capacity and increase solar PV capacity eight fold. 

 

 
 
 
General data  2018

Population million 46.9
GDP € billion 1 202.2
Per capita GDP €/person 25 700

 
 

Hard coal 

Hard coal deposits in the north-west Principality of Asturias 
are located in the Nalón Valley and are of a low calorific 
value.  Nevertheless, in the past they were Spain’s biggest 
source of coal.  Today, high extraction costs have led to the 
gradual closure of mines and only one remains:  the San 
Nicolás underground coal mine located in the Lleros de 
Abajo valley near Mieres which produces up to 200 thousand 
tonnes each year for heating plants and the nearby 15 MWe 
La Pereda experimental power plant.  Over 1 000 people are 
employed by HUNOSA at these operations.  The deposits at 
León-Palencia are also of a low calorific value, although 
some anthracite seams are present.  Coal in the Astur-
Leonesa basin north of La Robla in the region of Castilla y 
León, where anthracite was mined by HULLERA VASCO-
LEONESA and CARBONAR, has a high calorific value 
(5 500 kcal/kg or 23 000 kJ/kg) and low volatile matter. 
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The hard coal basin at Puertollano in the Ciudad Real 
province south of Madrid has good reserves.  The province 
of Teruel in the Aragon region boasts the largest sub-
bituminous hard coal reserves in Spain.  The high sulphur 
content of this coal (4% to 6%) made it less attractive for use 
at power plants in the past. 

In May 2016, the European Commission announced that the 
Spanish government’s plan of October 2013 to grant 
€2.13 billion for the orderly closure of twenty-six coal mines 
by 2018 was in line with EU rules on state aid, in particular 
Council Decision 2010/787/EU (case SA.34332). 

By the end of 2018, all Spanish coal producers had closed 
their mining operations:  BIERZO ALTO, CARBONES 
ARLANZA, CARBONAR, CARBONES DEL PUERTO, CÍA 
GRAL MINERA DE TERUEL, CÍA ASTUR LEONESA, 
ENDESA, ENCASUR, HIJOS DE BALDOMERO GARCÍA, 
HULLERA VASCO-LEONESA, MINERA CATALANO 
ARAGONESA, UNIÓN MINERA DEL NORTE and 
HULLERA DEL NORTE.  Subsidies paid in 2018, effectively 
the last year of production, totalled €210 000 or just €0.085 
per tonne.  Following several bankruptcies, only four 
companies will continue in 2019, carrying out restoration 
work at former mines. 

Even those coal mining companies that remained viable 
without subsidy were forced to close by 31 December 2018, 
because under EU law continued mining would have 
required the repayment of past state aid received since 2011 
– an impossible demand that led to thousands of job losses.  
Negotiations with the Spanish government for a just and 
orderly transition of the coal sector were disrupted by a 
change of government in June 2018 and, by mid-September, 
it was clear that mine closures were inevitable. 

On 24 October 2018, a framework agreement was signed for 
the “Just Transition from Coal Mining and Sustainable 
Development of Mining Regions 2019-2027”.  Following 
proposals by trade unions (FICA-UGT, CCOO and USO), 
this agreement is favourable for mineworkers, although 
subcontractors were excluded.  In contrast, representations 
by coal mining companies, who wanted flexibility on the 
repayment of past state aid, led nowhere.  To secure 
workers’ rights, the agreement was signed by CARBUNIÓN 
on behalf of the mining companies.  It foresees: 

• restructuring of the coal sector within the framework of 
Council Decision 2010/787/EU; 

• economic development of the coal mining regions; 

• flexibility for companies who wish to continue mining 
coal beyond 2018;  and 

• mitigating the impacts of job losses and mine closures. 

The government will therefore grant support for redundancy 
payments and early retirements, exceptional mine closure 
costs, mitigation of environmental impacts, land restoration, 
and state aid totalling €250 million over the 2019-2023 period 
for new or expanding businesses, as well as local 
infrastructure. 

Spain 

Coal resources and reserves  as at 1.1.2018

Total resources hard coal Mt 4 231
Total resources lignite Mt 319
Reserves hard coal Mt 868
Reserves lignite Mt 319

 
Primary energy production  2018

Total primary energy production Mtce 48.6
Hard coal (saleable output) Mt / Mtce 2.5 / 1.4

 
Saleable coal quality  

Hard coal net calorific value kJ/kg 18 231
Hard coal ash content % a.r. 34.6
Hard coal moisture content % a.r. 13.2
Hard coal sulphur content % a.r. 2.5

 
Coal imports / exports  2018

Hard coal imports Mt 15.8

 
Primary energy consumption  2018

Total primary energy consumption Mtce 177.4
Hard coal consumption Mtce 13.9

 
Power supply  2018

Total gross power generation TWh 273.8
Net power imports (exports) TWh (11.1)
Total power consumption TWh 284.9
Power generation from hard coal TWh 39.3
Hard coal power generation capacity MW 9 562

 
Employment  2018

Direct in hard coal mining thousand 1.549

 
 

The FUNDACIÓN CIUDAD DE LA ENERGÍA (CIUDEN) is 
the leading public developer of CO2 capture, transport and 
geological storage in Spain.  CIUDEN also has a prominent 
role in the just transition of coal mining regions, acting as 
co-ordinator for economic development initiatives and viable 
projects to create employment, in addition to bringing its own 
technical capacity. 

Lignite 

At the end of 2007, Spain’s last lignite mines located in 
Galicia on the north-west side of the Iberian Peninsula were 
closed.  Lignite reserves of 319 million tonnes remain. 
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Turkey 

Turkey, benefitting from easy access to the European Union 
single market and with a population close to Germany’s, 
enjoyed GDP growth averaging 5% per year from 2000 until 
2018 when the economy began to contract following a sharp 
fall in the value of the Turkish lira.  Privatisation has created 
a buoyant energy sector.  The Ministry of Energy and Natural 
Resources (MENR) is responsible for the preparation and 
implementation of energy policies, plans and programmes in 
co-ordination with its affiliated institutions and other public 
and private entities.  It has statutory duties covering coal 
mines, power stations and the electricity grid. 

Total primary energy supply was 208.4 Mtce in 2018.  With 
per-capita energy use in Turkey still comparatively low at 
1.8 tonnes of oil equivalent (compared with an EU-average 
of 3.2 toe), energy demand is expected to grow. 

Turkey’s energy resources are almost exclusively in the form 
of coal, with only limited oil and gas resources.  Indigenous 
production and coal imports met 29.7% of total primary 
energy supply in 2018 – the first time that coal has had the 
highest share.  At 28.2%, fossil gas had a lower share in the 
energy mix, 99% imported.  Oil accounted for 28.8% of 
energy supply, 93% imported.  Overall, the country had an 
import dependency of 72% in 2018. 

The General Directorate of Mineral Research and 
Exploration (MTA) has an extensive exploratory drilling 
programme – 1.0 million metres in 2017 and more in 2018.  
At the start of 2018, hard coal reserves stood at 551 million 
tonnes, with a further 10 975 million tonnes of lignite 
reserves.  From these, the Turkish coal sector produced 
1.1 million tonnes of hard coal and 85.2 million tonnes of 
lignite in 2018, this being 44.5% of total primary energy 
production and used mostly for power generation.  Coal 
imports have grown steadily over the last forty years and 
stood at 38.3 million tonnes in 2018, again used mostly for 
power generation. 

Turkish coal-fired power plants had an installed capacity of 
19.7 GW at the end of 2018 (22.2% of total capacity).  Hard 
coal-fired power plants’ capacity was 9 600 MW (10.8%) and 
the capacity using domestic lignite was 10 100 MW (11.4%).  
Turkey has embarked on an ambitious programme to build 
new power plants, some with the latest supercritical and 
circulating fluidised bed (CFB) boiler technologies to burn 
mainly lignite and imported coal.  The second unit at AKSA 
ENERJI’s 270 MW Bolu-Göynük plant started operation in 
2016, while ENERJISA ENERJI completed its 450 MW 
Tufanbeyli CFB plant in Adana province.  Two new 700 MW 
supercritical units at EREN ENERJI’s 2 790 MW ZETES 
power station were also completed in 2016 at Zonguldak, 
running on imported coal. 

 

 
 
 
General data  2018

Population million 80.8
GDP € billion 652.5
Per capita GDP €/person 8 000

 
 
 
In 2017, the 1 320 MW Cenal power plant owned by CENAL 
ELEKTRIK was commissioned and, in 2018, the Çan-2 
lignite power station was commissioned by ODAŞ GROUP at 
Çanakkale on the Aegean coast, site also of the 1 600 MW 
İÇDAŞ Bekirli power station.  HİDRO-GEN ENERJI’s 
510 MW Soma Kolin CFB power plant was commissioned in 
2019 and construction started on EMBA ELEKTIK’s 
1 320 MW Hunutlu coal power plant in Adana province which 
the owners in joint venture with SHANGHAI ELECTRIC 
POWER expect to commission in 2021.  All new power 
plants must comply with the EU Large Combustion Plants 
Directive (2001/80/EC). 

Turkey is also planning and constructing new coal plants to 
be fired by local lignite from mines in Thrace, Eskişehir, 
Afyonkarahisar, Kahramanmaraş, Bartin and other 
provinces.  The planned “C” expansion of the Afşin-Elbistan 
power complex would make this the largest in the world.  
However, in 2012, the 1 200 MW Gerze power plant in Sinop 
province was cancelled by the ANADOLU GROUP after 
strong local opposition and, in February 2019, the supreme 
court blocked HEMA ELEKTRIK’s planned 1 320 MW coal 
plant at Amasra in Bartin province.  Many other projects have 
been cancelled or delayed. 

In 2018, 113.3 TWh (37.3%) of Turkey’s gross electricity 
production of 303.6 TWh was generated from hard coal 
(22.4%) and lignite (14.9%).  Of the remainder, 30.4% came 
from fossil gas, 19.7% from hydro, 6.5% from wind, 2.5% 
from solar PV, 2.3% from geothermal, with smaller 
contributions from biofuels, waste and oil.  Turkey, through 
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its Vision 2023 strategy (Hedef 2023) that marks the 100th 
anniversary of the Republic, aims to increase its domestic 
electricity production by constructing more lignite-fired power 
plants and raising the shares of wind and geothermal power, 
setting a 30% capacity target for renewables.  Construction 
of Turkey’s first nuclear power plant, a 4 800 MW Russian-
built plant at Akkuyu in the south of the country, began in 
April 2018, while a second 4 600 MW plant is planned with 
Franco-Japanese technology at Sinop in the north, and a 
possible third plant at Igneada near Istanbul with US-
Chinese technology. 

The national energy and mining policy (Milli Enerji ve Maden 
Politikası), announced in April 2017 by the Minister for 
Energy and Natural Resources, promotes the clean and 
efficient use of local coal for power generation with, for 
example, fifteen-year purchase guarantees, capacity 
mechanisms and reverse auctioned feed-in tariffs.  With the 
hashtag #BizimKömürümüzBizimEnerjimiz (our coal, our 
energy), the ministry aims by 2023 to increase coal-fired 
power generation capacity from 17.3 GW to 30 GW. 

Turkish coal production has grown by 1.2% per year since 
1990, while coal supply has grown by 3.6% per year.  This 
reflects steadily growing lignite production, and a rapid 
growth in coal imports of 7.1% per year since 1990.  Coal is 
extracted by three state-owned enterprises – TÜRKIYE 
KÖMÜR İŞLETMELERI (TKİ – Turkish Coal Enterprises), 
ELEKTRIK ÜRETIM (EÜAŞ – Electricity Generation 
Company) and TÜRKIYE TAŞKÖMÜRÜ KURUMU (TTK – 
Turkish Hard Coal Enterprises) – and a growing number of 
private companies, some under contract to the state-owned 
companies. 

Hard coal 

Turkey’s main hard coal deposits are located in the 
Zonguldak basin, between Ereğli and Amasra on the Black 
Sea coast in north-western Turkey.  Total hard coal 
resources in the basin are estimated at some 1.3 billion 
tonnes. The calorific value of hard coal reserves varies 
between 6 200 and 7 200 kcal/kg.  This coal basin is the only 
region in Turkey where hard coal is extracted and it has a 
very complex geological structure which makes mechanised 
coal production almost impossible;  hence, coal production is 
labour intensive and subsidised. 

The state-owned TTK operates five deep mines in the 
Zonguldak coal basin and produced 686 thousand tonnes of 
saleable coal in 2018, supplying the 300 MW Catalağzı 
thermal power plant owned by BEREKET ENERGY and 
other customers.  Hard coal production from private mines 
totalled 415 thousand tonnes. 

In 2018, Turkey imported 38.3 million tonnes of hard coal for 
thermal power plants, steel production, industry and 
domestic heating purposes – half from Colombia, one third 
from Russia, and smaller quantities from the United States 
(7.0%), Australia (5.3%) and South Africa (4.2%).  Coal 
imports are expected to continue to increase in the future. 

Turkey 

Coal resources and reserves  as at 1.1.2018

Total resources hard coal Mt 1 338
Total resources lignite Mt 16 259
Reserves hard coal Mt 551
Reserves lignite Mt 10 975

 
Primary energy production  2018

Total primary energy production Mtce 59.0
Hard coal (saleable output) Mt / Mtce 1.1 / 1.0
Lignite (saleable output) Mt / Mtce 85.2 / 24.3

 
Saleable coal quality  

Hard coal net calorific value kJ/kg 26 000-30 000
Lignite net calorific value kJ/kg 8 665
Hard coal ash content % a.r. 10.0-15.0
Lignite ash content % a.r. 11.0-46.0
Hard coal moisture content % a.r. 4.0-14.0
Lignite moisture content % a.r. 6.0-55.0
Hard coal sulphur content % a.r. 0.8-1.0
Lignite sulphur content % a.r. 0.2-5.0

 
Coal imports / exports  2018

Hard coal imports Mt 38.3

 
Primary energy consumption  2018

Total primary energy consumption Mtce 208.4
Hard coal consumption Mtce 37.0
Lignite consumption Mtce 24.3

 
Power supply  2018

Total gross power generation TWh 303.6
Net power imports (exports) TWh (0.6)
Total power consumption est. TWh 254.3
Power generation from hard coal TWh 68.2
Power generation from lignite TWh 45.1
Hard coal power generation capacity MW net 9 600
Lignite power generation capacity MW net 10 100

 
Employment  2015

Direct in hard coal mining thousand 14.251
Direct in lignite mining thousand 37.596

 
 

Lignite 

Lignite is Turkey’s most important indigenous energy 
resource, with total resources of 16.3 billion tonnes of which 
11.0 billion tonnes are considered economically recoverable.  
Deposits are spread across the country, the most important 
one being the Afşin-Elbistan lignite basin of south-eastern 
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Anatolia, near the city of Maraş where deposits are up to 
58 metres thick and economic reserves are estimated to be 
around 7 billion tonnes.  The Soma basin is the second-
largest lignite mining area in Turkey.  Other exploited 
deposits are located in:  Muğla province with the Yeniköy 
lignite facility at Ören (Milas) and the South Aegean lignite 
facility at Yatağan;  Kütahya province with the Seyitömer 
lignite facility at Seyitömer and the Tunçbilek mining centre 
at Tavşanlı;  Çanakkale province with the Çan lignite facility;  
Bursa province with the Bursa lignite facility at Orhaneli;  and 
Konya province with the Ilgın lignite facility.  The quality of 
Turkish lignite is generally very poor and only around 5.1% of 
existing reserves have a heat content of more than 
3 000 kcal/kg (12 500 kJ/kg). 

The scale of Turkey’s surface mining operations allows 
lignite to be produced at a relatively low cost, making it 
competitive with imported energy resources.  In 2018, lignite 
output totalled a record 85.2 million tonnes, including from 
underground mines in the Soma, Tunçbilek and Beypazarı 
basins.  Among the proposed new lignite mines in Turkey, 
those in Thrace, Eskişehir-Alpu and Afyon-Dinar would be 
underground; whereas those in Konya and Karamanmaraş 
would be opencast. 

Privatisation of the Çayırhan coalfield was completed in 
2017, beginning the process to privatise the five lignite fields 
at Trakya (Çerkezköy and Çatalca), Eskişehir Alpu, Kırklareli 

Vize, Afyon Dinar and Konya Karapınar.  In addition, four 
more lignite fields, including Afşin Elbistan C-D-E, will most 
likely be included in the privatisation programme. 

In October 2018, the Ministry of Energy and Natural 
Resources announced that four lignite fields had been 
transferred from TKİ to IMBAT MADENCILIK, FERNAS 
HOLDING, DEMIR EXPORT, and the construction group 
YAPI TEK, while three hard coalfields had been transferred 
from TTK to ERDEMIR MADENCILIK, TUMAS, a subsidiary 
of BEREKET HOLDING, and the energy company EMSA 
ENERJI. 

Meanwhile, TKİ is working in collaboration with TÜBİTAK, 
the Turkish Scientific and Technical Research Council, and 
other international partners on research projects in the fields 
of lignite drying, coal gasification, coal-biomass combustion 
and liquid fuels production, some partly supported by the 
European Union. 

Asphaltite 

At Silopi near the Iraqi border, the third CFB unit of CINER 
GROUP’s 405 MW asphaltite-fired power plant was 
commissioned in 2015 by CHINA NATIONAL MACHINERY 
ENGINEERING CORPORATION. 
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Ukraine 

The Ukrainian economy grew by around 3% each year from 
2015 to 2018.  However, the country remains poor by 
European standards with a per capita GDP that is just one 
quarter of the EU average on a purchasing power parity 
basis. 

Ukraine has considerable reserves of coal and lignite, 
estimated at 34.4 billion tonnes in the Donetsk coal basin (by 
far the most significant), the Dnieper and Lviv-Volyn coal 
basins, as well as the Dnieper-Donetsk and Transcarpathian 
coal basins.  It ranks seventh in the world after the United 
States, China, India, Russia and Australia in terms of proven 
coal reserves of which steam coal accounts for 70% and 
coking coal 30%.  Exploitable reserves are competitive with 
imported coal. 

The country also has large fossil gas reserves estimated at 
almost one trillion cubic metres – second only to Norway in 
Europe.  These lie onshore, mainly in the Dnieper-Donetsk 
basin, offshore under the Black Sea, and as shale gas in the 
Donetsk and Kharkiv oblasts (Yuzivska gasfield) and in the 
Lviv and Ivano-Frankivsk oblasts (Olesska gasfield).  Efforts 
to exploit these reserves were set back by the ongoing 
conflict in eastern Ukraine, but a new programme of deep 
drilling at the Machukhske gasfield in the Poltava oblast 
promises gas from almost 6 000 metres, adding to other 
conventional production which totalled 21.0 bcm in 2018. 

One third (31.3%) of the country’s total primary energy 
supply came from fossil gas in 2018, with coal (31.2%) and 
nuclear power (22.7%) also being important.  Oil (11.4%) 
and renewable energy sources (3.4%), including hydro, had 
rather small shares in total energy supply.  The Energy 
Strategy of Ukraine to 2035, adopted by the government in 
2017, envisages a significant role for coal in primary energy 
supply:  22.0% in 2020, 16.1% in 2025 and 14.3% in 2030.  
The strategy aims to increase the share of renewable energy 
sources to 20% by 2035. 

With a 29.5% share in 2018, coal is the second most 
important energy source for electricity generation in Ukraine 
after nuclear power which accounted for 54.5% of gross 
generation.  Ukraine’s fifteen nuclear reactors with a total 
capacity of 13.1 GW at four sites are operated by state-
owned ENERGOATOM.  Hydro power (7.7%) and fossil gas 
(6.4%) were also important in 2018, with other sources 
accounting for the remaining 1.9% of gross generation, 
mainly wind power and oil-fired power generation. 

By 2025, the technical integration of the Ukrainian and 
continental European electricity and gas markets is planned, 
with cross-border transmission network capacity amounting 
to at least 15% of Ukraine’s primary energy supply. 

 

 
 
 
General data  2018

Population million 42.2
GDP € billion 110.8
Per capita GDP €/person 2 600

 

Hard coal 

Hard coal deposits in Ukraine are characterised by their 
great depth – operations take place at 500 to 1 000 metres – 
and by thin seams of 0.8 to 1.0 metre.  In 2018, coal was 
mined at forty-seven mines, of which forty-two produced 
G-grade bituminous coal.  The rest produced K-grade coking 
coal and Zh-grade bituminous coal.  Total coal production in 
2018 was 26.1 million tonnes, comprising 21.6 million tonnes 
of steam coal and 4.6 million tonnes of coking coal. 

Since spring 2014, the conflict in Donbas left Ukraine with 
little control over its coal-mining assets in the temporarily 
occupied territories of Donetsk and Luhansk oblasts where 
all anthracite mines are located.  As of March 2017, Ukraine 
completely lost these assets.  Production data for the lost 
coal mines in Donbas is not known, but some coal is likely 
exported via Russia and the breakaway region of Abkhazia. 

The consumption of G-grade coal has grown as power plants 
designed for anthracite have been converted to use G-grade 
coal.  This trend will likely continue in the future as Ukraine 
plans to completely replace anthracite with G-grade coal 
whose production is not at risk from hostilities.  According to 
the Energy Strategy of Ukraine to 2035, increasing the 

Temporarily occupied territories of  
Donetsk and Lugansk oblasts Hard coal 
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production of G-grade coal by 5 million tonnes would allow 
the complete replacement of anthracite in power generation. 

Since the start of the military conflict, Ukraine has been 
importing steam coal for electricity production.  In 2018, 
5.5 million tonnes were imported:  4.1 million tonnes from 
Russia, 0.8 million tonnes from the United States and 
0.3 million tonnes from South Africa.  A further 15.9 million 
tonnes of coking coal were imported, bringing total coal 
imports in 2018 to 21.4 million tonnes. 

In 2018, DTEK ENERGY, the largest private energy 
company in Ukraine, produced 24.1 million tonnes of coal.  
This was lower than previous years primarily due to the loss 
of T-grade and A-grade coal production from mines in the 
temporarily occupied territories, despite increased production 
of G-grade coal by the company.  In Ukraine, DTEK 
ENERGY operates sixteen coal mines and five coal 
preparation plants through subsidiaries including DTEK 
PAVLOGRADUGOL in Dnipropetrovsk oblast and DTEK 
DOBROPOLYUGOL in Donetsk oblast where the company 
also operates the Belozerskaya mine. 

Coal-fired power plants are owned and operated by three 
companies:  DTEK ENERGY which has nine coal power 
plants with a total capacity of 16.3 GW, excluding Zuivska 
power plant over which DTEK lost control in 2017, state-
owned CENTRENERGO with three coal power plants 
(7.6 GW), and DONBASENERGO which operates a single 
880 MW coal power plant. 

The Ministry of Energy and Coal Industry of Ukraine is 
responsible for formulating coal policy.  The main policy 
document for the coal industry remains government decree 
No. 733-r of 24 May 2017 on the “Concept for restructuring 
and developing the coal industry over the period to 2020”.  
The aim of this concept is to take systematic measures to 
increase coal supply, raise productivity and transform the 
coal industry so that it is economically sustainable.  At the 
same time, measures are planned to address the 
environmental and social problems in coal-mining regions 
and create a favourable investment climate for the 
privatisation of state-owned coal mines.  According to the 
secretariat of the Cabinet of Ministers of Ukraine, there are 
102 state-owned coal mines, but most are located in the 
temporarily occupied territories. Only thirty-three state-owned 
coal mines are controlled by the government and only four of 
these are profitable. 

Coal is sold under contract between mining enterprises and 
consumers, and through DERZHVUGLEPOSTACH SE 
which was established by the government to trade coal 
produced at state-owned coal mines.  The bulk of the 
saleable output from state-owned coal mines is distributed at 
fixed prices.  Thus, loss-making mines are cross-subsidised 
by profitable mines, although losses are not fully covered. 

In 2018, the average production cost at state-owned mines 
was 3 135 UAH/tonne.  According to the ministry, the cost of 
producing 4 million tonnes of raw coal was UAH 9.4 billion, 
while the saleable output of 3 million tonnes was worth only  

Ukraine 

Coal resources and reserves  as at 1.1.2018

Total resources hard coal Mt 81 045
Total resources lignite Mt 7 717
Reserves hard coal Mt 32 039
Reserves lignite Mt 2 336

 
Primary energy production  2018

Total primary energy production Mtce 128.0
Hard coal (saleable output) Mt / Mtce 26.1 / 20.6

 
Saleable coal quality  

Hard coal calorific value kJ/kg 19 250-28 500
Hard coal ash content % a.r. 5.0-35.0
Hard coal moisture content % a.r. 5.0-16.0
Hard coal sulphur content % a.r. 0.8-5.0

 
Coal imports / exports  2018

Hard coal imports Mt 21.4
Hard coal exports Mt 0.1

 
Primary energy consumption  2018

Total primary energy consumption Mtce 120.0
Hard coal consumption Mtce 36.0

 
Power supply  2018

Total gross power generation TWh 154.4
Net power imports (exports) TWh (6.1)
Total power consumption TWh 122.1
Power generation from hard coal TWh 47.8
Coal power generation capacity MW 21 842

 
Employment  2018

Direct in hard coal mining thousand 44.300

 
 
UAH 6.0 billion.  To compensate for these losses and to pay 
for restructuring, state-owned coal mines receive money 
from the state budget.  In 2019, the state budget again 
includes funds for coal industry restructuring:  UAH 1.6 billion 
for the liquidation of unprofitable coal enterprises and 
UAH 660 million to support the construction of 
Novovolynskaya No.10 mine. 

Private companies price coal based on supply and demand, 
having regard to international coal market price trends. 

Lignite 

During the 1990s, Ukraine produced 35 million tonnes of 
lignite from the Olexandria and Mokra Kalyhirka deposits in 
the Kirovohrad and Cherkasy oblasts, near the Dnipro River.  
Production in recent years has been immaterial. 
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United Kingdom 

The United Kingdom has the second largest economy in the 
European Union.  Following a referendum in June 2016, the 
country informed other member states that it would leave the 
Union – a process referred to as “Brexit”. 

The UK is one of the largest energy consumers in Europe, 
third after Germany and France in the EU.  It is by far the 
largest oil producer in the EU, accounting for two thirds of all 
oil production, and is also the largest producer of fossil gas.  
Together, the UK and the Netherlands account for two thirds 
of EU fossil gas production.  At 36.0% in 2018, the UK’s 
energy import dependence is well below the EU average. 

In 2018, UK primary energy production was 185.7 Mtce, with 
coal accounting for just 2.4 Mtce (1.3%).  Total primary 
energy consumption was 273.5 Mtce, with fossil gas (39.2%) 
and oil (35.8%) having the largest shares, followed by 
biofuels and waste (9.1%) and nuclear (7.3%).  Coal 
accounted for 4.4%;  hydro, wind and solar totalled 3.4%. 

After spending most of the previous twenty-five years as a 
net exporter of energy, the UK became a net importer in 
2004.  The gap between imports and exports has since 
increased and in 2011 imports of energy outstripped 
indigenous production for the first time.  This trend looks set 
to continue as North Sea oil and gas reserves deplete.  In 
2014, the UK became a net importer of petroleum products. 

Power generation in the UK is increasingly dependent on 
fossil gas while coal’s share has declined from 64.6% in 
1990.  In 2018, gross electricity supply was 332.9 TWh, 
dominated by gas (39.5%), renewables (33.0%) and nuclear 
power (19.5%).  Coal saw a further rapid decline to just 
17.6 TWh (5.3%), having been in the number one position as 
recently as 2015 when its share was 33.6%. 

Following many closures of UK coal-fired power plants in 
recent years, mainly as a result of a carbon tax, the 
remaining plants in November 2019 are:  RWE Aberthaw B 
(1 560 MW), Drax (two 660 MW units), SSE Fiddlers Ferry 
(1 455 MW), EPH Kilroot (560 MW), UNIPER Ratcliffe 
(2 000 MW) and EDF West Burton A (2 000 MW).  The 
closures of Aberthaw and Fiddlers Ferry have been 
announced for March 2020.  Two UK generators were 
granted state support to enable biomass conversions of their 
coal-fired power stations at Lynemouth and Drax (four units). 

The UK power generation sector has little new conventional 
thermal capacity under construction or planned, with the 
main emphasis now on offshore wind.  The 3 200 MW 
Hinkley Point C nuclear power plant, which is under 
construction, has been subject to repeated delays and major 
cost increases. 

 

 
 
 
General data  2018

Population million 66.3
GDP € billion 2 393.7
Per capita GDP €/person 36 000

 
 
 
The UK carbon price support mechanism or carbon tax 
placed an additional levy on coal-fired generation from April 
2013.  It increased in April 2014 to £9.55 per tonne of CO2 
emitted and to £18.08 per tonne in April 2015.  The levy is 
frozen around this level until 2021, but its trajectory 
thereafter is uncertain.  It adds a tax of around £42 per tonne 
of coal to the cost of coal-fired generation, in addition to the 
cost of allowances under the EU emissions trading system 
(ETS) which reached €30 per tonne of CO2 in summer 2019.  
A provisional £16 per tonne of CO2 tax has been announced 
to replace the EU ETS in the event of a no-deal Brexit. 

The UK capacity market is designed to ensure reliable 
generation is available to balance intermittent renewables.  
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Auctions are held four years ahead for the bulk of required 
capacity with a balancing auction one year ahead.  These 
were suspended in late 2018, together with capacity 
payments, as a result of an illegality ruling by the European 
Court, but this issue has now been settled in the UK’s favour.  
Clearing prices have been generally too low to bring forward 
the new gas-fired plants desired by government, whereas 
some existing coal plants have secured capacity contracts, 
and almost certainly would have closed otherwise.  The 
policy intention since 2015 has been a phase-out of all coal-
fired power stations by 2025. 

Hard coal 

The UK has identified hard coal resources of 3 910 million 
tonnes, although total resources could be as large as 
187 billion tonnes.  There are 33 million tonnes of 
economically recoverable reserves available at operational 
and permitted mines, plus a further 344 million tonnes at 
mines in planning.  There are also about 1 000 million tonnes 
of lignite resources, mainly in Northern Ireland, although no 
lignite is mined.  This significant coal resource base is, 
however, rendered largely irrelevant by policies designed to 
drive coal out of the energy mix and a hostile planning 
environment for surface mines. 

The UK’s remaining surface coal mines are located in central 
and northern England, South Wales and southern Scotland.  
Important surface mine coal producers include BANKS 
GROUP, CELTIC ENERGY, HARGREAVES SERVICES and 
MERTHYR (SOUTH WALES).  The last major underground 
coal mine closed at the end of 2015 and the four remaining 
underground mines in England and Wales produced just 
25 thousand tonnes in 2018.  In March 2019, WEST 
CUMBRIA MINING was granted planning permission for 
Woodhouse colliery, a new coking coal drift mine with a 
potential output of 3 million tonnes per annum. 

In 2018, hard coal supply totalled 12.7 million tonnes, with 
2.6 million tonnes of indigenous production and 10.1 million 
tonnes of imports.  Russia and the United States are the 
main sources, accounting for 81% of all imports.  Indigenous 
production was almost entirely from surface mines.  The UK 
exported 0.6 million tonnes of hard coal in 2018. 

Coal consumption in 2018 was 11.9 million tonnes, of which 
6.7 million tonnes were used for electricity generation, with 
the iron and steel industry being another large consumer.  
The residential heating market is now less than 0.5 million 
tonnes per year.  Overall coal consumption has fallen by 
75% since 2014, mainly as a result of government policies. 

Even with the current, much smaller size of the UK coal 
market, indigenous production does not fulfil demand.  
Imports supplied virtually the whole of the coking coal 
market, as the UK no longer produces any significant 
quantities of coal suitable for use in coke ovens, a situation 
which would change if Woodhouse colliery opens.  
Nevertheless, UK steelmakers use locally produced coal for 
pulverised coal injection (PCI) at their blast furnaces. 

United Kingdom 

Coal resources and reserves  as at 19.6.2019

Total resources hard coal Mt 3 910
Total resources lignite Mt 1 000
Reserves hard coal Mt 377

 
Primary energy production  2018

Total primary energy production Mtce 185.7
Hard coal (saleable output) Mt / Mtce 2.6 / 2.2

 
Saleable coal quality  

Hard coal net calorific value kJ/kg 22 000-27 000
Hard coal ash content % a.r. 14.0-18.0
Hard coal moisture content % a.r. 10.0-12.0
Hard coal sulphur content % a.r. 0.8-2.5

 
Coal imports / exports  2018

Hard coal imports Mt 10.1
Hard coal exports Mt 0.6

 
Primary energy consumption  2018

Total primary energy consumption Mtce 273.5
Hard coal consumption Mtce 12.0

 
Power supply  2018

Total gross power generation TWh 332.9
Net power imports (exports) TWh 19.1
Total power consumption TWh 352.0
Power generation from hard coal TWh 16.8
Hard coal power generation capacity MW 12 300

 
Employment  2018

Direct in hard coal mining thousand 647

 
 
 
In early 2018, an end date for unabated coal-fired power 
generation (i.e. without CCS) of 1 October 2025 was 
announced by the UK government.  Implementation will be 
via an emissions intensity limit of 450 gCO2/kWh.  This policy 
to phase out coal from the energy market has put pressure 
on the few remaining UK coal producers.  The planning 
system also makes it extremely difficult to bring forward new 
mine projects, despite the demand for coal. 

Total direct employment in the coal mining sector at the end 
of 2018 was 647 (130 at deep mines and 517 at surface 
mines).  The industry’s sole trade association is the 
Association of UK Coal Importers and Producers (CoalImP). 
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Other EU Member 
States and Energy 
Community stakeholders 

Earlier chapters have reported on the key coal-producing 
countries of the EU and its neighbours.  This chapter 
examines the other EU member states that all use coal to a 
greater or lesser extent.  Also included, because of their 
alignment towards EU energy policy, are the contracting 
parties and observers to the Energy Community. 

 

The 2005 treaty establishing the Energy Community requires 
contracting parties to implement important parts of the EU 
acquis on energy markets and environmental protection.  It 
provides for the creation of a single energy market and a 
mechanism for the operation of networks in the South East 
European region which disintegrated following the conflicts of 
the 1990s.  In 2011, the contracting parties agreed to 
implement the EU’s third internal energy package by January 
2015, although parties are not obliged to join the EU 
emissions trading system. 

The Energy Community offers opportunities to owners of 
coal-fired power plants in South East Europe who will gain 
access to what is the world’s largest electricity market.  At 
the same time, plant owners will be required to make very 
substantial investments in pollution control equipment to 
meet stringent EU emissions legislation. 

 

Figure 26 
EU-28 Member States and Energy Community stakeholders 

 

Source:  Energy Community 
** the 16 EU member states shown in bold on the map hold participant status
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Armenia 

Armenia is a landlocked country in the South Caucasus 
region, between the Black Sea and the Caspian Sea.  In 
2017, the majority of the country’s energy supply of 
4.6 million tonnes of coal equivalent was imported from 
Russia, including fossil gas and nuclear fuel for the 376 MW 
nuclear power plant at Metsamor, 30 km from the capital 
Yerevan.  The main domestic energy source is 
hydroelectricity.  Electricity generation of 7.8 TWh came from 
roughly equal shares of fossil gas, nuclear and hydro.  Total 
hard coal resources are 317 million tonnes and small 
deposits of oil and gas exist, but have barely been exploited. 

 

Austria 

Austria has limited primary energy resources and is 
dependent on energy imports for around two thirds of its 
primary energy supply.  Although no longer exploited, lignite 
resources total 333 million tonnes, lying mainly in western 
Styria, near Graz. 

During the Monarchy, the country’s energy demand was 
largely met with coal from Moravia and Silesia.  After each 
world war, hard coal and lignite mining in Austria was 
expanded to replace production lost elsewhere;  lignite 
output peaked at over 6 million tonnes in 1963 when hard 
coal output was 100 thousand tonnes.  However, with 
increasing trade and the trend towards greater oil and fossil 
gas use, Austria’s underground hard coal mines became less 
competitive and were closed during the 1960s.  After more 
than two centuries, Austrian coal mining ended in 2006 with 
the re-cultivation of Oberdorf lignite mine. 

Poland, the Czech Republic, the United States, Russia and 
Australia are the main coal exporters to Austria.  In 2018, 
3.5 million tonnes of coal were imported, mostly by the power 
and steel industries.  The integrated steel works operated by 
VOESTALPINE at Linz has an annual crude steel production 
capacity of 5 million tonnes. 

Electricity generation from coal was 3.6 TWh in 2018.  
However, on 2 August 2019 after almost thirty-three years, 
EVN ended coal-fired power generation at the 352 MW 
Dürnrohr power plant in Lower Austria.  This followed the 
closure in April 2015 of a 405 MW unit owned by VERBUND 
at the same site.  A 35 MW (210 MWth) waste-to-energy 
plant, completed in 2010, continues to operate at Dürnrohr.  
At Mellach, VERBUND’s 225 MWe coal-fired heat and power 
plant supplies the city of Graz with district heating.  Some 
progress is being made on repurposing these coal power 
plant sites for hydrogen production, energy storage, 
renewable electricity generation and other activities. 

Baltic States 

The neighbouring states of Estonia, Latvia and Lithuania lie 
between the Baltic Sea and Russia.  In 2004, these former 
Soviet states joined the EU and by 2015 all had joined the 
eurozone.  To their south, the Russian enclave of Kaliningrad 
Oblast borders Lithuania and Poland. 

Estonia, Latvia and Lithuania are poised to synchronise with 
the continental European electricity network in 2025, after 
gaining formal approval from the European Network of 
Transmission System Operators (ENSTO-E) in May 2019.  
Four DC links are already operational:  LitPol, NordBalt, 
Estlink 1 and Estlink 2.  The Baltic States will be 
desynchronised from the Russian IPS/UPS network, leaving 
Kaliningrad isolated unless DC links are built or the enclave 
joins the ENTSO-E system. 

While no coal is produced in the Baltic States, all three 
countries consume modest volumes of imported coal, mostly 
from Russia, and offer important transit routes for Russian 
coal exported elsewhere. 

 

Estonia is uniquely dependent on indigenous oil shale for its 
energy supply and enjoys an energy import dependency of 
just 4.1%, by far the lowest in the European Union.  Large 
quantities of oil shale are used to generate competitively 
priced electricity at thermal power plants where it is 
combusted in much the same way as coal – either as a 
pulverised fuel in older boilers or in new circulating fluidised-
bed boilers (CFBs). 

Oil shale is a sedimentary rock containing up to 50% organic 
matter – Estonian oil shale extracted from the Baltic 
kukersite deposit has a heating value of 8 000-11 000 kJ/kg 
and 1.5% to 1.8% sulphur content.  Once extracted from the 
ground, the rock can be either used directly as a fuel in 
power plants or processed into petroleum products. 

Estonia’s accessible oil shale reserves total approximately 
one billion tonnes.  In 2018, 15.9 million tonnes of oil shale 
(4.4 Mtce) were mined by EESTI ENERGIA and VIRU 
KEEMIA GRUPP at underground mines and by EESTI 
ENERGIA, KIVIÕLI KEEMIATÖÖSTUS and KUNDA 
NORDIC TSEMENT at surface mines.  In underground 
mines, the traditional room-and-pillar mining technology is 
used.  To improve recovery rates and reduce production 
losses, EESTI ENERGIA is developing a 700-metre long-wall 
mining face at an underground mine. 

At the beginning of the century, oil shale production was 
trending upwards to meet growing demand for oil products 
produced from oil shale.  In response, the Estonian 
government set in 2018 an annual limit for oil shale mining of 
20 million tonnes. 
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In 2018, Estonia generated 10.7 TWh or 83% of its gross 
electricity supply of 12.9 TWh from oil shale and oil shale 
gas, a share that is expected to decrease in the future in line 
with government policy to increase the share of renewables.  
Around 75% of oil shale production is used for electricity and 
heat generation, notably at the EESTI ENERGIA Narva 
energy complex, comprising the 1 615 MW Eesti power plant 
and the 405 MW Balti power plant which also supplies heat 
to the town of Narva.  Final commissioning of the adjacent 
300 MW Auvere power plant was completed by GE in 
September 2018;  it runs on oil shale, biomass, peat and oil 
shale gas.  Four of the eight old units at the Eesti power 
plant were placed in standby reserve in 2019 due to the high 
price of allowances under the EU emissions trading system. 

The environmental issues associated with oil shale 
exploitation are complex.  With 45% incombustibles, the 
quantities of ash to store or recycle are large.  All old 
pulverised-fuel boilers operate under limited lifetime 
derogations or have been upgraded to comply with the EU 
Industrial Emissions Directive.  Balti 11 and Eesti 8 were 
repowered with CFB boilers and further units have been 
fitted with a novel integrated desulphurisation system, 
supplemented with lime injection and deNOx systems. 

7 303 people are employed in the Estonian oil shale industry, 
of which around 3 000 are employed at mines. 

 

Latvia transhipped 20.9 million tonnes of Russian coal 
exports in 2018:  total coal exports from Russia to the EU in 
2018 were 67.8 million tonnes.  Shipments through the Baltic 
Coal Terminal at Ventspils were 3.6 million tonnes – lower 
than the terminal’s annual capacity of 6.0 million tonnes as 
Russian ports were favoured by exporters.  Ust-Luga, 
120 km west of St. Petersburg, has become the largest port 
for coal in the region, although ice can hinder operations 
there as well as at St. Petersburg and Vyborg (Vysotsk) 
ports.  Alternative routes for Russian coal exports include the 
ports at Tallinn (Muuga) in Estonia, Riga and Liepāja in 
Latvia, Klaipėda in Lithuania and Kaliningrad.  Klaipėda port 
is strategically important as the northernmost ice-free port on 
the eastern coast of the Baltic Sea, with good infrastructure 
links to Russia.  A proposal to expand the Russian Port of 
Primorsk to handle 25 million tonnes of coal per year would 
further reduce coal transhipments via the Baltic states. 

 

The population of Lithuania has fallen by 17% since the 
country joined the European Union.  Primary energy demand 
has thus declined to less than 10 million tonnes of coal 
equivalent in 2018.  The country’s energy mix is dominated 

by imported oil and fossil gas, with only 264 thousand tonnes 
of imported coal in 2018. 

The closure of the Ignalina nuclear power plant at the end of 
2009 left a power generation gap in the Baltic region.  This 
could have been filled by the proposed Visaginas nuclear 
power plant, but Lithuanians vote against this project in a 
2012 referendum.  Meanwhile, the 2 400 MW Ostrovets 
nuclear power plant, 50 kilometres from Vilnius, is under 
construction in Belarus, with pre-commissioning of the first 
unit taking place since April 2019.  Commissioning of the 
second unit is scheduled to begin in 2020. 

 

The Kaliningrad enclave is dependent on imported energy 
from Russia, although power is generated locally at the 
900 MW gas-fired Kaliningradskaya power plant completed 
in 2010.  To ensure power supply security, the 455 MW 
Pregolsky gas-fired unit was commissioned in March 2019 
as the largest of four new plants with a combined capacity of 
1 000 MW:  the gas-fired Mayakovskaya and Talakhovskaya 
plants totalling 312 MW started operation in March 2018, 
while the coal-fired Primorsky plant should be completed by 
2020.  The latter will act as a backup.  Gas is supplied via a 
single pipeline from Russia or from a new floating LNG 
storage and regasification unit.  An underground gas-storage 
reservoir created in salt caverns provides additional security 
and will be expanded to hold 800 million cubic metres of gas.  
In May 2019, Kaliningrad’s power grid was temporarily run in 
isolation to demonstrate its readiness for the future. 

Although construction stopped in June 2013 of a new 
2 400 MW nuclear power plant at Neman close to the 
Lithuanian border, it would remain a viable project if 
customers for its electricity could be found in Germany, 
Poland and the Baltic states.  With three years of civil works 
completed, major pieces of power plant equipment delivered 
to the site are being kept in storage, although in 2017 the 
pressure vessel for unit 1 was sent to replace a damaged 
vessel at the Ostrovets 2 nuclear power plant in Belarus. 

 

Belgium 

In the 19th century, the Walloon coal mines of southern 
Belgium fuelled the country’s industrial expansion.  By 1917, 
coal mining had started in the north-east, around Limburg.  
National coal production peaked at 30 million tonnes in 1952 
and was maintained at this level until the late 1950s.  Output 
gradually declined as the Walloon and Limburg mines 
closed:  Eisden mine in 1987 and Belgium’s last colliery at 
Heusden-Zolder in 1992.  Remaining hard coal resources 
are estimated to be 4 100 million tonnes. 
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Coal imports totalled 4.1 million tonnes in 2018, coming 
mostly from Russia, Australia and the USA (more coal is 
imported into Antwerp for onward delivery to customers in 
other countries).  Coal provides about 6% of Belgium’s 
primary energy supply and is used mainly by the steel 
industry, notably by ARCELORMITTAL at Ghent.  With the 
decommissioning of Ruien coal-fired power plant in 2013 and 
the conversion of other coal plants to fire biomass, coal 
consumption for power generation is no longer significant. 

Gross electricity generation in 2018 totalled 75.0 TWh of 
which 28.6 TWh (38.1%) came from nuclear power stations, 
23.8 TWh (31.7%) from gas-fired plants, 11.5 TWh (15.3%) 
from wind and solar, and 6.8 TWh (9.1%) from biomass and 
waste.  Coal (3.1%), hydro (1.7%, mainly pumped hydro) and 
oil (0.2%) largely accounted for the remainder.  Electricity 
imports have risen fivefold since 1990 to 21.6 TWh in 2018 
due to capacity closures and lower power prices in France, 
Germany and the Netherlands.  Belgium’s largest power 
utility, ELECTRABEL – a subsidiary of ENGIE – has 
investments in coal-fired power plants in the Netherlands. 

 

Cyprus 

Cyprus imports small, but growing quantities of hard coal – 
22 thousand tonnes in 2018 – for use mainly by VASSILIKO 
CEMENT WORKS.  For its electricity needs, Cyprus is reliant 
on heavy fuel oil imports costing over 8% of its GDP.  
Invitations to tender for an LNG import facility were published 
in 2017.  The Maltese government is promoting the 2 GW 
EuroAsia Interconnector with Israel and Greece which would 
further diversify energy supply.  Significant gasfields in the 
Levantine basin are now being exploited and if political 
tensions in the region ease, then Cyprus could exploit the 
Aphrodite and Calypso gasfields. 

 

Denmark 

With the rise in its oil and gas production from the North Sea, 
Denmark became energy self-sufficient in 1999 and, in 2004, 
a net exporter of primary energy.  The country is the third 
largest oil producer in Western Europe, after Norway and the 
UK.  Gas production in 2018 was 4.1 billion cubic metres, 
less than half its 2005 peak.  Oil and gas production are in 
decline and Denmark returned to being a net energy importer 
in 2013.  In 2017, Denmark had the second lowest energy 
import dependence (11.7%) of any EU member state. 

Danish energy supply has changed significantly as a result of 
efforts to promote renewable energy, combined heat and 
power (CHP) and energy efficiency.  All political parties 

reached an energy agreement in June 2018.  This is 
expected to result in a greater than 100% share of 
renewables in electricity supply by 2030, while ensuring that 
at least 90% of district heating is based on energy sources 
other than coal, oil or gas by 2030.  The government’s long-
term goal is for a climate-neutral Denmark by 2050. 

In 2018, around 70% of gross electricity generation was from 
renewable sources, predominantly from wind and biomass.  
The relatively high use of wind turbines for electricity 
generation (46.3% in 2018) enhances security, but poses 
balancing challenges.  The Danish electricity system has 
connections to Norway, Sweden and Germany:  Denmark’s 
net electricity imports in 2018 were 5.2 TWh or 15.4% of 
supply.  As part of the integrated Nordic electricity market, 
Denmark’s thermal power plants play an important role in 
balancing not only wind power, but also hydro power from 
Norway and Sweden which depends on annual precipitation. 

Coal-fired power plants in Denmark have a total generation 
capacity of 3.7 GW;  many are multi-fuelled with biomass.  
The majority state-owned ØRSTED runs Asnæs (827 MW), 
Avedøre (262 MW), Esbjerg (417 MW) and Studstrup 
(700 MW) power plants.  Most units at these plants can burn 
biomass – wood pellets or straw – the result of ØRSTED’s 
bio-conversion programme for all its coal- and gas-fired CHP 
units which will see coal use end by 2023.  The 319 MW 
Amager power plant is owned by HOFOR, the city of 
Copenhagen’s municipal heat and power company.  HOFOR 
plans to replace its coal use in 2020 when a new biomass 
unit is commissioned – BIO4 has been under construction 
since September 2016.  Fyn power plant (409 MW) includes 
a straw-fired boiler and a coal-fired unit, with the latter set to 
close by 2025.  Finally, since 2015, the 410 MW Nordjylland 
plant has been owned by the local municipality’s utility 
company, AALBORG FORSYNING. 

Nordjyllandsværket 3 is one of the world’s most efficient 
coal-fired power plants.  Its supercritical boilers and steam 
turbines result in a very high electrical generation efficiency 
of 47% and, with heat supply, the overall efficiency can 
exceed 95%. 

Denmark has no indigenous coal resources.  In 2018, the 
country imported 2.8 million tonnes of coal, mostly from 
Russia, South Africa and Colombia.  Around 95% of this coal 
was used for electricity and heat generation.  Having peaked 
in 1984 at 96%, the share of coal in power generation has 
fallen to 21.4% in 2018 (6.4 TWh) and will be gradually 
phased out by 2030 under the June 2018 agreement. 

 

Finland 

With its lack of fossil fuel resources, Finland had an energy 
import dependency of 44.0% in 2017.  Finnish energy policy 
thus aims to maximise energy supply diversity.  One third of 
electricity production is from nuclear and Finland’s fifth 
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nuclear reactor, a 1 600 MW EPR, is under construction at 
Olkiluoto with commercial operation by TVO scheduled for 
July 2020.  In June 2015, TVO shareholders resolved not to 
proceed with plans for a second new unit at Olkiluoto.  
Locally produced peat (6.4 million tonnes in 2018) is used as 
a fuel, mainly at dedicated district heating plants and at 
combined heat and power (CHP) plants.  Peat accounted for 
4.8% of gross electricity generation in 2018. 

Finland is one of the world leaders in renewable energy, 
especially bio-energy.  Renewable energy sources provide 
over 40% of Finland’s total primary energy supply and 
accounted for over 35% of power supply in 2018.  
Nevertheless, coal and fossil gas remain important fuels for 
CHP and district heating plants in Finland.  Coal’s share in 
conventional generation is falling.  In 2018, gross electricity 
generation from coal was 6.6 TWh (9.4% of total), with an 
important contribution from the 565 MW Meri-Pori coal power 
plant at Tahkoluoto in Pori.  The efficiency of heat and power 
production in Finland is very high; approximately one third of 
electricity is produced at CHP plants which operate with 
overall efficiencies of 80% to 90%.  These plants are used 
widely by industry and for both district heating and cooling. 

Annual coal imports to Finland were 4.0 million tonnes in 
2018:  2.7 million tonnes of steam coal for energy production 
and 1.3 million tonnes of coking coal for the steel industry.  
Small quantities of coal are used by the cement industry.  All 
coal is imported, steam coal entirely from Russia and coking 
coal mostly from North America. 

Finland’s Integrated National Energy and Climate Plan is 
based on two government reports:  the National Energy and 
Climate Strategy for 2030 and the Medium-term Climate 
Change Plan for 2030.  The strategy accounts for Finland’s 
special features, including its cold climate, long transport 
distances, extensive energy-intensive industry and domestic 
raw material resources, especially forest biomass.  To 
implement the strategy, Finland has taken many measures, 
in particular energy-efficiency and energy-saving measures, 
and plans to increase the share of renewable energy in final 
consumption to 50% by 2030.  As well as the increased 
share of renewable energy, the government aims to maintain 
the position of peat as an indigenous energy resource, but to 
diminish the share of fossil fuels, in particular coal.  
Therefore, the government has tabled legislation to ban coal 
use for energy from 1 May 2029, except when used as an 
emergency backup fuel.  Many coal-fired power plants are 
already phasing out of coal. 

 

France 

Coal resources in France are estimated by the French 
geological survey (BRGM) to be 425 million tonnes of hard 
coal and 300 million tonnes of lignite.  Hard coal mining in 
France ended in April 2004 with the closure of the last 

operational mine, La Houve in the Lorraine region.  The 
state-owned coal company Charbonnages de France ceased 
activity at the end of 2007.  Today, all coal is imported. 

In 2018, coal imports amounted to 13.5 million tonnes, 
including 4.6 million tonnes of coking coal from Australia and 
the United States.  Coal is delivered through the ports of 
Dunkerque, Le Havre, Rouen, Montoir and Fos-sur-Mer, as 
well as via the ARA ports.  Coal consumption amounted to 
13.2 million tonnes in 2018, of which an estimated 3.9 million 
tonnes were consumed for power generation. 

Gross power generation in France was 580.7 TWh in 2018, 
with 71.1% of this total generated at nuclear power plants.  
Conventional thermal power generation contributed 9.9%, 
hydro 11.2%, wind 4.9% and solar PV 1.8%.  Coal-fired 
power generation accounted for 1.6% of the total while the 
overall share of renewables was 18.9%. 

In compliance with the Large Combustion Plants Directive, 
the number of operational coal-fired power generation units 
in mainland France was reduced to five in 2015.  According 
to the Programmation pluriannuelle de l’énergie published in 
November 2018, the French government wants to end coal-
fired power generation by the end of 2021. 

Today, the largest coal power plants are located adjacent to 
ports at Cordemais (2 × 600 MW) and Le Havre (600 MW).  
Both are owned by EDF which plans to close the Le Havre 
plant in spring 2021 and convert the Cordemais plant to 
biomass by spring 2022.  In July 2019, UNIPER announced 
the sale to EPH of all its assets in France, including the 
600 MW Émile-Huchet unit 6 at Saint-Avold in Lorraine and 
the 600 MW Gardanne unit 5 in Provence, as well as a 
150 MW unit converted to biomass known as “Provence 4 
Biomasse” which was initially commissioned in 2017, but has 
run only intermittently since then.  There are also three 
100 MW coal-fired power plants in French overseas 
territories:  one in Guadeloupe and two in Réunion.  During 
sugar campaigns, these plants also use renewable bagasse. 

The French steel industry consumes important volumes of 
coal – around 4.5 million tonnes for coke making and 
3.0 million tonnes at integrated steel works in 2018.  
ARCELORMITTAL plants at Dunkerque and Fos-sur-Mer are 
the biggest coal consumers in this sector. 

 

Georgia 

Lying in the Caucasus region between Europe and Asia, 
Georgia has significant hard coal reserves of 201 million 
tonnes plus resources of 700 million tonnes in the Tkibuli-
Shaori and Tkvarcheli deposits.  The Akhaltsikhe lignite 
deposit near Vale has reserves of 76 million tonnes, currently 
not exploited.  Coal production in Georgia peaked at 3 million 
tonnes in 1958, but by 2000 production had collapsed to 
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almost zero.  Following the “Rose Revolution” of 2003 and 
conflict with Russia in 2008, the coal industry was revitalised.  
In 2018, Georgia produced 219 thousand tonnes of coal from 
mines at Tkibuli and imported 145 thousand tonnes of coal 
mainly for industrial use. 

Coal provided 6.2% of Georgia’s total primary energy supply 
of 6.8 million tonnes of coal equivalent in 2017.  Fossil gas is 
the main primary energy source (41.4%), followed by oil 
(27.5%), hydro (16.7%) and biomass (7.7%).  Wood 
consumption, mainly for space heating, water heating and 
cooking, has led to deforestation problems.  Hydro power 
plants are the most important source of electricity, producing 
79.9% of the 11.5 TWh total in 2017.  Thermal power plants 
fired on imported fossil gas from Russia and Azerbaijan 
accounted for 19.1%.  Coal and wind power were 
insignificant, but electricity imports added 1.5 TWh to supply 
in 2017.  There is potential to expand hydro and wind power 
generation for export.  To this end, the 2 x 350 MW Black 
Sea Transmission Network HVDC link with Turkey was 
completed in December 2013 with support from the 
European Investment Bank and the German government. 

SAKNAKHSHIRI or Georgian Coal, a subsidiary of the 
GEORGIAN INDUSTRIAL GROUP (GIG), owns and 
operates the underground coal mines Dzidziguri and Mindeli 
in the city of Tkibuli, the only coal mines in Georgia.  These 
mines supply cement works at Kaspi and Rustavi as well as 
the ferroalloy industry.  The mines employed 1 400 workers, 
but mining was suspended following a fatal accident in July 
2018.  With GIG’s license covering more than 331 million 
tonnes of resources, the Tkibuli coal mining development 
plan envisages raising output to 550 thousand tonnes per 
year once safety issues have been addressed by a new 
owner, the STEEL INTERNATIONAL TRADE COMPANY.  
GIG operates a small coal-fired power plant with a capacity 
of 13 MW at Tkibuli. 

Coming Into force in July 2016, the Association Agreement 
between Georgia and the European Union includes a “deep 
and comprehensive free trade area”.  The country is also a 
party to the Energy Community Treaty and, in May 2019, 
signed a co-operation agreement with the European Network 
of Transmission System operators for Electricity (ENTSO-E). 

In the breakaway republic of Abkhazia, the Turkish operator 
TAMSAŞ produced good quality coal at an opencast mine in 
the Tkvarcheli coalfield until 2018 when the exploitation of 
deeper parts of the 20 million-tonne reserve became 
uneconomic.  The coal terminal at Ochamchire port has been 
greatly expanded over recent years to handle transhipments. 

 

Ireland 

In recent years, the Irish economy has made a strong return 
to growth, following the sharp economic downturn that began 
with the 2008 global financial crisis.  Energy use has grown, 
but is still below pre-crisis levels. 

Ireland has no indigenous coal production, although 
3.9 million tonnes of peat were harvested in 2018 for energy 
use, accounting for 16.0% of total indigenous energy 
production.  Coal imports totalled 1.3 million tonnes in 2018, 
all steam coal and mostly from Colombia.  Coal and peat use 
have declined and together accounted for 10.3% of Ireland’s 
total primary energy supply in 2018 which was 19.7 million 
tonnes of coal equivalent.  They are used mainly for power 
generation. 

BORD NA MÓNA is the leading peat producer and 
distributes solid fuel products within the residential heating 
market in Ireland.  The company’s peat briquettes are 
popular due to their low sulphur emissions and competitive 
price.  BORD NA MÓNA plans to end all of its peat 
harvesting operations by 2027. 

Since 2001, peat-fired power plants were supported by a 
public service obligation as, with their use of indigenous fuel, 
they contribute to security of electricity supply.  However, this 
support expired in 2015 in the case of the Edenderry power 
plant and in 2019 in the cases of the West Offaly and Lough 
Ree plants.  In addition, the government has set a 30% 
biomass dilution target for peat used as a fuel.  For example, 
the 128 MW Edenderry power plant was designed and built 
to fire peat, but is now co-fired with a mixture of peat and 
biomass from forests and energy crops.  The use of biomass 
commenced in 2008 and has increased steadily.  In 2018, 
6.8% of Irish electricity was generated from peat and 1.1% 
from biomass. 

Ireland has one coal-fired power plant, at Moneypoint in 
County Clare operated by the ELECTRICITY SUPPLY 
BOARD (ESB).  At 915 MW, it is Ireland’s largest power 
station, having been fully commissioned in 1987 as part of a 
fuel diversification strategy.  Significant refurbishments have 
been carried out by ESB to meet environmental standards, 
including a €368 million investment in pollution control 
equipment to meet EU regulations on NOx and SO2.  
Moneypoint is expected to operate until 2025.  Indeed, the 
Irish government’s policy is to cease using coal for electricity 
generation by 2025 and peat by 2030. 

Fossil gas was the dominant fuel for power generation in 
2018 with a 51.8% share of generation, followed by wind 
(27.3%) and coal (7.0%).  The Corrib offshore gasfield came 
onstream in late 2015, adding 3.6 million tonnes of coal 
equivalent to Irish energy production in 2018 and reducing 
the country’s gas import dependency to 38.8%.  Overall, 
Ireland had an import dependency of 63.8% in 2018, 
excluding aviation and marine bunkers, compared with an 
EU average of around 55%. 

Although a single electricity market covers the Republic of 
Ireland and Northern Ireland, and a 500 MW interconnector 
links this to the UK mainland, the island market is quite 
isolated.  With wind power generation growing strongly (22% 
per year since 2000), the island grid increasingly relies on 
conventional power plants during periods of low wind and 
high demand.  To ensure sufficient dispatchable capacity, 
the first auction under a capacity remuneration mechanism 
(CRM) was held in December 2017. 
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Italy 

Italy has a very low demand for coal.  In 2018, coal covered 
only 5.8% of primary energy supply which totalled 
215.6 million tonnes of coal equivalent, this being 19.2% 
below its 2005 peak.  Emissions of CO2 from fossil fuel use 
fell even more – by 31.1% since 2005 – as the Italian energy 
mix shifted towards fossil gas and renewable energy 
sources.  Since 1990, Italy’s greenhouse gas (GHG) 
emissions have fallen by almost 20%. 

The only coal reserves and resources in Italy are located in 
the Sulcis-Iglesiente basin, in south-west Sardinia, totalling 
an estimated 610 million tonnes.  Mining activities were 
stopped there in 1972, but restarted in 1997 with many 
environmental improvements.  Saleable production in 2018 
was an estimated 243 tonnes, although for economic 
reasons this was left underground.  In accordance with EU 
state-aid law, CARBOSULCIS, owned by the Regional 
Government of Sardinia, closed Monte Sinni mine at Nuraxi 
Figus in December 2018.  The agreed closure plan foresees 
work on safety and environmental restoration, renewable 
energy projects and research activities aimed at the 
industrial redevelopment of the site though to 2027. 

Italian electricity production is uniquely fragile, with no solid 
baseload nuclear or coal power.  On average, G7 countries 
rely on coal and nuclear for 43.8% of their power generation.  
In Italy, the comparable figure is just 10.5%, all from coal.  
This means an overdependence on fossil gas which 
accounted for 44.6% of gross power generation in 2018, 
followed by hydro (17.0%), solar (7.8%), wind (6.0%) and oil 
(3.7%).  Biofuels, energy from waste and geothermal 
accounted for the balancing 10% of electricity production.  
After growing strongly under five Conto Energia schemes 
which ended in 2013 and other green subsidies, the share of 
new renewables (solar, wind and biofuels) stagnated over 
the five-year period to 2018 at around 20%.  Net electricity 
imports of 43.9 TWh in 2018 met over 13% of gross 
electricity supply. 

In a decisive June 2011 referendum, Italian voters rejected 
government proposals to restart a nuclear programme that 
was abandoned following an earlier referendum held after 
the 1986 Chernobyl disaster. 

Italy had an overall energy import dependence of 77.0% in 
2017, rising to 92.3% in the case of fossil gas.  In 2018, fossil 
gas imports came mainly from Russia (48%), Algeria (27%) 
and Qatar (10%).  Italy also imported 10.8 million tonnes of 
steam coal in 2018 and 3.3 million tonnes of coking coal, the 
latter including PCI coal.  The main supply countries were 
Russia, the United States and Colombia.  In October 2017, 
ENEL sold its 10% shareholding in PT BAYAN 
RESOURCES of Indonesia which produced 20.9 million 
tonnes of coal in 2017 and 28.9 million tonnes in 2018.  Coal 

imports into Italy peaked in 2008 at 25.1 million tonnes and 
have since fallen because of the forced closure of the 
660 MW Vado Ligure coal-fired power plant owned by 
TIRRENO POWER, the closure of a further three coal power 
plants (Brindisi Nord, Genoa and “Pietro Vannucci” Bastardo 
in Umbria) and ongoing difficulties at the ARCELORMITTAL 
steel plant in Taranto. 

Mainland Italy now has just six coal-fired power plants:  
ENEL Torrevaldaliga Nord on the coast near Rome 
(1 320 MW), ENEL Andrea Palladio-Fusina near Venice 
(960 MW), ENEL Brindisi Sud “Federico II” (2 640 MW), A2A 
Monfalcone (336 MW), ENEL “Eugenio Montale” at La 
Spezia (600 MW) and A2A Brescia (70 MW). 

Following their modernisation and conversion from fuel oil to 
coal, Italy has some of the best-performing coal-fired power 
plants in Europe.  The Torrevaldaliga Nord power plant 
attains a net efficiency of 45%, thus matching the world-
leading performance of plants in Japan.  It is estimated that, 
by 2038, all the modernisation investments at Italian coal 
power plants will have been fully amortised.  However, Italy’s 
coal-fired power plants are destined to reduce their output 
and close before then. 

On 8 January 2019, the Italian government presented to the 
European Commission its draft Integrated National Energy 
and Climate Plan (PNIEC).  In it, great emphasis is placed on 
an acceleration of decarbonisation policies and the 
promotion of renewable energy sources as part of an 
economy-wide transformation.  For coal, the plan confirms 
what was proposed in the National Energy Strategy of 2013, 
i.e. the closure of all Italian coal-fired power plants by 2025. 

To protect the competitiveness and security of the Italian 
power system, the planned coal phase-out is to be gradual 
and closely connected to power plant replacement and 
extension of power transmission, distribution and energy 
storage infrastructure.  However, without nuclear and coal, 
and with the emphasis on more expensive renewables, Italy 
faces an uncompetitive power generation mix that will 
contribute to weaker industrial activity and higher electricity 
prices for households.  The closure of coal plants will 
exclusively benefit oligopolistic gas producers, such as 
GAZPROM, the largest Russian company, and 
SONATRACH, the Algerian state-owned oil company. 

Absent appropriate actions, there are serious issues with the 
coal phase-out plan.  For example, the closure of the two 
coal-fired power plants on Sardinia (640 MW EPH 
Fiumesanto and 340 MW ENEL Sulcis “Grazia Deledda”) 
appears to be technically impossible as they account for 70% 
of the island’s power production.  The same situation affects 
Italy’s central-northern grid which already experiences 
security and adequacy problems. 

Moreover, from an environmental point of view, in a world 
where coal will continue to be used for power generation, the 
coal phase-out plan will be of little climatic benefit as the CO2 
emissions from coal-fired power generation in Italy 
accounted for just 0.06% of global GHG emissions in 2018. 
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Luxembourg 

In 1952, when its prosperity was based on steelmaking, the 
Grand Duchy of Luxembourg was chosen as the site of the 
European Coal and Steel Community, marking the start of 
the institutional development that led to the European Union.  
Luxembourg continues to enjoy strong economic growth, of 
over 2.5% per year, and a growing population. 

With an energy-import dependence of 95%, Luxembourg is 
among the most import-dependent EU member states, after 
Malta and Cyprus.  The country has only one major power 
generation site:  the RWE-operated 1 300 MW pumped-
storage hydro plant at Vianden.  A 385 MW combined-cycle 
gas turbine plant at Esch-sur-Alzette operated by TWINERG 
was prematurely closed in 2016 for economic reasons.  
Luxembourg thus generates only one quarter of its electricity 
needs (excluding pumped hydro) and imports the rest, 
mainly from Germany.  It is part of the DE/AT/LU bidding 
zone and, since October 2017, the BeDeLux interconnector 
between Belgium, Germany and Luxembourg has been in 
operation, while a new DeLux interconnector is planned. 

The steel industry’s conversion to electric-arc furnaces 
(ARCELORMITTAL steel works at Esch-Belval and 
Differdange) has practically eliminated Luxembourg’s coal 
use and means the sector accounts for around 40% of total 
electricity demand.  Coal is used today mainly for the 
production of cement at the CIMALUX Rumelange plant.  All 
coal is imported – 63 thousand tonnes in 2018 – and makes 
only a small contribution to the country’s primary energy 
supply.  Yet, in 2017, Luxembourg had the highest per capita 
greenhouse gas emissions by far (20.2 tCO2e/capita) of all 
the EU member states. 

 

Malta 

Malta has no conventional energy production and reports no 
coal consumption.  Until 1995, coal was imported for power 
generation.  The inefficient 90 MW Marsa and 444 MW 
Delimara 1 power plants, both running on heavy fuel oil, 
were decommissioned in 2015 and 2017 respectively.  To 
replace them, ENEMALTA PLC built Delimara 4 – a 205 MW 
combined cycle gas turbine plant supplied from a floating 
LNG import facility.  In addition, the 153 MW Delimara 3 
power plant, commissioned in 2012 and comprising eight 
diesel engines and a steam turbine, has been converted to 
run on fossil gas.  For security of supply reasons, four 
engines can also run on diesel oil.  A 120-kilometre 200 MW 
interconnector to Sicily was commissioned in 2015. 

 

Moldova 

The Republic of Moldova does not produce coal or lignite.  It 
imports small quantities of hard coal for use by industry and 
in heating plants – 142 thousand tonnes in 2018.  Coal 
represents less than 3% of gross inland energy consumption. 

Electricity is imported from Ukraine, but mostly from the 
2 520 MW Kuchurgan thermal power plant located on the 
shores of Cuciurgan reservoir in the Transnistria region.  
This twelve-unit plant can run on coal, fossil gas or fuel oil.  
In 1990, over 4 million tonnes of coal were consumed there, 
but since the late 1990s the station has used virtually no 
coal.  Although the Moldovan electricity grid is synchronised 
with Russia’s (IPS/UPS), some units at Kuchurgan could be 
synchronised with Continental Europe to allow exports of 
electricity via Romania.  Owned by MOLDAVSKAYA GRES, 
a subsidiary of the Russian company INTER RAO UES, the 
plant is in need of further refurbishment and only operated at 
17.8% of its installed capacity in 2018. 

The remaining supply of electricity is covered by two gas-
fired combined heat and power (CHP) plants in Chisinau 
(64 MW + 240 MW), a 20 MW CHP plant in Balti, ten CHP 
plants at sugar refineries (totalling 98 MW) and two hydro 
power plants:  the 48 MW Dubăsari plant and another 
16 MW plant at Costesti. 

 

The Netherlands 

Hard coal mining dominated the South Limburg area of the 
Netherlands from the late 19th century to the mid-1970s.  The 
coalfield, located in the south of the country close to the 
German and Belgian borders, was mainly exploited from 
underground mines.  Coal mining in the Netherlands ended 
in 1974 when the private Oranje-Nassau Mine I and Julia 
coal mines closed.  Emma mine, the last state-owned mine, 
was closed in 1973. 

Since around 1915, lignite was extracted at opencast mines 
near the towns of Eygelshoven and Hoensbroek.  The 
deposits are located on the north-west fringe of the large 
Rhenish lignite basin to the west of Cologne in Germany.  
Lignite mining ended in 1968 with the closure of the 
Carisborg site. 

The Netherlands is home to the main ports for the 
transhipment of coal imports into Europe.  The ports at 
Amsterdam and Rotterdam, along with Antwerp port in 
Belgium, together make up the ARA trading area for 
imported steam coal and coking coal in north-west Europe. 
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In 2018, 11.3% of the Netherlands’ primary energy supply 
was provided by coal, all imported.  The country imported 
13.0 million tonnes in 2018, comprising 8.8 million tonnes of 
steam coal and 4.2 million tonnes of coking coal.  The main 
supplier countries were Russia, the United States, Australia 
and Colombia. 

Most imported coal is used for coal-fired power generation:  
coal had a 26.3% share of the 113.5 TWh gross electricity 
generation in 2018, including the use of coke oven gas and 
blast furnace gas at steelworks.  The fleet of Dutch coal 
power plants is very modern and includes:  UNIPER 
1 070 MW Maasvlakte 3 plant in the Rotterdam area, ENGIE 
800 MW Maasvlakte plant, commissioned in early 2015, and 
RWE 1 560 MW Eemshaven plant near Groningen.  All three 
of these plants employ the latest supercritical steam 
technologies to achieve high energy efficiencies.  Older coal-
fired plants operate at Geertruidenberg (600 MW Amer) and 
Amsterdam (630 MW Hemweg 8).  Some plants co-fire coal 
with biomass, to a greater or lesser extent.  Ownership is 
very diverse, with ESSENT (a subsidiary of RWE), 
ELECTRABEL (a subsidiary of ENGIE), UNIPER and NUON 
(a subsidiary of VATTENFALL) being the major players in 
coal-fired power generation. 

Under the Climate Act of 2018, the Netherlands has 
committed to reduce its greenhouse gas emissions by 49% 
by 2030 and by 95% by 2050, compared with 1990 levels.  In 
its Climate Agreement of June 2019, the national coalition 
government agreed to phase out coal-fired electricity 
generation by 2025/2030, with the first plant to be closed by 
2020 and the three modern plants at the beginning of 2030.  
The government will introduce a targeted carbon levy on 
industry, starting at €30 per tonne of CO2 in 2021 and rising 
to €125-€150 per tonne in 2030, including the EU ETS 
allowance price, on emissions that exceed a fixed reduction 
path.  A minimum CO2 price for electricity production will also 
be introduced. 

In response to these political developments, ENGIE agreed 
the sale in April 2019 of its Maasvlakte and other plants to 
RIVERSTONE HOLDINGS of the United States for an 
average of €85 per kilowatt (compared with Maasvlakte’s 
investment cost of €1 500 per kilowatt in 2009).  In the case 
of NUON, the Dutch government has ordered the company 
to close Hemweg 8 by the end of 2019.  Meanwhile, RWE 
will convert its Eemshaven plant to co-fire biomass. 

The Dutch government has supported CCS demonstration 
projects, including the ROAD project (Rotterdam Opslag en 
Afvang Demonstratieproject).  Under the Climate Agreement, 
subsidies will be offered to CO2-reducing options in industry, 
such as CCUS. 

TATA STEEL owns the IJmuiden integrated steel works 
which has a crude steel annual production capacity of 
7 million tonnes and consumes most of the coking and PCI 
coal imported by the Netherlands.  A pilot project at IJmuiden 
to demonstrate the Hisarna iron-making process aims to 
reduce CO2 emissions from steelmaking. 

 

Norway 

Norway, Europe’s northernmost country, opted to stay out of 
the European Union by referendum in 1994, but supplies 
significant volumes of oil and fossil gas to the Union.  In 
2017, 25.3% of EU gas imports came from Norway which is 
the world’s third largest gas exporter after Russia and Qatar.  
Hydro power plants supplied 95.0% of Norway’s gross 
electricity generation in 2018 and the country is a significant 
net exporter of electricity:  6.9% of gross production. 

In 2018, Norway produced 145 thousand tonnes of hard coal 
and imported 746 thousand tonnes of steam coal for use in 
the metallurgical industry, chemicals production and cement 
manufacture.  113 thousand tonnes of steam coal were 
exported in 2018. 

Norway has access to deposits of good quality, high calorific 
value coal at Svalbard lying within the Arctic Circle where 
resources are estimated to total 90 million tonnes, with 
reserves of 1.0 million tonnes. 

Coal mining on Spitsbergen, the largest and only 
permanently populated island of the Svalbard archipelago, 
has served multiple government goals, not all related to 
energy.  Without continued peaceful economic activity on 
Spitsbergen, Norwegian sovereignty might be weakened by 
foreign economic activity as the Svalbard Treaty of 1920 
grants rights to all thirty-nine signatories.  The state-owned 
STORE NORSKE SPITSBERGEN KULKOMPANI (SNSK) 
was established in November 1916 and owns three drift 
mines employing 124 people:  Svea Nord longwall mine 
located 60 kilometres south of Longyearbyen, Lunckefjell 
mine north-east of Svea, and Gruve 7 room-and-pillar mine 
in the valley of Adventdalen near Longyearbyen.  There is no 
road connection between Longyearbyen and Svea, so all 
personnel transport is by plane or snowmobile in the winter.  
Spitsbergen’s 10 MW coal-fired combined heat and power 
plant takes coal from Gruve 7 and a decision must be taken 
soon on its replacement.  At NOK 3-5 billion, an underwater 
cable from the mainland is possible, but very expensive. 

Political guidance for SNSK’s operations is laid down in a 
government White Paper (No. 22 to the Storting, 2008-2009), 
establishing that SNSK and its coal mining operations are – 
and will remain – important for maintaining a Norwegian 
community in Longyearbyen on Spitsbergen. 

The majority of coal production in the past was carried out in 
Longyearbyen.  From 2000 until 2015, the principal activities 
of SNSK were located at Svea.  In 2007, total coal 
production on Spitsbergen was 4.0 million tonnes.  However, 
mining at Svea Nord and preparatory works on the new mine 
at Lunckefjell were put on hold by the Norwegian 
government in January 2015 as low coal prices had led to a 
difficult economic situation.  Extensive cost reductions and a 
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significant downsizing of SNSK continued in 2016.  To bring 
in some revenue from tourists, Gruve 3 which closed in 1996 
re-opened as a museum with underground tours. 

In 2017, the Norwegian government decided to permanently 
stop coal mining activities at Svea and Lunckefjell.  The area 
has to be cleared and all the mining equipment is to be sold.  
This process will take several years and equipment will be 
sold as it becomes available. 

In the future, the only mining will be at Gruve 7, directed by 
STORE NORSKE GRUVEDRIFT AS, with annual coal 
production of around 140 thousand tonnes. 

In co-operation with SINTEF and the Arctic University of 
Norway, SNSK has been engaged in research projects 
supported by the Norwegian Research Council on alternative 
uses for coal and processed coal with the aim of increasing 
the value of Svalbard coal. 

Norwegians are conscious that end-use emissions from the 
country’s exports of oil and gas are substantial.  In response, 
Norway has been a pioneer in the field of carbon capture and 
storage:  at the Sleipner gasfield and at the Snøhvit LNG 
project.  The CO2 Technology Centre Mongstad was 
inaugurated in May 2012 to develop CO2 capture 
technologies for both gas- and coal-fired power plants. 

 

Portugal 

Portugal has limited indigenous energy resources, leading to 
a 79.9% energy-import dependence in 2017.  Its last coal 
mine, Germunde in the Castelo de Paiva region, was closed 
in 1994, leaving behind national reserves of 3 million tonnes.  
The country also has lignite resources of 66 million tonnes. 

In 2018, 51.1% of Portugal’s electricity production came from 
renewable energy sources:  hydro, wind, biofuels, solar PV, 
geothermal and wave.  Nevertheless, conventional thermal 
power generation remains crucial to cover those periods 
when wind power is not available and to balance the annual 
variations in hydro power production on the Iberian 
Peninsula.  Coal-, oil- and gas-fired power generation 
together accounted for 48.0% of gross electricity production 
in 2018.  Coal’s share of gross production was 20.2%. 

Imported coal accounted for 12.4% of total primary energy 
supply in 2018 with imports of 4.7 million tonnes coming from 
Colombia and the United States.  Most of this coal was 
consumed at Portugal’s two coal-fired power plants located 
at Sines (1 256 MW) and Pego (628 MW).  Both are fitted 
with flue gas desulphurisation and selective catalytic 
reduction to reduce emissions of sulphur dioxide and NOx. 

Sines power plant, adjacent to a coal import terminal on the 
Atlantic coast, was built in the late 1980s and is owned by 

ENERGIAS DE PORTUGAL (EDP).  The inland Pego power 
plant, about 120 kilometres north-west of Lisbon, was fully 
commissioned in 1995 and is now owned by TRUST 
ENERGY, a 50%-50% joint venture between ENGIE and 
MARUBENI.  Around 650 are employed at the two power 
plants and the coal port. 

In November 2017, the Portuguese Government announced 
its commitment to retire all coal-fired power plants by 2030.  
Since 1 January 2018, coal used to produce electricity in 
Portugal has been taxed at a rate corresponding to 10% of 
the tax on petroleum and energy products, plus a carbon tax 
corresponding to 10% of the additional levy on CO2 
emissions.  These rates will be increased each year to reach 
100% in 2022. 

 

South East Europe 

The countries of South East Europe not covered in earlier 
chapters include Albania, Bosnia and Herzegovina, Croatia, 
Kosovo, North Macedonia and Montenegro. 

 

Albania produces very small volumes of lignite, about 
296 thousand tonnes in 2018, and imports further volumes to 
meet demand totalling an estimated 430 thousand tonnes at 
industrial and residential customers, including the Antea 
cement works.  With total resources of 727 million tonnes, 
the country has the potential to support a much larger coal 
mining industry.  During the 1980s, annual coal production of 
around 2.4 million tonnes came from mines in central Albania:  
at Valias, Manëz and Krrabë;  at Mborje and Drenovë in the 
Korçë district;  in northern Tepelenë at Memaliaj;  and at 
Alarup to the south of Lake Ohrid. 

The country produces all of its electricity at hydro plants with 
a total capacity of 2.1 GW.  A 98 MW gas- / oil-fired thermal 
power plant at Vlorë is currently inoperable.  Imported 
electricity covers around 40% of total electricity supply. 

The Trans-Adriatic Pipeline (TAP), which will deliver Azeri 
gas via Greece and Albania to Europe, is expected to create 
a demand for fossil gas in Albania.  Construction of the TAP 
is scheduled to finish in 2019, with first gas deliveries to Italy 
expected in 2020. 

 

In Bosnia and Herzegovina, brown coal and lignite make a 
very large contribution to primary energy supply (62.0% in 
2017).  Only North Korea, South Africa, Mongolia and China 
have higher coal dependencies.  In 2018, Bosnia and 
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Herzegovina produced 14.3 million tonnes of brown coal and 
lignite.  This was mostly used to generate electricity at power 
plants near to coal mines:  73.0% of the country’s gross 
electricity production was from coal in 2017.  In addition, 
1.5 million tonnes of imported coking coal was consumed in 
2018. 

At 2 264 million tonnes, Bosnia and Herzegovina’s reserves 
of lignite are substantial.  Total lignite resources are reported 
to be 5 274 million tonnes.  The largest coal deposits are 
located in the north-east of the country around Tuzla in the 
Kreka-Banovići coal basin.  Bosnian lignite typically has a 
lower calorific value of 9 100 kJ/kg (2 200 kcal/kg), a 
moisture content of 49%, an ash content of 3.8% and a high 
sulphur content (as-received values). 

ELEKTROPRIVREDA BOSNE i HERCEGOVINE (EPBiH) is 
a state-owned utility company with seven subsidiary coal 
mining companies:  Rudnici „Kreka“ (Šikulje and Dubrave 
opencast lignite mines and Mramor underground mine);  
RMU „Kakanj“ (Vrtlište opencast mine, Haljinići underground 
mine and Begići-Bištrani underground mine which opened in 
July 2013);  RMU „Zenica“ (Stara Jama, Raspotočje and 
Stranjani underground mines);  RMU „Breza“ (underground 
mines at Sretno and Kamenice);  RMU „Đurđevik“ (Višća 
opencast brown coal mine and Đurđevik underground mine);  
and RMU „Abid Lolić“ and RU „Gračanica“ which operate 
opencast mines. 

RMU BANOVIĆI operates two large opencast mines at 
Grivice and Turija, employing hydraulic shovels, draglines 
and 170-tonne trucks to mine a 12-metre seam.  The Čubrić 
opencast mine was closed in 2011.  Opencast mines at 
Banovići have an average overburden ratio of 5 cubic metres 
per tonne.  The company also operates the partly 
mechanised Omazići underground coal mine.  In November 
2015, RMU BANOVIĆI signed an agreement with 
DONGFANG ELECTRIC CORPORATION of China to build a 
new power plant in Banovići.  Financed by the INDUSTRIAL 
AND COMMERCIAL BANK OF CHINA, the €400 million 
project includes a 350 MW lignite-fired unit with a 
supercritical circulating fluidised bed boiler.  In September 
2019, IGH of Croatia, STEAG ENERGY SERVICE and SGS 
were selected to supervise the power plant construction project. 

Coal mines situated in northeast and central Bosnia serve 
the Tuzla and Kakanj power plants owned and operated by 
EPBiH.  The Gacko coal mine and power plant in the south 
of the country as well as the Bogutovo Selo opencast mine 
and Ugljevik power plant in the east are operated by the 
state-owned ELEKTROPRIVREDA REPUBLIKE SRPSKE 
(EPRS).  Other mines include Kamengrad mine and the 
Livno and Tušnica mines which supply Ugljevik power plant, 
although not all are in production. 

The 715 MW Tuzla power plant has three operational units 
and supplies heat to Tuzla and Lukavac as well as process 
steam to nearby industries and fly ash to the cement works 
at Lukavac.  After the Bosnian war of 1992-95, major 
overhauls were completed at the plant, including boiler 
upgrades and the installation of new electrostatic 

precipitators.  The 450 MW Kakanj power plant has three 
units and was similarly reconstructed and modernised after 
the war.  In addition to the generation of electricity, the power 
plant supplies heat to the city of Kakanj as well as ash and 
slag to the Kakanj cement works.  New units are planned at 
both plants:  the 450 MW Tuzla 7 and the 300 MW Kakanj 8. 

In November 2017, EPBiH signed a loan agreement with the 
EXPORT-IMPORT BANK OF CHINA to finance the 
€722 million Tuzla 7 project.  The new unit will replace the 
four oldest units at Tuzla (2 × 32 MW, 100 MW and 
200 MW).  When completed, Tuzla 7 will provide almost one 
quarter of EPBiH electricity production. 

At the end of 2018, EPBiH adopted its 2019-2021 business 
plan in which construction of Tuzla 7 was given priority, 
followed later by Kakanj 8.  These permitted power plants 
are needed to replace old units that must be phased-out due 
to limits imposed under EU regulations and also to provide a 
market for local coal. 

The Gacko and Ugljevik power plants, each of 300 MW, 
were commissioned in 1983 and 1985 respectively.  In 2019, 
MITSUBISHI HITACHI POWER SYSTEMS and RUDIS of 
Slovenia completed a FGD retrofit project at Ugljevik power 
plant.  Under a national emission reduction plan (NERP) 
agreed with the Energy Community, FGD at the Gacko plant 
will be needed from 2023.  In the future, lignite for these 
plants could come from new opencast mines being 
developed by COMSAR ENERGY at Delići, Peljave-Tobut 
and Baljak and by EPRS subsidiary RUDNIK i 
TERMOELEKTRANA (RiTE) UGLJEVIK at Ugljevik-Istok. 

A new 300 MW lignite-fired power plant came online in 
September 2016 at Stanari in northern Bosnia and 
Herzegovina.  The plant was built by DONGFANG 
ELECTRIC CORPORATION and financed by the CHINA 
DEVELOPMENT BANK with a €350 million loan.  To supply 
the power plant, Stanari coal mine at Doboj, with reserves of 
108 million tonnes, has increased its annual output capacity 
from 0.6 million tonnes to 2 million tonnes with a loan from 
SBERBANK of Russia.  The UK-registered EFT GROUP 
owns the Stanari mine and power plant. 

 

Croatia became the newest member state of the European 
Union on 1 July 2013.  The country does not produce coal, 
but consumed 595 thousand tonnes of imported coal in 
2018, mainly at the 335 MW Plomin I and II power plant 
which is 100% owned by HRVATSKA ELEKTROPRIVREDA 
(HEP).  Coal accounted for 9% of total generation in 2017.  
In February 2018, HEP applied for a permit to modernise the 
125 MW Plomin I unit to extend its life by 15-20 years.  Plans 
for a third 500 MW unit at Plomin were cancelled in 2016. 
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Kosovo is governed by the United Nations Interim 
Administration Mission in Kosovo (UNMIK), following the 
violent conflict of 1996-99.  It has very large lignite 
resources, totalling 10.8 billion tonnes and fourth only to 
Poland, Germany and Serbia in Europe.  Reserves are 
located in the Kosova, Dukagjini, Drenica and Skenderaj 
basins, although mining has been limited to the Kosova 
basin to date.  Lignite production in 2018 was 7.2 million 
tonnes. 

For electricity, Kosovo was 93.2% dependent on lignite in 
2017, with the rest coming from hydro plants and imports, 
including from a 32 MW hydro plant at Ujman/Gazivoda and 
other smaller plants. 

The state-owned KORPORATA ENERGJETIKE e 
KOSOVËS (KEK) has a monopoly position in lignite mining 
and electricity generation.  The Kosova A (comprising five 
units of which the 200 MW unit A3 and 2 × 210 MW units A4 
and A5 are operational) and Kosova B (2 × 339 MW units) 
power plants near Pristina are supplied with lignite from 
Sibovc Southwest mine near Obilić which opened in 2010. 

In December 2014, a successful bid for the new 500 MW 
“Kosova e Re” thermal power plant (a.k.a. Kosovo C) was 
submitted by CONTOUR GLOBAL of the United States to 
the Kosovan Ministry of Economic Development.  This 
€1.2 billion project will replace Kosova A and will, with the 
development of the Sibovc mine, create 10 000 jobs, 
improve the environment and end the electricity blackouts 
that plague the country.  In May 2019, GENERAL ELECTRIC 
was chosen to build Kosovo C with construction expected to 
start late in 2019. 

 

North Macedonia is a significant lignite producer:  
5.0 million tonnes in 2018 from the Suvodol and Oslomej 
surface mines of state-owned ELEKTRANI NA SEVERNA 
MAKEDONIJA (ESM) and a number of smaller, privately 
owned surface mines.  Coal resources are estimated at 
632 million tonnes in the Pelagonija and Kicevo basins, 
including deposits at Suvodol, Brod-Gneotino, Zhivojno, 
Oslomej, Popovjani and Stragomiste.  Lignite from the 
Mariovo basin may be exploited to fuel a proposed new 
300 MW power plant at Mariovo.  In Mach 2019, tenders 
were invited for a 10 MW solar PV farm at the Oslomej mine. 

Most coal and lignite is used for power generation which 
accounted for 54.0% of gross generation in 2017, mainly at 
the 675 MW ESM Bitola and 125 MW ESM Oslomej power 
plants.  The balance is used almost entirely by the steel 
industry, including the DOJRAN STEEL plant at Nikolic, 
DUFERCO MAKSTIL’s integrated steel works at Skopje, and 
ARCELORMITTAL’s steel mill, also at Skopje. 

 

Montenegro produced and consumed 1.6 million tonnes of 
lignite in 2018, mostly for power generation – 1.4 TWh in 
2017, this being 54.8% of gross generation.  Hydro power 
supplied 41.1% with the remainder coming from wind and 
solar PV.  Although not currently exploited, Montenegro has 
hard coal resources of 337 million tonnes. 

Montenegro’s 225 MW Pljevlja coal-fired power plant, 
commissioned in 1982 and owned by the majority state-
owned company ELEKTROPRIVREDA CRNE GORE 
(EPCG), is supplied with brown coal (10 300 kJ/kg) from two 
surface mines operated by RUDNIK UGLJA PLJEVLJA 
employing 861, including contractors, and 100% owned by 
EPCG since June 2018.  Under an agreement with the 
Energy Community on implementation of EU law, the unit 
may operate for 20 000 hours over the period 2018-2024.  In 
March 2019, a contract was placed with STEAG ENERGY 
SERVICES of Germany to further upgrade the unit with flue 
gas desulphurisation and deNOx to meet the latest EU 
emission standards and thus extend the operational life of 
the plant.  A heat offtake for district heating in Pljevlja is 
included in the upgrade.  Earlier plans to construct a new unit 
have been put on hold and a contract with SKODA PRAHA 
for a new 254 MW unit was terminated at the end of 2017. 

In 2014, METALFER acquired an underground coal mine at 
Berane which had been flooded and idle since 2005.  
Exploitable reserves are estimated at over 50 million tonnes 
of brown coal with a calorific value of 14 000-17 000 kJ/kg.  
In January 2015, commercial mining restarted at a depth of 
200 metres, employing 140 people.  Production in 2018 was 
56 448 tonnes. 

 

Sweden 

There is currently no coal mining in Sweden and imported 
coal accounted for only 4.6% of the country’s primary energy 
supply in 2018.  Coal reserves and resources are estimated 
at 5 million tonnes in southern Sweden.  In 2018, 
540 thousand tonnes of peat were extracted. 

Since the mid-1990s, coal imports have been stable at close 
to 3 million tonnes per year (2.7 million tonnes in 2018).  
Demand for high-quality coking coal from Australia and the 
United States comes mainly from Sweden’s speciality steel 
industry.  Limited quantities of steam coal, mostly imported 
from Russia, are used at cement works and at combined 
heat and power plants which are fuelled mainly with solid 
biofuels, including at the FORTUM / STOCKHOLM EXERGI 
Värtan plant in Stockholm.  Coal was used in the pulp and 
paper industry, but has been replaced with biofuels. 
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In 2018, nuclear power accounted for 41.3% of Sweden’s 
gross electricity production, while the share of hydro power 
was 38.7%.  The balance was met by wind power (10.4%) 
and CHP plants firing mainly solid biofuels and wastes 
(7.5%), and fossil fuels (1.9%).  Wind and biomass are 
generously subsidised while nuclear and fossil fuels are 
heavily taxed. 

The role of nuclear power has long been the subject of 
political debate in Sweden.  In June 2010, the parliament 
agreed that new nuclear power plants could replace old ones  
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transmission line near Szczecin, Poland © Nightman1965 | 
Dreamstime.com; page 16: a bucket-wheel excavator on the move 
between PGE GiEK lignite mines, Bełchatów, Poland © Andrzej 
Zbraniecki | Dreamstime.com; page 21: FGD plant at RWE Neurath 
power station, Grevenbroich, North Rhine-Westphalia, Germany 
© Industryandtravel | Dreamstime.com; page 22: FGD plant at 
Mátrai Erőmű power station, Visonta, Hungary © Marotistock | 
Dreamstime.com; page 27: coal barge on the Moselle River, 
Cochem, Germany © Juha Jarvinen | Dreamstime.com; page 28: 
RWE Garzweiler lignite mine, Grevenbroich, Germany © Thomas 
Lukassek | Dreamstime.com; page 33: Zollverein coal mine and 
world heritage site, Essen, Germany © Frank Gärtner | 
Dreamstime.com; page 34: coal loaders and conveyors, Port of 
Gdansk, Poland © Nightman1965 | Dreamstime.com; page 39: view  

at existing sites.  After lengthy negotiations, this policy was 
restated in a cross-party framework agreement of June 2016. 

A new Climate Act entered into force on 1 January 2018 with 
the aim of linking Sweden’s annual Budget Bill with climate 
objectives.  An independent climate policy council will hold 
the government to account.  In June 2018, the Energy Bill 
adopted by parliament includes a 100% target for renewable 
electricity production by 2040.  In response to such political 
developments, the owners of the Värtan CHP plant have 
decided to phase out coal use by 2022. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

looking up inside the cooling tower of unit 6 at HSE Šoštanj power 
plant, Velenje, Slovenia © Premogovnik Velenje, d.o.o.; page 40: tall 
trees at the former Ville lignite mine, Altwald Ville, Erftstadt, 
Germany © Klaus Görgen | RWE Power AG; page 44: mine shaft 
monitoring equipment, Poland © Główny Instytut Górnictwa (GIG – 
Central Mining Institute); page 51: Inselsee on Sophienhöhe nature 
trail – recultivated land at the RWE Hambach lignite mine, Jülich, 
Germany © Klaus Görgen | RWE Power AG; page 52: a roadheader 
tunnelling machine operating in the Velenje coal mine, Slovenia 
© Premogovnik Velenje, d.o.o.; page 55: a reclaimer supplies coal 
from stock to the HSE Šoštanj power plant, Velenje, Slovenia 
© Premogovnik Velenje, d.o.o.; page 56: a Class 66 diesel 
locomotive hauling a coal train south from Colton Junction, York, UK 
© Georgesixth | Dreamstime.com; page 61: a bucket-wheel 
excavator at the RWE Inden lignite mine, Germany © Claffra | 
Dreamstime.com; page 62: “paix” coal mine spoil tip, Harnes, France 
© Adrien Simon | Dreamstime.com; page 67: coal stocks and cooling 
towers at Uniper Ratcliffe power station, Nottingham, UK © Charles 
Gibson | Dreamstime.com; page 68: an excavator loading a truck 
with coal at the SUEK Tugnuisky opencast mine, Buryatia, Russia 
© Mark Agnor | Dreamstime.com; page 81: coal stockyard with light 
artwork at the Helen Hanasaari power station, Helsinki, Finland 
© Jacek Sopotnicki | Dreamstime.com; flags: © Redpixart LLC. 
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EU statistics 

Data for EU member states that use only imported coal, 2018 

 
 
 

Population 
(million) 

 
 

GDP 
(€ billion) 

Primary 
energy 

production 
(Mtce) 

Total primary 
energy 

consumption 
(Mtce) 

Primary 
coal & peat 

consumption 
(Mtce) 

Gross 
power 

generation 
(TWh) 

Gross 
coal power 
generation 

(TWh) 

Capacity of 
coal-fired 

generation 
(GW) 

Austria 8.8 385.7 16.7 47.2 3.9 68.6 3.6 0.6 
Belgium 11.4 450.5 16.7 74.8 4.4 75.0 2.3 - 
Croatia 4.1 51.5 *6.0 *12.5 0.5 *12.0 *1.4 0.3 
Denmark 5.8 298.3 19.7 24.2 2.2 30.0 6.4 3.7 
Finland 5.5 232.1 27.6 48.8 6.0 70.0 10.0 3.4 
France 66.9 2,353.1 193.2 350.4 13.0 580.7 9.3 3.0 
Ireland 4.8 324.0 6.9 19.5 2.0 30.9 4.3 0.9 
Italy 60.5 1,765.4 50.4 215.6 12.2 290.6 30.5 7.8 
Netherlands 17.2 774.0 52.2 102.5 11.6 113.5 29.9 4.6 
Portugal 10.3 203.9 8.3 31.2 3.9 59.8 12.1 1.8 
Sweden 10.1 471.2 50.1 68.4 3.1 159.3 2.0 0.3 

Sources:  EURACOAL members, Eurostat, IEA and ENTSO-E.  See country chapters for data on coal-producing member states.  * 2017 data 

Coal production and imports in 2018 for the EU-28 

 Hard coal production 
(million tonnes) 

Lignite production 
(million tonnes) 

Hard coal imports 
(million tonnes) 

Austria   3.5 
Belgium   4.1 
Bulgaria  30.3 0.8 
Croatia   0.5 
Czech Republic 4.4 39.2 3.8 
Denmark   2.8 
Finland   4.0 
France   13.5 
Germany 2.8 166.3 44.5 
Greece  36.5 0.4 
Hungary  7.9 1.5 
Ireland   1.3 
Italy   14.1 
Netherlands   13.0 
Poland 63.4 58.6 19.7 
Portugal    4.7 
Romania 0.7 23.5 0.9 
Slovakia  1.5 4.4 
Slovenia  3.2 0.4 
Spain  2.5  15.8 
Sweden   2.7 
United Kingdom 2.6  10.1 
others  0.5 
EU-28 76.3 367.0 167.0 

Source:  EURACOAL members 
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Power generation structure in the EU-28 in 2017 

 

Total gross power 
generation 

        (TWh)      EU share (%) 

Coal & coal 
products 

(%) 

 
Oil 
(%) 

 
Fossil gas 

(%) 

Nuclear 
energy 

(%) 

 
Hydro 

(%) 

Renewables, 
waste & other 

(%) 

Austria 71.3 2.2 5 1 15 0 59 19 
Belgium 86.1 2.6 3 <1 27 49 2 20 
Bulgaria 45.6 1.4 46 1 4 34 8 7 
Croatia 12.0 0.4 11 2 26 0 46 15 
Cyprus 5.0 0.2 0 91 0 0 0 9 
Czech Republic 86.9 2.6 51 <1 4 33 3 9 
Denmark 31.0 0.9 20 1 6 0 <1 73 
Estonia* 12.9 0.4 84 1 <1 0 <1 15 
Finland** 67.1 2.0 14 <1 5 33 22 26 
France 561.5 17.0 3 1 7 71 10 8 
Germany 652.0 19.8 39 <1 13 12 4 31 
Greece 55.3 1.7 34 10 31 0 7 18 
Hungary 32.8 1.0 16 <1 24 49 1 11 
Ireland** 30.9 0.9 19 <1 51 0 3 27 
Italy 295.2 9.0 12 4 48 0 13 24 
Latvia 7.5 0.2 0 0 27 0 58 14 
Lithuania 3.9 0.1 0 4 15 0 30 51 
Luxembourg 2.2 0.1 0 0 10 0 64 26 
Malta 1.6 0.0 0 12 78 0 0 10 
Netherlands 117.1 3.6 29 1 51 3 <1 16 
Poland 170.4 5.2 78 1 6 0 2 13 
Portugal 59.4 1.8 25 2 32 0 13 29 
Romania 64.3 2.0 26 1 17 18 23 15 
Slovakia 27.6 0.8 13 2 6 55 17 8 
Slovenia 16.3 0.5 30 <1 3 38 25 4 
Spain 275.6 8.4 17 6 23 21 8 26 
Sweden** 164.3 5.0 <1 <1 <1 40 40 19 
United Kingdom 338.3 10.3 7 <1 40 21 3 29 
EU-28 3,294.3 100.0 22 2 20 25 10 21 

* coal figure includes oil shale 
** coal figure includes peat 
 
Source:  Eurostat nrg_bal_peh database, last update 25.06.2019 
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EURACOAL 

The European Association for Coal and Lignite is the umbrella organisation of the European coal industry.  Associations and 
companies from fifteen countries work together in EURACOAL to ensure that the interests of coal producers, importers, traders 
and consumers are properly served.  Its twenty-seven members come from across the EU-28 and Energy Community.  As the 
voice of coal in Brussels, EURACOAL evolved from CECSO (European Solid Fuels Association) after the expiry of the treaty 
establishing the European Coal and Steel Community in 2002. 

EURACOAL’s mission is to highlight the importance of the European coal industry to energy supply security, energy price 
stability, economic added value and environmental protection.  EURACOAL seeks to be an active communicator, with the aim of 
creating an appropriate framework within which the coal industry and coal consumers can operate. 

Country Member Association / Company 

Bosnia-Herzegovina RMU “Banovići” d.d. Banovići 

Bulgaria MMI – Mini Maritsa Iztok EAD 

Czech Republic ZSDNP – Zaměstnavatelský svaz důlního a naftového průmyslu (Employers’ Association of Mining and Oil Industries) 

Finland Finnish Coal Info 

Germany DEBRIV – Deutscher Braunkohlen-Industrie-Verein e.V. (German Association of Lignite Producers) 

 DMT GmbH & Co KG 

 GVSt – Gesamtverband Steinkohle e.V. (German Coal Association) 

 VDKi – Verein der Kohlenimporteure e.V. (Coal Importers’ Association) 

Greece CERTH/CPERI – Chemical Process and Energy Resources Institute 

 PPC – Public Power Corporation S.A. 

Hungary Borsod-Abaúj-Zemplén County Government 

Poland GIG – Główny Instytut Górnictwa (Central Mining Institute) 

 GIPH – Górnicza Izba Przemysłowo-Handlowa (Mining Chamber of Industry and Commerce) 

 KOMAG Institute of Mining Technology 

 Lubelski Węgiel „Bogdanka” S.A. 

 PGG – Polska Grupa Górnicza S.A. (Polish Mining Group) 

 PPWB – Porozumienie Producetów Węgla Brunatnego (Confederation of Polish Lignite Producers) 

Romania PATROMIN – Asociaţia Patronală Minieră din Romania (Mining Employers Association of Romania) 

Serbia EPS – Elektroprivreda Srbije (Electric Power Industry of Serbia) 

Slovak Republic HBP – Hornonitrianske bane Prievidza a.s. 

Slovenia Premogovnik Velenje d.o.o. 

Spain CARBUNIÓN – Federación Nacional de Empresarios de Minas de Carbón (National Coal Mining Employers’ Association) 

 Geocontrol S.A. 

 SUBTERRA Ingeniería S.L. 

Turkey TKİ – Turkish Coal Enterprises 

Ukraine DTEK 

 PRJSC Donetsksteel 

As at 31 October 2019 
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Coal classification 

Coal Types and Peat  
Total water 

content 
(%) 

Energy 
content 

a.f.* 
(kJ/kg) 

 
Volatiles 
d.a.f.** 

(%) 

Vitrinite 
reflection 

in oil 
(%) UNECE USA (ASTM) Germany (DIN) 

Peat Peat Torf     

Ortho-lignite 
Lignite 

Weichbraunkohle     

Meta-lignite 
Mattbraunkohle 

 

H
ar

tk
oh

le
 

    

Sub-bituminous coal     
Sub-bituminous coal 

Bi
tu

m
in

ou
s 

co
al

 

Glanzbraunkohle     

Flammkohle 

St
ei

nk
oh

le
 

    
 
High volatile 
bituminous coal Gasflammkohle     

Gaskohle     
Medium volatile 
bituminous coal 

Fettkohle 
Hard Coking Coal 

  

Low volatile 
bituminous coal Eßkohle     

Anthracite 
Semi-anthracite 

Magerkohle     

Anthrazit 
    

Anthracite     

 

* a.f. = ash-free basis 
** d.a.f. = dry, ash-free basis 
 
UNECE: Ortho-Lignite up to 15 000 kJ/kg 
 Meta-Lignite up to 20 000 kJ/kg 
 Sub-bituminous Coal up to 24 000 kJ/kg 
 Bituminous Coal up to 2% average vitrinite reflection 
 
USA (ASTM): Lignite up to 19 300 kJ/kg 
 
Source:  BGR 
 
Note:  There is no separate definition of the term “brown coal” as it is synonymous with “lignite”. 

 

 75   6 700  

 35   16 500    0.3  

 

 25   19 000    0.45  

 10   25 000   45   0.65  

   40   0.75  

   35   1.0  

  36 000   28   1.2  

   19   1.6  

   14   1.9  

  3   36 000   10   2.2  
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Glossary 

a. r. – as received 

As-received condition or as-received basis describes the 
condition of coal as received by the consumer or the 
laboratory analysing the coal, including moisture. 

Brown coal 

The terms “brown coal” and “lignite” are used 
interchangeably in this report.  The terms are synonymous – 
there is no separate definition of brown coal.  Where the 
word “coal” is used, it can refer to all types of coal. 

Coal reserves 

The portion of known coal resources that can be profitably 
mined and marketed with today’s mining techniques. 

Coal resources 

Coal deposits that are either proven, but at present are not 
economically recoverable, or not proven, but expected to be 
present based on geological knowledge. 

Mtce 

Million tonnes of coal equivalent (1 tce = 0.7 toe or 
29.307 gigajoules or 7 million kcal) 

Total primary energy supply 

TPES refers to the direct use of primary energy (e.g. coal) 
prior to any conversion or transformation processes.  It is 
equivalent to total primary energy demand or consumption. 

For a glossary of terms used in energy statistics, see 
Eurostat’s Statistics Explained website. 

Data sources and references 

Data and information has been provided by EURACOAL 
members and national government agencies.  Eurostat, IEA 
and World Bank databases have also been valuable 
sources.  Other data and information has come from the 
following publications. 

BAFA (Bundesamt für Wirtschaft und Ausfuhrkontrolle – 
German Federal Office of Economics and Export Control 
(2019), Aufkommen und Export von Erdgas Entwicklung der 
Grenzübergangspreise ab 1991, BMWi, Eschborn. 

BGR (Bundesanstalt für Geowissenschaften und Rohstoffe – 
Federal Institute for Geosciences and Natural Resources) 
(2019), Energy Study 2018 – data and developments 
concerning German and global energy supplies, 22, 
Hannover, Germany, August. 

BP (2019), BP Statistical Review of World Energy 2019, 
68th ed., BP plc, London, June. 

CEER (Council of European Energy Regulators) (2018), 
Status Review of Renewable Support Schemes in Europe for 
2016 and 2017, Report C18-SD-63-03, Brussels, December. 

ENTSO-E (European Network of Transmission System 
Operators for Electricity) (2019), Statistical Factsheet 2018, 
ENTSO-E aisbl, Brussels, June. 

European Commission (2011), Impact Assessment 
accompanying the Energy Roadmap 2050, Commission Staff 
Working Paper SEC(2011) 1565, Brussels, December. 

European Commission (2016), EU Reference Scenario 
2016:  energy, transport and GHG emissions trends to 2050, 
European Union, Luxembourg, July. 

European Commission (2018), In-Depth Analysis in Support 
of the Commission Communication COM(2018) 773 A Clean 
Planet for All – a European long-term strategic vision for a 
prosperous, modern, competitive and climate neutral 
economy, Brussels, 28 November 2018 (§7.7). 

European Commission DG Energy (2019), EU Energy in 
Figures – statistical pocketbook 2019, European Union, 
Luxembourg, September. 

IEA (International Energy Agency) (2018), CO2 Emissions 
from Fuel Combustion, OECD/IEA, Paris, October. 

IEA (2019a), World Energy Outlook 2019, OECD/IEA, Paris. 

IEA (2019b), Coal Information 2019, OECD/IEA, Paris. 

IHS (2019), IHS McCloskey Coal Report, IHS Markit, London. 

IPCC (Intergovernmental Panel on Climate Change) (2018), 
Global Warming of 1.5°C. An IPCC Special Report on the 
impacts of global warming of 1.5°C above pre-industrial levels 
and related global greenhouse gas emission pathways, in the 
context of strengthening the global response to the threat of 
climate change, sustainable development, and efforts to 
eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-
O. Pörtner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, 
W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, 
J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, 
T. Maycock, M. Tignor, and T. Waterfield (eds.)]. World 
Meteorological Organization, Geneva. 

NERA Economic Consulting (2018), Update on Energy 
Taxation and Subsidies in Europe:  an analysis of 
government revenues from and support measures for fossil 
fuels and renewables in the EU and Norway, for International 
Association of Oil and Gas Producers (IOGP), London, May. 

Riley, J.C. (2005), “Estimates of Regional and Global Life 
Expectancy, 1800–2001”, Population and Development 
Review , vol.31, iss.3, pp.537-543, September 2005.  
Zijdeman, R., F. Ribeira da Silva (2015), “Life Expectancy at 
Birth (Total)”, http://hdl.handle.net/10622/LKYT53, IISH 
Dataverse, V1.  UN Population Division (2019).  Published 
online at OurWorldInData.org.  Retrieved from:  
https://ourworldindata.org/grapher/life-expectancy. 

VDKi (2019), Annual Report 2019 – facts and trends 2018/19, 
Verein der Kohlenimporteure e.V., Berlin, September. 

World Energy Council (2015), World Energy Trilemma:  
priority actions on climate change and how to balance the 
trilemma, World Energy Council, London, May. 
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1 INTRODUCTION 

1.1.1 Cumbria County Council (the Council) has received an Application for Process Change 

April 2020 as a revision to the West Cumbria Mining (WCM) Planning Application, 

4/17/9007, which proposes a change to the coal processing methodology.  Wardell 

Armstrong (WA) has been requested to provide advice in relation to the validity of the 

reasoning behind the revision and the potential impact of the revised process.  

 

1.1.2 In addition comment has been made by objectors as to whether WCM will increase 

the use of coking coal in the UK and Europe or indeed whether there are methods of 

steel production that could reduce or eliminate the use of coking coal for making steel. 

WA has been asked to advise on these issues.  

 

2 SCOPE OF WORK  

2.1.1 The original scheme indicated that the mine would produce a Run of Mine (ROM) coal, 

(the coal as it comes out of the ground), that would require preparation (washing). 

During the preparation, a clean, low ash, ‘metallurgical’ grade coal would be produced 

but some 15% of the total recovered coal would be a higher ash, higher sulphur coal 

classified as ‘middlings’ coal. It was stated that the production of ‘middlings’ coal 

ensured that the metallurgical coal was maintained as a high grade product.  

   

2.1.2 The revised proposal changes the process to achieve a metallurgical coal product with 

no ‘middlings’ coal, whilst maintaining the overall product volume. 

   

2.1.3 WA have been requested by the Council to provide the following: 

• A technical explanation for the change of classification of all the coal product as 

metallurgical coal.    

• Explanation of how the change from two products, coking coal and middlings coal 

impacts on the wider considerations, eg. product quality or suitability, and the amount 

of reject material. 

• Comment on the variations in sulphur (and other) content of the revised process 

impact on the suitability of the coal for steel manufacture. 
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• Comment on whether the new product can be produced consistently at a suitable 

quality to be sold exclusively for steel manufacture and comment on whether there 

may be periods where the overall quality of the coal is too low for that.   

• Comment on the evidence to support the arguments put forward for the shift in 

approach.  

• Comment on the wider arguments about markets for steel and demand for coking 

coal. 

 

2.1.4 Two other issues have arisen related to the WCM project on which WA has been asked 

to advise.  

• Substitution  

Whether the proposed WCM coking coal product will substitute for, or be in addition 

to, coking coal currently being imported, predominantly from the USA to the UK (or 

Europe), and  

• Elimination  

There have been submissions made which questions the future need for coking coal 

when there is ongoing research and development into the elimination of coking coal 

from the main blast furnace/basic oxygen furnace (BF/BOF) steel producing route. 

2.1.5 The Council has also provided WA with copies of other submissions by WCM, AECOM, 

Dr N J Bristow, Wood Mackensie and WCM with Hugh Babbage, as well as feedback 

on the draft report. WA have read and where these show any inconsistencies with the 

content of this report then clarifications have been included, however the views and 

comments within this report have been made independently by WA.  

 

3 BACKGROUND  

3.1.1 WCM’s original planning application sought permission to produce 2,430,000tpa of 

metallurgical coal (coking coal) and a by-product of 350,000tpa of ‘middlings’ coal at 

full production. The products were determined by the quality of the coal being mined 

and the coal preparation process that the ROM coal was put through, to remove 

unwanted elements and produce a saleable product. The coal preparation process 

design maximised the volume of high value, low ash, high sulphur, coking coal that 
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would be produced but, as part of the cleaning process, would also produce another 

lower value, higher ash, higher sulphur coal or ‘middlings’. 

 

3.1.2 The ‘middlings’ were part of the discard from the separation of the high value coal 

from the ROM coal during coal preparation, but generally still had value as a thermal 

or industrial fuel.  

 

3.1.3 The original intention was for WCM to sell the ‘middlings’ rather than waste it and put 

it back underground, which is the intention with the remaining rock waste from the 

coal preparation. However, two issues have arisen, since the original planning 

application was sought in 2017, which have resulted in the application for a change of 

process.  

 

3.1.4 Firstly, the market for thermal or industrial coals has changed as a result of 

Government Regulation and environmental concerns, indicating that the market 

anticipated by WCM for the ‘middlings’ has reduced or disappeared altogether in the 

UK.  

 

3.1.5 Secondly, that recent results obtained from offshore exploration have indicated that 

a higher proportion of the coal could meet a new marketable specification for coking 

coal with a slightly higher sulphur content. This new specification could be achieved 

by a change to the coal preparation process design. 

 

3.1.6 WCM states that they have undertaken a review of the coal preparation plant process 

with the objective of minimising or eliminating the ‘middlings’ material. ‘The feasibility 

work has resulted in a refined process with a minor adjustment to the original design 

of the processing plant. This process adjustment will enable 100% of the coal 

recovered from the ROM material to meet the classification requirements for our 

target product, premium metallurgical coal.’  
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3.1.7 WCM states that there will be no reduction in the total saleable amount of coal but 

that the previous total of 2,780,000tpa (2,430,000t premium metallurgical coal plus 

350,000t middlings) will now all be sold as metallurgical coal, if the proposed changes 

are permitted. 

 

3.1.8 WA notes the term ‘premium’ and would comment that in this context it is used to 

infer that the coal is a hard coking coal that can command a higher price than other 

coals when sold. There is no specific classification of ‘premium’ coking coal except that 

hard coking is acknowledged as being the best quality for producing coke.   

 

4 WA COMMENTS  

4.1 A technical explanation for the change of classification of all the coal product as 

metallurgical coal.   

4.1.1 Coal can be classified as ‘metallurgical’ and used as coking coal, i.e. to make coke, if it 

has certain properties that other coals do not, which relate to its fluidity and dilation. 

Volatile content is also important in determining its classification as a High, Medium 

or Low Volatile coking coal. These are the key properties of coking coal essential for 

making the coke used in the production of most of the new steel produced today. 

Generally, coke is made from a blend of High, Medium and Low Volatile coals. The 

coking coal is put through a coke oven to form coke and it is this which is used in steel 

making via the Blast Furnace/Basic Oxygen Furnace route.  

 

4.1.2 Other non-metallurgical coals do not have the same properties as coking coal and 

cannot be used in steel making.  

 

4.1.3 WA understand that all the coal to be mined by WMC has coking properties and 

therefore it can all be classed as metallurgical coal. The WCM metallurgical coal is High 

Volatile (HV) and can be compared with similar HV coals imported from USA.  

 

4.1.4 However, even though all the WCM coal can be classified as metallurgical coking coal 

it has to meet marketable specifications to be sold as such. Others have commented 

829  



CUMBRIA COUNTY COUNCIL  
WOODHOUSE COLLIERY PROJECT 
REVIEW OF THE USE OF COKING COAL  

 

NT14083/002  
SEPTEMBER 2020 

Final V0.1 Page 5 

  

on the requirement for different coking coals, High, Medium and Low volatile coking 

coals to be blended to make a specific coke. All those coals must meet the market 

specification not only of its coking properties but also other properties i.e. those 

elements which could affect steel production. Therefore, the specifications include 

acceptable levels of other properties within the coking coal, such as levels of ash and 

sulphur, and other less important factors, which will affect its use in the steel making 

process.  

 

4.1.5 Higher sulphur coals, typically over 1%, can be sold into the market if some of the main 

parameters related to its classification as coking coal, it’s fluidity and dilation, are at 

levels which are particularly attractive. These coals are blended with other lower 

sulphur coals to make a suitable coke ‘recipe’.  

 

4.1.6 Coal preparation cannot affect a coking coals coking properties but where ROM coal 

has ash or sulphur levels that are higher than the market will accept, the coal can be 

put through a coal preparation process which can reduce those levels to ensure the 

final product, after preparation, meets a saleable specification. 

 

4.1.7 Any coals with higher ash and higher sulphur coals than the saleable specification will 

be rejected by the preparation process, however they will still retain their coking 

properties and therefore it does not change the coals classification as metallurgical 

coal, just its potential to be sold.  

 

4.2 Explanation of how the change from two products, coking coal and middlings coal 

impacts on the wider considerations, eg. product quality or suitability, and the 

amount of reject material. 

 

4.2.1 The change from the two products, coking coal and ‘middlings’, to one of just coking 

coal could negatively impact on the saleability of the ‘new’ coking coal product but 

only if the new specification of the coal, that can be produced after coal preparation, 

is unacceptable to the market. There is no indication that this is the case. 
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4.2.2 Coking coals with higher sulphur levels can be sold for blending purposes, however it 

is normal to try to reduce the sulphur level to as low as possible by coal preparation. 

The coal preparation process will be designed around the ROM quality of the coal and 

the customer’s specification for the finished product such that it can be sold at the 

highest price for that quality.  

 

4.2.3 In this case the change to the coal preparation process will raise the ‘cut off’ i.e. the 

level of sulphur in the coal at which the process separates acceptable coal from 

unacceptable coal, from the 1.4% sulphur in the original coal preparation process 

design to 1.8% sulphur in the new proposal.  

 

4.2.4 The original plant had a ‘cut off’ of 1.4% sulphur which allowed for a product of 1.3% 

to 1.4% sulphur to be produced, since not all the ROM coal would be at 1.4% or above. 

WCM have stated that the latest process design is based on recent offshore coal 

exploration which has enabled the ‘cut off’ to be raised to 1.8% sulphur producing a 

coking coal of between 1.5% and 1.8% sulphur.    

 

4.2.5 It is stated that analysis of the samples appears to show that the tonnes of coking coal 

which have below 1.8% sulphur was the same as the original total tonnage of coking 

coal plus middlings, some 2,780,000tpa.  

 

4.2.6 However, if areas of coal are worked where the majority of the coals are at, or exceed 

the 1.8% sulphur, then the ROM tonnage figure will stay the same, but the proportion 

of coal produced from the coal preparation plant, at a saleable quality, will reduce and 

there will be an increase in the tonnage discarded during the coal preparation process. 

All discarded tonnage is planned to be sent back underground and used for backfill of 

the workings and there should be no impact on the quality of coal leaving the pit gates, 

just the volume.  
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4.3 Comment on the variations in sulphur (and other) content of the revised process 

impact on the suitability of the coal for steel manufacture. 

 

4.3.1 Specific comment on the variability of the sulphur and ash in the coal, to be mined by 

WCM, cannot be made by WA without access to the results of the exploration 

programme that has been undertaken. Typically, exploration involves drilling 

boreholes which are cored and analysed for the physical properties and chemical 

content of the coal. A geological model will be produced which allows the coal seams, 

their thicknesses and depth, and any faults and folds to be identified.  

 

4.3.2 In addition, analysis of the cores from the boreholes will identify the coal quality, 

including its coking properties but also other elements such as ash, sulphur and 

phosphorous content. The analysis will include ‘washability’ tests which will identify 

what quantities, at what quality, of the coal can be produced after washing (coal 

preparation).   

 

4.3.3 Analysis and modelling allows quality contour maps of the deposit  to be produced for 

each parameter, enabling the mining company to see the variations in the quality and 

plan a suitable mining layout accordingly. Coal quality, including ash and sulphur, can 

vary greatly across a coal field, but the negative impact of this can be reduced by an 

effective mining plan and the use of a coal preparation plant designed around the 

washability tests.  WCM  have stated they have used the exploration results to justify 

the changes to the coal preparation plant design. Other pertinent answers are covered 

in points 1 and 2. 

 

4.4 Comment on whether the new product can be produced consistently at a suitable 

quality to be sold exclusively for steel manufacture and comment on whether there 

may be periods where the overall quality of the coal is too low for that. 

 

4.4.1 WA has not has access to the results and modelling of the coal deposit but typically, 

as has been said, the sulphur and ash levels do vary across a coalfield meaning that 

the quality of the ROM coal may indeed change depending on where the coal is being 
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worked at the time. However, the quality of the saleable output produced from the 

coal preparation plant designed around the washability testing will be consistent in 

that coals having ash or sulphur level higher than the ‘cut off’ will be rejected. 

  

4.4.2 Its use within the steel manufacturing industry will be dependent on its acceptability 

to the customer. It is stated that the new plant will produce coals ranged between 

1.5% to 1.8% sulphur meaning that even when working in areas where the coal may 

exceed 1.8% in parts, the coal leaving the pit gates will not have a sulphur level which 

exceeds 1.8%. 

 

4.4.3 The impact will therefore not be on the quality of what is produced and sold but 

potentially the volume of coal at the specified quality and the volume of waste 

produced, assuming no middling will ever be produced. Where sulphur levels in the 

coal being mined is higher than 1.8% then any coal with that level of sulphur will now 

be discarded and report as waste.  

 

4.4.4 The impact on sales of the product will depend on the contract signed. If specific 

volumes are stated and WCM does not produce the quantities specified then contracts 

could be affected, however this is normally taken into account with penalties within 

the contract.  

 

4.4.5 Therefore, it is likely that if areas are worked where the sulphur is higher and the 

amount of marketable coal is reduced then the impact will be more ‘waste’ to be 

disposed of underground, and not dirtier coal going through the gates.   

 

4.5 Comment on the evidence to support the arguments put forward for the shift in 

approach.  

4.5.1 Coal washing equipment is quite simple and is based on the fact that coal has a lower 

specific gravity (S.G.) than dirt, ie the coal is lighter than the dirt, and therefore floats 

whilst the dirt sinks in an aqueous medium. Dirtier coal with higher ash and sulphur 

has a higher S.G than low ash low sulphur coals, and by altering the SG of the aqueous 

medium, the ‘cut off’ can be altered.  The design of the plant takes advantage of this 
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to separate the coal from the dirt. The plant can be designed around the S.G. of the 

required product.  A washability curve, based on tests, will show that different 

quantities of coal will be produced when different S.G’s are used in the design. The 

marketing specification is matched against the washability curve and the plant is 

designed to produce that specification.  

 

4.5.2 The sulphur in coal is often related to pyrites which has a higher S.G. than coal and is 

more in line with the dirt. The previous design was related to an S.G. cut off which 

equated to a sulphur level of 1.4%, which is a marketable specification. The latest 

design is based around an S.G. cut off which equates to a sulphur level of 1.8%. The 

change in the process specification allows the coal, that would have reported as 

‘middlings’ previously, to report as a part of the primary product.  However, it has to 

be questioned whether a coking coal product with a sulphur level of 1.8% is saleable. 

The Council has had feedback from coal vendors and steel producers which are 

reported on later in this report. 

 

5 SUITABILITY OF THE WCM COAL FOR THE STEEL MAKING INDUSTRY  

5.1.1 No single seam, mine or coal basin produces a ‘perfect coking coal’, so to optimise 

output, coke makers produce their own ‘perfect coal’ by blending different coking coal 

types together. Low, Middle and High volatile coals are mixed to produce a blend from 

which coke is produced. Each steel producer will have its own ‘perfect’ coke blend.  

 

5.1.2 Low, middle and high volatile coals are not transferrable between each other so when 

a replacement is contemplated a like-for-like substitution must occur. In comparison 

with a typical coal imported from the US, the characteristics of WCM coking coal can 

be shown to have similar properties and therefore have the potential to replace the 

high volatile component of the ‘perfect’ blend. 

 

5.1.3 Comment has been sought from the potential traders and buyers for WCM coals which 

WA has considered and evaluated. WA have formed an independent opinion of the 

saleability of the WCM coals. 
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5.1.4 The WCM coal is of a metallurgical quality, therefore it is the additional impurities 

which will determine it’s saleability. WCM has low moisture & ash but has a relatively 

high sulphur content in comparison to the US coals which it might substitute.  

 

5.1.5 However, a shorter supply chain, and hence transport costs, means the coal should be 

considered by both UK and other mainland European Steel Mills an alternative to US 

supply. In addition, emissions of CO2 and other pollutants such as sulphur dioxide 

associated with the transportation of coal from other parts of the globe can be 

avoided. The transport emissions for each tonne of UK coal delivered to Port Talbot 

(Tata) are typically 5 times lower than the average transport emissions per tonne of 

coal imported from abroad. 

 

5.1.6 Sulphur is the constraining factor which could limit the use of the coal. At least one 

steel producer has a total sulphur limit for its operations which has to be applied to 

the coking coal blend it uses, and that makes WCM Coal for that producer currently 

unviable.  

 

5.1.7 In 2018, UK production of crude steel was 7.3Mt, of which 5.7Mt was produced using 

the BF/BOS route. Typically, this would require some 2.6Mt of coking coal (Tata Steel 

consumes approximately 1.9Mt of metallurgical coal and coke each year in its UK 

operations). 

 

5.1.8 Responses from traders and steel producers related to the use of WCM Coal indicates  

they have been advised by WCM that WCM Coal would have a typical sulphur content 

of 1.4% which is at odds with the stated new cut off for the preparation plant of 1.8% 

sulphur. Whilst coal is not homogenous in its characteristics, and there will be inherent 

variation in the coal itself, WMC has indicated in its proposal that variation in the new 

process control mechanics of the wash plant will produce coals of 1.5% to 1.8% 

sulphur, which WA have accepted. It is not known the exact proportion of each, but a 

simple average indicates that an average product would be 1.65%, not the 1.4% 

indicated.  
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5.1.9 However, one contributor states ‘it should be noted that the classification of WCM 

coal as an HVA Coal is sensitive to sulphur. If the typical specification of the final 

product goes beyond 1.70% sulphur (db) then the coal will no longer fall within the 

HVA Coal category and its market value will fall significantly’. 

 

5.1.10 WA therefore would indicate that there is a risk that at the proposed cut off of 1.8% 

sulphur, the saleable coal produced may not comply with the HVA Coal category. 

However, if the coal preparation process were reorganised to give a cut off of 1.7% 

sulphur it should always be classed as an HVA Coal and, with the other advantages of 

proximity to market, the coal should be saleable.  

 

6 THE COKING COAL MARKET  

 

6.1.1 In 2018, crude steel production globally was ~1.82 bn tonnes, of which 71% was made 

in the BF/BOS route and 29% in the Electric Arc Furnace (EAF) route. The amount of 

steel that is made via the EAF route is constrained by the global availability of scrap, 

even though reuse and recycling rates for steel products at the end of their life are 

extremely high (e.g. >99% for structural sections in the UK). The global demand for 

new steel cannot be satisfied through secondary production. 

 

6.1.2 If the UK were to cease to make new steel from iron ore, then there would have to be 

a corresponding increase in new steel production elsewhere in the world to make up 

the shortfall. In other words, there would be no reduction in overall global emissions 

from steel production. Globally the volume of steel demand, and hence production, is 

rising mainly due to the influence of China which is increasing production whilst the 

rest of the world is falling. The market for WCM coal is probably less than 1Mtpa in 

the UK but the rest would be supplied to mainland Europe.  

 

6.1.3 Europe produced ~160Mt of steel in 2019 and production appears to be dropping by 

1 to 5Mt per year.  In recent years because of cost and environmental pressures the 

recycling of steel has impacted the industry and it is estimated that some 39% of the 

steel produced in Europe is recycled material, the majority using Electric Arc Furnaces. 
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However, in Europe, of the ~160Mt, some 98Mt (61%) is still produced by Blast 

Furnaces which requires coal and coke to produce steel from raw iron ore. 

 

6.1.4 The European industry imports 65% of the coking coal used, the remaining 35% is 

mainly from Poland. The majority of coking coal imported comes from Australia, USA, 

and Russia, the countries listed in order of imported coal. Coking coal is on the EU’s 

list of Critical Raw Materials. However, the High Volatile coals used in the coke blend, 

and the competitor for WCM Coal,  are predominantly from the USA. 

  

6.1.5 WA has considered a Coking Coal Demand Outlook report produced by Wood 

Mackenzie (WM) which relate to future demand for coking coal. 

 

6.1.6 It should be noted that this report has been prepared specifically for WCM. 

 

6.1.7 The WM report identifies the demand for coking coal to 2050 which appears to be 

well considered but without quantifying the size of the steel market to 2050 which 

creates the demand for coking coal in the first place. The two are inextricably linked 

and some reference would have been useful to show what the steel demand is and 

why there will be the demand for coking coal as stated.  

 

6.1.8 Additionally, some indication of the predicted steel production split from the different 

production technologies would have been useful. The report does state that the most 

common steelmaking process is the integrated steel-making process via the Blast 

Furnace – Basic Oxygen Furnace (BF/BOF) and does go on to say the only low carbon 

alternative for mass steel production commercially available, scrap into EAF, is 

constrained by scrap availability but does not quantify it.  

 

6.1.9 Traditionally steel has been produced using two different production technologies, 

one is to use Blast Furnaces (BF) from raw iron ore concentrate using coking coal and 

PCI coal, which produces pig iron, then to put the hot pig iron into a Basic Oxygen 

Furnace (BOF) to produce crude steel.  
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6.1.10 The other is to use Electric Arc Furnaces (EAF) which derives most of their feedstock 

from scrap and is recycling steel.  

 

6.1.11 Simplifying, BF’s use coking coal, EAF’s don’t. The attention in relation to replacement 

of coking coal is therefore on the BF route because it takes the raw materials, iron ore 

concentrate and coking coal, to make pig iron from which steel is produced. 

  

6.1.12 It is noted that many people advocate the replacement of BF’s with EAF’s but this is 

currently not possible. Globally some 75% of steel (Tata quotes 71%) is produced using 

BF’s (World Steel Association) but this is skewed by the dominance of China in the 

industry. Without China’s input the Rest of the World (RoW) produces steel at a 60/40 

ratio (BF to EAF). Steel made from scrap steel and recycled material (EAF) is increasing 

but cannot replace totally the requirement for BF produced steel because of a global 

shortage of scrap, as confirmed by Tata’s response, and iron ore processing will always 

be required to produce volumes of steel from the raw material to supply a growing 

world population and to replace the steel that cannot be produced from recycling. 

  

6.1.13 The EAF steel route effectively uses no coking coal and therefore the volume of 

production from that source is important in determining the how much coking coal 

will be required for the BF/BOF route.  

 

6.1.14 In order to be able to comment on the report some research into the missing facts i.e. 

the predicted steel production from the various production methods has been 

required. Finding definitive reports on projected global and EU production and 

predicted future volumes is difficult, as the situation in the steel industry has changed 

over the years and some of the earlier predictions do not match later ones.  

 

6.1.15 However, the WA comments below are taken from overviews of papers by Worldsteel, 

OECD and others, as well as the responses from the steel producers themselves to 

questions posed by Cumbria CC. 
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6.1.16 Common predictions appear to be that in the EU the proportion of BF to EAF is only 

likely to change to a maximum of 50/50 by 2050. The reason for this not being higher 

is the projected availability of scrap globally, which supplies the EAFs. Reuse and 

recycling rates for steel products at the end of their life are extremely high (e.g. >99% 

for structural sections in the UK). The global demand for new steel cannot be satisfied 

through secondary production. 

 

6.1.17 It is therefore predicted that up to 2050 within the EU, 50% of steel will be produced 

by BF’s and will require coking coal unless this could be offset at some point if some 

alternate steel production methods, which replaces coking coal, can be commercially 

developed. The WM paper concludes not, with which WA would concur. See later 

comments. 

 

6.1.18 In 2017 an OECD paper predicted an overall global increase in steel production of 1.1% 

per annum peaking in 2050 as demand levels.  

 

6.1.19 If we use similar figures for EU then the requirement for coking coal for use in the 

BF/BOF process both increases in line with the steel production and also reduces as 

more steel is produced in EAF’s (but only by an increase of 10%). WA concurs with the 

conclusion reached by Wood Mackenzie that the demand for coking coal will remain 

pretty much static unless another technology is introduced to reduce the volume of 

steel produced by BF/BOF’s. 

 

6.1.20 The report does not indicate the demand for High Vol A coking coal specifically but 

does indicate that if nothing else changes the demand for coking coal in all its 

variations in 2050 will be the same or similar to 2025.  

 

6.1.21 The discussion on whether a reduction in the use of coking coal is possible therefore 

relates to the development of an alternate production method to the BF/BOF route 

and the likelihood of such an alternate method being both viable and commercial and 

the timescale over which such a development could take place.  
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7  ALTERNATE PRODUCTION METHODS  

7.1.1 The report ‘Green hydrogen: metallurgical coals kryptonite? Wood Mackenzie April 

2020’ looks at the impact of green hydrogen on the production of steel from BF’s. Such 

steel is referred to as ‘Green Steel’ as it has much reduced carbon emissions compared 

with the normal steel making practices. The term ‘Green Steel’ has been coined for 

steel produced using ‘Green Hydrogen’ which is produced by electrolysers using 

renewable electricity sources.  

 

7.1.2 Green steel is also produced from EAFs so long as the electricity being used for the 

furnace is produced from renewable sources. 

 

7.1.3 The current push toward less carbon emissions to combat the ‘climate emergency’, 

has created an obvious target for improvement and the report examines the issues for 

and against the use of green hydrogen in steel making. The impact of any success in 

using hydrogen on the current method of production would be to reduce the use of 

PCI and coking coal currently being used for steel making 

 

7.1.4 Two issues relate to the West Cumbria Mining project. 

7.1.5 The issues relate to 1) whether the new technology can indeed replace coking coal in 

the process and 2) the timing of when any new technology is likely to be commercially 

viable and adopted by steel producers. 

 

7.1.6 The report covers both aspects in certain respects and examines the current state of 

development of pilot facilities and projects towards commercial application. 

 

7.2 What is Green hydrogen  

7.2.1 Green hydrogen is produced by electrolysis of demineralised water using renewable 

electricity. It is not just ‘normal’ hydrogen, which is produced using fossil fuels.  
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7.2.2 Table 7.1 explains the difference between the ‘hydrogens’ making up a total of 

70Mtpa (Global Production). 

 

Table 7.1: Type of Hydrogen 

Hydrogen Type  Source Current Global Production  

Grey Fossil Fuels - Gas 71% 

Brown Fossil Fuels - Coal Oil 28% 

Blue Fossil Fuels - Gas 0% 

Green Demineralised Water  1% 

  

7.2.3 The report states that currently only 1% of hydrogen production is ‘Green’. 

 

7.2.4 The report explains the production process of Green hydrogen. It takes over 50kWh 

of renewable electricity to produce 1kg of hydrogen. 

 

7.2.5 Currently the use of Green Hydrogen is uncompetitive for use in steel making due to 

the cost of its production, but Grey Hydrogen, produced from gas does appear to be 

feasible and economic and its use is being developed by thyssenKrupp. 
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8 COAL REPLACEMENT  

8.1 Pulverised Coal Injection (PCI) Replacement  

8.1.1 PCI coal is a soft, non-coking coal that is finely ground and injected directly into a blast 

furnace and has the effect of reducing the coke rate. However, it cannot replace coke 

as a structural support material required as part of the BF process.  

 

8.1.2 The report explains the work going on by thyssenKrupp in Duisburg Germany which is 

testing the use of grey hydrogen as a reductant in its Blast Furnaces (BF) with the 

potential to reduce CO2 emissions by at least 20%.  

 

8.1.3 Started in 2019, on one Blast Furnace (No 9), the testing started by replacing PCI with 

grey hydrogen injected through one injection nozzle. The BF has 28 injection nozzles, 

and the test was planned to replace the PCI injection with grey hydrogen through all 

injection nozzles, over a period of 14 months. If successful, the intention is to expand 

the change to all four BF’s on site.  

 

8.1.4 However, the substitution planned is for the reduction of PCI in favour of hydrogen 

rather than a reduction in the coking coal used as the coke still has to be used as part 

of the supporting burden i.e. its structural qualities within the BF, and therefore there 

would be no reduction in the use of coking coal.   
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Figure 8.1: Extract from figure in WM report showing PCI replacement with grey hydrogen 
source  - thyssenKrupp 

 

8.1.5 Not within the report but on the thyssenKrupp website there is mention of the next 

phase in CO2 reduction which is the site construction of Direct Reduction Iron plants 

(DRI plants) which produce a different type of steel, solid sponge iron or Direct 

Reduction Iron (DRI) rather than molten pig iron which would reduce the need for 

coking coal. This would involve the use of hydrogen to replace the coking coal. The 

WM report does not indicate this development; however, it appears to be the same 

process as the HYBRIT system which is commented on.  

 

8.2 Coking coal replacement  

8.2.1 The slightly longer term path being targeted by thyyssenKrupp, the production of 

sponge iron using a Direct Reduction Furnace (DRF) by mid 2020’s is also being 

planned for development over a similar period by SSAB, LKAB and Vattenfall in a 

system called HYBRIT. The report covers the principles of the HYBRIT system.  

 

8.2.2 The report states that the HYBRIT system intends to produce a completely carbon -

free iron reduction process as part of its pilot plant trials with the intention of 

launching a demonstration plant in 2025 which will supply ‘green’ products from 2026. 
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A further demonstration phase is planned to last 10 yrs from 2025 to 2035. This is the 

same as the thyssenKrupp timescale. 

 

 

Figure 8.2: Blast Furnace compared with HYBRIT system Source WM Report /Hybrit 
thyssenKrupp 

 

8.2.3 The figure from the report shows a more traditional blast furnace route versus the 

HYBRIT route, but note the use of iron ore pellets rather than raw concentrate which 

is specific to the Swedish situation where WM state a high grade feedstock is available. 

 

8.2.4 However, the headline in the report under Threat to Met Coal says ‘Potential direct 

risk to coal if Blast Furnace process replaced with Electric Arc furnace’. This is 

misleading as the plan is not to replace the BF’s with EAF’s but to replace the BF’s with 

Direct Reduction Furnaces (DRF’s) which are not the same thing.  

 

8.2.5 The report goes on to demonstrate the pros’ and cons of the use of hydrogen in blast 

furnaces, but this is about the use for hydrogen as a reductant and is a replacement 

for PCI, not a reduction of coking coal. 
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8.2.6 The report then goes on to show the reduction in CO2 by substituting hydrogen. 12kg 

of H2 would replace 120kg of PCI reducing CO2 emissions from the BF by 20% at full 

injections rates. There is also a note that the project uses grey hydrogen i.e. produced 

from fossil fuels. If it were to use green hydrogen, some 600kWh of renewable 

electricity would be required to produce the 12kg of hydrogen.  The report identifies 

a case study on the thyssenKrupp programme related to the supply of green hydrogen 

as opposed to grey hydrogen. However, the key point is that this section is looking at 

the replacement of PCI coal which is not as relevant here as the replacement of coking 

coal. 

 

8.2.7 The report looks at the HYBRIT system as a case study  

 

8.2.8 The case study indicates a pilot plant should be ready by mid 2020, with net zero 

products by 2026 products. Similar to thyssenKrupp the demonstration plant based 

on Direct Reduction is to be developed between 2025 and 2035.  

 

8.2.9 Importantly the process requires that iron ore pellets will be used in the plant as well 

as a large volume of hydrogen. To this end a fossil fuel free iron ore pellet plant and a 

large scale hydrogen storage plant will be built on site.  
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Figure 8.3: DRF Process 

8.2.10 Figure 8.3 above is taken from the HYBRIT website and illustrates that the process uses 

a DRF not a BF. 

 

8.2.11 The report does indicate that the process of direct reduction does have emissions but 

they are H2O rather than CO2. 

 

8.2.12 The report identifies that if the technology can be shown to work there are a number 

of hurdles to be overcome in relation to the infrastructure and raw materials needed 

to make the system work.  

 

8.3 Supply of raw materials  

1) Green Hydrogen to be used in both PCI and Coking Coal substitution is produced from 

electrolysers. To put it in perspective it is calculated that a dedicated green hydrogen 

supply would require an electrolyser rated at 120 MW for BF No. 9 alone (the 

thyssenkrupp project), the largest built to date is 10MW.  Globally, there are currently 

17 x 100MW sized projects under various stages of development. The WM report 
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states that green hydrogen projects are growing exponentially with 8.2GW of projects 

planned up to 2025. 

2) The cost of green hydrogen in the long term is not predictable, there is no attempt to 

determine the volume of green hydrogen required for the Direct Reduction process. 

However currently it is too high to be considered. HYBRIT is located in Sweden because 

of the high volumes of hydropower to produce ‘clean’ electricity.   

3) Renewable power is growing but the infrastructure to supply the dedicated power 

supply for the electrolysers is not sufficiently developed in Europe to supply their 

needs. However, the development of such networks is ongoing. 

4)  The process uses large volumes of hydrogen and the systems for large scale 

transportation and storage are untested. 

5) The quality of the iron ore used needs to be high quality for directly reduced ‘sponge 

iron’. Access to such high iron ore sources are dependent on ocean transport costs.  

 

8.3.1  Arcelor Mittal has indicated that apart from the hydrogen route to reduce the use of 

coking coal they are researching the use of Smart Carbon, a group of technologies 

which includes replacing coking coal with alternative carbon-rich energy sources (such 

as biomass from agricultural waste), and carbon capture and storage or re-use 

technologies. There is no evidence that any of these projects have been developed to 

a point beyond concept and whilst technically they may appear feasible, the current 

development does not indicate that a commercial proposition has been identified or 

that their development will change the current production process more quickly than 

that of the hydrogen alternative. 

 

8.4 Summary 

8.4.1 The WM report summaries its content as Green H2 costs are currently too high and 

gives a comparison with PCI coal. 

 

WA Comment - The comparison is correct, but the summary only looks at the cost of 

green hydrogen versus PCI, some environmental improvement may be gained from the 

use of grey hydrogen produced form gas vs coking coal.  This is not considered. 

 

847  



CUMBRIA COUNTY COUNCIL  
WOODHOUSE COLLIERY PROJECT 
REVIEW OF THE USE OF COKING COAL  

 

NT14083/002  
SEPTEMBER 2020 

Final V0.1 Page 23 

  

8.4.2 Scalability challenge – there is a need for substantial investment in electrolysers , H2 

transport, H2 Storage and zero emission power generation. 

WA comment - This is correct, but the summary appears to apply to the replacement 

of PCI in existing BF/BOF circuits. For the replacement of coking coal, in addition to the 

facilities stated there would need to be investment in DRI plant to replace BF/BOF’s. 

 

8.4.3 Market penetration will take a long time - the process must be commercial before it 

can be rolled out and the physical changes to the way in which steel is produced will 

take years.  

WA Comment - The comment made above about investment in new DRI’s applies here 

and WA would agree that any roll out will only be undertaken if the process is 

commercially viable. 

  

8.4.4 PCI replacement in Germany – limited near to mid term impact on PCI use. 

WA Comment - The PCI replacement is for existing BF/BOF’s and does not affect the 

coking coal market as such. 

  

8.4.5 BF replacement - HYBRIT likely to succeed but will remain a unique project to 2040. 

WA Comment - WA agree that HYBRIT is likely to succeed but do not agree that it will 

remain a unique project to 2040. thyssenKrupp have already stated their intention to 

build a DRI plant between 2025 and 2035. This may be slightly different from the 

HYBRIT system, since Sweden has access to cheap hydro energy and high grade iron 

ore pellets but it is possible that a system outside Sweden is developed at the same 

time. 

 

9 WA CONCLUSIONS  

9.1.1 WA has examined the proposal by WCM to change the process to reduce the 

production of ‘middlings’ by increasing the cut off within the coal preparation plant 

from 1.4% Sulphur to 1.8% Sulphur. WA has no doubt this can be achieved. The coal 

produced is High Volatile A coking coal.  
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9.1.2 The changes should result in an increase in ‘saleable’ metallurgical coal equivalent to 

the tonnage originally planned for both metallurgical coal and ‘middlings added 

together, and having a top Sulphur cut off of 1.8% and an anticipated range of 1.5% to 

1.8% Sulphur. 

9.1.3 WA is concerned that information provided by WCM to the coal traders and steel 

producers is incorrect. Average sulphur levels of 1.4% appear to have been considered 

and whilst that was the original concept the new preparation plant is more likely to 

produce a product having an average sulphur level of 1.65%. Some feedback on the 

saleability of this quality would have been useful. 

9.1.4 In addition, the coal is being marketed as a High Vol A, the classification of which can 

only be applied to coals below 1.7% Sulphur.  As it stands the coal preparation plant, 

as proposed, may produce coal above 1.7% on occasions, which would be difficult to 

sell. Some consideration should be given to restrict the cut off to a max of 1.7% 

Sulphur. 

9.1.5 Assuming the quality is acceptable WA considers that coal could be sold and would be 

a direct substitute for imported high vol coals from the USA. This is because the 

volume of coking coal sold is directly related to the tonnes of steel being produced via 

the BF/BOF process which it is predicted will remain approximately the same as today. 

That is unless another process to replace BF/BOF is developed to be a commercial 

alternative.  

9.1.6 In respect of likelihood of substitution, the price of the coal delivered from WCM into 

the UK and EU markets should have a significant advantage due to the distance over 

which it is being delivered compared with shipping from the USA.  

9.1.7 Current research indicates that the substitution of coking coal could be technically 

possible and would be better for the environment. The WM report concentrates on 

the costs of producing green hydrogen, but the report does not indicate whether grey 

hydrogen from gas, which is currently more available could be a cheaper and cleaner 

option. 

9.1.8 The availability and therefore the cost of green hydrogen is currently prohibitive. 

There are too few facilities producing limited volumes of green hydrogen, currently 

less than 1% of the global hydrogen production. The current case studies indicate that 

there needs to be investment in electrolysers, H2 transport and storage plus other 

major capital facilities. 
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9.1.9 The HYBRIT and similar systems using DRI’s instead of BF’s are being developed in 

Sweden and Germany and there is a head of steam to develop a more environmentally 

friendly process. WA therefore conclude that it is likely that at some point in the future 

an alternative to coking coal will be developed and the market is likely to reduce.  

9.1.10 WA consider that the timescales for project development in both Germany and 

Sweden is feasible. These projects indicate having a commercially viable 

demonstration plant by 2035 but that does not mean that all BF’s will be able to be 

scrapped within the EU and immediately replaced. The demonstration plants will be 

specifically designed around local infrastructure and supply and will only produce a 

fraction of what is required. Once the plants have been proven, decisions will need to 

be made on whether the whole of the hydrogen supply and storage system, whether 

green or grey, can be upgraded globally to match the demand that will be needed and 

at the right price, and also whether the cost of replacing BF’s with DRI’s can be 

supported. The decision to replace BF’s with DRI is unlikely to be taken until the BF’s 

need replacing. Typically these are in operation for 20yrs or more.  

9.1.11 Therefore, WA believe that it could be 2050 at least before any significant inroads are 

made to the volumes of coking coal being used and even then, some plants will still be 

using coking coal.  
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WEST CUMBRIA MINING – STATEMENT OF RESPONSE TO “THE CASE AGAINST COAL MINES IN THE UK”, 
PUBLISHED BY THE GREEN ALLIANCE IN JANUARY 2020
INTRODUCTION AND OVERVIEW

1. This Statement has been prepared by West Cumbria Mining Ltd (WCM).  It provides an overview response to a 
Report released in January 2020 by the Green Alliance, entitled, “The Case Against New Coal Mines in the UK”.  

2. This Statement has been produced following careful consideration by WCM in consultation with independent 
experts specialist in the relevant fields. It is addressed to the consideration of Cumbria County Council’s 
Development Control and Regulatory Committee.  However, it is public document and it is also intended 
that it should be publicly available.  Accordingly, the aim has been to produce a document which is readily 
understandable to the non-expert.  More technical evidence which supports this statement has been produced 
elsewhere to the Committee and, is of course, also publicly available. This Statement focuses on matters which may 
be of specific interest to that Committee.

3. The Green Alliance Report was not in front of the Committee at the time when it originally resolved to grant planning 
permission for the WCM planning application (March 2019), nor at the time that the decision was ratified (October 
2019). Nonetheless, it has been produced and relied upon by the claimant in the current proceedings against this 
committee’s resolution of 31st October 2019.

4. Whilst the legal relevant of the Green Alliance Report in those legal proceedings may be the subject of ongoing 
argument, WCM believes it prudent to present a Statement to the Committee on the Green Alliance Report to 
provide information with the aim of reassuring the Committee that the Green Alliance Report presents no evidence 
that should have caused the Committee to come to a different decision in either March or October 2019; nor should 
it justify any change in the Committee’s decision now.

5. The Green Alliance report (hereinafter referred to as “the Report”) was co-authored by five persons, none of whom 
have specialist expertise or knowledge of the steel making industry, the coal mining industry, nor of the economics 
and market forces that drive these industries.

6. It is the over-riding view of the authors of this Statement, prepared by members of West Cumbria Mining Ltd and 
with specialist input from mining experts, steel industry experts, and coal quality and marketing experts, that the 
Report is flawed and misleading.  

7. Whilst the Report attempts to make a case against new coal mines in the UK, it does not recognise the clear 
difference between thermal coal (used for power generation) and metallurgical coal (used for steel making), in the 
sense that there are market-ready, established, technologies for non-coal forms of power generation, but that there 
are no market-ready, established or scaleable technologies for non-coal forms of steel making.

8. Further, the Report confuses the terms ‘net zero’ and ‘zero carbon’ and in so doing it attempts to portray a zero coal 
future for steel making.  No steel making company has either committed to, or recognises, a zero coal future for 
steel making, and no government or regulatory obligation proposes this.

9. The Report does not recognise that if the West Cumbria Mining project does not go ahead, steel makers in the UK 
and Europe will simply continue their business as usual, which is to continue to import an equivalent amount and 
grade of coal from the east coast of the USA.  In effect, therefore, the Green Alliance are condoning the continuation 
of emissions arising from the rail transport and shipping of USA coal, which results in tens of thousands of tonnes of 
carbon dioxide, particulate and sulphur dioxide emissions as the USA coal is shipped to Europe.

10. West Cumbria Mining’s very clear position is  that producing steel making coal in the UK for use in the UK and 
Europe, to the UK’s high environmental standards, providing over 500 directly employed jobs for 50 years, is far 
preferable to  an environmental and social perspective than simply importing it from thousands of miles away.  In 
this respect there  is  agreement with the Report, which calls for a more active industrial strategy and investment in 
former mining and industrial areas.  This is exactly what West Cumbria Mining will deliver, in an area where there are 
currently no other alternative investment plans and pockets of significant poverty and deprivation.
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11. This Statement gives detailed responses to matters raised in the Green Alliance Report.

Will Woodhouse Colliery be ‘carbon neutral’?
12. This question is raised by the Report on the basis of an out of context quote from the Council’s Addendum Report 

(October 2019).  It is important to state and for the Committee to recall that, to date, West Cumbria Mining have 
never claimed that the mine would be carbon neutral.

13. The Climate Change Act 2008 (as amended) requires the UK to have ‘net zero’ emissions by 2050.  WCM is therefore 
bound by legislation to ensure its operations are net zero, or carbon neutral - i.e. that any GHG emissions arising 
from WCM’s operations are offset by an equivalent amount of carbon or GHG offset credits from 2050 onwards.

The Scale of Emissions from Using Coal 
14. The Report states that, when used, the coal extracted from the mine over its proposed 50 year extraction period 

“would emit around 420million tonnes CO2e” based on emissions factors produced by the Department for Business, 
Energy and Industrial Strategy 2017. 

15. The Report compares this figure to the total annual emissions tonnage of the UK, which it states was around 
450million tonnes in the year 2018.  The Report states that the UK’s annual emissions figure will “come down” as the 
UK progresses towards its net zero target.

16. However, the Report fails to recognise three important factors.  First, the Report suggests that the emissions from 
the use of the coal should be considered by the UK.  However, it omits to acknowledge that some  of WCM’s coal 
will be used in Europe, where  these end-use emissions will occur as part of any Steel works development, that 
there is no statutory requirement for the UK to include these emissions in its carbon budgets.  Indeed, the Climate 
Change Act 2008 (as amended), clearly defines emissions to be taken into account in UK carbon budgeting as at 
Section 29 1 (a) “”UK emissions”, in relation to a greenhouse gas, means emissions of that gas from sources in the 
United Kingdom;”.  Accordingly, the emissions from non-UK steel makers should not be considered in the context of 
compliance with UK carbon accounting and budgets.  

17. Second, emissions from the use of the coal in the UK steel making industry (and indeed any EU users) will be 
counted by the users of the coal.  The UK steel making industry, whilst it remains governed by the transition 
arrangements with EU , is part of the EU Emissions Trading Scheme (EU ETS).  This scheme, which has been 
operational since 2005, requires certain companies (including steel makers) to report upon and reduce their 
emissions.  UK steel makers will report upon the emissions they generate from coal use, whether it’s Cumbrian coal 
or coal from anywhere else in the world.  This approach is in line with carbon assessment and accounting methods 
set out by a number of organisations including the Institute for Environmental Management and Assessment (IEMA), 
the World Business Council on Sustainable Development, and the World Resources Institute.  WCM has followed 
these standard methodologies in its own GHG Assessment, which has been undertaken by an independent 
specialist organisation.

18. Post-Brexit transition, the UK is committed to either remaining in the EU ETS or, alternatively, there are government 
statements on record that a similar alternative scheme for the UK will be implemented.

19. For the Report to suggest that non-UK and end-use emissions should be considered by the UK and WCM is to 
suggest that, in effect, the emissions will be double counted, as well as being likely to be highly inaccurate.  Plainly 
this is not the correct approach.  

20. Third, the Report fails to account for the fact that emissions from steel making will also reduce in the future, building 
upon reductions seen since the introduction in 2005 of the European Union Emissions Trading Scheme, as well as 
a series of industry initiatives and commitments to reduce emissions from steel making.   The primary objective of 
the Emissions Trading Scheme is to reduce emissions from heavy industries (including steel making), by introducing 
a ‘cap and trade’ system for emissions.  Since 2005, there has been a 21% reduction in emissions from EU heavy 
industries as a result of this Scheme, and the EU plans to accelerate the emissions reductions targets in this scheme 
from now onwards.
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21. In addition to this, the EU steel industry has also formed a partnership of 48 global organisations in industry and 
academia, linked to the steel industry, to undertake research and development with the aim of reducing emissions 
from steel making.  This partnership, known as Ultra Low CO2 Steelmaking (ULCOS) has set its objective of reducing 
emissions from steel making by 50% by 2050, although it has said that early research has shown that a 70% reduction 
is highly possible prior to this deadline.

22. Therefore, the projected emissions figures given in the Report are highly inaccurate, as they are based on 2017 
emissions factors which take no account whatsoever of the continuing regulatory requirements and industry 
commitments and initiatives to reduce emissions from steel making.  

23. The Report goes on to equate each of the proposed jobs with an annual CO2e emissions figure, which WCM would 
challenge for the same reason as the future projected emissions from the use of the coal.  

Can Cumbrian Coal Influence the Development of New Steel Making Technologies?
24. WCM accepts that the overwhelming majority of emissions from coal come from the end use of the product - i.e. 

after WCM has sold the coal to the steel makers.  Therefore, WCM has no influence whatsoever over how the steel 
makers use the coal or improve their processes to reduce emissions.  The use of the coal is no part of the Proposed 
Development before this committee.

25. Such emissions are not usually required to be considered because they are excluded under both the UK Climate 
Change Act and the GHG assessment methodologies mentioned earlier as well not being indirect (or secondary) 
effects of the Proposed Development for the purposes of the EIA directive. Nevertheless, WCM  has  gone onto 
consider whether granting consent for the Proposed Development would result in a material change to GHG 
emissions produced from using WCM coal at  UK and EU steel plants – this is known as comparing the ‘Do Nothing’ 
scenario  (not granting consent for the Proposed development) and the ‘Do Something’ (in this case granting 
consent for the Proposed development).  This shows that there would be no material or significant increase in GHG 
submission as a result of granting consent.  Indeed, the reverse is likely to be true.  

26. Suggestions have been made in the Report that WCM coal would inhibit the development within the steel industry 
of lower emissions steel making methods.  It is important for WCM to respond to those suggestions.

27. Several factors are relevant to our response.  First, due to the lack of market knowledge amongst the authors of the 
Report, there is no recognition in the Report that WCM’s market share of global metallurgical coal production, even 
at full annual production rates, will be a fraction of 1%.  This fact puts into perspective the claims made in the Report 
that the production from WCM will inhibit the development of a move to cleaner steelmaking - it cannot be true that 
a producer of less than 1% of global metallurgical coal will have any influence on the market, let alone moves in the 
steel making industry to curb its emissions. 

28. In fact, the opposite is true - its coal will contribute to cleaner steel making, for two reasons.  First, the significant 
reductions in transport mileage compared with an equivalent product from the USA, means that transport related 
emissions are significantly reduced; and secondly, that the higher environmental standards in the UK will ensure that 
WCM coal will be mined much more cleanly and responsibly than equivalent coal from the USA, which is frequently 
open cast strip mining.

29. Steel makers in Europe continue to develop their response to the regulatory and voluntary emissions reductions 
requirements by developing a range of approaches, including using less coal, employing carbon capture and 
storage, and developing carbon offset schemes.

30. The Report states that steel can be produced using hydrogen, generated by renewable energy. However, the 
Report does not state that large scale industrial production, storage and transport for this method has yet to be 
proven as practical, safe and cost effective1. The Direct Reduced Iron (DRI) method of steel making cited in the 
Report uses natural gas, itself a fossil fuel; but the Report does not mention the complex geo-political issues with 
securing reliable supplies of natural gas.  Therefore, the future success of DRI is far from certain and cannot be relied 
upon in the way that the Report suggests.

¹  This is addressed in more detail by the Expert Statement produced by Dr Bristow.
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Environmental Performance
31. There is no acknowledgment in the Report that there are significantly higher environmental standards for the 

relevant industries in the UK when compared with the USA.  Research shows that the UK is consistently ahead of the 
USA in environmental performance; indeed, President Trump is seeking to withdraw the USA from the Paris Climate 
Agreement.  There are no greenhouse gas (GHG) emissions reduction targets in the USA.  This is all in stark contrast 
to the UK, where Prime Minister Johnson has committed to making the UK the cleanest, greenest country on earth.  
West Cumbria Mining are fully supportive of this, as well as the recent overturn by Mr Johnson of David Cameron’s 
previous policy which had effectively ended the development of onshore wind turbines.

32. Since steel is the major component of many renewable energies such as wind turbines, metallurgical coal for steel 
making is needed more than ever to build the green infrastructure needed to reduce emissions.

33. Furthermore, in order to protect the environment, the most responsible course of action is to accept and manage 
that every action an individual, community or company takes should be assessed and managed.  By so doing, 
responsibility is taken and impacts are understood.  For example, in calling for renewable energy infrastructure 
(which the Report mentions), at a rate never seen before in order to meet the net zero by 2050 target in the UK, it 
must be accepted that there is no scaleable, viable or proven technique to produce the steel needed for things 
such as wind turbines other than the use of coking coal.  

34. To simply stop the use of coal in steel making today would cause the development of green infrastructure, and all 
other applications which steel is used for, to grind to a halt.  Whilst alternative steel making technologies are being 
trialled, they are many decades away from becoming viable alternatives to coal.  This quite apart from the other 
uses of steel in such things as medical devices, infrastructure, domestic appliances etc.  

35. To call for no new coal mines in the UK is therefore to condone mining of coal in countries with lower environmental 
standards and greater environmental impact.  This is known as ‘offshoring’ environmental responsibilities, and 
is frequently seen when individuals and communities are not willing to accept the reality or impacts of the 
requirements of their everyday lifestyles.

36. By producing coal for steel making in the UK  with its world-leading environmental standards,, in the fully enclosed 
buildings which WCM have proposed, and for this coal to travel to the market on rail and by ship, without a single 
road mile within the UK  is surely the most responsible way to produce this material.

Future Demand for Coal In Steelmaking
37. WCM’s steel industry experts have predicted that, through research and development, in the next 30-40 years 

there will be some  reduction in the demand for coal in steel making, as efficiencies are found. However, this 
does not equate, as the Report would suggest, to zero coal, or even zero carbon steel making.  Further, given that 
WCM’s coal will represent such a small fraction of the global metallurgical coal market, this, in conjunction with its 
competitive pricing and shorter transport distances than USA coal, is, in WCM’s opinion, securing the future for WCM 
coal into the British and European steel making markets.

38. Steel making can become net zero emissions through the use of carbon capture and storage and offsetting, but to 
describe a future zero carbon steel making scenario is disingenuous.  However, the Report attempts to do this by 
quoting a paper called “Industrial Transformation 2050 - Pathways to Net Zero Emissions from EU Heavy Industry”, 
written by Material Economics, in which the Report claims it is stated that zero carbon steel is possible by 2050.  
WCM could not find a statement to this effect in the Material Economics report; whilst it was found that the Material 
Economics report refers to zero carbon electricity, it is important to note that there are many components to 
steel, including quarried materials such as limestone, so the notion that all of the components of steel as well as its 
manufacturing process can be zero carbon is therefore erroneous and misleading.

39. The Report states that one of the world’s largest steelmakers, Arcelor Mittal, has pledged to reduce its carbon 
emissions in Europe to zero by 2050.  This misrepresents what Arcelor Mittal has actually said - Arcelor Mittal’s Climate 
Action Report (May 2019) states that it seeks to achieve carbon neutrality by 2050, not go zero carbon by 2050.
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40. This distinction is important, because, crucially, net zero means that there will still be some carbon emissions, but 
these will be offset by the producer, resulting in an overall net zero balance.  This is not the same as zero carbon, a 
scenario in which there would be no carbon emissions at all.

41. Therefore, contrary to the apparent claim in the Report that steel making could be zero carbon by 2050, WCM 
believe that Arcelor Mittal’s (and other steel making companies’) operations will still emit carbon by 2050, however 
the use of carbon capture and offsetting measures will mean that these operations are net zero.  We pause to 
observe that the use of the word ‘net’ in any events indicates a likely trade off. 

42. Indeed, Arcelor Mittal’s Climate Action Report states that there is “not enough scrap available in the world to make all 
steel through the electric arc furnace”, a statement which WCM strongly agrees with, and which is evidenced by the 
current market and future predictions.  Therefore, it is inevitable that coal will still be used in steel making for some 
decades to come.

43. The Report states that in August 2019 the UK Government announced a £250million clean steel fund, to transition 
to lower carbon steel making.  The timing of the announcement of this fund was five months after the Committee 
decision on WCM’s planning application, which was made in March 2019. 

44. In addition, although the Fund was announced in 2019, it is more accurate to say that it is in the early stages - 
what actually happened in August 2019 was that the Government launched a call for evidence to support the 
development of a clean steel fund.  The Fund itself is not expected to be opened until 2024.

45. Within the call for evidence document,² it is acknowledged that whilst UK steel making is a large emitter of GHGs, it 
is also of vital importance for the UK economy.   Indeed, the Crossrail project in London has seen 26 miles of tunnel 
built using almost exclusively British made steel.  With the significant infrastructure spend announced by the UK 
Chancellor in his budget on 11 March 2020, there has never been a more important time for sustainable British steel.

46. The Call for Evidence document notes that even if hydrogen is used as a fuel, it still needs to be blended with 
coking coal or, alternatively if it is not blended with coking coal, this is a longer term strategy which requires large 
changes to equipment and significant additional cost, as well as overcoming the barrier of securing a supply of low 
carbon hydrogen to start the trialling technologies.  In other words, such alternatives are several decades away and, 
until that time, the global outlook and demand for metallurgical coal for use in the steel industry is strong.

Concluding Comments
47. WCM has reviewed and responded to the Green Alliance Report with the assistance of in-house and independent 

experts.  The Report contains many statements and assertions which are inaccurate, partial and/ or misleading.

48. In this Statement, WCM aims to provide CCC Development Control and Regulatory Committee members with a 
balanced and accurate picture of the coal and steel industry and markets, supplies, and its commitments to reduce 
emissions in line with the United Nations Framework Convention on Climate Change ‘Paris Agreement’ and the UK 
requirements of the Climate Change Act.

49. The requirements of the Climate Change Act 2008 are clear - non-UK emissions should not be taken into account in 
UK carbon budgeting and the UK’s goal to reach net zero by 2050.

50. The approach to the EIA assessment of GHG emissions produced by the steel works and their relevance to this 
planning application has been explained. Additionally, it is to be recalled that the UK steel makers themselves are 
legally bound to report on those emissions.  

51. WCM is fully supportive of UK emissions reductions commitments and the goal of net zero by 2050, and believes it 
can support them through producing a much more local product than is currently available.  WCM will abide by all 
regulations in force relating to climate change, notably the commitment to be carbon neutral by 2050 in accordance 
with the requirements of the Climate Change Act.

2  Department for Business, Energy & Industrial Strategy (2019) Clean Steel Fund Call for Evidence 
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52. WCM believes that the future requirements for metallurgical coal for steelmaking are strong, and will continue to be 
until at least the end of the century.

53. WCM believes that it is vital for the UK to secure its supplies of high quality metallurgical coal to support its steel 
making industry.  The coal will be mined in a more highly controlled and monitored environment than its equivalent 
from the USA, and will be transported a matter of hundreds, and not thousands of miles to its end user.

54. For these reasons, WCM coal is the more sustainable option that can contribute to the UK and Europe’s moves 
to green infrastructure as well as becoming carbon neutral by 2050. The proposed development is an exciting 
opportunity for the area to bring not only socio economic benefits but also help improve the global environment. 
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This insight summarises evidence on coal mining, the use of 
coal in steel manufacture and the carbon emissions arising 
from the steel industry. 

We focus on the UK, and the proposed development of a new 
mine at Woodhouse Colliery, Cumbria. We set the proposals 
for the mine in the context of UK and global legislation on 
climate mitigation, and future plans for reducing coal use in 
steel production, through reuse, recycling, more efficient 
production methods, and new technologies to produce steel 
without coal. 

We conclude that decarbonisation of the steel industry, and a 
phase out of coal use, is both necessary and possible, 
making the new coal mine in Cumbria unnecessary. In fact, 
the new mine would hinder the development of low carbon 
alternatives to conventional steel production. 

We argue for a more active industrial strategy to encourage 
low carbon jobs and investment in former mining and 
industrial areas. Finally, we make recommendations for the 
government to remove ambiguities surrounding its approach 
to fossil fuel extraction, and to stimulate investment in 
alternative sources of power.

Summary
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There are currently a number of proposals for new coal mines in the UK, for example, 
Highthorn Mine in Druridge Bay, Northumberland and West Cumbria Mining’s proposal for 
the new Woodhouse Colliery, near Whitehaven in Cumbria. The developers of Highthorn 
mine, which is currently subject to legal proceedings, have asserted that coal from the mine 
will be needed for electricity generation. West Cumbria Mining states that coal from  
Woodhouse Colliery would be used by the steel industry, both in the UK and abroad. 

Woodhouse Colliery, Cumbria
We focus here on the proposal for Woodhouse Colliery, analysing claims made by West 
Cumbria Mining and the planning authority, Cumbria County Council. This is the first coal 
mine to seek planning permission following the UK’s adoption of a target of net zero carbon 
emissions by 2050.

The mine would be partly on land and partly under the sea. Planning permission has 
been sought from Cumbria County Council for the land-based portion of the development. 
Permission was granted in March 2019, and the decision was ratified in October 2019. 
Shortly after, the secretary of state,  Robert Jenrick, said that he would not intervene in the 
decision, despite having the power to do so. Planning permission for the section under the 
seabed is required from a separate authority, the Marine Management Organisation. This has 
not yet been submitted.

The planning application estimates that the mine would produce 2.43 million tonnes 
of metallurgical coal per annum, to be used in steel production, as well as 350,000 tonnes of 
‘middlings coal’, which cannot be used for steel, and would either be sold for combustion 
or disposed of.1 

Overall, UK domestic coal production in 2016 was four million tonnes, from 13 
mines, employing a total of 629 people.2 The developers of the new mine say that the whole 
development (including the section under the seabed) would create 146 jobs during 
construction, and 518 jobs once the mine is open, with potential for additional local jobs in 
the supply chain.3

Both West Cumbria Mining and Cumbria County Council have said that steel 
consumption worldwide is forecast to rise; that “aside from electric arc furnaces you can’t 
make steel without coke [metallurgical coal]”; and that the coal would be used by UK and 
EU steelmakers to replace imported coal. 

Cumbria County Council’s Planning Officer Report states that carbon emissions will be 
reduced by 5.3 million tonnes over its lifetime because, if the coal is used in UK steel 
production, this will reduce the transport emissions from imported coal.4 The report makes 
no estimate of emissions from the extraction and processing of the coal, although this is a 
material factor in planning decisions. It makes the assumption that the carbon savings from 
reduced coal transport will outweigh emissions from the mine itself. As they state in a 
subsequent report, “we consider that the greenhouse gas emissions of the mining operations 
would be broadly carbon neutral.”5 

In terms of emissions from the combustion of the coal, the report says “there would be 
no increase in CO

2
 as the opening of the mine would be offset by the very likely reduction in 

production elsewhere due to competition.”6  They describe this as “a carbon neutral 
situation.”7

New coal mining in the UK

“Coal from 
Woodhouse Colliery 
would be used by 
the steel industry, 
both in the UK and 
abroad.”
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Will Woodhouse Colliery be ‘carbon neutral’?
In assessing the planning application, Cumbria County Council has twice stated that the 
proposed mine would be “carbon neutral”. 

First, the council’s report claims that coal from the Cumbrian mine would substitute for coal 
produced elsewhere, leading to no net increase in coal production worldwide, which they 
describe as a “carbon neutral situation”. However, economic theory suggests that an increase  
in supply of a commodity, such as coal, would reduce the price, leading to increased demand 
and, therefore, increased emissions. In the case of the steelmaking industry, this would, in turn, 
decrease the incentive to use coal more efficiently, recycle more steel or produce steel using 
alternative processes, even though all these are technically possible. 

Second, the report says that the coal produced would be used mostly in the UK and EU, 
substituting for imported coal, and, therefore, reducing emissions from the transportation  
of coal. This, it says, compensates for the emissions from the mining operations, and thus  
“the greenhouse gas emissions of the mining operations would be broadly carbon neutral.” 
However, no figures are provided to substantiate this claim. 

The phrase ‘carbon neutral’ refers to a situation in which no additional greenhouse gas 
emissions are produced, because the those produced are ‘balanced’ by those removed from  
the atmosphere, for example through carbon capture and storage (CCS) or carbon storage 
through land management. This is not the case for Woodhouse Colliery. 

If there were savings from reduced transportation of coal, these would not cancel out or 
neutralise the emissions from the mine operations. In the context of the UK’s target of net zero 
greenhouse gas emissions by 2050 and global efforts to keep carbon emissions in line with a 
scenario compatible with no more than a 1.5OC increase, absolute reductions of emissions are 
required, rather than balancing off one set of emissions against another.  

“In the context of the 
UK’s target of net 
zero greenhouse gas 
emissions by 2050 
absolute reductions 
of emissions are 
required.”
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UK legislation 
The UK has a statutory (legally binding) target to reach net zero emissions by 2050, under 
the 2008 Climate Change Act, amended in 2019. Having ratified the Paris climate agreement 
of 2015, it has also agreed the goal to limit global average temperature rise to between 1.5°C 
and 2°C. 

The UK has a clear policy on coal for electricity generation. It has pledged to phase out 
unabated coal-fired power generation by 2025, and it is a founding member of the 
international Powering Past Coal alliance.8,9 There is currently no phase-out date for the use 
of coal in steel manufacturing. But, in August 2019, the government announced a Clean Steel 
Fund of £250 million, which is designed, in its words, “to transition to lower carbon steel 
production through new technologies and processes, placing the sector on a pathway 
consistent with the UK Climate Change Act (net zero)”.10

In England, new developments, including mines, are controlled by planning legislation 
and must follow the National Planning Policy Framework (NPPF).11 The overall aim of the 
NPPF is to achieve sustainable development, which includes “mitigating and adapting to 
climate change, including moving to a low carbon economy.”12 The NPPF contains clear 
guidance on planning permission for the extraction of coal. It says:
 
“Planning permission should not be granted for the extraction of coal unless: 
a)  the proposal is environmentally acceptable, or can be made so by planning conditions or 

obligations; or
b)  if it is not environmentally acceptable, then it provides national, local or community 

benefits which clearly outweigh its likely impacts (taking all relevant matters into 
account, including any residual environmental impacts).”13

The Climate Change Act 2008 also requires local authorities to take into account whether 
projects are likely to contribute to sustainable development, particularly where they are likely 
to increase carbon emissions.

Planning permission for coal mines can be granted by the local planning authority, 
following the national policy detailed above, unless the secretary of state decides that it is a 
matter of national importance. In which case, they can ‘call in’ the application to be 
determined by national government, rather than the local authority. Reasons to call in the 
development include a potential conflict with national policy or a risk of national 
controversy. 

Legislation and targets in the EU and elsewhere
The EU is a signatory to the Paris climate agreement and, in December 2019, set a target of 
net zero emissions by 2050. The Paris agreement was ratified by all major economies, except 
the United States. All signatories are committed to develop national plans compatible with 
the Paris goal of net zero emissions by the middle of this century.

There have been many assessments of the climate implications of extracting fossil fuels, 
including coal, oil and gas. The United Nations Environment Programme’s 2019 report, The 
production gap, states that “governments are planning to produce about 50% more fossil fuels 
by 2030 than would be consistent with a 2°C pathway and 120% more than would be 
consistent with a 1.5°C pathway.”14 

An assessment published in the journal Nature in 2015 reported that “globally, a third 
of oil reserves, half of gas reserves and over 80 per cent of current coal reserves should 
remain unused from 2010 to 2050 in order to meet the target of 2°C”.15 (Note that this 
relates to a 2°C target, not the stricter 1.5°C target subsequently agreed at Paris in 2015.) A 
report by the NGO Carbon Tracker estimates that 17 per cent of known fossil reserves could 
be burned to be consistent with the Paris climate agreement. 

“There is currently 
no phase-out date 
for the use of coal in 
steel manufacturing.”
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The UK government acknowledges that most existing reserves should not be burned. In 
2016, the climate minister Nick Hurd stated that “between 70-75 per cent of known fossil 
fuels would have to be left unused in order to have a 50 per cent chance of limiting global 
temperature rise to below 2°C.”16  

The scale of emissions from using coal 
West Cumbria Mining plans to extract 2.43 million tonnes of coking coal per year and 0.35 million 
tonnes of middlings coal every year for 50 years. When used, this would emit around 420 million 
tonnes CO2e.17 This figure excludes emissions arising from the extraction process itself. 

To put this in perspective, the UK’s entire annual emissions in 2018 were only slightly higher, at 
450 million tonnes. And this figure will come down as the UK progresses toward its net zero 
target. 

Annual emissions from use of the coal extracted, at 8.4 million tonnes per year, would be more 
than double the net annual emissions from the whole of Cumbria, which is currently 3.79 million 
tonnes per year.18
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Currently, 95 per cent of new steel is made in a blast furnace, using metallurgical coal.19 
Three steel plants are operational in the UK, at Scunthorpe, Sheffield and Port Talbot, 
although the future of some plants is uncertain due to global over capacity in steel 
production.20 According to the industry body, The Energy Transformations Commission, 
“energy-related emissions from the steel and iron industry currently amount to circa 2.8 Gt 
of CO

2
 per annum accounting for almost 8% of total global energy system emissions”.21 

To meet carbon targets and prevent dangerous warming, carbon emissions from steel 
production must be reduced. There are four broad strategies for this: first, use less steel; 
second, recycle more steel; third, improve the efficiency of steel production in a blast 
furnace; fourth, produce steel without coal. These are outlined below:

1. Use less steel
Steel can be reused and remanufactured, resulting in far lower carbon emissions. For 
example, steel plates for shipbuilding can be re-rolled and used in new ships. A report by the 
World Steel Council describes the various possible processes.22 Many construction projects 
over use steel. Material Economics states that many construction projects use 30-50 per cent 
more steel than necessary.23  

2. Recycle more steel
Steel can be recycled, using electric arc furnaces. There are two such plants in the UK: Celsa 
Steel in Cardiff and Liberty Speciality Steels in Rotherham. This process is much less energy 
intensive than making new steel, and carbon emissions can be reduced to nearly zero if the 
electricity used is renewable. A 2019 report from Professor Julian Allwood of Cambridge 
University states that “the global steel industry is transforming from using iron ore to 
recycling scrap. Global arisings of steel scrap are likely to treble in the next thirty years and 
we will never need more blast furnaces than we have today.”24 In 2017, only 20 per cent of 
UK steel was produced in electric arc furnaces, against an EU average of 40 per cent. Nine 
million tonnes of scrap steel were exported for recycling overseas.25

3. Improve the efficiency of steel production in a blast furnace 
Steel production in conventional blast furnaces has become more efficient, but there is 
potential for greater efficiency savings. A report from Material Economics states that adopting 
best available technologies in blast furnaces results in efficiency improvements of around 15 
per cent.26 If bio-based fuels are substituted for some of the coal input, this can result in 50 
per cent emissions reductions. Arcelor Mittal, the world’s largest steel producer, launched the 
Torero demonstration project in Ghent, Belgium in 2018, converting waste wood into 
biocoal to substitute for conventional coal.27 

4. Produce steel without coal 
About five per cent of new steel is made using the Direct Reduced Iron process, which 
enables coal to be replaced by natural gas. Whilst still using fossil fuels, this process is less 
carbon intensive. In 2018, under the Hybrit project, construction began on a pilot plant for 
fossil-free steel production in Luleå, Sweden. The plant will use hydrogen, generated by 
renewable energy, in place of metallurgical coal.28 In 2019, Arcelor Mittal launched a project 
in Hamburg to test hydrogen steelmaking on an industrial scale with an annual production 
of 100,000 tonnes of steel. 

“To meet carbon 
targets and 
prevent dangerous 
warming, carbon 
emissions from steel 
production must be 
reduced.”

How to reduce the climate impact  
of steelmaking

D/420

870  



20

West Cumbria Mining

WCM RESPONSE TO GREEN ALLIANCE REPORT 
APRIL 2020 

CUMBRIAN METALLURGICAL 
COAL PROJECT

7

A combination of the methods described could significantly reduce the demand for 
metallurgical coal and carbon emissions. The Energy Transformations Commission states that 
“a complete decarbonization of the steelmaking industry is achievable by mid-century, with 
a modest impact on end-consumer prices and cost to the overall economy”. The Industrial 
Transformation 2050 report similarly states that zero carbon steel is possible by 2050.29 In 
2015, the Science Based Targets Initiative developed a pathway for the global iron and steel 
industry. This mapped a 31 per cent reduction in emissions by 2050, alongside a 55 per cent 
rise in global steel production. The savings came largely from efficiency improvements and 
alternative processes to those that use coking coal. Arcelor Mittal has already pledged to 
reduce its carbon emissions in Europe to zero by 2050, and it will shortly publish targets for 
its operations in the rest of the world.30

These shifts are likely to intensify as countries develop carbon reduction strategies, in 
response to their Paris commitments. However, they are ignored by the planners’ report on 
Woodhouse Colliery, which predicts a stable demand for metallurgical coal. 

Future demand for coal in 
steelmaking
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Does the world need more coking coal for steel production?
In 2015, when a global 2OC temperature rise was widely regarded as an acceptable mitigation 
target, the Science Based Targets Initiative produced its Sectoral Decarbonisation Approach, 
including a pathway for the global iron and steel industry. This entailed a 31 per cent reduction  
in emissions by 2050, based on a 55 per cent rise in steel production. The savings came largely 
from efficiency improvements and alternative processes to those that use coking coal. 

Since this pathway was developed, the world has acknowledged the need for greater  
emissions reductions. At the same time, alternative production processes have matured  
to make it possible.  

CO2 intensity of steel production31

Method tCO2 per ton of steel

Basic Oxygen Furnace (BOF) 2.3

BOF, with best available technology 1.9

BOF, with biofuels 1.1

Direct Reduced Iron (DRI) 1.1

BOF + Carbon Capture and Storage (CCS) 0.9

Electric Arc Furnace (EAF) 0.4

EAF + zero carbon electricity 0.1
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Areas of the UK that previously relied on jobs in manufacturing and extraction, including 
coal and steel, have been hit by job losses, less secure employment, lower wages and 
economic difficulties. Whitehaven, the nearest town to the proposed Woodhouse Colliery, is 
no exception. It was reliant on its coal industry for 300 years, until the last pit closed in 
1986. The Marchon chemical works was a major employer for 60 years, but closed down in 
2005; the mine proposals would use the former Marchon site. Now, 11,000 local people 
work at the Sellafield nuclear reprocessing site, but 3,000 jobs will be lost as the site plans to 
end the reprocessing of nuclear material. 

The potential jobs offered, if the planned mine goes ahead, were a significant factor  
in the decision to grant planning permission. The leader of Cumbria County Council said 
that “the need for coking coal, the number of jobs on offer and the chance to remove 
contamination outweighed concerns about climate change and local amenity.”32

However, there is strong evidence to suggest that ex-industrial areas such as Whitehaven 
could also be revitalised through a shift to a low carbon economy. A 2019 report by IPPR 
North estimates that up to 46,000 jobs could be created in the north of England, in the 
power sector alone.33 Reports from the LSE and the TUC also cite the potential for jobs in a 
‘green transition’.34 For example, GreenPort in Hull has become a hub for wind energy, and 
Siemens has established a wind-blade factory there. However, as these reports make clear, for 
such opportunities to be realised, there is a need for government leadership, a clear strategy 
to promote the low carbon transition and for more powers and responsibilities to be given 
to local areas. 

Jobs and carbon 
West Cumbria Mining estimates that around 518 jobs will be created (of which 80 per cent will be 
within 20 miles of Whitehaven). Using the company’s breakdown of job types and industry 
standard salaries, it is possible to estimate the annual salary remuneration for the entire 
workforce, including management, at £11.8 million per year. 35 This is less than three per cent 
(2.87 per cent) of the commodity value of the coal that would be extracted, which we estimate to 
be £411 million per year, using commodity prices for coking and middling coal.36 

The carbon emissions would be around 16,000 tonnes CO2e per year per job for the lifetime of 
the mine. This compares with under seven tonnes of CO2e emissions per person per year in the 
UK at present, a figure which must fall to net zero by 2050.37 The carbon footprint of the salaries 
paid would be almost three quarters of a tonne of CO2 per £1 earned by the workforce (700kg 
CO2e per £).

Industrial strategy and job creation 
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As the evidence shows, the case for new coal mines in the UK, whether for steelmaking or 
for power generation, is weak. The permitting of the West Cumbria Mining development 
rested on a number of assumptions: that there will be continued demand for metallurgical 
coal in the UK and elsewhere; that steel is, and will continue to be, produced using 
metallurgical coal; and that there is no alternative strategy to bring jobs and economic 
regeneration to the region. As we have shown, these assumptions can be robustly and clearly 
challenged.

There is a need for a consistent strategy around fossil fuel extraction and use in the UK. 
The imperative to reduce the risks of climate change, and to meet targets set both nationally 
and internationally, means that there should be a moratorium on new extraction projects; an 
active industrial strategy prioritising low carbon industries; and more powers and 
responsibilities given to local areas to allow them to manage local climate strategies and 
invest in green jobs. 

A consistent approach is needed

“The case for new 
coal mines in the 
UK, whether for 
steelmaking or for 
power generation, 
is weak.”
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35  Source of salary information:  
https://nationalcareers.service.gov.uk/
searchresults? searchTerm=mine, accessed 
June 2019 

Job type
Percentage 
of total

Absolute  
no

Annual 
salary per 
person

Assumed 
salary per 
person (£)

Total salaries  
for all 
employees  
per year (£)

Production 71%* 355 16 - 25 k 21,000.00 7,455,000.00

U/G Support 12% 60 16 - 25 k 21,000.00 1,260,000.00

Surface Support 5% 25 16 - 25 k 21,000.00 525,000.00

CHPP 7% 35 18 - 36 k 27,000.00 945,000.00

Technical 2% 10 22 - 60 k 36,000.00 360,000.00

Management 3% 15 45 - 70 k 57,500.00 862,500.00

Total 100% 500     11,407,500.00

 Source: Woodhouse Colliery: planning 
application environmental statement - non-
technical summary. Production increased 
from 70 per cent to bring jobs total to 
500. Total salary is then scaled up slightly, 
pro rata, to reflect the total employment 
estimate in the planning application. 

36 Based on the planning application figures 
of 2.43 million tonnes of coking coal and 
0.35 million tonnes of middlings coal 
extracted per year and commodity prices 
of $207 and $107 per tonne (from 
focus-economics.com)

37 UK emissions stand at 450 million tonnes 
CO

2
e and the population is around 66 

million, so per capita emissions, on a 
production basis, are around 6.8 tonnes 
per year. 
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H & W WORLDWIDE CONSULTING LTD - DR NEIL J BRISTOW 5 MAY 2020
ASSESSMENT OF “THE CASE AGAINST NEW COAL MINES IN THE UK” - 
A REPORT PUBLISHED BY THE GREEN ALLIANCE IN JANUARY 2020.
1. INTRODUCTION
 I have been asked to read and examine the report published by the Green Alliance, entitled “The case against new coal 

mines in the UK”, dated January 2020 (hereinafter I refer to this as “the Report”).  

1.1. Notwithstanding  its title the Report focusses on the proposed development of a new mine at Woodhouse Colliery, 
Cumbria, and a planning application made by its proposed operators West Cumbria Mining (WCM).  The mine would 
produce a type of coal used in steel making, known as metallurgical coal.  This is a type of hard coking coal (HCC) and 
is a premium product with significantly different properties to thermal coal that is used for power generation. Hard 
coking coal comprises only a small proportion of total coal reserves and is therefore relatively scarce.

1.2. As instructed I reviewed the Report in February 2020 and prepared this Statement assessing the content of the Report  
in March 2020.

1.3. This Statement  is correct to the best of my knowledge at the time of writing. This expert statement comprises my 
professional views.  It is prepared on the basis that I have a duty of impartiality regardless of the interest of my client’s 
and a wider duty to the planning authority and the public at large to provide independent expert evidence withon my 
area of competence and expertise. 

1.4. This Statement uses the following headings:
1. Introduction
2. Summary Findings
3. Author: Qualifications and Experience
4. Overarching comments in my review of the Report
5. Scope of my detailed response
6. Blast furnace production and the coking coal and steel markets
7. Product substitution
8. The potential effect of cheaper metallurgical coal on the steel industry
9. De-carbonisation of the steel industry
10. Conclusions

 Appendix – Qualifications and Experience – further detailed background

2. SUMMARY FINDINGS
2.1. In summary my expert finding is as follows –

2.1.1. On the question of Product Substitution - 

2.1.2. It is most likely that the extraction of WCM coal would offset the extraction of metallurgical coal elsewhere, most 
probably leading to a reduction in the extraction of an equivalent grade of metallurgical coal in the USA through 
product substitution. 

2.1.3. It is most unlikely that this product substitution would result in any net increase in GHG emissions.  If anything, it is likely 
to result in a reduction due to the higher levels of environmental regulation in the UK, methane capture technology and 
the reduced transportation distances when compared with coal imports from the USA. 

2.1.4. Regarding the effect of cheaper metallurgical coal on the steel industry - 

2.1.5.  At peak production WCM coal will represent only 0.26% of the global metallurgical coal market which is too small to 
influence global prices. Therefore, the premise in the Report that the proposal will  decrease the incentive to use coal 
more efficiently, recycle more steel, or produce steel using alternative, lower emissions processes, is ill conceived. 

2.1.6. The price of steel is a result of many varied factors and care should be taken not to overplay the importance of the 
metallurgical coal price in this context given that metallurgical coal is just one of a number of inputs in to the steel 
making process. 
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2.1.7. On the question of de-carbonisation of the steel industry - 

2.1.8. Due to its limited availability, I do not consider that the use of more scrap steel will significantly or materially reduce 
the demand for new steel from blast furnaces before the end of the century; the Report’s statements on projected 
emissions from the Mine are significantly overstated in my view. In my judgement the ability to achieve coal-free steel 
production is most unlikely to be realised in the 50 year lifespan proposed for the Mine. Accordingly,  I do not consider 
that the extraction of WCM coal is likely to have any materially adverse effect on the de-carbonisation of the steel 
industry. 

2.2. The above findings are explained in further detail in the remaining sections of my Statement.

3. AUTHOR: QUALIFICATIONS AND EXPERIENCE
3.1. My name is Dr Neil Bristow and for the last 30 years I have developed expertise in the steel, iron ore, coal (metallurgical 

and thermal), coke, and ferro-alloy markets and business research and analysis, strategy development, and competitor 
analysis.

3.2. I hold the following Memberships and Committee positions:

3.2.1. Member of American Iron and Steel Association; (AISI serves as the voice for the USA steel industry);

3.2.2. Associate Fellow of Australian Institute of Management;

3.2.3. Member, Advisory Committee of Met Coke International Coke Conference, USA; (International Coke Conference 
provides senior decision makers from the USA and global coke, coal and steel markets to hear the latest market trends, 
as well as technical and operational developments within the industry);

  
3.2.4. Member, Advisory Committee of Euro Coke International Coal Conference, Europe; (The Eurocoke Summit provides 

senior decision makers from the global coke, coal and steel markets to hear the latest market trends, as well as technical 
and operational developments within the industry); and,

3.2.5. Member, Steering Committee of International Coal, Coke and Carbon Forum (the most influential annual forum for the 
steel commodities market comprising a unique group of senior leaders in both the steel and coal industry).

3.3. I have developed a particular specialism in forecasting accuracy, market analysis, strategy development, innovation 
and insightful scenario thinking, technical trends and raw materials technology development.  This specialism has been 
widely acknowledged (see for example “Dr Bristow is an internationally recognized industry expert”,1  “Dr Bristow is an 
internationally recognized expert in areas of steel and steelmaking raw materials, long term trends and scenarios”2).

3.4. I have led numerous major research studies and have chaired and presented at a wide range of international meetings 
and conferences, across iron ore, coking and thermal coal, and coke. I have authored numerous market and technical 
papers.

3.5. Further detailed evidence of my background and experience is contained in the appendix to this paper. 

4. OVERARCHING COMMENTS IN MY REVIEW OF THE REPORT
4.1. I note that the authors of the Report have no qualifications or experience in the coal industry, nor the steel industry 

or the way in which those markets in those industries operate. If they did I would have expected them to cite them. 
In particular, it is apparent that the authors  have no experience in the economics or logistics of mining, shipping 
and critical resource protection. This may explain the following overarching fundamental flaws and omissions in the 
approach which the authors to the Report have taken to the topic.

1  Exclusive Interview: Dr. Neil Bristow Explains That Yes, There Is Life Left In Coke!
2   https://www.metcokemarkets.com/eurocoke-summit/advisory-board
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4.2. The Report is also partial (in the sense of limited) in its appraisal.  For example there is no acknowledgement in the 
Report that if all coal used in the steelmaking process was stopped tomorrow, the transition to a green economy would 
rapidly cease because this transition relies upon metallurgical coal to produce one of the most fundamental materials 
required for a green economy - steel. The use of metallurgical coal has been, and will continue for decades, to be one 
of the primary ways in which to make iron, a key constituent of steel.

4.3. It is  important not to underestimate the importance of steel in the green economy, as a fundamental material for the 
sustainable future of our planet.  There is no alternative material for making such things as wind turbines, railway lines, 
bicycles, improved water and other basic utilities infrastructure, as well as fundamental equipment that is essential to our 
everyday lives, ranging from kettles to cookers, and transportation, including cars and buses.  More recently the role of 
steel in medical and hospital equipment has been highlighted (UK steel industry is ready to aid in coronavirus crisis 24 
MARCH 2020³).  The importance of the steel industry to the UK is reflected in the government recent support of British 
Steel (see e.g. ‘British Steel rescue: UK extends funding ahead of decision on Jingye.’Guardian 28 February 2020.4 There 
is no prohibition on the burning of coke in UK Steel works and as far as I am aware no government proposals to do so. 
Frankly, for the reasons I touch on in this expert statement I am not surprised. 

4.4. Throughout my career I have been involved with alternative steel making processes, i.e. those that use less or no coal5. I 
can personally attest that such alternatives are not currently scalable, nor commercially viable, and whilst research into such 
methods is ongoing, the development is expected to take a number of decades.  At present the closest would be Direct 
Reduction6, which is predominantly natural gas based and therefore poses its own greenhouse gas emission problems.

4.5. Metallurgical coal is used to make a product which is recyclable, and which, through its use in renewable energy 
generation, actually offsets the GHG emissions that arise in the making of steel.

5. SCOPE OF MY DETAILED RESPONSE 
5.1. I will address, and seek to provide clarity on, a number of issues raised in the Report under the following broad 

headings:
• Product substitution;
• The potential effect of cheaper metallurgical coal on the steel industry; and
• De-carbonisation of the steel industry. 

5.2. Before addressing the specific points identified above, it is helpful to provide a broad overview of blast furnace steel 
production and the global market for steel and metallurgical coal (also known as met coal, or coking coal), which 
provides important context for the rest of this Statement. 

6. BLAST FURNACE PRODUCTION AND THE COKING COAL AND STEEL MARKETS 
6.1. Steel is used in a huge variety of applications, the diversity of which requires the steel industry to produce a range of 

grades and qualities of steel. There are over 3,500 different steel grades, encompassing unique physical, chemical and 
environmental properties, and over 10,000 different steel products in commercial use today.7 The most common way 
to make steel, and the method that is used for up to 75% of the world’s steel production, involves a sequential process 
using metallurgical coal and other ingredients.  Metallurgical coal is baked at high temperatures in an inert atmosphere 
to make metallurgical coke.  Coke is then placed in a blast furnace along with iron ore, and other materials, to make 
liquid iron.  This is then placed in a basic oxygen furnace and oxygen is injected and other materials added to make 
steel.  Hence, metallurgical coal is only one of a number of components that are necessary for the manufacture of steel.  
Each step in the steel making process is described in more detail below.

Coke making
6.2. Coking (metallurgical) coal is converted to coke by heating the coal in a coke oven.  This drives off volatile materials to 

leave almost pure carbon.  The physical properties of coking coal cause the coal to soften, liquefy and then re-solidify 
into hard but porous lumps when heated in the absence of air. 

3   https://www.pesmedia.com/covid-19-uk-steel-industry-sector-230320/
4  https://www.theguardian.com/business/2020/feb/28/british-steel-rescue-uk-extends-funding-ahead-of-decision-on-jingye 
5  See Schedule 3 and Schedule 4 at Appendix.
6  Direct Reduction Iron (DRI) also called sponge iron, is produced from the direct reduction of iron ore to iron by a reducing gas or elemental carbon produced from natural   
   gas or coal. Direct reduction refers to solid-state processes which reduce iron oxides to metallic iron at temperatures below the melting point of iron
7  https://www.worldsteel.org/about-steel.html.
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6.3. This process takes between 12 to 36 hours.  Once pushed out of the oven, the hot coke is then quenched with either 
water or air to cool it before storage, or is transferred directly to the blast furnace for use in iron making.

6.4. The coke making process releases gases which contain a high degree of energy.  These gases are captured and then 
recycled in other parts of the steel making operations as a fuel.  This reduces the amount of energy required from the 
grid in steel production, which in turn lowers total greenhouse gas emissions arising from this process.

Iron making
6.5. A blast furnace is fed with iron ore, coke and small quantities of fluxes (minerals such as limestone, which are used to 

react with impurities in the iron ore and coke).  Air, which is heated to about 1,200°C, is blown into the furnace through 
nozzles in the lower section.  The air causes the coke to burn, producing carbon monoxide at around 2,100°C, which 
reacts with the iron ore, as well as heat to melt the iron.  Finally, the tap hole at the bottom of the furnace is opened and 
molten iron and slag (impurities) are drained off.

Steel making
6.6. The most commonly applied process for steelmaking is the integrated steelmaking process via the Blast Furnace and 

Basic Oxygen Furnace.  In the basic oxygen furnace, iron is combined with varying amounts of steel scrap (less than 
30%) and small amounts of flux.  A lance is introduced into the vessel and blows 99% pure oxygen into it, causing 
a temperature rise to 1,700°C.  The scrap melts, impurities are oxidised, and the carbon content is reduced by 90%, 
resulting in liquid steel.

6.7. Other processes can follow, called secondary steelmaking processes, where the properties of steel are determined 
by the addition of other elements, such as boron, chromium, manganese and molybdenum, amongst others. In these 
processes, over 90% of carbon is removed from most steels. These secondary processes create the required grade and 
quality of steel. 

6.8. Optimal operation of the blast furnace demands the highest quality of raw materials; the carbon content of coke 
therefore plays a crucial role in terms of its effect in the furnace and on the hot metal quality.  A blast furnace fed with 
high quality coke requires less coke input, results in higher quality hot metal and better productivity, together with a 
lower blast furnace fuel rate, i.e. lower carbon emissions.

6.9. Figure 1 below shows the steel making process in graphic form.
THE STEEL MAKING PROCESS

THE STEELMAKING PROCESS

k Figure 1:  The Steel Making Process
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6.10. It takes up to 770 kg of coal to produce 1 tonne of steel through this production route. 

Sources of steel for the steel market 
6.11. The majority of steel made every year is ‘new’ steel from raw materials (around 75%).  This steel can be manufactured 

to a range of qualities, from high-quality ‘hot rolled’ steel for use in engineering, automotive and aviation sectors, to the 
lower grade steels for construction applications.

6.12. Looking to the future, it is likely that the blast furnace process will still constitute at least 60% of all steel production over 
the next few decades (this is explained in more detail at section 8 below).

6.13. The remainder of steel making is using scrap steel as a primary ingredient in an electric arc furnace.  Scrap steel is 
usually only able to produce relatively low grade long steel products, for example construction products such as 
reinforcement bar or steel mesh.  This is because recycled steel contains impurities such as copper and tin, which are 
difficult to fully remove in the recycling process, and make the resulting steel unsuitable for high grade applications.

6.14. Around 85% of scrap steel in Europe is already recycled.  The ability to recycle scrap steel depends upon the quality 
of the scrap steel and its intended use following recycling.  Prior to use, the scrap steel needs to be cleaned of the 
contamination caused by its previous use before being heated at a high temperature in order to reduce it to a molten 
state and drive off remaining contaminants. The processing and cleaning of scrap is itself energy intensive, resulting in 
GHG and other emissions. 

6.15. The market for recycled steel products is of course heavily constrained by the availability from time to time of scrap 
steel to feed into the recycling process.  Around 51% of all steel made is ‘locked in’ within infrastructure, for example 
bridges, tunnels and buildings, which typically has a long lifetime before it will be decommissioned and demolished.  
Other medium to long term uses of steel include rail lines, engines, aerospace uses etc.  

Demand for New Steel
6.16. In February 2020, the British Government launched its hugely ambitious plans for the ‘COP 26’ UN climate conference 

which it will host in November.  Subject to any COVID-19 delays this will be a major event and could lead to a new 
global agreement to speed up carbon emission reductions.  The path to significantly reducing global emissions can 
only be achieved if new low carbon technologies are built and deployed around the world.  This will require the mass 
manufacture, construction and installation of renewable technologies as well as other low carbon power generation on 
a scale never before witnessed.  

6.17. On 2 March 2020, the Prime Minister, Boris Johnson, announced a change in UK energy generation policy, reversing 
what was effectively a moratorium on onshore wind turbines announced by a previous Conservative administration.  
This will generate an increased demand for wind turbines and the associated infrastructure required to install and 
operate them.  With the takeover of British Steel in Scunthorpe completed on 9 March 2020, the future for the British 
steel making industry looks more positive than it has for some time.  

6.18. To achieve the green infrastructure, low emissions vision, the world will require high grade steel which cannot currently 
be produced from recycled steel, due to the issues raised by the presence of impurities in scrap steel, as discussed 
earlier.  Manufacturing of one wind turbine of 1MW capacity requires around 200 tonnes of coking coal.  The proposed 
mine at Whitehaven will produce this coal, and will become a local supplier for the British steel industry, as well as a 
much more local supplier than the USA to the European steel industry.

6.19. Additionally, global demand for steel will increase as less developed countries for example India, improve their 
infrastructure and standard of living, requiring steel containing products from railways to bicycles, construction and 
domestic appliances.

Market forces in the steel industry 
6.20. Demand for steel is driven by a country’s economic outlook and Gross Domestic Product (GDP) growth.  Stronger 

economies with GDP growth generate infrastructure spending and improved quality of life, which in turn increases steel 
demand.  This requires an increase in iron production, which requires coking coal.
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6.21. Steel makers make steel to order.  The process of making steel is expensive and energy intensive, so for manufacturers 
to make it without a market for it would result in the need for steel to be stockpiled.  Stockpiled steel degrades over 
time by processes including age hardening and rusting, which results in a devalued product, or, in the worst case, a 
product which may need reprocessing before it can be sold. The money invested by the manufacturers in making it is 
then lost.

6.22. Historic market data shows that when steel production increases, coking coal production increases, and not the other 
way around.  This is illustrated in Figure 2 below, which shows world coking coal production plotted alongside world 
steel production, in millions of tonnes per year from the years 1981 to 2006.  It shows that world coking coal production 
generally lags behind world steel production, clearly demonstrating that steel production does not rise in response 
to coking coal production.  Similar to the quality degradation occurring when steel is stockpiled, coking coal also 
degrades when it is stockpiled, causing it to be devalued and losing its properties as a coking coal product. 

k Figure 2. Graph showing world coking coal and steel production (millions of tonnes) from 1981 to 2006

7. PRODUCT SUBSTITUTION 
7.1. The Report states that product substitution is contrary to economic theory, which suggests that an increase in the supply 

of a commodity would reduce its price and therefore increase demand for it.8 This is fundamentally incorrect.  I set out 
below and explain why it is not appropriate to apply this generic principle to the metallurgical coal market. 

7.2. West Cumbria Mining (WCM) coal, just like any other coal for steel making, will be mined to order.  WCM will not be 
increasing the supply of a commodity - rather, there will be an increase in permitted reserves, albeit a fractional one 
as I now describe.  To suggest that the product will have any influence at all on global coal prices is incorrect and also 
misleading.  There are two reasons for this.

7.3. First, at maximum permitted output, WCM coal will represent 0.26% of the global metallurgical coal market.  This is too 
small a percentage to influence global metallurgical coal prices.  The pricing structure of the other 99.74% of the market 
will remain exactly as it is currently; there will be no flooding of coal onto the market from Woodhouse Colliery.

8 See p. 3 of the Green Alliance Report.
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7.4. Secondly, it is not competent business strategy to ‘flood’ a market with a product with the aim of reducing its sale price, 
particularly in the mining industry.  The mining industry is one in which the costs of production, overheads, and risks are 
high, so to intentionally go into business with the aim of reducing operating margins makes no economic sense.  

7.5. Unlike, for example, the automotive industry, in which products are made and stored prior to sale in anticipation of 
future market conditions, coking coal is not mined and stockpiled awaiting a buyer.  There are simple economic reasons 
for this.

7.6. First, to incur the expense of mining a product requires a rate of return upon the sale of the product which is not 
achieved if the product is not sold.  Therefore, it simply is not viable to mine metallurgical coal to then place it in a 
stockpile with uncertainty around a future buyer.

7.7. Secondly, to mine a product without a buyer and place it in a stockpile whilst it awaits a buyer incurs a great loss 
through product degradation.  The longer the product is exposed, the more it degrades.  Stockpiling would therefore 
cause it to degrade to such an extent that the properties which make it desirable for the steel making market will have 
deteriorated so that it can only be classed as a much lower grade with a considerably reduced value. 

7.8. Coking coal is mined on demand.  If better or equivalent grade coal can be mined from a closer location at a similar 
price, that coal will replace the coal that is currently being exported from further afield.  In the present case, the WCM 
coal will substitute the equivalent volume of USA coal that is currently being exported to Europe by being shipped 
across the Atlantic.

7.9. In my judgement, the USA would not continue to mine the same grade of coal for sale to other countries because a) 
there is no proven market for them to do that, and b) because shipping to alternative major steelmaking countries in 
Asia and India involves such high transport costs that it would question the economic viability. Instead, the most likely 
outcome is that there would be a corresponding reduction in the extraction of this coal.  

7.10. Indeed, the closure or scaling back of mines in the USA as a result of reduced demand from Europe was recently 
highlighted in the Argus blog9.  Additionally, the Chief Executive of Glencore stated in February 2020 that: "We don't 
want to dig the material out of the ground if it's not required in the market".10  This related specifically to demand for 
thermal coal, however the same argument holds true for metallurgical coal - if the demand is not there, the material will 
not be mined.  In the mining industry, when the market is not there, mining rates are adjusted accordingly.

7.11. In previous market research, I have seen it reported that “the revival of the coking coal industry was driven by an 
increase in world steel demand.”11

7.12. Further market insight reports that, “Met (metallurgical coal) pricing is usually tied to global economic growth because 
an expanding economy means more construction which means more steel which in turn means more met coal 
demand”, according to Jude Clemente, a widely published expert in natural resources markets.12

7.13. Mining is an operation which involves considerable cost and capital outlay. Accordingly, the maintenance of a sufficient 
cashflow is an essential part of securing the economic viability of mining operations.  If faced with a market downturn, 
mining companies stop production to avoid incurring the costs of mining in the absence of achieving a return on 
those costs. Therefore, stockpiling mined coal to await an upturn in business is not financially viable and is not common 
industry practice. Paragraph 7.7 discusses the difficulties of stockpiling coal as a result of its degradation in stockpiles.

9   Argus is an independent media organisation with offices in the world’s principal commodity trading and production centres and produces price assessments and analysis 
of international energy and other commodity markets https://www.argusmedia.com/en/news/2080089-several-us-coking-coal-mines-cut-output-in-4q.
10  https://uk.advfn.com/stock-market/london/glencore-GLEN/share-news/Glencore-Swings-to-Loss-Amid-Lower-Commodity-Price/81786915.
11  Metal Bulletin Research, 2010, “Coking Coal: A Strategic Market Outlook to 2020”.
12  https://www.forbes.com/sites/judeclemente/2018/08/12/the-one-market-thats-sure-to-help-coal/#57dec2696f6e
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7.14. The economic profitability of a mine is linked to its production costs, known as FOB costs.  These are the costs 
associated with the mining, processing, transport, port charges and royalties of the coal. Mines that sell coal above 
their FOB costs produce a profit; those that sell below their FOB costs produce a negative return. Market knowledge 
accumulated over many years of experience enables me to comment on the likely profitability of the WCM mine, 
comparing it with mines producing similar grades of coal across the world. This is explained below.

7.15. I have compared the projected FOB cost bases of the WCM mine to mines producing metallurgical coal in the rest 
of the world.  The FOB cost bases of the WCM mine are advantageous compared to other world mines producing 
a similar grade of coal for several reasons.  First, the UK operates one of the most attractive royalty regimes when 
compared with the rest of the world.  Second, salaries for miners are lower than for other countries. Third, the freight 
costs of coal from the UK to the rest of the UK, and the UK to Europe, are significantly lower than the freight costs of 
anywhere else in the world to the UK and Europe.  

7.16. WCM’s predicted operating costs in steady state production are lower than around 75% of other world hard coking coal 
mines, due to lower cost bases and significantly lower transportation costs.

7.17. Independent market analysis proves this point.  Figure 3 below shows the FOB costs for world exports of metallurgical 
coal in the year 2016, and compares these with the projected FOB costs for the WCM mine.  Figure 3 shows that 
the projected FOB costs of the WCM mine are lower than around three quarters of other world metallurgical coal 
producers.

k Figure 3. Export Metallurgical Coal Cost Curve (FOB) where the x-axis is the total annual quantity of export metallurgical coal globally, and the y-axis is the 
range of FOB cost of the various producers going from lowest (left) to highest cost producers (right).

7.18. Metallurgical coal is a premium product attracting a high price due to its specific properties.  Weathering of coking coal 
starts as soon as the coal is mined, and it will continue until it is charged in the coke oven to produce coke.  In mines, 
coal exists in a water-saturated, oxygen-free environment. Any disturbance of this environment such as a change in 
the temperature, moisture content or oxygen partial pressure, results in changes of chemical properties and physical 
stability.  This dynamic behaviour of coal is termed ‘weathering’ and includes the aerial oxidation of the organic and 
mineral matter (chemical weathering), the microbial oxidation of pyrite (biological weathering) and changes in the 
moisture content that result in particle size degradation (physical weathering).  During transportation and stockpiling, 
coal is in contact with air for periods of time that may exceed 6 months.  During this time, reaction with oxygen in the 
presence of water, sunlight and possibly elevated temperatures may take place.  Different coals follow different trends 
during weathering.  The weathered coal affects its beneficiation process as due to oxidation coal’s surface property 
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k Figure 4. The deterioration of FSI in coal over time.

k Figure 5.  The total seaborne exports in 2019

7.20. The cumulative effect over time is such that the value of the coal is significantly reduced as its suitability for steel making 
is eroded. 

7.21. WCM coal will be classed as a ‘High 
Volatile A’ coal, due to its specific 
characteristics.  This is a high-quality 
hard coking coal (HCC) used for steel 
making.  The USA is currently the major 
source of a similar grade of coal for 
the European steel making market 
and exported 47million tonnes of 
metallurgical coal in 2019, with around 
60% of this being High Volatile A, as per 
Figure 5 below. 

7.22. The primary reason that production 
from Cumbria will very likely result in an 
equivalent decrease in production in the 
USA is economic - Cumbrian coal will 
be significantly more cost competitive 
than the USA coal due to lower operational coal production costs.  Many USA mines are low height and as a result 
expensive to operate and mine efficiently.

7.23. The operating costs of the Cumbrian mine will be much lower than the majority of other mines producing HCC coal and 
this cost advantage is of significant interest to steel makers.  I consider that the WCM mine will be more cost-competitive 
than over 75% of USA mines producing a similar grade of coal, as shown in Figure 3 and explanatory text above.

7.24. This cost advantage is coupled with another significant advantage that Cumbrian coal has over the USA HCC producers, 
of significantly less transport costs.  USA HCC mines are several hundreds of miles distant from shipping ports, involving 
lengthy rail journeys to take the product to the ports.  The east coast of the USA is several thousands of miles distant 
from Europe, therefore transport costs of HCC coal from the USA mines to Europe are significantly higher than the 
transport costs of Cumbrian HCC coal to Europe.

gets changed and the coal surface become more hydrophilic. Therefore, the sooner the mined coal reaches its 
intended destination for use in steel making, the better the retained quality of this coal - meaning that less time spent in 
transit is advantageous for steel makers.

7.19. For example, one of the key differentiators in terms of the price for metallurgical coal is its Free Swelling Index (FSI).  FSI 
is a measure of a coal’s swelling properties when heated under prescribed conditions without physical restrictions.  As 
FSI reduces so purchasers will apply a ‘penalty’ to the selling price.  Figure 4 below shows test results which evidence 
the fact that the FSI is significantly reduced over time.
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k Figure 6: Shipping distances from WCM as compared to coal imported from USA

13  https://www.argusmedia.com/en/news/2080089-several-us-coking-coal-mines-cut-output-in-4q

7.25. At least 50% of the USA coal mines are described as “marginal producers”, which means that they operate with high 
levels of production costs (due to various factors including the distances and costs involved in transportation) and are 
only able to make profits when the coal selling price is high (typically above US$140/t).  Indeed, recent evidence shows 
that high cost coal mines in the USA are closing down due to falling coal prices.13

 
7.26. If USA mines were to try to compete on cost against WCM, they would simply become uneconomic - these established 

mines have fixed operating costs, which would make it very difficult for them to compete.  Indeed, to undertake such 
measures to compete for such a small fraction of the market that WCM will hold is highly likely to be unattractive to 
those operators, whose most economic route would simply be to scale back production or close the mine.

7.27. Target customers in the UK and Europe all source the majority of their High Vol A metallurgical coal from the east 
coast of the USA, as there are no other more cost-effective sources.  Reliance on one geographical source presents 
risks arising from transport delays, geo-political or tariff changes, and supply security.  As a result, these customers are 
continuously seeking to diversify their supply sources to de-risk the supply of the raw materials required particularly for 
scarce High Vol A premium coking coals.

7.28. Cumbrian produced coal will be available to the European market in a matter of hours, rather than weeks, and this has 
significant advantages for steel producers, including significantly reduced shipping costs, significantly shorter lead-in times 
from order to delivery, and the ability therefore to be much more responsive to last-minute demand, with better coal 
quality due to less degradation caused by coal being transported in a ships’ hold for long periods as it crosses the Atlantic. 
The largest producing area of metallurgical coal that would compete with coal produced by WCM in the USA is central 
Appalachia, which is rail linked over distances of, on average, 600km, to ports at Norfolk, Virginia and Baltimore, Maryland. 
Coal is shipped primarily to Rotterdam from these locations, over distances of 7,738 km (4179 nautical miles) from Norfolk, 
and 8,035 km (4339 nautical miles) from Baltimore. Comparing the travel distances for coal from West Cumbria Mining 
operations to Rotterdam, the rail route from Pow Beck valley to Redcar is 215 km and the shipping distance from Redcar 
(Port of Teeside) to Rotterdam is 674 km (364 nautical miles). This is demonstrated by Figure 6 below.

DISTANCE AND TIME SCALES COMPARISON

Exporting to the EU: UK vs USA

Start:

Port of Baltimore

Start:

Port of Norfolk

Port of 
Baltimore,USA

Port of 
Norfolk, USA

Port of 
Teesport, UK

Port of Rotterdam, 
Netherlands

Destination:

Port of Rotterdam

Destination:

Port of Rotterdam

B

A B C D

DISTANCE: 4339 nm SPEED: 10 Knots
DAYS AT SEA: 18.1 

DISTANCE: 4179 nm SPEED: 10 Knots
DAYS AT SEA: 17.4 

A

C

D

Start:

Port of Teesport

Destination:

Port of Rotterdam

DISTANCE: 364 nm SPEED: 10 Knots
DAYS AT SEA: 1.5 
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7.29. It is unrealistic to conceive that European steel makers would continue to buy USA High Vol coal over and above 
Cumbrian High Vol coal when the Cumbrian coal is significantly cheaper, much more readily available, has better 
retained quality due to shorter shipping distances, and has fewer upstream carbon emissions arising from transport of 
the product due to far shorter travelling distances. This is further supported by information that I understand has been 
obtained by WCM from EU steelmakers, including two separate letters of support from British Steel and Tata Steel UK, 
signalling strong interest in a UK produced coal for sustainability reasons.

7.30. High Vol A metallurgical coal is a premium price product, due to its relative scarcity, which makes it an EU Critical Raw 
Material.14 Steel makers will not simply buy more High Vol A metallurgical coal than they need once Woodhouse Colliery 
comes on stream, because High Vol A metallurgical coal is only one of several ingredients required in steel making.

7.31. Cumbrian High Vol A metallurgical coal is therefore most likely also be preferred by UK and European steel makers 
because of its significantly reduced travel distances, and consequent reductions in transport related environmental 
emissions. This has been most recently confirmed in discussion between WCM and one of Europe’s largest steel 
producers, Tata Steel. Indeed, it is these factors that are the fundamental aspects of WCM’s business case for investors in 
developing the mine.

7.32. It is my understanding that WCM has undertaken market research over the last 5 years to demonstrate these principles, 
using industry experts and trade bodies.  From this, it is clear that there is a very high level of interest from UK and 
European steel makers, who are interested because of the proximity of this resource so close to their plants.  Paragraph 
7.44 below describes the size of the European Metallurgical coal market, and confirms that it is large enough to accept 
all the proposed output from WCM. 

Comparative Greenhouse Gas emissions from substituted coal
7.33. At full production Woodhouse colliery will employ 500 people and generate GHG emissions from the following: -

7.33.1. Testing and possible use of emergency Diesel Generators

7.33.2. Mobile machinery/plant (CAT D6 / Driftrunners / MSVs / Trucks)

7.33.3. Fugitive Emissions from the mining operation

7.33.4. Energy imported from the electricity grid

7.33.5. Purchased Goods and Services (e.g. such as diesel)

7.33.6. Employee Commuting

7.33.7. Waste generated in operations

7.34. It is safe to assume that another underground mine of similar conditions mining and processing the same product will 
require a similar number of people and equipment.

7.35. However, I am aware that there are distinct differences between the environmental regulatory regimes and aspirations 
of the UK and Europe when compared with the USA.  For example, since 2005, in Europe the EU Emissions Trading 
Scheme has been solely focussed on reducing GHG emissions from heavy industry, including steel making and other 
heavy installations.  This scheme has seen a 21% reduction in GHG emissions from those industries since 2005.  There is 
no similar scheme in the USA, where, in fact, the regime has been relaxed under the Trump Administration (for example 
their withdrawal from the Paris Climate Agreement).

14  https://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical_en.
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7.36. There are additional regulatory requirements in the UK for companies which either exceed annual turnover thresholds 
and/or who are quoted on the stock market which relate to improving energy performance and reducing carbon 
emissions.  These are:

7.36.1. Energy Savings Opportunity Scheme (ESOS) Regulations 2014: for large companies (or ‘undertakings’) in the UK 
it has been mandatory since 2014 to complete an assessment of energy consumption, appoint an independent 
assessor, and identify energy saving opportunities.  

7.36.2. Streamlined Energy and Carbon Reporting (SERC) Regulations 2018: require quoted companies to measure and 
report energy use and carbon emissions and KPIs to reduce energy use.

7.37. There is no such equivalent in the USA.  In my judgement and experience, the regulatory imperatives for industry to 
reduce GHG emissions in the UK are far stronger than those in the USA.

7.38. Additionally, President Trump has given notice that the USA will no longer participate in the 2015 Paris Agreement on 
climate change mitigation.  The UK has given no such notice and remains committed to the Paris Agreement.  Indeed, 
Prime Minister Johnson, in December 2019, undertook to make Britain the “cleanest, greenest” country on earth.15 This is 
in stark contrast to the objectives of the USA.  It is reasonable to conclude that coal mined in the UK will contribute less 
to GHG emissions than an equivalent operation in the USA or any other country where coal mining and industry have 
far lower levels of environmental regulation.  For example, Indonesia, where it was announced in February 2020 that 
coal mines will be subjected to a reduced level of environmental regulation, to relax the rules surrounding mining and 
encourage investment in the coal mining industry there.16 

7.39. I understand that WCM is committed (and obliged by planning condition) to install a methane capture and drainage 
system at the mine, in order to prevent the uncontrolled release of methane.  Methane is a naturally occurring 
gas trapped in the coal, and is released upon the coal’s exposure to air.  Methane is many times more potent as a 
greenhouse gas than CO2 - its impacts are 34 times greater than CO2 over a 100 year period.17 The capture and drainage 
system will ensure that the methane released from the coal is reduced and mitigated. Instead it will be put to beneficial 
use, as it is an asset as an energy source for the mine, with no atmospheric impact.  Methane capture and use is not 
widely used in mining, and indeed, recent research has shown that methane from coal mines in the USA is a significant 
factor in the USA’s GHG emissions.18

7.40. There is an increasing amount of renewable and lower emission energy generation supplied to the grid in the UK.  
WCM will therefore be sourcing its power from the ever “greener” UK generating market.

7.41. WCM coal production will result in a significant reduction in transport emissions when compared with coal imported to 
Europe from destinations including the USA.  This is because WCM coal is mined thousands of miles closer to its end-
destination than USA coal.

7.42. Coal imported from the Appalachian region of USA, where the majority of USA HV met coal mines are located that 
transport coal to Europe, undergoes rail-transport distances of around 600 kilometres from mine to shipping port, and 
then 7,000 – 8,000 kilometres of shipping haulage from the USA to Europe.

7.43. Coal exported from Cumbria to Europe requires rail-transport distances of 215 kilometres to the port of Redcar, where 
the shipping distance to Europe is around 668 kilometres.

15   https://www.energylivenews.com/2019/12/13/boris-johnson-pledges-to-make-britain-cleanest-greenest-country-on-earth/ 
16  https://steelguru.com/auto/indonesia-plans-to-relax-environmental-rules-for-coal-mining/556120?type=coal  
17  https://unfccc.int/news/new-methane-signs-underline-urgency-to-reverse-emissions
18  https://www.theguardian.com/environment/2019/nov/15/methane-emissions-from-coal-mines-could-stoke-climate-crisis-study
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7.44. At present the EU’s annual demand for coking coal is at around 53 million tonnes, with annual imports of around 40-44 
million tonnes mainly coming from distant countries such as the USA. Therefore the market for WCM coal within Europe 
is significant (approximately 15 times WCM’s proposed maximum annual production).19 Steel manufacturers will always 
seek to reduce the costs and improve the security of supply of their raw materials, particularly in the light of the very 
high production costs of steel.  

7.45. There is more than sufficient demand for WCM’s metallurgical coal in the EU market and there is no economic reason 
why WCM coal would be exported further afield when it can meet the EU demand and, in doing so, provide a more 
cost effective, better quality product than the USA High Vol A coal.  

7.46. In light of all the points which I have set out above, it is my view that it is most likely that the extraction of WCM coal 
would offset the extraction of metallurgical coal elsewhere, most probably leading to a reduction in the extraction of an 
equivalent grade of metallurgical coal in the USA through product substitution. 

7.47. Moreover, it is unlikely that this product substitution would result in any increase in GHG emissions.  If anything, it is likely 
to result in a reduction due to the higher levels of environmental regulation in the UK, methane capture technology and 
the reduced transportation distances when compared with coal imports from the USA. 

8. POTENTIAL EFFECT OF CHEAPER METALLURGICAL COAL ON THE STEEL INDUSTRY 
8.1. The Report states that if the extraction of WCM coal would result in a reduction in metallurgical coal prices this, in turn, 

would decrease the incentive to use coal more efficiently, recycle more steel, or produce steel using alternative, lower 
emissions processes. 

8.2. I have already explained why the proposed mine in Cumbria would not result in a net increase in the supply of 
coal, because the Cumbrian mine only represents a potential increase in permitted reserves, rather than an increase 
in supply.  Added to which is the fractional percentage of Cumbrian coal when compared with global met coal 
production (as described above).  Accordingly, I cannot agree with the premise of the suggestion that there would be a 
corresponding reduction in the global price of met coal.  Such a premise is based on a fundamental misunderstanding 
of the nature of metallurgical coal production, coking coal quality and the steel market.  

8.3. Metallurgical coal is just one of a number of inputs into the steel making process, and in fact metallurgical coal is used 
not to make steel directly, but to make one of steel’s key constituents, coke, which is a key part of the manufacture of 
blast furnace pig iron - which itself has several inputs.  

8.4. Additionally, all the other inputs into the steel, including the cost of energy to make it, would have to show similar price 
trends at the same time in order for there to be an influence on the price of steel.  Therefore, it is economically naïve to 
suggest that metallurgical coal production from Cumbria, representing less than 0.26% of the global metallurgical coal 
market, will affect the price of steel.

8.5. The price of steel is a result of many varied factors, including the price of raw materials (particularly iron ore and 
limestone), but also demand as a result of changes in economic conditions, competition, industrial and economic 
growth expectations, economic stimulus measures, levels of public investment in infrastructure, business sentiment etc.    

8.6. Therefore, in this complex and often changing picture, to try to overplay the importance of the price of metallurgical 
coal in steel making serves only to result in a misconceived understanding of the market.

8.7. This is further illustrated by looking at the historic relationship between the price of metallurgical coal and the 
production of steel.  Figure 7 below shows a plot of the last 30 years of world steel production against the price of Hard 
Coking Coal (HCC - the same grade as the Cumbrian coal), which shows that there is no correlation between the two.  
This evidence supports my view and the position articulated by WCM (and the reality of how this market works) that 
steel demand is market driven, not driven by the price of HCC coal.

19  https://www.euractiv.com/section/energy-environment/opinion/towards-a-european-coking-coal-and-steel-community/
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k Figure 7. World steel production (millions of tonnes per annum) against Hard Coking Coal Price 1990 - 2018.

k Figure 8. World Steel Association projections for future steel consumption (billions of tonnes)

8.8. There is no doubt that as less developed countries continue to develop, and implement infrastructure and lifestyle 
improvements, that steel demand will continue to grow.  The World Steel Association have also issued projections for 
future steel consumption which all show continued and sustained growth in global steel demand (see Figure 8 below).  

8.9. In order for these demand increases to be met, new steel from raw materials needs to continue to be made.  Given 
there are no scalable or commercially viable alternative steel making technologies which would meet the projected 
demands, the blast furnace route will continue to dominate in the coming decades.

8.10. In my opinion, the balance of blast furnace production over the next 30 years will remain at a minimum of 60% of global 
production. This takes into account the design life of existing blast furnaces.  It is important to note that these can be 
retrofitted with emissions capture technologies, as and when these become available, so in my opinion blast furnace 
production will still be at least 50% of production output over the next 50 years.
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8.11. Finally, even if the extraction of WCM coal did in any way affect the price of coal and steel, for the reasons set out in 
more detail below, I do not consider that any price differences would have a material effect on the de-carbonisation of 
the steel industry. 

9. DE-CARBONISATION OF THE STEEL INDUSTRY
9.1. The Report sets out a number of strategies which can be used to reduce the impact of steelmaking on climate change.20

9.2. I have already dealt with the first of these (the use of less steel) above. I will address the remaining three strategies in 
more detail below.  

The role of recycled steel
9.3. I have indicated above that there will be some increase in Electric Arc Furnace (EAF) output, however it is important to 

consider the current and future availability and recycling opportunities for scrap steel.  

9.4. Scrap steel availability is generally stable in Europe; in order to generate the scrap, infrastructure has to be demolished, 
and this, coupled with the fact that steel is generally ‘locked in’ to its major uses for several decades (within buildings, 
bridges, tunnels, rail lines, etc.),21 means that scrap levels are finite. Indeed, around 85% of scrap steel in Europe is already 
recycled.22

9.5. Arcelor Mittal, one of the world’s largest steel producers, published a report in 201923, which is referenced in the Report.  
Arcelor Mittal provide commentary on the availability and use of scrap steel.  Arcelor Mittal’s Report (page 2) states that 
there is, “not enough scrap available in the world to make all steel through the electric arc furnace”; and at page 10 that, 
“the strong demand for steel in the developing world means that end-of-life scrap is only sufficient for a modest share 
(approximately 22%) of metallic input for global steel production.”, and that, “the availability of end-of-life scrap lags 
demand for steel by several decades, typically 10-50 years or more after production depending upon application.  This 
means the world will still be reliant on primary steel making from iron ore until nearer the end of this century.”  At page 
12, the Arcelor Mittal Report states, “As living standards improve and infrastructure across the globe matures, demand 
for steel will eventually plateau.  After that, enough end-of-life scrap will be available to meet the bulk of steel demand, 
leading to a fully circular steel value chain.  Since this transition is unlikely to become reality much before the end of the 
century, iron and steelmaking from iron ore will continue to play an important role in meeting global steel demand well 
beyond 2050.”

9.6. The World Steel Association predicts a growth in scrap steel availability, and this is considered by the Association’s Head 
of Raw Materials, Dr Baris Bekir Çiftçi, who predicts 1.3 billion tonnes of scrap steel becoming available on the world 
market by 2050.24 However, this only represents 46% of forecast global steel production in 2050, according to SSAB, a 
leading steel producer.25

9.7. It must also be recalled that the recycling of steel using the electric arc furnace demands very significant quantities 
of electricity and cannot produce high grades of steel which are required for specific purposes and uses; it mainly 
produces the lower grades of steel only, which can only be used for general construction purposes (for example, 
reinforcement bar in concrete buildings and structures).  This is because the quality of available scrap steel is generally 
deteriorating, as it contains rising and higher levels of copper and tin.  High grade steel is generally only produced from 
raw materials, rather than recycled scrap.  Thus, even if scrap steel availability were to increase dramatically, it would still 
not be able to meet the considerable demand for new higher-grade steel. 

9.8. As such, I do not consider, certainly at the European level, and most likely at the global scale, that the use of more scrap 
steel will significantly reduce the demand for new steel from blast furnaces before the end of the century.  Indeed, as 
scrap quality declines, additional high quality metallics are being used in the EAF such as cold blast furnace pig iron.

20   See p. 6 of the Green Alliance Report. 
21  Much steel is ‘locked in’ within infrastructure (currently 51% of all steel produced is used in buildings and infrastructure which have a long life prior to returning to scrap,   
    (source data from the World Steel Association https://circulareconomy.worldsteel.org/).
22  https://www.tatasteeleurope.com/en/sustainability/steel–for–a–sustainable–future/the-life-cycle-of-steel
23  Arcelor Mittal (2019) Climate Action Report
24  Worldsteel forecasts 1.3Bt of scrap availability, 46% of SSAB’s 2050 forecast of 2.8Bt for total steel production.
25  https://ssabwebsitecdn.azureedge.net/-/media/hybrit/files/hybrit_brochure.pdf?m=20180201085027
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Blast furnace efficiency 
9.9. The Report states that when the coal from West Cumbria Mining is used, it will, “emit around 420 million tonnes CO2e.”26 

This estimate is over the extraction lifetime of the mine, which is 50 years.  The Report’s authors have equated this figure 
with being just under a year of the UK’s entire annual emissions of 450 million tonnes - although the Report then states 
that the UK’s annual emissions figures will come down as the UK progresses to its net zero target.  

9.10. However, the Report’s authors have omitted to mention the considerable and continued efforts of the EU steel making 
industry to reduce its emissions, and therefore that Report’s statements on projected emissions from the Mine are 
significantly overstated in my view.

9.11. European steelmakers have always sought to be world leaders in efficient steel production and have made significant 
progress in the efficiency of making steel and reducing emissions as part of this process.  Indeed, European steelmakers 
are now the most efficient globally and have reduced their emissions significantly in comparison to other global 
steelmaking sources (the European Commission publishes specific data which supports this view)27.  Whatever steps 
are taken to improve efficiency, it will not remove the need for metallurgical coal (and thus coke) as a key and integral 
ingredient in the European steelmaking industry well beyond 2050. Currently, global steel production is overwhelmingly 
reliant upon coal - over 75% of steel produced uses coal, with the remainder produced using electricity.  Steel is a man-
made alloy of iron and carbon - carbon is found in coal.

   
9.12. I fully support the drive within the industry to reduce its greenhouse gas emissions.  However, this will take time.  During 

the considerable transition period that will be required, WCM can support these initiatives in two ways:

9.12.1. By introducing methane capture technology at the Whitehaven mine;

9.12.2. Reduction of carbon emissions involved in reduced shipping distances.

Other alternative production methods 
9.13. Steel makers have publicly stated their commitments to reducing carbon emissions from steel making.  This is 

evidenced by the Ultra-Low CO2 Steelmaking (ULCOS) partnership, a pioneering partnership of 48 companies and 
organisations across 15 European countries, whose aim is to achieve a step change in CO2 emissions from steel making, 
notably a target of achieving at least a 50% reduction in CO2 emissions per tonne of steel by 2050.  Having said that, 
ULCOS is working on a technique which should achieve up to 70% CO2 emissions reductions, using a cyclone-converter 
iron-making process in conjunction with carbon capture and storage. 

9.14. The Direct Reduced Iron (DRI) method relies on natural gas or coal, and is typically used in countries with large domestic 
reserves of steam coal or natural gas.  Therefore there are still GHG emissions from this technology.28 Over the coming 
decades, as steel making methods are refined to use less metallurgical coal, there will be a per tonne reduction in 
the amount of metallurgical coal required for steel making.  However, the current alternative methods are not yet 
commercially tested or viable, and are certainly several decades away from being a meaningful competitor to the blast 
furnace method. 20% of the current ~100Mtpa production of DRI uses coal as the reductant, mostly in India.  Most other 
production is centred on countries where gas is very low cost, i.e. Iran and Russia.29 

9.15. The technologies being proposed by ArcelorMittal referred to on p. 7 of the Report are variants of the current DRI 
processes; the Arcelor project is based upon a hydrogen fired Midrex unit.  The timeframe targets to achieve industrial 
viability are relatively long, i.e. 2040-2050, and as another steel maker, SSAB, states;30 there are significant challenges to 
be overcome:
• Hydrogen – large scale industrial production, storage and transport has yet to be proven as practical, safe and 

cost effective;
• Electricity – by definition has to be fossil-free, easier in some regions than others; and

26  Green Alliance, page 5
27  https://setis.ec.europa.eu/technologies/energy-intensive-industries/energy-efficiency-and-co2-reduction-iron-steel-industry/info
28  World Coal Institute (2009) Coal and Steel
29  https://www.midrex.com/wp-content/uploads/Midrex_STATSbookprint_2018Final-1.pdf
30    https://ssabwebsitecdn.azureedge.net/-/media/hybrit/files/hybrit_brochure.pdf?m=20180201085027 

896  



46

West Cumbria Mining

WCM RESPONSE TO GREEN ALLIANCE REPORT 
APRIL 2020 

CUMBRIAN METALLURGICAL 
COAL PROJECT

• Electrification – with so much expectation of fossil-free industrial, transport and energy solutions, there will need 
to be a massive increase in power generation, grid capacity and local distribution. In the UK alone, it has been 
said that electrification of all road transport will require a doubling of all three by 2050.”

9.16. It is expected that it will be possible to achieve coal-free steel production in the future. However, it is difficult to 
envisage a significant reduction in the blast furnace route in the coming decades.  Perhaps SSAB’s forecast increase of 
150Mtpa of primary steel by 2050 may include some coal-free production, but that is equivalent to 30 Port Talbot steel 
making facilities, all based upon yet-to-be proven large scale technology and currently without supporting infrastructure.  
Accordingly, in my judgement the ability to achieve coal-free steel production in Europe, which is the intended market 
for WCM coal, is most unlikely to be realised in the 50 year lifespan proposed for the Whitehaven mine.    

9.17. Furthermore, given its tiny fraction of the global met coal market, production at Woodhouse Colliery will not in any way 
impact the ongoing drive within the steel industry to reduce its carbon emissions.  As discussed, this drive to reduce 
emissions from the steel making industry has already seen significant improvements through efficiency, and the ULCOS 
initiative in conjunction with the EU ETS and the goals for zero carbon by 2050 will ensure that emissions are continually 
reduced and/or offset.  Energy reductions to date are described in paragraph 9.13 above.

Continued role for met coal during transition period 
9.18. The tiny projected market share of the proposed Cumbrian mine will not be sufficient to influence long-established 

regulatory regimes and the drive across the entire steel industry to reduce emissions in the goal to net zero by 2050.  
Instead, I consider that it can help the steel industry reduce its emissions (as described above at paragraph 8.10). 

9.19. I am also aware that environmental scientists accept that coal use for steel making is required as part of a transition 
to a low carbon future, in particular for the use of steel in manufacturing wind turbines, solar panels and other forms 
of renewable energy.  For example, Professor Roger Pielke Jr, a Professor in the Environmental Studies Programme at 
the University of Colorado, in an interview broadcast on 11 January 2020, states that in order to move away from using 
oil and gas for electricity consumption (the most significant source of global GHG emissions), that 1,500 wind turbines 
would need to be built every day for the next 30 years just to keep the lights on as gas and coal power stations are 
closed.  This is not accounting for the proportion of the world’s population that does not yet have good or reliable 
access to power, so it is reasonable to assume that power demand will increase beyond this.  Professor Pielke goes 
on to state that the significant amount of wind and solar renewable energy needs a source of significant concentration 
of energy, for example coking coal, to produce steel and concrete required for wind and solar.31 Indeed, Professor 
Myles Allen, a physicist who has spent 30 years studying global climate change, and is a former lead author of the 3rd 
Assessment of the Intergovernmental Panel on Climate Change in 2001, stated in an interview recently that fossil fuels are 
a necessary part of the future, albeit that carbon capture and/or emissions reductions are essential.32

9.20. WCM will not be producing ‘more’ met coal than is currently being produced due to the likely effect of product 
substitution. However, even if it was, the small proportion of WCM coal in the context of the global met coal market 
will have no impact on industry or other research initiatives to become more efficient. Furthermore, and in any case, 
as I have explained above, it will take many decades for these alternatives to become commercially viable and for the 
continued need for met coal to be phased out.  

9.21. Therefore, I do not consider that the extraction of WCM coal is likely to have any materially adverse effect on the de-
carbonisation of the steel industry. 

10. CONCLUSION
10.1. I disagree with many of the assertions in the Report, for the reasons given in this Statement.

10.2. It is apparent that the authors of the Report do not have the relevant industry or market knowledge or understanding 
to substantiate the claims made in the Report.  Whilst the European steel industry is already on the journey to reducing 
its GHG emissions, further developments will be made in the future as a result of continued regulation and industry 
commitments. Projected emissions figures given in the Report therefore hold no weight when properly examined.

31  https://www.bbc.co.uk/sounds/play/m000d73d. 
32  https://www.bbc.co.uk/sounds/play/m000fgcn 
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10.3. The fraction of global metallurgical coal production that the Cumbrian mine would produce, even at full production, 
is, in my opinion, far too insignificant to have any bearing or material impact at all on metallurgical coal prices or steel 
prices, for the reasons I have given.

10.4. In the meantime, the WCM project has clear advantages as it becomes a local supplier of coal to the UK steel 
industry, and a much more local source of coal to the European steel industry than its USA equivalent. Additionally, the 
environmental governance and standards of production for mining are significantly higher in the UK than the USA, and I 
see the WCM project as being a leader in its field. I note that the predicted benefits of the project to the community as 
identified in WCM’s planning application, including 500 direct jobs (as well as considerably more indirect jobs) in a local 
community which holds some of the most economically deprived areas in the country, are entirely consistent with my 
own experience of this industry. 

APPENDIX  - QUALIFICATIONS AND EXPERIENCE OF THE AUTHOR, DR. NEIL J. BRISTOW

Schedule 1  I have a first-class honours degree in Chemistry and a Ph D. in Physical Chemistry from the University of 
Nottingham.33 I have authored and co-authored a number of scientific papers in various academic journals.  

Schedule 2  On leaving University I worked in the Research Laboratories of Unilever Research at Port Sunlight in the Wirral, 
working on polymer science and surface adsorption.  I then moved to the Dental area where I worked in new 
product formulation and designing prototype dental products for which I developed and hold a number of 
patents.  

Schedule 3  I joined BHP in their Newcastle Research Laboratories in the Raw Materials research group and worked for 7 
years on all aspects of iron and steelmaking research including iron ore development and sintering, coking coal 
evaluation and cokemaking, Blast Furnace (BF) burden evaluation and ironmaking, Pulverised Coal Injection  (PCI), 
alternative ironmaking and cokemaking, and ran and participated in a number of sinter, coke and BF trials at the 
former Newcastle, Whyalla and Port Kembla steelworks.

Schedule 4  I was involved in raw materials analysis and assessment for the Newcastle COREX project, Western Australian DRI/
HBI (Direct Reduced Iron & Hot Briquetted Iron) work, alternative cokemaking and coking coal assessment for 
potential new cokemaking based on heat recovery coke technology.  I visited as part of these roles a number of 
open cut and underground coking coal mines around the world including USA and Australia.

Schedule 5  I moved to the Market Research area of BHP in San Francisco and led and managed the market and industry 
analysis of bulk commodities for BHP.  This involved market supply and demand analysis, competitor and industry 
analysis, advising steel industry strategy for them BHP Steel, coking coal and iron ore price forecasting, cost 
analysis and supported the wider Minerals development strategy, being seconded onto the wider BHP Strategy 
teams to provide expertise.  During this time, I visited a number of international coking coal mines in Canada, 
USA and Indonesia.

Schedule 6  On returning to Australia I held a number of roles in BHP Coal in Brisbane, leading market and competitor 
strategy, heading up the wider Minerals market analysis function in Melbourne. I was also a Team Leader of the 
team dealing with coal and iron ore strategic analysis in Brisbane.  I also worked on the merger between BHP 
and Billiton providing bulk market and industry analysis to the merger teams.

33  Winner of the Elizabeth and J D Marden Prize.

  Signed        Dr Neil J Bristow

  Dated
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Schedule 7  Following the merger, I was appointed Chief Analyst of the Carbon Steel Materials groups in Singapore.  This 
role involved managing an international team investigating and analysing the growth of China and India, 
understanding bulk commodity markets and industries (including technology changes in iron and steelmaking, 
the rise of global steelmaking, coking coal, iron ore and manganese industry, producers and quality trends, 
marketing strategy, major steelmaking customer strategies, understanding of new coking coal, iron ore and 
manganese ore reserves together with pricing, cost curve development and forecasting and supply and 
demand analysis).  I was also the technical adviser for commodity research for coking coal and iron ore and 
Chairman of the Analysts forum; a group of key commodity analysts assessing and managing market research 
across the wider BHP Minerals Group.

Schedule 8  My role in Singapore also saw me travel extensively to steelmaking organisations across Asia, North America and 
Europe, and visit numerous conventional and non-conventional and heat recovery cokemaking facilities, advising 
cokemakers on coking coal quality and coking coal blending.  During this period I made numerous presentations 
to international conferences on coking coal and iron ore, ran workshops on coking coal, and led collaborations 
on coking coal with industry players at Research groups such as CANMET. I also co-authored research papers on 
coking coal.

Schedule 9  I was also seconded to the merger team for the proposed merger between Rio Tinto and BHP Billiton, working 
out of London.  Working in the Anti-trust team I provided industry, market and competitor analysis for both iron 
ore and coking coal and made presentations to the European Anti-trust Commission.

Schedule 10  After leaving BHP I established my own Consultancy, H & W Worldwide Consulting Pty Ltd, providing a range 
of consultancy services in coal (particularly coking coal, iron ore and manganese ore), ferroalloys, nickel and 
stainless steel to a range of industry producers, Hedge funds, brokers, commodity funds and start-up companies.  
Consultancy services include market strategy and analysis, price forecasting, market and competitive analysis, 
entry strategy and competitor analysis, technical marketing and technology advice, technology reviews on iron, 
cokemaking and steelmaking, and bespoke consultancy services.
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Talk To Us
WCM welcomes any further 
comments and feedback that 
you may have by email, post 
or telephone.

West Cumbria Mining Ltd

Haig Museum
Solway Rd, Kells
Whitehaven, Cumbria
CA28 9BG
T: 01946 848333

4th Floor 
Oakfield House
35 Perrymount Rd
Haywards Heath
RH16 3BW
England
T: 01444 410534

www.westcumbriamining.com               
info@westcumbriamining.com
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Given the continued strategic importance of raw materials for the EU manufacturing 

industry1, the Commission is implementing a wide range of actions under the EU Raw 

Materials Initiative to help ensure their secure, sustainable and affordable supply. The list of 

critical raw materials for the EU is a central element of this Initiative.  

The Raw Materials Initiative was put forward in 2008 to tackle the challenges related to the 

access to raw materials. This Communication updates the 2014 list of critical raw materials. 

The primary purpose of the list is to identify the raw materials with a high supply-risk and a 

high economic importance to which reliable and unhindered access is a concern for European 

industry and value chains. Following an objective methodology the list provides a factual tool 

for trade, innovation and industrial policy measures to strengthen the competitiveness of 

European industry in line with the renewed industrial strategy for Europe
2
, for instance by:  

 identifying investment needs which can help alleviate Europe's reliance on imports of 

raw materials; 

 guiding support to innovation on raw materials supply under the EU's Horizon 2020 

research and innovation programme; 

 drawing attention to the importance of critical raw materials for the transition to a low-

carbon, resource-efficient and more circular economy.  

The list should help incentivise the European production of critical raw materials through 

enhancing recycling activities and when necessary to facilitate the launching of new mining 

activities. It also allows to better understand how the security of supply of raw materials can 

be achieved through supply diversification, from different geographical sources via 

extraction, recycling or substitution.  

The list is used by the Commission as a supporting element when negotiating trade 

agreements, challenging trade-distortive measures, developing research and innovation 

actions and implementing the 2030 Agenda on Sustainable Development and its Sustainable 

Development Goals. Critical raw materials are a priority area in the EU Circular Economy 

Action Plan
3
 in order to foster their efficient use and recycling. The list may also be relevant 

for the purpose of the review of foreign direct investments in the EU
4
, put forward in parallel 

with this Communication. It can also be used by Member States, companies and investors on 

a voluntary basis to inform them about potential raw material supply risks and related 

opportunities. 

This Communication presents an updated list of 27 critical raw materials for the EU as a 

result of a third assessment. It follows the two subsequent Communications on raw materials, 

which established a list of 14 critical raw materials in 2011
5
 and a revised list of 20 critical 

                                                            
1 According to the VDI Centre for Resource Efficiency (VDI ZRE), materials are the main cost factor in the 

manufacturing sector (44%, compared to 18% for labour, 3% for taxes and 2% for energy).  
2 Commission's Communication 'Investing in a smart, innovative and sustainable industry: A renewed EU 

Industrial Policy Strategy' (COM(2017) 479) 
3 Commission's Communication 'Closing the loop – An EU action action plan for the Circular Economy' 

(COM(2015) 614) 
4 Commission's Proposal for a Regulation of the Parliament and of the Council establishing a framework for 

screening of foreign direct investments in the European Union (COM(2017) 487) 
5 Commission's Communication 'Tackling the challenges in commodity markets and on raw materials' 

(COM(2011)25) 
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raw materials in 2014
6
. The list of critical raw materials for the EU is subject to regular 

update at least every three years, in order to reflect production, market and technology 

developments, and the number of raw materials assessed has increased with each update. 

Following the recommendations of the 2014 Report of the Ad hoc Working Group on 

defining critical raw materials
7
, this third assessment of critical raw materials was conducted 

based on a refined methodology developed by the Commission
8
, while ensuring comparability 

with the previous methodological approaches (2011 and 2014). Economic importance and 

supply risk remain the two main parameters used to determine the criticality of a raw material. 

Main improvements in the revised methodology relate to trade (import reliance and export 

restrictions in calculating supply risk), substitution as a factor correcting both economic 

importance and supply risk, and detailed allocation of raw materials end-uses based on 

industrial applications to define economic importance.  

Raw materials, even if not classed as critical, are important for the European economy as they 

are at the beginning of manufacturing value chains. Their availability may quickly change in 

line with trade flows or trade policy developments underlining the general need of 

diversification of supply and the increase of recycling rates of all raw materials. 

  

                                                            
6 Commission's Communication 'On the review of the list of CRM for the EU and the implementation of the Raw 

Materials Initiative' (COM(2014)297) 
7 Report on Critical Raw Materials for the EU, Report of the Ad hoc Working Group on defining critical raw 

materials, May 2014 
8 See: Methodology for establishing the EU List of Critical Raw Materials, 2017, ISBN 978-92-79-68051-9 
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List of critical raw materials for the EU 

The 27 raw materials listed below are critical for the EU because risks of supply shortage and 

their impacts on the economy are higher than those of most of the other raw materials. The 

table indicates the existence of domestic production of certain critical raw materials in the EU, 

notably hafnium. However, China is the most influential country in terms of global supply of 

majority of critical raw materials, such as rare earth elements, magnesium, tungsten, 

antimony, gallium and germanium among others. Several other countries have dominant 

supplies of specific raw materials, such as Brazil (niobium) or USA (beryllium and helium). 

Supply of platinum group metals is concentrated in Russia (palladium) and South Africa 

(iridium, platinum, rhodium and ruthenium). The risks associated with the concentration of 

production are in many cases compounded by low substitution and low recycling rates.  

The 2017 criticality assessment was carried out for 78 raw materials. The extended scope 

includes nine new materials as compared to 2014 assessment
9
.   

The nine new critical raw materials for the EU, as compared to 2014 list, are highlighted in 

dark grey in the table below. The three raw materials (chromium, coking coal and 

magnesite)
10

 are not deemed critical based on the 2017 assessment. While heavy rare earths
11

, 

light rare earths
12

 and platinum group metals
13

 were assessed individually, they remain as 

groups in the criticality list (arithmetic average shown in the table) in order to ensure 

comparability with the previous assessment. 

 

Raw 

materials 

Main global 

producers  

(average 2010-2014) 

Main importers  

to the EU  

(average 2010-2014) 

Sources  

of EU supply 

(average 2010-2014) 

Import 

reliance 

rate* 

Substitution 

indexes 

EI/SR** 

End-of-life 

recycling 

input rate*** 

Antimony  
China (87%) 

Vietnam (11%) 

China (90%) 

Vietnam (4%) 

China (90%) 

Vietnam (4%) 
100% 0.91 / 0.93 28% 

Baryte 

China (44%) 

India (18%) 

Morocco (10%) 

China (53%) 

Morocco (37%) 

Turkey (7%) 

China (34%) 

Morocco (30%) 

Germany (8%) 

Turkey (6%)  

United Kingdom (5%) 

Other EU (4%) 

80% 0.93 / 0.94 1% 

Beryllium 
United States (90%) 

China (8%) 
n/a n/a n/a14 0.99 / 0.99 0% 

                                                            
9 Abiotic: Aggregates, Bismuth, Helium, Lead, Phosphorus, Sulphur; Biotic: Natural cork, Natural teak wood, 

Sapele wood. 
10 However, coking coal, which was on the 2014 list of critical raw materials for the EU, is considered a 

borderline case. Although it narrowly misses the economic importance threshold, for the sake of caution, coking 

coal is kept on the list of critical raw materials for the EU and thus included in the table. However, it will be 

phased out from the next list should it fail to meet the criteria in full. 
11 Dysprosium, Erbium, Europium, Gadolinium, Holmium, Lutetium, Terbium, Thulium, Ytterbium, Yttrium 
12 Lanthanum, Cerium, Praseodymium, Neodymium, Samarium 
13 Palladium, Platinum, Rhodium, Ruthenium, Iridium 
14 The EU import reliance cannot be calculated for the beryllium, as there is no production and trade for 

beryllium ores and concentrates in the EU. 
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Bismuth 

China (82%), 

Mexico (11%) 

Japan (7%) 

China (84%) China (84%) 100% 0.96 / 0.94 1% 

Borate 

Turkey (38%) 

Unites States (23%) 

Argentina (12%) 

Turkey (98%) Turkey (98%) 100% 1.0 / 1.0 0% 

Cobalt  

Democratic Republic 

of Congo (64%) 

China (5%) 

Canada (5%) 

Russia (91%) 

Democratic Republic 

of Congo (7%) 

Finland (66%) 

Russia (31%) 
32% 1.0 / 1.0 0% 

Coking coal 

China (54%) 

Australia (15%) 

United States (7%) 

Russia (7%) 

United States (39%) 

Australia (36%) 

Russia (9%) 

Canada (8%) 

United States (38%) 

Australia (34%) 

Russia (9%) 

Canada (7%) 

Poland (1%) 

Germany (1%) 

Czech Republic (1%) 

United Kingdom (1%) 

63% 0.92 / 0.92 0% 

Fluorspar  

China (64%) 

Mexico (16%) 

Mongolia (5%) 

Mexico (38%) 

China (17%) 

South Africa (15%) 

Namibia (12%) 

Kenya (9%) 

Mexico (27%) 

Spain (13%) 

China (12%) 

South Africa (11%) 

Namibia (9%) 

Kenya (7%) 

Germany (5%) 

Bulgaria (4%) 

United Kingdom (4%) 

Other EU (1%) 

70% 0.98 / 0.97 1% 

Gallium15 

China (85%) 

Germany (7%) 

Kazakhstan (5%) 

China (53%) 

United States (11%) 

Ukraine (9%) 

South Korea (8%) 

China (36%) 

Germany (27%) 

United States (8%) 

Ukraine (6%) 

South Korea (5%) 

Hungary (5%) 

34% 0/95 / 0.96 0% 

Germanium 

China (67%)  

Finland (11%) 

Canada (9%)  

United States (9%) 

China (60%) 

Russia (17%) 

United States (16%) 

China (43%) 

Finland (28%) 

Russia (12%) 

United States (12%) 

64% 1.0 / 1.0 2% 

Hafnium 

France (43%) 

United States (41%) 

Ukraine (8%) 

Russia (8%) 

Canada (67%) 

China (33%) 

France (71%) 

Canada (19%) 

China (10%) 

9% 0.93 / 0.97 1% 

                                                            
15 Gallium is a by-product; the best available data refer to production capacity, not to production as such. 
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Helium 

United States (73%) 

Qatar (12%) 

Algeria (10%) 

United States (53%) 

Algeria (29%) 

Qatar (8%) 

Russia (8%) 

United States (51%) 

Algeria (29%) 

Qatar (8%) 

Russia (7%) 

Poland (3%) 

96% 0/94 / 0.96 1% 

Indium 

China (57%) 

South Korea (15%) 

Japan (10%) 

China (41%) 

Kazakhstan (19%) 

South Korea (11%) 

Hong Kong (8%) 

China (28%) 

Belgium (19%) 

Kazakhstan (13%) 

France (11%) 

South Korea (8%) 

Hong Kong (6%) 

0% 0.94 / 0.97 0% 

Magnesium 
China (87%) 

United States (5%) 
China (94%) China (94%) 100% 0/91 / 0.91 9% 

Natural 

graphite 

China (69%) 

India (12%) 

Brazil (8%) 

China (63%) 

Brazil (13%) 

Norway (7%) 

China (63%) 

Brazil (13%) 

Norway (7%) 

EU (< 1%) 

99% 0.95 / 0.97 3% 

Natural 

rubber 

Thailand (32%) 

Indonesia (26%) 

Vietnam (8%) 

India (8%) 

Indonesia (32%) 

Malaysia (20%) 

Thailand (17%) 

Ivory Coast (12%) 

Indonesia (32%) 

Malaysia (20%) 

Thailand (17%) 

Ivory Coast (12%) 

100% 0.92 / 0.92 1% 

Niobium 
Brazil (90%)  

Canada (10%) 

Brazil (71%) 

Canada (13%) 

Brazil (71%) 

Canada (13%) 
100% 0.91 / 0.94 0.3% 

Phosphate 

rock 

China (44%) 

Morocco (13%) 

United States (13%) 

Morocco (31%) 

Russia (18%) 

Syria (12%) 

Algeria (12%) 

Morocco (28%) 

Russia (16%) 

Syria (11%) 

Algeria (10%) 

EU – Finland (12%) 

88% 1.0 / 1.0 17% 

Phosphorus 

China (58%) 

Vietnam (19%) 

Kazakhstan (13%) 

United States (11%) 

Kazakhstan (77%) 

China (14%) 

Vietnam (8%) 

Kazakhstan (77%) 

China (14%) 

Vietnam (8%) 

100% 0.91 / 0.91 0% 

Scandium 

China (66%) 

Russia (26%) 

Ukraine (7%) 

Russia (67%) 

Kazakhstan (33%) 

Russia (67%) 

Kazakhstan (33%) 
100% 0.91 / 0.95 0% 

Silicon 

metal  

China (61%) 

Brazil (9%) 

Norway (7%) 

United States (6%) 

France (5%) 

Norway (35%) 

Brazil (18%) 

China (18%) 

Norway (23%) 

France (19%) 

Brazil (12%) 

China (12%) 

Spain (9%) 

Germany (5%) 

64% 0.99 / 0.99 0% 
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Tantalum16 

Rwanda (31%)  

Democratic Republic 

of Congo (19%) 

Brazil (14%) 

Nigeria (81%) 

Rwanda (14%) 

China (5%) 

Nigeria (81%) 

Rwanda (14%) 

China (5%) 

100% 0.94 / 0.95 1% 

Tungsten17  
China (84%) 

Russia (4%) 

Russia (84%) 

Bolivia (5%) 

Vietnam (5%) 

Russia (50%) 

Portugal (17%) 

Spain (15%) 

Austria (8%) 

44% 0.94 / 0.97 42% 

Vanadium 

China (53%) 

South Africa (25%) 

Russia (20%) 

Russia (71%) 

China (13%) 

South Africa (13%) 

Russia (60%) 

China (11%) 

South Africa (10%) 

Belgium (9%) 

United Kingdom (3%) 

Netherlands (2%) 

Germany (2%)  

Other EU (0.5%) 

84% 0.91 / 0.94 44% 

Platinum 

Group  

Metals 

South Africa (83%) 

- iridium, platinum, 

rhodium, ruthenium 

Russia (46%) 

- palladium 

Switzerland (34%) 

South Africa (31%) 

United States (21%) 

Russia (8%) 

Switzerland (34%) 

South Africa (31%) 

United States (21%) 

Russia (8%) 

99.6% 0.93 / 0.98 14% 

Heavy Rare 

Earth 

Elements  

China (95%) 

China (40%) 

USA (34%) 

Russia (25%) 

China (40%) 

USA (34%) 

Russia (25%) 

100% 0.96 / 0.89 8% 

Light Rare 

Earth 

Elements 

China (95%) 

China (40%) 

USA (34%) 

Russia (25%) 

China (40%) 

USA (34%) 

Russia (25%) 

100% 0.90 / 0.93 3% 

  

Notes: 

(*) The 'Import reliance rate' takes into account global supply and actual EU sourcing in the 

calculation of Supply Risk, and it is calculated as follows: EU net imports / (EU net imports + 

EU domestic production). 

(**) The ‘Substitution index’ is a measure of the difficulty in substituting the material, scored 

and weighted across all applications, calculated separately for both Economic Importance and 

Supply Risk parameters. Values are between 0 and 1, with 1 being the least substitutable.  

The economic importance is corrected by the Substitution Index (SIEI) related to technical and 

cost performance of the substitutes for individual applications of each material. The supply 

                                                            
16 Tantalum is covered by the Conflict Minerals Regulation (Regulation (EU) 2017/821) establishing a Union 

system for supply chain due diligence to curtail opportunities for armed groups and security forces to trade in tin, 

tantalum and tungsten, and their ores, and gold. 
17 Tungsten is covered by the Conflict Minerals Regulation (Regulation (EU) 2017/821) establishing a Union 

system for supply chain due diligence to curtail opportunities for armed groups and security forces to trade in tin, 

tantalum and tungsten, and their ores, and gold. 
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risk is corrected by the Substitution Index (SISR) related to global production, criticality and 

co-/by-production of the substitutes for individual applications of each material.  

(***) The ‘End-of-life recycling input rate’ measures the ratio of recycling from old scrap to 

EU demand of a given raw material, the latter equal to primary and secondary material supply 

inputs to the EU. 

Source: compiled on the basis of the Final Report of the 'Study on the review of the list of 

Critical Raw Materials' 2017.  
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A globally-recognised place of 
innovation and opportunity

A major clean energy hub for the UK

A sustainable place, with a resilient 
economy that supports thriving 
communities
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I am delighted to introduce our Copeland 2040 Vision. We often use 
the phrase “how time flies” which is so appropriate when we think 
about the significant changes that have taken place in Copeland.

A rich history of agriculture, shipping and mining gave way 
to new industries such as the Sellafield nuclear site which 
began life as Windscale in the 1940s and then has seen many 
reincarnations since the opening of the UK’s first commercial 
nuclear reactor at Calder Hall on October 17th 1956, through to 
the birth and then completion of the Thorp and Magnox spent 
fuel reprocessing programmes.

Copeland has firmly established itself as an international 
Centre of Nuclear Excellence across the nuclear fuel cycle 
from generation, reprocessing, waste management and 
decommissioning, with world-leading capability in nuclear 
operations, nuclear safety and security, construction 
management, robotics and AI, and environmental protection. 
We are recognised globally as a place of innovation and 
opportunity, with a skilled and committed workforce, supply 
chain and supportive community that will be essential in 
supporting Government to deliver a balanced energy policy.

We are now working with partners to grow a new clean energy 
economy in Copeland. The new Clean Energy Park at Moorside 
in Copeland will build on our inherent nuclear sector capabilities 
to sustainably power the industries and communities of the 
Northern Powerhouse into the coming decades. Our nuclear 
sector vision, set out in the Cumbria Nuclear Prospectus, is to 
energise Britain’s Energy Coast, driving the UK towards Net Zero 
by 2050, in a way that levels up the economy, creating prosperity 
and opportunity. Copeland was the original home of UK nuclear, 
and now will be the home of the UK’s nuclear renaissance.

We are also mindful of our collective responsibility to create 
positive legacies for the future. For decades, the UK nuclear 
power industry, born in Copeland, has provided reliable low 
carbon electricity that continues to keep the lights on and 
powers the industries and infrastructure that we all rely on 
every day. Nuclear energy produces a relatively small amount of 
waste, which requires careful management, and we continue to 
support this at Sellafield and LLWR while acting responsibly on 
behalf of our communities by engaging in the UK Government 
process to find a suitable long term management solution.

All of this fits with our wider vision of Copeland as a sustainable 
place. We take our responsibility to future generations seriously.

Nuclear is a significant part of our economy and our community 
but Copeland has so much more to offer. We have ambitions to 
build on our strengths and work with the Nuclear Decommissioning 
Authority and National Nuclear Laboratory, to commercialise 
innovation to create new services to society such as medical 
isotope production. By doing so, we will expand into new markets 
and encourage new industries to grow and export from Copeland.

Our surroundings are some of the most beautiful in the UK and 
even the world. With England’s highest mountain and deepest 
lake and stunning Lake District coastline, we will create an 
activity and wellbeing focused experience economy, that 
helps visitors and residents alike to connect with our rural and 
coastal environments.

Our goal to become a zero carbon economy by 2050 is both 
realistic and achievable and we must all play our part whatever 
our role whether commercial or domestic. The Council is already 
playing a role in Cumbria-wide plans to take meaningful action 
against climate change, and I am proud of our contribution 
to the Zero Carbon Cumbria Partnership’s success in making 
Cumbria one of a handful of places in the UK to receive National 
Lottery climate action funding. This is a great start but we must 
and will do more.

Our ambition for cleaner air, improving digital connectivity 
especially in our more rural areas, physical connectivity 
between our towns and villages and a myriad challenges will be 
embraced by our Copeland community who care passionately 
about the area they live in.

We have to acknowledge our wider challenges too, the 
solutions to which are complex, not least in the wake of a 
global pandemic that has only increased social inequalities 
and highlighted the reliance by many of our residents on social 
safety nets. However we have a real opportunity for Copeland 
to be at the forefront of the UK’s clean energy agenda, while 
trailblazing a new model for local economic strategy focused on 
place, sustainability and community wellbeing, which is needed 
now more than ever.

I commend our Copeland 2040 Vision and look forward to 
playing my part to ensure that our area continues to become a 
better place to live, work and visit.

Thank you,

STATEMENT BY 
ELECTED MAYOR  
OF COPELAND,  
MIKE STARKIE

Mike Starkie 
Elected Mayor 
of Copeland
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The Coronavirus pandemic has undoubtedly brought about the 
most unprecedented challenges to the UK. The impact to our 
way of life, our communities, our society and our economy has 
been devastating.

Throughout the pandemic we have seen inspirational acts of 
generosity, kindness, and collaboration between business, 
community and public sector that highlight the untapped value 
of an economic model that works for and involves people and 
communities in shaping their own future.

As recovery begins, there are many challenges ahead, not least the 
need to simultaneously re-boot our economy while reversing the 
impact that climate change has had on our planet.

The Prime Minister has set out an ambitious Ten Point Plan for a 
Green Industrial Revolution covering clean energy, transport, nature 
and innovative technologies, which is a blueprint to allow the UK to 
forge ahead with eradicating its contribution to climate change 
by 2050.

There is a demonstrable need for clean, low carbon electricity now 
and long into the future, and investment in energy infrastructure 
can and will be at the forefront of economic recovery. The vision 
for a Clean Energy Park around Moorside shows how our local 
communities, supply chains and industry stand ready to deliver a 
Green Industrial Revolution for the UK.

In Copeland we have an indisputable capability; nowhere in the 
world could you find such a concentration of nuclear knowledge 
and skills. I have never let the new nuclear flame stop burning 
and the publication of the Cumbria Nuclear Prospectus clearly 
demonstrates that Copeland as the Centre of Nuclear Excellence is 
ready to take the lead on decarbonisation for the UK.

Sellafield is viewed as a global benchmark for technology and 
management innovation. The Industrial Solutions Hub project will 
be the critical anchor for a more diverse, export orientated 
economy, and is a trailblazer of community response to regional 
economic challenges.

On the doorstep of such world-leading innovation and industrial 
capability, Copeland’s heritage, culture and natural surroundings 
make this an incredible place for visitors and residents alike. 
Copeland is a truly beautiful and inspiring place to live, work and 
visit understanding that 60% of Copeland is in the Lake District 
National Park which is a UNESCO World Heritage Site. Our 
borough of lakes, mountains, and coastal beauty all contribute to 
an outstanding tourism offer. Our centuries-old traditional industries 
of agriculture and fishing continue to play an important role in 
contributing to our identity as a place.

This new economic vision for Copeland builds on our industrial 
capability and natural capacity to grow a balanced, place-based 
economy that works for Copeland’s residents and communities, 
both now and for the future.

As Member of Parliament for Copeland I am delighted to have been 
asked to contribute to this economic vision. I congratulate Elected 
Mayor Mike Starkie, his members and staff for having the vision 
to set out long term aspirations for Copeland, that will provide the 
framework to ensure that future developments create meaningful 
long term outcomes for communities, while protecting our natural 
surroundings for future generations.

STATEMENT BY 
COPELAND MP,  
TRUDY HARRISON

Trudy Harrison 
Copeland MP
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COPELAND 
2020

The Borough of Copeland is located in West Cumbria and 
covers 285 square miles. Two thirds of the borough are located 
within the Lake District National Park, a UNESCO World 
Heritage site, with 90km of coastline including the Heritage 
Coast south of Whitehaven and Marine Conservation Zone 
between St Bees Head and the Ravenglass Estuary. 

Copeland’s outstandingly beautiful and wild natural landscape 
includes England’s deepest lake, Wastwater (79m), and highest 
peak, Scafell Pike (978m), from which the stunning Lake District 
Coast and both Robin Rigg and Walney offshore wind farms 
can be seen. Copeland is home to 60 locally designated 
biodiversity sites and 15 nationally designated Sites of Special 
Scientific Interest (SSSI).

With an overall population of 68,424, most of the borough is 
rural and the majority of the population resides within the four 
market towns of Whitehaven, Cleator Moor, Egremont and 
Millom. Whitehaven is the Capital Town, and is the Western 
start of the Coast 2 Coast cycle route and part of the England 
Coastal Path route.

Connectivity to the M6 is provided by the A595 and A66 to 
Penrith and Carlisle in the North, and to the south, while the 
Cumbrian Coast rail line connects to the West Coast Main Line.

The nuclear sector and its supply chain is the major employer 
within the area, accounting for 59% of jobs and 59% of output 
in Copeland. This is a nuclear knowledge economy that 
encompasses nuclear plant operations, design, engineering, 
construction management, material science, decommissioning, 
and research and development. Our people are the driving 
force of the UK’s nuclear sector, and our academic institutions 
are growing the nuclear workforce of the future with 2,000 
graduates and apprentices on programmes at any time.

The borough is already prosperous and has been identified as 
one of the most affordable places to live in the UK, with low 
house prices (median £125,000K) and the third highest median 
annual salary in the country (£44,000).

As well as our stunning natural environment of mountains, lakes 
and coastal landscapes, Copeland has a rich heritage, history 
and sense of community. A survey in 2014 listed two towns 
within the borough in the top 10 places to raise a family and in 
2018 Copeland was named the second happiest place to live in 
Britain in an Office for National Statistics well-being survey.

Copeland is already a great place to live, work and visit. This vision builds 
on our unique combination of stunning surrounding and inspirational 
opportunities to create the place we want to be for the future.

4
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COPELAND 
2020

£

£125,000 £44,000

2,400

1,20071%

74.3%

81%

55% 114

3rd

98%

£183 million

100%

 Median House Price

Planning 
Applications 
approved

generated through visitor 
economy in 2018

Major planning applications 
determined in timeframe

 Median Salary

Apprenticeships 
started since 2016

new houses in 
the pipeline

home ownership

of 16-64 year olds in 
employment

highest median 
salary in the UK

employees in 
fulltime work

of all employees 
employed in nuclear 
sector

New businesses 
registered in 2018/19

2,400
Active businesses 
in Copeland. 99% small 
and micro enterprises

£

Our Mission is to continue to make Copeland a 
better place to live, work and visit. We have a 
strong starting point…

LIVE

WORK
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20%

94%

23.62 million

Of all visitors felt 
better mentally 
whilst visiting 
the Lake District

visitors in 2018

Copeland is home 
to 6 of the 10 best 
rated beaches 
in Cumbria

increase in tourism 
over last 5 years

UNESCO world 
heritage sites

England’s highest mountain
Scafell Pike

6 out of 10

England’s deepest Lake
Wastwater

... but there is more to do
• Nationally high salaries enjoyed by predominantly 

nuclear industry workers mask an underlying issue 
of poorer standards of health and education, lower 
household incomes, and higher levels of benefits-
dependency concentrated in pockets of deprivation.

• The nuclear industry and its supply chain dominates 
output and employment in the borough, and service 
industries in Copeland also rely critically on the household 
expenditure of residents that are nuclear sector workers.

VISIT

• There are barriers to inclusion due to limited access 
to services, transport and broadband infrastructure.

• We must ensure that child and adult social 
care is accessible to those in need, and that 
our older residents are supported.

• With the lowest projected growth of working age 
population in the country, and overall ageing population, 
retention and attraction of young people is a priority.

COPELAND VISION 2040
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COPELAND, 
WEST 
CUMBRIA
Where Britain’s Energy Coast, the Lake 
District Coast and the UK’s foremost 
Centre of Nuclear Excellence coincide.

West Cumbria is home to a density of industrial capability 
which spans the full nuclear fuel cycle, including generation, 
operations, reprocessing, waste management and 
decommissioning as well as Research & Development (R&D), 
nuclear materials transportation, construction, manufacturing 
and robotics.

We are host to the Nuclear Decommissioning Authority 
headquarters, the Sellafield site, UK Low Level Waste 
Repository and National Nuclear Laboratory’s central labs. 
Our inherent nuclear and wider energy supply chain capability 
is reflected in the Britain’s Energy Coast Business Cluster 
(BECBC), a 325-strong member organisation including global 
multinationals and local SMEs from public, private, academic 
and third sectors.

All of this is connected with the UK and the world by logistics 
hubs at the Ports of Workington and Barrow, Carlisle Airport 
and the M6.

Our academic and training facilities include University of 
Manchester Dalton Facility, UCLan, University of Cumbria 
Project Academy, Energus – host to the world-leading 
nucleargraduates programme, National College for Nuclear, 
Gen2 and the Energy Coast UTC. With over 2,000 trainees 
on graduate and apprentice programmes at any time, we are 
creating the nuclear workforce of the future.

This world-leading innovation and industry is surrounded by 
coastal beauty and industrial heritage, within sight of England’s 
highest peak and deepest lake, and connected to 
the untouched wilds of the Western and Southern Lake District.

We are in a unique position to build on our history as pioneers 
of the nuclear industry, to become significant contributors to the 
UK’s Net Zero ambitions, and a major growth engine for the UK 
economy and the Northern Powerhouse.

NUCLEAR CAPABILITY IN WEST CUMBRIA

KEY

00

Inactive development & testing facility

Sea port

Airport

Nuclear licensed site

Key town (scaled for size)

Railways

Motorway

A roads

Nuclear education & skills

Nuclear engineering

Nuclear technology & scientific research

Nuclear design/engineering/services

Nuclear construction & plant services

Transport & logistics services

Submarine design and shipbuilding

Professional services

Nuclear licensed site support services

Engineering support services

Number of supply chain companies

(Supply chain companies based on 
BECBC members ca. 2018)

Clusters of supply chain companies

COPELAND VISION 2040
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COPELAND  
2040

Our ambition is to build on our many strengths to create a 
thriving place for the future. We will do this by taking a holistic 
approach to community wellbeing, underpinned by public health, 
environmental sustainability and a more generative economy.

The “Pictures of the Future” in the later sections of this 
document describe what the future of Copeland could look like 
if we were to pursue a more generative economy that creates 
community wealth and wellbeing:

The final section of this document sets out how we will ensure 
that this vision is delivered in a way that meets our societal 
needs in a way that respects our planetary boundaries, creating 
a truly sustainable place.

An Innovative Place: commercialising the 
innovation, research and development that is 
inherent in Copeland by bringing our anchor 
knowledge institutions together, maximising the 
innovation found at the intersections of different 
sectors, resulting in competitive advantage coming 
from spillovers between them.

 The Lake District Coast: building a visitor 
economy around the stunning Lake District Coast, 
between England’s highest peak and deepest 
lake within the Lake District National Park, and 
developing an experience that helps people connect 
with this beautiful place.

A Great Place: building upon and exploiting 
the full potential of our assets in the natural and 
built environment is fundamental to growing and 
sustaining a thriving place. Enhancing our towns, 
education, homes, health and social care to make 
Copeland a Better Place to Live, Work and Visit.

Energising the Energy Coast: a clean energy 
park in West Cumbria, with nuclear at its core, 
decarbonising heat, power and transport, driving 
Clean Growth and levelling up as we head towards 
Net Zero by 2050.

 A Connected Place: improving digital and physical 
connectivity between our rural communities. Low 
carbon, high quality transport and state-of-the-art 
digital infrastructure and services, enabling people 
to stay connected to each other, our stunning 
landscapes, their places of work and the rest of 
the world.

Our Nuclear Future: building on our inherent 
capability across industry, supply chain and 
academia, within a supportive community to deliver 
existing national missions more effectively in a way 
that drives wider positive community transformation.

A globally-recognised place of innovation and opportunity
A major clean energy hub for the UK
A sustainable place, with a resilient economy that supports thriving communities

1010
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COPELAND  
2040 OBJECTIVES

ECONOMIC DIVERSIFICATION

EMPLOYMENT 3

COPELAND 20201

55% of jobs and 55% of GVA in Copeland associated with 
Sellafield and its supply chain

57% of Sellafield supply chain spend in Copeland

Growth since 2016 in several sectors including 
construction, logistics, professional and scientific activities, 
administrative support and public administration.

Slight decline since 2016 in accommodation & food 
services and arts, entertainment & recreation.

Declining business growth: business birth rate lower than 
death rate

COPELAND 2020

76% of working age population in employment versus 81% 
Cumbria average

8% decline in working age population since 2010

3.5% unemployment rate

High average incomes, masking areas of deprivation and 
economic inactivity

Net inflow of workers in higher-skilled roles

COPELAND 20402 

A diversified economy balanced between sectors including 
energy, minerals, construction, manufacturing, professional 
services, tourism, rural healthcare, forestry, outdoor industries, 
creative industries, arts, entertainment and culture.

Overall output growth

Stronger enterprise culture across all sectors: healthy business 
growth and startup rates

Productivity: consistently higher than average output per job 
across sectors

Our “innovation assets” are maximised to commercialise our 
knowledge economy

COPELAND 2040

Alignment with county and national average employment levels

Stable working age population

Declining unemployment rate, with associated positive trends 
in deprivation indicators

A higher proportion of higher skilled roles are held by residents

A range of accessible employment opportunities on offer 
across a greater variety of sectors (per above)

1CRED Research, 2020. Research Support for Production of Copeland 
Enterprise Development Programme: Phase 1 Report. CRED and University of 
Cumbria. 

 
2Cumbria LEP, 2019. Local Industrial Strategy. 

 

3Oxford Economic, 2017. The Economic Impact of Sellafield. Sellafield Ltd.

COPELAND VISION 2040

111010

920  



HEALTH, SOCIAL CARE, COMMUNITY WELLBEING6

COPELAND 2020

In 2018 Copeland was named the second happiest place 
to live in Britain in an Office for National Statistics well-
being survey

27% of children in Copeland are experiencing poverty 
(WCCPF report 2020). 18% of children in Copeland are 
eligible for free school meals, 12% in Cumbria

Index multiple deprivation rank (1=worst), Copeland 85 
out of 326, Cumbria 83

Universal Credit claims are rising, with job postings down 
due to lockdown

Obesity crisis amongst adults and children with Year 6 
pupils overweight/obese: Copeland 40%, Cumbria 33%, 
National 34%

Copeland has an aging population and we are seeing a 
year on year increase in needs to Disabled Facilities Grant 
and demand for bungalows

COPELAND 2040

A sought-after location to live, where everyone can prosper, live 
a healthy life and reach their potential

No child lives in poverty or goes without and the inequality gap 
is significantly narrowed

People enjoy activity, community connections and healthy 
lifestyles and physical health and mental wellbeing indicators rise 
as a result

There is a range of appropriate accommodation with care and 
support for older people to meet their diverse needs. Remaining 
at home can always be an option

4 Small World Consulting, 2020. A Carbon Baseline for Cumbria. CCC and  
 Cumbria LEP. 

 
5 Cumbria Intelligence Observatory: https://www.cumbriaobservatory.org.uk/ 
 
6 Cumbria Intelligence Observatory: https://www.cumbriaobservatory.org.uk/

NET ZERO4

COPELAND 2040

A Net Zero Carbon economy, encompassing our residents, 
businesses and visitors. Refer to Copeland Borough Council 
Climate Policy and Action Plan

Significant contributor (3-5GW) of clean energy to the UK, 
generation of new, low carbon power, heat, steam hydrogen 
and synthetic e-fuels at scale for local and national industrial 
and domestic uses

COPELAND 2020  

Copeland already has the lowest carbon footprint of any 
borough in Cumbria

314 kilo-tonnes CO2 equivalent production 
emissions per annum. Highest emissions areas:

• Industry and Commercial Fuel

• Domestic Energy

• Transport
 
<200 kilo-tonnes CO2 equivalent consumption 
emissions per annum. Highest emission areas:

• Food and Drink

• Vehicle Fuel

• Household Fuel

 
Approximately split 50/50 between residents and visitors
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POPULATION

COPELAND 2020

Steadily declining population, 3.1% since 2010

Aging population with 8% decline in working age group 
and 16% increase in 65+ age group

COPELAND 2040

Stable or growing population, through retention and attraction 
of young people and creation of a competitive lifestyle offer

Growing working age population

HOUSING 5

COPELAND 2020

22% live in households that are social rented, 
compared to 17% in Cumbria, and 21% nationally.
Median house price (2019) Copeland £114,844, Cumbria 
£165,804, National £222,216

12% of households in Fuel Poverty, versus 12% in 
Cumbria, 11% nationally (CCC). Housing and health are 
interlinked

Homelessness and in priority need are lower than national 
trend (2017-18 MHCLG) per 1,000: Copeland 0.7, 
National 2.4, however there is a rise in homelessness 
amongst single adults with chaotic high risk lifestyles 
who are challenging to engage and there is a lack of 
appropriate supported housing

COPELAND 2040

Copeland is an attractive place to live, work and raise a family 
because property is affordable, set in beautiful surroundings, 
meaning new and older property types are sought after

Reduced reliance on social housing stock

Social housing stock is excellent quality and meets the needs of 
our changing population

Performance is improved within our older properties and grants 
are readily available for those in most need with low incomes

There is a range of supported accommodation offering a step-
up/step-down model so that people can get the support they 
need at the right time in the right place, keeping them and other 
people safe

COPELAND VISION 2040
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SKILLS AND EDUCATION

TOWNS 7

COPELAND 2020

27% attainment of Level 4 or above qualification (2018), 
lower than North West (35.5%) but increasing at faster rate 
than the North West average since 2010

27% of working age population hold no qualification, 
versus 22.5% England average

COPELAND 2040

Higher than average attainment levels up to Level 4+
Full range of academic and vocational education opportunities 
to meet the needs of local people and the local economy

COPELAND 2040

Copeland’s towns will become:

• Magnetic – businesses and people choosing 
to invest, visit, live and work here

• Diverse – with a creative and mixed economy

• Forward facing – a contemporary economy, 
with a 21st century perspective

• Better connected – physically and digitally enabled

• Inclusive – an attractive, fair and inclusive place for all

• Modern – cultivating a different future for our towns

Sustained 1% per annum growth in visitor numbers

Superfast digital connectivity, anywhere in Copeland

Physical connectivity between towns and remote communities, 
with affordable, low-carbon public transport services and 
healthy personal mobility options available to all

7 Copeland Borough Council Future High Street Fund submission 2020:  
https://www.copeland.gov.uk/future-high-streets-fund

COPELAND 2020

Our town centres are “stuck”, dependent on poor retail, 
limited leisure, outdated housing and lack of adequate 
sustainable transport options

Insufficient co-ordinated digital infrastructure to 
maximise the opportunities for the town centre from new 
technologies

14.7% of town centre commercial properties vacant

Declining town centre rents, down 25% between 2010 
and 2017

103 empty homes in Whitehaven Town centre

COPELAND VISION 2040
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PRINCIPLES
The delivery of this vision will result in 
t  he ability of Copeland’s residents and 
businesses to flourish and fulfil their 
potential as part of an inclusive economy.
This vision for Copeland’s economy in 2040 has been 
developed in line with the following principles:

• A diverse and resilient economy with sustainable incomes

• Levelling Up: prosperity and opportunity 
for all – thriving communities

• A zero carbon economy, in sync with 
our natural environment

• A digital, data-informed economy

• Working in partnership and collaboration with our anchor 
institutions and the businesses that operate here to build 
an inclusive economy.

COMMUNITY
WEALTH

HEALTHY 
PEOPLE

HEALTHY 
PLANET

HEALTHY 
ECONOMY

“

The COVID pandemic and the increasing frequency and severity 
of global crises show us the urgent need to better align the 
needs of individuals, business and society towards shared 
goals – business growth and economic wellbeing, yes, but also 
community wellbeing, empowerment, sustainability, resilience 
and other qualitative measures encompassed by the UN 
Sustainable Development Goals.

During the pandemic, the mobilisation of citizens and volunteers 
in partnership with business, industry, third sector and local 
government to meet the immediate needs of those in danger, 
those who are most vulnerable and society as a whole, has 
highlighted the potential value of an economic model within 
which the empowered citizen is enabled to deliver more 
economic activity. This challenges us to rethink and reimagine 
the role of business and the individual in the relationship 
between public health, economic wellbeing and place.

” 

The experience of the recent crisis – 
the willingness of local people to step 
forward and collaborate, the flexibility 
shown by public services and the social 
commitment of businesses – shows what 
is possible. Add the extraordinary new 
dynamics of data and digital innovation, 
and a wholly new paradigm is possible 
in which community power replaces the 
dominance of remote public and private 
sector bureaucracies.

– Danny Kruger, MP

14 15
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A GENERATIVE  
ECONOMY

Community Wealth Building is a model of local economic 
development which tackles head on the challenges of rising 
inequality and creates a more robust and resilient economy for 
the long-term, creating societal value. 

By focusing on locally productive forms of business, our 
economy will have a generative effect, with positive outcomes 
for shareholders, businesses and employees, while creating local 
multipliers as wealth flows to local people and places – this is 
how we will level up our economy.

We are in a strong position to achieve this: we have significant 
public sector presence through the NDA, Sellafield Ltd, LLWR 
and the Council, Whitehaven Hospital, a strong supply chain 
of large and small multinational and local businesses, and 
universities of Cumbria, UCLan and Manchester.

How could we create a more generative economy?

• By working with our anchor institutions to establish 
a Social Licence to Operate, ensuring that public 
sector procurement drives development of deep 
and resilient local value chains and positive social 
and environmental outcomes, curtailing market 
access to those who do not play by the rules

• By promoting mutual models of business 
ownership, municipal enterprise and 
municipally-owned development vehicles

• By helping businesses to recirculate investment within their 
local community rather than in national or global funds, 
avoiding the need to attract capital investment, for example 
by repurposing land, property and assets for wider public 
use and driving positive organisational behaviours

• By insourcing public services and working with partners 
to provide essential services at no cost to society

• By building citizen engagement and activism into our plans, 
for example by supporting community energy generation, 
co-housing and community-led climate action plans.

Community wellbeing hand in hand with 
economic growth. An inclusive economy 
is an economy which is focused on social 
goals, social justice, environmental 
sustainability and prosperity for all.8

8  CLES, 2020. Own the Future: a guide 
for local economies. Centre for Local 
Economic Strategies.

Five Pillars of the Generative Economy
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The Analyst: 
Building on our existing knowledge, developing a deep 
understanding of the local economy to create a West Cumbria 
Intelligence Hub to inform decision making to ensure that 
economic change addresses important societal issues including 
poverty, educational attainment, social isolation, social mobility 
and health. This will allow us to identify and characterise 
our economy:

• Foundational Sectors: Those which are vital to 
the wellbeing and survival of local people, such as 
health and social care, food provision and utilities. The 
focus here will be on building more local supply and 
resilience to future economic shocks or uncertainty

• Reform Sectors: Those which are dominated by 
firms which extract rather than generate value for 
the local economy. They are often characterised by 
low wages and insecure work. The focus here is to 
grow more generative businesses and help existing 
businesses to contribute more to local resilience

• Future Growth Sectors: Those with high growth 
potential, focusing particularly on building on 
existing strengths to grow the green economy.

Agent of Change:
Working with other Anchor Institutions in West Cumbria 
including the NDA, Sellafield, BECBC, the NHS and academia, 
as key holders of the purchasing power, assets and employment 
with which economies can be recovered and reformed, to use 
these levers to ensure economic and social prosperity for all. 
This will focus on:

• Supply Chain: ensuring that procurement and 
commissioning support core, key and future growth 
sectors of the economy and create additional 
opportunities for local businesses and the local workforce

• Workforce: understanding the scope and profile of 
anchor institution workforce strategies, and how they can 
support local economic outcomes. Mapping of at-risk

• Assets: reviewing anchor assets and property portfolios to 
determine how they can support local economic outcomes.

COPELAND VISION 2040
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PICTURES OF  
THE FUTURE

The following pages present Pictures of the Future: visions 
of what Copeland could look like in 2040, based on the 
principles above and delivering our economic objectives.
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AN INNOVATIVE PLACE1

Creation of a viable innovation pipeline is key to unleashing the 
full potential of West Cumbria’s future economy. A joined-up 
programme of research, development, testing and application 
will enable us to successfully commercialise these innovations 
and apply them for the prosperity of all.

Innovation Districts: geographic areas where leading edge 
anchor institutions and companies cluster and connect with 
start-ups, business incubators, and accelerators.

Government should prioritise place-based investment in 
innovation districts to boost productivity, support inclusive 
growth, and to deliver the Industrial Strategy.9

With a diverse pool of knowledge intensive firms, highly skilled 
knowledge workers, anchor institutions and new vibrant 
public and work spaces, Copeland has the ideal knowledge 
economy to support the creation of an Innovation Corridor, 
linking the campuses of our knowledge economy at Sellafield, in 
Whitehaven, Westlakes Science and Technology Park, and the 
Enterprise Campus and Innovation Hub (see below) with wider 
public and economic assets in West Cumbria.

Our anchor knowledge institutions and centres of 
excellence include:

• Sellafield Ltd: a global centre of expertise in complex 
decommissioning and environmental remediation

• National Nuclear Laboratories Central Labs: with 
globally unique facilities at Sellafield, NNL is arguably 
a world-leading centre for research & development in 
nuclear fuel technologies, covering materials science, 
manufacture, testing and reactor operations support

• Nuclear Decommissioning Authority: an executive 
non-departmental public body, sponsored by the 
Department for Business, Energy and Industrial Strategy, 
tasked with cleaning up the UK’s legacy civil nuclear sites

• University of Manchester Dalton Facility: 
an important part of the national research 
infrastructure through its central roles in the 
National Nuclear User Facility, the Henry Royce 
Institute and the UK National Ion Beam Centre

• University of Manchester: Robotics in 
Extreme Environments Lab (REEL) and 
Robotics and AI in Nuclear (RAIN) hub.

• Universities: including campuses of 
UCLan and University of Cumbria

• Westlakes Science and Technology Park: 
host to a cluster of science, engineering and 
professional services firms supplying the nuclear 
sector, including multinationals and local specialist 
SMEs, with international market penetration

• Britain’s Energy Coast Business Cluster: one of 
Britain’s most mature business enterprise clusters, with 
over 300 member companies including local SMEs and 
global multinationals operating in nuclear, energy and 
wider engineering and professional services sectors

• Whitehaven Buzz Station and Watershed: curated 
incubator and collaboration space with accelerator 
support for startup and pre-startup enterprises

• West Cumbria Medical Education Centre: 
an innovator in remote and rural medicine.

Sellafield provides the “pull” for innovation to deliver its mission 
safer, sooner and at higher value to the UK taxpayer, in line 
with the Nuclear Sector Deal 20% Legacy Cost Reduction 
commitment by 2030. Robotics, AI and Digital are the levers by 
which to create greater value from the continued investment at 
Sellafield, and are the foundations of the future economy.

9 Arup. 2019. UK innovation Districts and Knowledge Quarters: driving more 
productive growth. UK Innovation Districts Group.

Copeland is a place of world-leading innovation, in delivering the complex 
environmental and decommissioning challenge at Sellafield, in robotics and 
remote handling in challenging environments, in advanced materials science 
and in remote and rural medicine.
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The Innovation Corridor will exploit the opportunities from our 
existing innovation capabilities and be a focus for knowledge 
sharing and diversification. Unlike the single-industry science 
parks of the 80s and 90s, the Energy Coast Innovation Corridor 
is a cluster of knowledge-driven firms and skilled workers, 
increasing the innovation found at the intersections of different 
sectors, with competitive advantage coming from spillovers 
between them. It will include an Innovation Hub, to co-ordinate 
activity between our R&D organisations, innovative firms, 
universities, and the public sector to promote innovation transfer 
and commercialisation to generate new jobs, businesses, 
products and technologies for export, driving productivity and 
inclusive growth and delivering the UK Industrial Strategy as part 
of a national network of Innovation Districts.

The Innovation District will bring together partners and 
collaborators to forge links with universities, schools, colleges 
and young people, increasing awareness of and access to the 
range of learning and career opportunities available in the local 
knowledge economy.

Enterprise Campus and Innovation Hub
A thriving Enterprise Campus in Copeland centred around 
an Innovation Hub, helping networked public, private and 
academic organisations to capitalise on the knowledge and 
expertise developed in supplying Sellafield, to export products 
and services into domestic and internationals markets beyond 
the nuclear sector. The Hub will also help startup and spinout 
enterprises and newcomers to establish a presence in West 
Cumbria, to service the needs of Sellafield and to develop and 
grow new markets. Based on existing strengths in engineering, 
manufacturing, control systems, robotics, remote handling 
and asset management, we will diversify into new sectors 
including space, oil and gas decommissioning, fusion and more, 
commercialising our innovation to meet the UK’s and the 
world’s toughest challenges.

Robotics and AI Cluster (Cumbria Nuclear 
Prospectus page 16-18)
A collaboration between our anchor institutions including 
National Nuclear Laboratory, NDA, Sellafield Ltd and University 
of Manchester, growing the existing nuclear robotics capability 
to stimulate cross-fertilisation of ideas, driving the innovation 
required in development of fusion technology, and to deliver 
the Sellafield mission safer, sooner and cheaper to achieve our 
Legacy Cost Reduction commitment.

The Robotics and AI Cluster will be supplemented by a research 
and innovation capability which brings together the University 
of Manchester Dalton Cumbria Facility and existing Robotics 
in Extreme Environments Lab (REEL) in Cumbria with a multi-
university and business approach to drive innovation in digital, 
robotics and materials science to support the development and 
deployment of Advanced Nuclear Technologies in the UK. This 
will anchor further R&D investment in Copeland, developing 
higher-level skills and subject matter expertise in a field that is 
critical to achieving the new build and legacy cost reduction 
commitments set out in the Nuclear Sector Deal by 2030.

Fostering Entrepreneurs
The Buzz Station and Watershed facilities on Whitehaven 
Harbour are connected into the wider North Shore Innovation 
Quarter, incubating digital and creative businesses, supporting 
talented local entrepreneurs to start up and scale up. Through 
dedicated higher education programmes, we will foster the 
generation of business people and social entrepreneurs who will 
create our future economy and shape the future of our place.

Micro-City Demonstrator
Whitehaven will create an environment for innovation, with 
infrastructure, facilities and opportunities for entrepreneurs, 
residents, companies and students to be stimulated, connected 
and involved in the development of joined-up smart place 
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WHY?
The Enterprise Campus and Innovation Hub will harness 
the “small Sellafield, big supply chain” strategy in a way 
that generates local economic diversification and growth 
in West Cumbria, addressing our greatest economic 
threat – an unmitigated Sellafield Transformation.

The co-location of Sellafield-related capability outside 
of the fence on a new enterprise campus near to the 
Sellafield site, will support continued delivery of the 
Sellafield mission, but importantly cross-fertilisation 
between supply chain and academic organisations 
leading to the identification and creation of export 
opportunities for supply chain companies into domestic 
and international nuclear and non-nuclear markets.

By building on current strengths to support local, SME 
and major supply chain companies to do global business 
from Copeland, we will reduce reliance on Sellafield and 
create high-value employment opportunities in Copeland, 
helping to retain and attract talented young people and 
entrepreneurs.

solutions, with the aim of commercial replication in towns and 
cities around the world.

A place, where Smart City innovations can be created, tested 
and implemented – to bridge the technology readiness “valley of 
death” – large enough to be significant and small enough to be 
controlled, to allow replication beyond the test.

As the first planned town in the UK, and creator of today’s grid 
city layouts, where better than Whitehaven to be the place 
where smart innovations are created, tested, applied and 
commercialised? With the vision, leadership, mix of businesses 
and engaged communities needed to be the perfect micro-city 
test bed, coupled with connections to Government, Whitehaven 
is uniquely placed for success.

This is local government, businesses and communities using 
urban disruptive thinking to create a living lab, to test the 
integration of technology, design, environment and society, 
delivering better outcomes for all. A place for market-creating 
and market-changing innovations, that embraces the new and 
remoulds the old, with the objective of creating a vibrant, thriving 
and inclusive economy, and results that can be replicated at scale.

This will result in the creation of new jobs in “future industries”, 
acceleration towards a Net Zero carbon society, and digital 
upskilling to support this new economy.
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A GREAT PLACE2

Our Towns
The 21st century town centre is an activity-based gathering 
place at the heart of the community. Our towns will be liveable 
and connected places of experience, culture and leisure, 
embracing smart technology to enhance productivity and 
provide accessibility to services.

The following factors will support inclusive economic growth 
in Copeland’s key service centres in Millom, Cleator Moor and 
Egremont:

• Development of place-based experience economies, 
building on local heritage, cultural and natural assets, 
as components of the Lake District Coast brand

• Shaping of built environment, public realm, green 
spaces, recreational facilities and services to 
support community health and wellbeing

• Availability of sustainable housing and 
accommodation options including co-housing

• Diversified employer base, housed in modern, sustainable 
and collaborative accommodation, highlighting our unique 
location both as a business base and a gateway to the 
natural outstanding beauty of the Lake District Coast 

• Connection to Whitehaven, each other and 
surrounding rural villages by rail, modern, 
accessible public transport services and active 
travel networks including cycling infrastructure

• Full superfast digital connectivity for 
residents, businesses and visitors

• Access to low-carbon electricity, heat and fuels, with 
flexible and future-proof supply infrastructure.

Whitehaven: An Experience
Whitehaven and the Lake District Coast will be at the heart 
of a higher value experience economy, attracting more visitor 
spending, making the most of our stunning landscapes and 
heritage, the heritage coast, and the Coast 2 Coast and other 
national cycle routes.

Whitehaven will be reshaped as an inclusive leisure town with 
exciting opportunities and modern, sustainable spaces to live 
and work that complements the town’s rich heritage. One of 
the UK’s premier coastal towns, focused on the experience 
economy, alive with events and festivals – an alternative 
economy grown from our heritage, attracting cultural, creative 
and low-carbon businesses, with space for local entrepreneurs 
to pilot new ideas in the digital economy.

The area around the historic harbour will be the focal point for 
the start of the West to East Coast 2 Coast challenge route, 
supporting a vibrant leisure economy.

Education: Access and Aspiration
With a range of options on offer to meet the specific needs 
of local people and businesses, Copeland grows, retains and 
attracts talented young people to work in our diverse, thriving 
economy. By raising aspirations and creating visible pathways to 
Level 4 attainment and beyond, including vocational, academic 
and technical routes, a greater proportion of the population 
actively participate in and add greater value to the economy.

The best places support thriving economies. Creation of places that build upon 
and exploit the full potential of our assets in the natural and built environment is 
fundamental to growing and sustaining a diverse economy and population. Places 
that offer their residents a high quality of life, including access to good homes, 
schools, healthcare, culture and leisure attract people and investors. 
By doing so, we will make Copeland a Better Place to Live, Work and Visit.
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An enhanced Further Education and Higher Education offer 
is tailored to the needs of our economic sectors, including 
development of higher-level skills for the nuclear and clean 
energy sectors, a pipeline of skills in hospitality, service 
industries, outdoor pursuits and events management to support 
the Experience Economy and digital skills to support our 
innovative businesses. 

The wider skills provision in West Cumbria supports our centres 
of excellence, supply the local economy with appropriately trained 
people, upskilling them to participate in the digital economy, 
increasing social mobility and access to employment opportunity.

Future Homes
An improved mix of housing models and new innovative build 
types will help the borough adapt to changing aspirations and 
needs across all demographics, particularly those of young 
families, an increasing cohort of young entrepreneurs and 
students, as well as our growing senior population. We will raise 
the standards in the quality of design in our new homes and 
neighbourhoods, delivering zero carbon homes and providing a 
test bed for new design techniques and modular construction.

Copeland will have a mix of aspirational high quality homes 
with enhancements to overall housing stock to sustain existing 
communities, and to attract and retain the skilled workforce that 
will support our future economy. We will work with developers 
to offer a balanced market and identify creative ways to ensure 
growth benefits our communities.

Community Health and Wellbeing
With greater access to active travel options and recreational 
activities, our residents enjoy a more active lifestyle, spending 
more time exploring Copeland’s green spaces and the coastline. 
As a result, physical health and mental wellbeing are improved 
and the need for health and social care interventions is reduced.

In a more inclusive local economy, in which citizens are 
encouraged and supported to actively participate, financial 

vulnerability is in decline, and associated health and wellbeing 
indicators are improved, reducing reliance on social care provision.

Our thriving, generative economy provides high quality social 
care for all in need, and elderly care for our senior population. 

West Cumberland Hospital working with our universities, 
as anchor institutions, has become a centre of excellence 
for rural and remote medicine, demonstrating the future of 
rural healthcare provision, using innovative approaches and 
technology to ensure that our remote communities have access 
to world-class care.

WHY?
Our Towns will reflect the prosperity of the area as 
great places to live, work and visit, based on place-
based economies that draw on their respective natural, 
heritage and cultural assets. Towns are at the heart 
of thriving communities – activity-focused high streets 
attract visitors, diverse businesses create a range of 
exciting employment opportunities, and an enhanced 
housing offer results in people choosing to live nearer to 
where they work. This creates a positive feedback loop: 
increased business, residential and visitor footfall in towns 
creates stronger local economies, that grow and become 
more attractive to continued investment, which goes back 
into the community.

By creating an experience economy in Whitehaven that 
draws upon the town’s history, beautiful harbour and 
coastal location and links into active challenge routes 
including the Coast 2 Coast, the town’s hospitality, retail 
and night-time economies will benefit from increased 
visitor footfall. This creates employment opportunities for 
local people. The experience economy also stimulates 
greater exploration by residents of their own towns, 
places and surroundings, leading to increased local 
spending, healthier travel choices and more active 
lifestyles, with benefits to health and wellbeing.

Copyright Campus Whitehaven
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A CONNECTED PLACE3

Connected Communities
For Copeland’s residents, improved connectivity between rural 
villages and main towns will ensure greater:

• Access between remote communities and towns

• Access to employment opportunities

• Access to education; and

• Access to healthcare, for all.

Digital Connectivity
Copeland’s digital strategy supports the 21st century 
economy, encompassing:

• Citizen Engagement: connecting residents, 
businesses and visitors and giving them a voice

• Connected infrastructure

• Connected transport

• Connected energy

• Digital skills development, supporting our future 
economy and ensuring that everyone has 
access to education in the 21st century.

Working from Anywhere
Copeland’s unique setting offers the perfect place for 
businesses and entrepreneurs to establish and grow innovative 
businesses, serving local, domestic and international markets, 
while enjoying the quality of life, health and wellbeing benefits of 
the Lake District Coast.

Life balance is easily achieved in Copeland, where 21st 
century businesses are connected to the rest of the UK and 
the world, with access directly to the restorative tranquillity and 
remoteness of our natural surroundings.

Decarbonised Transport
In order to meet our Net Zero targets, we must:

Decarbonise personal travel – Copeland’s walking and 
cycling infrastructure meets the needs of residents, visitors 
and businesspeople, providing a network of bike hire venues 
supported by cycle-friendly accommodation providers, 
businesses and public transport. The cycle network will include 
travel to work and recreational options including off-road routes 
and will connect our more remote communities.

Decarbonise vehicle travel – Our rural geography is a 
challenge when it comes to car use. By taking a strategic 
approach to decarbonising our personal and public transport, 
we will be a leader in providing a rural electric vehicle charging 
network that connects our people, towns, workplaces and 
coastline. The inclusion of battery storage technology in the 
network will create a flexible system, which takes pressure 
off the local electricity grid, enhancing resilience. Using 
future-facing technology will enable us to accommodate 
developments in electric vehicle technology.

Decarbonise public transport – Our communities will be 
connected by a low-carbon public transport service, utilising 
locally available electricity, hydrogen or other synthetic e-fuels. 
Our towns and employment centres are served by park and 
ride hubs.

When people are connected it stimulates collaboration, ideas and innovation 
and drives our economy. Improved access between employment locations, 
the coast and the national park and availability of more active and sustainable 
modes of transport improves the health and wellbeing of our residents, workforce 
and visitors. Low carbon, high quality transport and state-of-the-art digital 
infrastructure and services, enable people to stay connected to each other, our 
stunning landscapes, their places of work and the rest of the world.

24
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WHY?
A generative economy would provide for investment in 
public transport, provided as a service to Copeland’s rural 
communities. The transition to a low carbon transport 
system will involve electrification and use of other fuels 
such as low-carbon hydrogen, but also a change in our 
behaviours and mindset towards personal transport 
and vehicle ownership. The future is “mobility as a 
service”, and this will be supported by enhanced digital 
infrastructure and accessibility for Copeland residents.

Enhancements to the Cumbrian Coastal Line and new 
low-carbon rolling stock will ensure that West Cumbria is 
sustainably connected with the Energy Coast and wider 
Cumbrian economy.

Enhanced Infrastructure
A number of infrastructure enhancements and 
investments would support this vision of a connected 
West Coast, helping to increase productivity and 
the development of a truly inclusive West Cumbrian 
economy:

• A595 Whitehaven Relief Road: to better connect existing 
and potential new employment and housing areas in 
the East of Whitehaven and neighbouring towns. Also 
reducing the amount of congestion along the A595 
and in central Whitehaven, making it a more attractive 
and welcoming place for residents and visitors

• A595/A66 (West of M6) improvements

• Cumbrian Coast Line capacity and 
line speed improvement

• West Coast Main Line capacity improvements

• Whitehaven Railway Station improvements

• Enhancements to Ports of Barrow 
(South) and Workington (North)

• Cumbria Grid Investment Plan to provide grid 
capacity for electrification of transport networks.

COPELAND VISION 2040

24 2524

934  



LAKE DISTRICT COAST4

The Lake District Coast brand will be built around five Unique 
Selling Points, which are rooted in our history, but which will 
transform the future of our visitor economy:

• Lake District Coast: From the beach and 
beyond – marine tourism, marine national park, 
national coastal trail and the C2C cycle route

• World Heritage: Romantics to Romans – the interaction 
of people, industry, heritage and environment, in a world 
class setting 
 
 

• Natural Environment: Highest mountain, 
deepest lake, dark skies – experience the soul 
of the Lake District, with farming and rural 
communities offering an authentic experience

• Health and Wellbeing: High quality healthy 
food, digital detox, relax and recharge, 
mindfulness and mental wellbeing

• People Experience: World class customer service from 
arrival to departure, where everyone feels included.

Maximising the value of our natural capital, heritage and cultural assets: the 
stunning Lake District Coast, between England’s highest peak and deepest lake, 
connected to two UNESCO world heritage sites and bordering the Lake District 
National Park, which attracts around 47 million visitors per year.

26
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Our fells, lakes, coast and towns are not seasonal, and in 
2040 a year-round visitor economy will support sustainable 
employment opportunities. 

Tourism Action Zone
A Tourism Zone will bring businesses and local partnerships 
together to establish a co-ordinated strategy for growth in the 
local visitor economy. Small and medium enterprises (SMEs) 
in these areas will receive targeted digital skills training and 
be offered practical guidance in management and leadership 
through business programmes to boost productivity, helping to 
deliver on the five foundations of the Tourism Sector Deal:

• People – improving skills and quality of jobs

• Places – the Lake District Coast

• Business environment – accessibility 
and business support for SMEs

• Infrastructure – focussing on the English Coastal Path

• Ideas – innovation and diversification.

Coastal Challenge Routes
Recreational routes along the Lake District Coast and the 
England Coastal Path will offer visitors and residents the 
opportunity to experience the stunning coastal scenery while 
exploring cultural and heritage sites, art installations and 
adrenalin activities, with spurs into the valleys of the Lake District 
National Park.

Connecting People with Place
The experience of Copeland by Visitors and residents alike 
is authentic. 

The outdoor activities on offer are grounded in our natural 
landscape, our high streets promote local produce and products 
from our thriving local businesses, our hospitality sector 
celebrates healthy and sustainable local produce.

People explore Copeland via a range of high quality outdoor, 
active and health & wellbeing activities that connect them with 
our uniquely beautiful setting:

• A new Coastal Community Forest and enhanced 
natural environments such as peatlands

• Digital experience of Whitehaven and its 
history, including local information, trails, 
wayfinding, augmented and virtual reality

• Coastal activities around Whitehaven 
harbour and along the coast

• Adventure and challenge trails, helping people to explore 
the coast and Lake District National Park sustainably

• Cultural and arts trails linking to our industrial 
heritage and cultural sites to the South

• Health and wellbeing experiences focused around 
tranquillity, wilderness and dark skies

• High quality, healthy food offer based on 
local, fresh, seasonal produce.

WHY?
Our natural surroundings are one of the greatest 
attractions to Copeland. A thriving visitor economy, which 
attracts more of the 47 million Lake District visitors to 
explore the wilder areas of the Western Lakes, will draw 
visitors to our coastal towns and villages, to explore 
the heritage, culture and coastal activities on offer and 
increasing footfall in our town centres. 

This increased footfall will help to support a hospitality 
sector offering high quality, local food & drink and 
accommodation as well as specialist retail that 
complements the visitor experience. This creates new 
training, re/upskilling and employment opportunities for 
local people and attraction of new and diverse businesses 
to the area.

Increased connection between people and place will help 
residents and visitors alike to understand the impact of 
our activities, including travel, food and retail choices, on 
the environment – leading to greater appreciation of how 
to live more sustainably.
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ENERGY COAST5

Copeland will be at the heart of the Northern “Living Lab” for clean energy: 
decarbonising heat, power and transport, and driving Clean Growth as we head 
towards Net Zero by 2050. Copeland has the pioneering heritage, innovation 
culture, visionary leadership, collective ambition and global reach to develop and 
deploy the UK’s future energy systems.

Moorside Clean Energy Park
The Cumbria Nuclear Prospectus is centred around the vision 
of a Cumbria Clean Energy Park, the trailblazer for the UK’s 
decarbonised energy system – a blend of Nuclear New Build 
and Advanced Nuclear Technologies, providing heat and power 
for local use or distribution, and producing low carbon synthetic 
fuels, with links into wider renewable energy networks in the 
North West. The site could host a large new nuclear station 

or a mix of large, small and advanced nuclear, plus a further 
contribution of low carbon power from other technologies on or 
adjacent to the site. 

Part of the site could be devoted to testing and deployment 
of Advanced Nuclear Technologies, to produce heat, steam, 
hydrogen or other low-carbon synthetic fuels, as well as 
pioneering research and development in Robotics and AI, 
environmental remediation, advanced fuels and manufacturing. 
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WHY?
Investment in energy infrastructure meets the UK’s biggest 
challenges: meeting the UK’s Net Zero commitments and 
Levelling Up the economy through investment in energy 
infrastructure as a catalyst for Economic Recovery in rural 
and industrial regions.

Copeland is the Centre of Nuclear Excellence, and the 
deep and broad industrial capability in West Cumbria is a 
strategic asset for the UK in delivering ongoing missions 
more effectively, and in supporting the delivery of new 
clean energy generation capacity needed to achieve 
decarbonisation of energy.

As the largest energy user in West Cumbria, Sellafield 
presents both a challenge and opportunity in achieving 
ours and the UK’s Net Zero ambitions.

Large nuclear new build, small and advanced modular 
reactors can all play a role alongside offshore wind and 
hydrogen, and will create high-value jobs in the green 
economy. The availability of locally-generation low carbon 
energy is attractive to new energy intensive industries, 
will enable decarbonisation of domestic and industrial 
processes, and provide cheaper energy for residents 
and businesses.

The Clean Energy Park is underpinned by the credibility of our 
existing industrial cluster, establishing Copeland as the test-bed 
for clean energy technologies and a catalyst for a wider green 
economic strategy for Cumbria.

We will build on our history as pioneers of low carbon energy, to 
grow opportunities for diversification and export, and developing 
strategic opportunities for new low-carbon energy generation, 
exploring synergies with offshore wind, hydrogen and synthetic 
fuels as those new markets grow. The Park will support 
the rapid development of highly-skilled, green employment 
opportunities, readily available to support UK and global 
decarbonisation markets.

Nuclear Cogeneration
Copeland has the industrial capability and available 
development sites to demonstrate nuclear cogeneration, 
trailblazing a path to decarbonisation of the full energy system 
including heat and transport. Cogeneration offers the potential 
to decarbonise not only electricity, but energy as a whole, 
including heating and transport through the production of 
carbon neutral hydrogen and other synthetic e-fuels.

Large, Small or Advanced Modular Reactors in West Cumbria 
could produce net zero carbon electricity and fuels including 
hydrogen and other synthetic e-fuels for aviation, maritime 
or other transport uses. Any surplus power could be used 
to meet Sellafield’s electricity, heat and steam requirements 
at competitive market economics. There is also opportunity 
to supply local low-carbon district heat networks in order to 
decarbonise domestic energy supplies.

We have available deployment sites at Moorside and Fellside, 
and a ready-made customer for low carbon energy on 
our doorstep: the Sellafield site is one of the UK’s oldest 
industrial heat and power networks – there is potential to 
develop a closed-loop energy system to power the ongoing 
decommissioning and environmental remediation mission. 

10  Doughnut Economics Action Lab, 2020. 
Creating City Portraits: a methodological 
guide from the Thriving Cities Initiative.
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OUR NUCLEAR FUTURE6

Yet it is our inherent capability across industry, supply chain 
and academia, within a supportive community that offers 
opportunity to deliver existing missions more effectively, to make 
more of ongoing investment and to create greater value for the 
UK economy. To realise this opportunity, we must move from 
dependence on Sellafield to a more diverse economic future.

By commercialising the capability developed in delivering the 
Sellafield mission, we will diversify our local economy, provide 
access to new markets for our supply chain companies and 
attract new, diverse, innovative businesses to the area. We will 
commercialise our unique expertise, exporting into domestic 
and global markets, to solve the world’s challenges.

Copeland’s Nuclear Future
The Sellafield site, as the current storage site for the majority 
of the UK’s higher activity material inventory, will form the front 
end of the operational phase of a future long term management 
solution. Whether this is a Geological Disposal Facility (GDF) 
alone, or in combination with Near Surface Disposal, Copeland 
has a role in these internationally significant, £multi-billion 
environmental protection projects, which will create employment 
opportunities and wider social impact for over 100 years. 

Provision of a solution for safe and secure long-term 
management of the UK’s higher activity radioactive waste is key 
to making the case for the UK’s nuclear new build programme. 
Copeland has the knowledge, skills and expertise local to 
the Sellafield site to support delivery. Removal of waste from 
Sellafield would unlock space on the site for future missions and 
is a key enabler to our future nuclear economy.

Sellafield as a Living Lab
The Sellafield site is a de facto technological test bed on which 
to develop, deploy & prove cutting edge decommissioning, 
waste management & remediation technologies for delivery of 
domestic remediation missions and for export.

By enabling this kind of innovation on the Sellafield site, the 
NDA can deliver the mission safer and sooner, while driving 
wider local economic benefit by supporting local supply chain 
companies to access opportunities, anchoring new and existing 
innovative enterprises in Copeland.

Using digital innovation, technology and big data to assess 
and masterplan future activities on the site, Sellafield will 
become an exemplar industrial smart city test bed, reducing 
energy demand and decarbonising operations using locally-
available low carbon energy.

Sellafield has been the backbone of West Cumbria’s economy for 70 years. In 
2018, Oxford Economics demonstrated the significance of Sellafield’s contribution 
to the UK economy and the positive socio-economic impacts felt locally and 
nationally, but also highlighted risks around local economic diversity and 
resilience in the face of Sellafield’s changing mission.

30
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Total Societal Impact
The relationship between Sellafield, the supply chain, the 
economy, the community and the environment has moved 
far beyond Social Impact interventions and Corporate Social 
Responsibility.

Delivery of the Sellafield mission will drive wider and inclusive 
social, environmental and economic impact in West Cumbria. 
By delivering activities on the site in line with the principles of 
Community Wealth Building, Sellafield, the Programme and 
Project Partners and the supply chain will create lasting positive 
impact targeted against local priorities.

For example, by leading the way in deploying low carbon 
energy systems and by building circular economy principles into 
major construction programmes, Sellafield can demonstrate 
infrastructure decarbonisation in a way that upskills and 
empowers the supply chain to pay forward the benefits in our 
wider built environment.

By procuring in a way that stimulates positive behaviours from 
suppliers and by employing workforce strategies that drive 
positive outcomes for local people and education providers, 
Sellafield can support a sustainable local economy that provides 
access to green employment and upskilling opportunities for 
our people.

High Hazard reduction, decommissioning and radioactive waste 
management at Sellafield are nationally important missions, with 
a significant carbon footprint that cannot be cost-effectively 
reduced to zero while sustaining delivery. Local sequestration, 
clean energy generation and biodiversity enhancement 
interventions can help Sellafield to reach Net Zero.

WHY?
As the Sellafield site is successfully decommissioned, 
the Sellafield Transformation will result in economic 
decline for Copeland, without intervention to harness the 
opportunities offer by the move to a “small Sellafield, big 
supply chain” model.

We will work with the NDA, Sellafield Ltd and supply 
chain partners to ensure that the wider value of continued 
investment by UK Government at Sellafield is maximised 
in a way that creates positive outcomes for Copeland’s 
communities. By properly addressing Social Value, the 
NDA can meet its Energy Act obligations to communities 
by more effectively delivering the mission in a way that 
aligns with the community’s vision.

As host to the Sellafield site and therefore the majority 
of the inventory identified for Geological Disposal, 
Copeland’s community is affected regardless of the 
final choice of site for a GDF. This is a £multi-Billion 
internationally significant project, and therefore we will 
work with NDA and RWM Ltd to ensure that significant 
and proportionate positive outcomes are secured for 
Copeland.

Everyone in Copeland should have ready access to 
sustainable transport options that connect our remote 
communities.”

Copyright Sellafield Ltd
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A SUSTAINABLE 
PLACE
How can Copeland be a home to healthy people, in 
a thriving place, whilst respecting the wellbeing of all 
people, and the health of the planet?10

This section sets out a framework for how we will deliver the 
Copeland Economic Vision 2040, to meet the needs of Copeland’s 
people sustainably within the means of the living planet. 

What would it mean for the People of Copeland 
to Thrive?

Healthy
Health: All residents have an equal chance of living a healthy 
life, regardless of socioeconomic status, or background. All 
residents have access to green space.

Housing: Everyone in Copeland has access to sustainable, 
affordable housing that supports good health and wellbeing.

Food: everyone has access to sufficient healthy, local, 
sustainably produced food that supports local producers.

Connected
Connectivity: our rural communities are physically and digitally 
connected, enabling everyone to participate in the economy and 
access the services that they need.

Mobility: all residents and visitors have access to safe active 
transport modes, integrated into wider low-carbon public 
transport networks.

Culture: within a growing and diverse arts and culture 
sector, residents and visitors are enabled and encouraged to 
experience Copeland’s heritage, connecting them with this 
place. Play is a valuable part of our lives.

Community: residents in our rural places feel connected to 
each other and to society, social isolation is decreased and 
our anchor institutions are actively engaged in sustaining our 
society, not just our economy.

Enabled
Jobs: exciting and attractive employment opportunities exist 
in a diverse, digital, sustainable economy. Copeland offers a 
welcoming and supportive environment to entrepreneurs to start 
and grow businesses here.

Income: Financial security is guaranteed and inequalities 
are minimised.

Education: everyone has access to high quality education, 
that is tailored to the needs of local people and the 21st 
century economy.

Energy: Copeland is self-sustaining, powered by locally 
generated decarbonised electricity, heat and e-fuels as well as 
wind, solar and other renewable sources.

Empowered
Voice: Citizens have an increased say, involvement and role in 
deciding what happens and how it gets implemented.

Social Equity: residents have a voice in shaping their 
place and their lives, and seldom experience inequality.

Equality in Diversity: Copeland welcomes diversity, 
participation and collaboration, which strengthens 
community networks and builds trust between people 
and organisations.

Food

Housing

Water

Health

Culture

Connectivity

Community

Mobility

Jobs

Income

Education

Energy

Peace
& justice

Social
equality

Political voice

Equality in diversity
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What would it mean for Copeland to thrive in the 
wider environment?

As well as viewing our economy through the social lens, we will 
take an ecological view, by asking ourselves, “what if a place 
generated ecosystem services just as its healthy surrounding 
habitat does?”.

What if our buildings, green space and infrastructure worked 
together to purify as much air, filter as much water, store 
as much carbon, and house as much biodiversity as local 
high-performing ecosystems? In other words, how can 
Copeland become as generous as the beautiful landscape 
on our doorstep?

These ecosystem services include:

• Provisioning fresh water

• Regulating air quality

• Regulating air temperature

• Harvesting energy

• Supporting biodiversity

• Protecting against erosion

• Sequestering carbon.

By viewing ourselves as part of the larger ecosystem in which 
we exist, we can adopt growth and development principles 
informed by nature, that help to create sustainable, resilient and 
regenerative places that are good for health and wellbeing and 
good for our environment.

What would it mean for Copeland to respect the health of 
the Planet?

Climate Change: supporting the Cumbria and UK Net Zero 
carbon targets, and by generating low-carbon energy at scale 
and managing our land and resources more sustainably, 
Copeland will be a significant contributor to reducing the harmful 
effects of climate change.

Biodiversity: by enhancing our green and blue infrastructure, 
by focusing on local food and resources and by implementing 
carbon sequestration measures including afforestation, 
Copeland will be a place of thriving biodiversity.

Waste Generation: by creating a more regenerative, circular 
economy, Copeland’s overall use of raw resources will be 
minimised, reducing our negative impact elsewhere in the world.

Land Use: we will reduce our land use footprint and protect 
and manage our natural capital sustainably.

Air Quality: all of the above will help to sustain and improve 
our air quality.

10  Doughnut Economics Action Lab, 2020. 
Creating City Portraits: a methodological 
guide from the Thriving Cities Initiative.
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STATEMENT OF SUPPORT FROM 
FUTURE OPPORTUNITIES GROUP

• Mike Starkie, Elected 
Mayor of Copeland

• Trudy Harrison, Member of 
Parliament for Copeland

• Pat Graham, CEO of 
Copeland Borough Council

• Mark Jenkinson MP, Member 
of Parliament for Workington 

• Mike Johnson, Leader of 
Allerdale Borough Council

• Andrew Seekings, CEO 
Allerdale Borough Council

• Henri Murison, Director, 
Northern Powerhouse

• Hazel Blears, Independent Advisor

• Professor John Fyfe, 
Independent Advisor

• Ivan Baldwin, Chair of Britain’s 
Energy Coast Business Cluster

• John Grainger, Executive 
Director, Britain’s Energy 
Coast Business Cluster

• Michael Pemberton, CEO, BEC

• David Peattie, CEO, Nuclear 
Decommissioning Authority

• Paul Vallance, Communications 
Director, Nuclear 
Decommissioning Authority

• Paul Howarth, CEO 
National Nuclear Lab

• Martin Chown, MD Sellafield Ltd

• Jamie Reed, Head of Public and 
Corporate Affairs, Sellafield Ltd

• Mike Pigott, Programme 
and Project Partners/KBR

• Andy White, Programme and 
Project Partners/Jacobs

• Brian Davidson, Programme and 
Project Partners/Doosan Babcock

• Eldon Garnett, Programme and 
Project Partners/Morgan Sindall

• Mark Kirkbride, West 
Cumbria Mining

• Paul Pointon, Managing 
Director, LLWR Ltd

• Chris Connelly, Direct Rail Services

• Tom Samson, Interim CEO, 
UK SMR Consortium

• Julia Pyke, Director, 
EDF Sizewell C

• Jackie Arnold, BAE Systems

• Michael Osborne, ARUP

• Dave Wilson, Atkins Global

• Remy Grenier, Orano

• Prof. Steve Gibbs, 
University of Cumbria

• Kevin Warren, Director, University 
of Manchester Dalton Institute

• Cathy Jackson, UCLan

• Laurence Gribble, St Bees School

• Chris Nattress, Lakes College

• Martin Hottass, Gen2

• Jo Lappin, CEO Cumbria LEP

• Ken McEwan, Head of 
Sectors, Cumbria LEP

• Richard Leafe, Chief Executive, 
Lake District National Park Authority

• Brian Scowcroft, Land & Lakes

• John Oliver, Whitehaven 
Harbour Commissioners

• Lyn Simpson, North Cumbria 
Integrated Care Trust

• Rod Harpin, North Cumbria 
Integrated Care Trust

• Craig Harrop, Northern Rail 

• Gary Townsend, ENWL

• John Hilton, United Utilities

This Vision was commissioned and is supported by the 
Future Opportunities Group, made up of senior leaders of 
business, industry, local government and academia across 
public, private and community sectors in West Cumbria:

“

” 

Britain’s Energy Coast Business 
Cluster supports the Copeland 
Vision 2040. This is a visionary 
document that demonstrates an 
outward-looking perspective that 
chimes with the Business Cluster’s 
ambitions – sustainable economic 
development with an emphasis of 
maximising social value outputs. 
Representing some 300+ members, 
we stand by to play our part in 
delivering what we believe will be 
a vibrant, dynamic and innovative 
community in the future.

–  John Grainger, Executive 
Director of BECBC
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Map of EU steel
production sites

Blast Furnace & 
Basic Oxygen Furnace

Electric Arc Furnace

Blast Furnace &  Basic Oxygen Furnace

Electric Arc Furnace 

Basic Oxygen Furnace only

Blast Furnace only

Location Hot 
Metal 

Capacity
('000 

tonnes/ 
year)

Finished 
Steel 

Capacity 
('000 

tonnes/ 
year)

No. of
furnaces

AUSTRIA

DONAWITZ (Leoben) 1370 1570 2

LINZ 4340 6000 3

BELGIUM

GHENT 4430 5000 2

CZECH REPUBLIC

OSTRAVA 3200 3 – BF only

TRINEC 2100 2400 2

FINLAND

RAAHE 2400 2600 2

FRANCE

DUNKERQUE 6800 6750 3

FOS-SUR-MER 5160 5100 2

GERMANY

BREMEN 3960 3800 2

DILLINGEN 4790 2760 2

DUISBURG 11600 11560 4

EISENHÜTTENSTADT 2340 2400 2

SALZGITTER 4800 5200 3

VÖLKLINGEN 3240 BOF only

HUNGARY

DUNAUIJVAROS 1310 1650 2

ITALY

TARANTO 9590 11500 4

NETHERLANDS

IJMUIDEN (Velsen-
Noord)

6310 7500 2

POLAND

DABROWA GORNICZA 4500 5000 2

KRAKOW 1310 2600 1

ROMANIA

GALATI 3250 3200 2

SLOVAKIA

KOSICE 2850 4500 2

SPAIN

AVILES 4200 BOF only

GIJON 4480 1200 2

SWEDEN

LULEA 2200 2200 1

ÖXELÖSUND 1800 1700 2

UNITED KINGDOM

PORT TALBOT 4770 4900 2

SCUNTHORPE 3590 3200 3

Location Capacity
('000 

tonnes/ 
year)

No. of
furnaces

AUSTRIA

GRAZ 365 1

KAPFENBERG 180 1

MITTERDORF 300 1

BELGIUM

CHARLEROI 850 1

CHARLEROI 
(Marchienne-au-Pont)

350 1

CHATELET (Chatelineau) 1000 1

GENK 1200 2

BULGARIA

PERNIK 1000 2

CROATIA

SISAK 350 1

SPLIT 185 1

CZECH REPUBLIC

OSTRAVA 120 1

PLZEN 150 2

FINLAND

IMATRA 360 1

TORNIO 1300 2

FRANCE

BAYONNE (Boucau) 1200 1

BONNIERES-SUR-SEINE 550 1

CHATEAUNEUF,R. DE 
GIERS

100 1

FOS-SUR-MER 480 1

GARGENVILLE 700 1

HAGONDANGE 460 1

IMPHY 90 1

LE CREUSOT 150 1

MONTEREAU 720 1

NEUVES MAISONS 800 1

ST.SAULVE 730 1

TRITH ST LEGER 800 1

UGINE 250 2

GERMANY

BOUS/SAAR 350 1

BRANDENBURG 1800 2

FREITAL 90 1

GEORGSMARIENHÜTTE 1100 1

GRÖDITZ 100 1

HAMBURG 1100 1

HENNIGSDORF 1000 2

HERBERTSHOFEN 1180 2

KEHL 2500 2

LINGEN 620 1

PEINE 1000 1

RIESA 900 1

SIEGEN 600 1

SIEGEN 150 1

UNTERWELLENBORN 1100 1

VÖLKLINGEN 300 1

WETZLAR 400 1

WITTEN 480 1

Location Capacity
('000 tonnes/ 

year)

No. of
furnaces

GREECE

ALMYROS-MAGNISIA 1200 1

ASPROPYRGOS 400 1

ELEUSIS 800 1

THESSALONIKI 600 1

VELESTINO 450 1

HUNGARY

OZD 400 1

ITALY

AOSTA 260 1

BOLZANO 200 2

BORGO VALSUGANA, 
TN

600 1

BRENO, BS 100 1

BRESCIA, BS 1200 2

BRESCIA, BS 650 1

CAMIN, PADOVA 600 1

CARONNO, VA 780 1

CATANIA, SICILIA 500 1

CIVIDATE AL PIANO, 
BG

250 1

CREMONA 3850 2

DALMINE, BG 700 1

LESEGNO, CN 600 1

LONATO, BS 1100 1

LONATO, BS 600 1

LOVERE, BG 150 1

ODOLO, BS 900 1

OSOPPO, UD 2200 1

OSPITALETTO, BS 150 1

SAN ZENO NAVIGLIO, 
BS

800 1

SAREZZO, BS 540 1

TERNI 1450 2

UDINE 500 1

UDINE 770 1

VALLESE D. OPPEANO, 
VR

450 1

VERONA, VR 1250 2

VICENZA 170 1

VICENZA, VL 1200 1

LUXEMBOURG

ESCH-SUR-ALZETTE 2250 2

POLAND

CHORZOW 145 1

CZESTOCHOWA 800 1

GLIWICE 250 1

KATOWICE 65 1

OSTROWIEC 900 1

STALOWA WOLA 240 1

WARSZAWA 750 1

ZAWIERCIE 1340 2

PORTUGAL

MAIA (Porto) 600 1

SEIXAL 1100 1

Location Capacity
('000 

tonnes/ 
year)

No. of
furnaces

ROMANIA

CALARASI 470 1

HUNEDOARA 550 1

OTELU ROSU 830 1

RESITA 450 1

SLOVAKIA

PODBREZOVA 350 1

SLOVENIA

CELJE-STORE 150 1

JESENICE 500 1

RAVNE 140 1

SPAIN

AMURRIO, ALAVA 150 1

AMURRIO, ALAVA 360 1

AZPEITIA 800 1

BASAURI, VIZCAYA 740 1

BILBAO 1100 1

CASTELLBISBAL, 
BARCELONA

2400 2

GALINDO, VIZCAYA 400 1

GETAFE, MADRID 600 1

JEREZ DE LOS 
CABALLEROS II

1300 1

LOIU, VIZCAYA 130 1

LOS BARRIOS, CADIZ 1200 3

NARON, LA CORUNA 700 1

OLABERRIA 2450 1

REINOSA, 
CANTABRIA

240 1

SANTANDER, 
CANTABRIA

750 1

SESTAO, BILBAO 2000 2

SEVILLA 1300 2

ZARAGOZA 500 1

SWEDEN

AVESTA 500 1

BJÖRNEBORG 95 1

HAGFORS 120 1

HOFORS 500 1

SANDVIKEN 200 1

SMEDJEBACKEN 480 1

UNITED KINGDOM

ALDWARKE, 
ROTHERHAM

1220 2

SHEFFIELD 150 1

SHEPCOTE LANE 
(SMACC), SHEFFIELD

500 1

TREMORFA, 
CARDIFF

1200 1
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Map of EU steel
production sites

Blast Furnace &  Basic Oxygen Furnace

Basic Oxygen Furnace only

Blast Furnace only

Blast Furnace and Basic Oxygen Furnace

Location Hot Metal Capacity 
('000 tonnes/ year)

Finished Steel Capacity 
('000 tonnes/ year)

No. of furnaces

AUSTRIA

DONAWITZ (Leoben) 1370 1570 2

LINZ 4340 6000 3

BELGIUM

GHENT 4430 5000 2

CZECH REPUBLIC

OSTRAVA 3200 3 – BF only

TRINEC 2100 2400 2

FINLAND

RAAHE 2400 2600 2

FRANCE

DUNKERQUE 6800 6750 3

FOS-SUR-MER 5160 5100 2

GERMANY

BREMEN 3960 3800 2

DILLINGEN 4790 2760 2

DUISBURG 11600 11560 4

EISENHÜTTENSTADT 2340 2400 2

SALZGITTER 4800 5200 3

VÖLKLINGEN 3240 BOF only

HUNGARY

DUNAUIJVAROS 1310 1650 2

ITALY

TARANTO 9590 11500 4

NETHERLANDS

IJMUIDEN (Velsen-Noord) 6310 7500 2

POLAND

DABROWA GORNICZA 4500 5000 2

KRAKOW 1310 2600 1

ROMANIA

GALATI 3250 3200 2

SLOVAKIA

KOSICE 2850 4500 2

SPAIN

AVILES 4200 BOF only

GIJON 4480 1200 2

SWEDEN

LULEA 2200 2200 1

ÖXELÖSUND 1800 1700 2

UNITED KINGDOM

PORT TALBOT 4770 4900 2

SCUNTHORPE 3590 3200 3
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Map of EU steel
production sites

Electric Arc Furnace

Location Capacity
('000 

tonnes/ 
year)

No. of
furnaces

AUSTRIA

GRAZ 365 1

KAPFENBERG 180 1

MITTERDORF 300 1

BELGIUM

CHARLEROI 850 1

CHARLEROI 
(Marchienne-au-Pont)

350 1

CHATELET (Chatelineau) 1000 1

GENK 1200 2

BULGARIA

PERNIK 1000 2

CROATIA

SISAK 350 1

SPLIT 185 1

CZECH REPUBLIC

OSTRAVA 120 1

PLZEN 150 2

FINLAND

IMATRA 360 1

TORNIO 1300 2

FRANCE

BAYONNE (Boucau) 1200 1

BONNIERES-SUR-SEINE 550 1

CHATEAUNEUF,R. DE 
GIERS

100 1

FOS-SUR-MER 480 1

GARGENVILLE 700 1

HAGONDANGE 460 1

IMPHY 90 1

LE CREUSOT 150 1

MONTEREAU 720 1

NEUVES MAISONS 800 1

ST.SAULVE 730 1

TRITH ST LEGER 800 1

UGINE 250 2

GERMANY

BOUS/SAAR 350 1

BRANDENBURG 1800 2

FREITAL 90 1

GEORGSMARIENHÜTTE 1100 1

GRÖDITZ 100 1

HAMBURG 1100 1

HENNIGSDORF 1000 2

HERBERTSHOFEN 1180 2

KEHL 2500 2

LINGEN 620 1

PEINE 1000 1

RIESA 900 1

SIEGEN 600 1

SIEGEN 150 1

UNTERWELLENBORN 1100 1

VÖLKLINGEN 300 1

WETZLAR 400 1

WITTEN 480 1

Location Capacity
('000 tonnes/ 

year)

No. of
furnaces

GREECE

ALMYROS-MAGNISIA 1200 1

ASPROPYRGOS 400 1

ELEUSIS 800 1

THESSALONIKI 600 1

VELESTINO 450 1

HUNGARY

OZD 400 1

ITALY

AOSTA 260 1

BOLZANO 200 2

BORGO VALSUGANA, 
TN

600 1

BRENO, BS 100 1

BRESCIA, BS 1200 2

BRESCIA, BS 650 1

CAMIN, PADOVA 600 1

CARONNO, VA 780 1

CATANIA, SICILIA 500 1

CIVIDATE AL PIANO, 
BG

250 1

CREMONA 3850 2

DALMINE, BG 700 1

LESEGNO, CN 600 1

LONATO, BS 1100 1

LONATO, BS 600 1

LOVERE, BG 150 1

ODOLO, BS 900 1

OSOPPO, UD 2200 1

OSPITALETTO, BS 150 1

SAN ZENO NAVIGLIO, 
BS

800 1

SAREZZO, BS 540 1

TERNI 1450 2

UDINE 500 1

UDINE 770 1

VALLESE D. OPPEANO, 
VR

450 1

VERONA, VR 1250 2

VICENZA 170 1

VICENZA, VL 1200 1

LUXEMBOURG

ESCH-SUR-ALZETTE 2250 2

POLAND

CHORZOW 145 1

CZESTOCHOWA 800 1

GLIWICE 250 1

KATOWICE 65 1

OSTROWIEC 900 1

STALOWA WOLA 240 1

WARSZAWA 750 1

ZAWIERCIE 1340 2

PORTUGAL

MAIA (Porto) 600 1

SEIXAL 1100 1

Location Capacity
('000 

tonnes/ 
year)

No. of
furnaces

ROMANIA

CALARASI 470 1

HUNEDOARA 550 1

OTELU ROSU 830 1

RESITA 450 1

SLOVAKIA

PODBREZOVA 350 1

SLOVENIA

CELJE-STORE 150 1

JESENICE 500 1

RAVNE 140 1

SPAIN

AMURRIO, ALAVA 150 1

AMURRIO, ALAVA 360 1

AZPEITIA 800 1

BASAURI, VIZCAYA 740 1

BILBAO 1100 1

CASTELLBISBAL, 
BARCELONA

2400 2

GALINDO, VIZCAYA 400 1

GETAFE, MADRID 600 1

JEREZ DE LOS 
CABALLEROS II

1300 1

LOIU, VIZCAYA 130 1

LOS BARRIOS, CADIZ 1200 3

NARON, LA CORUNA 700 1

OLABERRIA 2450 1

REINOSA, 
CANTABRIA

240 1

SANTANDER, 
CANTABRIA

750 1

SESTAO, BILBAO 2000 2

SEVILLA 1300 2

ZARAGOZA 500 1

SWEDEN

AVESTA 500 1

BJÖRNEBORG 95 1

HAGFORS 120 1

HOFORS 500 1

SANDVIKEN 200 1

SMEDJEBACKEN 480 1

UNITED KINGDOM

ALDWARKE, 
ROTHERHAM

1220 2

SHEFFIELD 150 1

SHEPCOTE LANE 
(SMACC), SHEFFIELD

500 1

TREMORFA, 
CARDIFF

1200 1

Electric Arc Furnace 
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Map of EU steel
production sites

Stainless Steel Specialty

Stainless Steel Specialty

Location Capacity ('000 tonnes/ year) No. of furnaces

AUSTRIA

KAPFENBERG 180 1

MITTERDORF 300 1

BELGIUM

CHARLEROI (Marchienne-au-Pont) 350 1

CHATELET (Chatelineau) 1000 1

GENK 1200 2

FINLAND

TORNIO 1300 2

FRANCE

CHATEAUNEUF,R. DE GIERS 100 1

IMPHY 90 1

LE CREUSOT 150 1

UGINE 250 2

GERMANY

FREITAL 90 1

GRÖDITZ 100 1

SIEGEN 600 1

SIEGEN 150 1

VÖLKLINGEN 300 1

WETZLAR 400 1

WITTEN 480 1

ITALY

AOSTA 260 1

BOLZANO 200 2

BRENO, BS 100 1

OSPITALETTO, BS 150 1

TERNI 1450 2

UDINE 500 1

VICENZA 170 1

POLAND

STALOWA WOLA 240 1

SLOVENIA

JESENICE 500 1

RAVNE 140 1

SPAIN

AMURRIO, ALAVA 150 1

BASAURI, VIZCAYA 740 1

LOIU, VIZCAYA 130 1

LOS BARRIOS, CADIZ 1200 3

REINOSA, CANTABRIA 240 1

SWEDEN

AVESTA 500 1

SANDVIKEN 200 1

UNITED KINGDOM

ALDWARKE, ROTHERHAM 1220 2

SHEFFIELD 150 1

SHEPCOTE LANE (SMACC), SHEFFIELD 500 1
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Welcome to the twelfth edition of the European Steel Association’s 
(EUROFER) European Steel in Figures guide. This edition updates the 
content, retaining the handy form-factor developed in 2019. We hope 
you find this publication an insightful look into the size and shape of the 
modern European steel industry.

European Steel in Figures 2020 includes data up to, and including full 
year 2019. Employment was steady, even though with demand on the 
domestic market fell off over the year. The expansion of steel-using 
sectors, which had been underway for a number of years, came to a 
halt. The overall performance of the steel market was weak in 2019. 
Apparent consumption was down 5.3% to 154 million tonnes – with a 
further and marked loss of momentum in the last quarter of the year.

Imports also fell, by 11.5%, returning to levels seen in 2016-2017. 
Steel-using sectors, such as automotive, are beginning to see reversals 
– which has an impact on their current and anticipated demand for 
steel. Whereas previous estimates for growth suggested that there 
would be a return to expansion in 2020, with the coronavirus pandemic, 
this now seems impossible. EUROFER regularly publishes information 
about the present state of the market in its quarterly Economic and 
Market reports, and additional analysis can be found in EUROFER’ 
Annual Report 2020.

Updated research – accurate at the time of writing for 2019 and  
included in this guide – shows the extent of the employment and economic 
footprint of the European steel sector. Counting direct, indirect and induced 
employment, we find that there are as many as 2.67 million people that 
work in and around the industry, equivalent to slightly more than twice 
the population of Brussels. The multiplier effect of the 330,000 direct jobs 
in the sector is nearly eight times.

The Gross Value Added (GVA) of the European steel industry is also upwards 
of €140 billion if direct, indirect and induced effects are factored in. 

Also updated in this guide is information on scrap imports and exports as 
well as slag production and use in the EU steel sector. More than 40 million 
tonnes of this by-product are created alongside the production of steel 
annually in Europe. Slags of various kinds go on to find a wide number 
of uses, including as fertilisers, or in construction and water treatment – 
almost nothing goes to waste.

All these statistics help give an overview of the European steel industry 
today. Awareness of the employment, production, demand and trade 
challenges that face the sector help guide us and policy makers in making 
the right decisions today for the future of one of Europe’s most essential 
and strategic industries.

With this in mind, I hope you enjoy using European Steel in Figures 2020.
JUNE 2020

3
www.eurofer.eu  F O R E W O R D

European Steel in Figures 2020
Axel Eggert, Director General
The European Steel Association (EUROFER)
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About the European steel industry
The European steel industry is a world leader in innovation and 
environmental sustainability. It directly employs 330,000 highly-
skilled people and through indirect and induced effects supports the 
jobs of up to 2.2 million more. The sector produces on average 170 
million tonnes of steel per year at more than 500 steel production 
sites across 23 EU member states. Closely integrated with Europe’s 
manufacturing and construction industries, steel is the backbone for 
development,growth and employment in Europe. Steel is the most 
versatile industrial material in the world. The thousands of different 
grades and types of steel developed by the industry make the modern 
world possible. 

Steel is 100% recyclable and therefore is a fundamental part of the 
circular economy. As a basic engineering material, steel is also an 
essential factor in the development and deployment of innovative, 
CO2-mitigating technologies, improving resource efficiency and 
fostering sustainable development in Europe.

About EUROFER
The European Steel Association (EUROFER) represents almost 
all EU steel production. Founded in 1976, EUROFER’s headquarters 
is located in Brussels. It is the voice of the European steel industry 
to policy makers, civil society and relevant stakeholders.

EUROFER’s members are steel companies and national steel 
federations based throughout the EU. The national steel federations 
and major steel companies of Switzerland and Turkey are also 
associate members. 

About the European Steel in Figures 2020 guide
Disclaimer
The European Steel in Figures guide is the European Steel 
Association’s (EUROFER) annual statistical publication, which 
is created and issued free of charge. Now in its 12th edition, this 
publication gives an overview of the key statistical trends in the 
sector. The statistics presented here are for information only.

EUROFER has endeavoured to replicate data as accurately as possible 
and to attribute sources correctly. EUROFER is not responsible for any 
mistakes or errors in the presentation of the information, nor in the 
underlying data used in its creation. EUROFER is not liable, and cannot 
be held responsible in any way, for analyses or decisions based upon 
the data held within this publication.

About
E U R O P E A N  S T E E L  I N  F I G U R E S  2 0 1 9  www.eurofer.eu

4
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7Employment & GVA in the EU steel industry Direct, indirect & induced employment & GVA in the EU steel industry

www.eurofer.eu  E M P L O Y M E N T  &  E C O N O M I C  I M P A C T

EMPLOYMENT GRAPHIC • 2019

SOURCE: OXFORD ECONOMICS

GROSS VALUE ADDED GRAPHIC • 2019

SOURCE: OXFORD ECONOMICS

The EU steel industry supports nearly 2.6 million jobs
The EU steel industry creates 
around €140 billion of Gross Value Added

'Type I' 
multiplier

'Type II' 
multiplier

Multiplier for GVA 4.4 5.8

Multiplier for jobs 5.8 7.9

The ‘type I’ multiplier is the ratio of direct plus indirect activity to direct activity.
The ‘type II’ multiplier is the ratio of total activity to direct activity.

DIRECT
330,000

DIRECT
€ 24.2 bn

INDIRECT
1.620,000

INDIRECT
€ 82.0 bn

INDUCED
722,000

INDUCED
€ 34.7 bn

2.
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12.5% 12.5%

60.5% 60.5%

27% 27% 27%
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Direct employment in the EU steel industry: by country Employment by absolute numbers

E M P L O Y M E N T  &  E C O N O M I C  I M P A C T  www.eurofer.eu

8

2019
% shares 

2019

1 GERMANY 86,000 26.0 %

2 ITALY 30,601 9.3 %

3 POLAND 24,700 7.5 %

4 ROMANIA 22,630 6.8 %

5 FRANCE 21,900 6.6 %

6 CZECH REPUBLIC 17,800 5.4 %

7 SPAIN* 17,400 5.3 %

8 UNITED KINGDOM 17,000 5.1 %

9 SWEDEN 15,700 4.8 %

10 AUSTRIA 15,500 4.7 %

11 BELGIUM 11,327 3.4 %

12 SLOVAKIA 10,670 3.2 %

13 NETHERLANDS 9,647 2.9 %

14 FINLAND 8,174 2.5 %

15 HUNGARY 5,661 1.7 %

16 LUXEMBOURG 4,350 1.3 %

17 SLOVENIA 4,250 1.3 %

18 BULGARIA 4,140 1.3 %

19 GREECE 1,498 0.5 %

20 PORTUGAL 1,000 0.3 %

21 DENMARK 426 0.1 %

22 CROATIA 190 0.1 %

23 ESTONIA 9 0.0 %

T O T A L 330,523 100,0 %

EMPLOYMENT PER COUNTRY
IN DESCENDING ORDER TABLE • 2019

SOURCE:  EUROFER
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SOURCE: EUROFER
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9Direct employment in the EU steel industry: by country Employment by absolute numbers

www.eurofer.eu  E M P L O Y M E N T  &  E C O N O M I C  I M P A C T

EMPLOYMENT: EVOLUTION GRAPH • 2010 – 2019

SOURCE: EUROFER (steel companies + national steel companies and associations)

300,000

325,000

350,000

375,000

400,000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

369,267 365,610
-1.0%

350,517
-4.1%

339,673
-3.1%

332,288
-2.2%

327,059
-1.6%

322,824
-1.3%

327,662
1.5%

329,648
0.6%

330,523
0.3%
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140.9

132.3

119.0

112.2

98.1

85.0

Gross Value Added: Comparison Value added • in € ‘000,000

E M P L O Y M E N T  &  E C O N O M I C  I M P A C T  www.eurofer.eu

10

0 50 100 150 200

VALUE OF PRODUCTION COMPARED WITH OTHER EU INDUSTRIES CHART • 2019

SOURCE: EUROSTAT – OXFORD ECONOMICS

Paper products (17)

Beverages (11)

Basic iron & steel (24.1)

Electric motors (27.1)

Wood products (16)

Bakery products (10.7)

Non-ferrous metalss (24.4)

Computer equipment (26.2)

Precision instruments (26.5)

143.0
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Crude steel production per region: World All qualities • in ‘000,000 metric tonnes

www.eurofer.eu  P R O D U C T I O N

13

MAP OF STEEL PRODUCTION BY REGION MAP • 2019

SOURCE: EUROFER

REGIONS IN DESCENDING ORDER OF 
CRUDE STEEL PRODUCTION TABLE • 2019

SOURCE: EUROFER

2019
% shares 

2019

Asia  1,341 71.7%

 of which China  996 53.3%

 of which India  111 5.9%

 of which Japan  99 5.3%

Europe  298 16.0%

 of which European Union  159 8.5%

 of which CIS  100 5.4%

North America  120 6.4%

of which United States  87 4.7%

South America  41 2.2%

Middle East  45 2.4%

Africa  17 0.9%

Australia/New Zealand  6 0.3%

W O R L D  1,870 100%

Australia
New Zealand

Asia
Middle East

Europe

Africa

South America

North America

6.4%

2.2%

16.0%

71.7%2.4%
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Crude steel production per country: EU All qualities • in ‘000 metric tonnes

P R O D U C T I O N  www.eurofer.eu
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2019
% shares 

2019

1 GERMANY 39,666 25.1%

2 ITALY 23,241 14.8%

3 FRANCE 14,451 9.2%

4 SPAIN 13,503 8.6%

5 POLAND 8,956 5.7%

6 BELGIUM 7,760 4.9%

7 AUSTRIA 7,424 4.7%

8 UNITED KINGDOM 7,218 4.6%

9 NETHERLANDS 6,657 4.2%

10 SWEDEN 4,699 3%

11 CZECH REPUBLIC 4,550 2.9%

12 SLOVAKIA 3,931 2.5%

13 FINLAND 3,473 2.2%

14 ROMANIA 3,448 2.2%

15 LUXEMBOURG 2,119 1.3%

16 HUNGARY 1,769 1.1%

17 GREECE 1,350 0.9%

18 BULGARIA 566 0.4%

19 SLOVENIA 669 0.4%

20 CROATIA 69 0.0%

21 OTHERS 2,033 1.3%

T O T A L 157,553 100%

EU COUNTRIES IN DESCENDING 
ORDER OF CRUDE STEEL
PRODUCTION TABLE • 2019

SOURCE: EUROFER
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SOURCE: EUROFER
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15Crude steel production per country: EU All qualities • in ‘000 metric tonnes

www.eurofer.eu  P R O D U C T I O N

2015 2016 2017 2018 2019
% shares

2019

AUSTRIA 7,687 7,438 8,135 6,885 7,424 4.7%

BELGIUM 7,257 7,687 7,842 7,980 7,760 4.9%

BULGARIA 543 527 652 666 566 0.4%

CROATIA 122 0 0 136 69 0.0%

CZECH REPUBLIC 5,262 5,305 4,686 4,938 4,550 2.9%

FINLAND 3,988 4,101 4,003 4,146 3,473 2.2%

FRANCE 14,984 14,413 15,506 15,385 14,451 9.2%

GERMANY 42,676 42,080 43,297 42,435 39,666 25.1%

GREECE 910 1,158 1,359 1,467 1350 0.9%

HUNGARY 1,674 1,279 1,901 1,989 1,769 1.1%

ITALY 22,018 23,373 24,068 24,532 23241 14.8%

LUXEMBOURG 2,127 2,175 2,172 2,228 2,119 1.3%

NETHERLANDS 6,995 6,917 6,781 6,813 6,657 4.2%

POLAND 9,198 8,940 10,332 10,167 8,956 5.7%

ROMANIA 3,352 3,276 3,361 3,550 3,448 2.2%

SLOVAKIA 4,562 4,808 4,980 4,947 3,931 2.5%

SLOVENIA 625 644 673 692 669 0.4%

SPAIN 14,846 13,643 14,434 14,299 13,503 8.6%

SWEDEN 4,348 4,595 4,692 4,632 4,699 3%

UNITED KINGDOM 10,907 7,635 7,492 7,268 7,218 4.6%

OTHERS 2,015 1,998 2,056 2,215 2,033 1.3%

T O T A L 166,096 161,993 168,422 167,370 157,553 100%

CRUDE STEEL OUTPUT PER COUNTRY TABLE • 2015 – 2019

SOURCE: EUROFER
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41.1% 42.4%
41.7% 39.8% 39.1% 39.4% 39.7% 40.7%

EU crude steel production: by process All qualities • in ‘000 metric tonnes

P R O D U C T I O N  www.eurofer.eu

16
EU CRUDE STEEL OUTPUT BY PRODUCTION ROUTE TABLE, CHART • 2010 – 2019

SOURCE: EUROFER

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
% shares 

2019

Basic Oxygen Furnace and other 101,790 102,3710 98,316 100,106 103,024 100,577 97,642 99,925 97,588 92,382 58.6%

Electric 70,995 75,204 70,266 66,069 66,074 65,519 64,351 68,497 69,781 65,171 41.4%

Total Crude Steel 172,785 177,576 168,583 166,175 169,098 166,096 161,993 168,422 167,370 157,553 100%

0

50,000

100,000

150,000

200,000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

 Basic Oxygen Furnace and other  Electric

41.7%
41.4%

58.3% 58.6%58.9% 57.6% 58.3% 60.2% 60.9% 60.6% 60.3% 59.3%
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17
EU CRUDE STEEL OUTPUT BY QUALITY TABLE, CHART • 2010 – 2019

SOURCE: EUROFER

EU crude steel production: by quality All qualities • in ‘000 metric tonnes

www.eurofer.eu  P R O D U C T I O N

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
% shares 

2019

Carbon steel non alloy 138,402 141,204 135,559 134,281 136,472 132,715 128,312 132,481 131,507 124,507 79.0%

Carbon steel other alloy 26,896 28,812 25,566 24,753 25,384 26,215 26,399 28,560 28,476 26,246 16.7%

Stainless steel 7,486 7,559 7,458 7,142 7,242 7,166 7,282 7,381 7,386 6,801 4.3%

Total Crude Steel 172,785 177,576 168,583 166,175 169,098 166,096 161,993 168,422 167,370 157,553 100%

0

50,000

100,000

150,000

200,000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

 Carbon steel non alloy  Carbon steel other alloy  Stainless steel

17%
16.7%

4.3% 4.3%
4.3% 4.3% 4.3% 4.5%

4.4% 4.4%
4.3%

4.4%

15.6%

80.1%

16.2%

79.5%

15.2%

80.4%

14.9%

80.8%

15%

80.7%

15.8%

79.9%

16.3%

79.2%

17%

78.6% 78.6% 79.0%
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EU finished steel production: by product category All qualities • in ‘000 metric tonnes

P R O D U C T I O N  www.eurofer.eu

18
EU TOTAL FINISHED STEEL PRODUCTION BY PRODUCT TABLE, CHART • 2010 – 2019

SOURCE: EUROFER

FLAT
88,285

LONG
56,878

TOTAL 
145,163

Wire rod 20,919
Rebars 12,766
Merchant bars 11,542
Heavy sections 8,817
Other long products 2,834

Hot rolled wide strip  76,707 Cold Rolled Flat 42,885

Hot Dipped Metal Coated 26,688

Organic Coated 5,134

Quarto plate  9,875
Other flat products  1,702

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Total Hot Rolled 156,491 161,546 152,675 150,518 152,399 151,026 150,451 153,899 154,537 145,163

 of which flat products 94,963 97,095 92,592 92,835 94,380 92,465 92,280 95,294 94,727 88,285

 Quarto Plate 12,139 13,187 12,350 11,021 11,595 10,963 10,580 10,947 10,744 9,875

 Hot Rolled Wide Strip 81,164 82,151 78,719 80,358 81,281 80,024 80,015 82,535 82,148 76,707

 Other flat products 16,59 1,756 1,523 1,456 1,504 1,477 1,686 1,812 1,836 1,702

  of which long products 61,529 64,452 60,082 57,683 58,019 58,561 58,170 58,605 59,809 56,878

 Wire Rod 21,519 22,452 20,652 20,138 20,,159 20,843 20,389 21,184 21,886 20,919

 Rebars 14,724 15,037 14,644 13,172 13,020 12,762 13,230 12,521 12,616 12,766

 Merchant Bars 12,969 14,590 12,443 12,586 13,074 12,754 12,277 12,798 13,052 11,542

 Heavy Sections 9,056 9,335 9,326 8,584 8,590 8,899 9,433 9,313 9,365 8,817

 Other long products 3,262 3,038 3,018 3,204 3,175 3,304 2,841 2,789 2,889 2,834

Products obtained from upstream production – from Hot Rolled Wide Strip

Cold Rolled Flat 45,369 44,472 42,414 43,502 44,649 44,780 45,321 46,426 45,487 42,885

 Hot Dipped 24,149 24,805 23,992 25,009 26,786 27,299 27,398 28,116 27,691 26,688

 Organic Coated 4,339 4,346 4,318 4,484 4,569 4,575 4,872 4,944 4,929 5,134

Design by EUROFER with special thanks to worldsteel for permission to reproduce their graphic elements.

NOTE: Downstream 
processing converts 
some HRWS into CRF,
and some CRF into Hot 
Dipped and some Hot 
Dipped into Organic 
Coated. Downstream 
processing uses both 
domestic and imported 
steel. Production totals 
may thus not add up 
precisely.
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19EU Hot Rolled finished steel production: by product category All qualities • in ‘000 metric tonnes

www.eurofer.eu  P R O D U C T I O N

0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

EU HOT ROLLED FINISHED STEEL PRODUCTION CHART • 2010 – 2019

SOURCE: EUROFER

 Quarto Plate  Hot Rolled Wide Strip  Other flat products  Wire Rod  Rebars  Merchant Bars  Heavy Sections  Other long products
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PRIMARY AND SECONDARY STEEL PRODUCTION ACROSS THE EU MAP • 2019

SOURCE: EUROFER

 Blast Furnace & Basic Oxygen Furnace

 Blast Furnace only

 Basic Oxygen Furnace only

 Electric Arc Furnace
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Third country imports

Consumption: Real and apparent steel consumption All products, all qualities • in ‘000 metric tonnes
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ROUTES TO MARKET OR FINAL USE OF STEEL PRODUCTS DIAGRAM

SOURCE: EUROFER
Steel used in the EU is a mix of domestic production & imports from third countries

EU steel mills and third country steel suppliers 
deliver steel products to the EU steel market.

The steel market has different levels. Steel products 
can be sold ‘indirectly’ to operators in steel 
distribution or sold ‘directly’ to steel-using sectors. 

Operators in steel distribution include steel service 
centres, stockists and traders. They stock and sell 
products. Service centres and stockists provide 
additional services to steel-using sectors such as 

Steel distribution:
Stockists, 
traders, 
Steel Service Centres

EU STEEL 
MILLS Steel-using sectors:

Construction, 
automotive, 
mechanical 
engineering
etc

cutting, slitting, drilling, bending, etc. Inventory 
levels in steel distribution vary over time, reflecting 
seasonal demand patterns and – to some extent – 
speculation.

Apparent steel consumption – often referred to 
as steel demand or market supply – is the total 
of all steel delivered to the steel market, including 
steel products that are being stocked rather than 
consumed immediately by the steel-using sectors.

Real steel consumption – or final steel use – is 
the quantity of steel that actually is consumed by 
steel using sectors in their production processes.

The difference between real and apparent steel 
consumption is the change in steel inventories 
over a given period.

EU domestic deliveries

THIRD 
COUNTRY

STEEL
SUPPLIERS

APPARENT STEEL CONSUMPTION /
STEEL DEMAND

REAL STEEL CONSUMPTION /
FINAL STEEL USE
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Consumption: Real & apparent steel consumption All products, all qualities • in ‘000 metric tonnes

REAL VS APPARENT CONSUMPTION GRAPH • 2010 – 2019

SOURCE: EUROFER

 Real Consumption  Apparent Consumption
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100,000

150,000

175,000

125,000

200,000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

145,933 154,112 146,489 142,853 147,158 149,919 155,628 159,554 162,204 158,059

148,368 157,713 140,832 140,754 146,124 151,566 156,366 157,893 162,030 153,507
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25Consumption: by sector of economic activity All products, all qualities • in ‘000 monthly metric tonnes

0 1,000 2,000 3,000 4,000 5,000

STEEL CONSUMPTION PER STEEL-USING SECTOR CHART • 2018 – 2019

SOURCE: EUROFER

Note: Consumption by steel-using sector is calculcated using the Steel-Weighted Industrial Production (SWIP) index, which is used to estimate changes in production activity in these sectors.

Construction
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Mechanical Engineering

Metalware

Tubes

Domestic appliances

Other Transport

Miscellaneous
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15%
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Changes in stock levels explain the difference between real & apparent steel consumption

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

1st quarter 3,341 4,375 1,828 2,033 2,931 3,175 2,301 2,211 2,369 1,884

2nd quarter 1,636 3,098 30 -321 618 1,551 613 -107 502 -1,840

3rd quarter -852 -477 -2,687 -1,486 -786 -182 -1,048 -1,330 -697 -1,050

4th quarter -1,649 -3,719 -4,404 -2,266 -3,708 -2,986 -1,235 -2,372 -2,365 -3,423

STOCK CHANGE TABLE • 2010 – 2019

 SOURCE: EUROFER

Stock change All products, all qualities • in ‘000 metric tonnes

 1st quarter  2nd quarter  3rd quarter  4th quarter

Consumption by steel-using sectors is calculcated using the Steel-Weighted Industrial Production (SWIP) index, which is used to estimate changes in economic activity.
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 Non-alloy and other alloy steelsSpecific flat product deliveries: Strip mill products & quarto plate Average 2015 – 2019

EU STRIP MILL PRODUCT DELIVERIES GRAPHIC • 2015/2019

SOURCE: EUROFER

EU QUARTO PLATE DELIVERIES GRAPHIC • 2015/2019

SOURCE: EUROFER

Strip mill products are flat products 
used in a variety of downstream applications.

Quarto plate is a thicker gauge of flat steel 
used in heavy applications.

Automotive 41.7% Building 33.5%

Building  26.1% Tubes  23.8%

Tubes  15.4% Non Electr.  14.7%

Metal Goods  6.9% Others  8.9%

Others  5.3% Ship build.  8.0%

Non Electr.  2.6% Metal Goods  4.4%

Electrical  2% Electrical  4.0%

Ship build.  0% Automotive 2.7%

58.4 million 
tonnes
PER YEAR,

ON AVERAGE

8.2 million 
tonnes
PER YEAR,

ON AVERAGE

 End-Users
 SSCs
 Merchants

 End-Users
 SSCs
 Merchants

54.4% 56.0%

36.0%
22.0%

9.6%

22.0%
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TOTAL FLAT PRODUCTS CHART • 2010 – 2019

SOURCE: EUROFER

TOTAL FLAT PRODUCTS TABLE • 2010 – 2019

 SOURCE: EUROFER

Market supply: Total flat products Non-alloy and other alloy steels • in ‘000 metric tonnes
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 European Deliveries  Imports, third countries

13.1%

86.9%

15.8%

84.2%

11.9%

88.1%

12.9%

87.1%

14.1%

85.9%

17.7%

82.3%

19.2%

80.8%

19.1% 18.8%

80.9% 81.2%

19.7%

80.3%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
% shares 

2019

European Deliveries 73,048 75,617 71,774 72,248 73,119 73,726 74,831 75,147 75,436 71,802 81.2%

Imports third countries 11,057 14,213 9,701 10,705 12,039 15,819 17,790 17,752 18,534 16,668 18.8%

Market Supply 84,105 89,830 81,475 82,953 85,158 89,545 92,621 92,899 93,970 88,470 100%
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COLD ROLLED SHEETS CHART • 2010 – 2019

SOURCE: EUROFER

HOT ROLLED FLAT PRODUCTS CHART • 2010 – 2019

SOURCE: EUROFER

20.1%
19.7%

79.9% 80.3%

24.2%
24.2%

75.8% 75.8%

Market supply: Hot rolled flat & cold rolled sheet Non-alloy and other alloy steels • in ‘000 metric tonnes

16.8%

83.2%

17.9%

82.1%

12.7%

87.3%

13.4%

86.6%

13.8%

86.2%

19.5%

80.5%

21.7%

78.3% 81.9%

18.1%

 European Deliveries  Imports, third countries

 European Deliveries  Imports, third countries

18.7%

81.3%

12.6%

87.4%

18.7%

81.3%

14%

86%

19.7%

80.3%

26.9%

73.1%

20.3%

79.7%

24.6%

75.4%
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QUARTO PLATE CHART • 2010 – 2019

SOURCE: EUROFER

TOTAL COATED SHEETS CHART • 2010 – 2019

SOURCE: EUROFER
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Market supply: Coated sheets & quarto plate Non-alloy and other alloy steels • in ‘000 metric tonnes
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88.5%

15.1%
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13.7%
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18.5%
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78.1%

17.5%
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12.3%

87.7%

9%

91%
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90.8%

10.1%
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 European Deliveries  Imports, third countries

 European Deliveries  Imports, third countries
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Market supply: Total long products Non-alloy and other alloy steels • in ‘000 metric tonnes 31
TOTAL LONG PRODUCTS TABLE • 2010 – 2019

 SOURCE: EUROFER

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
% shares 

2019

European Deliveries 50,014 51,698 46,584 44,614 45,827 45,886 46,679 49,330 50,492 49,277 89.8%

Imports, third countries 2,830 3,297 2,738 3,144 4,146 4,993 5,525 5,388 7,196 5,570 10.2%

Market Supply 52,844 54,995 49,322 47,758 49,973 50,879 52,204 54,718 57,688 54,847 100%
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TOTAL LONG PRODUCTS CHART • 2010 – 2019

SOURCE: EUROFER
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REBAR, INCLUDING DEFORMED RODS CHART • 20010 – 2019

SOURCE: EUROFER

BEAMS CHART • 2010 – 2019

SOURCE: EUROFER
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Market supply: Beams & rebar Non-alloy and other alloy steels • in ‘000 metric tonnes
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MERCHANT BARS CHART • 2010 – 2019

SOURCE: EUROFER

WIRE ROD, EXCLUDING DEFORMED RODS CHART • 2010 – 2019

SOURCE: EUROFER
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Market supply: Wire rod & merchant bar Non-alloy and other alloy steels • in ‘000 metric tonnes
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Imports into the EU: Total All qualities • in metric tonnes
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TOTAL IMPORTS INTO THE EU MAP • 2019

SOURCE: EUROFER

Other Europe, CIS & Turkey
14,001,693

The EU imported 25.3 million tonnes of finished steel products in 2019

Asia
10,156,942

oceania
72,055

South America
495,617

Africa
532,576

North & Central America
97,266
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Imports into the EU: Total All qualities • in ‘000 metric tonnes

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
% shares 

2019

Flat Products 12,945 16,426 11,005 12,563 14,475 18,676 20,556 20,615 21,938 19,681 77.6%

Long Products 2,928 3,434 2,827 3,244 4,277 5,101 5,638 5,503 7,341 5,697 22.4%

Finished Products 15,872 19,860 13,833 15,807 18,753 23,777 26,194 26,118 29,279 25,378 100%
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TOTAL IMPORTS INTO THE EU TABLE • 2010 – 2019

SOURCE: EUROFER

TOTAL IMPORTS INTO THE EU CHART • 2010 – 2019

SOURCE: EUROFER
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39Imports into the EU: Flat products All qualities • in ‘000 metric tonnes
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FLAT PRODUCT IMPORTS INTO THE EU BY PRODUCT CHART • 2010 – 2019

SOURCE: EUROFER
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Imports into the EU: Long products All qualities • in ‘000 metric tonnes
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LONG PRODUCT IMPORTS INTO THE EU BY PRODUCT CHART • 2010 – 2019

SOURCE: EUROFER
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Imports: top 10 countries of origin All qualities • in ‘000 metric tonnes

Countries ranked according to their 2019 order 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

TURKEY 1,112 2,110 1,008 1,824 1,479 1,467 2,276 3,741 6,168 5,819

RUSSIA 2,489 2,141 2,456 2,706 2,765 3,490 3,541 2,404 3,698 3,039

SOUTH KOREA 1,018 1,410 1,203 1,391 1,519 2,021 2,725 3,131 3,423 2,959

CHINA 3,155 4,174 2,719 3,013 4,507 6,899 5,667 3,441 2,827 2,408

INDIA 637 1,208 967 1,215 1,517 1,155 1,912 3,755 2,782 2,218

UKRAINE 2,125 2,807 1,839 2,050 2,278 2,532 3,072 2,209 1,945 1,808

TAIWAN 335 551 356 583 681 454 779 1,231 1,749 1,338

SERBIA 1,020 851 227 196 280 580 582 775 1,072 1,122

BELARUS 266 252 271 235 349 740 709 527 528 616

SWITZERLAND 588 669 632 642 605 657 602 645 635 495

OTHERS 3,127 3,687 2,155 1,952 2,773 3,782 4,329 4,259 4,452 3,556

T O T A L 15,872 19,860 13,833 15,807 18,753 23,777 26,194 26,118 29,279 25,378

TOP 10 IMPORTS OF ALL FINISHED PRODUCTS RANKED BY COUNTRY OF ORIGIN TABLE • 2010 – 2019

SOURCE: EUROFER
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456 VIETNAM
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241 MOLDOVA

1,307 UKRAINE

340 NORWAY
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1,316 TAIWAN

430 CHINA

1,978 CHINA

501 UKRAINE

Imports: Top 10 countries of origin by product category All qualities • in ‘000 metric tonnes

TOP 10 FLAT PRODUCTS IMPORTS CHART • 2019

SOURCE: EUROFER

TOP 10 LONG PRODUCT IMPORTS CHART • 2019

SOURCE: EUROFER
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 TURKEY 4,309

 TURKEY 1,510
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100%
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Exports into the EU: Total All qualities • in metric tonnes
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TOTAL EXPORTS INTO THE EU MAP • 2019

SOURCE: EUROFER

Other Europe, CIS & Turkey
8,239,537

The EU exported 20.5 million tonnes of finished steel products in 2019

Asia
3,435,112

Oceania
210,763

South America
732,678

Africa
3,411,358

North & Central America
4,470,106
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Exports from the EU: Total All qualities • in ‘000 metric tonnes

I N T E R N A T I O N A L  T R A D E  www.eurofer.eu

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
% shares 

2019

Flat Products 15,308 15,090 15,830 15,050 15,906 14,676 14,005 14,634 13,192 13,822 67.4%

Long Products 9,827 10,661 11,857 10,932 10,627 10,281 9,578 8,266 7,375 6,682 32.6%

Finished Products 25,135 25,751 27,687 25,983 26,533 24,957 23,583 22,901 20,568 20,504 100%
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TOTAL EXPORTS FROM THE EU TABLE • 2010 – 2019

SOURCE: EUROFER

TOTAL EXPORTS FROM THE EU CHART • 2010 – 2019

SOURCE: EUROFER
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Exports from the EU: Flat products All qualities • in ‘000 metric tonnes 45
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FLAT PRODUCT EXPORTS FROM THE EU BY PRODUCT CHART • 2010 – 2019

SOURCE: EUROFER
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 Hot Rolled Wide Strip  Quarto Plate  Cold Rolled Flat  Hot Dipped Metal Coated  Organic Coated  Other flat products
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25.3%
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16.5%
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Export destinations: Top 10 countries All qualities • in ‘000 metric tonnes
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Countries ranked according to their 2018 order

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

TURKEY 4,175 3,959 4,279 4,546 4,090 4,370 4,287 4,668 3,197 3,900

U.S.A. 2,259 2,490 2,840 2,961 4,124 3,760 3,229 3,397 3,373 2,548

SWITZERLAND 1,892 1,996 1,917 1,883 1,834 1,709 1,842 1,890 1,878 1,710

ALGERIA 2,745 3,492 4,489 4,574 4,978 4,419 3,586 1,663 935 1,279

MEXICO 755 869 988 794 756 604 745 897 1,227 1,026

CHINA 864 962 896 958 1,104 906 1,014 1,140 1,106 906

CANADA 518 615 555 448 648 805 667 602 714 757

RUSSIA 909 1,003 995 946 930 588 503 955 559 621

MOROCCO 447 498 620 793 642 598 677 642 598 614

EGYPT 586 257 445 334 325 428 469 481 542 605

OTHERS 9,985 9,610 9,663 7,746 7,102 6,770 6,564 6,566 6,439 6,538

TOTAL 25,135 25,751 27,687 25,983 26,533 24,957 23,583 22,901 20,568 20,504

TOP 10 EXPORTERS DESTINATIONS FOR ALL FINISHED PRODUCTS TABLE • 2010 – 2019

SOURCE: EUROFER
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Export destinations: by product category All qualities • in ‘000 metric tonnes
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2.6%
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3.0%
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3.5%

5.1%

7.2%

4.0%

3.9%

354 MOROCCO

228 NORWAY

279 CANADA

202 CHINA

528 RUSSIA

251 ISRAEL

383 INDIA

233 SERBIA

704 CHINA

479 CANADA

546 EGYPT

260 MOROCCO

TOP FLAT PRODUCT EXPORT DESTINATIONS CHART • 2019

SOURCE: EUROFER

TOP LONG PRODUCT EXPORT DESTINATIONS CHART • 2019

SOURCE: EUROFER
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11.9%

13.5%
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6.5%
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 TURKEY 3,407

 ALGERIA 1,015

 U.S.A. 1,644

 U.S.A. 904

 SWITZERLAND 850

 TURKEY 492

 MEXICO 892

 SWITZERLAND 860

4,235 OTHERS

1,758 OTHERS

13.8 million
tonnes
100%

6.6 million
tonnes
100%
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53Stainless steel market supply: Total flat products In ‘000 metric tonnes
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
% shares 

2019

European Deliveries 3,678 3,637 3,608 3,541 3,629 3,748 4,052 3,940 3,889 3,648 71.0%

Imports, Third Countries 740 824 710 909 1,292 1,096 1,230 1,447 1,548 1,487 29.0%

Market Supply 4,418 4,462 4,318 4,450 4,921 4,844 5,282 5,387 5,437 5,135 100%

0

1,000

2,000

3,000

4,000

5,000

6,000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

 European Deliveries  Imports, third countries

TOTAL STAINLESS FLAT PRODUCT DELIVERIES BY SOURCE TABLE • 2010 – 2019

SOURCE: EUROFER

TOTAL STAINLESS FLAT PRODUCT DELIVERIES BY SOURCE CHART • 2010 – 2019

SOURCE: EUROFER

71.5% 71%

28.5%
29%

16.7%

83.3%

18.5%

81.5%

16.4%

83.6%

20.4%

79.6%

26.3%

73.7%

22.6%

77.4%

23.3%

76.7%

26.9%

73.1%
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Stainless steel market supply: Hot rolled strip mill & plates In ‘000 metric tonnes
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COLD ROLLED FLAT PRODUCTS CHART • 2010 – 2019

SOURCE: EUROFER

HOT ROLLED FLAT PRODUCTS CHART • 2010 – 2019

SOURCE: EUROFER
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Stainless steel market supply: Long products In ‘000 metric tonnes

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
% shares 

2019

European Deliveries 627 670 623 637 651 651 685 681 754 715 67.0%

Imports, Third Countries* 229 309 232 230 303 283 292 320 386 352 33.0%

Market Supply 856 979 855 867 954 934 977 1,001 1,140 1,067 100%
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TOTAL STAINLESS LONG PRODUCT DELIVERIES BY SOURCE TABLE • 2010 – 2019

SOURCE: EUROFER

TOTAL STAINLESS LONG PRODUCT DELIVERIES BY SOURCE CHART • 2010 – 2019

SOURCE: EUROFER
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29.9% 32%

* including Bright Bars and Wires
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HOT ROLLED BARS & SECTIONS CHART • 2010 – 2019

SOURCE: EUROFER
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Imports into the EU: Total stainless steel In ‘000 metric tonnes
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IMPORTS OF FINISHED STAINLESS STEELS BY PRODUCT CATEGORY CHART • 2010 – 2019

SOURCE: EUROFER

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Finished Products 970 1,133 943 1,139 1,595 1,379 1,522 1,767 1,934 1,839
of which flat products 740 824 710 909 1,292 1,096 1,230 1,447 1,548 1,487
 Hot Rolled sheets and strips 152 126 110 136 182 215 302 377 398 427
 Plates 26 39 23 34 40 38 31 33 33 43
 Cold Rolled Flat 539 635 552 698 1,019 788 846 976 1,045 943

of which long products 229 309 232 230 303 283 292 320 386 352
 Wire Rod 66 92 51 52 71 58 59 63 77 62
 Merchant Bars 31 45 39 48 60 50 54 52 68 64
 Bright Bars 68 98 72 67 90 94 95 110 140 129
 Drawn Wires 64 75 71 63 83 82 85 95 101 97

Flat 76.3% 72.7% 75.3% 79.8% 81.0% 79.5% 80.8% 81.9% 80.0% 80.9%
Long 23.7% 27.3% 24.7% 20.2% 19.0% 20.5% 19.2% 18.1% 20.0% 19.1%

IMPORTS OF FINISHED STAINLESS STEELS BY PRODUCT TABLE • 2010 – 2019

SOURCE: EUROFER

 Flat  Long

19.2%

80.8%

23.7%

76.3%

27.3%

72.7%

24.7%

75.3%

20.2%

79.8%

19%

81%

20.5%

79.5%

18.1%

81.9%

20% 19.1%

80% 80.9%

1007  



Exports from the EU: Total stainless steel In ‘000 metric tonnes
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EXPORTS OF FINISHED STAINLESS STEEL BY PRODUCT CATEGORY TABLE • 2010 – 2019

SOURCE: EUROFER

EXPORTS OF FINISHED STAINLESS STEELS BY PRODUCT TABLE • 2010 – 2019

SOURCE: EUROFER

25.7%
28%

74.3% 72%

 Flat  Long

15.6%

84.4%

15.8%

84.2%

15%

85%

17.7%

82.3%

21.5%

78.5%

24.9%

75.1%

24%

76%

26.9%

73.1%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Finished Products 1,714 1,830 1,844 1,620 1,481 1,251 1,271 1,355 1,371 1,179
of which flat products 1,447 1,541 1,568 1,333 1,163 939 966 990 1,018 849
 Hot Rolled sheets and strips 560 570 635 434 292 180 197 226 240 158
 Plates 74 88 85 80 104 99 91 82 96 89
 Cold Rolled Flat 710 754 713 708 667 579 596 595 593 517

of which long products 266 288 276 288 317 312 305 365 353 330
 Wire Rod 76 67 65 68 73 71 70 84 78 76
 Merchant Bars 48 56 55 64 73 67 67 86 83 86
 Bright Bars 115 140 132 130 146 147 143 169 164 143
 Drawn Wires 27 25 24 26 25 26 25 25 28 25

Flat 84.4% 84.2% 85% 82.3% 78.5% 75.1% 76% 73.1% 74.3% 72%
Long 15.6% 15.8% 15% 17.7% 21.5% 24.9% 24% 26.9% 25.7% 28%
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EU Trade balance: by volume In ‘000 metric tonnes
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Imports into the EU: scrap steel In ‘000 metric tonnes
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Imports Comext 3,403 3,440 3,158 3,191 3,143 2,850 2,749 3,071 2,850  2,899 

IMPORTS OF SCRAP INTO THE EU TABLE • 2010 – 2019

SOURCE: EUROFER
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IMPORTS OF SCRAP INTO THE EU CHART • 2010 – 2019

SOURCE: EUROFER

3,403 3,440 3,158 3,191 3,143 2,850 2,749 3,071 2,850 2,899
+9% +1% -8% +1% -1% -9% -4% +12% -7% +2%

1014  



Exports from the EU: scrap steel In ‘000 metric tonnes
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Imports Comext 19,093 19,003 19,543 16,802 16,960 13,776 17,784 20,085 21,677 21,806

EXPORTS OF SCRAP FROM THE EU TABLE • 2010 – 2019

SOURCE: EUROFER
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EXPORTS OF SCRAP FROM THE EU GRAPH • 2010 – 2019

SOURCE: EUROFER

19,093 19,003 19,543 16,802 16,960 13,776 17,784 20,085 21,677 21,806
+20% 0% +3% -14% +1% -19% +29% +13% +8% +1%
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Consumption & net export: scrap In ‘000 metric tonnes
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Consumption Total 98,122 102,198 95,119 91,005 91,562 90,614 88,466 94,009 90,938 87,683

Net Export 15,689 15,563 16,385 13,611 13,816 10,926 15,034 17,013 18,826 18,906

CONSUMPTION & NET EXPORT OF SCRAP STEEL TABLE • 2010 – 2019

SOURCE: EUROFER

0

20,000

40,000

60,000

80,000

100,000

120,000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

CONSUMPTION & NET EXPORT OF SCRAP STEEL GRAPH • 2010 – 2019
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15,689 15,563 16,385 13,611 13,816 10,926 15,034 17,013 18,826 18,906

98,122 102,198 95,119 91,005 91,562 90,614 88,466 94,009 90,938 87,683
+21.3% +4.2% -6.9% -4.3% +0.6% -1% -2.4% +6.3% -3.3% -3.6%

23.0% -0.8% +5.3% -16.9% +1.5% -20.9% +37.6% +13.2% +10.7% +0.4%

 Consumption  Net Export 
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Slag production and use In 000,000 metric tonnes
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SLAG PRODUCTION IN THE EU CHART • 2008 – 2018

SOURCE: EUROSLAG
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Slag production and use In metric tonnes
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USE OF SLAG IN DOWNSTREAM INDUSTRIES CHART • 2019

SOURCE: EUROSLAG, calculations by EUROFER

35.6%

34,100,000
TOTAL SLAG
UTILISATION

(2019)

35% 65%

Road construction 70.6% Cement, Concrete Addition 80.3%

Metallurgical use  13.1% Road construction 18.1%

Others  1.1%Cement, Concrete Addition 5.4%

Others 5.1%

Fertilisers  4.5%

Hydraulic Engineering 1.3%

 BFS: Blast Furnace Slag
 SMS: Steelmaking Slag

11,800,000
TOTAL SMS UTILISATION (2019)

22,300,000
TOTAL BFS UTILISATION (2019)

NOTE: Data does not cover all EU steel production; Not comparable to the figures in European Steel in Figures 2019
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Slag production and use In metric tonnes
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USAGE PATHS OF SLAG IN SYNERGISTIC SECTORS  ISOMETRIC DIAGRAM • 2019

DATA SOURCE: EUROSLAG  – DESIGN SOURCE: EUROFER

2,000,000
FINAL DEPOSIT

531,000
FERTILISERS (AGRICULTURE)

18,566,400
CEMENT, CONCRETE, ADDITIONS

12,855,000
ROAD CONSTRUCTION

& HYDRAULIC ENGINEERING

601,800
OTHERS 

(E.G. MINERAL WOOL, 
WATER TREATMENT)

4,045,800
METALLURGICAL USE 
& INTERIM STORAGE

NOTE: Data does not cover all EU steel production; Not comparable to the figures in European Steel in Figures 2019. This data includes 'interim storage' and 'final deposit'.
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 Building & Civil Engineering
41 Construction of buildings
42 Civil engineering
43 Specialised construction activities
25.1 Manufacture of metal structures and part of structures
25.2 Manufacture of tanks. generators. radiators. boilers

 Mechanical Engineering
28 Manufacture of machinery and equipment
27.1 Manufacture of electric motors. generators. transformers
25.3 Manufacture of steam generators. except central heating 
 hot water boilers

 Automotive
29 Manufacture of motor vehicles and trailers

 Domestic Appliances
27.51 Manufacture of electric domestic appliances

71
www.eurofer.eu  E U R O P E A N  S T E E L  I N  F I G U R E S  2 0 1 9

References & definitions

 Other Transport Equipment
30 Manufacture of other transport equipment
30.1 Building and repair of ships
30.2 Manufacture of railway locomotives and rolling stock
30.91 Manufacture of motorcycles

 Steel Tubes
24.2 Manufacture of steel tubes

 Metal Goods
25 Manufacture of fabricated metal products excluding 
 25.1-25.2-25.3

 Other sectors
26 Manufacture of computer. electronic and optical products
27 Manufacture of electric motors. generators. transformers
 and electricity distribution and control apparatus excluding  
 27.1 and 27.5

Definitions according to NACE Rev.2
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SWIP
abbreviation for Steel Weighted Industrial Production index. used 
as a proxy for real steel consumption. Activity in the steel-using 
sectors is weighted with the relative share of each sector in total steel 
consumed by all sectors.

Real steel consumption
consumption of all steel products used by the steel-using sectors 
in their production processes, also referred to as “final use” of steel 
products.

Apparent steel consumption
also referred to as “steel demand”. It concerns the supply of all steel 
products delivered to the EU28 market by domestic producers in the 
EU or third country exporters. If apparent consumption exceeds real 
steel consumption, the surplus is stocked in the distribution chain. If 
apparent consumption is less than real steel consumption, inventories 
are being withdrawn. In formula: total deliveries + imports from third 
countries – exports to third countries – steel industry receipts

E U R O P E A N  S T E E L  I N  F I G U R E S  2 0 1 9   www.eurofer.eu

References & definitions

EU steel market definitions

Steel industry receipts
deliveries for further processing from within the steel industry itself – 
subtracted to avoid double-counting of steel consumption

Narrow definition
EUROFER applies the so-called “narrow definition” which excludes 
steel tubes and first transformation products from the product scope 
used for calculating steel consumption. Hence, the steel tube sector is 
a steel-using sector under this definition

Steel intensity
the ratio of real steel consumption to steel weighted production in 
the steel-using sectors. This reflects the usually slightly negative 
impact on consumption of innovation in steel products, inter-material 
substitution, improvements in process efficiency and design, etc.

72
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OVERVIEW 

Making a success of the European steel industry’s low-carbon transformation 

The European steel industry is the most advanced of its kind in the world. As it is, Europe leads the 
way in environmental and climate performance. CO2 emissions and energy use in European steel 
production have been halved since 1960, and the sector has the ambition to further achieve cuts of 
between 80-95% by 2050, compared to 1990 levels. 

This transition will require significant investment in new technological development and 
deployment, in energy infrastructure, consumption and type, and will require access to high quality 
materials, such as iron ore and scrap. 

EUROFER has established a clear set of pathway scenarios that will deliver this essential change for 
the sector, ensuring that Europe will remain on track to fulfil its Paris Climate Accords requirements, 
whilst also making European steel fit for a clean, low-carbon future. 

KEY MESSAGES 

This roadmap sets out several of the key elements that will make the transition to a low or carbon-
neutral European steel industry possible 

• The European steel industry could achieve carbon emissions cuts of between 80-95% by 
2050, under the right conditions, through new technological pathways 

• Total costs of production will rise by 35-100% per tonne of steel by 2050 as a result of the 
costs of using new technologies and more energy 

• Additional energy requirements will be about 400TWh of CO2-free electricity in 2050 – 
about seven times what the sector purchases currently. 
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INTRODUCTION  

With advanced technologies, and under the right circumstances, the EU steel industry could 
achieve a revolutionary transformation in the way it makes steel and in its environmental impact 

The whole European steel industry is being driven to reduce its direct and indirect CO2 emissions – 

and could achieve CO2 emissions cuts of 80-95% in 2050 compared to 1990 levels. However, this 

change is not an instantaneous shift: it is an iterative process that will require adjustments and a 

managed transition between phases.  

The overall transformation would be enabled by hydrogen-based steelmaking, by adapting of fossil 

fuel-based steelmaking through process integration, and through the capture and use of waste 

carbon for the production of chemicals and increased recycling of steel scrap and steel by-products. 

 

Steel innovation: technological pathways 

There are two main technological pathways for CO2 reduction in the steel sector. These are Smart 
Carbon Usage (SCU) and Carbon Direct Avoidance (CDA).  

These pathways, shown in Figure 1, seek to substantially reduce the use of the carbon compared to 

the current means of steel production or to avoid carbon emissions entirely. There are overarching 

circular economy projects, such as enhancing recycling of steel and its by-products and the further 

improvement of resource efficiency. Within each pathway are groups of technological approaches.  

 

Smart Carbon Usage (SCU) includes:  

Figure 1: The EU steel industry’s strategic technological pathways. This identifies both the 
main pathways to be pursued and a sample of some of the proposed or ongoing projects in 
each pathway. 
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• Process integration, which looks at modifications of existing ironmaking/steelmaking 

processes based on fossil fuels that would help reduce the use of carbon in, and thus the 

CO2 emissions of, a state-of-the-art EU plant.  

• Carbon Valorisation or Carbon Capture and Usage, which includes all the options for using 

the Hydrogen, CO and CO2 in steel plant gases or fumes as raw materials for the production 

of, or integration into, valuable products. 

Carbon Direct Avoidance (CDA) includes: 

• Hydrogen-based metallurgy, which uses hydrogen to replace carbon as the main reduction 

agent for the iron ore reduction stage. This hydrogen could be produced using renewable 

energy. 

• Electricity-based metallurgy, which uses electricity instead of carbon as reduction agent for 

the iron ore reduction, with greater focus on renewable energy.  

 

Necessary conditions 

Various conditions must be satisfied while the steel industry is transitioning to becoming a low-
CO2 sector 

The necessary conditions need to be in place to make this transformation happen. In particular, all 

the necessary ingredients for steel making need to be available in both quality and quantity. These 

include suitable raw materials, such as iron ore and scrap. It also means having access to sufficient 

low-CO2 energy sources, such as electricity and hydrogen, which must be available at commercially 

viable rates. The energy infrastructure that goes with it is also indispensable, as even cutting-edge, 

technologically advanced steelmaking facilities would be stranded without access to clean energy. 

During the transition, Carbon Capture and Storage (CCS) technology may also be needed in order 

to support progress along the potential CO2 reduction pathway.  

Finally – both during the transition and once the move to the low or carbon-neutral future of the 
sector has successfully been completed – there must be regulatory framework that ensures that 
the EU steel industry remains competitive compared to its global competitors. Most global 
competitors do not face anything close to the environmental standards or climate constraints of 
EU players – and as such, do not bear the costs. A suitable regulatory framework would serve to 
address this fatal and conceived handicap, both now and in the future. 

 

Scenarios for transformation 

Depending on the reality of the circumstances, a range of potential outcomes are possible 

While the sector has the ambition to reach up to 95% CO2 reductions compared to 1990 levels, there 
are a range of intermediate states, depending on a range of circumstances, some of which are 
beyond the immediate control of the sector. These factors include financing availability, energy 
access and energy infrastructure investment, actual rates of technological development and 
deployment, as well as real (as opposed to projected) future demand for steel and political or social 
developments. Nevertheless, for ease of comparison, for the purpose of these scenarios, EU steel 
demand is projected to rise from 166 million tonnes today to around 200 million tonnes in 2050. 

Nevertheless, we can identify six principle scenarios. 
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• Scenario 1: Business as Usual 
No technological development takes places; no new processes come on stream; the 
production mix remains the same and projected demand is met using existing installed 
capacity. CO2 intensity per tonne of steel produced remains the same. 
In this scenario, emissions would be 10% lower compared to 1990 levels. This scenario is not 
realistic because it does not account for any developments – it is here for comparison 
purposes only and does not feature in the research study highlighted below. 

• Scenario 2: Ongoing retrofit 
Existing facilities are retrofitted with technology to further limit carbon emissions but the 
fundamental processes do not change, though low-carbon electricity is assumed to be 
available.  
In this scenario, a 15% reduction in emissions could be achieved by 2050, compared to 1990 
levels. 

• Scenario 3: Current projects with low-CO2 energy (electricity and gas) 
All projects currently underway are scaled up to their full potential at industrial level, 
using new technologies and processes that are currently under development. However, 
only low-CO2 energy is available, rather than fully CO2-free sources. This hinges on the 
assumption of a ‘closed loop’ in 2050 for all carbon capture and usage products, i.e. that 
the embedded emissions in their products will not be emitted into the atmosphere at a 
later stage. 
In this scenario, up to 75% less CO2 could be emitted in 2050, compared to 1990 levels. 

• Scenario 4: Alternative pathway with low-CO2 energy (electricity and gas) 
A mix of the lowest emissions SCU and CDA technologies is deployed in combination with 
scrap-based EAF. However, only low-CO2 energy is available, rather than fully CO2-free 
sources.  
In this ‘alternative pathways’ scenario, CO2 reductions of 80% by 2050 compared to 1990 
levels could be achieved. 

• Scenario 5: Current projects with CO2-free energy (electricity and gas) 
To achieve deeper decarbonisation, the remaining emissions in core stream and 
downstream emissions are targeted. Decarbonised energy production, including zero 
emissions electricity and gas, instead of natural gas for use in the steel sector, are 
assumed to be available.  
In this scenario, emission reduction of up to 85% could be achieved by 2050, compared to 
1990 levels. 

• Scenario 6: Alternative pathways with CO2-free energy (electricity and gas) 
The remaining emissions in core stream and downstream emissions are targeted.  
In this ‘alternative pathways’ scenario, CO2 reductions of up to 95% by 2050 compared to 
1990 levels could be achieved. 

Energy access and cost 

The European steel industry’s energy requirements will rise significantly 

Reliable, affordable and clean energy access will remain key, with the 80-95% reductions only 
possible is CO2-free electricity and hydrogen are available. However, an essential piece of the 
puzzle is the additional costs that these sources will entail. The projected investment needs are 
very high, and both the capital and operating costs of using them will lead to significant increases 
in production outlays.  

The total annual costs of steel production in 2050, including both capital and operating expenditure 
(CAPEX; OPEX) are estimated to be between €80-120 billion. However, the individual cost impact 
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depends on production route and is significantly higher for the primary steel production routes 
compared to the cost impact for the overall steel industry.  

The average steel production costs of all primary steel making routes could increase by 35 -100% 
between 2015 to 2050 compared to the production costs of the retrofitted Blast Furnace/Blast 
Oxygen Furnace route (BF/BOF). These figures are account for the expectation that the price for 
electricity and hydrogen production will fall between now and 2050 compared to current prices.  

The quantities of energy hat the European steel sector is likely to need will also rise sharply. The 
sector will need, annually, about 400 TWh of CO2-free electricity from the grid by 2050. This 400 
TWh corresponds to more than seven times the steel industry’s current electricity purchase from 
the grid. Of this, around 230 TWh would be used for the production of about 5.5 million tonnes of 
hydrogen. 

 

Other key findings and techno-economic feasibility assessment 

Transformation of the sector is feasible, but the costs are high and depend on external factors to 
be successful 

An environmentally-friendly, innovative and competitive European steel sector plays a crucial role 
in contributing to the EU’s long-term climate and energy ambition. At the same time, the European 
steel sector faces intense global competition. 

Technical research has demonstrated that the European steel industry could reduce the CO2 
emissions of its production by up to 95% by 2050 compared to 1990 levels, even considering a 
projected 5% rise in steel production between those two periods. 

This research was carried out by Navigant1and the VDEh Steel Institute2 with the contribution of 
other independent experts using 2017 data. With the development projects initiated by the steel 
companies in 2017 and later the potential for CO2 reductions is even higher. The study also 
underlines that such emission reductions cannot be made in isolation.  

To arrive at these findings, Navigant and the VDEh Steel Institute performed a detailed techno-
economic assessment of a broad range of mitigation options in line with the main low-carbon 
innovation projects within the EU steel industry. These included Smart Carbon Usage (SCU) 
technologies and Carbon Direct Avoidance (CDA) options. Their assessment also factored in 
incremental improvement options. 

From the assessment carried out by these research groups it is clear that any successful, far-
reaching transformation of the EU steel sector will require a number of radical changes from 
industry:  

• Investment in the industrial implementation of cutting-edge, breakthrough technologies. 

• Deep and consistent innovation in new approaches, including significant investment in their 
upscaling, over a relatively a short timeframe. 

• A predictable and supportive regulatory framework is essential 

• Intensified cross-sectoral cooperation will become ever more important as coordinating 
these external factors is key to making leap towards more CO2-lean scenarios. 

• A substantially improved and enlarged energy system to ensure the supply of required 
energy sources at commercially viable rates to the steel industry. A complete 

 
1 Update of the Steel Roadmap for Low Carbon Europe 2050 - Part I: Technical Assessment of Steelmaking Routes. Final report, Steel 
Institute VDEh, 04/2019 
2 Update of the Steel Roadmap for Low Carbon Europe 2050 - Part II: Economic Assessment. Final report, Navigant, 05/2019 
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transformation of the broader energy system towards green electricity and hydrogen is 
indispensable. 

Beyond these requirements, concerted effort and support will be needed to ensure the 
competitiveness of the European industry against severe foreign competitors who neither face the 
same strict climate or environmental standards and thus do not face anything like the same costs. 
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PATHWAYS TO A CO2-NEUTRAL EUROPEAN STEEL INDUSTRY  
 

Transitioning the European steel industry to its low-carbon future 

With the right measures, CO2 reductions of up to 95% can be attained 

It is not currently possible to determine with certainty which precise combination of technologies 
will be used in the future. This is because the eventual applicability of a certain technology is subject 
to regional conditions. Most notably, these include energy costs, energy and infrastructure 
availability, the extent of local industrialisation, local legal restrictions and the technological 
readiness level actually achieved by any given breakthrough technology. 

However, based on their analysis of the different CO2 reduction options in the EU steel industry, 
Navigant and VDEh developed a set of potential scenarios – or ‘pathways’ – for steel production 
between now and 2050.  

Business as usual 
This scenario assumes that no technological development takes places; no new processes come on 
stream; the production mix remains the same and projected demand is met using existing installed 
capacity. In this scenario, emissions would rise but it would still remain by 10% lower compared to 
1990 levels, as shown with point (a) in Figure 2. This scenario is not realistic because it does not 
account for existing developments – it is here for comparison purposes only and does not feature 
in the research study highlighted below. 

‘Ongoing retrofit’ pathway 
These include an ‘ongoing retrofit’ of existing facilities pathway, which keeps the current share of 
production technologies, namely Blast Furnaces/Basic Oxygen Furnaces and Scrap-Electric Arc 
Furnaces, constant until 2050. This leads only to a 15% emission reduction compared to 1990 levels 
– point (b) in Figure 2.  

Figure 2: Various pathways for emissions reduction between 1990 and 2050. 
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As both the ongoing retrofit of existing facilities and the incremental options are far away from 
reaching the defined reduction targets the study considers a so called ‘current projects’ pathway 
which assumes that existing breakthrough projects around Smart Carbon Usage (SCU) and Carbon 
Direct Avoidance (CDA) under development reach their full production capabilities.  

‘Current projects’ pathway with low-CO2 energy 
This ‘current projects’ pathway implies broad diversity of production technologies in 2050. It 
further implies that there is no one solution to becoming low-CO2 steelmaker, but instead there will 
be a variety of production technologies in the future. The initial setup of the ‘current projects’ 
pathway assumes a power grid mix of 80g CO2/kwh in 20503 and focuses on the core stream 
emissions4. This pathway would deliver a 74% reduction in CO2 emissions by 2050, compared to the 
1990 emission baseline, which corresponds to an absolute reduction of 221 million tonnes of CO2, 
as in point (c) in Figure 2: Various pathways for emissions reduction between 1990 and 2050.Figure 2. 

This hinges on the assumption of a ‘closed loop’ in 2050 for all Carbon Capture and Usage (CCU) 
products, i.e. that the embedded emissions in their products will not be emitted into the 
atmosphere at a later stage. If this ‘closed loop’ assumption does not hold for the CCU products, 
the emission reduction will be significantly lower.  

‘Alternative pathways’ with low-CO2 energy 
The study also investigates ‘alternative pathways’, that employ only a combination of Scrap-EAF 
and the lowest emission technology from CDA and SCU respectively. With low-CO2 energy, these 
pathways could achieve CO2 reductions of up to 80% by 2050 compared to 1990 levels. 

To achieve deeper decarbonisation, the remaining emissions needs to be reduced. 

‘Current projects’ pathway with CO2-free energy 
The remaining emissions in the core stream and downstream emissions would should be targeted 
to achieve higher emission reduction. The remaining emissions for the ‘current project’ pathway 
are presented in Figure 3. The reduction of these emissions requires CO2-free energy. With green 

 
3 EU Reference Scenario 2016, Energy, Transport and GHG Emissions Trends 2015 (page 145) – publication of the EU Commission 
4 The emissions are split in upstream (pellet or HBI production), core stream (iron and liquid steel production) and downstream 
processes (casting and hot rolling). 

Figure 3: Split1 of remaining emissions of current 
projects pathway in upstream, core stream and 
downstream. 

This pathway, which uses green electricity and 
green gas applications, as opposed to natural gas, 
could result in emissions reductions of 86%.  
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electricity and green gas applications – displacing natural gas – the ‘current project’ pathway could, 
assuming a decarbonised energy system, achieve emission reductions of up to 86% by 2050 
compared to 1990 levels, resulting in emissions of 41 million tonnes of CO2 in 2050, as shown with 
point (f) in Figure 4 

‘Alternative pathways’ with CO2-free energy 
With alternative pathways used with green electricity and green gases, the emissions can be further 
reduced so that these pathways could achieve CO2 reductions of up to 95% by 2050 compared to 
1990 levels, as shown in Figure 4. 

 

Steel production growth projections for 2050 
The CO2 emission reductions reported above were estimated based on marginal production 
growth up to an annual production of 200 million tonnes of crude steel in 2050, which represents 
a growth rate of about 0.5% growth per year compared to 2010 production levels, as shown in Figure 

5.  

The projected evolution of steel production structure is illustrated in Figure 6. This gives projected 
steel production overlaid on a supposed technology mix for the ‘current project’ pathway. 
However, this increase in EU crude steel production may be significantly less than forecast if the 
present spike in imports of semi- and finished products turns out to be a sustained long-term trend, 
rather than a short-term aberration.  

Were EU steel production to continues to stagnate, remaining at the 2015 level (166 million tonnes 
of crude steel), the emissions reduction level could in fact be higher than if production growth were 
to continue to rise until 2050, as estimated in this study.  

In this stagnation scenario the ‘current projects’ pathway could result in emissions of 64 million 
tonnes of CO2 in 2050. This represents a reduction of up to 79% versus 1990 levels. This scenario 
could occur if EU imports of semi-finished and finished steel products were to further increase, 

Figure 4: Various pathways for emissions reduction between 1990 and 2050 – including use of CO2-free energy. 
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displacing production of crude steel in the EU. This is to say, if ‘carbon leakage’ occurs, total 
emissions will be lower in Europe, though they will be higher abroad, and potentially much higher 
if those regions have not advanced down the decarbonisation track as far as EU steel producers 
have. 

 

 

Figure 5: Forecasts for steel production up until 2050. This chart explains the various factors that determine 
growth projections. 

Growth per year is projected to be about 0.5%, but this is predicated on imports not rising further. If import levels 
continue to rise, this may displace EU steel production, though the net climate effect would likely be larger 
because of the ‘carbon leakage’ phenomenon  

 

 

Figure 6: Assumed production structure for the ‘current projects’ scenario given projected growth of steel 
production by 5% compared to 1990 or 20% compared to 2010 levels. This particular scenario sees new 
breakthrough technologies take a significant share of production. 
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Scrap and its role in emissions reduction 

Scrap is crucial for the reduction of CO2 emissions 

Scrap plays an important role in the EU steel strategy for the reduction of CO2 emissions. It is used 
in multiple steel production routes. However, the overall availability of scrap is limited. Its 
availability towards 2050 was modelled by differentiating three sources of scrap: home scrap, 
prompt scrap and obsolete scrap. The calculation method and results of the scrap availability model 
are displayed in Figure 7.  

 

Inputs into steelmaking and carbon storage 

Energy, raw materials and carbon storage are all important factors 

Achieving deep decarbonisation requires a number of prerequisites to be met – mainly the 
availability of input materials and feedstock.  

Energy is a particularly vital input. A transformed, future EU steel sector will have substantial 
demand for energy. This is estimated to be around 400 TWh/year, consisting both of low-carbon 
electricity purchased from the grid for steel production processes (about 162 TWh/year) and the 
production of about 5.5 million tonnes of green hydrogen (about 234 TWh/year) will be created, 
Figure 8. This will require measures that go beyond the steel sector.  

This 400TWh is seven times the EU steel industry’s current demand from the electricity grid; it is 
the equivalent of the annual electricity consumption of Germany. 

Another issue includes the potentially limited availability of pellets, as well as underdeveloped 
markets – and thus a lack of suppliers – for key emissions reduction technologies. On this it will be 
imperative that the steel sector collaborates with pellet suppliers so that these barriers can be 
overcome. Scrap availability in sufficient quantity and quality is also essential in the decarbonisation 
pathways.  

Carbon Capture and Storage (CCS) may play an important role, but may not be available throughout 
the EU. In some EU member states, there are significant hurdles or even prohibitions on the 
deployment of CCS. For the ‘current projects’ scenario, about 21 million tonnes/year would have be 

Figure 7: Scrap availability (in million tonnes by source) is increasing 
towards 2050. Note: the scrap forecast shown here is based on the slight 
production growth forecast of +0.5% per year up until 2050. 
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captured, transported and stored. Hence, without CCS only a 67% CO2 reduction would be possible, 
as opposed to the 74% cut set out in the ‘current projects’ pathway. Some ‘alternative pathways’ 
may require more CO2-free electricity and hydrogen and more CO2 storage capacity of up to 63 
million tonnes/year.  

 

 

Investment requirements and ongoing costs 

The deployment of significant investment resources will be necessary to bridge the gap between 
current conditions and the EU steel sector’s potential transformation 

The transformation of the EU steel sector will entail high investment costs and lead to a significant 
increase in production costs. The ‘current projects’ pathway described above implies significant 
additional investment costs for the steel sector.  

Assuming the projected steel production growth holds true, the ‘current projects’ pathway 
requires approximately €52 billion of investment if the industry is to be changed overnight to the 
2050 production setup, as seen in Figure 9. These are the non-annualised CAPEX numbers required 
for the production structure in 2050, i.e. for retrofitting existing plants and new builds, taking into 
account the existing infrastructure. This is €18 billion, or 53%, more than the investment needed to 
retrofit the current steel making routes, which would cost €34 billion.  

Note: cost figures cited here represent 2015 real values and do not include costs related to change of 
property, new energy infrastructure, additional permits, required innovation, demolition, scale- up 
costs and the like. Accordingly, the investment costs could be significantly higher if those additional 
cost elements are considered.  

Figure 8: Projected demand of the various pathways for power purchased from the grid, for hydrogen and 
for CO2 storage capacity in 2050. 
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In the analysis of the operational costs of the steel sector, a low-cost and high cost range was 
created, based on Navigant’s sector expertise and steel company inputs. This was in order to 
address the uncertainty in the future price evolution of input material and energy. For the ‘current 
projects’ pathway, with slight production growth up to 200 million tonnes of crude steel, the total 
production cost in 2050 ranges from €81 to 112 billion, which is a substantial increase compared to 
the total production cost of €74 – 91 billion for the ‘ongoing retrofit’ pathway. This corresponds to 
an increase of up to €20 billion per year, or up to 23 % compared to ‘ongoing retrofit’ pathway. 

These cost increases relate to the full portfolio of production technologies that are employed in 
the ‘current projects’ pathway. Scrap/EAF plays a major role here and the additional cost of 
scrap/EAF over BF/BOF retrofit are limited in 2050. The significant increase in the production costs 
of some alternative technologies will thus partly be ‘compensated for’ by the relatively low 
projected cost of scrap/EAF. The study found that the cost impact for individual routes of primary 
steelmaking will be significantly higher than the cost impact, on average, of the overall steel 
industry. Hence, the average steel production costs of all primary steel making routes could 
increase up to 100% from 2015 to 2050 compared to the production costs of the retrofitted Blast 
Furnace/Blast Oxygen Furnace route (BF/BOF), Figure 10 

Figure 9: Total yearly production cost and overnight investment cost in 2050 for the ‘ongoing retrofit’, ‘current 
projects’ and ‘alternative pathways’ pathways. 
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Therefore, European primary steel producers will have an especially significant cost disadvantage 
compared to other regions which are not developing towards low-carbon in a similar way, or which 
benefit from access to subsidised electricity, hydrogen or Carbon Capture and Storage facilities.  

 

Conclusions 

Radical changes are a must for emissions reduction 

To reach the emissions reduction targets, it is important to act now. Given the asset-intensity of 
the steel industry, the implementation of low-carbon technologies (including engineering, 
permitting, construction) is time intensive. Investment decisions taken today will only take effect 
in 10 or more years. 

The steel sector is willing to undergo the required transformation, but this cannot be done in 
isolation. Instead, it should be done in cooperation with governments, the energy sector and other 
industries. The deep transformation of the steel sector requires concerted effort and support. The 
pathways investigated here illustrate that several radical changes are required for deep emissions 
reductions: 

• Research into, and the development and upscaling of, low-carbon steel making 
technologies is required. This comes at high risks for individual companies. 

• Significant investment for the roll-out of new technologies is required. 

• Cross-sectoral cooperation with other sectors is essential. These sectors include 
chemicals, cement and power. 

• The energy system needs to be transformed: readily available, large supplies of affordable 
CO2 neutral electricity, alongside significant volumes of green hydrogen at internationally 
competitive rates. 

• Carbon Capture and Storage infrastructure, including for CO2 transport and storage, may 
have to be made available. 

Figure 10: Comparison of average steel production cost of baseline and primary routes in the ‘current projects’ 
pathway. 
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The transformation of the steel sector is being stalled by several key barriers that have to be 
addressed with absolute priority. The study proposes a mix of remedies that target the most 
important obstacles towards deep decarbonisation. 

The use of the existing financial support options, such as Horizon Europe, Partnerships, Important 
Projects of Common European Interest, and the ETS Innovation Fund should be prioritised to the 
greatest possible extent. This would fast-track innovation in the sector. Subsequently, innovation 
de-risking mechanisms and funding for cross-sectoral decarbonisation should be used to 
complement the existing mechanisms and address the lack of innovation incentives and capital of 
sufficient size. Additionally, having a clear regulatory framework and a vision for the successful 
implementation of key emission reduction technologies is of utmost importance.  

To roll-out emission reduction technologies, access to sufficient low-interest investment capital is 
also needed. Here, the use of support mechanisms, for example in the form of carbon contracts or 
other de-risking mechanisms, is advisable.  

The competitiveness of a low-CO2 steel sector must be sustained during both the innovation and 
implementation/roll-out stages. The principle threat is that of low-cost foreign competition, which 
might not be moving – or not moving as fast – towards low-carbon operation as European 
producers. To minimise the adverse effects of the global competition on EU decarbonisation 
efforts, adequate supportive policies should be developed.  

EU measures are needed to secure a level playing field and the competitiveness of the EU steel 
sector 

An EU regulatory framework that provides a level playing field for EU steel products with third 
countries' competitors in the EU and on global markets is essential for a successful transition to 
low-CO2 steel production in the EU. The EU needs to introduce WTO-compliant measures that allow 
the EU steel industry to recover the full costs of its decarbonisation. Steel products sold on the EU 
market, whether produced in the EU or imported from third countries, must have a similar CO2 cost 
constraints. Such a framework should also incentivise global competitors to follow the EU's 
decarbonisation path. 

Taking a broader, societal perspective, beyond the steel sector’s own emissions, steel products are 
highly effective mitigation enablers in many applications or products in other sectors. Based on a 
review of megatrends and steel application areas, examples of steel contributions have been 
derived. These examples include steel in low-carbon urban transport infrastructure, in lightweight 
car construction and for future low-carbon energy assets. Beyond these concrete examples, steel 
will be a key material in the development of the circular economy. 

_____________________ 

November 2019 

Contact: Jean Theo Ghenda (JT.Ghenda@eurofer.be) 
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ABOUT THE EUROPEAN STEEL ASSOCIATION (EUROFER) 
The European Steel Association (EUROFER) AISBL is an international not-for-profit organisation 
under Belgian law, based in Brussels. 

EUROFER was founded in 1976 and represents the entirety of steel production in the European 
Union. EUROFER members are steel companies and national steel federations throughout the EU. 
The major steel companies and national steel federations in Switzerland and Turkey are associate 
members. 

EUROFER is recorded in the EU transparency register: 93038071152-83 

ABOUT THE EUROPEAN STEEL INDUSTRY 
The European steel industry is a world leader in innovation and environmental sustainability. It has 
a turnover of around €170 billion and directly employs 330,000 highly-skilled people, producing on 
average 170 million tonnes of steel per year. More than 500 steel production sites across 23 EU 
member states provide direct and indirect employment to millions more European citizens.  

Closely integrated with Europe’s manufacturing and construction industries, steel is the backbone 
for development, growth and employment in Europe. Steel is one of the most versatile industrial 
material in the world. The thousands of different grades and types of steel developed by the 
industry make the modern world possible. Steel is 100% recyclable and therefore is a fundamental 
part of the circular economy.  

As a basic engineering material, steel is also an essential factor in the development and deployment 
of innovative, CO2-mitigating technologies, improving resource efficiency and fostering sustainable 
development in Europe. It is our objective to reduce direct CO2 emissions from steelmaking in 
Europe by at least 80-95% by 2050 and meet our responsibility to protect the climate. 
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1. Europe’s new industrial way 

Europe has always been the home of industry. For centuries, it has been a pioneer in 

industrial innovation and has helped improve the way people around the world produce, 

consume and do business. Based on a strong internal market, the European industry has long 

powered our economy, providing a stable living for millions and creating the social hubs 

around which our communities are built.  

Throughout its long history, industry has proven its ability to lead change. And it must now 

do the same as Europe embarks on its transition towards climate neutrality and digital 

leadership in an ever-changing and ever more unpredictable world.  

The twin ecological and digital transitions will affect every part of our economy, society and 

industry. They will require new technologies, with investment and innovation to match. They 

will create new products, services, markets and business models. They will shape new types 

of jobs that do not yet exist which need skills that we do not yet have. And they will entail a 

shift from linear production to a circular economy.  

These transitions will take place in a time of moving geopolitical plates which affect the 

nature of competition. The need for Europe to affirm its voice, uphold its values and fight for 

a level playing field is more important than ever. This is about Europe’s sovereignty.  

The breadth and depth, the scale and speed, the nature and necessity of the twin transitions are 

unprecedented. This is reflected in President von der Leyen’s Political Guidelines, the 

priorities set out by the European Parliament and the European Council’s Strategic Agenda 

2019-2024. The European Green Deal
1
 and the Commission’s recent Strategy on Shaping 

Europe’s Digital Future
2
 set the ambition, speed and direction of travel for the years to come.  

We now need a new industrial way for Europe, fit for the ambitions of today and the 

realities of tomorrow. At the heart of this is the ability of Europe’s industry to lead the twin 

transitions and drive our competitiveness. It cannot afford to simply adapt – it must now 

become the accelerator and enabler of change and innovation. Our industrial policy must help 

make this ambition a reality. 

Europe’s industrial strategy must reflect our values and social market traditions. We 

will rely on our strengths: our diversity and talent, our values and way of life, our innovators 

and creators. We need a European industrial policy based on competition, open markets, 

world-leading research and technologies and a strong single market which brings down 

barriers and cuts red tape. And we must resist the simplistic temptations that come with 

protectionism or market distortions, while not being naïve in the face of unfair competition.  

This strategy recognises the strength and the role of the European Union, primarily as an 

enabler and regulator. Setting the framework and providing political and policy direction is 

crucial to offer the certainty needed for investors, innovators and industry alike.  

Our new industrial strategy is entrepreneurial in spirit and in action. The Commission is 

ready to co-design and co-create solutions with industry itself, as well as with social partners 

and all other stakeholders. This will be supported by a new focus on industrial ecosystems, 

                                                            
1 COM(2019) 640 final. 
2 COM(2020) 67 final. 
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taking into account all players within a value chain. This is our new approach and reflects the 

need for new ways of thinking and working to lead the twin transitions.  

This strategy shows the direction of travel and the route we will take to get there. It lays out 

the vision of what we want to achieve by 2030 and beyond, and the fundamentals that will 

take us there. In times of transition and major change for our Union, one simple reality will 

remain the same: Europe will always be the home of industry. And with this strategy, the 

European Commission is ready to do what it takes to make sure it stays that way.  

2. Europe’s industry: Today and tomorrow 

Industry is central to Europe’s future progress and prosperity. It makes up more than 20% of 

the EU’s economy and employs around 35 million people, with many millions more jobs 

linked to it at home and abroad. It accounts for 80% of goods exports and is a key reason 

behind the EU’s position as top global provider and destination for foreign direct investment. 

Small and medium sized businesses (SMEs) account for over 99% of all European firms – the 

vast majority of which are family run companies – and are our economic and social 

backbone
3
. 

Europe’s industry has a global competitive advantage on high value-added products and 

services. It leads by example complying with the highest social, labour and environmental 

standards, allowing Europe to project its values. Thanks to a strong innovation capacity, it is 

also a world leader in green technology patents and other high tech sectors. Our single market 

empowers European companies of all sizes to innovate, scale-up and employ more people. 

These strengths need to be channelled towards gaining leadership in areas where the EU still 

lags behind, such as on cloud and data applications.  

European industry is already undergoing a significant transformation. There is a pronounced 

shift from products to services and from exclusive to shared ownership of products and 

services. The pressure on natural resources is already leading to a more circular approach to 

manufacturing. Thanks to disruptive technologies like 3D printing, Europe also needs to make 

the most of localisation as an opportunity to bring more manufacturing back to the EU in 

some sectors.  

In order to bring our ambitions to life, Europe needs an industry that becomes greener and 

more digital while remaining competitive on the global stage. This will help transform and 

grow traditional and new industries, support SMEs and drive our competitive sustainability 

across the EU. This is equally as important for services as it for goods.  

Thanks to Europe’s social market economy, economic growth goes hand-in-hand with 

improved social and living standards and good working conditions. The European Pillar of 

Social Rights will continue to be our compass and ensure the twin transitions are socially fair. 

With its strong, innovative and integrated industrial base, Europe is well placed to take the 

global lead.  

                                                            
3 A dedicated SME strategy is adopted in parallel with this Communication – SME strategy for a sustainable and 

digital Europe, COM (2020) 103 final. 
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2.1 A globally competitive and world-leading industry 

New and ever-changing geopolitical realities are having a profound effect on Europe’s 

industry. Global competition, protectionism, market distortions, trade tensions and challenges 

to the rules-based system are all on the rise. New powers and competitors are emerging. More 

established partners are choosing new paths. Coupled with a period of global economic 

uncertainty on the horizon, these trends pose new challenges for Europe’s industry as it sets 

off on the twin ecological and digital transitions.  

Faced with these headwinds, Europe’s response cannot be to erect more barriers, shield 

uncompetitive industries or mimic the protectionist or distortive policies of others. Being 

competitive requires competition – both at home and in the world. It needs the right 

conditions for entrepreneurs to turn their ideas into actions and for companies of all sizes to 

thrive and grow.  

At the same time, the EU needs to be able to strengthen its strategic interests abroad through 

economic outreach and diplomacy. The EU must leverage the impact, the size and the 

integration of its single market to set global standards. Being able to forge global high-

quality standards which bear the hallmark of Europe’s values and principles will only 

strengthen our strategic autonomy and industrial competitiveness.  

Europe will also continue to rely on free and fair trade with partners from around the world. 

The rules-based multilateral trading system and the World Trade Organization are 

indispensable to ensure open markets and a level playing field. The EU will continue efforts 

to uphold, update and upgrade the world trading system so it is fit to address today’s 

challenges and tomorrow’s realities. 

2.2 An industry that paves the way to climate-neutrality 

The European Green Deal is Europe’s new growth strategy. At the heart of it is the goal of 

becoming the world’s first climate-neutral continent by 2050.  

Industry has a leading role to play in what is the greatest challenge and opportunity of our 

times. All industrial value chains, including energy-intensive sectors, will have a key role 

to play. They will all have to work on reducing their own carbon footprints but also accelerate 

the transition by providing affordable, clean technology solutions and by developing new 

business models.  

To become more competitive as it becomes greener and more circular, industry will need a 

secure supply of clean and affordable energy and raw materials. Stepping up investment 

in research, innovation, deployment and up-to-date infrastructure will help develop new 

production processes and create jobs in the process.  

In the entrepreneurial spirit of this strategy, EU institutions, Member States, regions, industry 

and all other relevant players should work together to create lead markets in clean 

technologies and ensure our industry is a global frontrunner. Regulatory policies, public 

procurement, fair competition and the full involvement of SMEs will be essential to make this 

happen.  

These efforts should be supported by policies and financial instruments at EU and national 

level, as well as the private sector. Those who move first and move fastest will hold the 

greater competitive advantage.  
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2.3 An industry shaping Europe’s digital future 

Digital technologies are changing the face of industry and the way we do business. They 

create new business models, allow industry to be more productive, provide workers with new 

skills and support the decarbonisation of our economy. The digital sector will also contribute 

to the European Green Deal, both as a source of clean technology solutions and by reducing 

its own carbon footprint. 

With its Strategy on Shaping Europe’s Digital Future, the Commission set out its vision for 

how Europe can retain its technological and digital sovereignty and be the global digital 

leader. Recognising that scalability is key in a digitalised economy, strengthening the digital 

single market will underpin Europe’s transition. 

Europe must also speed up investment in research and the deployment of technology, in areas 

such as artificial intelligence, 5G, data and metadata analytics. In 2018, only around one in ten 

EU companies analysed big data, while only one in four used cloud computing services.  

As set out in the Commission’s recent European Strategy for Data
4
, Europe needs a 

framework to allow businesses to create, pool and use data to improve products and compete 

internationally in a way that upholds our values and respects the rights and privacy of all. 

The EU must also enhance its industrial capacity in critical digital infrastructure. The 

successful roll-out of highly secured and state-of-the-art 5G network will be a major enabler 

for future digital services and be at the heart of the industrial data wave. Europe must now 

invest if it wants to be a frontrunner in 6G networks.  

In the entrepreneurial spirit of this industrial strategy, Europe must pool its strengths to do 

collectively what no one can do alone. Recent examples of doing so have shown the 

potential and the value of this approach. Europe is now home to one of the top three fastest 

supercomputers in the world and has reversed a downward trend in micro-electronics.  

Europe has everything it takes to lead this new technology race. It must build on its strengths, 

including a robust industrial base, high quality research, skilled workers, a vibrant start-up 

ecosystem, mature infrastructure and a leading position in the use of industrial data.  

3. The fundamentals of Europe’s industrial transformation 

The three drivers outlined above show the extent of transformation Europe will undergo. It 

takes a generation to transform an industrial sector and all the value chains it forms part of. 

But in a competitive and dynamic environment there is no time to waste. The next five years 

will be decisive to set the right enabling conditions for this transition.  

 

Underpinning this strategy are a set of fundamentals for Europe’s industrial transformation. 

Some of these renew or expand on existing approaches in innovation, investment, standards or 

levelling the playing field. Others reflect the need for new ways of working for Europe to 

strengthen its industry for the transitions, whether it be on skills or circularity.  

The fundamentals reflect the fact that there is no silver-bullet or standalone solution – they are 

each inter-connected and reinforce each other. But they also reflect the reality that, while a lot 

can be done at the European level to enable and provide certainty, many of the levers are in 

the hands of others. A partnership approach will therefore be essential.  

                                                            
4 COM(2020) 66 final.  
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3.1 Creating certainty for industry: A deeper and more digital single market 

Thanks to our unique single market, EU companies benefit from a springboard to compete 

globally. By providing a common regulatory space and scale, the single market is the driver of 

competitiveness and facilitates the integration of companies of all sizes in European and 

global value chains.  

To allow the single market to propel our industry forward, legislation must be implemented 

and enforced across the board. The Single Market Enforcement Action Plan
5
 adopted today 

puts forward concrete proposals to strengthen joint efforts in this area, notably the creation of 

a Single Market Enforcement Task Force. The Single Market Barriers Report
6
 shows the 

need to break down the barriers facing businesses when selling goods or more acutely when 

providing services cross-border. Enhancing tax harmonisation would help remove one of the 

main obstacles faced by business when operating cross-border, notably by making a common 

consolidated corporate tax base a reality. 

Single market legislation must also be reviewed and updated to ensure that it is fit for the 

digital age. This includes the revision of EU rules on product safety, the implementation of 

the European Data Strategy and the adoption of the Digital Services Act.  

An “SME to SME approach” will also be essential. The growing number of young, tech-

savvy SMEs can help more established industrial firms to adapt their business models and 

develop new forms of work for the digital age. This has already created new opportunities and 

start-ups should be supported to help build the platform economy. But new forms of work 

must come with modern and improved forms of protections, including for those working on 

online platforms. 

The single market depends on robust, well-functioning systems for standardisation and 

certification. These help to increase the size of markets and provide legal certainty. 

Developing new standards and technical regulations, coupled with increased EU participation 

in international standardisation bodies, will be essential to boost industry’s competitiveness.  

The EU also needs to ensure that its Intellectual Property policy helps to uphold and 

strengthen Europe’s tech sovereignty and promote global level playing field. IP helps to 

determine the market value and competitiveness of Europe’s firms. This is their intangibles, 

such as brands, designs, patents, data, know-how, and algorithms. Smart IP policies are 

essential to help all companies to grow, create jobs and to protect and develop what makes 

them unique and competitive.  

An independent EU competition policy has served Europe well by helping to level the 

playing field, driving innovation and giving consumers more choice. Competition brings the 

best out of our companies and enables them to stay competitive globally. In a fast changing 

world, and a time when Europe is embarking on its major twin transitions, we should ensure 

that competition rules remain fit for today’s world.  

With this in mind, the Commission is currently reviewing the EU competition framework. 

This is looking at how current competition rules are applied, notably in relation to anti-trust 

                                                            
5 Communication and its accompanying Report on Identifying and addressing barriers to the single market, 

COM(2020) 93 final. 
6 Long term action plan for better implementation and enforcement of single market rules, COM(2020) 94 

final. 
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remedies, and whether rules governing horizontal and vertical agreements and the market 

definition notice are still fit for purpose. It will also look at how to improve case detection and 

speed up investigations. The Commission will use the tool of sector inquiries in new and 

emerging markets that are shaping our economy and society. 

The ongoing evaluation of merger control and the “fitness” check of various State aid 

guidelines are also part of this review. State aid rules ensure a level playing field within 

Europe, avoiding a fratricidal subsidies race while supporting important public interest 

objectives. The Commission will ensure revised State aid rules are in place in 2021 in a 

number of priority areas, including energy and environmental aid. 

 

Making it happen 

 Single Market Enforcement Action Plan and Single Market Barriers Report, adopted 

today.  

 Setting up a Single Market Enforcement Task-Force, composed of Member States 

and the Commission. 

 SME Strategy for a sustainable and digital Europe, adopted today.  

 Evaluate, review and, if necessary, adapt EU competition rules as of 2021, 

including the ongoing evaluation of merger control and fitness check of State aid 

guidelines. 

 Intellectual Property Action Plan to assess the need to upgrade the legal framework, 

ensure a smart use of IP, better fight IP theft. 

 Follow-up to the European Data Strategy to develop an EU data economy, including 

the launch of common European data spaces in specific sectors and value chains. 

 Digital Services Act to update and strengthen the legal framework for a single market 

in digital services. 

 Initiative on improving the working conditions for platform workers. 

 

3.2 Upholding a global level playing field  

The openness of Europe’s economy is at the source of its prosperity and competitiveness. 

Although, EU industry is highly integrated in global value chains and operates globally, the 

EU should not be naïve to threats to fair competition and trade.  

The EU works to keep markets open through trade deals with partner countries or regions or 

working in international fora to find rules that work for all. We must continue to take a 

coordinated European approach to secure mutually beneficial trade and overcome any barriers 

that prevent our businesses from properly accessing other markets around the world. This 

includes fighting aggressive tax planning schemes that create an uneven playing field.  

The EU will make the most of its full toolbox of trade defence mechanisms. By mid-2020, the 

Commission will explore how best to strengthen anti-subsidies mechanisms and tool. This 

will be done in the White Paper on an Instrument on Foreign Subsidies which will address 

distortive effects caused by foreign subsidies within the single market. This will be followed 

up with a proposal for a legal instrument in 2021.  

This distortion is often coupled with a lack of reciprocal access for European firms to the 

home country markets of foreign, state-owned companies. In particular, EU procurement 

markets are mostly open to businesses from countries where EU companies are discriminated 
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against or confronted with outright market closures. Therefore, the White Paper will also 

tackle the issue of access of foreign, state-owned companies to procurement markets and EU 

funding. A swift agreement on the proposed International Procurement Instrument will 

also be essential to address lack of reciprocity and to give the EU further leverage in 

negotiations.  

European industry should not face unfair competition from competitors around the world that 

abide by different standards or principles, such as on climate. A new Chief Trade 

Enforcement Officer will work to improve the compliance and enforcement of our trade 

agreements, and report regularly to the European Parliament. The Commission will propose to 

make the respect of the Paris agreement an essential element for all future comprehensive 

trade agreements.  

Reinforced customs controls are also essential to ensure that imported products comply with 

EU rules.  

Making it happen 

 White paper on an instrument on foreign subsidies by mid-2020, also looking at 

foreign access to public procurement and EU funding. 

 Strengthening the global rules on industrial subsidies in the World Trade 

Organization. 

 Swift adoption of the International Procurement Instrument. 

 Action plan on the Customs Union in 2020 to reinforce customs controls, including a 

legislative proposal for an EU Single Window to allow for fully digital clearance 

processes at the border. 

 

3.3 Supporting industry towards climate neutrality 

As Europe transitions to climate-neutrality, certain sectors will have to make a bigger and 

more transformative change than most. Energy-intensive industries are indispensable to 

Europe’s economy and are relied on by other sectors. Modernising and decarbonising energy-

intensive industries must therefore be a top priority. 

The European Green Deal sets the objective of creating new markets for climate neutral and 

circular products, such as steel, cement and basic chemicals. To lead this change, Europe 

needs novel industrial processes and more clean technologies to reduce costs and improve 

market readiness.  

For instance, the Commission will support clean steel breakthrough technologies leading to a 

zero-carbon steel making process. The EU Emissions Trading System Innovation Fund will 

help deploy other large-scale innovative projects to support clean products in all energy-

intensive sectors.  

A new chemicals strategy for sustainability will help better protect people and the 

environment against hazardous chemicals and encourage innovation in the sector to develop 

safe and sustainable alternatives.  

Europe also needs to address the sustainability of construction products and improve the 

energy efficiency and environmental performance of built assets. A more sustainable built 

environment will be essential for Europe’s transition towards climate-neutrality.  
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As the transition picks up speed, Europe must ensure that no one is left behind. The proposal 

for the new Just Transition Mechanism
7
 will  mobilise €100 billion to ensure a fair 

transition for carbon intensive regions as they continue to transform their industries and 

economies, 

Reducing emissions across industry will depend on an ‘energy efficiency first’ principle and 

a secure and sufficient supply of low-carbon energy at competitive prices. This will require 

planning and investment in low-carbon generation technologies, capacity and infrastructure. 

We will need a more strategic approach to renewable energy industries, such as offshore 

energy, and the supply chain underpinning them. This will also help cater for a substantial 

increase in the amount of electricity required by the twin transitions. This should be supported 

by efforts to better connect Europe's electricity systems to increase security of electricity 

supply and integrate more renewables. 

As part of this, all carriers of energy, including electricity, gas and liquid fuels will need to be 

used more effectively by linking different sectors. This will be the aim of a new strategy for 

smart sector integration, which will also set out the Commission’s vision on clean 

hydrogen. The use of trans-European energy networks will also support the transition to 

climate neutrality. 

There should also be a special focus on sustainable and smart mobility industries. These have 

both the responsibility and the potential to drive the twin transitions, support Europe’s 

industrial competitiveness and improve connectivity. This is notably the case for the 

automotive, aerospace, rail and ship building industries, as well as for alternative fuels and 

smart and connected mobility.  

Staying at the forefront of research and innovation, the swift rollout of the necessary 

infrastructure and robust incentives, including in procurement, will be key to ensure that EU 

mobility industries maintain their global technological leadership. The sector’s entire value 

chain must help shape new international standards for safe, sustainable, accessible, secure and 

resilient mobility. The Comprehensive Strategy for Sustainable and Smart Mobility will 

put forward comprehensive measures to help make the most of the sector’s potential. 

Should differences in ambition around the world persist, the Commission will propose a 

Carbon Border Adjustment Mechanism in 2021 to reduce the risk of carbon leakage, in full 

compatibility with WTO rules. This should be supported by strengthening our current tools to 

tackle carbon leakage.  

                                                            
7 COM(2020) 22 final. 
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Making it happen 

 Strategy for smart sector integration. 

 A Common European Energy data space will exploit the potential of data to enhance 

the innovative capacity of the energy sector. 

 Launch the Just Transition Platform to offer technical and advisory support for 

carbon-intensive regions and industries.  

 EU Strategy on Clean Steel and Chemicals Strategy for Sustainability. 

 Review of the Trans-European Network Energy regulation. 

 EU Strategy on Offshore Renewable Energy. 

 Comprehensive Strategy for Sustainable and Smart Mobility. 

 ‘Renovation Wave’ Initiative and Strategy on the built environment. 

 Carbon Border Adjustment Mechanism to reduce carbon leakage, in full 

compatibility with WTO rules.  

 

 

3.4 Building a more circular economy 

In line with Europe’s new growth strategy, which gives back more than it extracts, Europe’s 

industry must play a leading role in the ecological transition. This means reducing its carbon 

and material footprint and embedding circularity across the economy.   

To do this, we must move away from the age-old model of taking from the ground to make 

products, which we then use and throw away. We need to revolutionise the way we design, 

make, use and get rid of things by incentivising our industry.  

This more circular approach will ensure a cleaner and more competitive industry by reducing 

environmental impacts, alleviating competition for scarce resources and reducing production 

costs. The business case is as strong as the environmental and moral imperative. 

Applying circular economy principles in all sectors and industries has potential to create 

700,000 new jobs across the EU by 2030, many of which in SMEs. 

The EU is already well placed in this field and should now focus on consolidating its first 

mover advantage. The new Circular Economy Action Plan
8
 puts forward a series of 

measures to allow the EU’s industry to seize these opportunities.  

At the heart of it is a new sustainable product policy framework which will establish 

sustainability principles for all products, helping to make Europe’s industry more competitive. 

Priority will be given to high-impact product groups and action will include initiative on the 

common charger, a circular electronics initiative, sustainability requirements for batteries, and 

new measures in the textiles sector.  

The Action Plan also includes measures to empower consumers to play a more active role 

in the circular economy. Consumers should receive trustworthy and relevant information to 

choose reusable, durable and repairable products. The Commission will propose ways to 

improve consumer rights and protection, including by working towards a ‘right to repair’ for 

consumers.  

                                                            
8 COM(2020) 98 final. 
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Public authorities, including the EU institutions, should lead by example by choosing 

environmentally friendly goods, services and works. Through this green procurement they 

can help lead the shift towards sustainable consumption and production. The Commission will 

propose further legislation and guidance on green public purchasing. 

Making it happen 

 Circular Economy Action Plan adopted in parallel with this strategy, including a new 

 sustainable product policy framework.

 New Regulatory Framework for Sustainable Batteries. 

 EU Strategy for Textiles. 

 Circular Electronics Initiative 

 Empowering consumers to play an active role in the circular economy, through better 

 information on products and improved consumer rights.

 

3.5 Embedding a spirit of industrial innovation 

European companies have seen their global share of research and development spending 

decline over the past five years, while that of their US and Chinese counterparts increased. 

The key to addressing this trend will be to unlock investment in innovation with an 

understanding of what we want to focus on and a clear pathway to market to allow scale. As 

part of this, SMEs should be incentivised and support to innovate and bring ideas to market. 

The global race on the twin transitions will increasingly be based on frontier science and 

mastering deep technologies. The next era of industry will be one where the physical, digital 

and biological worlds are coming together. If Europe wants to lead the twin transitions, the 

industrial strategy has to be an industrial innovation strategy at heart.  

That also means that as we step up investment in disruptive and breakthrough research and 

innovation, we must accept failure along the way. This helps us to learn, adapt and if 

necessary reset our way of doing things to allow us to move forward. We must shift our mind-

set from risk averse to failure tolerant. This needs to be reflected across the board and 

innovation should be embedded in our policy making. As part of our work on better 

regulation and strategic foresight, we will ensure that policies are innovation-conducive. 

Industrial sectors should be invited and incentivised to define their own roadmaps for climate 

neutrality or digital leadership. These should be enabled by high quality research and skills 

and supported by the EU. A number of sectors have already taken this approach since the 

launch of the European Green Deal. In the co-design and entrepreneurial spirit of this 

strategy, this should be supported through Public Private Partnerships to help industry 

develop the technologies to meet their goals, as has successfully been done in industrial 

alliances. 

The European Innovation Council, which will be fully launched in 2021, will also aim to 

make the most of Europe’s strong research base. It will identify next generation technologies, 

accelerate their commercial application and help them support the rapid scale up of start-ups. 

The single market also needs to play its part by incentivising innovation to make the most of 

economies of scale, speed and scope. Place-based innovation and experimentation should 

be encouraged. This would allow regions to develop and test new solutions with SMEs and 

consumers, drawing on their local characteristics, strengths and specialisms. New 
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technologies and solutions could be life tested with policy makers and regulators to enable 

innovative business models.  

Once tested and improved, these solutions can be scaled-up to European and global markets, 

ensuring the EU remains a frontrunner. The Digital Innovation Hubs, which act as one-stop-

shops for companies to access technology-testing, are a good platform to build on.  

 

Making it happen 

 Communication on the Future of Research and Innovation and the European 

Research Area to map out a new approach to innovation and ensure the EU budget is 

 used with maximum impact. 

 Launch Public Private Partnerships   in the Horizon Europe programme.

 

3.6 Skilling and reskilling  

A competitive industry depends on recruiting and retaining a qualified workforce. As 

the twin transitions gathers speed, Europe will need to ensure that education and training keep 

pace. Making lifelong learning a reality for all will become all the more important: in the next 

five years alone, 120 million Europeans will have to upskill or reskill.  

This reflects the importance of skills for the twin transitions and the opportunities they can 

create for people. Moving to a low-carbon economy is expected to create more than 1 million 

jobs by 2030, while there are already currently 1 million vacancies in Europe for digital 

technology experts. At the same time, 70% of companies report that they are delaying 

investments because they cannot find the people with the right skills. 

For industry workers, digitisation, automation and advances in artificial intelligence will 

require an unparalleled shift in their skill set. Retraining and reskilling have to be a major part 

of our social market economy. Our higher and vocational education and training systems 

will also need to provide more scientists, engineers and technicians for the labour market. 

Better attracting skills and talent from abroad will also help to address the EU’s labour market 

needs. 

In the global race for talent, Europe needs to increase investment in skills and life-long 

learning should become a reality. This will require collective action of industry, Member 

States, social partners and other stakeholders through a new ‘Pact for Skills’ to contribute to 

up- and reskilling and to unlock public and private investment in the workforce. The Pact will 

put focus on sectors with high growth potential for Europe or those undergoing the most 

significant change. The European Education Area will also support these efforts. 

It is also essential to have a better balance between women and men in industry. This 

includes encouraging women to study Science, Technology, Engineering and Mathematics, 

consider a career in technology and invest in digital skills, thus improving the gender balance 

in creating and leading businesses.  
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Making it happen 

 An update of the Skills Agenda for Europe in 2030, including a recommendation on 

Vocational Education and Training. 

 Launch of a European Pact for Skills. 

 Communication on a European Education Area Strategic Framework. 

 Digital Education Action Plan. 

 Implementation of the EU Gender Strategy, adopted in March 2020.  

 

3.7 Investing and financing the transition 

Many of the future EU programmes, such as Horizon Europe, the Digital Europe Programme, 

the Single Market Programme, the Innovation Fund, InvestEU, the European Social Fund, the 

European Defence Fund and the EU Space Programme, and all European Structural and 

Investment funds will help to promote the competitiveness of EU industry. A swift agreement 

on the next long-term budget is essential for our industry’s future. 

At a time when the public purse is under pressure, we will need new ways of unlocking 

private investment. This includes leveraging and blending EU money with Member States and 

other institutional partners, as well as crowding in private investors. InvestEU and the 

European Green Deal Investment Plan will help unlock private investment where it is needed. 

The European Investment Bank and national promotional banks and institutions will have an 

important role to play. 

Mobilising private investment and public finance is acutely important where there are market 

failures, especially for large-scale deployment of innovative technologies. 

One tool with a proven track record in this area is Important Projects of Common 

European Interest (IPCEIs). Member States can use IPCEIs to pool financial resources, act 

quickly and connect the right players along key value chains. They are a catalyst for 

investment and allow Member States to fund large-scale innovation projects across borders in 

case of market failures.  Building on experience with recent IPCEIs, the Commission will 

explore ways to combine national and EU instruments to leverage investment across the value 

chain, in full respect of relevant financial and competition rules. 

 

To help make the most out of this tool, the Commission will put in place revised State aid 

rules for IPCEIs in 2021.This review seeks to clarify the conditions under which Member 

State-led projects in key sectors for can move forward in a timely and in a pro-competitive 

manner. It should also help SMEs to participate fully in future IPCEIs.  

 

There will also be a need to incentivise investment towards competitive sustainability 

throughout the financial system. The recent agreement on an EU taxonomy and the certainty 

provided by the Climate Law
9
 are big steps in the right direction.  

Building on this progress, the Renewed Strategy for Sustainable Finance will put in place 

clear rules to guide investors to sustainable investment. As part of continued work to deepen 

the Economic and Monetary Union, the Commission’s new Action Plan on the Capital 

Markets Union will include an initiative to strengthen intra-EU investment protection and 

efforts to unlock more diverse sources of funding for European businesses, especially SMEs. 

                                                            
9 COM(2020) 80 final. 
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The Digital Finance Strategy will help facilitate innovation in financial services to help scale 

up new services and business model and address new risks. 

Making it happen 

 Work with Parliament and Council to ensure rapid adoption and implementation of the 

next long-term budget. 

 Consider scope for coordinated investment by Member States and industry in the form 

of new IPCEIs and on the possible follow-up to the first IPCEIs on batteries and 

microelectronics. 

 Review State aid rules for IPCEIs, including energy transition projects. 

 A renewed sustainable finance strategy. 

 A new Digital Finance Strategy. 

 Action Plan on the Capital Markets Union in 2020, including measures in support of 

integrated capital markets and more funding opportunities for citizens and businesses. 

 

4. Reinforcing Europe’s industrial and strategic autonomy 

Europe’s strategic autonomy is about reducing dependence on others for things we need the 

most: critical materials and technologies, food, infrastructure, security and other strategic 

areas. They also provide Europe’s industry with an opportunity to develop its own markets, 

products and services which boost competitiveness.  

Europe thrives on an open investment environment which allows others to invest in Europe’s 

competitiveness. But it must also be more strategic in the way it looks at risk associated to 

foreign investment. The framework for the screening of foreign direct investment
10

 that 

will be fully applicable in October 2020 will safeguard Europe's interests on the grounds of 

security and public order. The Commission will make proposals to further strengthen this tool. 

Europe’s digital transformation, security and future technological sovereignty depends on our 

strategic digital infrastructures. Beyond the Commission’s recent work on 5G and 

cybersecurity, the EU will develop a critical Quantum Communication Infrastructure, 

designed to deploy in the next 10 years a certified secure end-to-end infrastructure based on 

quantum key distribution to protect key digital assets of the EU and its Member States.  

The EU will also support the development of key enabling technologies that are strategically 

important for Europe’s industrial future. These include robotics, microelectronics, high-

performance computing and data cloud infrastructure, blockchain, quantum technologies, 

photonics, industrial biotechnology, biomedicine, nanotechnologies, pharmaceuticals, 

advanced materials and technologies.  

The European defence and space sectors are essential for Europe’s future. However, the 

fragmentation of the defence industry puts into question Europe’s ability to build the next 

generation of critical defence capabilities. This would reduce the EU’s strategic sovereignty 

and its ability to act as a security provider.  

The European Defence Fund will help build an integrated defence industrial base across the 

EU. It will invest throughout European defence industrial value chains, facilitate cross-border 

                                                            
10 Regulation (EU) 2019/452. 
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cooperation and support open and dynamic supply-chains that include SMEs and new 

entrants. It will also support disruptive technologies, allowing companies to take more risk. 

Coherence with other defence initiatives will be essential.  

Space technologies, data and services can strengthen Europe’s industrial base by supporting 

the development of innovative products and services, including the emergence of cutting-edge 

innovative technologies. 

Defence and space industries face unprecedented global competition, in a changing geo-

political context, and new opportunities with the emergence of rapidly evolving technologies, 

and the emergence of new actors. By seeking synergies between civil, space and defence 

industries in EU programmes, the EU will make more effective use of resources and 

technologies and create economies of scale.  

With the transition of Europe’s industry to climate-neutrality, the reliance on available fossil 

fuels could be replaced with reliance on non-energy raw materials, many of which we source 

from abroad and for which global competition is becoming more intense. Boosting recycling 

and the use of secondary raw materials will help reduce this dependency. 

Demand for raw materials is projected to double by 2050, making diversified sourcing 

essential to increase Europe’s security of supply. Critical raw materials are also crucial for 

markets such as e-mobility, batteries, renewable energies, pharmaceuticals, aerospace, 

defence and digital applications.  

Access to medical products and pharmaceuticals is equally crucial to Europe’s security and 

autonomy in today’s world. A new EU pharmaceutical strategy will be put forward, 

focusing on the availability, affordability, sustainability and security of supply of 

pharmaceuticals. This has been highlighted by recent events linked to the Coronavirus disease 

2019 (COVID-19) outbreak. 

Making it happen 

 Follow-up to the 5G Communication
11

 and the Recommendation on cybersecurity 

of 5G networks.
12

 

 Action Plan on synergies between civil, defence and space industries, including at 

the level of programmes, technologies, innovation and start-ups.  

 A new EU pharmaceutical strategy in 2020, including actions to secure supplies and 

ensure innovation for patients. 

 An Action Plan on Critical Raw Materials, including efforts to broaden international 

partnerships on access to raw materials. 

 

5. Joining the dots: A partnership approach to governance 

Europe’s industry must play to its unique features and strengths: its integration across value 

chains and borders, its diversity, traditions and people. As the twin transitions picks up speed 

and global competition becomes fiercer, Europe’s industry is also transforming. As part of 

this, there are increasing links between different products and services across sectors.  

                                                            
11 COM(2020) 50 final. 
12 C(2019) 2335 final. 
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As well as focusing on specific technologies, Europe also needs to look closely at the 

opportunities and challenges facing industrial ecosystems. These ecosystems encompass all 

players operating in a value chain: from the smallest start-ups to the largest companies, from 

academia to research, service providers to suppliers. And they each have their own features.  

Building on the work of Industry 2030 High Level Industrial Roundtable, the Strategic Forum 

on IPCEIs and other bodies, the Commission will systematically analyse the different 

ecosystems and assess the different risks and needs of industry as it embarks on the twin 

transitions in a more competitive world. It will look at issues including research and 

innovation skills, the role of SMEs and big companies, as well any external pressures or 

dependencies. 

In doing this analysis, the Commission will work closely with an inclusive and open 

Industrial Forum consisting of representatives from industry, including SMEs, big 

companies, social partners, researchers, as well as Member States and EU institutions. Where 

needed, experts from specific sectors will be called upon to share their knowledge.  

This work may show that some of the ecosystems, because of their specific nature or needs 

will require dedicated, bespoke support. This support could take the shape of regulatory 

action, unlocking financing or making the most of trade defence instruments. This would then 

form a dedicated toolbox. Progress will be monitored on a rolling basis, in cooperation with 

the European Parliament and the Council.  

Where identified as necessary, the approach of industrial alliances could be the appropriate 

tool. This has already shown its benefit in the area of batteries, plastics and microelectronics. . 

The European Battery Alliance has managed to move the EU to a position of industrial 

frontrunner in this key technology. Alliances can steer work and help finance large-scale 

projects with positive spillover effects across Europe, using the knowledge of SMEs, big 

companies, researchers and regions to help remove barriers to innovation and improve policy 

coherence.  

Clean Hydrogen is a prime example of where this can have a real added value. It is disruptive 

in nature and requires stronger coordination across the value chain.  In this spirit, the 

Commission will shortly propose to launch the new European Clean Hydrogen Alliance 

bringing investors together with governmental, institutional and industrial partners. The 

Alliance will build on existing work to identify technology needs, investment opportunities 

and regulatory barriers and enablers. Future alliances should also include low-carbon 

industries, Industrial Clouds and Platforms and raw materials. 

.Making it happen 

 Building on the successful template of industrial alliances, a new European Clean 

Hydrogen Alliance will be launched. Alliances on low-carbon industries, Industrial 

Clouds and Platforms and raw materials should follow when ready. 

 The Commission will undertake a thorough screening and analysis of industrial needs 

and identify ecosystems needing a tailor-made approach.  

 An inclusive and open Industrial Forum will be setup by September 2020 to support 

this work. 
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6. Conclusion  

This strategy lays the foundations for an industrial policy that will support the twin 

transitions, make EU industry more competitive globally and enhance Europe’s strategic 

autonomy.  

Given the important social implications of the changes ahead, dialogue with social partners 

and civil society will be essential. The Commission’s annual Industry Days will continue to 

be an important event to bring all players together. The Commission will propose that Council 

Presidencies and interested Member States host Industry Days in their own countries. 

The Commission will strive to increase the political ownership of the strategy, suggesting a 

standing progress point at the Competitiveness Council and at the European Parliament. This 

will be done on the basis of a regular monitoring of the strategy’s implementation and 

analysis of a set of key performance indicators.  

Only a shared commitment from the EU, its Member States and regions, industry, SMEs and 

all other relevant stakeholders in a renewed partnership will allow Europe to make the most of 

the industrial transformation. The European Council in March 2020 offers an opportunity to 

support this renewed partnership on the basis of a shared vision and objectives. 
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Abstract 

Steel is vital to modern economies and so over the coming decades global demand 

for steel is expected to grow to meet rising social and economic welfare needs. 

Meeting this demand presents challenges for the iron and steel sector as it seeks to 
plot a more sustainable pathway while remaining competitive. The sector is currently 

responsible for about 8% of global final energy demand and 7% of energy sector CO2 

emissions (including process emissions). However, through innovation, low-carbon 

technology deployment and resource efficiency, iron and steel producers have a 

major opportunity to reduce energy consumption and greenhouse gas emissions, 

develop more sustainable products and enhance their competitiveness. 

This report explores the technologies and strategies necessary for the iron and steel 

sector to pursue a pathway compatible with the IEA’s broader vision of a more 

sustainable energy sector. Considering both the challenges and the opportunities, it 

analyses the key technologies and processes that would enable substantial CO2 
emission reductions in the sector. It also assesses the potential for resource 

efficiency, including increased reuse, recycling and demand reduction. Realising this 

more sustainable trajectory will require co-ordinated efforts from key stakeholders, 

including steel producers, governments, financial partners and the research 

community. As such, the publication concludes with an outline of priority actions, 

policies and milestones for these stakeholders to accelerate progress towards zero 
emissions from the iron and steel sector.
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Executive summary 

Steel needs energy and the energy system needs steel 
Steel is deeply engrained in our society. The construction of homes, schools, 

hospitals, bridges, cars and trucks – to name just a few examples – rely heavily on 

steel. Steel will also be an integral ingredient for the energy transition, with solar 

panels, wind turbines, dams and electric vehicles all depending on it to varying 

degrees. Since 1970 global demand for steel has increased more than threefold and 

continues to rise as economies grow, urbanise, consume more goods and build up 
their infrastructure.  

Among heavy industries, the iron and steel sector ranks first when it comes to CO2 

emissions, and second when it comes energy consumption. The iron and steel 

sector directly accounts for 2.6 gigatonnes of carbon dioxide (Gt CO2) emissions 

annually, 7% of the global total from the energy system and more than the emissions 

from all road freight.1 The steel sector is currently the largest industrial consumer of 

coal, which provides around 75% of its energy demand. Coal is used to generate heat 

and to make coke, which is instrumental in the chemical reactions necessary to 

produce steel from iron ore.  

Sustaining projected demand growth while reducing 
emissions poses immense challenges 

Global demand for steel is projected to increase by more than a third through to 

2050. The Covid-19 crisis has sent shockwaves through global supply chains, leading 

to an estimated 5% decline in global crude steel output in 2020 relative to 2019. The 

People’s Republic of China (“China”) bucks the global trend, with its production 

estimated to increase in 2020, based on strong levels of output in the first half of the 
year. After a global slump in the near term, the steel industry returns to a robust 

growth trajectory in our baseline projections. Without targeted measures to reduce 

demand for steel where possible, and an overhaul of the current production fleet, 

CO2 emissions are projected to continue rising, despite a higher share of less energy-

intensive secondary production, to 2.7 Gt CO2 per year by 2050 – 7% higher than 

today. 

 
                                                                 
1 Energy system CO2 emissions include both those from the combustion of fossil fuels and industrial process 
emissions, totalling 36 Gt CO2/yr in 2019. When including indirect emissions from the power sector and the 
combustion of steel off-gases (a further 1.1 Gt CO2/yr), the share of energy system CO2 emissions attributable to the 
iron and steel sector rises to 10%.  
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Steel is one of the most highly recycled materials in use today. While iron ore is the 

source of around 70% of the metallic raw material inputs to steelmaking globally, the 

rest is supplied in the form of recycled steel scrap. Steel production from scrap 

requires around one-eighth of the energy of that produced from iron ore – mainly in 

the form of electricity, rather than coal for production from iron ore. This benefit 
results in high recycling rates (around 80-90% globally). However, scrap cannot fulfil 

the sector’s raw material input requirements alone because steel production today is 

higher than when the products that are currently being recycled were produced. This 

means that recycling alone cannot be relied upon to reduce emissions from the 

sector to the extent needed to meet climate goals.  

Existing infrastructure cannot be ignored if energy and climate goals are to be 

achieved. Global crude steel production capacity has more than doubled over the 

past two decades; three-quarters of the growth took place in China and around 85% 

of total capacity today is located in emerging economies. This rapid growth has 

resulted in a young global blast furnace fleet of around 13 years of age on average,2 
which is less than a third of the typical lifetime of these plants. If operated until the 

end of their typical lifetime under current conditions, these and other assets in the 

steel industry could lead to around 65 Gt CO2 of cumulative emissions. This would 

exhaust most of the CO2 budget compatible with a sustainable transition for the 

sector, leaving no room to manoeuvre for the capacity additions that will be required 

over the coming decades.  

More efficient use of energy and materials can help, but 
will not be sufficient 

To meet global energy and climate goals, emissions from the steel industry must fall 

by at least 50% by 2050, with continuing declines towards zero emissions being 

pursued thereafter. The IEA Sustainable Development Scenario sets out an ambitious 

pathway to net-zero emissions for the energy system by 2070. While more efficient 

use of materials helps to lower overall levels of demand relative to our baseline 

projections, the average direct CO2 emission intensity of steel production must 

decline by 60% by 2050, to 0.6 tonnes of CO2 per tonne of crude steel (t CO2/t), 

relative to today’s levels (1.4 t CO2/t).  

More efficient use of steel lightens the load on the required shift in process 

technology. Pursuing a suite of material efficiency measures along supply chains 

reduces global steel demand by around a fifth in 2050, relative to baseline 

projections. Savings stem from measures undertaken within the sector and its supply 
 
                                                                 
2 This estimate takes account of the last date of major refurbishment. The figure since initial installation is around 24 
years. 
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chain (e.g. improving manufacturing yields) and those downstream of the sector 

(e.g. extending building lifetime), with the latter category contributing the majority 
of the material savings. Material efficiency strategies contribute 40% of the 

cumulative emissions reductions in the Sustainable Development Scenario.3  

Energy performance improvements to existing equipment are important, but by 

themselves not sufficient for a long-term transition. The energy intensity of state-of-

the-art blast furnaces is already approaching the practical minimum energy 

requirement. For inefficient equipment the gap between current energy performance 

and best practice can be much larger, but with energy making up a significant 

proportion of production costs, there is already an incentive to replace the least 

efficient process units. Improvements in operational efficiency, including enhanced 

process control and predictive maintenance strategies, together with the 
implementation of best available technologies contribute around 20% of cumulative 

emissions savings in the Sustainable Development Scenario. 

A revolution in innovation and enabling infrastructure 
New steelmaking processes are critical, but there is no one right answer. Hydrogen, 

carbon capture, use and storage (CCUS), bioenergy and direct electrification all 

constitute avenues for achieving deep emission reductions in steelmaking, with 

multiple new process designs being explored today. Energy prices, technology costs, 

the availability of raw materials and the regional policy landscape are all factors that 

shape the technology portfolio in the Sustainable Development Scenario. Access to 

low-cost renewable electricity (USD 20-30 per megawatt hour) in several countries 
provides a competitive advantage to the hydrogen-based direct reduced iron (DRI) 

route, which reaches just under 15% of primary steel production globally by 2050. 

Innovative smelting reduction, gas-based DRI and various innovative blast furnace 

concepts, all equipped with CCUS, prevail in areas where the local policy context is 

favourable and cheap fossil fuels are abundant. Hydrogen and CCUS together 

account for around one-quarter of the cumulative emission reductions in the 
Sustainable Development Scenario. 

New technology must be deployed at a blistering pace, with new infrastructure to 

boot. While a smooth transition to larger shares of scrap-based production is possible 

as economies start to mature and scrap availability increases (e.g. China), a rapid roll-
out of technologies that are currently at early stages of development will need to 

accompany this shift. In the Sustainable Development Scenario the deployment of 

one hydrogen-based DRI plant per month is required globally following market 

 
                                                                 
3 Cumulative emission savings are stated for the period 2019-50, and are relative to the baseline scenario.  
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introduction of the technology. This raises electricity demand by 720 terawatt hours 

by 2050, equivalent to 60% of the sector’s total electricity consumption today. The 
concurrent deployment of CCUS-equipped plants requires around 0.4 Gt CO2 

capture globally in 2050, equivalent to the deployment of a large CCUS installation 

(1 million tonnes CO2 capture per year) every 2-3 weeks from 2030.  

Deep emission reductions are not achievable without innovation in technologies for 

near-zero emissions steelmaking. Of the cumulative emission reductions to 2050 in 

the Sustainable Development Scenario, 30% stem from steelmaking technologies 

that are at demonstration or prototype stages today. The rapid deployment of 

facilities utilising CCUS and low-carbon hydrogen in the Sustainable Development 

Scenario will not materialise without continued efforts to spur these technologies 

through the innovation pipeline. Our Faster Innovation Case explores the technology 
implications of bringing forward to 2050 the date at which net-zero emissions for the 

energy system is reached. In the Faster Innovation Case nearly three-quarters of the 

annual emission savings in 2050 stem from currently pre-commercial technologies, 

relative to around 40% in the Sustainable Development Scenario. 

India takes centre stage 
By 2050 almost one-fifth of the steel produced globally is expected to come from 

India, compared to around 5% today. India is already the world’s second-largest 

steel-producing country and is expected to increase its annual production volumes 

by 2050 by an amount equivalent to twice that of the European Union’s total 

production in 2019. The Covid-19 crisis is hitting the country’s steel industry hard, but 

the underlying factors that point to growth in the future – a population whose number 

and prosperity are growing, a proven commitment to economic reforms that improve 

competitiveness and a supportive policy environment – still persist.  

A diverse technology portfolio emerges in India to tackle an array of challenges. 

India’s existing production fleet can be characterised as relatively young, energy-

intensive and growing at a faster pace than domestic scrap availability. Furthermore, 

the country has vast renewable resources and long-held experience in DRI 

production. These factors lead to multiple options being pursued in the Indian 

steelmaking context. In the Sustainable Development Scenario innovative CCUS-

equipped blast furnace concepts are retrofitted to efficient new blast furnaces that 
are installed during a period in which few low-carbon alternatives are available. By 

2050 this technology family accounts for around 7% of steel production from iron 

ore. The hydrogen-based DRI route accounts for a further 22%, taking advantage of 

India’s access to low-cost solar PV electricity in particular. The innovative smelting 

reduction process with CCUS, which negates the need to use coking coal – a 

resource that is in short supply in India – accounts for a further 26%.  
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Governments need to help accelerate the transition 
A sustainable transition for the iron and steel sector will not come about on its own; 

governments will play a central role. Policy portfolios will be diverse, but the 

following recommendations serve as a starting point for those seeking to effect 

change and accelerate the transition: 

• Establish a long-term and increasing signal for CO2 emission reductions.  

• Manage existing assets and near-term investment.  

• Create a market for near-zero emissions steel.  

• Support the demonstration of near-zero emission steelmaking technologies.  

• Accelerate material efficiency.  

• Increase international co-operation and ensure a level global playing field.  

• Develop supporting infrastructure for near-zero emission technologies.  

• Track progress and improve data collection.  

The projection horizon of this technology roadmap extends to 2050, but 

governments and decision makers should have 2030 firmly in mind as the critical 

window to accelerate the transition. Tangible and measurable target-setting in three 

short-term priority areas can begin today:  

1. Technology performance and material efficiency. To ease the burden of 

deploying innovative technology and enabling infrastructure later on, 

opportunities must be seized immediately to make more efficient use of energy 

and materials through a suite of readily-available best available technologies and 

measures.  

2. Existing assets and new infrastructure. A plan must be put in place to deal with 

existing assets that acknowledges the decline in the CO2 intensity of production 

required just one investment cycle away. At the same time, a co-ordinated push 

on new hydrogen and CO2 transport and storage infrastructure is needed to pave 

the way for deploying innovative technology.  

3. R&D and demonstration. Pilot and demonstration projects for innovative near-

zero emission technologies over the next decade must be consistent with 

deployment ambitions post-2030.  

The ensuing economic crisis in the wake of the Covid-19 pandemic presents both 

challenges and opportunities in this regard, but these critical interim milestones are 
prerequisites for a sustainable transition.  
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Chapter 1. Steelmaking today 

 

HIGHLIGHTS  

• Steel production is highly energy- and emissions-intensive, accounting for around 8% 
of global energy demand and 7% (2.6 Gt CO2) of total emissions from the energy 
system.  This is more than the amount generated by all road freight today. Its large 
contribution stems largely from the sector’s high reliance on coal, which supplies 74% 
of its energy inputs. 

• Steel is an indispensable material in modern society. Buildings and infrastructure are a 
key source of demand, but steel is also a critical ingredient for several modes of 
transport (e.g. cars, trucks, ships and rail), household products (e.g. utensils, 
appliances and furniture) and many other items besides. It also plays a vital role in the 
global economy, with over USD 2.5 trillion in revenue and employing around 6 million 
people globally. 

• Steel is a highly traded commodity and is often in the spotlight of trade negotiations. 
The People’s Republic of China accounts for more than half of global steel production 
today and – despite high domestic demand – it is also the largest exporter, followed 
by Korea, Japan and the Russian Federation. The steel industry is highly competitive 
and fragmented. The top 10 producers account for just 25% of global production, 
which is low compared with other sectors, such as aluminium.  

• Steelmaking has two main metallic inputs: iron ore and recycled steel scrap. Around 
70% of the total metallic input to steel production globally is derived from iron ore, 
with scrap making up the rest. Primary steel production refers to operations where iron 
ore is the main input, but scrap typically accounts for up to 15-25% of the metallic input 
in primary production. The blast furnace is the major piece of equipment used for 
primary steelmaking, with this route accounting for 90% of production from iron ore. 
Secondary (or scrap-based) production is carried out in electric furnaces and is around 
one-eighth as energy-intensive as production from iron ore, using electricity – as 
opposed to coal – as the main energy input.  

• Energy and raw materials account for 60-80% of steel production costs combined. 
Energy efficiency improvements in recent decades have led to modest reductions in 
energy consumption and emissions, but each tonne of steel produced today still 
results in 1.4 t CO2 of direct emissions on average. 

• Global steel production capacity is relatively young, with blast furnaces only around 13 
years old on average, counting the last major refurbishment, relative to a typical 
lifetime of 40 years. Strategies to deal with existing assets are integral to realising a 
sustainable transition for the sector. 
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Steel and society 
At around 1.9 billion tonnes of production per year, steel is the third most abundant 

man-made bulk material on earth, after cement and timber. Its use is ubiquitous, with 

the material serving as a key input to the buildings, infrastructure, transport, 

machinery and consumer goods sectors. While other materials provide alternatives 

to steel in several applications, its high strength, recyclability and durability, the ease 

with which it can be used to manufacture goods, and its relatively low cost make its 
wholesale substitution unlikely in the foreseeable future.  

The iron and steel sector1 directly employs around 6 million people and generates 
around USD 2.5 trillion in revenue globally (World Steel Association, 2019a). The steel 

industry2 forms the lifeblood of many local economies, but at the same time steel is 

one of the most widely traded commodities in the world, with producers competing 

in an international market. The industry has faced a number of economic headwinds 

in recent years, including overcapacity, trade tensions and low margins for 

producers. All of these are likely to be exacerbated in the coming months and years 

as the economic consequences of the Covid-19 coronavirus pandemic come to pass. 
The dynamics of the steel industry and our global economic system are therefore 

thoroughly intertwined.  

Steel needs energy and the energy system needs steel. Iron and steel production is 

a highly energy-intensive industrial activity, with the sector accounting for 20% of 

industrial final energy consumption3 and around 8% of total final energy 

consumption. Steel demand is projected to grow in net terms even as the stock of 

steel in advanced economies saturates, to support a growing population and rising 

levels of economic welfare, particularly in emerging economies. Steel is also a critical 

input for the clean energy transition. The generation and use of electricity depend in 
part on the ferromagnetic properties of steel and its alloys. Steel is a key input 

material for wind turbines, transmission and distribution infrastructure, hydropower 

and nuclear power plants, among other critical energy sector assets.  

While being a facilitator of the clean energy transition, steel is also a large contributor 

to the current challenge we face in meeting our climate goals: direct CO2 emissions 

 
                                                                 
1 The “iron and steel sector” corresponds to the IEA Energy Balances “iron and steel” sub-sector’s final energy 
consumption in addition to energy use in blast furnaces and coke ovens in the transformation sector. These categories 
correspond to classes 2410 and 2431 of the United Nations International Standard Industrial Classification (ISIC) of all 
economic activities. 
2 The terms “iron and steel sector” and “steel industry” are used in this publication interchangeably.  
3 Throughout, industrial energy use refers to the IEA Energy Balance boundaries of total final consumption by industry, 
non-energy use for chemical feedstocks, and energy consumed in the transformation sector by blast furnaces and 
coke ovens. 
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from the sector are around 2.6 gigatonnes of carbon dioxide (Gt CO2) per year, or 

around a quarter of industrial CO2 emissions, owing to its large dependence on coal 
and coke as fuels and reduction agents.4 This is equivalent to about 7% of total 

emissions from the energy system, when including industrial process emissions. A 

further 1.1 Gt CO2 of emissions are attributable to the use of its off-gases,5 along with 

other fuels, to generate the electricity and imported heat it consumes.   

It is hard to imagine the modern built environment without steel. Consider your 

immediate surroundings – the building you are in, the mode of transport you used to 

get there, the utensils, appliances and furniture you are using to provide you and 

those around you with sustenance, hygiene and comfort – it is likely that at least one 

of these components of modern life relies heavily on steel. For those regions of the 
world where these material services are in short supply, steel demand is set to grow. 

Beyond the essential, many of the defining artefacts of modern civilisation are 

constructed from steel, or its base metal, iron: the Eiffel Tower, the Golden Gate 

Bridge, the London Eye and the countless skyscrapers that form the iconic skylines 

of the world’s major cities. Steel is ubiquitous.  

While steel plays a prominent role in the foreground of our daily lives, it also plays a 

role that is perhaps even more important behind the scenes. Our water and sanitation 

infrastructure is highly dependent on steel, as is the energy system. From oil and gas 

drilling platforms and transmission equipment to the foundations and generators in 
wind turbines and dams, both dominant and emerging energy technologies would 

be nowhere without steel. Understanding steel and its role in society is a good 

starting point for examining any possible future of the steel industry. This sub-section 

provides an overview of the attributes and origins of steel as a material, and the 

common ways in which it is produced today.  

An indispensable alloy 
“Iron” denotes the chemical element in its pure form, but also carbon-saturated 

intermediate (e.g. “pig iron”) and final (e.g. “cast iron”) products in the iron and steel 

sector. “Steel” denotes an alloy of iron and carbon, of which “carbon steel” is the 

simplest and most common variety. Many other elements are added to form more 

complex steel alloys, augmenting or diminishing certain physical properties for a 

 
                                                                 
4 Throughout, “direct industrial emissions” or just “industrial emissions” refers to CO2 emissions from fossil fuel 
combustion within the “industrial energy use” boundary described above, along with CO2 emissions from industrial 
processes within these sub-sectors. Emissions from non-renewable waste, indirect emissions from electricity 
generation and process emissions from fuel transformation are not included within this definition. See Box 1.3 for a 
detailed explanation of the energy and emissions boundaries used in this analysis. 
5 “Off-gases” refers collectively to blast furnace gas, coke oven gas and other energy-containing gases that arise from 
various processes within the steel industry. 
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given application. Chromium or nickel are added to form “stainless steel”, known for 

its ability to withstand corrosion, commonly being used for kitchenware. 
Molybdenum, vanadium, manganese, tungsten and titanium are further examples of 

alloying elements used to garner or enhance a variety of desirable properties. There 

are around 3 500 different grades of steel in use today, many of which have been 

developed in the past 20 years (World Steel Association, 2018a).  

Small adjustments to the amount of carbon contained in steel can have a marked 

impact on its properties. While steel can contain up to around 2% carbon by weight, 

this is quite rare, with the majority of carbon steels containing less than 0.25% 

carbon. Raising the carbon content of steel has the impact of increasing its hardness 

(this can be thought of as the ability to scratch it), but also its brittleness (this can be 
thought of as the tendency for the material to fracture, rather than bend, when under 

stress). High-carbon steels are typically used for applications where resistance to 

abrasion is required – an important example is the steel used to make tools. The 

property of steel that is more commonly sought is ductility – the opposite property 

of brittleness. The ability of steel to deform both elastically (whereby the original 

shape is returned to instantaneously) and plastically (whereby the shape is 
permanently altered), without breaking, makes it the natural choice for many 

structural applications, such as beams and columns for buildings, and chassis for 

vehicles.   

While steel is used as the primary material in many applications, it is also paired with 

a wide variety of other “partner” materials and coatings. Reinforced concrete is an 

important example in the buildings and infrastructure demand segments. Steel has 

high tensile (pulling) strength. Concrete has low tensile strength, but relatively high 

compressive (pushing) strength. Concrete reinforced with steel, either in a 

prefabricated element, or cast in situ on a building site, is a ubiquitous composite 

engineering material used for foundations, floor slabs and shear walls. One potential 
weakness of steel as a material is its tendency to corrode, particularly in the presence 

of moisture and oxygen. To avoid this, steel can be coated with protective paint or 

bathed in molten zinc (a process called galvanising) so that it can be used in 

applications where exposure is unavoidable, such as the hulls of ships or the shafts 

of wind turbines. Steel also loses its strength when heated to very high temperatures. 

In structural applications steel can be coated with a protective layer of another 
material (such as plasterboard or intumescent paint), or oversized to allow for a 

degree of lost strength in a fire.   

By and large, people do not want steel per se; they want the material services steel 
as a material provides. Steel has a very high strength-to-weight ratio, and a relatively 

low cost compared to other bulk materials with comparable properties. In the period 

since 2018, steel prices have been approximately in the range of USD 550-800 
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per tonne, compared with USD 1 700-2 000 per tonne for aluminium, and 

USD 5 500-7 000 per tonne for copper. “Strength” has various engineering 
measures, and it is impossible to simplify the material selection process for a given 

application or specification down to a single number. Nonetheless, one can observe 

that steel is often the winner when it comes to choosing a material where strength, 

weight and cost are the key design criteria, especially in the automotive and 

construction sectors.  

There are notable exceptions though. The availability of large volumes of plastic, 

particularly since the middle of the 20th century, has led to the displacement of steel 

used in the packaging sector, and plastics are increasingly substituting steel in 

certain components of buildings (e.g. pipes and fittings) and cars (e.g. bumpers and 
external body panels). Because plastic can be extruded and moulded into complex 

geometries, a smaller amount can be used for certain applications, and it is highly 

resistant to corrosion and degradation. Composites, such as glass and carbon fibre-

reinforced resins, are increasingly the materials of choice where weight reductions 

are critical, and ductility and cost are less of a concern. Aluminium has long been the 

material of choice for aircraft – and increasingly many high-performance vehicles – 
for the same reasons. Timber, for low-rise buildings especially, continues to be the 

material of choice in many regions where it is available at low cost and local 

environmental conditions permit, whereas steel and concrete are dominant in high-

rise and commercial buildings.  

For steel to be so widely used and versatile as a material, it has to be produced in a 

variety of forms (Figure 1.1). “Crude steel” is the name given to steel in its first solid 

form, when it is cast after leaving the final furnace in a given production process. 

While it is possible for steel to be cast directly into its final shape, this process is only 

used for specialised products that would be technically challenging or more costly 

to fabricate from off-the-shelf steel products. Liquid steel is most commonly 
continuously cast into slabs (flat, thick panels), billets (long rectangular beams, up to 

155 millimetres [mm] by 155 mm), and blooms (long rectangular beams, greater than 

155 mm by 155 mm). Much less commonly, liquid steel is cast into ingots, which are 

later rolled into semi-finished or finished products. These semi-finished products may 

be transported to other sites for further processing, or converted to finished steel 

products in processing plants, often in a separate facility or company. Conversion to 
finished products can involve various processes such as rolling, forming, pressing, 

cutting and bending, with some finished products requiring more steps than others 

(for example, successive rounds of rolling – hot and cold – and coating). Key finished 

products include coil, sheets, strips, wire, bars, rods, tubes, pipes, rail and 

plated/coated versions of each of these products.  
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 Global steel production by product and demand segment in 2019 

 

IEA 2020. All rights reserved. 

Notes: Mt = megatonne. Total crude steel quantity is from World Steel Association (2020b). Shares of crude steel 
products are an estimate based on reported 2017 values from World Steel Association (2018a). Continuous casting is 
continuously cast semi-finished products, which include billets, blooms and slabs. Finished steel and end-use steel 
are IEA estimates, which draw on data from Cullen, Allwood and Bambach (2012), Pauliuk and Müller (2013) and World 
Steel Association (2018a). “M&E equipment” includes mechanical and electrical equipment. “Consumer goods” 
includes metals goods, appliances and packaging.  

Buildings and infrastructure account for around half of total steel demand, which is brought 
to market in many different forms for its final processing and assembling. 

Steel and the global economy  
Steel is one of the most widely traded commodities in the world, and it forms the 

lifeblood of many local economies. Steel production is a multi-trillion-dollar industry 

and employs millions of people across the globe. The Covid-19 pandemic (Box 1.1) 

threatens to interrupt the sector’s strong growth trajectory over the past 
two decades, but other structural issues, including overcapacity, trade tensions and 

low margins were already hampering progress. The dynamics of the steel industry 

and our global economic system are thoroughly intertwined. 

Box 1.1 Uncertainty in the short-term outlook for the steel sector: Covid-19 

A multitude of factors contribute to uncertainty in the global outlook for the steel 
industry, affecting forecasters’ ability to anticipate prices, future levels of demand, 
employment and many other aspects. Many of these factors are persistent, such as 
uncertainty about the future rate of growth in the global economy, or the levels of 
consumer demand in a given downstream market. But the current levels of 
uncertainty for the short-term outlook for the sector, like all other sectors of the 
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economy, may well be unprecedented, largely relating to the unknown future 
impacts of the Covid-19 coronavirus pandemic.  

The first outbreak of the Covid-19 disease stemming from the most recently 
discovered strain of coronavirus was registered in Wuhan, the People’s Republic of 
China (“China”), in December 2019 (WHO, 2020). The outbreak triggered a series of 
confinement procedures in the country, and several downstream industries 
(construction, automotive etc.) have seen reductions in output. However, China’s 
crude steel output has remained robust, with a 2.2% year-on-year increase to 503 Mt 
per year in the first half of 2020 (World Steel Association, 2020a). Stagnating and 
declining demand levels in its domestic and export markets indicate a significant 
accumulation of inventory during this period of strong production growth. 

In production centres elsewhere the virus has had a much more profound impact 
on production levels. In the first half of 2020 steel production in Europe declined by 
13% relative to the same period in 2019, by 17% in North America and 24% in India. 
Some of these regions are likely to experience a permanent reduction in output, as 
they did in the wake of the global financial crisis when individual plants become no 
longer viable. Stimulus packages being announced across the world, and which 
sectors they target, will be critical in determining the impact of the disease on steel 
demand by year end 2020. 

The longer-term impacts of the virus outbreak are even more uncertain. The way 
that other countries besides China respond to the outbreak, in terms of the duration 
and extent of confinement policies, and the level to which demand in various 
economies is restored – including the extent to which stimulus packages are aimed 
at infrastructure and other steel-intensive sectors – are the key determining factors 
that will affect the steel industry’s outlook in the coming years.  

A number of macroeconomic factors influence the global and regional dynamics of 
steel production. Among the most important are economic development, trade and 

competitiveness, all of which are interlinked. Steel is used in a number of sectors that 

are closely tied to overall economic activity – the steel industry is both a reflection 

of, and contributor to, global economic growth. When the global economy is 

buoyant, people buy houses and cars, governments build more infrastructure and 

the private sector invests in commercial buildings and machinery. While the regional 
dynamics are more nuanced, the relationship between steel demand and economic 

activity at the global level are closely related.  

Steel is produced all over the world and around 25% of its annual production volume 

is traded between nations each year (World Steel Association, 2020b). Because steel 

is a key input material for several high-value and strategic industries (e.g. automotive, 

defence), it is often in the spotlight during trade negotiations. Along with aluminium, 
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steel has been at the centre of recent trade negotiations between the United States 

and China, with tariffs of 25% being placed on imports to the United States (White 
House, 2018). In a matter separate from trade negotiations, the European Union has 

also put in place anti-dumping measures in the form of import tariffs of up to 66% on 

certain products, specifically targeting Chinese producers (Bloomberg, 2019).  

In part because of the global market for steel, and the great extent to which it is 

traded, the steel industry is highly competitive (Box 1.2). As with many bulk 

commodity businesses, in the absence of monopolies, margins tend to be low. Net 

pre-tax margins tend to be in the range of 5-10% in good years, and negative in bad 

ones. The most recent five-year period can be characterised as one of low prices and 

low margins, in part explained by overcapacity. China accounts for around half of the 
world’s steel production capacity. Despite China’s efforts to close down outdated 

and inefficient iron and steelmaking capacity by tens of millions of tonnes in recent 

years, including the closure of dozens of illegal induction furnaces, new investments 

are still underway. Hence the world remains in a position whereby the potential 

output of the global production fleet outstrips demand by almost 25% (OECD Steel 

Committee, 2019a, 2019b).  

The steel industry employs around 6 million people worldwide and is the source of 

an estimated further 43 million additional jobs in other sectors (World Steel 

Association, 2018a). Assuming a global labour pool of 3 billion people, the industry 
indirectly accounts for more than one in every hundred jobs across all sectors of the 

global economy. At the local level, the steel industry is often a principal source of 

employment and community pride in towns and cities where steel plants are located. 

Plant closures make headlines, whether it be in China or the United Kingdom, mainly 

because of employment concerns, rather than those associated with the profitability 

of specific firms.  

Box 1.2 The competitive landscape faced by steel producers 

The competitiveness of the global steel industry has come a long way since the 
titanic monopolies of the 20th century. At its zenith, Andrew Carnegie’s United 
States Steel Corporation, which he sold to J. P. Morgan in 1901, making him one of 
the richest people to have ever lived, controlled around 60% of steel production in 
the United States (Boselovic, 2001). August Thyssen-Hütte AG, Krupp (Germany), 
Nippon Steel (Japan), British Steel Corporation (United Kingdom) and Usinor 
(France) at various points in the 20th century controlled upwards of 30% of their 
national output capacities. While several national champions (such as Nucor, 
Nippon Steel, POSCO and thyssenkrupp) hold similar shares today, steel is now the 
archetypical global marketplace, making national market shares less relevant.  
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Top steel producers and estimated market share in 2019 

Rank Company HQ 2019 output 
(Mt) 

Share of global 
output (%) 

1 ArcelorMittal Luxembourg 97.3 5.2% 

2 China Baowu Group China 95.5 5.1% 

3 Nippon Steel Corporation Japan 51.68 2.8% 

4 HBIS Group China 46.6 2.5% 

5 POSCO Korea 43.1 2.3% 

6 Shagang Group China 41.1 2.2% 

7 Ansteel China 39.2 2.1% 

8 Jianlong Group China 31.2 1.7% 

9 Tata Steel Group India 30.2 1.6% 

10 Shougang Group China 29.3 1.6% 

Top 10 - - 505 27% 

Top 25 - - 785 42% 

Top 50 - - 1 049 56% 

Total - - 1 869 100% 

Source: World Steel Association (2020c), Top Steelmakers in 2019. 

The degree of consolidation in a given marketplace cannot be seen as the only 
measure of competitiveness, but it is an important indicator. In 2019 the World Steel 
Association recorded 104 steel producers with an output of more than 3 Mt per year 
(0.2% of global production). The top 10 companies account for just over a quarter of 
global output, with the top 25 and top 50 accounting for 42% and 56% respectively. 
This reflects a highly competitive marketplace, especially given the extent to which 
steel is traded. While the degree of consolidation in the industry has not changed 
much over the past half-century, gone are the days when a regional producer can 
expect to have unfettered access to a regional marketplace – contracts with 
international players can be signed in minutes.   

It is difficult to compare the degree of consolidation of one market with respect to 
another because of different definitions of output and market sizes. Few industries 
produce a single physical output (albeit with differing grades and product types) that 
is as directly comparable between market participants as the steel industry. However, 
two familiar markets provide some contrasting context. The output of the top ten 
aluminium producers accounts for about half of global primary aluminium production 
(Rusal, 2019). In the energy sector, seven major international oil companies account 
for around 15% of global oil production, but Saudi Aramco, the world’s largest 
producer, accounts for almost 10% on its own (Umar, 2019). By the standards of these 
industries and also those of many of its upstream suppliers and downstream markets, 
the iron and steel sector can be seen to be much less consolidated. 
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Steel production fundamentals 
The first iron and steel artefacts are thought to date back more than 5 000 years, but 

it was not until the industrial revolution gathered pace in the 18th and 19th centuries 

that steel was able to be produced at a reasonable cost and on a large scale. 

Henry Bessemer patented the first cost-effective industrial steelmaking process in 

England in 1855, with Charles Hall doing so for aluminium in Ohio in 1886. Since its 

inception, nearly every part of the process of steelmaking has undergone significant 
technological advance, with the primary aim being to reduce yield losses and energy 

consumption, thereby making the process more efficient and cheaper to operate. 

Despite this evolution, many of the process fundamentals remain relevant today.  

The primary factors in determining the cost of producing steel are the production 

route and the costs of the main input materials (iron ore, scrap and energy). The cost 

of producing steel, the size of domestic or nearby markets and government policy 

(including environmental policies and industrial strategy) are in turn the key 

determinants of the regional distribution of steel production around the globe. This 

section provides an overview of the main production pathways, an overview of the 
main cost considerations and a detailed look at where steel is produced and 

consumed today. 

Main production pathways 
The principal inputs to steelmaking today are iron ore, energy (mainly coal, natural 

gas and electricity), limestone and steel scrap. Iron ore and scrap are used to provide 

the metallic charge, with scrap having a significantly higher metallic concentration 
(>95%) than iron ore (typically in the range of 50-70%). Metallic input of 

1.05-1.2 tonnes is required per tonne of steel. Energy inputs are used to provide heat 

to melt the metallic input, and in the case of iron ore, to chemically reduce it (remove 

oxygen) from its naturally occurring states found in the earth’s crust.6 “Primary” steel 

production refers to that which uses iron ore as its main source of metallic input, 

whereas “secondary” production is that based on scrap (Figure 1.2). However, in 

many instances this distinction can become less clear-cut, as scrap is often used in 
primary production, and iron is commonly used in electric furnaces, which are the 

typical unit for secondary production. Consequently, when describing the situation 

 
                                                                 
6 Key iron ore constituents include: magnetite, Fe3O4, 72.4% iron content; haematite, Fe2O3, 69.9% iron content; 
goethite, FeO(OH), 62.9% iron content; limonite, FeO(OH)·n(H2O), 55% iron content; siderite, FeCO3, 48.2% iron 
content. 
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in a given region or portfolio, it is instructive to quote the share of scrap in total 

metallic inputs alongside the shares of primary and secondary production. 

Carbon monoxide and hydrogen are the reducing agents that help cleave the oxygen 

from these iron ore molecules. Virtually all of the carbon monoxide and hydrogen 
used to reduce iron ore today are generated from fossil fuel energy inputs, mainly 

coal and its derivative coke (and to a much lesser extent natural gas). Lime fluxes, 

such as limestone and dolomite, are used at various stages of the steelmaking 

process to help remove impurities such as sulphur, phosphorus and silica. The 

production and use of lime fluxes leads to industrial process CO2 emissions, and 

when chemically combined with the non-iron content of the iron ore they form a 

steelmaking co-product called slag. 

The production of 1 tonne of steel results in around 400 kilogrammes (kg) of slag, 

around 125 kg of which stems from the basic oxygen furnace and the rest from the 
blast furnace (World Steel Association, 2018b). Slag is also produced in electric 

furnaces fed by scrap, but at around half the rate and with a different chemical 

composition. Unless slag can be put to use elsewhere, it has to be stored or disposed 

of, but this is costly and can create a safety hazard. Fortunately, iron- and steelmaking 

slags can be used as substitutes for virgin materials in several industrial applications, 

including the fertiliser, construction and bulk material industries. Blast furnace slag 

in particular forms a vital input to the cement industry, where it can be used as a 
substitute for clinker (the active ingredient in cement, and its most emissions-

intensive component) (IEA, 2018). Slag and other clinker substitutes are typically used 

to form shares of up to 40-50% by weight in the final cement product, leading to a 

near-halving in the emission intensity of production in the cement sector. Because 

the availability of slag is limited, the share of slag used in cement production globally 

is much lower. 
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 Main steel production pathways and material flows in 2019 

 

IEA 2020. All rights reserved. 

*Coal is a key material input to coke ovens for conversion into coke; while not represented here, it is also an energy 
input into other process units, alongside other energy inputs like natural gas and electricity. 
Notes: DRI = direct reduced iron, EAF = electric arc furnace. In some regions (particularly the United States), the DRI-
EAF route has a high ratio of scrap to DRI inputs, but is still categorised as primary production in this publication. Iron 
ore includes concentrate, lump and fines. Electric furnace includes both EAFs and induction furnaces. DRI input into 
blast furnace and blast furnace input into EAFs are less common (dashed lines). 
Source: Crude steel production quantities based on World Steel Association (2020b), World Steel in Figures 2020. 

More than 80% of crude steel is produced via primary routes using mostly iron ore along 
with some scrap. The remainder is produced via recycled scrap. 

The primary production of crude steel has three key phases: raw material preparation, 

ironmaking and steelmaking (Figure 1.2). After mining and beneficiation, the iron ore 

inputs need to be processed before they are used in the ironmaking step. 

Unprocessed iron ore is found in a mixture of fines and lumps, with highly 

concentrated forms of the latter being rarer and typically more expensive, as it can 
be directly used without further processing. Iron ore fines need to be agglomerated, 

either by producing sinter or pellets. Agglomeration processes use heat and pressure 

to form nodules (sinter) and pebble-sized particles (pellets), which when stacked in a 

furnace allow gases to flow through and around them. Depending on the iron content 

of the ore and the pellet or sinter quality, these processes consume varying quantities 
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of coal, coke, natural gas and electricity, but typically in the range of 1-3 gigajoule 

(GJ) per tonne of pellets or sinter. The quality of raw materials used has a significant 
impact on the energy and emission intensities of the subsequent process of 

steelmaking.  

Coke is another input that requires an intermediate step of transformation. Coking 

coal (a specific grade of hard coal with elevated carbon content) is heated to around 

1 100°C in a coke oven in the absence of air to remove its volatile components, 

resulting in coke, a mostly carbon-based substance with high compressive strength. 

Scrap also requires some degree of preparation before it is used in steelmaking (and 

less commonly in ironmaking), depending on where it was sourced (see Box 2.2). 

Post-consumer scrap (as opposed to that generated in mostly pure forms within a 
production site or manufacturing operation) must be separated from other materials, 

which is typically done with the help of magnets. Copper is a persistent contaminant. 

It can be difficult to separate from steel at a reasonable cost, as it is often wrapped 

tightly around steel in several end-use applications (e.g. alternators, generators, 

motors). Improved scrap sorting and better separation techniques to reduce 

contamination by trace metals like copper will be important to ensure the majority of 
steel grades can be produced via the secondary route. This may increase sorting 

costs (Daehn, Serrenho and Allwood, 2017). 

Whereas many – comparatively small – steel plants around the world exclusively 
employ the secondary route for production (i.e. purely scrap-based), primary 

production facilities can use up to around 15-25% scrap alongside iron ore. While iron 

ore is mined all over the world (it is one of the most abundant elements on earth), 

scrap availability is limited by the rate at which steel products reach the end of their 

life and the effectiveness of scrap collection and sorting systems. Around 700 Mt per 

year of scrap is consumed each year for steel production (compared with a total 

crude steel production volume of 1 869 Mt per year), with comparable amounts of 
scrap used in the primary and secondary routes.  

Once scrap is collected and sorted, the secondary production route mainly requires 
electricity to melt the steel in an electric furnace, often along with a small amount of 

natural gas or coal to form a protective slag foam. Highly conductive graphite 

electrodes are also consumed during the process of heating the scrap metal to 

temperatures of up to 1 800°C. Electric arc furnaces (EAFs) are the most commonly 

used furnace for scrap-based production, but typically less energy-efficient 

induction furnaces are also used, particularly in India and China. Producing 

one tonne of steel via the scrap-based route requires around 2 GJ of final energy per 
tonne of crude steel. 
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The primary production pathway is more complex than the secondary route, 

comprising multiple different process arrangements. The most common primary 
production pathway is the blast furnace-basic oxygen furnace (BF-BOF) route, which 

accounts for around 70% of global steel production and around 90% of primary 

production. Coke and iron ore are both fed into the blast furnace from the top; 

simultaneously, hot air and pulverised coal or natural gas (and in an experimental site 

in Germany also hydrogen) are injected through pipes in the side of the lower part of 

the furnace called tuyeres. This results in a counter-cyclical process of descending iron 
ore met by rising reducing gases. Producing one tonne of liquid steel via the BF-BOF 

route requires around 15 GJ of final energy input (see Box 1.3 for an explanation of the 

analytical boundaries used in this analysis). Lime fluxes and other additives are also 

used in the blast furnace in varying quantities to control the level of impurities and the 

temperature. The blast furnace produces molten iron (“hot metal”) at temperatures up 

to 1 400-1 500°C. The hot metal is then fed to the BOF, often in conjunction with some 

scrap, where oxygen is injected to lower the carbon content from approximately 4-5% 
to the required level of carbon for the steel grade produced (typically around 0.25%). 

The other main method of primary steel production is the direct reduced iron-electric 
arc furnace (DRI-EAF) route. The principal differences between this route and the 

BF-BOF route are: 

• The type of iron ore that is typically used – high-quality DRI pellets are used in the 
DRI-EAF route, whereas the BF-BOF route has the flexibility to use iron ore with 

more impurities, and a combination of pellets, fines, sinter and lump ore. 

• The state of the material when it is reduced – the iron ore is reduced in a solid state 

in the DRI furnace (as opposed to the liquid phase in the blast furnace), before 

being melted in the EAF, often in conjunction with some scrap.  

• The main reduction agents – they are carbon and carbon monoxide in the BF-BOF 

route, while hydrogen and carbon monoxide play more balanced roles in the DRI-
EAF pathway.  

• The balance of energy inputs – DRI-EAF facilities today mainly use natural gas to 

generate the reducing syngas (carbon monoxide and hydrogen), but can also use 

coal, while BF-BOF producers mainly use coke and coal, with natural gas injection 

being less common.  

• The final energy requirement – producing one tonne of steel via the DRI-EAF route 
requires between 18 GJ and 30 GJ of final energy, with natural gas-based 

production generally being more efficient than coal-based gasification 

arrangements, while BF-BOF requires around 15 GJ of final energy.  

The main BF-BOF and EAF (both DRI-EAF and scrap-based EAF) routes combined 

account for 95% of global steel production. Three other process units are also in use 
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today, but see very limited penetration. Smelting reduction is an alternative class of 

processes for ironmaking that facilitates the use of iron ore fines directly (rather than 
agglomerated pellets and sinter) and avoids the use of a coke oven or coking coal. 

Several designs are currently commercially available or under development, but the 

process is yet to see widespread adoption within the industry. The open-hearth 

furnace is an outdated alternative to the BOF, and has largely been phased out given 

its inferior energy performance. Production of steel using induction furnaces has 

been increasing in recent years, despite the closure of illegal units in China (OECD 
Steel Committee, 2020). Those furnaces are generally smaller than electric arc 

furnaces, often used to produce special alloys.  

Cost considerations 
The cost of producing steel is highly dependent on the cost of the main inputs to the 

production processes, particularly the cost of iron ore, scrap and energy inputs. 

Using the simplified levelised cost metric as a proxy for the cost of producing one 

tonne of steel, these raw material and energy inputs typically account for 60-80% of 
the total (Figure 1.3). The annualised cost of capital expenditure (CAPEX) and the 

fixed operational expenditure (OPEX)7 account for the remainder.  

The prices of the main metallic raw material inputs – iron ore and scrap – strongly 

influence the final production cost of crude steel. Scrap tends to be more expensive 

than iron ore, reflecting the lower conversion cost (excluding input materials) to 

produce steel. Iron ore prices are governed by a more straightforward set of supply 

and demand dynamics. The cost of producing iron ore, which is mined on a large 

scale in Australia, Brazil, the Russian Federation (“Russia”), China and India, is 

primarily dictated by its iron concentration, local labour costs and capital costs. The 
demand for iron ore is dictated by the demand for steel, and when the supply of iron 

ore is high relative to the level of demand of steel, iron ore prices tend to be lower, 

and vice versa. Prices of iron ore fines in 2019 averaged around USD 90 per tonne, 

whereas just 4-5 years earlier they were around half this level (Index Mundi, 2020). 

Like steel, iron ore is also widely traded.  

As discussed in the previous section, scrap availability is finite and predetermined, but 

there is still a cost curve associated with its collection, sorting and ultimate provision. 

Two key dynamics govern this cost curve. At higher absolute scrap prices, more scrap 

becomes available as higher separation and sorting rates become economic. A study 
of the US market suggests a step change in the elasticity of scrap supply once prices 

 
                                                                 
7 The fixed OPEX boundary used in this analysis includes maintenance, replacement parts and the associated engineering, 
procurement and construction. Variable OPEX, such as the labour required for operating the plant, is not included. Energy costs are 
accounted for separately.  
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exceed the historically high value of USD 250-300, with considerably more scrap 

becoming available, reflecting the additional incentive required to motivate higher 
recovery rates (McKinsey, 2017). The price at which this incentive has an impact will 

vary across regions depending on overall availability, labour costs etc. In tandem, the 

price of scrap relative to that of iron ore also governs its demand level. Scrap demand 

is higher when its price relative to the cost of iron ore is low. 

 Simplified levelised cost of steel production via major commercial routes 

 
IEA 2020. All rights reserved. 

Notes: Annualised CAPEX: USD 52-94/tonne (t) crude steel for BF-BOF, USD 53-136/t crude steel for DRI-EAF, 
USD 34-58/t crude steel for scrap-based EAF. CAPEX includes engineering, procurement and construction costs. 8% 
discount rate, 25-year lifetime and a 90% capacity factor are used for all equipment. OPEX: USD 48-87/t crude steel 
for BF-BOF, USD 48-125/t crude steel for DRI-EAF, USD 31-54/t crude steel for scrap-based EAF. Energy prices: Natural 
gas = USD 2-10/million British thermal units, thermal coal = USD 35-80/tonne of coal equivalent (tce), coking coal = 
USD 75-155/tce, and electricity = USD 30-90/megawatt hour (MWh). Scrap = USD 200-300/t. Iron ore = USD 60-100/t. 
Source: World Steel Prices (2020), 2019 Beams and Rebar Prices. 

The cost of producing steel is highly sensitive to raw material and energy costs, which 
typically account for 60-80% of the cost of production.  

The primary production pathways (BF-BOF and DRI-EAF) consume around eight times 

as much final energy as the secondary route, so are much more sensitive to energy 
prices. While the primary production routes consume large amounts of coal and 

natural gas (and electricity and heat generated from their off-gases), the scrap-based 

EAF pathway mainly uses electricity imported from the grid. Electricity and natural 

gas prices are subject to much wider regional variation, hence the larger contribution 

of energy to overall cost sensitivity in the DRI-EAF and scrap-based EAF routes. 

CAPEX and fixed OPEX tend to be fairly consistent across countries when only 

considering production equipment. For a given production route, there is little 

variation in the individual pieces of equipment available in each region, with each 
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producer tailoring the size and arrangement of the steel mill to suit local 

circumstances (e.g. grades of steel required, land availability). However, when 
considering engineering, procurement and construction costs, as well as ongoing 

variable OPEX (e.g. plant operators), there is significant variation between regions. 

Regional supply and demand 
Increases in global economic activity or gross domestic product (GDP) go hand in hand 

with increases in global steel demand. Since the millennium global GDP and steel 

demand have both roughly doubled.8 However, this relationship does not hold at the 
regional level. In 2015 steel demand decreased by 5% in China, despite robust 

economic growth of 7%. In the United States steel demand has hitherto failed to eclipse 

its 1973 peak of 150 Mt, despite the economy expanding more than threefold since 

then. The correlation between GDP and steel demand is rather complex, impacted by 

factors including industrial structure, level of economic development, level of 

investment in a given period (including government stimulus projects) and cycles of 

infrastructure renewal. 

More robust regional trends can be seen when examining “stocks” of steel products in 

society, that is, steel stored in goods, buildings and infrastructure. While countries are 
in the early stages of development, their steel demand tends to rise rapidly to meet 

evolving infrastructure needs and growing consumer demand. Annual demand may 

rise and fall, but during this development phase the stock of steel in society tends to 

increase markedly until it reaches a level of 8-16 tonnes per capita (Pauliuk and Müller, 

2013). At this level, the stock of steel in advanced economies tends to saturate, with 

future steel demand being required only to maintain and replace the existing stock, 

and perhaps to a lesser extent to meet needs for new technologies (e.g. wind turbines).  

Conversely, when economic growth slows or declines, the demand for steel tends to 

follow the same trend. During the 2008 financial crisis global economic growth 
contracted, falling to 2.9% GDP growth in 2008 and a 0.4% decline in 2009 compared 

to robust average growth of 5.0% in the previous five years. Global steel demand fell 

by 8% in 2009, although it recovered quite quickly with 15% growth in 2010, returning 

demand to a level higher than that of 2008. Following a period of relatively flat demand 

from 2014 to 2016, steel demand saw robust growth of 3-7% during the years 2017-19. 

This prevailing economic context, together with the impacts of the recent Covid-19 

pandemic, has made for a turbulent few years and an uncertain short-term outlook for 
the industry (Box 1.1). 

 
                                                                 
8 Steel demand values in this sub-section “Regional supply and demand” refer to apparent steel use, on a crude steel 
basis. 
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 Regional crude steel production and demand in 2019* 

 

IEA 2020. All rights reserved. 

*Data on capacity, production, and apparent steel use are provided for 2019. Data on apparent steel use per capita 
and true steel use per capita are provided for 2018, for comparability purposes since data on true steel use are not 
yet available for 2019. India and Middle East true steel use per capita are estimates based on 2017 data as 
disaggregated 2018 data for these individual regions are not available. 
Notes: All data are shown in terms of crude steel equivalent. Apparent use includes trade of intermediate steel (semi-
finished and finished steel products), while true steel use also includes indirect trade of steel-containing goods. For 
further discussion of regional variation in steel demand and production, please see the Chapter 2 section “The outlook 
for demand and production”.   
Sources: World Steel Association (2020b), World Steel in Figures 2020; World Steel Association (2019b), Steel 
Statistical Yearbook 2019; OECD Steel Committee (2019b), OECD Steelmaking Capacity Database. 

In 2019 China accounted for about half of steel production and consumption. Other leading 
producers include the European Union, India, the United States and Japan. 

China is currently the largest steel producer, accounting for more than half of global 
production in 2019, followed by the European Union (9%),9 India (6%), Japan (5%), the 

United States (5%), Russia (4%) and Korea (4%) (Figure 1.4). Today’s regional 

distribution of production looks considerably different from 20 to 30 years ago. In 

1990 global steel production was only 41% of the current level (770 Mt in 1990 

compared to 1 869 Mt in 2019), with the top producers being today’s members of the 

European Union (26% of global production), the Union of Soviet Socialist Republics 

(20%), Japan (14%), the United States (12%) and China (9%). In the following decade 
global production grew 10% to reach 850 Mt in 2000, with the European Union 

remaining the top producer (25%), followed by China (17%), Japan (14%), the 

United States (13%), Russia (8%) and Korea (6%). Since 2000 global steel production 

 
                                                                 
9 Figures for the European Union in this publication include the United Kingdom, which left the union on 31 January 
2020.  
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has grown by 120%, driven in large part by soaring production levels in China as a 

result of rapid domestic economic development and industrialisation. 

While in many cases a country’s production level aligns relatively closely with its 

levels of domestic demand, steel is a highly traded commodity, with one country’s 
surplus production serving another’s need to import. Given the diversity of steel 

grades produced and needed, it can also be the case that a country has both a high 

export and import share for steel production and demand, respectively. Since steel 

is traded both as an intermediate product (e.g. steel plate) and embedded in 

steel-containing end-use goods (e.g. vehicles), demand and end-use quantities can 

be calculated in various ways. “Apparent steel use” is equivalent to crude steel 

production plus imports less exports of both crude steel and intermediate steel 
products (i.e. semi-finished and finished steel products). Apparent steel use therefore 

represents steel use by next-tier manufacturers, such as vehicle makers, fabricators 

and construction companies, some of whose products may be destined for export.  

“True steel use” incorporates to some degree the indirect trade of steel in steel-

containing products, thus aiming to represent steel use by final consumers (World 

Steel Association, 2012). Estimating true steel use is challenging, given that it requires 

an estimation of steel contained in a multitude of end-use products, including items 

as diverse as household appliances and industrial equipment. It may thus be 

imprecise. Nonetheless, this measure can help provide a better representation of 
actual steel use by final consumers rather than the quantity demanded by 

intermediate industries.  

In 2019, 25% of global steel production was traded as intermediate steel products 

(finished and semi-finished steel products), with the remainder being used by next-

tier manufacturers in the country in which it was produced (World Steel Association, 

2020b). After steel is used in a variety of manufacturing sectors and processes, 

another round of steel trade takes place. Figures for the trade in volumes of steel 

contained in goods are much more uncertain; the most recent estimate for 2018 

suggests that 22% of this steel is exported. The remaining 78% of the steel contained 
in goods is used in the countries where the goods are produced.  

China, as the leading global producer, has been a net steel exporter in recent years. 
However, much of its production is used domestically – around 95% of production in 

2018 was used by next-tier manufacturers, that is domestic manufacturers and in 

construction (apparent steel use), and about 85% of steel was used domestically by 

final consumers (true steel use) (Table 1.1). Other net exporters include Russia, Japan, 

Korea, and India, while net importers include the Middle East, the United States and 
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the European Union.10 Many countries with smaller steel industries are net importers 

from the major exporting countries. Some small producers are net exporters, but 
export relatively small quantities compared with global trade volumes. 

 Steel trade by major steel producers and users (2018)  

Country 
Net 
exporter or 
importer 

Net exports as % of 
production Net imports as % of use 

Apparent 
steel use 

basis 

True steel use 
basis 

Apparent 
steel use 

basis 

True steel use 
basis 

China Exporter 5% 14% - - 
India Exporter 4% 5%   
Japan Exporter 32% 46%   
Korea Exporter 23% 41% - - 
Russia Exporter 38% 29% - - 
European Union Importer - - 9% 3% 
Middle East Importer - - 26% 16% 
United States Importer - - 23% 44% 

 
Notes: “Apparent steel use” and “True steel use” are considered in terms of crude steel equivalent. 2018 data are used 
for comparability, as 2019 data for true use are not yet available. India and Middle East true steel use are estimates 
based on 2017 data as disaggregated 2018 data for these individual regions are not yet available. 
Source: World Steel Association (2020b), World Steel in Figures 2020; World Steel Association (2019b), Steel 
Statistical Yearbook 2019. 

Steel and the environment 
The iron and steel sector is highly energy- and emissions-intensive, accounting for 
8% of global final energy use and 7% of global direct energy-related CO2 emissions 

(including industrial process emissions). Iron and steel production is highly reliant on 

coal or natural gas for iron ore-based production, which is considerably more energy- 

and emissions-intensive than pure scrap-based production, which uses mostly 

electricity for its energy input. Over the past three decades, the sector’s total energy 

consumption has doubled (Figure 1.5). Production grew at a somewhat higher rate of 
2.4 times during the same period, indicating that energy efficiency improvements 

have led to a modest reduction in the energy intensity of steel production. 

  

 
                                                                 
10 In this publication, the Middle East region includes the following countries: Bahrain, Islamic Republic of Iran, Iraq, 
Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syrian Arab Republic, United Arab Emirates, Yemen. 
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 Final energy consumption in the steel industry 

 

IEA 2020. All rights reserved. 

Notes: Gt = gigatonne; Mtoe = million tonnes of oil equivalent. “Exported energy products” refers to energy products 
that are produced but not used directly in the iron and steel sector (including coke ovens and blast furnaces). Key 
examples of these exported energy products are steel off-gases (coke oven gas, blast furnace gases) and coke, and 
are shown as negative values in the figure. “Net energy consumption” is the sum of the gross energy input to the 
sector (the positive values in the figure) and these negative exported quantities. Net energy consumption is the default 
definition of sectoral energy consumption used in this publication, and is referred to simply as “energy consumption” 
elsewhere for brevity.  
Source: IEA analysis based on IEA (2020a), World Energy Balances, and multiple editions of the World Steel Association 
Steel Statistical Yearbook.  

Energy demand in the iron and steel sector has nearly doubled over the past three decades, 
with most of the growth owing to China’s post-millennium surge in output.  

It will be important to decouple CO2 emissions from steel production in the years to 

come for the sector to play its part in achieving global climate goals. Steel plant 
installations have long lifetimes, typically with 25-year investment cycles and 40-year 

typical average lifetimes. As such, capacity built in the past 2-3 decades could 

already imply considerable emissions for the sector in the medium term. The average 

age of ironmaking capacity is only around 13 years globally. Engaging a variety of 

strategies to address the sector’s existing stock of assets will be critical to putting 

the industry on a more sustainable emissions pathway. Strategies include early 
retirements, underutilisation, retrofitting and fuel switching. This must also be done 

parallel to addressing the various challenges associated with meeting future steel 

demand, which are explored in Chapter 2. 
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An energy- and CO2 emissions-intensive sector 
The iron and steel sector accounted for 845 Mtoe of energy consumption11 globally 

in 2019, representing 20% of industrial energy use and 8% of total final energy use. It 

is the second-largest industrial energy consumer, after the chemical sector (which 

uses a vast amount of oil, gas and coal as feedstock). The main energy input is coal, 

accounting for almost three-quarters of the sector’s energy use. Much of the coal 

consumed is coking coal used to produce coke for blast furnaces as a chemical 

reduction agent and for its physical properties, although other coal grades are also 
used, mainly to provide heat. Coking coal alone accounted for about 16% 

(872 million tonnes of coal equivalent [Mtce]) of global coal demand (5 530 Mtce) in 

2019, with the steel sector accounting for almost all of its use, constituting a major 

demand sector of the coal industry.  

Electricity and natural gas account for most of the remaining energy demand in the 

iron and steel sector, in almost equal measure. The steel industry accounted for 2.5% 

(90 billion cubic metres [bcm]) of global gas demand and 5.5% (1 230 terawatt hours 

[TWh]) of global electricity demand in 2019. Both of these energy carriers are used for 

a wide range of processes, including finishing processes such as rolling, with a 
considerable proportion of the electricity used to power EAFs and induction furnaces, 

and much of the natural gas used in DRI and natural-gas injection BF-BOF production. 

BF-BOF production results in co-product gases – including coke oven gas, blast 

furnace gas and basic oxygen furnace gas – consisting of a mixture of nitrogen, 

carbon dioxide, carbon monoxide, hydrogen, methane and other gases. These off-

gases contain sufficient energy content for use in other processes: around 6 GJ per 

tonne of crude steel produced. A share of these off-gases may be used on site for 

ancillary processes such as heating furnaces in rolling mills or preheating air for blast 

furnaces. The remainder can be used for on- or off-site power and steam generation, 
which is often used for internal steel plant energy needs both in steelmaking and 

downstream processes. Some steel companies are also exploring the use of off-

gases as inputs to chemical and fuel production via carbon capture and use (CCU) 

installations. Coke oven gas, owing to its high hydrogen content, is already used as a 

feedstock to produce methanol in China.  

Globally the sector accounted for 2.6 Gt of direct CO2 emissions in 2019, representing 

about one-quarter of industrial CO2 emissions and 7% of total energy sector emissions 

(including process emissions). Of the steel sector’s direct CO2 emissions, around 0.3 Gt 

are process emissions arising from the use of lime fluxes and from ferroalloy 
production. An additional 1.1 Gt CO2 of indirect emissions are emitted through the use 

 
                                                                 
11 See the notes below Figure 1.5 for an explanation of how energy consumption is accounted for in this publication.  
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of steel off-gases, along with other energy inputs, to generate the electricity and 

imported heat consumed by the steel sector. Direct CO2 emissions from the iron and 
steel sector more than doubled between 2000 and 2019, driven by high production 

growth, particularly in China. With production expected to continue growing in the 

future, albeit at a considerably slower rate than in the past two decades, reducing the 

CO2 intensity of steel production will be critical to limiting the sector’s contribution to 

anthropogenic climate change.  

Largely owing to its reliance on coal, steel production is currently highly emissions-

intensive. Producing a tonne of crude steel results in, on average, 1.4 t of direct CO2 

emissions and 0.6 t of indirect CO2 emissions on a sectoral basis (see Box 1.3 for 

discussion of these categories of emissions).12 Focusing on crude steel production 
prior to finishing processes, the BF-BOF route – which accounted for 71% of production 

in 2019 – is highly emissions-intensive. Producing a tonne of crude steel via the BF-BOF 

route with coal injection directly emits around 1.2 t CO2. In addition, it results in an 

average of 1.0 t CO2 in indirect emissions from electricity and imported heat 

generation. About 90% of BF-BOF production relies on coal injection, with the 

remaining share relying on injection of other fuels such as gas or charcoal, which 
results in a somewhat lower direct emission intensity. The considerable indirect 

emissions from the BF-BOF route results in part from use of steel off-gases for a large 

proportion of heat and electricity, and also from imported generation, which generally 

takes place on site, and also from imported electricity and heat. The energy content of 

steel off-gases relative to their carbon content is variable and generally quite low owing 

to a substantial non-combustible CO2 content (~25%), meaning they are emissions-

intensive when combusted (up to about 2.5 times the emission intensity of coal).  

The other main primary route, DRI-EAF, can achieve somewhat lower emission 

intensities. This is largely due to 70% of DRI-EAF production relying on natural gas 

rather than coal. A tonne of crude steel produced by natural gas-based DRI-EAF 
results in 1.0 t CO2 in direct emissions. At the current global average CO2 intensity of 

electricity generation – 538 grammes of CO2 per kilowatt hour – the route results in 

0.4 t CO2/t in indirect emissions from electricity generation (the DRI-EAF route does 

not produce off-gases with sufficient energy content for use in electricity or heat 

generation). The coal-based DRI-EAF route produces almost three times more direct 

emissions and a similar quantity of indirect emissions as its gas-based DRI-EAF 
counterpart.  

 
                                                                 
12 Throughout the publication, “sectoral” energy and emission intensities are calculated by dividing the sector’s total energy 
use and emissions by total crude steel production; thus finishing and other ancillary processes are included. However, 
when energy and emission intensities are presented for particular process routes (BF-BOF, DRI-EAF, scrap-based EAF, 
etc.), finishing processes are not included. See Box 1.3 for further details on the boundaries used for energy consumption 
and emissions in this analysis.  
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Conversely, scrap-based EAF production relies primarily on electricity and has a 

much lower emission intensity. The route results in only about 0.04 t CO2/t of crude 
steel produced on a direct emissions basis, as a result of a small amount of coal or 

gas use and from the production and use of lime fluxes. Based on the current global 

average CO2 intensity of electricity generation, the scrap-based EAF route results in 

an additional 0.3 t CO2/t in indirect emissions.  

Some installations have already achieved emission intensities considerably lower 

than the typical values just mentioned. These can be achieved through measures 

such as maximising operational energy efficiency and by employing best available 

technologies. While a good first step, these incremental improvements will be 

insufficient to drive deep emission reductions – step changes in production methods 
will be needed, as explored in Chapter 2. 

Box 1.3 Analytical boundaries: Energy consumption and CO2 emissions 

Stakeholder groups in the steel industry adopt a range of approaches to energy and 
emissions accounting. Multiple approaches can be valid, but it is important to 
communicate how the quantitative results in this technology roadmap relate to the 
conventions adopted elsewhere, and specifically those of the World Steel 
Association (worldsteel), the global industry association and a central body for 
dissemination of information within the sector. The ISO 14404 family of standards 
and the European Commission’s BREF on the iron and steel sector are also important 
reference documents (ISO, 2020; European Commission, 2020).  

Broadly speaking, the IEA and worldsteel values are the same once adjusted for the 
treatment of electricity generation. Whereas the IEA accounts for electricity 
consumption in final energy terms and emissions from electricity generation as 
indirect emissions, worldsteel accounts for it in primary energy terms and attributes 
these emissions directly to the iron and steel sector.  

Sectoral boundary for energy accounting 

The sectoral designations for energy accounting adopted in this technology 
roadmap follow those of the IEA World Energy Balances dataset, which comprises 
an annual computation of all major energy flows in the energy system based on 
statistics submitted by countries across the world (IEA, 2020a). The energy used in 
blast furnaces and coke ovens (accounted for separately in the IEA dataset), and 
within final consumption in the iron and steel industry sub-sector, are merged to 
form the sectoral boundary for energy accounting in this technology roadmap.  

The accounting of fuel used to generate heat and electricity also follows the 
convention adhered to in the IEA World Energy Balances, which may be unfamiliar 
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to readers. Fuel consumed to produce heat on site, including within a core process 
unit (e.g. a blast furnace) or in a dedicated heat or co-generation plant, is directly 
accounted for as fuel consumption (e.g. natural gas or coal) within the iron and steel 
sector final energy consumption boundary. Fuel used to generate heat that is sold 
is accounted for in the fuel transformation sector, and is therefore not included 
within the iron and steel sector boundary. This energy use is directly accounted for 
as imported heat within the iron and steel sector boundary, and is a small share of 
the sector’s total energy consumption.  

Fuel used to generate electricity, whether on site (e.g. an autoproducer power plant 
utilising steel off-gases) or in a dedicated utility (e.g. a main activity producer coal 
power plant in the power sector), is accounted for in the fuel transformation sector 
– outside the iron and steel sectoral boundary. This energy use is recorded as 
electricity consumption within the sector boundary. Co-generation plants also 
follow this convention, with the fuel inputs split between the iron and steel and fuel 
transformation sectors in proportion to the shares of heat and electricity generated 
by the unit. For example, if an iron and steel sector co-generation unit produces 
heat and electricity in a ratio of 1:2, one-third of its fuel inputs would be accounted 
for directly as fuel consumption within the iron and steel sector boundary, and two-
thirds within the fuel transformation sector.  

This energy accounting methodology results in an average energy intensity of crude 
steel of 19 GJ/t in 2019. The IEA states all energy intensities in final energy terms, 
whereas worldsteel accounts for electricity consumption in primary energy terms, 
using a conversion factor of 9.8 GJ of fuel per MWh of electricity (equivalent to a 
37% conversion efficiency). This results in a higher value of sectoral energy intensity 
using the worldsteel methodology (around 20 GJ/t in 2017) (World Steel 
Association, 2019a). Using the IEA accounting methodology, the total energy 
consumption of the sector is 845 Mtoe in 2019, whereas the value arrived at using 
the worldsteel methodology would be around 1 030 Mtoe. Accounting for this 
difference in the treatment of electricity (final vs primary), the values are broadly 
comparable. 

Sectoral boundary for CO2 emissions accounting 

There are three categories of CO2 emissions attributed to the iron and steel sector 
in this technology roadmap: energy-related emissions, process emissions and 
indirect emissions. The first two categories are both considered to be direct 
emissions and are the focus of the analyses presented in this technology roadmap. 
Indirect emissions are those attributable to electricity generation, whether on site 
or imported from the electricity grid, as well as the small amount of imported heat. 
These indirect emissions are presented as a complement to the direct emissions in 
specific instances, and are not a core analytical component of the technology 
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roadmap analysis, to avoid implicit double counting of emissions from power 
generation presented in other IEA publications. 

Direct energy-related emissions are the CO2 emissions generated from fuel 
combustion in the iron and steel sector corresponding to the energy accounting 
definitions outlined above. This includes the consumption and transformation of 
energy in coke ovens and blast furnaces.13 The consumption of electricity, imported 
heat and bioenergy do not lead to any direct energy-related emissions.  

Process emissions include those arising from the use of lime fluxes and from 
ferroalloy production. Lime fluxes such as limestone and dolomite are introduced 
directly into steelmaking processes to remove impurities, or after being converted 
to quicklime. All CO2 emissions associated with the use of lime fluxes are included 
within the sectoral boundary, whether or not conversion to quicklime takes place 
on site or elsewhere before purchase. Process emissions from ferroalloy production 
include further emissions from the use of lime fluxes, together with those from the 
consumption of carbon-containing electrodes and the calcination of carbonates 
present in various ores. A small amount of process emissions is also generated 
during the consumption of graphite anodes in EAFs.  

Indirect emissions are those attributable to electricity generation, whether the 
electricity is produced on site (autoproducers) or imported from the grid (main 
activity producers), as well as imported heat. In the sectoral emissions accounting 
in this technology roadmap, the CO2 intensity of electricity is calculated on a 
regional basis for imports from the grid, depending on the power generation 
technology mix. For electricity generated on site from steel off-gases, the emissions 
factors for the relevant gases (coke oven gas, blast furnace gas etc.) are used. 
Where co-generation plants are used, the emissions associated with burning the 
fuel are categorised as direct energy-related emissions for the proportion 
attributable to heat, and indirect emissions for the proportion attributable to 
electricity. As is the case for energy, the fuel inputs are allocated between these 
categories based on the proportions of heat and electricity generated, in energy 
terms.  

This CO2 emissions accounting methodology results in an average sectoral direct 
emission intensity of crude steel of 1.4 t CO2/t, and a direct + indirect emission 
intensity of 2.0 t CO2/t in 2019. The latter compares favourably with the worldsteel 
figure of 1.9 t CO2/t in 2018, which includes the IEA’s category of indirect emissions 
(scope 1, 1.1, 2 and 3 emissions in the worldsteel nomenclature) (World Steel 

 
                                                                 
13 This accounting of energy-related emissions differs from that of “CO2 emissions from fuel combustion” in the IEA 
World CO2 Emissions dataset, where emissions arising from the transformation of fuels in coke ovens and blast 
furnaces are not included, following the IPCC designation of energy transformation processes as process CO2 
emissions (IEA, 2020b). 
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Association, 2020d). No adjustments or additions are made to the IEA figures for 
“scope 3” emissions, whereas worldsteel includes further quantities of emissions or 
emissions credits related to the procurement or delivery of raw materials and co-
products. These adjustments tend to be small. 

Energy and emission intensities of main production routes 

When quoting emissions associated with a specific production route, this 
technology roadmap uses a “crude steel boundary”, as depicted in Figure 1.2. This 
boundary includes agglomeration and coke production, ironmaking and 
steelmaking, and casting. It excludes other semi-finishing and finishing processes, 
the use of which differs according to the specific finished steel product being 
produced.  

There are three main production routes for which energy and emission intensities 
are provided by the IEA and worldsteel: the BF-BOF route, the scrap-based EAF route 
and the natural gas-based DRI-EAF route. The IEA’s reference values for these routes 
are based on worldsteel energy data, adjusted for differences in accounting 
boundaries, particularly with respect to electricity. The IEA states all energy 
intensities in final energy terms, whereas worldsteel accounts for electricity 
consumption in primary energy terms, using a conversion factor of 9.8 GJ of fuel 
per MWh of electricity (equivalent to a 37% conversion efficiency). This means that 
processes that consume electricity will appear more energy intensive when quoted 
using the worldsteel analytical boundary, relative to the one used by the IEA. 

Energy intensities of main production routes 

Methodology BF-BOF Scrap-based EAF Natural gas-based DRI-
EAF 

IEA 21.4 GJ/t 2.1 GJ/t 17.1 GJ/t 

worldsteel 22.7 GJ/t 5.2 GJ/t 21.8 GJ/t 

Note: worldsteel reference values are adjusted to match the IEA “crude steel boundary” described above. 
Differences between the IEA and worldsteel values shown here are mainly attributable to the treatment of 
electricity.  

The IEA’s values for emission intensities of the main production routes are 
calculated according to the sectoral emission boundaries described above. The 
direct emission intensities presented in the table below correspond to the final 
energy consumption quantities in the table above, using the IEA calorific and carbon 
content values for each fuel (IEA, 2020b). The indirect emission intensities for these 
main production routes are calculated here using a global average CO2 intensity of 
power generation for electricity imported from the grid, similar to the methodology 
used by worldsteel, to aid comparison. The emissions associated with burning steel 
off-gases on-site (relevant to the BF-BOF route only) are calculated using the 
relevant emissions factors for coke oven gas and blast furnace gas. The direct 
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emission intensities are the analytical focus of this technology roadmap, but once 
adjusted for the inclusion of indirect emissions, it can be seen that the IEA 
direct + indirect emission intensities compare favourably those of worldsteel. 

CO2 emission intensities of main production routes 

Methodology BF-BOF Scrap-based EAF Natural gas-based 
DRI-EAF 

IEA (direct) 1.2 t CO2/t 0.04 t CO2/t 1.0 t CO2/t 

IEA (direct + indirect) 2.2 t CO2/t 0.3 t CO2/t 1.4 t CO2/t 

worldsteel 2.2 t CO2/t 0.3 t CO2/t 1.4 t CO2/t 

Note: worldsteel reference values are adjusted to match the IEA “crude steel boundary” described above.  

Non-CO2 environmental impacts 
While this technology roadmap focuses on CO2 emissions, it is also important to 

address the iron and steel sector’s other environmental considerations, including its 

contribution to air pollution, soil contamination and water use.  

Outdoor air pollution is linked to 2.9 million premature deaths globally each year. The 

industry sector, of which the steel industry is a part, accounts for around 45% of 
sulphur oxides (SOx), and about 25% of each of nitrous oxides (NOx) and 

dust/particulate matter (PM2.5) (IEA, 2019; World Steel Association, 2019c). In the steel 

sector, stack emissions from point sources are most commonly regulated by 

emission limit values specified in environmental operating permits, and they are kept 

under regulated limits through measures such as removing contaminants prior to 

processing, yield optimisation, combustion control, technologies that remove 

pollutants from flue gases such as scrubbers, and monitoring and maintenance 
regimes.  

Diffuse and fugitive emissions in the steel sector result from non-point sources, 
including material handling, stockpiling and transport, and escapes from valves and 

evaporation of solvents. Stockpile emissions are controlled for example through 

stockpile design and watering, storage enclosures, and monitoring, while 

maintenance and monitoring are critical to limiting fugitive emissions. Continued 

efforts to monitor and reduce air pollutants are important, particularly diffuse dust 

that is more challenging to control. Increased control is particularly needed in highly 

industrialised areas where the combined emissions of multiple sources, including 
industry, transport and household heating, lead to poor local air quality.  

In China, for example, air pollution remains a major concern and the steel industry 
has become the largest industrial source of air pollutants after major restrictions on 

coal plants began to be enforced in 2014 (South China Morning Post, 2019). In the 
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past couple of years the government has enforced increasing controls on industry in 

an effort to reduce smog, including production restrictions on smog days. Steel mills 
can be exempt from these production restrictions only if they meet stringent 

emissions limits. New ultra-low emission standards are gradually being introduced, 

starting with the most heavily polluted provinces and expanding further to the 

majority of plants in the coming years (Reuters, 2019; South China Morning Post, 

2019). 

In addition to air pollutants, the steelmaking process can concentrate or lead to the 

release of naturally occurring heavy metals in raw materials – especially from 

contaminated scrap and coal – that can accumulate in and contaminate soil. Heavy 

metals can be released into the air from flue gases, raw material stockpiles and slag 
heaps (consisting of slags that are not reprocessed and instead stored long-term at 

steel sites), typically attached to dust particles. They are then deposited on soils 

surrounding the plant. Various studies have found at least some degree of elevated 

heavy metal concentrations surrounding steel mills (Yang et al., 2018; Khudhur, 

Khudhur and Ahmed, 2018; Qing, Yuton and Shenggao, 2015; Namuhani and Cyrus, 

2015). While in many cases heavy metal concentrations may not exceed limits set by 
soil standards or exposure risk thresholds, it is nonetheless important to monitor 

contamination and implement reduction measures, and to ensure proper site 

remediation following plant retirements. 

Furthermore, the steel industry requires substantial quantities of water for various 

processes including cooling, descaling and dust scrubbing (World Steel Association, 

2015). This includes using untreated sea water for cooling that does not require 

contact with equipment and materials, and fresh water for processes that do require 

contact with equipment and materials. All water apart from that used once for cooling 

is treated on-site before discharge. On average, an intake of about 28 cubic metres 

(m3) of water is needed to produce a tonne of steel, which includes sea water for 
once-through cooling, although there is considerable variability between plants. 

About 90% of that water is normally returned to its source, as clean as or cleaner than 

when extracted and at the same or similar temperature, with the remainder lost due 

to evaporation or in waste products such as sludge. The difference between water 

removed from source and water returned is known as water consumption.  Water 

consumption is generally much lower than water intake, with typical water 
consumption falling in the range of 1-4 m3 per tonne of steel.  

Local water availability affects the extent to which water intake and water 

consumption may be of concern. Water used in cascades or water reuse within a 
plant can be effective ways to reduce water intake, but must be considered in light 

of increased energy requirements for water cooling and desalination, production of 

by-product salts during desalination that need to be landfilled, and the potential for 
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increased water evaporation from recirculation. Water consumption can be reduced 

through measures to reduce evaporation and prevent leaks. Given the considerable 
variability in local circumstances, such as differences in the extent to which water is 

abundantly available or scarce, water management is best regulated by local and 

regional authorities. The International Organization for Standardization has 

developed a standard (ISO 14046:2014) than can help evaluate and improve the 

water footprint of industrial operations based on local conditions.  

What will happen to today’s CO2 emissions from the steel 
industry tomorrow? 

The steel industry’s infrastructure is like a container ship – it has inertia and is slow to 

change direction. While producers are constantly responding to price fluctuations 

and changes to their order books, short of major disruption to the economy (Box 1.1), 

the behaviour of the system tends to maintain fairly stable trends (Figure 1.5). 

Understanding the status quo of the main pieces of equipment that comprise the 
steel industry’s infrastructure is critical to assessing the underlying momentum in the 

system (Figure 1.6). Existing infrastructure certainly presents challenges for reducing 

emissions, but there are also technology opportunities to be seized. 

The amount and type of energy that the steel industry uses at any given moment is 

the consequence of past investments in steel sector assets, as well as historic 

consumption of steel-containing goods. It is not possible to predict accurately the 

future energy consumption and subsequent emissions of these assets, as there is 

scope for adjusting both the quantities and types of energy carriers that they will 

consume, the material inputs to the processes, and how long they actually remain in 
operation. In the end, decisions about whether to cease, continue or extend the 

operation of a given piece of equipment will be based predominantly on its 

operational cost relative to existing or emerging alternatives, and/or the ability to 

obtain a sufficient return in a given economic and regulatory context. However, 

examining the likely trajectories of various emission streams is a useful starting point 

to examine our room to manoeuvre in the coming decades. 

When considering direct CO2 emissions from the iron and steel sector (Box 1.3), blast 

furnaces and DRI furnaces are the principal emitting assets in the industry. They are 

also among the longest-lived and most capital-intensive assets within a steel mill, and 
they tend to be the installations around which investment decisions for the plant as 

a whole are centred. The average lifetime of these assets is typically around 40 years, 

although there are several examples – of blast furnaces in particular – where 

installations are operated for several decades longer than this, with a number of 

rounds of refurbishment. 
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 Geographic distribution and average age of main assets in the iron and steel 
sector by production route and region 

 

IEA 2020. All rights reserved. 

Sources: Estimates informed by Steel Institute (2018), Steel Institute VDEh PLANTFACTS database, and OECD Steel 
Committee (2019a), Latest Developments in Steelmaking Capacity.  

Around 50% of the existing stock of ironmaking equipment is based in China, with India 
contributing a further 5%.  

Typical plant lifetimes only tell part of the story. Roughly every 25 years after 

commissioning a plant, producers will face an investment decision on its main 

assets.14 After each 25-year period of near-continuous operation, a blast furnace will 

need to have its internal refractory lining replaced. During operation this lining is 

subjected to temperatures in excess of 1 400-1 500°C and corrosive compounds 

present in the slag and molten iron, which eventually cause it to degrade. The initial 
installation cost of a blast furnace is around USD 200-300 million per million tonnes 

 
                                                                 
14 The range associated with this estimate is 15-30 years.  
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of capacity,15 and the relining cost is typically around half of this figure. This 

significant level of additional investment to renew the life of the furnace must be 
considered in the context of several competing outlets for capital expenditure, 

including greenfield investments in a new location.  

Assuming a typical lifetime of 40 years, alongside an interim investment cycle of 

25 years, it is possible to assemble the regional average age profile of the existing 

fleet of blast furnaces and DRI furnaces (Figure 1.6).16 The weighted global average 

age of these regional figures is about 13 years for blast furnaces and 14 years for DRI 

furnaces. Coal injection blast furnaces tend to be a little younger at 13 years, whereas 

gas injection installations stand at around 16 years. For coal- and gas-based DRI 

furnaces, the figures are 13 years and 14 years respectively. Underlying these global 
figures is considerable regional differentiation.  

China accounts for over 50% of all ironmaking capacity (both DRI and blast furnace). 
Its relatively young blast furnace fleet (around 12 years on average) is the main factor 

explaining the youth of the global fleet overall. Its coal-based DRI furnaces are 

younger still, at just 8 years on average. The range of ages of individual plants within 

the country will vary considerably, but China’s growth in steel output over the past 

20 years (more than eightfold) shows the relatively short timeframe over which most 

of these installations have been added.  

On either side of the giant share of Chinese capacity in the middle of the age profile 

curve is significant variation in average age across the other regions. At either 

extreme are some of the recently refurbished European blast furnaces (less than 
10 years) and coal-based DRI furnaces in South Africa (around 35 years). The other 

major producing regions at the younger end of the spectrum are the United States 

(gas injection blast furnaces around 12 years) and the Middle East (gas-based DRI 

furnaces around 10 years). At the older end are Russian gas injection blast furnaces 

(around 20 years) and Mexico’s gas-based DRI fleet (around 25 years). India and 

Japan’s coal blast furnaces are similar in average age to China’s at 15 years and 

14 years respectively.  

The age profiles and typical lifetimes of these larger assets are a good guide to the 

rate at which the existing stock of equipment in the iron and steel sector will be 
decommissioned. Without any further investment in new capacity, emissions from 

the steel industry would decline, but not as fast as one might think. If operated under 

 
                                                                 
15 This refers to the blast furnace only, including engineering, procurement and construction costs. The CAPEX for all 
equipment required to provide 1 Mt of annual capacity (including agglomeration, coke ovens etc.) is around 
USD 1-1.5 billion.   
16 These estimates incorporate plant-level information on the years when individual plants last underwent major 
refurbishment, irrespective of the 25-year investment cycle estimate. 
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the conditions typically observed in recent years, existing steel industry 

infrastructure could lead to roughly 65 Gt CO2 of cumulative emissions between now 
and 2060 (Figure 1.7).  

 Emissions from existing steel industry infrastructure under different lifetime 
assumptions 

 

IEA 2020. All rights reserved. 

Sources: Estimates informed by Steel Institute (2018), Steel Institute VDEh PLANTFACTS database, and OECD Steel 
Committee (2019a), Latest Developments in Steelmaking Capacity. 

Intervening at the end of the next 25-year investment cycle could “unlock” roughly 
30 Gt CO2, or around 50% of projected emissions from existing equipment in the steel 
industry. 

To the extent that much of the existing capital stock will still be in operation decades 
into the future, the associated CO2 emissions are often considered to be “locked-in”. 

However, these emissions are by no means destined to take place, and there are 

several strategies and technologies that can be deployed to varying extents to help 

“unlock” emissions from existing infrastructure: 

• Early retirement or interim underutilisation of assets, either because of a change 

in policy or market conditions that makes them uneconomic or because of laws 
and regulations that force early closure or partial operation. 

• Refurbishment and retrofitting, such as enhanced process integration to boost 

energy efficiency, or the application of emission-reduction technologies such as 

replacing natural gas by hydrogen or applying carbon capture, use and storage 
(CCUS). 

• A change in material inputs, for example a higher share of scrap use in various 

process units, or higher-quality iron ore, although both of these options are limited 

by availability.  
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• Fuel switching and incremental blending, sometimes combined with some degree 

of retrofit, to allow assets to use less-carbon-intensive or recovered fuels. 

In addition to the nuances at the sub-sector level, the scope for unlocking emissions 

varies greatly across regions, according to the age of the different types of 

infrastructure. In the regions where industrial capacity is generally older, there is 
much more potential for early retirement, as the economic losses involved would be 

significantly lower. In the countries with younger assets, greater emphasis is likely to 

be placed on retrofitting with more energy-efficient and less carbon-intensive 

technologies, where it is economic to do so.  

Beyond applying the mitigation strategies above, existing production facilities can 

be used to bridge the gap to breakthrough technologies. This is especially important 

for the sustainable transition of the steel sector, where readily available alternatives 

for dramatic reductions in emission intensity are not commercially available today. 

Strategically timed investment to partially renew existing infrastructure – or a 

decision to forgo investment – can form an important strategy to avoid a new 
investment cycle occurring just at the wrong time. By eliminating the seemingly small 

period of 15 years between the 25-year investment point and the typical 40-year plant 

lifetime, operators can have a big impact on future emissions from the iron and steel 

sector: around a 30 Gt CO2 reduction in cumulative emissions from these assets, or 

approximately 50% (Figure 1.7). 
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Chapter 2. The future of 
steelmaking 

 

HIGHLIGHTS 

• For the steel industry to follow a trajectory compatible with the goals of the Paris 
Agreement, its direct CO2 emissions must fall by more than 50% by 2050 relative to 
today. Our Sustainable Development Scenario outlines a pathway compatible with 
achieving these goals, which requires a reduction in the direct emission intensity of 
crude steel production of 58% over this period. 

• Steel production grows from around 1.9 Gt in 2019 to over 2.5 Gt in 2050 in the Stated 
Policies Scenario, driven by rising demand in emerging economies. The dominance 
of the People’s Republic of China in global production declines from just over 50% 
today to 35% in 2050, as India’s production more than triples to cater for booming 
domestic demand.  

• Material efficiency strategies can help reduce growth in global demand for steel while 
delivering the same material services. In the Sustainable Development Scenario, steel 
demand is 19% lower than in the Stated Policies Scenario in 2050. 

• Technology performance improvements and material efficiency deliver 90% of the 
emission reductions under the Sustainable Development Scenario in 2030, whereas 
in the longer term, innovative technologies that integrate various CCUS and 
hydrogen technologies are required for further emission reductions. By 2050 around 
400 Mt CO2 is captured annually, and 16 Mt of hydrogen is used.  

• Energy consumption for steel production decreases by 14% by 2050 in the 
Sustainable Development Scenario relative to today and the proportions of various 
fuels change radically. Coal use declines by 40% by 2050, while electricity 
consumption doubles. 30% of this electricity (or around 700 TWh) is used for 
electrolytic hydrogen generation in 2050, requiring around 165 GW of electrolyser 
capacity. 

• Innovation plays a critical role in the Sustainable Development Scenario, with 
technologies that are pre-commercial today contributing around 30% of cumulative 
emission reductions, and accounting for around a quarter of primary steel production 
in 2050. The regional deployment of individual technologies depends on local energy 
costs, the regulatory context and the existing portfolio of assets.  
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There are many possible futures for the steel industry, and to forecast a specific one 

for the time horizon we are examining in this publication (2019-50) would no doubt 
be futile. Scenario analysis offers a constructive way to deal with the high degree of 

uncertainty associated with making predictions about the future. Quantifying the 

likely future outcomes of baseline assumptions can help identify the policy 

interventions that may be needed for a desirable future. 

 The contribution of the iron and steel sector to direct industrial CO2 emissions 
by scenario 

 

IEA 2020. All rights reserved. 

Notes: Gt CO2/yr = gigatonnes carbon dioxide per year. STEPS = Stated Policies Scenario. SDS = Sustainable 
Development Scenario. “Other industry” includes emissions from the remainder of industry total final consumption in 
the IEA Energy Balances, including for example aluminium, pulp and paper, food and beverage, machinery, mining 
and textiles. 

In the Sustainable Development Scenario, the iron and steel sector accounts for a similar 
share (25-30%) of direct industrial emissions throughout the projection horizon, while 
reducing its absolute direct emissions by 54% by 2050. 

The purpose of this chapter is to explore two contrasting future scenarios for the 

steel industry (Box 2.1). The first is the Stated Policies Scenario constructed by 
projecting forward its current trajectory, shaped by existing and announced policies. 

The second is the Sustainable Development Scenario constructed by stipulating a 

more sustainable end point and examining the pathway by which it might be realised. 

These scenarios are not intended to be predictions nor the only possible paths, but 

rather as illustrations of two possible directions for the steel sector. 

These scenarios are used in this chapter to shed light on the energy and emissions 

implications of the steel industry’s current heading, one in which emissions rise by 
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7% by 2050 relative to 2019 – the Stated Policies Scenario (Figure 2.1). In the 

alternative, the Sustainable Development Scenario, we present a more sustainable 
future for the steel industry, in which global absolute direct emissions fall by 54% 

between 2019 and 2050, while production levels moderately rise. This latter pathway 

for the steel industry is compatible with the temperature goals of the Paris Agreement 

in that it forms part of a wider system scenario. This is a scenario in which the energy 

system as a whole reaches net-zero CO2 emissions globally by 2070.  

Under the Sustainable Development Scenario emissions from the iron and steel 

industry are reduced by 90% by 2070. Similar to other heavy industry sectors – 

cement and chemical production – the direct emission intensity of output (in this 

case, crude steel production) falls by almost 60% between 2019 and 2050, and by 
90% by 2070. This is in contrast to the power sector, for instance, which sees a 

reduction of 95% in the CO2 intensity of the electricity it produces by 2050, and 

reaches net-negative emissions by 2070. Such difference reflects their levels of 

readiness for change – that is, the maturity and scalability of near-zero emissions 

technologies in each sector.  

 Scenario definitions and the broader energy system context 

The Energy Technology Perspectives (ETP) series has been informing the global 
energy and environment debate since 2006. Meeting the shared policy goals of 
energy security, economic development and environmental sustainability requires 
energy technology development and innovation. ETP 2020 sets out where key 
technologies stand today, the potential for wider deployment to meet energy policy 
goals, the opportunities for and barriers to developing selected new technologies 
in the coming decades, and what policy makers and other stakeholders need to do 
to accelerate the development and deployment of the cleanest possible 
technologies. 

ETP 2020 presents the same two scenarios explored in this technology roadmap to 
describe possible energy technology pathways over the next half century:  

 The Stated Policies Scenario takes into account countries’ energy- and climate-
related policy commitments, including nationally determined contributions 
under the Paris Agreement, to provide a baseline against which we assess the 
additional policy actions and measures needed to achieve the Sustainable 
Development Scenario.  

 The Sustainable Development Scenario sets out the major changes that would 
be required to reach the main energy-related goals of the United Nations 
Sustainable Development Agenda, including an early peak and subsequent rapid 
reduction in emissions, in line with the Paris Agreement, universal access to 
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modern energy by 2030 and a dramatic reduction in energy-related air pollution. 
The trajectory for emissions in the Sustainable Development Scenario is 
consistent with reaching global “net-zero” CO2 emissions for the energy system 
as a whole by around 2070.  

The trajectories of these two scenarios are also broadly the same as those explored 
in the other IEA flagship modelling publication, the World Energy Outlook (WEO). 

Neither scenario should be considered as predictions or forecasts, but rather as 
analyses of the impacts and trade-offs of different technology choices and policy 
targets. This is a quantitative approach to support decision making in the energy 
arena and provide strategic guidance on technology choices for governments and 
other stakeholders.  

In addition to the two scenarios, ETP 2020 presents the Faster Innovation Case, 
which explores the implications of bringing forward the date at which net-zero 
emissions is reached to 2050. It is not designed to be an ideal pathway to net-zero 
emission by 2050 – such a pathway is likely to require fundamental changes to 
current behaviour and lifestyles. Rather, it is designed to explore how much 
development cycles would need to be compressed and technology diffusion rates 
would need to be increased, relative to the Sustainable Development Scenario. 

ETP 2020 provides the wider energy system context for the analytical work in this 
technology roadmap. This includes energy price signals, constraints on certain 
resources used elsewhere in the energy system and sub-sector interactions, such 
as the use of coke oven gas as chemical feedstock or slag from iron and steelmaking 
in the cement industry. Chapter 4 of ETP 2020 presents further details on the 
scenario analysis for the iron and steel sector in the longer term, out to 2070.  

The outlook for demand and production 
As discussed in Chapter 1, steel is an indispensable material for virtually all aspects 

of the built environment. With no perfect substitutes currently on the horizon, the 

underlying demand for steel is expected to remain robust in both scenarios we 

examine. However, a more ambitious adoption of material efficiency strategies in the 

Sustainable Development Scenario paves the way for significant reductions in global 

demand for steel, relative to the Stated Policies Scenario, forming one of the principal 
levers for emission reductions throughout the projection horizon. 

Two critical dynamics underpin the regional distribution of production capacity to 
satisfy future demand for steel in our scenarios. Firstly, advanced economies, such 

as those of the United States, the European Union, Japan and Korea, see stagnating 

or gently declining shares of global steel production, despite preserving similar levels 
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of absolute output. Overall, advanced economies account for about 25% of 

production in 2019, declining slightly to around 20% by 2050. The second dynamic 
is the growth that takes place in many emerging economies, particularly India (see 

Chapter 3 for a detailed look at the outlook for India). This compensates for the 

decline in output from the People’s Republic of China (“China”), which is in the 

process of shifting its industrial structure towards less energy-intensive activities 

after having satisfied a certain level of infrastructure and housing development. 

China’s share of global production declines from around 53% in 2019, to 35% in 2050. 
Contrastingly, India’s output share surges, from 6% in 2019, to 17% by 2050, 

reflecting its need for materials like steel to support its economic development. 

Demand outlook and the impact of material efficiency 
Demand for steel is expected to continue rising in the future, as demand for goods 

and services increases with economic and population growth. As mentioned in 

Chapter 1, societies do not demand steel per se, but rather the services that the steel 

material provides. Because there are few cost-competitive sustainable substitutes for 
steel for many end-use applications, economies tend to continue to demand steel at 

all stages of their economic development. At the early stages, countries typically 

require large amounts of steel to build up their infrastructure. As the in-use stock of 

steel accumulates in buildings, vehicles and many other steel-containing goods, the 

demand shifts to serve the maintenance of this installed inventory of steel products, 

or in-use stock, rather than increase its volume. 

In the Stated Policies Scenario global end-use demand for steel reaches 

2.1 gigatonnes (Gt) by 2050, a nearly 40% increase from the 1.5 Gt of end-use 

demand in 2019.1 This end-use demand growth is driven in particular by emerging 
economies, which are still building up their in-use stock of steel towards levels seen 

in advanced economies today. Global iron and steel in-use stock per capita was 

estimated in 2019 at 4.2 tonnes per capita (t/capita) and is expected to rise to nearly 

6.5 t/capita by 2050 in the Stated Policies Scenario, during which time the global 

population grows from 7.7 billion to 9.7 billion and global gross domestic product 

(GDP) grows by 2.5 times.  

Underlying the global steel demand trend is a saturation of demand in advanced 

economies, with in-use stock per capita remaining relatively constant at around 

10-15 t/capita on average in, for example, the United States and many European 
countries. Meanwhile, in-use stocks grow considerably in emerging economies, 

 
                                                                 
1 "End-use demand" refers to the quantity of steel that makes its way into end-use products, excluding the quantities 
that become scrap during semi-manufacturing and manufacturing (home scrap and prompt scrap). As such, total 
end-use demand is lower than total production. 
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which today have considerably smaller stocks, some less than 0.5 t/capita, for 

example in several sub-Saharan African countries. Per-capita in-use stocks are 
expected to continue to rise after 2050, reaching saturation in most regions by the 

end of the century at a global average of nearly 10 t/capita.  

Large variability is observed in steel demand per capita, when calculated on an 

apparent use basis – that is, steel production plus imports less exports of finished 

products. Apparent use represents demand by the next tier of manufacturing 

processes, such as fabricators and the automotive industry, the products of which are 

often destined for export. The result is that some countries may appear to have 

unusually high demand per capita if they are large exporters of steel-containing goods. 

For example, Korea’s annual apparent use is more than 1 t/capita – compared to a 
global average of 0.25 t/capita and around 0.35 t/capita in the European Union – due 

to its large shipbuilding industry. However, when looking at iron and steel demand from 

the perspective of end-use products, or true steel use, advanced economies saturate 

at much more consistent levels, with some variability due to factors such as population 

density. It is projected that emerging economies will eventually reach these same 

levels on a true steel use basis.  

Demand for steel can be broadly divided into four end uses: construction, vehicles, 

machinery and consumer goods. The largest share of demand tends to be from the 

construction sector, which includes buildings and infrastructure such as bridges, 
power plants, pipelines and sanitation systems. Construction normally accounts for 

about half of total end-use demand, but nearly 70% of steel in-use stock, given that 

buildings and infrastructure tend to have the longest lifetimes. These range from 

25-35 years for some power infrastructure and commercial buildings, up to 

75-100 years or even longer for some infrastructure assets and residential buildings.  

In recent decades, vehicles – including cars, trucks and ships – have accounted for 

about 15% of end-use demand and 10% of the global in-use stock, given their shorter 

lifetimes, which average 15-20 years for cars and trucks, and closer to 30 years for 

ships. Machinery, including mechanical and electrical equipment, has accounted for 
about 20% of end-use demand and 15% of global in-use stock, with lifetimes of 

20-30 years. The remaining share of demand comes from consumer goods, which 

include metal goods, domestic appliances and food packaging. This segment normally 

accounts for almost 15% of end-use demand and 5% of the global in-use stock, with 

short lifetimes of about 10-12 years for goods and appliances, and less than a year for 

most packaging applications. These general patterns in demand share by segment may 

differ at particular points in time, such as in 2020 when the Covid-19 crisis has had 
varying impacts on different aspects of demand in different countries.   
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At the country level the pattern of end-use demand shares is partly influenced by the 

level of economic development. At lower levels of GDP, a somewhat higher share of 
demand tends to be for construction and machinery, in order to build up in-use 

stocks of steel. At higher levels of GDP, demand for construction and machinery 

tends to be more for maintenance, resulting in lower demand levels, and an increased 

share of demand is for vehicles and consumer goods, driven by their shorter lifetimes 

and the fact that these segments include many discretionary purchases that are more 

common at higher levels of income. Despite this slight divergence in regional trends, 
the resulting impact on the shares of each demand segment at the global level is not 

that noticeable in our projections. The shares of these four broader segments remain 

relatively similar through to 2050 under the Stated Policies Scenario to their levels 

today (Figure 2.2). 

 Global end-use steel demand and in-use steel stock by scenario 

 

IEA 2020. All rights reserved. 

Note: STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario. 
Source: IEA analysis informed in part by Pauliuk, Wang and Muller (2013), Cullen, Allwood and Bambach (2012) and 
Gibon et al. (2017). 

In the Sustainable Development Scenario material efficiency strategies can help reduce 
growth in global demand for steel while delivering the same services, such that demand is 
nearly 20% lower in 2050 compared to the Stated Policies Scenario. 

Growth in demand for steel is reduced in the Sustainable Development Scenario, with 

production reaching a level in 2050 that is nearly 20% lower than the Stated Policies 

Scenario, and only 10% higher than in 2019. This reduction is driven by a variety of 

material efficiency strategies and shifts in demand, involving various sectors and 

actors at different stages along the steel value chain (Figure 2.3). Global steel in-use 
stocks, nonetheless, reach levels similar to the Stated Policies Scenario in 2050 (only 
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4% lower), reflecting the combined impact of several demand reduction strategies: 

longer lifetimes reduce demand considerably by holding steel in-use stocks for 
longer, direct reuse returns steel back to in-use stocks, and improved yields do not 

reduce in-use stocks because scrap generation does not contribute to in-use stocks 

in the first place. 

Steel used to build clean energy infrastructure drives up demand in particular end-

use segments, with demand from the power sector in 2050 about three times higher 

than under the Stated Policies Scenario and rail infrastructure about one-third higher. 

However, these segments account for a relatively small share of total end-use steel 

demand to begin with (currently about 1% and 3%, respectively). These increases 

(equivalent to a combined 5% increase in demand in 2050 relative to the Stated 
Policies Scenario) are therefore far outweighed by the combined impact of demand 

reduction from material efficiency. 

 The contribution of material efficiency strategies to reductions in global steel 
demand 

 

IEA 2020. All rights reserved. 

Notes: STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario. “Demand” here equates to global 
crude steel production rather than end-use demand alone, in order to include the impact of reducing pre-consumer 
scrap on required production levels. 

Extending the lifetime of buildings accounts for about one-third of steel demand reduction 
in the Sustainable Development Scenario in 2050, with substantial reductions also coming 
from strategies such as improved manufacturing yields, reduced vehicle use, improved 
building design, and reuse. 

A considerable proportion of the demand reduction occurs by improving yields, that 
is, reducing scrap generation during manufacturing. About 7% of the cumulative 

reduction in steel demand to 2050 in the Sustainable Development Scenario, relative 
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to the Stated Policies Scenario (or a 1.5% reduction in demand in 2050), result from 

improved yields during semi-manufacturing, the process in which crude steel is 
converted into steel products like bars, sheets and coils. Another 13% of the 

cumulative reductions (or a 2.5% reduction in demand in 2050) occur during product 

manufacturing, when steel products are converted to end-use goods. Some 

manufacturing processes currently generate considerable scrap, such as cutting 

body panels for vehicles from metal sheets, which can result in up to 30% scrap 

generation. These yield losses can be reduced through improved manufacturing 
techniques, in some cases aided by digitalisation (e.g. through additive 

manufacturing that forms complex shapes with minimal material losses). 

The largest proportion of steel demand reductions comes from changes in the design 
and use of end-use products, aspects that are outside the direct control of the steel 

industry. Steel demand for buildings can be reduced with improved design and 

construction practices, which account for 13% of cumulative reductions in the 

Sustainable Development Scenario relative to the Stated Policies Scenario (or a 2.5% 

reduction in demand in 2050). This includes: 

• Reducing over-specification of structural steel. 

• Section and profile optimisation that better tailors components to their required 

functionality. 

• Innovative modular building designs that require less material. 

• The use of higher-strength steel to facilitate using smaller members and sections.  

• Increased use of pre-tensioned and precast reinforced concrete, which takes 

advantage of the complementary properties of both materials. 

The single largest contributor to demand reduction is extending the lifetime of 

buildings, accounting for 32% of cumulative reductions (or a 6% reduction in demand 

in 2050). Many buildings are currently demolished before the end of their technical 

lifetime, in particular commercial buildings that are often only used for 30 to 40 years 
compared to a technical lifetime of 75 years or more. Taking the opportunity to 

refurbish and repurpose these buildings leads to a considerable reduction in material 

demand, as steel is held in steel in-use stocks for longer periods of time. Many such 

retrofits are linked to energy efficiency, which opens the opportunity for broader 

retrofits and provides an incentive to use the building for longer to recoup the energy 

efficiency investment. The repurposing of buildings can be aided by modular design 
and other design considerations for future retrofitting, as well as aligning policy 

incentives to favour retrofits over demolition.  

In the vehicle supply chain, lightweighting is pursued to improve fuel economy, 
including to allow a longer driving range with smaller batteries in the case of electric 

vehicles. Steel demand is reduced through a combination of better tailoring parts to 
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their function, increased use of high-strength steel that enables using less steel for 

the same function, and substitution by other lighter materials such as aluminium, 
plastics and, to a lesser degree, advanced materials like carbon fibre-reinforced 

polymers, to the extent that such substitution reduces lifecycle emissions. 

Lightweighting in cars and trucks combined contributes 11% of the cumulative 

demand reductions in steel demand in the Sustainable Development Scenario (or a 

2% reduction in demand in 2050).  

Reductions in vehicle sales driven by changes in transport activity account for an 

additional 10% of cumulative reductions (or a 2% reduction in demand in 2050). In 

the Sustainable Development Scenario the number of vehicles is reduced through: 

• Modal shift, in which travel moves increasingly away from private vehicles and 

towards public transport, cycling and shared mobility options. 

• Improvements in the efficiency of freight transport networks. 

• A reduction in total travel from urban densification, increased teleworking and 

reduced discretionary travel.   

What happens to steel in the end-of-life phase is also an important aspect of material 

efficiency. When retrofitting or refurbishing an entire product or building is not 

possible, steel components can in some instances be recovered for direct reuse – 

that is, used again without remelting. Although reuse rates for steel components are 

currently low, considerable potential exists in certain applications, such as reusing 
steel beams and other building components, and using steel from ship plates and 

pipelines for other applications (Cooper and Allwood, 2012). This approach will 

require adequate documentation and labelling of materials to ensure quality control. 

In the Sustainable Development Scenario direct reuse accounts for 15% of the 

cumulative reductions in demand for crude steel relative to the Stated Policies 

Scenario (or a 3% reduction in demand in 2050).2  

When direct reuse is not possible due to technical constraints, such as degradation 

of the material or incompatibility of the product, steel can be recycled and used as 

an input into secondary (and primary) production processes. While recycling does 
not reduce total steel demand, scrap-based production is considerably less energy 

and emission intensive than ore-based production. Steel recycling rates are currently 

quite high, with approximately 85% of end-of-life steel collected for recycling on 

average globally. Yet the recycling rate is quite variable depending on the end use – 

at the higher end, vehicles, industrial equipment, structural steel and appliances have 

recycling rates of 95% or higher, while packaging and reinforcing steel (rebar) are at 

 
                                                                 
2 Note that direct reuse here excludes reuse of whole steel building structures through repurposing, which are instead 
included in building lifetime extension. 
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the lower end, with recycling rates of only 50-60% on average globally, although with 

higher rates of more than 80% for packaging in some regions such as the 
European Union (APEAL, 2020; ArcelorMittal, 2020).  

In the Sustainable Development Scenario, efforts are made to increase scrap 
collection rates, particularly for those end uses and regions seeing lower levels today, 

although some steel is likely to remain difficult to recover (for example, underground 

pipes and rebar in obsolete foundations). By 2050 the overall collection rate 

increases to about 88% in the Stated Policies Scenario, and just over 90% in the 

Sustainable Development Scenario. 

Beyond collection rates, scrap availability for use in secondary production is 

inextricably linked to steel demand and material efficiency. Scrap becomes available 

at multiple stages in the steel value chain (Box 2.2). This scrap is used in secondary 

production routes, in both electric arc furnaces and induction furnaces, and is also 
often combined with iron ore at scrap rates typically up to about 15-25% in primary 

production routes, including foundries producing cast iron. In 2019 it is estimated 

that approximately 865 megatonne (Mt) of iron and steel scrap were available for use 

globally, comprised of about 20% home scrap (165 Mt), 30% prompt scrap (255 Mt) 

and 50% end-of-life scrap (445 Mt). Of this, about 8% (70 Mt) was used in cast iron 

foundries via a combination of internal recirculation and additional end-of-life scrap. 

This left just under 800 Mt of scrap available for steel production.  

 Scrap types and availability 

The name “scrap” may suggest that this is a waste product – something to be 
discarded – but quite the contrary, it is a vital industrial material flow. Steel scrap is 
produced throughout the steel supply chain and is recycled within the industry. 
Steel is one of the most recycled materials globally, with an average collection rate 
of around 85% currently. 

Scrap steel is used in the steel industry in both primary and secondary steelmaking, 
with the advantage that its chemical composition is very close to that (if not 
identical) to the desired product. This means that there is a significant benefit when 
it comes to energy consumption, wherever it is used in the production process. 
Scrap is typically categorised in three ways:  

Home scrap: also known as return scrap, internal scrap or semi-manufacturing 
scrap, this material is generated due to the imperfect yields of steelmaking, rolling 
and finishing processes within a site. This scrap does not usually leave the steel mill 
and most is recycled immediately. It is generated in proportion to current levels of 
steel production. 
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Prompt scrap: also known as new scrap, industrial scrap or manufacturing scrap, 
this material is generated during the manufacture of steel products by first-tier 
customers, and is generally of high quality and near zero contamination. Most of 
this scrap is recycled within a year and is generated in proportion to current levels 
of steel production. 

End-of-life scrap: also known as old scrap, obsolete scrap or post-consumer scrap, 
this material is generated at the end of a steel-containing product’s lifetime, which 
can be anything from less than a year to more than a century. Recycling of this form 
of scrap depends on the collection and sorting practices of the jurisdiction in which 
the steel product is finally used, and the volumes available depend on historical 
production volumes and patterns of use. 

From a material efficiency standpoint, use of end-of-life scrap is desirable when life 
extension or direct reuse is not possible, and thus collection of end-of-life scrap 
should be maximised. Meanwhile, home scrap and prompt scrap represent steel 
that has not been used, and thus their generation should be avoided as much as 
possible, given that remelting adds energy use and emissions to the steel 
production process. Nonetheless, where home and prompt scrap cannot be 
avoided, their collection and use in secondary production still results in energy and 
emission savings relative to primary production. 

While scrap can make an important contribution to production, it has historically only 

met a proportion of steel demand, accounting for about one-third of total metallic 
inputs to steel production globally in 2019, the remainder of inputs being ore. This is 

due to consistent historical growth in steel demand and the lifetime lag between 

products coming into service and when they become available for recycling – so, 

lower inputs in previous decades cannot meet the higher demand requirements of 

subsequent decades. While scrap is often used in the region where it is generated, it 

has significant monetary value and is therefore traded internationally to some 

degree. This facilitates higher usage globally, allowing regions with abundant scrap 
to export it to those that are short of it.  

In the coming decades total scrap availability is expected to increase considerably, 
driven primarily by the release back into the system of steel stock (end-of-life scrap) 

that has built up in past decades. Meanwhile, efforts to improve yields will lead to 

little growth or even a decline in home and prompt scrap. In the Stated Policies 

Scenario, total iron and steel scrap availability increases by about 70% to reach 

1 480 Mt in 2050 (of which 1 400 Mt is available for steel production as opposed to 

iron foundries). Despite this significant growth, scrap still only accounts for about 

45% of inputs into the 2 535 Mt of steel produced in that year, again due to demand 
growth and the lag in steel stock turnover. The share of home scrap out of total scrap 
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available falls to 12% in 2050 as a result of internal efficiency improvements (from 

20% in 2019) and prompt scrap falls to 22% (from 30% in 2019), driven by 
improvements in semi-manufacturing and manufacturing yields. Excluding scrap 

generated in foundries and from cast iron, this is equivalent to 19% of crude steel 

production not immediately making it into a product in 2050 (i.e. ending up as home 

or prompt scrap), compared to 22% in 2019. Meanwhile, the share of end-of-life scrap 

increases to 67% (from 50% in 2019), as steel stocks built up over the previous 

decades reach end-of-life.   

Material efficiency measures in the Sustainable Development Scenario lead to further 

changes in scrap availability. While improved collection rates lead to a small increase 

in scrap availability, most material efficiency measures reduce the availability of 
scrap:  

• Improved manufacturing yields further reduce home and prompt scrap 
generation.  

• Lower levels of overall demand reduce total throughput and thus scrap becoming 

available at all three stages. 

• Lifetime extension holds steel in in-use stocks for longer and thus reduces end-of-

life scrap.  

• Direct reuse diverts scrap from recycling.  

The result is that in the Sustainable Development Scenario the availability of iron and 
steel scrap increases from current levels by a more modest 43% to reach 1 240 Mt in 

2050 (of which 1 160 Mt is available for steel production as opposed to iron 

foundries), comprised of 10% home scrap, 16% prompt scrap and 74% end-of-life 

scrap. Excluding scrap generated in foundries and from cast iron, this is equivalent 

to now only 14% of crude steel production not immediately making it into a product 

in 2050 (i.e. ending up as home or prompt scrap). 

While these material efficiency measures reduce the potential for secondary 

production, they also reduce total steel demand and therefore lead to greater energy 

and emission savings – it is less emission intensive to avoid producing a tonne of steel 
altogether than to produce it and later have it available as scrap for secondary 

production. Despite lower absolute scrap availability, scrap accounts for a similar 

share of metallic inputs to total production in 2050 – 45% – in the Sustainable 

Development Scenario as in the Stated Policies Scenario, given lower total demand.    

When considering the potential for scrap use, it should be noted that end-of-life scrap 

may contain contaminants – including trace metals, such as copper, tin and nickel, 

which are used in tandem with steel in products – or may have degraded over the 

course of its lifetime, which could lead to lower quality of secondary steel. 
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Contamination can generally be well-managed through operational techniques, such 

as separating non-ferrous metals from scrap, or by diluting with ore-based steel. 
Designing products with cost-effective end-of-life material separation in mind, more 

careful demolition and dismantling techniques, and improved scrap sorting and 

separation will be important to reduce contamination, and policy will be needed to 

help incentivise these measures. This will ensure that the majority of steel grades can 

be produced via the secondary route and secure the long-term continued 

recyclability of steel by limiting lower-quality steel from entering circulation. 

A final aspect to note is that the steel industry can be a contributor to material 

efficiency in the cement sector, through the provision of slag. Slag is a co-product of 

ironmaking and steelmaking, consisting of iron ore and impurities (a mixture of silica 
and oxides) removed from raw materials in the blast furnace and hot metal (liquid 

iron) during processing in the basic oxygen furnace (BOF) converter. Slag is 

generated at a rate of around 400 kilogrammes (kg) per tonne of crude steel 

produced via the blast furnace-basic oxygen furnace (BF-BOF) route.  

Several types of slag are marketed for use in various applications, including 

concretes, roofing, railway ballast, insulation, tiles, bricks and road construction 

(World Steel Association, 2018). Granulated blast furnace slag, in particular, has 

chemical properties that enable it to substitute for a proportion of clinker in blended 

cements. Since clinker is the most emissions-intensive component in cement 
manufacturing, use of slag reduces the emission intensity of cement production 

significantly. Slag can constitute 30-70% of the mass of cement, leading to large 

emission reductions per tonne of cement (ECRA, 2017). However, its absolute 

quantity available is limited by total BF-BOF steel production, and this quantity is 

quite small relative to total cement production: about 550 Mt of slag was produced 

in 2019 relative to over 4 000 Mt of cement production. Furthermore, slag 

production is set to decline in the Sustainable Development Scenario as the BF-BOF 
route decreases its share of total production, with only 370 Mt of slag produced in 

2050. 

Production projections 
Steel is a highly traded commodity. Therefore regional production does not always 

directly correspond to regional patterns of demand for steel-containing end-use 

products, nor demand for steel for manufacturing. Nonetheless, changing demand 
patterns are expected to lead to some shifts in the regional distribution of global steel 

production in the future. National industrial policies also have an influence. While it 

is impossible to predict with certainty which regions will produce what share of 

global demand in the long term, the present scenarios provide a possible projection 

of future distribution of production.  
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Currently China accounts for over half of global steel production (Figure 2.4). This 

large share results from particularly high growth in production between 2000 and 
2013, during which China’s steel output increased more than sixfold. Meanwhile, the 

output of a number of other leading producers, such as the United States and Japan, 

remained relatively constant. Such major growth in Chinese steel production took 

place during a period of very rapid economic development and industrialisation. 

Increasing manufacturing capacity and infrastructure build-up required large 

volumes of steel inputs. The rapid build-up of steel production capacity in China has 
led to excess capacity globally, which is depressing global steel prices. In recent 

years the Chinese government has therefore implemented measures to curb 

overcapacity. We expect production in China to gradually begin declining as 

domestic demand ebbs in the coming years, driven by structural changes in the 

economy that the Chinese government is implementing. In both the Stated Policies 

Scenario and the Sustainable Development Scenario, China’s steel production falls 

and accounts for around a third of global production by 2050. 

 Regional steel production and production per capita by scenario 

 

IEA 2020. All rights reserved. 

Notes: STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario. Production per capita: dot 
represents the global average; the range represents the spread of regional values.  

Steel production in advanced economies remains relatively stable through 2050 while 
declining markedly in China, the single largest driver of past global growth. India drives 
world production growth to 2050 as output rises by three- to fourfold by 2050 in both 
scenarios.   

Following China, the leading steel producers in 2019 included the European Union (9% 

of global production), India (6%), Japan (5%), the United States (5%), Korea (4%) and 

the Russian Federation (“Russia”) (4%). Considerable growth in steel production in India 

is expected in the coming years, driven by economic development and the 

government’s stated intention to build up the nation’s steel industry. This growth would 
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be in line with its ambitions under the “Make in India” initiative to transform the nation 

into a global manufacturing hub (Chapter 3). India’s production increases nearly 
fourfold by 2050 in the Stated Policies Scenario, and threefold in the Sustainable 

Development Scenario. This brings India’s production in both scenarios to 17% of global 

production, significantly reducing the dominance of China. Thus, India’s pathway is a 

critical component of any sustainable transition in the steel sector.  

In other economies, while production changes in the future may be less marked in 

terms of global production, they can be domestically significant nonetheless. 

Production in the Middle East is expected to more than double by 2050 relative to 

2019 in the Stated Policies Scenario, with the region accounting for almost 4% of 

global production in 2050. This is driven in part by the availability of inexpensive 
natural gas, which facilitates direct reduced iron production, as well as a growing 

number of large infrastructure developments. In many emerging economies in Latin 

America, Africa and other parts of Asia that currently have very small steel industries, 

output is expected to increase by anywhere between twofold and above fourfold in 

the Stated Policies Scenario (although given the low starting levels, this increase still 

represents a small percentage of global demand). Meanwhile, advanced economies 
are not expected to make large additions to steel capacity over the coming years, 

and thus production in markets such as Japan, Korea, the United States, Europe and 

Russia is expected to remain relatively constant in the Stated Policies Scenario. In 

both emerging and advanced economies, the production trajectory in the 

Sustainable Development Scenario is reduced relative to the Stated Policies Scenario 

through material efficiency, as discussed above. 

Technology pathways towards zero 
emissions 

As discussed in Chapter 1, steel is both a contributor to and a key enabler of 

mitigating CO2 emissions from the energy system. It is also one of the most energy- 

and emissions-intensive bulk materials produced globally. Therefore the iron and 

steel sector must undertake significant steps to transform its production processes 
if it is to contribute to a sustainable transition of the energy system. The high reliance 

on coal in current primary steel production, long-lived capital assets and the sector’s 

exposure to international trade and competitiveness make this transition towards 

near-zero emissions challenging. It is for these reasons that the sector is sometimes 

referred to as among those that are “hard to abate”. This section examines the main 

technologies and strategies available to put the iron and steel sector on a pathway 
towards zero emissions in the latter half of this century. Box 2.3 provides an overview 

of the technology modelling conducted for this analysis.  
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 Technology modelling methodology 

The iron and steel model is one of a group of five that the IEA uses to examine 
energy-intensive sub-sectors. The other four are cement, chemicals and 
petrochemicals, pulp and paper, and aluminium. The models interact with other 
models in the IEA via price signals (e.g. for fuels), availability of resources 
(e.g. biomass) and user constraints (e.g. CO2 emission trajectories and the 
availability of CO2 storage). The 2020 edition of Energy Technology Perspectives 
describes the wider energy system context for this technology roadmap and 
contains a more detailed description of the full ETP Model.3 

The industry modelling architecture used for this publication consists of four main 
components: activity modelling (production and demand), stock modelling (stocks 
or inventory of steel in society and the potential for material efficiency), capacity 
modelling (examining the existing stock of production equipment) and technology 
modelling (the selection of technologies used to meet the required production 
levels). This industry modelling architecture sits within a broader energy system 
modelling architecture for the whole energy system, with various cost signals and 
constraints being taken from other sub-sector model results. The aim of the 
modelling is to present energy, emissions and investment implications of least-cost 
technology pathways for a given scenario definition. 

The technology modelling is the heart of the model, with the other models creating 
intermediate results with which to inform its inputs and constraints. The technology 
model is implemented in the TIMES (The Integrated MARKAL-EFOM System) model 
generator, using 40 model regions to obtain global coverage. The iron and steel 
sub-sector model selects from a range of iron- and steelmaking technologies with a 
technology readiness level (TRL) of 5 and above (for discussion of the IEA TRL scale, 
see Box 2.5). The technology choice is performed in annual time steps, based on 
constrained optimisation that aims to minimise system cost while satisfying demand 
for crude steel. System cost includes capital expenditure (CAPEX) and fixed 
operating expenditure (OPEX), along with energy and feedstock costs where 
relevant. Cost and energy parameters for technologies at an early stage of 
development are obtained in consultation with industry experts. 

Steel demand and production projections are based on country-level macro-
economic data and historical production levels, informed by regional saturation 
levels from the modelling of steel stocks in society, and also bottom-up signals from 
other IEA end-use sector models (e.g. the transport and buildings sector models). 

 
                                                                 
3 Please see ETP 2020 for information about the full modelling context (https://www.iea.org/reports/energy-
technology-perspectives-2020/). More detailed documentation of the full ETP Model is found in the ETP 2020 annex 
(https://www.iea.org/reports/energy-technology-perspectives-2020/etp-model). 
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The technology model must satisfy these production levels while conforming to 
various scenario-specific constraints, such as limits on the availability of scrap and 
certain energy carriers, as well as constraints on CO2 emissions and other 
constraints to reflect the regional political economy and other circumstances. Scrap 
availability and the subsequent share of secondary production is based on a signal 
from the stock model. 

The capacity model provides a signal of the existing capacity of steelmaking 
production facilities, along with a projection of their phase-out rate over time. The 
capacity model takes account of the regional variation of specific technology types, 
as well as the timeframe since the installation or last major refurbishment of each 
individual plant, to provide region-specific phase-out rates for existing facilities.  

Energy consumption and CO2 emissions 
The iron and steel sector is a highly energy-intensive industry, with coal accounting 

for about 75% of its energy inputs today. In 2019 the sector’s consumption of coal 

stood at around 900 million tonnes of coal equivalent (Mtce) (26.2 exajoules [EJ]), 

or around 15% of global primary demand for coal. The majority of the coal is 
consumed in the blast furnace, a large proportion of which is transformed from coal 

to coke in the coke oven beforehand. In some regions, depending on the availability 

of alternative energy inputs, blast furnaces also use natural gas, oil products, waste 

or charcoal, as well as recirculated off-gases, but the shares of these energy inputs 

are usually small in the overall energy intake. After coal, electricity provides the 

next largest energy input, with around 1 230 terawatt hour (TWh) (4.4 EJ) consumed 

overall in 2019, of which about 25% is used by the electric furnaces for converting 
iron, direct reduced iron (DRI) and scrap into steel. Much of the remainder is used 

in semi-finishing and finishing processes. In addition, around 90 billion cubic 

metres (bcm) (3.4 EJ) per year of natural gas is consumed, mainly to generate heat 

and reducing gases (which includes 5 Mt of hydrogen derived from the natural gas) 

in DRI furnaces, accounting for 10% of the sector’s total energy demand. 

Over the past two decades the energy intensity of steel production has reduced 

slightly according to IEA energy statistics. But these relatively small energy intensity 

declines have been far outweighed by increases in output. On average for the 

sector as a whole, around 19 gigajoule (GJ) (0.45 tonnes of oil equivalent) of final 
energy is required per tonne of crude steel (including finishing processes, 

ferroalloy production and other ancillary processes – see Box 1.3 for an overview of 

the analytical boundaries used in this analysis). The energy intensity of production 

is heavily influenced by the proportions of scrap and iron ore being used, with 

primary production being around eight times more energy-intensive than that 
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based on scrap alone (on a final energy basis). Other factors, such as the quality of 

iron ore, also affect the energy intensity. The global dominance of primary 
production routes that rely mostly on iron ore inputs – these routes account for 

around 80% of production – means that the sector is highly reliant on fossil fuels. 

As a result the sector emits around 2.6 Gt of direct CO2 emissions annually, which 

is close to 30% of the current total of direct industrial emissions (see Box 2.4 for a 

discussion of indirect steel sector CO2 emissions).4 

In the Stated Policies Scenario, sectoral energy consumption is projected to 

moderately rise through to 2050, as demand for output rises while energy intensity 

gently declines (Figure 2.5). Coal demand remains relatively stable, whereas gas 

and electricity consumption rise to 155 bcm (70% increase) and around 1 740 TWh 
(40% increase) by 2050, respectively. This is a result of multiple factors. First, 

increased scrap availability (due to existing steel stock coming to the end of its 

lifetime and increased collection rates) enables a boost in secondary production, 

with the scrap share of total metallic inputs increasing from 32% to 45%. Second, 

production via the BF-BOF route declines, particularly in advanced economies, and 

is counterbalanced by increased gas-based DRI-EAF production in regions with 
advantageous access to gas (see section “Different regional contexts, different 

technology portfolios” for regional projections of different iron- and steelmaking 

routes).  

  

 
                                                                 
4 Note that in World Steel Association statistics, production is reported in terms of the share of oxygen blown 
converters (BOFs) and electric furnaces (EFs). In this publication, to arrive at the primary share, the portion of EF 
production using DRI is added to the BOF share, leading to a higher share of primary production compared to the 
share of BOF production alone. Secondary production here is defined as production in EFs, including electric arc 
furnaces (EAFs) and induction furnaces, for which scrap accounts for all (or almost all) of the metallic input. 
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 Direct CO2 emissions and energy consumption in the iron and steel sector by 
scenario 

 

IEA 2020. All rights reserved. 

Notes: STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario. The CO2 and energy intensities 
are stated on a sectoral basis (including finishing processes, ferroalloy production and other ancillary processes). See 
Box 1.3 in Chapter 1 for a detailed explanation of the analytical boundaries used in this analysis. 

By 2050 the direct CO2 emission intensity of steel production is almost 50% lower in the 
Sustainable Development Scenario relative to the Stated Policies Scenario, while the 
energy intensity difference is only about 10%. 

The 16% growth in total energy consumption, along with the previously mentioned 

shifts in fuel shares, translates into a 7% direct CO2 emissions increase by 2050, 

relative to 2019. However, due to the increasing share of scrap-based production as 

well as process technology performance improvements, the average sectoral energy 

and direct CO2 emission intensities of crude steel are both moderately reduced, to 

16 gigajoules per tonne (GJ/t) and 1.1 tonnes of carbon dioxide per tonne (t CO2/t) of 
crude steel, respectively (compared to 19 GJ/t and 1.4 t CO2/t, in 2019). 

 How are indirect emissions tackled?  

The emissions footprint of the iron and steel sector, including both direct and indirect 
CO2 emissions, was approximately 3.7 Gt CO2 in 2019, around 1.1 Gt CO2 higher than its 
direct emissions footprint alone. To maintain consistency with the sectoral definitions 
and accounting boundaries used in IEA publications, and to avoid double counting at 
the total energy system level, the results of our scenario analyses are presented on a 
direct emissions basis. However, the accounting methodology used by the steel 
industry typically considers these indirect emissions to be within its direct accounting 
boundary, as discussed in Chapter 1 (Box 1.3).  
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The way in which the steel industry derives a substantial proportion of the electricity 
and heat it uses to fuel its processes is unique: off-gases from coke ovens and blast 
furnaces are used in on-site electricity, heat and co-generation plants. Electricity and 
heat generated from these off-gases can be quite emissions-intensive: typically around 
280 grammes of carbon dioxide per kilowatt hour (gCO2/kWh) of electricity produced 
from coke oven gas and 1 640 gCO2/kWh produced from blast furnace gas (the latter 
currently accounts for about 80% of off-gases produced). This compares to around 
800 gCO2/kWh produced from coal in a supercritical steam turbine plant and around 
350 gCO2/kWh produced from natural gas in a combined-cycle gas turbine plant. 

Direct and indirect CO2 emissions and intensities of crude steel production 

 

In the Stated Policies Scenario the BF-BOF route remains the dominant pathway for 
producing steel, with around 250 Mtoe of off-gases being generated in 2050. About 
60% of these off-gases are used to fulfil on-site heat requirements (their emissions are 
considered direct emissions) and the remainder is used to produced power for the steel 
sector (their emissions are considered indirect emissions). Global direct emissions are 
2.7 Gt CO2 in 2050, but when adding indirect emissions the figure rises by over 40% to 
3.9 Gt CO2. This means that the steel industry’s contribution to global energy sector 
emissions is projected to be around 7% on a direct emissions basis in 2050, and 10% 
when including indirect emissions – very similar shares as today.   

In the Sustainable Development Scenario the technology portfolio undergoes a radical 
shift, with widespread deployment of production pathways that either manage the 
carbon contained in these gases once it is generated (e.g. by deploying carbon capture, 
use and storage [CCUS]), or avoid the generation of off-gases in the first place 
(e.g. switching to hydrogen-based production). By 2050 the total generation of off-
gases is 130 Mtoe, about 50% lower than in the Stated Policies Scenario, and 40% lower 
than in 2019. This implies greater use of on-site generation using other fuels (e.g. natural 
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gas or bioenergy), increased supply through dedicated renewable power or greater 
reliance on imported grid electricity. In the Sustainable Development Scenario the 
electricity supply (excluding that supplied by off-gases) decarbonises by over 95%, 
from 540 gCO2/kWh on average in 2019 to 18 gCO2/kWh in 20505. 

The change in emission intensity in each scenario is marked. From a direct emission 
intensity of 1.4 t CO2/t in 2019 (2.0 t CO2/t including indirect emissions), it declines to 
1.1 t CO2/t in the Stated Policies Scenario by 2050 (1.5 t CO2/t including indirect 
emissions). This reduction is due to a higher proportion of scrap as a share of total 
metallic inputs. In the Sustainable Development Scenario the decline is much steeper, 
reaching 0.6 t CO2/t by 2050 (0.8 t CO2/t including indirect emissions). 

In contrast to the moderate increase in total energy consumption and consequent 

emissions in the Stated Policies Scenarios, marked declines in both occur in the 
Sustainable Development Scenario. In 2050 energy demand for steel is 121 Mtoe 

lower (14% lower) than in 2019. Total coal consumption is reduced by 40% from 

today, in large part due to the decline in the use of the BF-BOF route, resulting from 

a combination of increased secondary production and primary production shifting 

increasingly towards other innovative low-emission routes. However, electricity 

consumption doubles, amounting to 2 470 TWh in 2050 (including electricity 
required for electrolytic hydrogen production).  

The scrap share of total metallic inputs to steel production in the Sustainable 

Development Scenario increases to 45% in 2050, the same as in the Stated Policies 
Scenario. This increase in secondary production contributes to reducing the energy 

intensity of steel production, as do improvements in technology performance and 

shifts to innovative primary production routes. As a result, the average sectoral 

energy intensity of steel production is 12 GJ/t in 2050 in the Sustainable Development 

Scenario, around one-third lower compared to today. As a result of this lower energy 

intensity of steel production, plus even more importantly a strong shift to 
technologies that specifically target reductions in emission intensity, direct CO2 

emissions fall by 2050 to less than half of their starting value in 2019 (1.2 Gt CO2 in 

2050). This is achieved via a 66% reduction in the average sectoral direct CO2 

intensity of crude steel production between 2019 and 2050, to 0.5 t CO2 per tonne 

of crude steel (the reduction in CO2 intensity is slightly greater than the total CO2 

emissions reduction due to somewhat increased production).  

 
                                                                 
5 In this report, average emission intensities are used to calculate indirect emissions for imported electricity and heat on a 
final consumption basis, after accounting for transmission and distribution losses. These final consumption values are 
higher than those calculated at the ‘plant gate’ of the power, heat or CHP plant.  
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A portfolio of mitigation options 
Like the wider energy system, the iron and steel sector cannot rely on one technology 

or mitigation lever alone to make progress on its climate goals – it must pull on all 

levers that can make a difference for its transition to zero emissions to take place as 

quickly as possible. However, the relative importance of different mitigation options 

evolves over time. In the short term, the largest role is played by technology 

performance improvements within conventional routes and demand reduction 

through material efficiency, together delivering 90% of the annual sectoral emission 
reductions in 2030 in the Sustainable Development Scenario. In the medium to long 

term, CCUS and fuel shifts – away from coal towards natural gas, hydrogen and 

bioenergy – play a larger role. When examining emission reductions cumulatively 

during 2020-50, the largest roles are played by material efficiency, technology 

performance improvements and CCUS (40%, 21% and 16%, respectively, relative to 

the Stated Policies Scenario) (Figure 2.6).  

 Iron and steel sector direct CO2 emission reductions in the Sustainable 
Development Scenario by mitigation strategy 

 

IEA 2020. All rights reserved. 

Note: STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario. Emission reductions are measured 
relative to the Stated Policies Scenario; as such, the proportion of improvements relative to today that occurs in both 
scenarios is not represented (e.g. a significant share of increases in scrap-based production). Material efficiency here 
refers specifically to demand reduction. Electrification here includes only direct electrification, primarily via 
conventional technologies, including shifts towards secondary production in EFs and electrification of ancillary 
process equipment like preheaters and boilers. Hydrogen here refers specifically to electrolytic hydrogen, while so-
called blue hydrogen (via natural gas-based DRI with CCUS) is included under CCUS. Other fuel shifts include primarily 
coal to natural gas switching. 

Technology performance improvements and material efficiency deliver 90% of annual 
emission reductions in 2030. In the longer term, innovative technologies such as carbon 
capture-equipped and hydrogen-based production are required for further emission 
reductions.  
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Technology performance improvements 
Technology performance improvements are defined in this report as the incremental 

reductions in energy intensity of a specific process. By contrast, the step changes in 

efficiency achieved by switching to an alternative production pathway –  for example, 

as occurs during an increase in the share of secondary steel production – are 

classified as electrification or other fuel shifts. Incremental change can be achieved 

through improvements in the operation of equipment and by upgrading process 
equipment to commercially available best available technology (BAT),6 which 

reduces the energy demand required per tonne of process output. An energy saving 

of around 20% per tonne of crude steel can be achieved by improving operational 

efficiency and adopting BAT for all the units of the BF-BOF production pathway, 

relative to the global average energy intensity for this route today. It is projected that 

all plants adopt and efficiently operate BAT by 2040-50 in the Sustainable 
Development Scenario and are on track to do so by 2060-70 in the Stated Policies 

Scenario.  

Process optimisation and integration, including predictive process control and 
monitoring, can reduce energy demand in steel plants, in turn also reducing 

operating costs. Optimisation helps make use of all available energy flows, such as 

off-gases, helping to eliminate their flaring and reducing emissions. Enhanced 

digitalisation of process controls, including the integration of artificial intelligence to 

increase predictive power, offers the ability to schedule maintenance at more 

opportune times, and better adapt to changes in the order book of a plant. The 

minimisation of delays across the whole process chain results in lower energy 
demand for reheating, as well as higher effective capacity levels. Process 

optimisation is also helpful to increase the reliability of processes, thus avoiding 

thermal losses during stopping and restarting equipment. Furthermore, adjusting 

inputs can have a considerable impact, such as increasing oxygen injection into the 

blast furnace to reduce coke consumption. These process optimisation measures 

play a critical role in the direct CO2 emission reductions attributable to technology 
performance improvements in the Sustainable Development Scenario. 

BAT relates primarily to techniques to recover and transform excess energy into 

useful energy throughout the different steps of existing steel production pathways. 
While some of these technologies directly reduce fuel inputs into steel production, a 

number of them are instead beneficial by producing lower-emission electricity from 

waste heat rather than directly from fuel. Thus, while a part of the emission benefits 

 
                                                                 
6 The energy-saving potential of implementing BAT differs on a site-by-site basis given the specific characteristics of 
each facility (e.g. relative size of existing equipment, operating conditions, plant layout). Our analysis is based on 
approximations on the energy-saving potential that was obtained in best-performing state-of-the-art facilities.  
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of BAT are attributable to direct steel sector CO2 emissions, a considerable share of 

the impact is on the indirect proportion of emissions.  

There are several specific examples of technology modifications. Waste heat 

recovery systems – applied either through retrofits or to new builds – can reduce the 
net energy consumption of certain units such as EAFs and BOFs. Deployment of 

waste heat recovery can reduce the average energy intensity of crude steel 

production via the BF-BOF route by up to 2%. This heat can be recirculated to preheat 

input streams and generate electricity, reducing the amount of energy consumed, or 

can be exported for use outside the steel mill. Coke dry quenching (CDQ) recovers 

the latent heat from the hot coke output of coke ovens and uses it to generate 

electricity, and also somewhat reduces total coke oven fuel consumption. At the 
same time, a higher quality coke is produced, which can facilitate a reduction in the 

coke rate into blast furnaces, by around 2% (Itakura, n.d.). Today about half of coke 

ovens are equipped with CDQ globally, with nearly all coke ovens being CDQ 

equipped by 2050 in the Sustainable Development Scenario through CDQ being 

added to new plants as capacity turns over. 

Additionally, blast furnaces can be installed with top-pressure recovery turbines 

(TRTs), which use the pressure and heat of the blast furnace gas for electricity 

generation. This can yield around 30-40 kWh of electricity for each tonne of pig iron 

produced when using typical wet de-dusting of top gases (it can be increased to 50-
60 kWh if using dry de-dusting), reducing the load on utilities and imports of power 

from the grid. Currently less than a fifth of blast furnaces around the world are 

equipped with TRTs (Steel Institute, 2018). This relatively low uptake is likely the result 

of their application only where it is economical, based on the level and stability of 

grid electricity prices for the facility. In the Sustainable Development Scenario, this 

more than doubles by 2030 as existing blast furnaces are retrofitted and new ones 

integrate this equipment when they are installed. By 2050 almost all remaining blast 
furnaces are equipped with this technology.  

The quality of raw materials is another factor that plays a central role in the overall 
efficiency of the steelmaking process. For example, improved coke quality facilitates 

a lower coke rate into the blast furnace, which may be achieved through processes 

like CDQ. As already mentioned, CDQ also reduces energy consumption directly by 

allowing the capture of latent heat from the hot coke, although the overall impact is 

relatively small – energy consumption for coking using CDQ is reduced by about 5% 

relative to that using a regular coke oven.  

Additionally, higher iron content in ores, beneficiation at the mine, or a greater 

degree of agglomeration before its introduction into the furnace can all reduce the 

energy needed for iron ore reduction and improve the overall energy intensity of the 
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crude steel production process. High-quality iron ores are more scarce, and 

beneficiation at the mine would shift some energy use to the mining sector where 
the ore preparation occurs. The introduction of scrap to various stages in the primary 

steelmaking process reduces energy needs and also helps with temperature control. 

Therefore, increasing the share of scrap in primary routes could be an avenue to 

technology performance improvements. However, this strategy is limited by overall 

availability of scrap and competition from other potential users, given its multiple 

potential uses in the steelmaking process. 

It should be noted that some energy consumption increases can result from 

implementing environmental protection measures, like air filtration systems that 

reduce air pollutants. These beneficial adjustments do not, however, make other 
efforts to reduce energy consumption any less beneficial.     

Fuel switching and electrification using commercial 
technologies 
Fuel switching – as defined in this report – refers to the full or partial substitution of 

coal and other fossil energy inputs with less carbon-intensive alternatives, such as 

natural gas and bioenergy, without requiring a switch away from commercially 

available technologies. Similarly, electrification refers to shifting to electricity using 

commercial technologies. Fuel shifts and electrification resulting from a near-zero 

emissions technology option are not included in these categories, but rather are 

discussed in detail in the next sub-section “Deploying innovative near-zero emission 
technologies”, and are presented separately in our mitigation levers. For example, 

the use of electrolytic hydrogen as a primary reducing agent in DRI furnaces is 

considered under “hydrogen” in Figure 2.6. 

While coal remains a key input to the iron and steel sector throughout the projection 

horizon, a partial switch to other less carbon-intensive energy carriers delivers 

significant emission reductions (Figure 2.7). In the Sustainable Development Scenario 

global consumption of coal for ironmaking – the most coal-intensive step in 

producing steel – is projected to drop by 8% by 2030 and almost 30% by 2050, 

relative to 2019. This is a result of reducing the share of primary production in total 
steelmaking, alongside shifts towards natural gas, biomass, electricity and hydrogen.  

In the Sustainable Development Scenario coal to natural gas shifts are facilitated by 
increased use of gas injection blast furnaces, and by the additional deployment of 

natural gas-based DRI furnaces. This includes deployment of already commercially 

available DRI technologies producing sponge iron (e.g. Midrex and Energiron), as well 

as potentially in the longer term technologies that are still in development. These 

include the production of pig iron using natural gas-based direct reduction, as is 
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being explored in a project by Petmin in the United States (Petmin, 2019). However, 

these strategies are only practical in regions with access to large quantities of low-
cost natural gas, such as the United States, Russia, the Middle East, and parts of 

Central and South America.  

Natural gas achieves substantial emission reductions relative to coal. For example, 

steel produced using natural gas-based DRI-EAF typically emits about 20% fewer 

direct emissions than that produced using coal-based BF-BOF, and even greater 

reductions are targeted by the Petmin project. However, without carbon capture and 

storage (CCS) it does not come close to near-zero emissions. As such, it can play a 

useful role as a transition fuel – for example, by deploying natural gas DRI in the short 

term, with the longer-term objective of equipping the DRI unit with CCUS or 
substituting electrolytic hydrogen to fuel the unit. Given this combination of factors, 

coal to natural gas shifts account only for 5% of cumulative emission reductions 

relative to the Stated Policies Scenario. 

The injection of biomass and hydrogen into both existing and newly constructed 

blast furnaces, and hydrogen enrichment of the synthesis gas fed into DRI furnaces, 

are further steps that are taken in the Sustainable Development Scenario to switch 

away from fossil fuels (see further discussion on hydrogen use in the following 

section on innovative technologies). Biomass injection into blast furnaces, at a level 

of up to 1.8 GJ/t of hot metal, is already applied commercially in Brazil (Nascimento 
et al., 2012). However, not all types of biomass are suitable for direct injection due to 

their chemical and physical properties. As a result, only upgraded biomass attains 

this level of substitution, either via pyrolysis (charcoal) or torrefaction (bio-coal), the 

latter of which is being researched currently as part of the Torero project (Torero, 

2018).  

While municipal and industrial waste could provide another partial source of biogenic 

hydrocarbon matter for injection (following treatment to reach the required 

consistency and calorific content), it is difficult to quantify the biogenic share of 

waste. Since the CO2 intensity of non-biogenic waste is highly variable and can be 
higher than that of fossil fuels, use of waste as an alternative fuel should be regarded 

with considerable caution and as such is not a key strategy pursued in the Sustainable 

Development Scenario. 

Charcoal blast furnaces – whereby almost all energy inputs can be delivered in the 

form of biomass – are used to a limited extent in some regional contexts, such as in 

Brazil. However, this is unlikely to be a scalable strategy for a global industry for two 

main reasons. The first is the limit on the maximum size of the installation when using 

charcoal due to the differing mechanical properties of charcoal compared to coke. 

The second, and more crucial, is the limited supply of sustainably sourced bioenergy 

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1138  



Iron and Steel Technology Roadmap Chapter 2: The future of steelmaking 
Towards more sustainable steelmaking 
 

PAGE | 80 

 

and its need for competing uses across the energy system in the Sustainable 

Development Scenario. Even in Brazil, where charcoal use in steel production is 
currently quite prevalent, blast furnaces running almost solely on charcoal contribute 

only a small proportion of national production. Much of the charcoal is instead used 

in smaller proportions for injection into blast furnaces, as well as for other processes 

like coking, pelletising and in secondary production. Overall, the share of bioenergy 

in the sector’s total energy input mix increases from less than 1% to 5% in 2050 in the 

Sustainable Development Scenario, of which about half is used in China and one-fifth 
in Brazil. Bioenergy contributes 6% of the cumulative emission reductions in the 

Sustainable Development Scenario relative to the Stated Policies Scenario. 

 Regional energy demand for steelmaking and electric furnace and scrap shares 
by scenario  

  

IEA 2020. All rights reserved. 

Notes: STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario. H2 = hydrogen. 

Regions with a higher share of scrap-based production tend to have a higher share of 
electricity demand. Natural gas, mainly for DRI production, is more prevalent in regions 
where there is advantageous access to the fuel, such as the United States and the 
Middle East.  
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The contribution to emission reductions from electrification using conventional 

technologies is relatively low, at 4% of cumulative reductions. Increasing the share of 
secondary production in electric furnaces out of overall steelmaking is included in this 

category, but has a quite small effect because emission reductions are measured 

relative to what already takes place in the Stated Policies Scenario. In the Stated 

Policies Scenario we also project a substantially increased uptake of the secondary 

route, as more scrap becomes available throughout the projection period as steel-

containing products reach end-of-life. Still, the increasing use of scrap over time in 
both scenarios is beneficial from an emissions standpoint relative to current levels, and 

also reduces total energy demand given the considerably lower energy consumption 

of secondary production.  

The total share of electric furnaces is, however, considerably higher in the Sustainable 

Development Scenario, reaching 57% by 2050, compared to 47% in the Stated Policies 

Scenario in 2050 and 29% in 2019. The increase above the Stated Policies Scenario is 

driven largely by greater uptake of the DRI-EAF route (including DRI with CCUS and 

hydrogen-based direct reduced iron [H2 DRI]). Using electricity to substitute for fossil 

fuels in the provision of process heat in equipment outside the main process units, 
particularly in preheaters and boilers, is another option where electrification makes 

moderate inroads. Direct electrification of core fossil-based processes with 

technologies that are currently commercially available would be impractical and very 

costly, but could become an option in the longer term with new innovations. 

Deploying innovative near-zero emission technologies 
Technology performance improvements, material efficiency and various forms of fuel 
switching using conventional technologies contribute 75% of cumulative emission 

reductions from 2020 to 2050 in the Sustainable Development Scenario. However, the 

role of innovative near-zero emission production pathways expands rapidly in the 

second half of the projection period. They are represented mainly by the CCUS and 

hydrogen segments in Figure 2.6. Many of the technologies facilitating these 

reductions are not commercially available today and so a wholesale shift to near-zero 
emission technologies is likely to take a long time. Not all of them have the same level 

of maturity (see Table 2.1 in the following section). In our scenario modelling, we 

include technologies that have at least reached the large prototype stage – or, 

specifically, are judged to be at a TRL of 5 or above (Box 2.5). This is to ensure there is 

a reasonable degree of understanding of the technical performance and economics of 

a given technology to be modelled.  

Near-zero emission technologies can be broadly divided into two categories: those that 

retain fossil carbon as the key reduction agent in ironmaking, but mitigate the CO2 

emissions that arise (“CO2 management”); and those that seek to avoid the generation 
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of CO2 in the first place by minimising the use of fossil carbon (“CO2 direct avoidance”). 

Generally speaking, CO2 management technologies tend to be at more advanced 
stages of development today. This section provides estimates of the CO2 emission 

reduction potential of those technologies. Technical aspects related to their 

deployment, as well as their readiness level, are discussed in further detail in the 

following section.   

 The technology readiness level (TRL) scale  

One way to assess where a technology is on its journey from initial idea to market is 
to use the technology readiness level (TRL) scale. Originally developed by the 
National Aeronautics and Space Administration (NASA) in the United States in the 
1970s and used in many US government agencies since the 1990s, the TRL provides 
a snapshot in time of the level of maturity of a given technology within a defined 
scale (Mankins, 1995). The US Department of Defense has been using the TRL scale 
since the early 2000s for procurement, while the European Space Agency adopted 
it in 2008. In 2014 the TRL was applied for the first time outside the aerospace 
industry to assess EU-funded projects as part of the Horizon 2020 framework 
programme. It is now widely used by research institutions and technology 
developers around the world to set research priorities and design innovation 
support programmes. 

The scale provides a common framework that can be applied consistently to any 
technology, to assess and compare the maturity of technologies across sectors. The 
technology journey begins from the point at which its basic principles are defined 
(TRL 1). As the concept and area of application develop, the technology moves into 
TRL 2, reaching TRL 3 when an experiment has been carried out that proves the 
concept. The technology now enters the phase where the concept itself needs to 
be validated, starting from a prototype developed in a laboratory environment 
(TRL 4), followed by testing of components in the conditions it will be deployed 
(TRL 5), through to testing in the conditions in which it will be deployed (TRL 6). The 
technology then moves to the demonstration phase, where it is tested in real-world 
environments (TRL 7), eventually reaching a first-of-a-kind commercial 
demonstration (TRL 8) on its way towards full commercial operation in the relevant 
environment (TRL 9). 

Arriving at a stage where a technology can be considered commercially available 
(TRL 9) is not sufficient to describe its readiness to meet energy policy objectives, 
for which scale is often crucial. Beyond the TRL 9 stage, technologies need to be 
further developed to be integrated within existing systems or otherwise evolve to 
be able to reach scale; other supporting technologies may need to be developed, 
or supply chains set up, which in turn might require further development of the 
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technology itself. For this reason, the IEA has extended the TRL scale used in this 
report to incorporate two additional levels of readiness: one where the technology 
is commercial and competitive but needs further innovation for its integration into 
energy systems and value chains when deployed at scale (TRL 10), and a final one 
where the technology has achieved predictable growth (TRL 11). 

As technologies pass through each stage, the level of risk associated with 
technology performance is reduced, but the level of overall risk rises as capital 
expenditure requirements grow. However, innovation is rarely a linear progression. 
Not all technology designs make it to market or are deployed at scale. Stages of 
development can accelerate or slow down depending on technical or cost factors, 
and a given technology can be at different stages in different markets and 
applications. As the development of a technology generates new ideas for 
improvement, alternative configurations and potentially better components can 
appear even once a given technology configuration has become competitive. 
Stages overlap and run concurrently, feeding on one another. 

TRL scale applied by the IEA 

 

Note: SDS = Sustainable Development Scenario. 

Source: Adapted from Mankins (1995), Technology Readiness Levels: A White Paper.  

In the ETP Clean Energy Technology Guide7 we have analysed the technology 
readiness of almost 400 individual technology designs and components across 

 
                                                                 
7 For more information please visit: www.iea.org/articles/etp-clean-energy-technology-guide. 
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different sectors, and have structured them hierarchically alongside others 
delivering the same service. This is an interactive framework that includes 
information on the level of maturity of different technology designs and 
components, as well as a compilation of cost and performance improvement 
targets and leading players in the field. 

In this report we refer to several broader readiness categories, each of which 
comprises different ranges of specific readiness levels from the full TRL scale: 
mature, early adoption, demonstration, large prototype, small prototype and 
concept (technologies at “early prototype” and “concept”  stages of TRL 4 or lower 
are not included in the Sustainable Development Scenario). Each technology type 
is assigned to one of these higher-level categories based on the granular levels of 
maturity of individual technology designs or components currently associated with 
that technology. 

• “Mature” for commercial technology types that have reached sizeable 

deployment and for which only incremental innovations are expected. 
Technology types in this category have all designs and underlying components 
at TRL 11 (e.g. scrap-based electric furnaces). 

• “Early adoption” for technology types for which some designs have reached the 
market and policy support is required for scale up. But there are competing 
designs being validated at demonstration and prototype phase. Technology 
types in this category have at least one underlying design at TRL ≥ 9 and others 
at lower TRLs (e.g. natural gas-based DRI with CCUS). 

• “Demonstration” for technology types for which designs are at demonstration 
stage or below, meaning no underlying design at TRL ≥ 9, but at least one design 
at TRL 7 or 8 (e.g. innovative smelting reduction with CCUS).  

• “Large prototype” for technology types for which designs are at prototype stage 
of a certain scale (e.g. 100% hydrogen-based DRI). 

• “Small prototype” for technology types for which designs are at early prototype 
stage, meaning no underlying design at TRL 5, but with at least one design at 
TRL 4 (e.g. iron ore electrolysis). 

• “Concept” for applications that have just been formulated but need to be 
validated. 

The most important family of technologies within the “CO2 management” category are 
those that integrate CCUS. In the Sustainable Development Scenario the iron and steel 

sector is projected to cumulatively capture 3.5 Gt CO2 of its direct emissions by 2050, 
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i.e. 6% of total direct emissions generated in the sector from 2020 until 2050.8 On an 

annual basis, 400 Mt of direct CO2 emissions are captured in 2050, or 25% of direct 
emissions generated in that year. Production routes equipped with CCUS account for 

15% of total steel production in 2050 (or 25% of primary production). 

The only commercial-scale installation today that captures and permanently stores CO2 

in the steel industry is the gas-based DRI plant of Emirates Steel in the United Arab 

Emirates, implemented by the CCUS company Al Reyadeh. The plant has a capture 

capacity of around 0.8 million tonnes of carbon dioxide (Mt CO2) per year, using the 

captured CO2 for enhanced oil recovery (EOR) applications. To reach the level of CCUS 

deployment globally in the Sustainable Development Scenario requires additional 

capacity equivalent to that capture plant to be installed on average every three weeks 
from now until 2050. The rate of deployment of CCUS applications is non-uniform in 

the Sustainable Development Scenario, due to the level of development of suitable 

capture concepts across production routes, particularly for existing blast furnaces. By 

2030 only 1% of the direct emissions generated in the iron and steel sector are captured 

for storage (Figure 2.8). These early installations are mainly expected to take place in 

the Middle East, United States, China and India. The first two markets in particular take 
advantage of opportunities to supplement revenues with those from enhanced oil 

recovery (EOR) and the easier integration of carbon capture in gas-based DRI (which is 

dominant in those regions), while China and India are the first to deploy innovative 

CCUS technologies at a significant scale. Build-out of CO2 transport and storage 

infrastructure, not only for EOR applications, will be critical to achieving the level of 

CCS envisaged by 2050. 

Some carbon capture and use (CCU) concepts also continue to gather pace, including 

those that are still under development (e.g. converting steel off-gases to fuels and 

chemicals in Europe) and those that are already well-developed (e.g. the use of coke 

oven gas for methanol production in China). However, these technologies in their 
current form play a transitional role, given that the CO2 is generally later released during 

the resulting fuel or chemical use or at end-of-life. The principal long-term CO2 

management options – alongside CO2 direct avoidance technologies – are either 

permanent geological storage (CCS), or CCU for products that do not release CO2 

emissions (are not oxidised) during use or at end-of-life. The latter may include closed 

carbon cycles in which the CO2 in products produced via CCU are recycled back into 
the system, such as plastics being gasified and used as fuel in steel plants that then 

produce plastics through CCU. Given that there is likely an upper limit to the demand 

 
                                                                 
8 This does not include any CO2 captured from electricity and heat generation equipment, or gases that are 
recirculated within or between steel production process units on site.  
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for these non-emitting CCU options, the majority of CO2 captured in the Sustainable 

Development Scenario is destined for geological storage (CCS). 

CCUS deployment is projected to increase at speed from the late 2020s onwards. 

This ramp-up follows commercial-scale demonstration of the innovative smelting 
reduction processes equipped with CCS (currently being demonstrated by the 

HIsarna project and also being explored for FINEX and COREX operations). This route 

targets reduced CAPEX and OPEX requirements and increased efficiency levels 

(including the potential to avoid the use of coke ovens and associated coking coal, 

and use iron ore fines directly without agglomeration), alongside the ability to obtain 

near-zero emissions. Equipping blast furnaces with CCUS, including retrofits to 

existing blast furnaces and some new builds, also plays a role. Beyond the quantities 
of CO2 captured for permanent geological storage or use external to the steel plant, 

some process units are equipped with CO2 removal technologies that enrich the 

hydrogen content of CO2-containing off-gases that are subsequently recirculated 

within and between steel production process units, thus reducing fuel input 

requirements.  

 CO2 captured and hydrogen deployment in the Sustainable Development 
Scenario 

 

IEA 2020. All rights reserved. 

Notes: The share of CO2 emissions captured and the share of electricity used for electrolytic hydrogen production are 
calculated as relative to the total values for the sector as a whole. CO2 captured here refers to direct steel sector CO2 
emissions. “Electrolytic H2 injected” corresponds to hydrogen blended into commercial blast furnaces and DRI 
furnaces. “Electrolytic H2 primary reducing agent” refers to hydrogen use in the hydrogen-based DRI route. 

In the Sustainable Development Scenario a quarter of the total CO2 directly generated by 
iron- and steelmaking in 2050 is captured in that year. Electrolytic hydrogen as primary 
reducing agent is introduced at commercial scale in the mid-2030s and expands to 12 Mt 
used in 2050. 
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The use of hydrogen plays an important role in steel production in the Sustainable 

Development Scenario. Hydrogen arising from fossil fuels is already widespread in 
both coal- and gas-based unabated DRI units – hydrogen plays a major role as the 

reduction agent in these installations, as the fossil energy is converted into a 

synthesis gas composed of H2 and CO. However, this hydrogen use does not result 

in a radically different direct emission intensity relative to other commercial routes if 

not equipped with CCUS (for example, producing steel through natural gas-based 

DRI emits only about 20% lower direct CO2 emissions compared to coal-based BF-
BOF). Hydrogen use produced with fossil fuels and not equipped with CCUS 

increases from 5 Mt in 2019 to nearly 7 Mt in 2030, then falls towards 6 Mt by 2050. 

Meanwhile, hydrogen use via DRI with CCUS – so-called “blue hydrogen” – increases 

to nearly 1 Mt by 2050. In 2050 total fossil fuel-based DRI accounts for 11% of global 

steel production, compared to 7% today. 

Other fossil fuel-derived hydrogen options could also play a role. One example is 

recirculation of reformed hydrogen-rich off-gases in blast furnaces, as is being 

explored in Japan and France, which would partially reduce emissions through lower 

fossil fuel input requirements (JISF, 2011; ArcelorMittal, 2019a). Methane pyrolysis, 
whereby methane heated using electricity produces hydrogen gas and solid carbon, 

is also being investigated for applications outside the steel sector; while expected to 

be more competitive for those other applications, this does not preclude possible 

future evolution that could be relevant to steelmaking. 

Electrolytic hydrogen – part of the CO2 direct avoidance family of near-zero emission 

technologies – plays an important role in the Sustainable Development Scenario. In 

the first decade of the projection horizon, electrolytic hydrogen is mainly deployed 

as a blending strategy for both the commercial DRI-EAF and BF-BOF production 

pathways.9 At lower levels of blending, hydrogen can partially reduce emissions 

without major modifications to existing equipment. For example, a steel producer in 
Germany is currently piloting hydrogen injection into blast furnaces of up to 40 kg 

per tonne of hot metal (thyssenkrupp, 2019). In the Sustainable Development 

Scenario a proportion of hydrogen blending occurs not as direct injection, but 

instead from hydrogen blending in natural gas grids (by 2050 a global average of 

about 2% hydrogen is blended into natural gas grids).  

While hydrogen blending serves as a transitional strategy, technical process 

constraints put an upper limit on the amount of blending that can occur without 

equipment modifications, particularly for blast furnaces which have a minimum coke 

 
                                                                 
9 “Hydrogen” is a separate mitigation lever accounted for in our emissions reduction decomposition analysis, despite 
being an indirect form of electrification in the case of electrolytic hydrogen. Hydrogen blending is therefore counted 
within the “hydrogen” category, rather than fuel switching or electrification in Figure 2.6. 
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requirement for operation. Going a step further, DRI based solely on electrolytic 

hydrogen (referred to here as the hydrogen-based DRI route) is currently under 
development through a number of projects, mainly in Europe, and would enable 

emission reductions to near-zero emission levels. From the early 2030s demand for 

electrolytic hydrogen, in particular that produced from renewable electricity, is 

projected to accelerate dramatically in the Sustainable Development Scenario after 

market introduction of hydrogen-based DRI technology.  

Low-carbon hydrogen used in steelmaking, either derived from fossil fuels via DRI 

equipped with CCUS, or produced via electrolysis, grows from negligible levels today 

to 17 Mt by 2050 in the Sustainable Development Scenario. Electrolytic hydrogen 

accounts for 70% of total hydrogen use in the sector by this point. Build-out of 
electricity generation capacity is critical to achieve the ramp-up in hydrogen use – 

this volume of electrolytic hydrogen use requires 720 TWh of electricity by 2050, 

assuming an electrolyser efficiency of 45 megawatt hours per tonne of hydrogen 

(MWh/t H2), or around 60% of the total electricity consumption of the steel industry 

today.10 By this time, electricity supply has decarbonised considerably, with the 

average CO2 intensity falling by over 95% from current levels, to 18 gCO2/kWh 
(includes both grid-supplied electricity and dedicated electricity generation for 

hydrogen). While the hydrogen-based DRI route is primarily being explored in Europe 

today, in 2050 the greatest demand for electrolytic hydrogen in steel is expected in 

India and China (just over 4.5 Mt of hydrogen in each) due to large production 

volumes and access to large amounts of low-cost renewable electricity. Globally, 8% 

of total steel production in 2050 relies on electrolytic hydrogen as the primary 

reducing agent (or 14% of primary production).   

Direct electrification of steelmaking through electrolysis is not included in the 

Sustainable Development Scenario due to its comparatively low TRL. However, with 

accelerated progress on innovation, it could play a role in sustainable steelmaking in 
the longer term (see Box 2.6). 

Readiness, competitiveness and investment  
Technologies that reduce steel sector CO2 emissions in the Sustainable Development 

Scenario are currently at different stages of development. Over the short to medium 

term, technologies that are already mature or in early stages of adoption will play the 
greatest role in reducing emissions, while in the longer term technologies that are 

currently in the demonstration or prototype phase will be required to achieve deeper 

 
                                                                 
10 The efficiency of electrolysers is assumed to increase considerably over the projection period, from 52 MWh/t H2 
(lower heating value [LHV] efficiency of 64%) in 2019 to 45 MWh/t H2 (LHV efficiency of 74%) in 2050. 
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reductions, particularly from primary steel production. Many uncertainties are 

inherent to the innovation process, and so while the Sustainable Development 
Scenario provides a snapshot of a reasonably likely low-emission future technology 

mix, the actual roll-out of technologies will depend on the funding and success of 

R&D, access to affordable energy and materials inputs and infrastructure, policy 

stringency and character, and various other supporting conditions that enable 

globally competitive steelmaking. 

One of the main uncertainties of developing new technologies is their future cost. 

Therefore, it is valuable to explore the sensitivity of technology outcomes to varying 

cost assumptions, in order to understand which conditions would facilitate one 

technology being more competitive than another. Energy prices are a key factor 
influencing the cost of different production routes, and therefore the 

competitiveness of different technologies varies by region according to the 

respective energy price context, among other factors. Among the pre-commercial 

near-zero emission technologies, the innovative smelting reduction route with CCUS 

has the lowest overall production cost in most regions; this is at current energy prices 

and estimated capital and fixed operating costs for when this technology reaches 
market introduction. Actual future costs could very well differ from current estimates, 

and regardless, regional factors like the policy environment, future scrap or hydrogen 

availability, and socio-political appetite for CCUS lead to different regional 

technology mixes. 

Total investment needs in the Sustainable Development Scenario are higher than in 

the Stated Policies Scenario, although not drastically – an increase of about 20% in 

cumulative capital investment in core process equipment to 2050 is needed globally 

in the Sustainable Development Scenario. One contributor to this relatively low 

increase is that overall steel demand is lower. Nonetheless, investment in R&D and 

supporting infrastructure (e.g. renewable electricity generation, CO2 storage), which 
are not part of the investment boundary assessed, will be crucial to enabling the 

deployment of near-zero emission technologies. Contributions from both public- and 

private-sector actors will be needed to realise clean energy transitions in 

steelmaking. 

An array of technology options at differing levels of 
maturity 

New technologies that have yet to be commercialised play an increasingly important 

role in the Sustainable Development Scenario. They pave the way for energy 

efficiency improvements, switching to lower-carbon energy carriers, and expanding 

the use of low-carbon hydrogen and deploying CCUS. In particular, they replace 

existing production capacity over the second half of the projection horizon. An array 
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of technologies is under development (Table 2.1). The timing of their introduction and 

rate at which they are deployed in the Sustainable Development Scenario varies 
according to their TRL (see Box 2.5 above for IEA TRL definitions). Faster market 

introduction of technologies at earlier stages of maturity hinges on a substantial 

increase in R&D and demonstration efforts and supportive policy action (see Chapter 

4). It is also essential that their required inputs (renewable electricity and low-carbon 

hydrogen) and infrastructure (CO2 pipelines and storage facilities, electric grids, 

hydrogen networks) are available. (For further information on supporting 
infrastructure for hydrogen and CCUS, see The Future of Hydrogen [IEA, 2019] and 

Special Report on CCUS [IEA, forthcoming]).  

 Status of main near-zero emission technologies in the iron and steel sector 

Technology TRL 

Year 
available 

(importance 
for net-zero 
emissions) 

Deployment status 

CCUS 

Blast 
furnace:  
off-gas 
hydrogen 
enrichment 
and/or CO2 
removal for 
use or 
storage 

5 2030  
(Very high) 

• Japan’s COURSE 50 project completed initial experimental testing phase; 
second phase aims to reach full commercial scale by 2030; can be deployed 
with CCUS (JISF, 2011) 
• Top-gas recycling using vacuum pressure swing adsorption proven in an 
experimental blast furnace under ULCOS (European Commission, 2014). 
Concepts being further developed at ArcelorMittal site in Dunkirk, France. IGAR 
project testing reforming with plasma torches, with a lab-scale pilot successfully 
completed in 2017 and an industrial-scale demonstration likely to be completed 
by 2025-27. “3D” project launched in mid-2019 by a consortium of 
11 stakeholders will test amine-based carbon capture for blast furnace process 
gases, aiming for pilot-scale (4 kt CO2/yr) by 2021 and industrial-scale 
(1 Mt CO2/yr) by 2025. Final arrangement would feed plasma torches with 
recovered CO2 from process gases (ArcelorMittal, 2019a; ArcelorMittal, 2019b; 
ArcelorMittal, 2017) 
• ROGESA pilot testing H2-rich coke oven gas in a blast furnace in Germany, with 
implementation in two blast furnaces expected as early as 2020 (Saarstahl, 
2019) 
• STEPWISE project piloting a technology in Sweden to decarbonise blast 
furnace gas for use in power production (14 t/day CO2 removal) (STEPWISE, 
2020) 

Blast 
furnace: 
Converting 
off-gases to 
fuels 

8 Today  
(Medium) 

• First commercial plant began operation in 2018 in China, by LanzaTech, 
Shougang Group and TangMing; produced 30 million litres of ethanol for sale in 
first year of operation (LanzaTech, 2018; LanzaTech, 2019).  
Second large-scale plant under construction in Ghent, Belgium under the 
Steelanol/Carbalyst project by ArcelorMittal and LanzaTech, to be completed by 
early 2021 and with a capacity of 80 million litres of ethanol (ArcelorMittal, 
2019a) 
• FReSMe project, by a consortium of European partners, piloting steel off-gas 
conversion to methanol (1 t/day); builds on research from STEPWISE project on 
CO2 capture and MefCO2 project on producing methanol from CO2 (FReSMe, 
2020; European Commission, 2019) 
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Technology TRL 

Year 
available 

(importance 
for net-zero 
emissions) 

Deployment status 

Blast 
furnace: 
Converting 
off-gases to 
chemicals 

7 2025  
(Medium) 

• Carbon2Chem pilot plant in Germany initiated by thyssenkrupp in 2018 has 
produced ammonia and methanol from steel off-gases; aiming for industrial-
scale plant by 2025 (thyssenkrupp, 2020a and 2020b) 
• Carbon4PUR, project by consortium of 11 partners across Europe, is piloting 
converting steel off-gases to polyurethane foams and coatings (20 t/yr) 
(Carbon4Pur, 2020) 

DRI: Natural 
gas-based 
with CO2 
capture 

9  Today  
(Very high) 

• Plant operating since 2016 in Abu Dhabi with 0.8 Mt/year of CO2 capture 
capacity, with CO2 used for EOR at nearby oilfield (ADNOC, 2017) 
• Two plants operated in Mexico by Ternium since 2008 capturing 5% of 
emissions (0.15-0.20 Mt/yr combined) for use in the beverage industry, with 
planning underway to scale up capture capacity (Ternium, 2018) 
• Commercial Finmet plant operating since 1998 at Orinoco Iron, Venezuela, 
with amine-based CO2 separation achieving close to 100% CO2 concentrations 
as an integral part of the process, but captured CO2 is not currently used or 
stored (Primetals, 2020) 

Smelting 
reduction: 
with CCUS 

7 2028  
(Very high) 

• Developed by the ULCOS consortium, HIsarna pilot plant currently operating 
at a Tata Steel plant in Ijmuiden, Netherlands (60 kt steel produced, CCS not yet 
implemented) (Tata Steel, 2017); a demonstration-scale (0.5 Mt/yr) plant (TRL8) 
is expected in 2023-27 in India and an industrial-scale (1.5 Mt/yr) plant with CCS 
(TRL 9) is targeted in the Netherlands for 2027-33 
• Initial testing of amine-based CO2 scrubbing in FINEX plant (Primetals, 2020) 
 

Hydrogen 

Blast 
furnace: 
Electrolytic 
H2 blending 

7  2025  
(Medium) 

Since 2019 thyssenkrupp has been testing use of hydrogen in a blast furnace in 
Germany, replacing a proportion of injected coal (thyssenkrupp, 2019)  

DRI: Natural 
gas-based 
with high 
levels of 
electrolytic 
H2 blending 

7  2030  
(High) 

• In the 1990s Tenova tested 90% hydrogen use in Mexico (scale of 9 kt/yr DRI 
production) (Tenova, 2018) 
• Salzgitter steelworks is undertaking MW-scale electrolyser demonstration in 
Germany and conducting a feasibility study for integrating a hydrogen DRI plant 
into the existing site, as part of the SALCOS project (SALCOS, 2019) 
• thyssenkrupp is planning to build commercial DRI plants incorporating 
hydrogen by the mid-2020s (thyssenkrupp, 2020a) 

DRI: Based 
solely on 
electrolytic 
H2 

5  2030  
(Very high) 

• Pilot plant began operation in August 2020 in Sweden as part of the HYBRIT 
project; targeting a 1 Mt/yr demo plant by 2025 (HYBRIT, 2020) 
• Pilot plant being designed in Hamburg led by ArcelorMittal, to be built by 
2030 (ArcelorMittal, 2019c) 
• thyssenkrupp planning to transition towards eventual full hydrogen reduction 
(thyssenkrupp, 2020a) 

Smelting 
reduction: H2 
plasma 
reduction 

4  ---  
(Medium) 

• SuSteel research project at voestalpine plant in Austria; currently in the 
process of upscaling a 100 g reactor to a 50 kg batch operation, aiming for 
commissioning in 2020 (K1MET, 2018; Primetals, 2019) 
• Flash ironmaking technology under development at University of Utah, with a 
mini pilot reactor commissioned (Sohn et al., 2017) 

Ancillary 
processes: 
H2 for high-
temperature 
heat 

5  2025  
(High) 

• In early 2020 Ovako and Linde completed a successful trial using hydrogen to 
heat steel before rolling in Sweden (Ovako, 2020) 
• CELSA (a recycled steel producer), Statkraft and Mo industrial park in Norway 
signed an agreement in mid-2020 to produce hydrogen to replace fossil fuels 
used in steel production (CELSA Group, 2020) 
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Technology TRL 

Year 
available 

(importance 
for net-zero 
emissions) 

Deployment status 

Direct electrification 

Electrolysis: 
Low-
temperature 

4  ---  
(Medium) 

Siderwin project building on the ULCOWIN process (electrowinning), previously 
developed by the ULCOS programme; working towards a pilot-scale plant by 
the end of 2020 (Siderwin, 2019) 

Electrolysis: 
High-
temperature 
molten oxide 

4  ---  
(Medium) 

• ULCOS proposed concept called MIDEIO during its 2004-12 work programme 
(Wiencke et al., 2018) 
• Research at MIT led to founding of Boston Metal, which commissioned its first 
prototype cell in 2014 (more than 1 t of metal produced); now aiming for pilot-
scale plant (Boston Metal, 2019) 

Bioenergy 

Blast 
furnace: 
Torrefied 
biomass  

7 2025  
(Medium) 

The Torero partnership project is testing use of bio-coal (torrefied waste wood) 
to partially substitute coal in ArcelorMittal’s plant in Ghent, Belgium; the large-
scale demonstration is expected to be operational by end of 2020 
(ArcelorMittal, 2019a) 

Blast 
furnace: 
Charcoal 

10 Today  
(Medium) 

Charcoal is currently used commercially to substitute for a proportion of the 
coal used in blast furnaces, primarily in Brazil. Some development continues to 
further optimise charcoal production to improve its product specifications for 
steel production 

Notes: kt = thousand tonnes; t = tonne. For CO2 capture technologies the specified TRL refers to the whole CCU or 
CCS value chain applied within the iron and steel sector (whichever is the higher TRL), rather than the TRL of the 
capture technology only. 
 

A number of innovation efforts are aiming to lower emissions from conventional blast 

furnace production. Three projects are testing the recovery and reuse of off-gases from 

blast furnaces to reduce energy input requirements: the COURSE 50 initiative in Japan, 

the IGAR project in France and the ROGESA project in Germany (TRL 5). They include 

different techniques to reform coke oven gas or CO2 into a hydrogen-rich syngas for 
use in the blast furnace as a partial reducing agent. While this top-gas recycling and 

hydrogen enrichment in itself can only partially reduce emissions, the set-up would 

enable carbon capture to be integrated more easily, as was foreseen in the European 

ULCOS project and is planned in the COURSE50 project.  

Carbon capture of off-gases from the blast furnace will also be tested by the recently 

launched “3D” project at the same site as the IGAR project, using the solvent-based 

DMXTM capture technology that has been shown to result in a smaller energy penalty 

relative to the more common monoethanolamine (MEA) technology (Broutin et al., 

2017). It is likely that the captured CO2 will eventually feed the plasma torches being 
used for reforming by the IGAR project. The STEPWISE project also pilot tested 

decarbonising blast furnace gases before using them in power production. If carbon 

capture applied to blast furnace off-gases proves to be technologically and 

economically feasible, it could enable carbon capture retrofitting and may thus play an 

important role in addressing emissions from blast furnaces built recently or due to be 

built before the widespread availability of low-emission steelmaking technologies.  
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Innovation projects are also underway to partially reduce blast furnace emissions by 

replacing a proportion of injected coal with torrefied biomass or hydrogen (both TRL 
7). Charcoal is already used in blast furnaces commercially, but further development 

of charcoal production could improve its properties to be even more suitable for steel 

production (TRL 10). The potential for biomass to reduce blast furnace emissions will 

partially depend on the availability of sustainable biomass, given that there will be 

competing demand from other parts of the energy system that face higher barriers to 

the use of non-biomass options to reduce emissions. 

Other R&D projects focus on reducing emissions by adapting newer steelmaking 

technologies. Innovative smelting reduction presents a promising option for applying 

carbon capture, given that the off-gases have a very low nitrogen content (compared 
to a relatively high nitrogen content in typical blast furnace off-gases). This makes 

separation considerably more cost-efficient. The HIsarna project is developing an 

oxygen-rich smelting reduction technology that processes iron ore almost directly into 

liquid iron (eliminating the coking and iron ore agglomeration stages) and produces a 

single concentrated CO2 stream that enables much easier CO2 capture. When 

equipped with CCUS, it would lead to an estimated 90% reduction in CO2 emissions 
relative to conventional blast furnace production. A pilot plant is operational in the 

Netherlands (TRL 7), although it is not yet connected to storage. There are plans to build 

a demonstration-scale plant in India as well as a commercial-scale plant in the 

Netherlands between 2023 and 2033.  

Initial testing is also underway to integrate full CCS into the already commercial COREX 

and FINEX smelting reduction technologies. These technologies currently incorporate 

physical CO2 scrubbing using pressure swing adsorption to isolate higher ratios of CO 

and H2 for recirculation to the smelting reduction process or for use in a subsequent 

direct reduction plant. This helps save CO2 emissions by reducing total fuel 

consumption, but results in CO2 concentrations in the tail gas that are insufficient for 
use or storage and so the CO2 is still emitted. Upgrading to an amine-based chemical 

CO2 scrubbing capture system would facilitate CO2 use or storage, potentially leading 

to substantial emission reductions. Nonetheless, unlike the HIsarna process, the off-

gases of the COREX and FINEX processes still contain considerable chemical energy 

content along with CO2, such that the off-gases are likely to be subsequently used 

elsewhere such as in a power plant. If the off-gases were used in an oxygen-based 
power plant, the power plant off-gases could contain high enough CO2 concentrations 

for storage; otherwise, another CO2 capture system would be needed on the 

subsequent unit utilising the off-gases to realise near-zero emission levels. 

Other initiatives are looking to integrate electrolytic hydrogen into DRI production, 

either through blending to replace a proportion of natural gas, or to go even further to 

100% hydrogen-based reduction. If zero-emission electricity is used to produce the 
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hydrogen, the latter would enable fully zero-emission primary steel production. 

Electrolytic hydrogen displacing up to 30% of natural gas is already possible in 
commercial DRI furnaces, while higher blends require further development (TRL 7) and 

use of 100% electrolytic hydrogen is at the pilot stage (TRL 5). Tenova undertook testing 

of 90% hydrogen use as early as the 1990s in Mexico. More recently in Germany the 

SALCOS project has been demonstrating an electrolyser at the MW-scale alongside a 

feasibility study for integrating a hydrogen DRI plant into its existing site, while 

thyssenkrupp is planning to build commercial DRI plants incorporating hydrogen by 
the mid-2020s. In Sweden the HYBRIT project began operation of a pilot plant in 

August 2020 using 100% electrolytic hydrogen from non-fossil fuel sources, and a 

demonstration plant is being targeted by 2025. A separate project led by ArcelorMittal 

is also aiming for a pilot plant with full hydrogen production in Germany by 2030. Work 

is also underway to use hydrogen for high-temperature heat in ancillary processes such 

as rolling and casting (TRL 5). 

A number of steel technologies at earlier stages of development (TRL 3-4), including 

direct iron ore electrolysis and hydrogen plasma reduction, are not relied upon in the 

Sustainable Development Scenario, given that they are further away from commercial 
readiness and reliable techno-economic information is unavailable. Nonetheless, they 

could make an important contribution to emission reductions if innovation projects are 

successful and they are able to quickly climb the R&D ladder to commercial 

deployment (see Box 2.6).  

Several fairly advanced innovation initiatives are working to valorise steel off-gases 

through CCU, in which CO and CO2 in off-gases are used for saleable fuels and 

chemicals. A first commercial plant converting steel off-gases to ethanol began 

operation in China in 2018 (TRL 8). The Steelanol project is constructing a similar 

industrial-scale ethanol plant in Belgium, which is expected to begin operation by early 

2021, while the FReSMe project is piloting conversion of steel off-gases to methanol for 
use in shipping. The Carbon2Chem project has been operating a pilot plant in Germany 

since 2018, which uses CO2 from steel plant off-gases to produce chemicals like 

ammonia and methanol, including through combination with hydrogen produced by 

electrolysis in the case of methanol (TRL 7). Additionally, the Carbon4PUR project is 

piloting use of steel off-gases to produce polyurethane foams and coatings.  

These CCU efforts will play a valuable role in developing carbon capture technologies 

that could be converted to CCS at the same site or applied to CCS at other sites.  

However, it should be kept in mind that the extent to which they reduce emissions 

depends on: 

• The counterfactual (i.e. what fuel or chemical production process would otherwise 

have been used). 
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• The energy required for the CCU process.  

• The ultimate fate of the CO2 embodied in the fuel or chemicals.  

If the fuel is burned or the chemical product decomposes at end-of-life, the CO2 will 

ultimately be released into the atmosphere. Using CO2 twice through CCU reduces 

emissions relative to a situation in which there was unabated steel production plus 

fossil fuel-based fuel use or chemical production outside the steel sector. However, 

it is likely to lead to higher emissions relative to a situation in which zero-emission 

energy or CCS was used for both steel production and for fuels or chemical 
production outside the steel sector. There could be exceptions that would enable a 

circular and emission-free CO2 loop. An example would be using steel off-gases for 

chemical production following capture using a carbon-free energy source, and then 

later recycling end-of-life chemicals back into steel production through torrefied or 

gasified waste use in blast furnaces.  

While technologies that are already available today play an important role in reducing 

CO2 emissions in the Sustainable Development Scenario, reliance on earlier-stage 

technologies rises over time to achieve increasingly demanding emission reduction 

objectives (Figure 2.9). Technologies categorised as mature or in the early adoption 
phase account for about 70% of cumulative direct CO2 emission reductions to 2050 

in the Sustainable Development Scenario relative to the Stated Policies Scenario. 

These already available technologies include: 

• Material efficiency technologies that reduce total steel demand. 

• Energy-saving technologies for existing process routes, such as top-gas recovery 

turbines on blast furnaces.  

• Shifting from coal to natural gas and bioenergy. 

• Increased electricity use through EAF-based production (including scrap-based 

EAF and increased use of EAFs in tandem with DRI-based routes) and electrification 

of ancillary processes.  

• DRI with CCUS. 

The last of these is a case of CCUS that has reached commercial scale (TRL 9). Two 

Ternium DRI plants in Mexico have been operating with CCU since 2008, capturing 

5% of emissions for use in the beverage industry, with plans to increase capture 

capacity. The world’s first commercial DRI plant with CCS was commissioned in 2016 

in Abu Dhabi, with the CO2 being stored via EOR. Carbon capture achieving close to 
100% concentrations of CO2 is also occurring at a commercial Finmet plant as an 

integral part of the process. While the captured CO2 is currently not connected to 

use or storage and thus is simply emitted, the technology set-up is ready for CCUS, 

if the right policy incentives are put in place. 
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 Iron and steel sector direct CO2 emission reductions in the Sustainable 
Development Scenario by current technology maturity category 

 

IEA 2020. All rights reserved. 

Notes: Emission reductions are measured relative to the Stated Policies Scenario. Mature = all designs and underlying 
components at TRL 11; early adoption = at least one underlying design at TRL ≥ 9 and others at lower TRLs; 
demonstration = no underlying design at TRL ≥ 9, but at least one design at TRL 7 or 8; prototype = no underlying 
design at TRL 7 or 8, but with at least one design at TRL ≤ 6. 

In the Sustainable Development Scenario in the short to medium term, emission reductions 
are driven primarily by today’s commercially available technologies, while in the longer 
term the burden shifts to those that are currently at demonstration and prototype stages.  

In the longer term technologies that are now at the demonstration or prototype stage 

will be needed to achieve even deeper emission reductions, particularly for primary 

production. Demonstration and prototype technologies account for about 20% and 

10%, respectively, of cumulative direct CO2 emission reductions in the Sustainable 

Development Scenario relative to the Stated Policies Scenario. As discussed above, 

a wide variety of innovation activities are currently underway on technologies that 
can achieve varying degrees of emission reduction. The extent to which each 

technology is ultimately deployed will depend on: 

• The success of the respective R&D projects. 

• The extent to which learning-by-doing in the early adoption phase can overcome 

remaining technological hurdles and reduce costs. 

• Regional circumstances such as policy, availability of the required energy and 

input materials at competitive prices, and access to the necessary supporting 

infrastructure. 

Generally, in the Sustainable Development Scenario technologies currently being 
demonstrated (i.e. TRL of 7 or more) start to be deployed within a decade, while those 

currently in the prototype phase (i.e. TRL of 5 or 6) are commercially deployed from 
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the early to mid-2030s, with some initial ramp-up taking place in the years prior. 

However, the speed of innovation is difficult to predict, and thus the timing of roll-
out could in fact be several years earlier or later (or certain technologies might not 

mature at all). 

 What if innovation accelerated? – The Faster Innovation Case 

The Sustainable Development Scenario requires monumental efforts to bring the 
energy system as a whole to net-zero emissions by 2070, including a considerable 
reliance on the development and market deployment of new technologies. Could 
this enormous undertaking move even more quickly? Our Faster Innovation Case 
explores the feasibility of bringing forward net-zero emissions for the energy system 
as a whole to 2050 by accelerating work on clean energy technology innovation.  

There is scant precedent for the very rapid pace of innovation required in the Faster 
Innovation Case. It relies on the use of technologies still at lab and early prototype 
stages, shortened time periods for market introduction of new technologies, and 
faster adoption rates for new and emerging technologies. This pace does not leave 
any room for delays or unexpected operational problems during demonstration or 
at any other stage. These are, of course, bound to happen in practice. Nonetheless, 
mission-oriented approaches that support clean energy innovation in technology 
areas with attributes conducive to fast innovation cycles could speed up the pace 
of progress. This is particularly so if they are coupled with a once-in-a-generation 
investment opportunity as a result of Covid-19-related recovery plans. 

The Faster Innovation Case is not designed to be an ideal pathway to net-zero 
emissions by 2050; the complexity of this question goes well beyond technology 
innovation alone, and is likely to require fundamental changes to current lifestyles.  
Rather, it is designed to explore how much shorter development cycles would need 
to be than in the Sustainable Development Scenario, and how much more rapid 
technology diffusion rates would need to be to deliver net-zero emissions globally 
by 2050. For additional details on the design of the Faster Innovation Case, see the 
ETP 2020 Special Report on Clean Energy Innovation (IEA, 2020). 

In the Faster Innovation Case, the iron and steel sector’s direct CO2 emissions would 
fall to reach a level in 2050 that is 75% lower than in the Sustainable Development 
Scenario. Although the sector would not fully reach zero emissions, the projected 
emissions would be only 0.3 Gt CO2 in 2050, compared to 1.2 Gt CO2 emitted in the 
same year in the Sustainable Development Scenario. 

Achieving this implies an increased role for multiple clean energy technologies. 
Increased use of CCUS- and hydrogen-based routes in the Faster Innovation Case 
depends on considerably shorter time periods to reach market introduction of 
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technologies still at the large prototype and demonstration stage today, followed 
by a further accelerated deployment (see figures below). Additionally, iron ore 
electrolysis, which is at the small prototype stage (TRL 4), and thus is not included 
in the Sustainable Development Scenario, is assumed to progress rapidly and thus 
contributes to emission reductions in the Faster Innovation Case. 

The period to market is considerably shortened in the Faster Innovation Case. 
Innovative smelting reduction with CCUS reaches market introduction in 2025, 
three years faster than in the Sustainable Development Scenario. 100% H2 DRI 
becomes available for commercial application in 2026, five years earlier than in the 
Sustainable Development Scenario. Iron ore electrolysis reaches market 
introduction by 2030. 

Period from first prototype to market introduction for selected innovative 
steelmaking technologies 

 

IEA 2020. All rights reserved. 

Notes: SDS = Sustainable Development Scenario. CCUS = carbon capture, use and storage. The classification 
between large process technologies and those dependent on components able to be mass produced is based 
on the characteristics of the equipment or process steps within the technologies analysed that are not 
commercially available today. 

Following market introduction, an average of more than two CCUS-based and 
two 100% H2 DRI steel plants need to be built each month through to 2050, 
compared to about one of every month in the Sustainable Development Scenario. 
Additionally, an average of one iron ore electrolysis plant is built every two months 
from 2030 to 2050, while the technology is not deployed in the Sustainable 
Development Scenario. 
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As a result of this rapid roll-out, steel production with CCUS is 2.2 times higher and 
with electrolytic hydrogen is 2.7 times higher in 2050 in the Faster Innovation Case 
compared to the Sustainable Development Scenario. Iron ore electrolysis accounts 
for 5% of steel production by 2050. 

Steel production via innovative technologies in 2050 by scenario 

 
IEA 2020. All rights reserved. 

Notes: CCUS-based routes include innovative BF-BOF with CCUS, innovative smelting reduction SR-BOF with 
CCUS, and DRI-EAF with CCUS. 

A unique aspect of the Faster Innovation Case are the opportunities it opens for iron 
ore electrolysis. While hydrogen-based direct reduction can use hydrogen 
produced from electricity to indirectly electrify steel production, iron ore 
electrolysis provides a way to directly electrify primary steelmaking. The two most 
advanced concepts for iron ore electrolysis have to date operated only on a small 
scale (TRL 4). Of these, the larger is low-temperature alkaline electrolysis, which has 
recently moved from the scale of a few kilogrammes to a 100 kg pilot (ArcelorMittal, 
2020). The other design, high-temperature molten oxide electrolysis, was validated 
in the laboratory in 2013, a prototype cell was commissioned in 2014 and there are 
plans to test full-scale cells by 2024 (Boston Metal, 2019). Iron ore electrolysis is not 
included in the Sustainable Development Scenario analysis due to its relatively low 
TRL and the subsequent uncertainty of techno-economic parameters associated 
with any future commercial-scale design. 

Being at an earlier stage of technology readiness suggests that iron ore electrolysis 
has a longer path ahead of it to reach market introduction. Yet it has several features 
that might facilitate a faster innovation timeline, relative to some other 
technologies. They are exploited to accelerate progress on iron ore electrolysis in 
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the Faster Innovation Case. These opportunities include the possibility of lower risk 
when scaling up due to its modular characteristics, knowledge spillovers from other 
electrolysis technologies, standardised and repetitive manufacturing, and the 
potential for it to offer grid balancing services.  

In iron ore electrolysis, electrolytic cells can be stacked to provide the capacity 
needed, allowing the possibility to expand capacity by increments. Therefore the 
capital at risk in the initial stages of investment in a given plant is smaller. The layout 
of molten oxide electrolysis also shares many features with alumina electrolysis for 
aluminium production. Therefore, learnings (also known as knowledge spillovers) in 
design, operation and materials might be expected to flow from aluminium to steel 
electrolysis, including the emerging ability to modulate plant operation with the 
incentive of balancing a grid dominated by variable renewable electricity. 

Additionally, based on the current concepts being pursued, iron electrolysis is 
estimated to use 15-30% less electricity overall per tonne of steel produced, relative 
to the hydrogen-based DRI route. This lower electricity demand could help ease the 
burden on electricity grids that in the transition to net-zero emissions are 
increasingly strained, due to higher overall demand and higher shares of 
intermittent renewables. This characteristic may provide an advantage in the 
context of the whole energy system moving more quickly to net-zero emissions. 

Different regional contexts, different technology 
portfolios 

The selection of technologies for steel production in the future – especially for 

primary steel production – will be influenced by multiple factors. The important ones 

among them are the local availability of various energy carriers, energy prices, access 
to required inputs and infrastructure, and the age and size of the existing stock of 

assets in a given region. The feasibility of adopting a given technology can also be 

affected by public acceptance and the local regulatory landscape, as is the case for 

CCUS technologies in certain regions. It is for these reasons that the journey towards 

zero emissions in the iron and steel sector differs by region in the Sustainable 

Development Scenario. There is no single technology pathway, but a toolbox of 

potential options for each region to utilise according to regional and local 
circumstances (Figure 2.10). This section highlights some of the contrasting 

dynamics at the regional level.  
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China 
The Sustainable Development Scenario sees an increase in scrap availability relative 

to production levels in several regions. In China the dynamics are particularly striking 

in this respect. While its current level of secondary production is relatively low 

(around 10%), this increases to 45% by 2050. In metallic input terms, the share of 

scrap in the total inputs of scrap and iron ore rises from 25% in 2019 to more than 

50% in 2050. This transition to a dominant share of secondary production is enabled 
by a large amount of scrap becoming available very quickly, owing to a rapid build-

up of in-use steel stocks during China’s boom period just after the millennium. At the 

same time that the availability of scrap is increasing, overall output is falling, from 

around 1 billion tonnes in 2019, to around 710 Mt in 2050. Because the natural phase-

out profile of China’s existing fleet of primary production facilities is relatively well-

aligned with this new availability of scrap, the country is able to undergo a rapid 
transition to secondary steelmaking without early decommissioning of its existing 

fleet of blast furnaces. 

Alongside the transition to a dominant share of secondary production in China, the 
country’s primary production units also undergo a significant shift in the Sustainable 

Development Scenario. As electric furnaces fed by scrap are the first choice of new 

units to replace older blast furnaces in the early years of the projection horizon, 

innovative primary production routes begin deployment later than in several other 

regions. The alignment of the age profile of its existing stock of blast furnaces with 

the increasing availability of scrap means that retrofits to blast furnaces are not 

required. The innovative smelting reduction-basic oxygen furnace (SR-BOF) with 
CCUS and 100% H2 DRI-EAF routes are deployed in almost equal proportions by 2050, 

together accounting for around one-third of primary steelmaking capacity by then. 

China’s large endowment of low-cost renewable electricity generation potential and 

early experience with CCUS in other industry sectors underpin this hybrid approach 

(there are a handful of CCUS-equipped plants in the chemical sector already 

operating or in the planning phase).  

European Union 
The outlook for steel production in the European Union in the Sustainable 

Development Scenario is one of gentle decline, as the region gives way to lower-

cost and rapidly growing producer regions such as India. The strategic nature of 

the steel industry in many of the region’s member states means output stabilises or 
grows slightly in key producing countries (e.g. Germany), offsetting declines 

elsewhere. In stark contrast to China, the availability of scrap remains fairly 

constant throughout the projection horizon, leading to a similar scrap share of total 

metallic inputs in 2050 (60%) as in 2019 (50%). This slight increase reflects the 
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gentle decline in overall output and somewhat increased scrap availability as 

ageing infrastructure reaches its end-of-life.    

Europe has a long-established blast furnace fleet, and an old one when measured 

since the year of first installation (active fleet age of 50 years on average), but the 
average age diminishes significantly when taking into account recent upgrades and 

refurbishments (10 years on average). This factor, along with the fact that the 

European steel industry has demonstrated commitment to a variety of research and 

demonstration projects for near-zero emission steelmaking technologies, leads the 

region to adopt a diversified portfolio of options in the Sustainable Development 

Scenario, including both carbon avoidance and carbon management options. 

Hydrogen is front and centre, building on existing projects that involve blending 
hydrogen into existing blast furnaces and DRI units, and a supportive policy 

environment for the technology. By 2050 the 100% H2 DRI-EAF route is deployed at 

significant scale, with around 10 commercial-scale plants (around 15 Mt of crude 

steel output) replacing existing blast furnaces.  

Even within the carbon management family of options, producers in the 

European Union adopt a diversified approach in the Sustainable Development 

Scenario. By 2050 around 15% of blast furnaces are equipped with carbon capture, 

and the innovative SR-BOF with CCUS route is deployed gradually from the late 

2020s, to replace older blast furnaces at the end of their next investment cycle. 
Both of these routes, along with industrial facilities in other sectors (e.g. cement), 

require large-scale CO2 transport and storage infrastructure. CCS faces acceptance 

challenges in several countries within the region (in the past decade some countries 

such as Germany and Austria have placed at least partial or temporary bans on 

large-scale geological CO2 storage). But there are also countries where it has at 

various times been identified as a strategic priority (the Netherlands, the United 

Kingdom and Norway are key examples, and even the German government recently 
put CCS back on the table). Regional co-ordination of CO2 transport infrastructure 

and the possible promise of offshore storage could also help alleviate lingering 

concerns about the technology.  
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 Crude steel production by process route and scenario in major steel-producing 
regions 

 

IEA 2020. All rights reserved. 

Notes: STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario. Commercial BF-BOF includes 
traditional coal-, gas- and charcoal-based blast furnaces, with and without top-pressure recovery turbines, without 
CCUS. Innovative BF-BOF with CCUS includes blast furnaces with process gas hydrogen enrichment and CO2 
removal for use and storage (e.g. as being developed by the COURSE50, IGAR and 3D projects), including CCUS 
retrofits to existing blast furnaces and those newly installed over the coming decade. Commercial SR-BOF refers to 
smelting reduction without CCUS (COREX and FINEX). Innovative SR-BOF with CCUS includes application of CCUS 
to existing smelting reduction concepts (COREX and FINEX) and novel smelting reduction concepts with CCUS 
(e.g. as being developed by the HIsarna project). Commercial DRI-EAF includes gas- and coal-based DRI without 
CCUS, including that with a proportion of blended electrolytic hydrogen; in some regions (particularly the 
United States), this route has a high ratio of scrap to DRI inputs. Commercial DRI-EAF with CCUS includes gas- and 
coal-based DRI with CCUS. 100% H2 DRI-EAF comprises fully electrolytic hydrogen-based DRI (e.g. as being 
developed by the HYBRIT project and ArcelorMittal in Hamburg). Scrap-based EF refers to electric arc furnaces and 
induction furnaces fed mostly by scrap, with India and China being exceptions, both having substantial iron charges 
to their induction furnaces. For further details on projects developing these technologies, see Table 2.1. 

While increased scrap availability contributes to a general shift towards secondary 
production in the short to medium term, deploying near-zero emission technologies leads 
to a greater diversification of steelmaking routes in the long term. 
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India 
India is one of the few regions – and the only one among today’s large producers – 

that undergoes a strong growth trajectory in the Sustainable Development Scenario, 

despite a strong push on material efficiency strategies. Crude steel production 

increases from 111 Mt in 2019 to 180 Mt in 2030 and 350 Mt in 2050. Unlike regions 

where the stock of steel in society is mature and relatively stable in the future, India’s 

is growing rapidly, leading to limited availability of scrap relative to overall 
production. The scrap share of metallic inputs still rises slightly to just over a quarter 

by 2050, from just over a fifth in 2019, but remains well below economies such as the 

United States at around 85% or the global average of 45%.  

This limited availability of scrap in conjunction with rising levels of output mean that 

India builds large amounts of primary steelmaking capacity during the projection 

period of the Sustainable Development Scenario. Some of this additional capacity is 

required before near-zero emission technologies are ready to be deployed at scale, 

and conventional process technology continues to be deployed alongside innovative 

technologies as they scale up. Production from conventional ironmaking processes 
(gas- and coal-based DRI and coal injection blast furnaces) peaks around 2040, 

meaning there are some blast furnaces that are only 10 years old at end of our 

projection horizon. These dynamics underpin the need for retrofits or new-build 

CCUS-ready designs for these blast furnaces from the early 2030s. By 2050 around 

20% of the blast furnaces in operation are equipped with carbon capture, with the 

remaining unabated units being left to phase out and be replaced with other – by 

then mature – innovative processes.  

In parallel with this evolution of the blast furnace stock, the innovative SR-BOF with 

CCUS route is deployed rapidly from the late 2020s in the Sustainable Development 
Scenario. From an iron production level equivalent to a couple of units in 2030 

(2-3 Mt), output via this route climbs to more than 70 Mt in 2050, which is roughly 

one new unit every year during 2030-50. While this rate is achievable (if ambitious), 

it is only half the story when it comes to new-build near-zero emission technologies. 

India, like China, is projected to have access to vast quantities of low-cost renewable 

electricity in the future, making the 100% H2 DRI-EAF route an attractive 

decarbonisation option for new-build plants once it is commercially available in the 
early-mid 2030s. In parallel, but with a five-year lag relative to the innovative SR-BOF 

with CCUS route, the electrolytic hydrogen-based route is deployed at a slightly 

faster rate, reaching very similar levels of deployment in 2050. This faster rate of 

deployment is enabled in part by the modular nature of the electrolysis component 

of the technology, and the experience gained with hydrogen technologies 

throughout the energy system during this period. More detail on the scenario results 
for India is presented in Chapter 3. 
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United States 
Much like the European Union, the stock of steel goods and infrastructure in the 

United States is mature and does not grow significantly during the projection horizon 

of the Sustainable Development Scenario. The production outlook is also fairly 

similar, with production levels not exceeding those seen before the Covid-19 crisis. 

However, the United States has a different starting point when it comes to scrap 

availability and use. In 2019 the scrap share of metallic inputs is just over 70% – higher 
than the European Union at 50% – with a slight increase (to around 85%) being 

registered by 2050. Another idiosyncrasy of the US context is the high share of scrap 

utilised in the DRI-EAF route (around 90% today). The overall scrap share increases 

throughout the projection horizon as the use of the scrap-based EAF route increases. 

By 2050 electric furnaces account for around 90% of production, up from around 

70% today.  

While there is some refurbishment and replacement of the existing blast furnace 

stock in the United States through to 2045, the share of DRI in total iron production 

grows from around a tenth today to a third in 2050. Accompanying this shift is the 
gradual equipping of DRI furnace assets with CCUS. This technology, already 

commercially deployed today in a single plant in the Middle East, proves an attractive 

option in a region with access to low-cost natural gas and a relatively old fleet of 

existing blast furnaces, which are less attractive to retrofit in this context than in the 

European one. This strategy alone is sufficient to address the primary steelmaking 

challenge in the United States, negating the need for the innovative SR-BOF with 

CCUS or 100% H2 DRI-EAF routes, which are only available for commercial 
deployment later in the projection horizon.  

Other key regions 
The regions discussed above accounted for approximately 72% of crude steel 

production in 2019, with this share falling to around 60% in 2050. The regions that 

account for the remainder of global production generally follow a similar trajectory 
to one of those outlined above, or a combination of them.  

With respect to the share of secondary production (and the share of scrap in total 
metallic inputs), a broad distinction can be made among the remaining key regions 

given their growth trajectory. The Middle East, Central and South America, 

Southeast Asia and Africa are regions that undergo strong growth trajectories in 

the Sustainable Development Scenario, with output in most rising by about 2 to 4 

times, and even by over 80 times in some African regions, during the period 

2019-50. These and other similar smaller regions tend to exhibit similar dynamics 

to India when it comes to scrap, with the scrap share of total metallic inputs 
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typically remaining in the range of 20-45% throughout the projection horizon. 

Those regions that have already undergone periods of infrastructure build-up 
(e.g. the Middle East) tend to be at the higher end of this range, whereas those with 

a lagging, but in many instances steep, growth trajectory (e.g. Africa) tend to be at 

the lower end in 2050. Conversely, other key producing regions with a mature stock 

of steel (e.g. Japan and Korea) and relatively low growth rates for production tend 

to exhibit higher shares of scrap in the total metallic input by 2050, typically 

approaching 40% and higher.  

Beyond those discussed in detail above, growth regions – particularly the 

Middle East, Central and South America and Africa, Southeast Asia and, to a lesser 

extent, Russia – need to add substantial amounts of primary steelmaking capacity 
through to 2050. As with the growth regions discussed in detail above, there are 

three main options for these capacity additions in the context of the Sustainable 

Development Scenario. Regions with access to abundant low-cost renewable 

electricity tend to favour the 100% H2 DRI-EAF route, especially in the long term 

(e.g.  Africa and to a lesser extent the Middle East). Regions with low-cost natural 

gas tend to favour the gas-based DRI with CCUS route (e.g. the Middle East, Central 
and South America and Russia). The remaining regions tend to favour the 

innovative SR-BOF with CCUS route (e.g. Southeast Asia). Within the Central and 

South America region, Brazil is an outlier in its continued deployment of charcoal 

blast furnaces, supplemented by gas-based DRI deployment in conjunction with 

CCUS and the innovative SR-BOF with CCUS. 

Regions with declining production levels, and high but stable shares of scrap in the 

total input of metallics – especially Japan, Korea and Canada – tend to opt for 

technology strategies similar to those of the United States and the European Union 

for the evolution of their primary steelmaking capacity. Where there are large fleets 

of efficient blast furnaces (e.g. Japan and Korea), innovative blast furnace concepts 
tend to be the favoured options, including hydrogen enrichment and reinjection 

and top-gas recycling, deployed in conjunction with CCUS. In most other regions 

that see declining levels of output, the innovative SR-BOF with CCUS and 100% H2 

DRI-EAF routes replace proportions of the remaining primary steelmaking capacity 

during the last investment cycle of the projection period.  

One regional dynamic that is not explicitly presented in our results is the potential 

for trade in intermediate materials and energy carriers. This is particularly relevant 

to the 100% H2 DRI-EAF route. One example of intermediate trade in materials 

would be DRI that is produced in one region, perhaps endowed with large 
quantities of high-quality iron ore or renewable electricity for producing hydrogen, 

then being exported to an existing or growing demand centre. An energy example 
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would be the export of hydrogen or hydrogen-rich fuels from a region with 

abundant renewable resources to one with high-quality iron ore.  

While it is challenging to project precisely where these international trade routes 

might emerge in the context of the Sustainable Development Scenario, it is possible 
to identify some promising candidates. North Africa, parts of Central and 

South America and Australia are areas with abundant low-cost renewable electricity 

generation potential, particularly solar PV, but with little domestic demand for steel. 

This could make them suitable regions for the exporter side of this equation. 

Conversely, Japan and parts of Europe are examples of demand centres with 

existing steelmaking assets, but relatively high energy costs and limited space for 

multi-gigawatt-scale solar PV and wind projects, beyond those already projected to 
be built in the Sustainable Development Scenario.  

Exploring the sensitivity of production costs 
While the regional results presented in the Sustainable Development Scenario take 

account of many factors, these figures do not constitute a forecast and are subject 

to much uncertainty. One key element of uncertainty is the regional variation in 

energy prices, which can have a significant impact on the overall production cost 
of crude steel. As was done in Chapter 1 with the comparison of today’s commercial 

routes (Figure 1.3), the simplified levelised cost can be a helpful metric to compare 

the relative sensitivity of important near-zero emission production pathways to 

variations in their input costs (Figure 2.11). The process routes considered in this 

analysis – those relied upon most heavily in the latter decades of the Sustainable 

Development Scenario – generally cost between about 10% and 50% more than 

their commercially available counterparts within a given regional context, a cost 
increase significantly exceeding production margins. Among the near-zero 

emission technologies, the innovative SR-BOF route has the lowest overall 

production cost in most regions at current energy prices and estimated capital and 

operating costs.  
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 Simplified levelised cost of steel production for selected production routes 

 

IEA 2020. All rights reserved. 

Notes: Presented costs account for regional variation. kWe = kilowatt electrical; MBtu = million British thermal units; 
tce = tonne of coal equivalent. Energy costs: Natural gas = USD 2-10/MBtu (USD 2-9/GJ), thermal coal = USD 35-80/tce 
(USD 1-3/GJ), coking coal = USD 75-155/tce (USD 3-5/GJ) and electricity = USD 30-90/MWh (USD 8-25/GJ). Scrap = 
USD 200-300/t. Iron ore = USD 60-100/t. CO2 transport and storage = USD 20/t CO2 captured. CO2 streams are 
captured with a 90% capture rate. Direct CO2 emissions do not include indirect emissions resulting from blast furnace 
gas and coke oven gas used for power generation. Indirect CO2 emissions include emissions resulting from imported 
heat and power generation provided either from excess blast furnace gas and coke oven gas or electricity from the 
grid. CO2 intensity of electricity considered for H2 DRI-EAF = 144 gCO2/kWh, which is the global average CO2 intensity 
of power generation in the Sustainable Development Scenario in 2035. CAPEX comprises process equipment costs 
(including air separation units, carbon capture equipment and electrolysers where applicable) plus engineering, 
procurement and construction costs. Electrolyser CAPEX = USD 452/kWe and OPEX = USD 7/kWe. 8% discount rate, 
25-year lifetime and a 90% capacity factor are used for all equipment. 90% capture rate assumed for all CCS routes. 
Comparison is made assuming no price on CO2 (price of CO2 = USD 0/t CO2).  

Near-zero emission technologies are between 10% and 50% more expensive than their 
commercially available counterparts in a context with no CO2 pricing, with the gas-based 
DRI with CCS and hydrogen-based DRI being highly sensitive to the cost of natural gas and 
electricity, respectively. 

The economics of the gas-based DRI and electrolytic hydrogen-based DRI processes 
(the former with CCUS) are particularly sensitive to the cost of gas and electricity 
respectively, as well as the policy environment. In the absence of a sufficiently high 
CO2 price or other reliable global CO2 abatement mechanism for the sector, 
switching to low-carbon hydrogen produced via water electrolysis in the DRI-EAF 
route would not be competitive with conventional gas-based DRI-EAF and BF-BOF 
routes, given its higher costs, except where electricity prices are very low 
(Figure 2.12). There would also be little incentive to pursue CCUS-based routes.  

With a robust global policy framework in place, the choice becomes among the 
various low-emission options. To compete in the long term with its natural gas-based 
counterpart equipped with CCUS, the electrolysis-based hydrogen DRI would need 
reliable low-carbon electricity prices below USD 35/MWh (USD 10/GJ) based on 
current estimates of likely capital and operating costs at commercial scale, and a gas 
price of USD 6/MBtu (USD 6/GJ). The innovative SR-BOF with CCUS route is lower 
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cost than both electrolytic hydrogen DRI and gas DRI with CCUS across a wide range 
of energy prices, making it a leading option in many regions. Nevertheless, other 
factors may also have a considerable impact on costs or could lead to technology 
choices not based solely on costs. For example, electrolytic hydrogen DRI may still 
be chosen over innovative SR-BOF with CCUS in some locations without suitable 
access to CCUS infrastructure. The natural gas DRI with CCUS route could be opted 
for in regions where local availability of natural gas is preferred over imports of coal. 

The low electricity prices required to make electrolytic hydrogen DRI competitive 
may be achievable in certain regions with ample low-cost renewable resources. 
However, those regions may not all be endowed with sufficient reserves of iron ore 
and other required input materials, nor adequate infrastructure for raw material 
import and steel export. Furthermore, existing industrial hubs are likely to act as 
significant inertia in determining where future production will be located. Ports, 
railways, pipelines, electricity transmission grids and other trade infrastructure can 
take decades to develop and are not usually viable propositions on the basis of a 
single project. Therefore, a portfolio of options is likely to be used to achieve global 
steel CO2 reductions, with different options favoured in various steel-producing 
regions, rather than all production migrating to areas with cheap electricity. 

 Levelised cost of steel production for selected production pathways at varying 
gas, electricity and CO2 prices 

 

IEA 2020. All rights reserved. 

Notes: Energy costs: Natural gas = USD 6/MBtu (USD 6/GJ), thermal coal = USD 70/tce (USD 2.4/GJ), coking coal = 
USD 140/tce (USD 4.8/GJ) and electricity = USD 45/MWh (USD 13/GJ). CO2 transport and storage = USD 20/t CO2 
captured. CO2 streams are captured with a 90% capture rate. Considered CAPEX for this calculation comprises 
process equipment costs (including air separation units, carbon capture equipment and electrolysers where 
applicable) plus engineering, procurement and construction costs. Comparison for the left-hand and middle graphs 
is made assuming no price on CO2 (price of CO2 = USD 0/t CO2). H2 DRI-EAF low corresponds to an electrolyser cost 
of USD 285/kWe and LHV efficiency of 74%. H2 DRI-EAF high corresponds to an electrolyser cost of USD 1 067/kWe and 
LHV efficiency of 64%. Left- and right-hand graphs use electricity costs of USD 60/MWh (USD 17/GJ) for H2 DRI-EAF 
high and USD 30/MWh (USD 8/GJ) for H2 DRI-EAF low. 8% discount rate, 25-year lifetime and a 95% capacity factor 
are used for all equipment.  

At a gas price of USD 6/MBtu, the hydrogen-based DRI route becomes competitive with its 
gas-based counterpart equipped with CCS at electricity prices below USD 35/MWh. 

 200

 400

 600

 800

0 2 4 6 8 10

U
SD

/t

USD/MBtu

Gas

Commercial BF-BOF Commercial gas-based DRI-EAF
Commercial gas-based DRI-EAF with CCUS Innovative SR-BOF with CCUS
100% H₂ DRI-EAF low 100% H₂ DRI-EAF high

 200

 400

 600

 800

0 12 24 36 48 60
USD/MWh

Electricity

 200

 400

 600

 800

0 30 60 90 120 150
USD/tCO2

CO2 price

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1168  



Iron and Steel Technology Roadmap Chapter 2: The future of steelmaking 
Towards more sustainable steelmaking 
 

PAGE | 110 

 

While the uplift in cost from producing steel via near-zero emission processes is 
considerable on a “per tonne of primary steel production” basis relative to conventional 
routes, the overall impact at the global level in the Sustainable Development Scenario 
is much more muted. By 2050 the average increase in cost of production is estimated 
at around 7% relative to today. The uplift in the cost of primary production is countered 
by the much larger share of secondary production, which is substantially less energy-
intensive and therefore lower cost at the system level. It should be noted that this 
estimate has considerable uncertainties, including that it looks at the production costs 
rather than the price of steel, the latter of which can be affected by supply-demand 
dynamics that are difficult to predict, and the costs are subject to uncertainties on the 
future prices of iron ore or scrap. Nevertheless, it provides an indication that the 
increase in costs is unlikely to be astronomical.  

There is more good news at the consumer end of the supply chain, because only a 
small fraction of the cost of end-use goods is attributable to the cost of the steel 
embedded in them. We estimate that the construction cost of a family home 
(costing USD 300 000) would be 0.2% higher in 2050, while an average mid-sized car 
(costing USD 25 000) would increase in cost by around 0.1%. The challenge for steel 
producers and policy makers will be to find methods to pass this cost along 
competitive supply chains (see Chapter 4 for further discussion). 

Investment required to facilitate the transition 
In the Sustainable Development Scenario additional investment in core process 
equipment (including, for example, pelletisers, blast furnaces and electric arc furnaces) 
is needed to achieve substantial CO2 emission reductions in the iron and steel sector. 
Yet the additional investment is moderate relative to the total required in the Stated 
Policies Scenario – cumulative capital investment in core process equipment between 
2021 and 2050 in the Stated Policies Scenario is estimated at USD 1 150 billion, while 
in the Sustainable Development Scenario this increases by about 20% to 
USD 1 390 billion (Figure 2.13).11 The increase in investment costs grows over time, with 
the required capital investment in the 2041 to 2050 period being about 60% higher in 
the Sustainable Development Scenario than the Stated Policies Scenario. 

The increase in investment is moderated in part by lower overall steel demand in the 
Sustainable Development Scenario, with cumulative demand 10% lower than in the 
Stated Policies Scenario. This means that lower total investment in steel production 
capacity will be required. Yet these material efficiency savings are not without cost. 
While it is difficult to assess the precise cost of material efficiency measures, it is 
estimated that an additional USD 200 billion could be required cumulatively to 2050 

 
                                                                 
11 The boundary for investments includes CAPEX only for core process equipment within the IEA’s crude steel 
boundary (see Box 1.3 in Chapter 1). Core equipment includes that for capturing CO2 and producing hydrogen, but 
does not include fixed OPEX, fuel costs, CO2 transport and storage costs, or investment in technology R&D. 
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to achieve the steel demand savings.12 This comprises all financial costs (not just 
capital costs) incurred by actors both within and outside the steel sector, for example 
for improved equipment to increase semi-manufacturing and manufacturing yields, 
new building design technologies and construction technologies to reduce material 
use in structures, and setting up steel tracking, collection, testing and quality control 
systems to enable direct reuse. The moderating effect of material efficiency also 
means that the increase in capital costs for steel process equipment per tonne of 
steel produced in the Sustainable Development Scenario compared to the Stated 
Policies Scenario is higher than the total investment increase: in 2041-50 investment 
per tonne of steel produced increases by 90% (compared to the 60% increase in total 
investment).  

 Cumulative capital investment in process equipment in the iron and steel sector 
by scenario 

 

IEA 2020. All rights reserved. 

Notes: STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario. Unless otherwise stated, 
investment is cumulative from 2021 to 2050. Investment is CAPEX in core process equipment, plus engineering, 
procurement and construction costs. This includes CO2 transport and storage for CCUS and hydrogen production for 
hydrogen-based routes. Costs to achieve material efficiency savings are not included. 

In the Sustainable Development Scenario USD 1 390 billion of investment in core process 
equipment is required cumulatively, 20% more than in the Stated Policies Scenario. 

 
                                                                 
12 The costs associated with material efficiency strategies are derived from IEA modelling and marginal abatement 
costs presented in Material Economics (2018). These costs include all financial costs (capital investment, labour, 
energy and material costs), but exclude the costs of direct emission reduction strategies in other sector (for example, 
the costs of vehicle lightweighting in the transport sector to achieve fuel economy savings are not included). These 
are indicative estimates with high levels of associated uncertainty. 
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The regional spread of investment is closely tied to the distribution of steel 

production across regions. As such, China sees the largest cumulative investment at 
about 26% of the total in both scenarios, directed at refurbishment and replacement 

of its already very large stock of capacity. India comes second with about 18% of 

investment in both scenarios in order to build up its capacity as production levels 

increase.  

In the Sustainable Development Scenario most regions require higher investment 

relative to the Stated Policies Scenario. However, the Middle East requires somewhat 

lower investment and investment in the United States remains almost the same. This 

is largely driven by a higher share of scrap-based production relative to the Stated 

Policies Scenario. Secondary production is considerably less capital-intensive, 
avoiding expenditure on furnaces for producing hot metal or DRI, as well as on coke 

ovens, pelletisers and sinter plants for iron ore and coke processing. As a result of 

the combined effect of a higher secondary share and material efficiency driving 

lower demand in the Sustainable Development Scenario relative to the Stated 

Policies Scenario, these regions have a smaller primary production envelope that 

requires investment in near-zero emission technologies. This is enough to result in 
lower investment requirements while achieving substantial emission reductions. In 

regions like India that are building up considerable capacity, the European Union with 

its ageing capacity, and China where younger capacity will require retrofitting or 

replacement, coupled with a smaller increase in secondary production share, the 

need to invest in near-zero emission technologies is the main driving force behind 

higher capital investment needs in the Sustainable Development Scenario.    

While almost all investment in the Stated Policies Scenario is for technologies that 

are already mature today, in the Sustainable Development Scenario around 35% of 

cumulative investment is in technologies that are currently in the demonstration or 

prototype phases. This investment in currently earlier stage technologies occurs later 
in the modelling horizon once they have become commercially available, and thus 

the increased investment in the Sustainable Development Scenario is greatest in the 

2041-50 period. 

In contrast to these increased investment costs, the Sustainable Development 

Scenario actually results in somewhat lower cumulative energy costs relative to the 

Stated Policies Scenario: about 10% less is spent on energy inputs over 2021-50. 

While the costs of electricity are higher in the Sustainable Development Scenario and 

more electricity is consumed, fossil fuel costs – which still account for the majority 

of cumulative fuel consumption – are lower. Furthermore, overall fuel consumption 
in the Sustainable Development Scenario is reduced owing to a combination of 

technology performance improvements to existing process equipment, shifts to 

process routes that are less energy-intensive, and a reduction in total steel demand. 
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In the earlier half of the projection period, the reduced energy consumption and 

lower fossil energy prices outweigh the increased expenditure on electricity, leading 
to overall reduced energy costs. Towards the end of the projection, however, the 

higher costs of electricity for direct use and for hydrogen production (or of hydrogen 

purchase) have a larger impact, such that by 2050 annual expenditure on energy 

inputs is about 5% higher on an absolute basis (30% higher on a per tonne of crude 

steel basis) in the Sustainable Development Scenario than the Stated Policies 

Scenario. 

Prior to investment in the deployment of near-zero emission technologies, 

investment in R&D and demonstration will be needed to bring these technologies to 

market introduction. This includes investment from both public and private sectors. 
In addition to various government-funded innovation programmes (see Chapter 4), 

in recent years there have been promising signs of venture capital and corporate 

investment in innovative technologies. For instance, in 2019 Boston Metal, an 

American company, raised more than USD 32 million to develop the first industrial-

scale molten oxide electrolysis pilot plant (Cleantech Group, 2019). The German 

company Sunfire received USD 29 million from venture capital investors to develop 
hydrogen solid oxide fuel cells for steelworks. Other investments have been made in 

advanced artificial intelligence to optimise energy use, such as the services that 

French company Metron is providing to ArcelorMittal among other companies, with 

investment of USD 11 million raised last year. These are just a few illustrative examples 

of the numerous investments occurring throughout the world in iron and steel sector 

innovation. 

  

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1172  



Iron and Steel Technology Roadmap Chapter 2: The future of steelmaking 
Towards more sustainable steelmaking 
 

PAGE | 114 

 

References 
ADNOC (Abu Dhabi National Oil Company) (2017), ADNOC and Masdar’s Carbon Capture 

Facility Holds Key to Limiting Industrial CO2 Emissions, https://www.adnoc.ae/en/news-
and-media/press-releases/2017/adnoc-and-masdars-carbon-capture-facility-holds-key-
to-limiting-industrial-co2-emissions.  

APEAL (2020), Steel Packaging Hits a New Recycling Milestone of 82.5%, 
https://www.apeal.org/news/steel-packaging-hits-a-new-recycling-milestone-of-82-5/. 

ArcelorMittal (2020), By-products, Scrap and the Circular Economy, 
https://corporate.arcelormittal.com/sustainability/by-products-scrap-and-the-circular-
economy. 

ArcelorMittal (2019a), Climate Action Report 1, 
https://storagearcelormittaluat.blob.core.windows.net/media/3lqlqwoo/climate-
action-report-2019.pdf.   

ArcelorMittal (2019b), Launch of the "3D" Project for the Capture and Storage of CO2, 
https://automotive.arcelormittal.com/news_and_stories/news/2019DMXproject. 

ArcelorMittal (2019c), Hydrogen-Based Steelmaking to Begin in Hamburg, 
https://corporate.arcelormittal.com/media/case-studies/hydrogen-based-steelmaking-
to-begin-in-hamburg.  

ArcelorMittal (2017), 2017 Integrated Annual Review, 
https://annualreview2017.arcelormittal.com/our-progress/sustainability-
review/carbon-and-energy.  

Boston Metal (2019), Metal Oxide Electrolysis, https://www.bostonmetal.com/moe-
technology/.  

Broutin, P. et al. (2017), “Benchmarking of the DMX CO2 capture process”, Energy Procedia, 
Vol. 114, pp. 2561-2572, https://doi.org/10.1016/j.egypro.2017.03.1414. 

Carbon4PUR (2020), At a Glance, https://www.carbon4pur.eu/about/at-a-glance/. 

CELSA Group (2020), Steel Made with Hydrogen, https://celsanordic.com/news-posts/steel-
made-with-hydrogen/ 

Cleantech Group (2019), “Decarbonizing Heavy Industry: Energy Pathways in Steel & 
Cement”, https://i3connect.com/reports/ctginsights (available by subscription). 

Cooper, D.R. and J.M. Allwood (2012), “Reusing steel and aluminum components at end of 
product life”, Environmental Science and Technology, Vol. 46/18, pp. 10334-10340, 
https://doi.org/10.1021/es301093a. 

Cullen, J., J. M. Allwood and M. Bambach (2012), “Mapping the global flow of steel: from 
steelmaking to end-use goods”, Environmental Science and Technology, Vol. 46, 
pp. 13048-13055, https://pubs.acs.org/doi/10.1021/es302433p.  

  

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1173  

https://www.adnoc.ae/en/news-and-media/press-releases/2017/adnoc-and-masdars-carbon-capture-facility-holds-key-to-limiting-industrial-co2-emissions
https://www.adnoc.ae/en/news-and-media/press-releases/2017/adnoc-and-masdars-carbon-capture-facility-holds-key-to-limiting-industrial-co2-emissions
https://www.adnoc.ae/en/news-and-media/press-releases/2017/adnoc-and-masdars-carbon-capture-facility-holds-key-to-limiting-industrial-co2-emissions
https://www.apeal.org/news/steel-packaging-hits-a-new-recycling-milestone-of-82-5/
https://corporate.arcelormittal.com/sustainability/by-products-scrap-and-the-circular-economy
https://corporate.arcelormittal.com/sustainability/by-products-scrap-and-the-circular-economy
https://storagearcelormittaluat.blob.core.windows.net/media/3lqlqwoo/climate-action-report-2019.pdf
https://storagearcelormittaluat.blob.core.windows.net/media/3lqlqwoo/climate-action-report-2019.pdf
https://automotive.arcelormittal.com/news_and_stories/news/2019DMXproject
https://corporate.arcelormittal.com/media/case-studies/hydrogen-based-steelmaking-to-begin-in-hamburg
https://corporate.arcelormittal.com/media/case-studies/hydrogen-based-steelmaking-to-begin-in-hamburg
https://annualreview2017.arcelormittal.com/our-progress/sustainability-review/carbon-and-energy
https://annualreview2017.arcelormittal.com/our-progress/sustainability-review/carbon-and-energy
https://www.bostonmetal.com/moe-technology/
https://www.bostonmetal.com/moe-technology/
https://doi.org/10.1016/j.egypro.2017.03.1414
https://www.carbon4pur.eu/about/at-a-glance/
https://celsanordic.com/news-posts/steel-made-with-hydrogen/
https://celsanordic.com/news-posts/steel-made-with-hydrogen/
https://i3connect.com/reports/ctginsights
https://doi.org/10.1021/es301093a
https://pubs.acs.org/doi/10.1021/es302433p


Iron and Steel Technology Roadmap Chapter 2: The future of steelmaking 
Towards more sustainable steelmaking 
 

PAGE | 115 

 

ECRA (European Cement Research Academy) (2017), Development of State of the Art 
Techniques in Cement Manufacturing: Trying to Look Ahead, CSI/ECRA Technology 
Papers, ECRA, Duesseldorf, Germany, 
https://ecraonline.org/fileadmin/redaktion/files/pdf/CSI_ECRA_Technology_Papers_201
7.pdf. 

European Commission (2019), From Residual Steel Gasses to Methanol, CORDIS EU research 
results, https://cordis.europa.eu/project/id/727504. 

European Commission (2014), ULCOS Top Gas Recycling Blast Furnace Process, 
https://op.europa.eu/en/publication-detail/-/publication/0371a7f6-3e10-40aa-a8ec-
16c1bfabdc38. 

FReSMe (2020), About, http://www.fresme.eu/about.php. 

Gibon, T. et al. (2017), “Health benefits, ecological threats of low-carbon electricity”, 
Environmental Research Letters, Vol. 12/3, https://doi.org/10.1088/1748-9326/aa6047. 

HYBRIT (2020), HYBRIT – Fossil-free Steel, www.hybritdevelopment.com.  

IEA (forthcoming), Special Report on CCUS, due for release autumn 2020. 

IEA (2020), ETP 2020: Special Report on Clean Energy Innovation, Paris, 
https://www.iea.org/reports/clean-energy-innovation. 

IEA (2019), The Future of Hydrogen, Paris, https://webstore.iea.org/download/direct/2803.  

Itakura, K. (n.d.), Introduction of Current Technologies for Coke Dry Quenching System, 
https://www.eng.nipponsteel.com/business/upload/docs/CDQ%20presentation.pdf. 

JISF (The Japan Iron and Steel Federation) (2011), Outline of COURSE 50, 
https://www.jisf.or.jp/course50/outline/index_en.html. 

K1MET (2018), Energy in Future Steelmaking, 
https://europa.eu/sinapse/webservices/dsp_export_attachement.cfm?CMTY_ID=0C46
BEEC-C689-9F80-54C7DD45358D29FB&OBJECT_ID=80BB405C-DA08-56D3-
800BC46FC9A6F350&DOC_ID=604E51C2-BF68-0811-
55466D1CB8DE995D&type=CMTY_CAL. 

LanzaTech (2019), World First Products made from Recycled Pollution Reduce Emissions and 
Keep Carbon in the Ground!, https://www.lanzatech.com/2019/10/07/world-first-
products-made-from-recycled-pollution-reduce-emissions-and-keep-carbon-in-the-
ground/.  

LanzaTech (2018), World’s First Commercial Waste Gas to Ethanol Plant Starts Up, 
https://www.lanzatech.com/2018/06/08/worlds-first-commercial-waste-gas-ethanol-
plant-starts/.  

Mankins, J. (1995), Technology Readiness Level: A White Paper, NASA, Office of Space Access 
and Technology, 
https://www.researchgate.net/publication/247705707_Technology_Readiness_Level_-
_A_White_Paper. 

Material Economics (2018), The Circular Economy – A Powerful Force for Climate Mitigation, 
https://materialeconomics.com/publications/the-circular-economy-a-powerful-force-
for-climate-mitigation-1. 

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1174  

https://ecraonline.org/fileadmin/redaktion/files/pdf/CSI_ECRA_Technology_Papers_2017.pdf
https://ecraonline.org/fileadmin/redaktion/files/pdf/CSI_ECRA_Technology_Papers_2017.pdf
https://cordis.europa.eu/project/id/727504
https://op.europa.eu/en/publication-detail/-/publication/0371a7f6-3e10-40aa-a8ec-16c1bfabdc38
https://op.europa.eu/en/publication-detail/-/publication/0371a7f6-3e10-40aa-a8ec-16c1bfabdc38
http://www.fresme.eu/about.php
https://doi.org/10.1088/1748-9326/aa6047
http://www.hybritdevelopment.com/
https://www.iea.org/reports/clean-energy-innovation
https://webstore.iea.org/download/direct/2803
https://www.eng.nipponsteel.com/business/upload/docs/CDQ%20presentation.pdf
https://www.jisf.or.jp/course50/outline/index_en.html
https://europa.eu/sinapse/webservices/dsp_export_attachement.cfm?CMTY_ID=0C46BEEC-C689-9F80-54C7DD45358D29FB&OBJECT_ID=80BB405C-DA08-56D3-800BC46FC9A6F350&DOC_ID=604E51C2-BF68-0811-55466D1CB8DE995D&type=CMTY_CAL
https://europa.eu/sinapse/webservices/dsp_export_attachement.cfm?CMTY_ID=0C46BEEC-C689-9F80-54C7DD45358D29FB&OBJECT_ID=80BB405C-DA08-56D3-800BC46FC9A6F350&DOC_ID=604E51C2-BF68-0811-55466D1CB8DE995D&type=CMTY_CAL
https://europa.eu/sinapse/webservices/dsp_export_attachement.cfm?CMTY_ID=0C46BEEC-C689-9F80-54C7DD45358D29FB&OBJECT_ID=80BB405C-DA08-56D3-800BC46FC9A6F350&DOC_ID=604E51C2-BF68-0811-55466D1CB8DE995D&type=CMTY_CAL
https://europa.eu/sinapse/webservices/dsp_export_attachement.cfm?CMTY_ID=0C46BEEC-C689-9F80-54C7DD45358D29FB&OBJECT_ID=80BB405C-DA08-56D3-800BC46FC9A6F350&DOC_ID=604E51C2-BF68-0811-55466D1CB8DE995D&type=CMTY_CAL
https://www.lanzatech.com/2019/10/07/world-first-products-made-from-recycled-pollution-reduce-emissions-and-keep-carbon-in-the-ground/
https://www.lanzatech.com/2019/10/07/world-first-products-made-from-recycled-pollution-reduce-emissions-and-keep-carbon-in-the-ground/
https://www.lanzatech.com/2019/10/07/world-first-products-made-from-recycled-pollution-reduce-emissions-and-keep-carbon-in-the-ground/
https://www.lanzatech.com/2018/06/08/worlds-first-commercial-waste-gas-ethanol-plant-starts/
https://www.lanzatech.com/2018/06/08/worlds-first-commercial-waste-gas-ethanol-plant-starts/
https://www.researchgate.net/publication/247705707_Technology_Readiness_Level_-_A_White_Paper
https://www.researchgate.net/publication/247705707_Technology_Readiness_Level_-_A_White_Paper
https://materialeconomics.com/publications/the-circular-economy-a-powerful-force-for-climate-mitigation-1
https://materialeconomics.com/publications/the-circular-economy-a-powerful-force-for-climate-mitigation-1


Iron and Steel Technology Roadmap Chapter 2: The future of steelmaking 
Towards more sustainable steelmaking 
 

PAGE | 116 

 

Nascimento, R. et al. (2012), 18 Months of Charcoal Fines Injection into Gusa Nordeste’s Blast 
Furnaces, 3rd International Meeting on Ironmaking, 
https://foundrygate.com/upload/artigos/18%20Months%20of%20Charcoal%20Fines%
27Injection%20into%20Gusa%20Nordeste%27s%20Blast%20Furnaces.pdf. 

Ovako (2020), First in the World to Heat Steel Using Hydrogen, 
https://www.ovako.com/en/newsevents/stories/first-in-the-world-to-heat-steel-using-
hydrogen/. 

Pauliuk, S., T. Wang and D. Muller (2013), “Steel all over the world: Estimating in-use stocks of 
iron for 200 countries”, Resources, Conservation and Recycling, Vol. 71, pp. 22-30, 
http://dx.doi.org/10.1016/j.resconrec.2012.11.008. 

Petmin (2019), Petmin USA Inc., https://www.petmin.co.za/petmin-usa-inc.php. 

Primetals (2020), personal communication with Christian Boehm. 

Primetals (2019), Primetals Technologies Develops Breakthrough Technology for Carbon-Free, 
Hydrogen-Based Direct Reduction for Iron Ore Fines, 
https://www.primetals.com/press-media/news/primetals-technologies-develops-
breakthrough-technology-for-carbon-free-hydrogen-based-direct-reduction-for-iron-
ore-fines. 

Saarstahl (2019), Sustainable Steel Production at the Saar: Dillinger and Saarstahl Are for the 
First Time Using Hydrogen in Blast Furnaces to Reduce Carbon Emissions, 
https://www.saarstahl.com/sag/en/group/media/press/sustainable-steel-production-
at-the-saar-dillinger-and-saarstahl-are-for-the-first-time-using-hydrogen-in-blast-
furnaces-to-reduce-carbon-emissions-88595.shtml. 

SALCOS (2019), Salzgitter Low CO2 Steelmaking, https://salcos.salzgitter-ag.com/en/.  

Siderwin (2019), Development of New Methodologies for Industrial CO2-Free Steel Production 
by Electrowinning, https://www.siderwin-spire.eu/.  

Sohn, H. Y. et al. (2017), “Status of the development of flash ironmaking technology”, in: 
S. Wang et al. (eds), Applications of Process Engineering Principles in Materials 
Processing, Energy and Environmental Technologies, The Minerals, Metals & Materials 
Series, Springer, Cham https://link.springer.com/chapter/10.1007%2F978-3-319-51091-
0_2. 

Steel Institute (2018), Steel Institute VDEh PLANTFACTS database (purchased), Stahl-Online, 
https://en.stahl-online.de/index.php/about-us/vdeh/. 

Steelanol (2016), Ethanol Production Successfully Tested on Live Steel Waste Gas Stream of 
ArcelorMittal Gent, http://www.steelanol.eu/en/news/ethanol-production-in-gent-
successfully-tested-on-real-steel-waste-gas-stream.  

STEPWISE (2020), STEPWISE: A H2020 Project, https://www.stepwise.eu/. 

Tata Steel (2017), HIsarna: Game Changer in the Steel Industry, 
https://www.tatasteeleurope.com/static_files/Downloads/Corporate/About%20us/hisa
rna%20factsheet.pdf. 

Tenova (2018), HYL News, December 2018, 
https://www.tenova.com/fileadmin/user_upload/HYL_News_-_December_2018.pdf. 

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1175  

https://foundrygate.com/upload/artigos/18%20Months%20of%20Charcoal%20Fines%27Injection%20into%20Gusa%20Nordeste%27s%20Blast%20Furnaces.pdf
https://foundrygate.com/upload/artigos/18%20Months%20of%20Charcoal%20Fines%27Injection%20into%20Gusa%20Nordeste%27s%20Blast%20Furnaces.pdf
https://www.ovako.com/en/newsevents/stories/first-in-the-world-to-heat-steel-using-hydrogen/
https://www.ovako.com/en/newsevents/stories/first-in-the-world-to-heat-steel-using-hydrogen/
http://dx.doi.org/10.1016/j.resconrec.2012.11.008
https://www.petmin.co.za/petmin-usa-inc.php
https://www.primetals.com/press-media/news/primetals-technologies-develops-breakthrough-technology-for-carbon-free-hydrogen-based-direct-reduction-for-iron-ore-fines
https://www.primetals.com/press-media/news/primetals-technologies-develops-breakthrough-technology-for-carbon-free-hydrogen-based-direct-reduction-for-iron-ore-fines
https://www.primetals.com/press-media/news/primetals-technologies-develops-breakthrough-technology-for-carbon-free-hydrogen-based-direct-reduction-for-iron-ore-fines
https://www.saarstahl.com/sag/en/group/media/press/sustainable-steel-production-at-the-saar-dillinger-and-saarstahl-are-for-the-first-time-using-hydrogen-in-blast-furnaces-to-reduce-carbon-emissions-88595.shtml
https://www.saarstahl.com/sag/en/group/media/press/sustainable-steel-production-at-the-saar-dillinger-and-saarstahl-are-for-the-first-time-using-hydrogen-in-blast-furnaces-to-reduce-carbon-emissions-88595.shtml
https://www.saarstahl.com/sag/en/group/media/press/sustainable-steel-production-at-the-saar-dillinger-and-saarstahl-are-for-the-first-time-using-hydrogen-in-blast-furnaces-to-reduce-carbon-emissions-88595.shtml
https://salcos.salzgitter-ag.com/en/
https://www.siderwin-spire.eu/
https://link.springer.com/chapter/10.1007%2F978-3-319-51091-0_2
https://link.springer.com/chapter/10.1007%2F978-3-319-51091-0_2
https://en.stahl-online.de/index.php/about-us/vdeh/
http://www.steelanol.eu/en/news/ethanol-production-in-gent-successfully-tested-on-real-steel-waste-gas-stream
http://www.steelanol.eu/en/news/ethanol-production-in-gent-successfully-tested-on-real-steel-waste-gas-stream
https://www.stepwise.eu/
https://www.tatasteeleurope.com/static_files/Downloads/Corporate/About%20us/hisarna%20factsheet.pdf
https://www.tatasteeleurope.com/static_files/Downloads/Corporate/About%20us/hisarna%20factsheet.pdf
https://www.tenova.com/fileadmin/user_upload/HYL_News_-_December_2018.pdf


Iron and Steel Technology Roadmap Chapter 2: The future of steelmaking 
Towards more sustainable steelmaking 
 

PAGE | 117 

 

Ternium (2018), Low Carbon Energy Cases at Ternium, presentation at American steel 
expert’s dialogue in the framework of the IEA Global Sustainable Technology Roadmap 
for Iron and Steel, 
https://iea.blob.core.windows.net/assets/imports/events/64/Lowcarbonenergycasesa
tTernium.pdf. 

thyssenkrupp (2020a), Targeting a Future Without CO2: Our Climate Strategy for Sustainable 
Steel Production, https://www.thyssenkrupp-
steel.com/en/company/sustainability/climate-
strategy/?gclid=EAIaIQobChMIgL2O88zv6AIV1O5RCh2W2wacEAAYASAAEgI08PD_BwE
. 

thyssenkrupp (2020b), The Carbon2Chem Project, 
https://www.thyssenkrupp.com/en/newsroom/content-page-162.html. 

thyssenkrupp (2019), World First in Duisburg as NRW Economics Minister Pinkwart Launches 
Tests at Thyssenkrupp into Blast Furnace Use of Hydrogen, 
https://www.thyssenkrupp.com/en/newsroom/press-releases/world-first-in-duisburg-
as-nrw-economics-minister-pinkwart-launches-tests-at-thyssenkrupp-into-blast-
furnace-use-of-hydrogen-17280.html. 

Torero (2018), TORrefying Wood with Ethanol as a Renewable Output: Large-Scale 
Demonstration, http://www.torero.eu/.  

Wiencke, J. et al. (2018), “Electrolysis of iron in a molten oxide electrolyte”, Journal of Applied 
Electrochemistry, Vol. 48, pp. 115-126, https://doi.org/10.1007/s10800-017-1143-5. 

World Steel Association (2018), Fact Sheet: Steel Industry Co-Products, 
https://www.worldsteel.org/en/dam/jcr:1b916a6d-06fd-4e84-b35d-
c1d911d18df4/Fact_By-products_2018.pdf.

 

  

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.

1176  

https://iea.blob.core.windows.net/assets/imports/events/64/LowcarbonenergycasesatTernium.pdf
https://iea.blob.core.windows.net/assets/imports/events/64/LowcarbonenergycasesatTernium.pdf
https://www.thyssenkrupp.com/en/newsroom/content-page-162.html
http://www.torero.eu/
https://doi.org/10.1007/s10800-017-1143-5
https://www.worldsteel.org/en/dam/jcr:1b916a6d-06fd-4e84-b35d-c1d911d18df4/Fact_By-products_2018.pdf
https://www.worldsteel.org/en/dam/jcr:1b916a6d-06fd-4e84-b35d-c1d911d18df4/Fact_By-products_2018.pdf


Iron and Steel Technology Roadmap Chapter 3: India in the spotlight 
Towards more sustainable steelmaking 
 

PAGE | 118 

 

Chapter 3. India in the spotlight 

HIGHLIGHTS 

• The iron and steel sector is responsible for around one-fifth of industrial energy 
consumption in India, with coal accounting for 85% of its roughly 70 Mtoe of total 
energy inputs. As a result, the sector is highly emissions intensive, contributing 
almost a third of direct industrial CO2 emissions, or 10% of the country’s total 
energy system CO2 emissions. 

• Since 2010 steel production in India has increased fourfold. In the Stated Policies 
Scenario production is expected to continue growing rapidly, almost doubling by 
2030 and quadrupling by 2050. The People’s Republic of China’s multiple of 
India’s production decreases from 9 today to 2 in 2050. As the absolute quantity 
of scrap available grows at a slower rate than steel production, additional primary 
production capacity, which is coal-intensive, fulfils much of this additional 
demand. Coal demand grows by 250% and emissions from the sector by 230% in 
the Stated Policies Scenario. 

• India’s steel industry is more energy- and emissions-intensive than many other 
countries’, due to the presence of many small production facilities, the heavy 
reliance on coal for DRI furnaces and the low proportion of scrap in total metallic 
input. In the Sustainable Development Scenario the sectoral emission intensity of 
crude steel production falls by over 60%, from 2.3 t CO2/t today to 0.9 t CO2/t in 
2050. 

• Material efficiency and performance improvements to existing technologies are 
key emission reduction measures in the short to medium term, together 
accounting for 95% of cumulative emission reductions by 2030 in the Sustainable 
Development Scenario. The existing National Resource Efficiency Policy 2019 and 
the landmark Perform Achieve Trade scheme are key examples of policies that 
can be built upon to achieve these savings. 

• In the longer term emission reductions are harder won, with the need for a rapid 
roll-out of innovative near-zero emission steelmaking technologies. Innovative 
retro-fit concepts are deployed to tackle the young existing blast furnace stock 
(15 years on average, compared to a typical lifetime of 40 years) and those blast 
furnaces that will need to be installed in the coming decade when few alternatives 
are available. In the latter half of the Sustainable Development Scenario, the 
hydrogen-based DRI and innovative smelting reduction with CCUS routes take 
over when it comes to capacity additions. By 2050 near-zero emission routes 
account for 55% of primary production. 
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India is currently the second-largest steel-producing country in the world after the 

People’s Republic of China (“China”). The National Steel Policy of 2017 (NSP 2017) set 
a target to more than double capacity by 2030, with further growth expected in the 

long term to meet the demand for steel from a number of key national sectors, such 

as the construction industry, infrastructure development and the automotive 

industry (Ministry of Steel, 2017). 

During the first half of 2020 the Covid-19 pandemic crisis strongly affected the Indian 

steel sector, which saw a steep reduction in demand and consequently production 

levels. There is significant uncertainty about how rapidly various aspects of the 

economy will recover from this shock, if at all, and output from the Indian steel sector 

is likely to remain below the levels projected before the crisis for several years. In the 
longer term, domestic demand growth coupled with strong government support to 

develop the national steel industry should open up important opportunities to deploy 

best available technologies (BATs) and new clean steelmaking technologies. 

The Indian iron and steel sector is characterised by a relatively diversified technology 

portfolio, producing large quantities of both pig iron and sponge iron, in conjunction 

with both primary and secondary steel production. The strong knowledge base and 

versatility in its portfolio are a promising starting point for the transition that needs 

to take place. In any projection of a sustainable future for the global steel industry, 

India will play a critical role, especially when it comes to the deployment of state-of-
the-art near-zero emission technologies.  

This chapter explores the golden opportunity for India to reshape the current course 
of its iron and steel sector, making it more sustainable. The new capacity additions 

projected to take place over the next 10 years are expected to account for 40% of 

the country’s steelmaking capacity still operating in 2050, barring any early 

retirements. For this reason, investment needs to be directed towards near-zero 

emission technologies as soon as possible. This chapter provides a detailed look at 

the transition outlined for India’s iron and steel sector in the IEA Sustainable 

Development Scenario, starting with an overview of the industry as it exists today. 
The scenario results outline one possible – and plausible – pathway for the sector to 

play its role in achieving energy and environmental goals. The chapter concludes 

with a context-specific look at how policies could support the transformation of the 

iron and steel sector, providing a complement to the broader overview of this topic 

provided in Chapter 4. 
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Steel: A critical ingredient for India’s 
development  

India is growing fast by almost any measure. Its population is the second-largest of 

any country and is projected to overtake that of China by the mid-2020s. Since the 

liberalisation of India’s economy in the early 1990s, GDP has grown more than sixfold 

and its human development index value1 has increased by 50% (UNDP, 2020). 
Industrialisation has been a central component of this development, with industry’s 

share of total final energy consumption rising from 34% in 1990 to over 40% in 2019, 

during which time industrial productivity doubled.2 The steel sector has played an 

important role in the country’s industrialisation and accounted for around one-

quarter of the growth in industrial energy consumption in the 1990-2019 period. 

As discussed in Chapter 1 in the global context, steel is a critical input to 

infrastructure, housing and the automotive sector, among others, and the same is 

true in India. As Indian citizens increasingly gain access to higher quantities and 

qualities of education, healthcare, shelter and mobility, demand for steel and other 
industrial materials will rise rapidly. Steel is therefore a key ingredient in supporting 

India’s development in the decades to come. In the IEA baseline projection – the 

Stated Policies Scenario (STEPS) – these trends are projected to continue, with steel 

playing a critical role in the country’s ongoing economic development. Relative to 

2019, GDP is projected to almost double by 2030 and the population to increase by 

10%, compared to an increase of more than 500% in GDP and more than 50% in 

population between 1990 and 2019. 

Steel is also a key component of India’s energy system (Figure 3.1). In addition to 

being an important input to much of its energy infrastructure, the sector itself is a 
major energy consumer. During the past two decades in particular, the growth of 

steel production has been strongly coupled with the growth in energy demand in the 

sector, and in industry overall. The iron and steel sector is now the largest single 

contributor to industrial energy demand, with a strong reliance on coal (85% of 

energy inputs) and, to a lesser extent, electricity. Currently the steel industry 

consumes final energy of around 70 million tonnes of oil equivalent (Mtoe), 

representing almost 23% of total energy inputs to the industrial sector.  

With this rising demand for industrial materials comes an increasing environmental 

burden. Emissions from the Indian industrial sector have risen more than fourfold 
since the millennium, with steel now accounting for the largest share at 30% 

 
                                                                 
1 Incorporating measures of life expectancy, education access and income. 
2 Industrial productivity is equal to value added per unit of energy consumed. It is an indicator of the efficiency of 
energy use. 
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(252 million tonnes of CO2 [Mt CO2]) in 2019, corresponding to more than 9% of 

India’s total energy-related CO2 emissions. While the country’s development 
continues to be a policy priority, iron and steel sector emissions – and those from 

other parts of the energy system – must fall if India is to make progress on its global 

climate targets. Moreover, while water stress and air pollution are beyond the scope 

of this analysis, they are important dimensions to consider as India looks to reduce 

its CO2 emissions. 

 Energy consumption and CO2 emissions of India’s industrial sector 

  

IEA 2020. All rights reserved 

Note: Industrial energy consumption refers to the IEA Energy Balance boundaries of total final consumption by 
industry, non-energy use for chemical feedstocks, and energy consumed in the transformation sector by blast 
furnaces and coke ovens. “Iron and steel sector” corresponds to the IEA Energy Balances “iron and steel” sub-sector’s 
final energy consumption in addition to energy use in blast furnaces and coke ovens in the transformation sector. 
Industrial CO2 emissions refers to CO2 emissions from fossil fuel combustion within the industrial energy consumption 
boundary described above, along with CO2 emissions from industrial processes within these sub-sectors.  
Source: IEA (2019), World Energy Balances.  

The iron and steel sector is the largest single energy consumer and CO2 emitter in the 
industrial sector in India. 

Steelmaking in India past and present 
India is home to what is claimed to be the world’s oldest blast furnace still in 

operation, which opened in Jamshedpur in 1911, although the plant has undergone 
many refurbishments and upgrades since then. Since the country’s independence in 

1947, the steel industry has boomed, gradually at first, and then rapidly after the 

liberalisation of the country’s economy in the early 1990s, with crude steel 
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production de-licensed in 1991 and de-controlled in 1992. These reforms removed 

licensing requirements for capacity creation (with the automatic approval of foreign 
equity investment up to 100% of investment needs), abolished price regulations, and 

allowed free imports and exports of raw materials, semi-finished and finished iron 

and steel products (JPC, 2019a). This all spurred an influx of private and foreign 

investment into India’s industrial sectors, including the steel industry, and since then 

steel has seen almost linear growth in domestic demand and production. 

International trade in semi-finished and finished steel products and raw materials has 

grown over time. India started exporting steel in 1964 and in 2019 exported 

13.4 megatonnes (Mt) of steel (JPC, 2019a; World Steel Association, 2020a). With 

8.9 Mt of steel imported in 2019, it is a net exporter. India is also a modest net 
exporter of iron ore, with domestic consumption in 2018 of 203 Mt compared with 

205 Mt of production.3 The country is a net importer of coke, coking coal and 

bituminous coal,4 together with minerals for certain specialist steel grades (such as 

high-grade manganese ore and chromite), which are required for its domestic 

automotive sector. Steel-grade limestone, refractory raw materials, nickel and scrap 

are also currently imported.  

Installed steel production capacity is equivalent to 133 Mt, with capacity utilisation 

varying significantly, from 77% for integrated steel plants down to 69% for sponge 

iron production, 56% for pig iron production and as low as 16% for smaller steel 
melting shops (Ministry of Power, 2018a), compared to a global average for all routes 

of around 80%. Capacity is highly concentrated in the central and eastern regions, in 

the states of Jharkhand and Chhattisgarh (Figure 3.2). These states offer convenient 

access to some of the country’s largest iron ore and coal reserves, in Jharkhand, 

Odisha, West Bengal and Chhattisgarh (albeit not the highest quality), and the key 

seaports of Paradip and Haldia for receiving imports of raw materials and delivering 

exports of finished product. Basic oxygen furnaces account for around 44% of crude 
steel output capacity, with induction furnaces and electric arc furnaces accounting 

for the remaining 27% and 29% respectively.  

  

 
                                                                 
3 National reserves are currently estimated at around 5 400 Mt (USGS, 2019). 
4 Both coking coal and bituminous coal can be used for coke production. 
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 Map of installed capacities in the iron and steel sector in India, 2018 

 

IEA 2020. All rights reserved 

Note: This map is without prejudice to the status of or sovereignty over any territory, to the elimination of international 
frontiers and boundaries, and to the name of any territory, city or area. The size of the bubbles reflect the installed 
capacity by city. Installed capacity is in terms of output: hot metal for blast furnaces, crude steel for scrap-based 
electric furnaces, and sponge iron or hot metal for direct reduction/smelting reduction furnaces. 

Steel production capacity is mostly along coastal areas in India, with the largest capacity in 
the central and eastern regions of the country, in the states of Jharkhand and Chhattisgarh. 

India is now the world’s second-largest steel-producing country, with an annual 

output of crude steel equating to 111 Mt, recently overtaking Japan (99 Mt), but 
trailing China (996 Mt) by a large margin (World Steel Association, 2020a). Large steel 

producers5 account for around 63% of the total production, with the rest of the 

capacity being run by small producers (Ministry of Steel, 2019a). Eight producers 

under the administrative control of the Ministry of Steel, known as Central Public 

Sector Enterprises,6 represent around 21% of total steel production (Ministry of Steel, 

2018), with the remaining share run by the private sector. The country is also the 
third-largest consumer of finished steel products, after China and the United States, 

which feed a wide range of manufacturing processes (JPC, 2019b).  

Focusing in on production pathways, India is the world’s largest producer of sponge 
iron, owing to the widespread use of direct reduced iron (DRI), electric arc furnace 

(EAF) and induction furnace routes in the country. Electric furnace production 
 
                                                                 
5 Defined as those with annual steel production above 1 Mt. 
6 Steel Authority of India Ltd (SAIL), Rashtriya Ispat Nigam Ltd (RINL), NMDC Ltd, MOIL Ltd, MSTC Ltd, Ferro Scrap 
Nigam Ltd (FSNL), MECON Ltd, and KIOCL Ltd. 
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accounts for around 56% (62 Mt) of crude steel output, of which just under half is 

from induction furnaces and the rest from EAFs (Figure 3.3). The remaining 44% 
(49Mt) is produced via the blast furnace-basic oxygen furnace (BF-BOF) route, using 

a mixture of scrap and hot metal as charge to the BOF. The country consumes around 

30 Mt of scrap, of which a considerable proportion is used in EAFs and induction 

furnaces in combination with iron. 

 Production of steel by route and sector energy intensity in India 

 

IEA 2020. All rights reserved 

Notes: Electric furnace includes electric arc furnaces and induction furnaces. Energy intensity is calculated based on 
crude steel production volumes and the sectoral energy consumption of the iron and steel sector as defined in Box 1.3. 
Sources: World Steel Association (2020a), IEA Energy Balances (2019) and IEA analysis. 

Around 56% of steel production in India comes from electric furnaces, compared to a 
global average of about 28%. 

Aside from its high share of DRI in total iron production (the second-largest globally 

following the Middle East), there are two other distinguishing features of the current 

production pathways being used in India. Firstly, there is a large ferrous casting 

industry, which consumes 13 Mt per year of iron beyond that used for crude steel. 
Ferrous castings are used for a wide range of applications, notably engine blocks and 

gears in the automotive sector. Cast iron is also used for various domestic cooking 

utensils (e.g. cast iron pans). India accounts for 12% of the global castings industry, 

second only to China (44%) (CAEF, 2020). Secondly, India has a large share of 

induction furnaces in its total electric furnace stock, several of which appear to be 

charged with large proportions of iron in addition to scrap, sometimes produced in 

small blast furnaces. 

India’s steel industry is particularly energy-intensive compared to international 

benchmarks (TERI, 2020). Some factors that explain this lower-than-average energy 
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performance are a heavy reliance on coal to supply its DRI furnaces, the low quality 

of domestic coal and iron ore, often very small production sites and the relatively old 
stock of blast furnaces in the country (on average around 25 years since installation, 

and around 15 years since the last major refurbishment), which tend to consume 

more energy per unit of output. India also has a smaller share of scrap in the sector’s 

total metallic inputs (23%) compared to the global average (32%) (Figure 3.3). 

A key country for the global steel industry transition 
While China is by far the largest steel-producing nation in the world today, both the 
Stated Policies Scenario and Sustainable Development Scenario see a contraction in 

China’s output as domestic demand plateaus and subsequently declines through to 

2050. Contrastingly, India’s output is projected to follow a very different trajectory 

(Figure 3.4). In the Stated Policies Scenario Indian steel production almost doubles 

by 2030 and almost quadruples by 2050, relative to 2019 production levels (111 Mt). 

This growth is driven by a number of domestic projects and ambitions (Box 3.1), 

underpinned by the country’s NSP 2017 (Ministry of Steel, 2017). 

 The role of India and China in global steel production in the Sustainable 
Development Scenario 

 

IEA 2020. All rights reserved 

Even in the Sustainable Development Scenario India remains the fastest-growing producer 
of steel, due to demand growth and the contraction of steel production in China. 
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Box 3.1 Principal factors driving steel demand in India 

In the Stated Policies Scenario the growing demand for steel in India continues to 
stem from a number of key domestic sectors. These include the construction 
industry (35% of current total steel consumption), infrastructure development (20%) 
and the automotive industry (12%) (Ministry of Environment Forest and Climate 
Change, 2019). These are supported by specific projects and announced 
government measures aimed at modernising, industrialising and better connecting 
the country to maintain its development trajectory in the coming decades. The 
construction of new cities and the redevelopment of existing ones, and the 
provision of new infrastructure, ports and transport links, will require millions of 
tonnes of steel under various projects, as described below. Major projects include 
the following: 

The Smart Cities Mission (100 Smart Cities) is an initiative to support the economic 
and social development of 100 smart cities throughout the country (Ministry of 
Urban Development, 2015). The initiative was launched in 2015 and, after five rounds 
of funding, has identified nearly all of the 100 cities. Although the definition of a 
“smart city” is not precisely defined, the Indian government is aiming to retrofit and 
redevelop existing city districts as well as building entirely new settlements. 
Committed central government funds for the project equate to INR 48 000 crores 
(around USD 7.5 billion), with an equivalent amount being provided by the individual 
states where the selected cities are, or will be, located.  

Another construction-related initiative aimed at providing housing for all in urban 
areas by 2022 is the Pradhan Mantri Awas Yojana (Urban) Mission (also called 
Housing For All), which was launched by the Ministry of Housing and Urban Affairs 
in 2015. It has the goal of providing affordable accommodation for the growing 
urban population (Ministry of Housing and Urban Affairs, 2020). So far, the 
government has invested INR 6.16 trillion (around USD 87.5 billion) in this initiative 
(The Economic Times, 2020). 

The Delhi Mumbai Industrial Corridor (DMIC) is an infrastructure project aimed at 
developing the Indian industrial sector in the corridor between the capital Delhi and 
the financial centre of Mumbai. The implementing agency of the project, the DMIC 
Development Corporation (DMIDC), was established in 2008 with 49% of the equity 
being held by the Government of India (Department for Promotion of Industry and 
Internal Trade, 2019). The main goal of the project is to develop the area as a global, 
interconnected manufacturing and trading hub, developing around new industrial 
cities (eight cities will be developed in the first phase of the project), with a total 
estimated investment of around USD 100 billion (DMICDC, 2019). 
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The SagarMala Programme is a project aimed at promoting port-led development in 
India. As part of this programme, a National Perspective Plan (NPP) was approved in 
2016 in order to modernise existing ports and develop new ones, enhance port 
connectivity to their hinterlands, develop industrial clusters near existing and new 
ports, and promote the sustainable development of coastal communities 
(Government of India, 2019a). 

The Indian government is supporting public and private investment (up to 100% 
foreign ownership through the Foreign Direct Investment Policy) to meet the goals 
of the National Rail Plan for 2030. The plan aims to modernise the network while 
taking into account different perspectives from state governments, elected 
representatives and private stakeholders (Ministry of Railways, 2016). Currently the 
Indian Railways network comprises 12 617 trains running over more than 
68 442 kilometres, transporting 23 million passengers a day and employing 
1.3 million people (Government of India, 2019b). 

 

The NSP 2017 sets a target to increase Indian steel capacity to 300 Mt per year by 

2030-31 and per-capita steel consumption to 160 kilogrammes (kg) in the same 

timeframe from the current 80 kg (relative to a global average of around 

250 kg/capita in 2019). Micro, small and medium-sized enterprises are targeted as 

key drivers to increase steel capacity in the country. The policy also aims by 2030-31 

to meet domestically the demand for high-grade automotive steel, electrical steel, 
special steels and alloys for strategic applications, and to reduce by 50% India’s 

dependence on imported coking coal. In addition, the Domestically Manufactured 

Iron and Steel Products Policy of 2017, revised in 2019, helps support domestically 

manufactured iron and steel products by giving preference in government 

procurement to domestic products (Ministry of Steel, 2019b).  

The Covid-19 pandemic triggered a steep decline in Indian steel production – output 

was 24% lower in the first half of 2020 compared to the first half of 2019 (World Steel 

Association, 2020b). This compares to a decline of only 5% for the same period at the 

global level, driven largely by a rapid recovery in China. With the exception of China, 
many other countries have seen production declines of a magnitude closer to India’s. 

The global economy may take at least a couple of years to recover, if not longer in 

case of a second wave of infections. Consequently, in the Stated Policies Scenario 

Indian installed capacity remains below the ambitions outlined in the pre-crisis NSP 

2017. The country’s crude steel capacity reaches around 200 Mt by 2030, 

corresponding to an output of around 130 kg/capita. 

In the Stated Policies Scenario India accounts for 9% of global steel production by 

2030, up from 6% today. By 2050 its share of global production increases to around 
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17%, while China’s share decreases to 35% (Figure 3.4). As discussed in Chapter 2, in 

the Sustainable Development Scenario material efficiency plays an important role in 
reducing global steel demand, while still ensuring the provision of the same material 

services. The impact of material efficiency strategies in India – the key differentiator 

in the outlook for production between the Stated Policies Scenario and the 

Sustainable Development Scenario – is marked. India’s steel production in the 

Sustainable Development Scenario is 14% lower in 2040, and 19% lower in 2050, 

relative to the Stated Policies Scenario.  

Similar to the trends visible at the global level, the largest contributors to demand 

reduction include the extension of building lifetimes, improved building design and 

construction, modal shift that reduces total vehicle sales, vehicle lightweighting and 
improved product manufacturing yields. While extending building lifetimes is one of 

the most important levers, its contribution in India is somewhat lower than at the 

global level, given the younger building stock. This gives way to a larger role in India 

for strategies focused on design and fabrication of new buildings and vehicles. 

Despite these demand reductions, India retains the title of the fastest-growing large 

region in the Sustainable Development Scenario. 

India’s growth trajectory in the coming decades makes it a critical country for the 

sustainable transition of the global iron and steel sector. Its growth brings with it 

two related challenges. Firstly, many of the near-zero emission steelmaking 
technologies that are relied upon to deliver deep emission reductions in the 

Sustainable Development Scenario will not be sufficiently developed to provide the 

next 10-15 years of capacity additions. India is projected to bring online over the next 

10 years over 40% of the steelmaking capacity that would still be operating in 2050, 

assuming no early retirements. This complicates the question of how to deal with 

existing emissions-intensive infrastructure, both now and with respect to facilities 

installed over the next decade. It also means that investments in less carbon-
intensive technologies need to be made as soon as possible.  

Secondly, India’s growth trajectory in combination with its relatively young stock of 
steel infrastructure, buildings and goods mean that increases in the domestic supply 

of scrap will be insufficient to meet all the growth in steel demand. In the Stated 

Policies Scenario scrap availability grows considerably – by around 120 Mt over the 

projection horizon – but this is far less than the more than 310 Mt growth in steel 

production. The remainder that cannot be met by scrap-based production will need 

to be met by primary production. This contrasts with China, whose growing scrap 

availability and declining steel production enable a greater reliance on less 
emissions-intensive secondary production – commercially proven and rapidly 

scalable – as a means to dramatically reduce overall emissions.  
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Technology pathways towards zero 
emissions in India 

In the Sustainable Development Scenario India’s steel sector is projected to triple 
production by 2050, while CO2 intensity decreases by 60%. With the absolute 
quantity of scrap growing at a slower rate than that of steel production, achieving 
this goal requires a rapid transformation of the relatively young primary production 
fleet, which is almost exclusively supplied by coal today. This section examines the 
technology trajectory that India follows in the Sustainable Development Scenario, 
including the contribution and readiness of the main options that it relies on.  

Energy consumption and CO2 emissions 
The Indian steel sector is currently energy- and carbon-intensive, consuming around 
70 Mtoe of energy and directly emitting around 250 Mt CO2 in 2019.7 The sector also 
resulted in an additional 75 Mt CO2 of indirect emissions to generate the power and 
imported heat it consumes.8 Of the direct emissions, most come from coal (90% of 
total emissions), mainly used in coke ovens, blast furnaces and coal-based direct 
reduction furnaces. Much of the remaining direct emissions are process emissions 
resulting from the use of lime fluxes and ferroalloy production, with only small 
contributions from gas and oil consumption. After coal, electricity is the second-
largest energy commodity consumed in the sector (10% or around 80 terawatt hours 
[TWh]). EAFs and induction furnaces account for about half of the electricity input to 
steelmaking in India. This electricity consumption results in indirect emissions.  

In the Stated Policies Scenario both the energy consumption and CO2 emissions of 
the Indian steel sector are projected to more than triple by 2050. However, in the 
Sustainable Development Scenario energy consumption increases by two and half 
times and the direct CO2 intensity of crude steel production declines by just over 
60% by 2050. As a consequence, despite the threefold increase in production, total 
direct CO2 emissions only increase by 20% (Figure 3.5). The sector remains heavily 
dependent on coal, although its share does drop from 85% to 60% of final energy 
consumption by 2050. Additionally, one-third of the remaining coal in 2050 is used 
in facilities with CCUS, and by 2050 1.3 Gt CO2 has been captured and permanently 
stored cumulatively. Electricity consumption grows eightfold over the projection 
horizon, such that electricity accounts for 32% of final energy consumption in 2050, 
driven by increases in secondary production and deployment of electrolytic 
hydrogen-based production.  

 
                                                                 
7 Fuel combustion and process emissions. 
8 See Box 1.3 in Chapter 1 and Box 2.4 in Chapter 2 for further discussion of indirect emissions. 
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 Direct CO2 emissions and energy consumption in the iron and steel sector in the 
Sustainable Development Scenario in India 

 

IEA 2020. All rights reserved 

Note: CCUS = carbon capture, use and storage.  

In the Sustainable Development Scenario the direct CO2 intensity of crude steel falls by 
60% by 2050 despite coal maintaining a large share of the sector’s energy consumption. 

A portfolio of mitigation options 
Compared to other large producers, such as China, the United States, the Middle East 

and Europe, India has a middling production fleet with regard to the average age of 
its capacity. At the process route level, we estimate an average age of 12 years for its 

gas-based DRI furnaces, 14 years for its coal-based blast furnaces and 17 years for its 

coal-based DRI furnaces, with all figures taking into account the year of last major 

refurbishment. Thus, the steel-producing fleet in India is only a little more than one 

third of the way through its typical lifetime, which is around 40 years on average for 

these assets. Many more blast furnaces and DRI furnaces will need to be built in India 
before alternative near-zero emission routes are ready to enter the market, and the 

country is projected to have a comparatively young fleet in 2030. Even excluding 

additional plants built through to 2030, cumulative emissions of around 6 Gt CO2 can 

be expected from the existing capacity if nothing is done to address these assets.  

Therefore, in the near term it is crucial to maximise operational efficiency in existing 

assets and to minimise additional emissions from new infrastructure by investing in 

the BAT for commercial production routes until near-zero emission alternatives reach 

market introduction. Around 40% of blast furnaces in India are currently equipped 

with top-pressure recovery turbines (TRTs), and more than 30% of coke ovens are 
equipped with coke dry quenching (CDQ), two examples of BAT. In the Sustainable 
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Development Scenario by 2030 both these shares rise to around 70%. These and 

other measures, including those that optimise operational efficiency, considerably 
improve technology performance, which accounts for almost 40% of emission 

reductions in the Sustainable Development Scenario relative to the Stated Policies 

Scenario in 2030 (Figure 3.6). In the latter half of the projection period in the 

Sustainable Development Scenario, the contribution from this lever drops to 10% of 

annual emission savings in 2050, as most plants have already adopted BATs, even in 

the Stated Policies Scenario. However, at 19% of cumulative emission reductions to 
2050 in the Sustainable Development Scenario, improving technology performance 

is an important tool in the toolbox, assuming early action can be taken on new 

capacity additions.  

 Steel sector direct CO2 emission reductions in India in the Sustainable 
Development Scenario by mitigation strategy 

 

IEA 2020. All rights reserved 

Note: Emission reductions are measured relative to the Stated Policies Scenario; as such, the improvements relative 
to today that occur in both scenarios are not represented (e.g. a significant proportion of increases in scrap-based 
production). “Other fuel shifts” primarily comprises coal to natural gas switching. Electrification here includes only 
direct electrification, primarily via conventional technologies, including shifts towards secondary production in 
electric furnaces and electrification of ancillary process equipment like preheaters and boilers. “Hydrogen” refers 
specifically to electrolytic hydrogen, while so-called blue hydrogen (via natural-gas-based DRI with CCUS) is included 
under CCUS. Material efficiency here refers specifically to demand reduction. 

In India, technology performance improvements, material efficiency and CCUS contribute 
more than 75% of cumulative CO2 emission reductions in the Sustainable Development 
Scenario relative to the Stated Policies Scenario by 2050.  
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Material efficiency measures play the largest role overall in cumulative emission 

reductions in India in the Sustainable Development Scenario, delivering almost 40% 
of total reductions relative to the Stated Policies Scenario. These reductions are 

achieved while providing the same degree of material service as in the Stated Policies 

Scenario. On the demand side, key strategies mirror those discussed at the global 

level in Chapter 2. The most influential downstream measures are the prolongation 

of building lifetimes and improved methods of design and construction, the 

lightweighting of personal vehicles and the increased use of public transport. 
Because India’s buildings and transport sectors are expanding rapidly over the 

projection horizon, there is an increasing volume of assets to which these strategies 

apply. In terms of steel manufacturing, the key measures are the improvement of 

manufacturing and semi-manufacturing yields, which apply to India as they do to any 

other region in the Sustainable Development Scenario. The overall contribution of 

India to total demand reduction due to material efficiency strategies in 2050 is 

around 80 Mt, or around 17% of the global total. 

India sees a diversified portfolio of near-zero emission production routes being 

adopted in the Sustainable Development Scenario, reflecting the idiosyncrasies of 
the current production fleet, good access to low-cost renewable energy resources 

(particularly solar PV and wind) and an openness to the development of CCUS (not 

just in the steel industry). The hydrogen-based DRI route (alongside blending of 

electrolytic hydrogen into existing blast furnaces and DRI units) and the integration 

of CCUS in various production pathways each account for substantial shares of 

emission reductions in 2050 in the Sustainable Development Scenario (Figure 3.7). 

The proportion of emission reductions attributable to hydrogen in India (mainly the 
deployment of the hydrogen-based DRI route) at 8% cumulatively is similar to that 

seen in the global results.   
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 Production of iron and steel by route in India in the Sustainable Development 
Scenario 

 

IEA 2020. All rights reserved 

Notes: STEPS = Stated Policies Scenario. Commercial BF-BOF includes traditional coal-, gas- and charcoal-based 
blast furnaces, with and without top-pressure recovery turbines, without CCUS. Innovative BF-BOF w/ CCUS includes 
blast furnaces with process gas hydrogen enrichment and CO2 removal for use and storage (e.g. as being developed 
by the COURSE50, IGAR and 3D projects), including CCUS retrofits to existing blast furnaces and those newly installed 
over the coming decade. Commercial SR-BOF refers to smelting reduction without CCUS (COREX and FINEX). 
Innovative SR-BOF w/ CCUS includes application of CCUS to existing smelting reduction concepts (COREX and 
FINEX) and novel smelting reduction concepts with CCUS (e.g. as being developed by the HIsarna project). 
Commercial DRI-EAF includes gas- and coal-based DRI without CCUS, including that with a proportion of blended 
electrolytic hydrogen; in some regions (particularly the United States), this route has a high ratio of scrap to DRI inputs. 
100% H2 DRI-EAF comprises fully electrolytic hydrogen-based DRI (e.g. as being developed by the HYBRIT project 
and ArcelorMittal in Hamburg). Scrap-based EF refers to electric arc furnaces and induction furnaces fed mostly by 
scrap. In India this category includes induction furnaces with a substantial iron charge. For further details on projects 
developing these technologies, see Table 2.1. 

Despite some technology shifts in iron production as a result of the roll-out of near-zero 
emission routes, the ratio between electric furnace and BOF crude steel production 
remains fairly stable in the Sustainable Development Scenario. 

Blast furnaces and DRI furnaces maintain a substantial share of primary steelmaking 
production in India in the Sustainable Development Scenario, although it decreases 

over time, giving space to the rapid growth in deployment of near-zero emission 

pathways. Innovative smelting reduction with CCUS is the first near-zero emission 

technology introduced in India, and it is also responsible for a surge in smelting 

reduction-based iron production. This route accounts for around a quarter of 

primary steelmaking by 2050, deployment starting just before 2030. Assuming an 

average plant size of 1 Mt of crude steel per annum, this would require a new plant 
of this design to be built about every 3 months.  

The leading role that India plays globally with respect to DRI production provides 

the perfect knowledge base upon which to advance alternative, more sustainable 
arrangements for this route. They include both the integration of carbon capture in 
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fossil-based DRI assets, which has been relatively recently put into commercial 

practice in the Middle East, and introducing the 100% hydrogen-based DRI process. 
In the Indian context it is the latter technology option that is favoured, as it 

facilitates the integration of India’s rapidly expanding renewable electricity 

production at reasonable cost later in the projection horizon (see Box 3.2 for an 

examination of the challenges of using variable renewable energy [VRE] for near-

zero emission steelmaking). Total DRI production in India accounts for around 40% 

of total iron production in 2050 in the Sustainable Development Scenario, of which 
the hydrogen-based DRI accounts for 60%. The hydrogen-based DRI component of 

this DRI capacity growth begins in the early 2030s, once the technology concept 

has been proven at commercial scale. Assuming a 1 Mt per year of crude steel 

average unit size, the growth rate is equivalent to building one new plant every 3.5 

months.  

As described above, substantial capacity additions will be required in India in 

advance of near-zero emission concepts being available to deploy at commercial 

scale, and these will have to be met with commercially available technologies. 

While energy efficiency and BATs can help minimise future emissions from this new 
capacity, this strategy alone is not sufficient to achieve deep emission reductions. 

Many of the near-term capacity additions are blast furnaces, which are better at 

handling the relatively low-quality iron ore inputs that are more accessible and cost-

competitive in India. Blast furnace-based production grows by 16% over the period 

2019-25 in the Sustainable Development Scenario. The legacy of those capacity 

additions is, in part, the reason why India still has a considerable amount of blast 

furnace-based iron production in 2050 in that scenario.  

Adopting BATs for new capacity additions through to 2030 allows the retrofitting 

of carbon capture to the existing blast furnace stock, including top-gas recycling 

arrangements that include CO2 removal. By 2050 in the Sustainable Development 
Scenario around 19 Mt of total production (or 19% of total blast furnace output) is 

from blast furnaces equipped with CCUS. Such dynamics in iron production routes 

and a growing absolute quantity of full scrap-based steel production in the long run 

result in electric furnaces and BOFs producing similar volumes of crude steel by 

2050 in the Sustainable Development Scenario in India. This is a very similar 

distribution of technologies that convert iron and scrap into crude steel today in 
India, with the exception that the typically more efficient EAFs (as opposed to 

induction furnaces) dominate scrap- and DRI-based production in the long run. 

Innovation and RD&D are necessary to shift emerging technologies from lab scale 
to commercial scale, passing through prototype and demonstration. Innovation 

initiatives in India are mainly focusing on efficiency improvement at the moment. 

In future they will need to expand beyond efficiency with the further support of 
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both private and public sectors (see Box 3.3 for an overview of existing support 

programmes in India). India would also do well to capitalise on learnings from, and 
opportunities for, collaboration with other countries pursuing innovation in near-

zero emission steelmaking technologies. 

Meeting the long-term goals of the Sustainable Development Scenario calls for the 

Indian iron and steel sector to invest consistently over time in the various measures 

to reduce its CO2 intensity. It would require about 25% greater capital investment 

cumulatively to 2050 than is required in the Stated Policies Scenario.  

The vast majority of investment in the Stated Policies Scenario would go into 

mature commercial technologies – about 40% goes to the DRI-EAF route, 25% to 

the BF-BOF route, 25% to scrap-based EAFs and inductions furnaces, and much of 

the remainder to finishing processes spread across the different routes. In the 

Sustainable Development Scenario, on the other hand, just under half of cumulative 
investment to 2050 goes into mature commercial technologies, of which about 15% 

is for the BF-BOF route and conventional BOFs using iron from innovative routes, 

35% for conventional DRI-EAF technologies, 30% for scrap-based EAFs, and the 

remainder for finishing processes. A further 12% of cumulative investment is for 

innovative smelting reduction, which is at the demonstration stage currently. 

Additionally, around 30% of investment is for the hydrogen-based DRI-EAF route 

and 4% is for innovative blast furnaces, both of which are at the prototype stage 
today. Carbon capture technologies applied to various routes account for 6% of 

cumulative investment. 

Box 3.2 Harnessing variable renewable electricity (VRE) for steel production in 
India 

Hydrogen-based DRI plays an important role in the Sustainable Development 
Scenario, particularly in India. Of the approximately 180 Mt of crude steel produced 
globally via this pathway in 2050, India accounts for around one-third. Assuming a 
reliable source of grid electricity, and therefore a high capacity factor at the 
installation (95%), the levelised cost of steel production via the hydrogen-based DRI 
route in India, as with other locations, is determined in large part by the cost of 
electricity powering the process. Levelised costs of USD 500-860 per tonne of 
crude steel are achievable, assuming a grid electricity price range of USD 30-90 per 
megawatt hour (MWh). Figure 2.11 in Chapter 2 shows how this range of costs 
compares to other major innovative process routes. Levelised costs for alternative 
routes that achieve a similar level of CO2 intensity decline with the use of CCUS are 
typically in the range of USD 360-650 per tonne of crude steel, assuming the same 
range of electricity prices. 
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An alternative approach to using grid electricity is to harness VRE directly, in a 
captive installation. By 2035 solar PV generation is expected to achieve costs of 
around USD 20/MWh and wind around USD 30/MWh in certain locations in India, 
where capacity factors, wind speeds and irradiation potential are highest. While our 
core analysis results are not prescriptive as to the geospatial location of future 
installations, this low cost of VRE – together with the need for significant capacity 
expansion – is an important explanatory factor behind the outsized role that the 
hydrogen-based DRI route plays in India.  

In addition to its low cost, VRE is an attractive energy vector for steel production via 
the hydrogen-based DRI route because this electricity can be generated emissions 
free. While a small amount of grid electricity (or some other form of dispatchable 
power generation, such as a hydropower plant, a battery or a diesel generator) is 
still likely to be required in an installation run on VRE, the CO2 intensity is lowered 
substantially relative to a 100% grid electricity installation. Direct use of VRE in 
steelmaking and other industrial processes could also ease the burden faced by the 
electricity grid by accommodating the variability directly, or by varying the 
proportions of grid electricity consumed at times of supply shortage or surplus. 

This low-cost and ultra-low CO2 intensity VRE utilisation does impose constraints. 
Because of the mismatch between the variability of VRE and the need for fairly stable 
operating conditions for large-scale industrial processes, flexibility is vital. It can 
either be provided on the supply side (principally through the use of hydrogen 
buffer storage or battery electricity storage) or on the demand side (a tolerance of 
a certain degree of ramping or periods of ceasing production). Both options result 
in additional cost, either in the form of additional equipment (e.g. hydrogen or 
electricity storage) or lower utilisation and increased maintenance costs for core 
process equipment (e.g. the hydrogen-based DRI furnace).  

To explore this trade-off in more detail in the Indian context, we have examined 
three specific locations in the country which display both significant potential for 
and low cost of VRE from solar PV and wind. The main parameters for these sites are 
presented in the table below and are based on data for 2035 in the Sustainable 
Development Scenario. All three locations have excellent solar PV resources (typical 
in many parts of the country), while the Gujarat and Karnataka locations also have 
favourable wind resources (only representative of the western part of the country, 
in the mountainous areas and near the coast). 
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Parameters for three low-cost VRE sites in India in 2035 

Parameter Rajasthan Gujarat Karnataka 

Solar PV capacity factor 23% 24% 24% 

Wind capacity factor 15% 46% 44% 

Electrolyser capacity factor 41% 40% 41% 

Hydrogen storage (low-cost case) (days) 18 21-24 11-17 

Hydrogen storage (high-cost case) (days) 1-8 1-8 1-3 

Levelised cost solar (USD/MWh) 20 19 19 

Levelised cost wind (USD/MWh) 89 28 29 

Share of solar PV 100% 65-81% 64-83% 

Curtailment of electricity 7% 7-8% 3-5% 

High process flexibility assumptions > 60% utilisation required, with a ramp 
rate of 10% per hour. Full stops allowed 

with minimum 24-hour duration. 

Low process flexibility assumptions > 90% utilisation required with a ramp rate 
of 10% per hour. No stops allowed. 

Low-cost hydrogen storage Cavern storage, CAPEX = USD 0.4/kWh 

High-cost hydrogen storage Steel tanks, CAPEX = USD 15/kWh 

Notes: The methodology used to find the optimal sizing, arrangement and operating regime at each site, in order 
to minimise levelised cost, is similar to that used in a study of ammonia from VRE (Armijo and Philibert, 2020). 
“Solar PV” refers to utility-scale horizontal-tracking PV cells; CAPEX = USD 360/kW. “Wind” refers to Class 2 wind 
turbines; CAPEX = USD 980/kW. The quantity of hydrogen storage in days is denoted on the basis of the annual 
average output of the electrolyser. The levelised cost of hydrogen is USD 1.7-2.1/kg across the cases and 
locations considered. “Share of solar PV” is stated on the basis of its contribution to the levelised cost. The 
ranges of values denoted for “Hydrogen storage”, “Share of solar PV” and “Curtailment of electricity” 
correspond to the range of flexibility assumptions considered. kW = kilowatt; kWh = kilowatt hour; MWh = 
megawatt hour.  

Two sets of assumptions are used to explore the impact of process flexibility on 
levelised cost. The “High process flexibility assumptions”, as denoted in the table 
above, describe a situation in which the utilisation of the DRI furnace can ramp down 
to 60% of its rated capacity, at a rate of 10% per hour. Full stops in the operation of 
the process, for a minimum period of 24 hours, are also permitted under these 
assumptions. In the “Low process flexibility assumptions” case, full process stops 
are not permitted and the DRI furnace may only ramp down to 90% of its full 
utilisation, taking one hour to do so. The mid-point of these flexibility assumptions 
is used as the central case for the results. 

In each flexibility case, two costs of hydrogen storage are also considered: “Low-
cost hydrogen storage”, corresponds to naturally occurring geological storage; 
“High-cost hydrogen storage” corresponds to high-pressure steel tanks. Higher 
process flexibility and lower cost storage result in smaller amounts of cheaper 
storage being used, having the effect of lowering the levelised cost of production. 
Lower process flexibility and higher cost storage have the opposite effect. 
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The chosen analytical approach aims to minimise the levelised cost of steel 
production by optimising the size and utilisation of the main assets used in the 
hydrogen-based DRI process. They include the solar PV and wind installations used 
to generate the electricity, and the core process units (the electrolyser, the DRI 
furnace and the EAF). 

Simplified levelised cost of hydrogen-based DRI steel production with VRE in India 
in 2035 under a range of flexibility and storage cost assumptions 

IEA 202. All rights reserved. 

Notes: Electrolyser: CAPEX = USD 500/kW, 70% efficiency on a lower heating value basis including compression 
to 60 bars for storage. Grid electricity = USD 68/MWh and 184 gCO2/kWh. The ranges shown for the high-cost 
storage cases correspond to the flexibility assumptions described in the table above, with the central estimate 
being the midpoint of the two sets of assumptions. Flexibility has virtually no impact on the levelised cost when 
low-cost storage is available.   

There are three key findings that signal the broader implications of this assessment 
for the Indian VRE steelmaking context: 

Process flexibility is a prerequisite for VRE steelmaking, and the more that is 
available, the lower the cost of production, especially in situations when only high-
cost hydrogen storage is an option. When low-cost storage is available, there is 
virtually no additional advantage of flexibility beyond the minimum required for 
stable operation. The degree of flexibility that may eventually be realised in the 
hydrogen-based DRI process remains uncertain. Commercial-scale operation is not 
currently expected before the 2030s and significant development still needs to take 
place (see Table 2.1, Chapter 2). However, for the high-cost hydrogen storage case, 
the range of flexibility explored in this analysis results in a reduction in levelised cost 
of around 5-15%, among the locations examined.  
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Low-cost hydrogen buffer storage offers the potential for significant further cost 
reductions, especially when considering lower process flexibility conditions. Low-
cost buffer storage is unlikely to be available in many instances, so expensive high-
pressure steel tanks (up to 40 times more costly than cavern storage) become the 
fall-back option, significantly raising the cost of stabilising the supply of hydrogen 
to the DRI furnace. In each of the locations explored, low-cost hydrogen storage 
reduces the levelised cost of production by around 5-20%, relative to the case 
where high-cost storage is used. Advances in hydrogen storage (cost reductions) 
will be critical to making this cost advantage less site-specific, but geological 
variation between sites is always likely to create an imbalance. 

The CO2 intensity of hydrogen-based DRI production (including indirect emissions 
from power generation) is significantly reduced by harnessing VRE directly in the 
Indian steelmaking context. Few large producing countries and regions will have a 
fully decarbonised electricity grid in the short to medium term, and demand for low-
carbon grid electricity is projected to increase dramatically in the Sustainable 
Development Scenario. The VRE cases explored result in around an 85-95% 
reduction in the CO2 emission intensity of steel production in India in 2035, relative 
to production via the same route using grid electricity. The residual emissions in the 
VRE cases stem from the use of “firm-up” electricity from the grid (or another 
dispatchable source) for the DRI furnace and EAF electricity requirements during 
periods of high intermittency – the CO2 intensity of power generation in India is 
around 185 grammes (g) of CO2 per kilowatt hour (kWh) in 2035 in the Sustainable 
Development Scenario, compared to a global average figure of 540 gCO2 per kWh 
in 2019. Battery electricity storage or electricity generation using hydrogen could 
further reduce this reliance on grid electricity, but would likely add to overall costs.  

Accelerating the sustainable transition in 
India 

The projected growth in India’s steel production is a challenge as much as it is an 

opportunity for the country. It is a challenge because the overriding importance of 

steel for India’s economic growth means that production capacity has to be available 

and sufficient to meet growing demand. It is an opportunity in that actions taken by 

government and industry over the coming years can put India’s steel sector at the 

forefront of technological development to support the global transition to clean 

energy in iron and steel production. This section discusses current policies towards 
that end and recommendations to accelerate progress. 
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Current policy and innovation landscape 
Alongside the Indian government’s recent adoption of policies to support 

industrialisation and steel sector growth, including the NSP 2017 (see discussion 

above), India has also rolled out a number of policies to improve industrial efficiency 

and environmental performance. For example, the Clean Energy Tax (or “coal cess”), 

enforced between 2010 and 2017 (when it was subsumed under the Goods and 

Services Tax), aimed to reduce the consumption of domestic and imported coal, 

putting pressure on industry to improve efficiency (IEA, 2020). Other key policies 
include the Perform Achieve Trade (PAT) Scheme and the National Resource 

Efficiency Policy. Additionally, the government has provided R&D support to improve 

the sustainability of the steel sector (see Box 3.3). 

The PAT Scheme has been successful in reducing the energy consumption of a 

number of energy-intensive industrial sectors, including the iron and steel sector.9 

This regulatory instrument aims to reduce industrial specific energy consumption 

using a market-based mechanism. The mechanism enhances the cost-effectiveness 

of sectoral energy savings by providing certificates to entities that reduce energy 

consumption beyond the required threshold. The certificates can be sold to other 
entities that need to achieve compliance. Cumulatively, the PAT Scheme is aiming to 

reduce the energy consumption of India’s iron and steel sector by about 30 Mtoe 

between 2012 and 2030, relative to business as usual (Ministry of Power, 2018a).  

During the first PAT cycle in 2012-15 relatively low-cost measures were implemented, 

such as process optimisation measures, installation of TRTs and adoption of CDQ 

processes. These were internally financed by the regulated industrial facilities, 

referred to under the scheme as the Designated Consumers (DCs). During the second 

cycle (2016-19) the Indian government provided supporting instruments such as the 

Partial Risk Guarantee Fund for Energy Efficiency and equity funding through the 
Venture Capital Fund for Energy Efficiency.  

In the iron and steel sector 67 enterprises were designated as DCs and managed to 
reduce their emissions by about 6 Mt CO2, equivalent to an energy saving of 2.1 Mtoe 

and well above the initial target of 1.5 Mtoe. Through the scheme, a number of major 

energy-saving opportunities have been identified for the iron and steel sector. The 

most promising options that are currently commercially available and with paybacks 

equal to or lower than three years include adoption of: 

• multi-slit coke oven gas burners (to improve oven ignition efficiency) 

 
                                                                 
9 The PAT Scheme is a component of the National Mission for Enhanced Energy Efficiency, one of the eight missions 
under the National Action Plan on Climate Change. 
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• regenerative burners for reheating furnaces (heat recovery systems to recover the 

waste heat of the furnace exhaust gas to heat up the combustion air into the 
furnace) 

• gas recovery systems (to recover top gas and produce power using turbines) 

• waste heat recovery strategies (Ministry of Power, 2018b). 

The National Resource Efficiency Policy 2019, an initiative of the Indian Ministry of 

Environment, Forest and Climate Change, aims to enhance resource efficiency and 

promote the use of secondary (i.e. recycled) raw materials. Although this policy 
applies to all materials and sectors, it recognises the important role of the steel sector 

and its strong linkages to the construction and automotive sectors (Ministry of 

Environment, Forest and Climate Change, 2019). The suggested interventions to 

increase domestic resource efficiency in the steel sector include incentives to invest 

in steel recycling technologies and joint ventures between scrap trading and steel 

companies (to reduce procurement costs), together with the imposition of an import 

duty on scrap imports above a certain threshold (to promote domestic scrap 
collection). The most ambitious targets of this policy include the goal to eliminate 

scrap imports by 2030 (they are at 20-25% today), increase the steel recycling rate 

to 90% and increase the slag utilisation rate to 50% by 2025 and 85% by 2030.  

Increasing the steel recycling rate is also the main goal of the Steel Scrap Recycling 

Policy (Ministry of Steel, 2019c), which promotes the 6Rs: reduce, reuse, recycle, 

recover, redesign and remanufacture. It also aims to create a hub-and-spoke working 

model based on dismantling centres and scrap processing centres, dealing with 

electric vehicles, consumer durable white goods and other scrap without legal 

liabilities.  

Box 3.3 Private- and public-sector support for iron and steel R&D in India   

Both private and public funds are important for R&D to improve efficiency and lower 
CO2 emissions in the iron and steel sector. Private iron and steel companies in India 
currently invest between 0.07% and 0.58% of their sales turnover in R&D projects10 
(compared with up to 1% in China, Japan and South Korea), with some leading 
companies such as SAIL, RINLS, Tata Steel and JSW investing cumulatively 
USD 83.3 million in R&D per year. 

As regards public-sector funding, the Indian government through the Ministry of 
Steel has been supporting a number of R&D projects under the scheme “Promotion 

 
                                                                 
10 R&D expenditure by some leading steel companies in 2017-18: SAIL INR 335.50 crore (USD 49.1 million); RINLS 
INR 20.06 crore (USD 2.9 million); Tata Steel INR 182 crore (USD 26.6 million); JSW (Vijaynagr Works) INR 32 crore 
(USD 4.7 million) (Ministry of Steel, 2019a).  
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of R&D in Iron & Steel Sector”, with a total cumulative budget of more than 
USD 17 million over the past five years (Ministry of Steel, 2019a). So far, the budget 
has been allocated to 36 private and academic R&D projects, focusing on upgrading 
Indian low-grade iron, production of low-phosphorous steel, laboratory testing of 
smelting reduction using hydrogen plasma and the utilisation of mill-scale in-tunnel 
kilns for DRI production (Ministry of Steel, 2019a).   

Other relevant public initiatives supporting R&D in the Indian steel sector include 
the following: 

• Under the Impacting Research Innovation & Technology and Uchchatar Avishkar 
Yojana schemes (launched by the Ministry of Human Resource Development), the 
Ministry of Steel supported six R&D projects with a total budget of INR 8 crore 
(USD 1.1 million). 

• In 2014 the Indian government set up the Steel Research & Technology Mission 
of India aimed at supporting national R&D programmes, international 
collaborations and skills development to meet the goals of the NSP 2017 by means 
of best available technologies and optimum utilisation of natural resources 
(Government of India, 2020). The mission aims to increase the R&D spending of 
leading steel companies to 1% of their turnover. 

• The Steel Development Fund, set up in 1978 and now closed, supported R&D in 
iron and steel making. The scheme approved almost 90 R&D projects, covering 
basic as well as applied research programmes. The results from some projects 
were implemented in SAIL and Tata Steel plants. 

Opportunities for accelerating progress 
India’s iron and steel sector is characterised by a relatively young fleet, much of 

which will still be producing many years from now, and a growing demand for steel, 
which will require a substantial increase in production capacity. Furthermore, India 

has a young and rapidly growing steel stock, which will start to reach end-of-life and 

provide scrap to markets in the coming decades. While a young fleet presents 

challenges for reducing emissions, growing demand and scrap availability are an 

opportunity to both increase scrap-based production and deploy clean primary 

production routes based on innovative technologies like hydrogen and CCUS. With 
strong policy and planning, India could be a leader in clean energy transitions in the 

iron and steel sector. While existing policies mentioned above provide a starting 

point, India can benefit from an expanded policy portfolio to drive down emissions 

from the sector. 

Policies to support clean energy transitions will need to provide the overall 

framework for moving towards lower-emission production, as well as targeted 
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support for different technologies and strategies. This includes allowing for 

retrofitting of existing assets and deployment of new, more sustainable assets. 
Taking into account the challenges that the iron and steel sector in India is currently 

facing and the country’s existing policies, opportunities for its sustainable 

development are as follows: 

• Long-term climate and industrial planning and policy: There is a strong link 

between economic development and steel production, and India is no exception. 

It is therefore important for the growth and modernisation of the steel fleet to take 
into account environmental goals. Existing near-term goals in the NSP 2017 and 

the PAT Scheme could be extended and integrated to develop an ambitious long-

term and unified vision to achieve economic, energy and CO2 emission reduction 

objectives. Long-term planning is particularly important given the long lifetime of 

production assets and the long lead times involved with the development of new 

clean technologies. Planning is best backed by clear policy requirements. For 

example, a PAT Scheme style of regulatory trading system could be expanded to 
set performance requirements for CO2 emissions rather than for energy 

consumption alone, allowing for broader coverage and greater ambition. 

• Promotion of higher steel recycling rates and material efficiency strategies: 

Recycling requirements can be further strengthened to promote the use of steel 

scrap whenever possible. Adequate recycling networks should be planned for and 

set up to accommodate not only the amount of scrap that is currently available, 

but the amount that will be available in the coming decades. Steel capacity 

additions should be planned with future scrap availability in mind, in order to avoid 

excess capacity that could result from overbuilding of primary capacity. It is also 

valuable to promote efficient use of steel through design regulations, in such a way 
that limits overuse and ensures that steel products and structures are well built for 

maximised lifetimes and future modularity and reuse.  

• Managing existing and near-term assets: The first PAT Scheme cycle has 

demonstrated how effective energy efficiency measures can be, especially when 
the portfolio of steelmaking technologies is as wide as in India. However, given the 

average age of the existing fleet and the substantial but limited CO2 emission 

reduction potential of energy efficiency measures, future policies will have to 

address emissions from existing assets. This can be done through additional 

measures that consider fuel switching and opportunities for retrofitting to 

integrate near-zero emission technologies as they become available. At the same 

time, policies such as retrofit-ready requirements can ensure that new assets are 
built with the adequate technical capacity for future retrofitting. It would also be 

valuable to plan for new capacity additions to be located in industrial clusters 

where possible, so that infrastructure for near-zero emission technologies can be 

shared (e.g. CO2 transport pipelines and storage). 
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• R&D and market creation for clean technologies: More public-sector policy and 

funding are needed to incentivise private-sector investment in R&D in near-zero 

emission steelmaking technologies. While India’s iron and steel corporates 

currently invest less in R&D than the global average, some operate internationally 

and could play a leading role in building experience of more innovative 
steelmaking routes and then importing them to India. Public funding and low 

interest loans would help de-risk private-sector investment into new technologies 

still to be proven at large scale. Additionally, market creation for clean steel is 

needed through policies such as public procurement or minimum content 

regulations for near-zero emission steel. This would have two simultaneous 

benefits. On the one hand, it would push the deployment of these technologies for 

the benefit of domestic emission reductions. And on the other, it would help 
safeguard the sector as it works towards India’s stated goal to become a net 

exporter of steel, anticipating a possible carbon border adjustment in key regions 

such as Europe. 

• Promoting infrastructure readiness: Certain innovative steelmaking routes will 

need to rely on new infrastructure networks to be able to operate. This 

infrastructure is going to be needed both upstream (to supply hydrogen and 

electricity where needed) and downstream of the steel production step (for 

instance, to collect and transport CO2 to a suitable storage site). CO2 sink-source 

matching and storage assessments are needed to understand if and where CO2 

could be stored, and at what cost (which would depend on the location of the 

storage site itself and its accessibility). Furthermore, planning is needed to take 
advantage of India’s high potential for renewable energy generation, which could 

be used for hydrogen-based steel production. Given the large-scale and shared 

nature of such infrastructure, public planning and funding will be essential. 

• International co-operation: Given that steel is highly traded, international 

co-operation will be important to facilitate clean energy transitions without 

penalising production in countries with more stringent policies. As a leading steel-

producing nation, it will be important for India to continue to actively engage and 

participate in international forums and sector associations that seek to reach 

agreements on a common ambition for the steel sector. India should also continue 

advancing innovation through collaborative R&D and demonstration projects. As 

an emerging economy, India may be eligible for international climate finance, such 
as the Global Climate Fund, which would reduce the financial cost of emission 

reduction projects. Additionally, co-operating with other countries can be useful 

for sharing best practices and technology learnings. 
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https://prd-wret.s3-us-west-2.amazonaws.com/assets/palladium/production/s3fs-public/atoms/files/mcs-2019-feore.pdf
https://prd-wret.s3-us-west-2.amazonaws.com/assets/palladium/production/s3fs-public/atoms/files/mcs-2019-feore.pdf
https://prd-wret.s3-us-west-2.amazonaws.com/assets/palladium/production/s3fs-public/atoms/files/mcs-2019-feore.pdf
https://www.worldsteel.org/publications/bookshop/product-details%7EWorld-Steel-in-Figures-2020%7EPRODUCT%7EWorld-Steel-in-Figures-2020%7E.html
https://www.worldsteel.org/publications/bookshop/product-details%7EWorld-Steel-in-Figures-2020%7EPRODUCT%7EWorld-Steel-in-Figures-2020%7E.html
https://www.worldsteel.org/steel-by-topic/statistics/steel-data-viewer/MCSP_crude_steel_monthly
https://www.worldsteel.org/steel-by-topic/statistics/steel-data-viewer/MCSP_crude_steel_monthly
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Chapter 4. Enabling more 
sustainable steelmaking 

HIGHLIGHTS 

• Efforts to reduce CO2 emissions within the iron and steel sector are underway, from 
both governments and the private sector. Many countries have already 
implemented policies to support improvements in energy efficiency; some have 
deployed emissions trading systems covering the steel industry; some producers 
have set targets for carbon-neutral steelmaking by 2050. Despite this, the sector’s 
emissions continue to rise, and greater ambition is needed. 

• Governments will need to play a central role in the transition. Countries should 
develop transition plans – including national roadmaps – that take explicit account 
of the iron and steel sector and adopt robust policies to implement them. Funding 
will be required to cover additional costs, including support for R&D, market 
creation for near-zero emission steelmaking technologies and support for 
demonstration projects. A cross-sectoral approach to supporting CCUS transport 
and storage infrastructure and hydrogen production will be critical, along with 
international co-operation to ensure a level playing field.  

• The steel industry should engage with governments during national roadmapping 
work and policy design. Steel producers should take initiative to improve the 
performance of existing plants, collect and share process data to support 
benchmarking efforts, and employ the technical expertise they possess to 
undertake R&D and demonstration projects. 

• Researchers and non-governmental organisations should contribute to the 
development of low-emission steel labelling schemes as well as assessing the 
performance and cost of low-carbon technologies. They should also continue lab-
scale research and development of new designs of products that reduce material 
waste or extend their lifetime. 

• Financial institutions and investors should use sustainable investment schemes to 
guide finance towards emission reduction opportunities, while steering away from 
investments into emissions-intensive technologies, which could lead to stranded 
assets in the future.  

• The timing for such developments is critical. Given the speed with which action is 
needed, as well as the long timeframes for innovation and steel plant investment 
cycles, establishing reliable policies and support mechanisms, and planning 
initiatives as early as possible, are critical to long-term success. 
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Alongside the technical challenges outlined in Chapter 2, a clean energy transition also 

presents a series of opportunities for the steel industry. It offers the possibility of 
contributing to a more sustainable energy system by reducing production emissions, 

and the potential to benefit from new market opportunities. These include meeting 

greater demand for steel from segments such as sustainable public transport systems 

and clean electricity infrastructure, developing new steel grades for clean energy 

technologies, and playing a leading role in the circular economy as a highly recyclable 

material.  

If policy makers provide the industry with a strong and supportive policy framework 

and a level playing field, proactive stakeholders can get ahead of the game by 

developing low-emitting steel production technologies, securing considerable long-
term benefits in a new competitive landscape. However, a range of actors will need to 

make increased and sustained efforts to overcome the challenges the transition poses.  

This section provides an overview of existing policies and efforts that are helping to 

reduce steel emissions from the iron and steel sector. It then describes the actions that 

stakeholders, particularly policy makers, need to take to accelerate the transition. 

The current policy and innovation landscape 
Efforts are already underway around the world to kick-start the transition towards a 
near-zero emissions steel industry. Governments, the private sector and financial 

institutions are putting in place various policies, programmes and initiatives. While 

these endeavours are a promising start, they are far from sufficient to drive the clean 

energy transitions that the steel sector needs. Stakeholders therefore need to 

accelerate their action. 

Ongoing efforts by governments 
Governments will play an essential role in any sustainable transition for the iron and 
steel sector. Without strong policy frameworks in place, the steel industry will be 

hard-pressed to achieve large emissions cuts while remaining competitive. Most 

major steel-producing countries already have policies and programmes in place to 

reduce the sector’s emissions (Table 4.1), although none yet have all the elements of 

a comprehensive strategy to facilitate deep emission reductions (see following 

section, “Recommendations for accelerating progress”). A few countries have 
explicit roadmaps and targets for steel, but many of the policies applying to the iron 

and steel sector so far relate to the industrial sector more broadly, or are economy-

wide rather than being specific to the steel industry. Other government programmes 

and policies should also assist the steel sector transition, such as those working to 
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develop infrastructure for low-emission electricity and hydrogen production, and for 

CO2 transport and storage, although they are not discussed in detail here. 

A number of countries have adopted carbon pricing schemes, which provide a broad 

signal for the steel sector to shift towards lower-emission technologies. The EU 
Emissions Trading System (ETS), launched in 2005, had little visible impact on 

industrial emissions for much of its first decade. This is likely the result of low permit 

prices, driven by an overabundance of allowances, and the need to allocate free 

emission allowances to industry to maintain its international economic 

competitiveness. The overabundance of allowances was caused in large part by a 

combination of high imports of international carbon credits, the 2008-09 financial 

crisis (which reduced industrial activity and in turn emissions, leaving more emissions 
allowances in circulation), and renewables policies.  

In recent years prices have risen considerably to as high as EUR 29 (USD 34) per 
tonne CO2, seen in July to August of 2019. Following a temporary decline due to the 

Covid-19 crisis, they have recovered thanks to the new Market Stability Reserve 

mechanism, with an average price of around EUR 27 (USD 31) per tonne and daily 

highs up to EUR 30 (USD 35) per tonne in August 2020 (EEX, 2020). The revised rules 

for the next phase of the emissions trading system (ETS) (2021-30) include an 

increase in emissions cuts, with allowances declining at an annual rate of 2.2% 

compared with the current 1.74%, and reinforced use of the Market Stability Reserve 
to reduce and prevent emissions allowance surpluses (European Commission, 

2020a). This increased stringency may help drive greater emission reductions in 

industry. With respect to the longer term, the signalling effect of the ETS may already 

be helping motivate some of the various industry R&D projects underway, which 

could enable future emission reductions. 

The European Union has significantly reduced the allocation of free ETS allowances 

to non-trade-exposed industries; however, highly trade-exposed industries like steel 

continue to receive free allowances for emissions equivalent to production at a 

benchmark emission intensity. This is driven by the desire to avoid eroding 
competitiveness and causing carbon leakage, at least in the short term until other 

mechanisms to protect competitiveness are adopted and free allocation could be 

phased out. Free allocation maintains the marginal price signal (due to the need to 

purchase allowances for emissions above the benchmark and the ability to sell 

allowances for reductions below the benchmark), but it may lower the overall 

pressure to reduce emissions given the considerably reduced average CO2 price. The 

European Union is now developing proposals for a carbon border adjustment 
mechanism, with the aim of providing an alternative or additional method to help 

address the potential impact of the ETS on industrial competitiveness as the system’s 

stringency continues to increase. 
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 Selected current government policies and programmes that could enable 
progress towards low-emission steelmaking 

Country 
or 
region 

Carbon 
pricing and 
standards 

Energy and 
material 
efficiency 
policies 

RD&D 
programmes 
for clean 
technologies 

Deployment 
incentives 
 for clean 
technologies 

Collaboration 
and 
knowledge 
sharing 

Roadmaps 
and targets 
for steel CO2 

emission 
reductions 

China* - 

Top 100/ 
1 000/10 000 
enterprises 
programme 
 

National Key 
Technologies 
R&D Program 

- - - 

European
 Union 

Emissions 
Trading 
System 

Eco-design 
directive 

Innovation 
Fund; Horizon 
2020** 

- 
ZEP and EERA 
under the SET 
Plan 

Steel zero-
emission 
technology 
development 
by 2030 (EU 
Green Deal) 

India - 

Perform, 
Achieve, 
Trade 
Scheme; 
Steel Scrap 
Recycling 
Policy 

Promotion of 
R&D in Iron & 
Steel Sector 
scheme; Steel 
Research & 
Technology 
Mission of 
India 
 

- - - 

Japan - 
Energy 
benchmark 
system 

COURSE 50 
Programme - 

International 
Technology 
Transfer 
Programme 
 

- 

United 
States 

- 

Energy Star 
guide for iron 
and steel 
industry 

ARPA-E; AMO 
cost-sharing 

Section 45Q 
tax credit for 
CCUS 

- - 

Korea 
Emissions 
Trading 
Scheme 

- 

Technology 
Development 
Program to 
Solve Climate 
Change 

- - - 

Canada 

Output-
based 
carbon 
price 

Energy Star 
for Industry 
certification 
and 
performance 
indicators 

EIP; PERD - 

Canadian 
Industry 
Partnership for 
Energy 
Conservation 

- 
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Country 
or 
region 

Carbon 
pricing and 
standards 

Energy and 
material 
efficiency 
policies 

RD&D 
programmes 
for clean 
technologies 

Deployment 
incentives 
 for clean 
technologies 

Collaboration 
and 
knowledge 
sharing 

Roadmaps 
and targets 
for steel CO2 

emission 
reductions 

Sweden - - 

Industriklivet 
(including co-
funding for 
HYBRIT 
project) 

- - 

Steel industry 
roadmap via 
Fossil Free 
Sweden 
initiative 

 
* China = the People’s Republic of China. 
** Horizon 2020 will end in 2020; a proposal is underway for a subsequent programme, Horizon Europe, which would 
run during 2021-27.  
Notes: This table features examples of key policies in a number of countries that are major steel producers and/or 
have ambitious steel emission reduction policies; it is not intended to be comprehensive of all policies in all countries. 
Policies of sub-national governments are not included, nor are proposed programmes (e.g. the China ETS expanding 
coverage to industry). ARPA-E = Advanced Research Projects Agency-Energy; AMO = Advanced Manufacturing Office; 
CCUS = carbon capture use and storage; EERA = European Energy Research Alliance; EIP = Energy Innovation Program; 
PERD = Program of Energy Research and Development; SET Plan = Strategic Energy Technology Plan; ZEP = Zero 
Emissions Platform (a European Technology and Innovation Platform for CCS).  
Sources: Government of China (2016); Ministry of Science and Technology (2020); European Parliament (2003; 2009); 
European Commission (2019; 2020b; 2020c; 2020d); Bureau of Energy Efficiency (2020); Ministry of Steel (2019a, 
2019b); Government of India (2020); Ministry of Economy, Trade and Industry (2011); JISF (2011; 2020); Energy Star 
(2020); Department of Energy (2020); Office of Energy Efficiency and Renewable Energy (2020); US House of 
Representatives (2018); Republic of Korea (2020); National Research Foundation of Korea (2019); Government of 
Canada (2019; 2020a; 2020b; 2020c); Swedish Energy Agency (2018); HYBRIT (2020); Fossil Free Sweden (2020).  

 

The People’s Republic of China (“China”) launched an ETS platform in 2017 that will 

initially only cover the power sector, with the first real spot trading set to start in 

2020. But there are plans to eventually include several industry sub-sectors, 

including the steel industry, at an unspecified future date. The Chinese 

administration requires key energy-intensive industries to report their emissions in 
2020, which signals a move towards better data collection for their eventual inclusion 

in the ETS (Reuters, 2020). Korea has had an ETS since 2015, which reached an 

average price of KRW 29 800 (USD 26) per tonne CO2 in 2019 (ICAP, 2020).  

Other countries are adopting alternative formulas to carbon pricing for industry. 

Canada, for example, has adopted an output-based carbon pricing system, which 

resembles a tradeable performance standard (Government of Canada, 2019). It is 

applied in those provinces without their own equivalent or more stringent carbon 

pricing system. The scheme is designed to reduce the impact on trade-exposed 

industry by only charging for emissions above a specified emission intensity 
threshold. It still provides an incentive for additional reductions by issuing credits for 

performance improvements beyond what is necessary to stay just under the 

threshold. For further analysis and lessons learned on carbon pricing systems 

implemented to date, see “Implementing effective emissions trading systems” (IEA, 

2020). 
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Many of the other notable policies adopted so far have focused on energy 

efficiency, including, for example, China’s top performer programmes (called the 
Top 100, Top 1 000 and Top 10 000 Energy-Consuming Enterprises Program in the 

2016-20 Five-Year Plan) and India’s Perform, Achieve, Trade (PAT) Scheme 

(Government of China, 2016; Bureau of Energy Efficiency, 2020). In addition to 

improving the energy efficiency of its domestic steel sector, the Japanese 

government has collaborated with the Japanese Iron and Steel Federation on 

international technology transfer activities. Japan has provided support and 
expertise to improve the energy efficiency of steel plants in India and other Asian 

countries through steel plant diagnoses and “Technologies Customized Lists” that 

outline energy-saving technologies for the region (JISF, 2020). 

R&D programmes are another important area of government initiative, with 

numerous innovation programmes offering funding for which low-emission 

steelmaking technologies could be eligible. For example, the US Department of 

Energy’s Advanced Manufacturing Office has a cost-sharing programme on energy-

efficient technologies. It has provided funding for a novel flash ironmaking process 

in partnership with the American Iron and Steel Institute (Office of Energy Efficiency 
and Renewable Energy, 2020). The Japanese government launched the “CO2 

Ultimate Reduction in Steelmaking Process by Innovative Technology for Cool Earth 

50” (COURSE 50) programme in 2007, with the aim of developing technologies to 

substantially reduce emissions from the blast furnace (JISF, 2011). In the 

European Union the New Entrants’ Reserve (NER) 300 fund aimed to advance 

commercial-scale demonstration of innovative carbon capture and renewable 

energy technologies, with calls for proposals in 2012 and 2014 (European 
Commission, 2010). This has now been superseded by the Innovation Fund, funded 

by revenues from the EU ETS, with the first call for proposals in 2020 (European 

Commission, 2020b).  

In addition to funding, knowledge-sharing programmes are also important. An 

example at the regional level is IN4climate.NRW, a platform developed by the 

German State of North Rhine-Westphalia. It brings together industrial stakeholders 

for dialogue and collaboration on research towards a climate-neutral industrial 

sector. Meanwhile at the national level the German government has launched a 

competence centre on climate change mitigation in energy-intensive industries 
(KEI) to advise and support them in reducing emissions (IN4climate.NRW, 2020; KEI, 

2020).  

Targeted policies are also in place that could help incentivise the deployment of 
new low-emission steelmaking technologies. Carbon capture and storage (CCS) 

projects in the United States are eligible for a tax credit under the Internal Revenue 

Code Section 45Q (US House of Representatives, 2018). While this tax credit has 
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encountered challenges related to monitoring, reporting and verification of 

claimed CO2 storage (Department of the Treasury, 2020), with improvements to its 
oversight procedures this type of credit could provide a robust and valuable 

incentive for CCS deployment. The United Kingdom announced in 2019 plans to set 

up a GBP 250 million (USD 320 million) Clean Steel Fund, due to open in 2024 after 

a period of consultation and development. It is intended to support the sector’s 

uptake of new lower-emission technologies and processes (UK Government, 2019). 

Meanwhile, the state of California is using public procurement to drive lower 

emissions through the Buy Clean California Act. From 2021 the state will set a 

benchmark for the greenhouse gas intensity of building materials, including steel, 

to be eligible for use in state-funded projects (California Legislative Information, 
2017). The Swedish Transport Authority has also developed a methodology to 

integrate life-cycle accounting into its procurement decisions, which can promote 

low-emission material purchases (Swedish Transport Administration, 2017). 

Encouraging progress in the private sector 
Private-sector stakeholders are also making efforts to reduce emissions from the 

steel industry. A number of steel producers and industry associations have set low 
emission targets and developed sustainability roadmaps. For example, ArcelorMittal 

Europe, thyssenkrupp, Tata Steel Europe and the Canadian Steel Producers 

Association have each set a 2050 target of carbon neutrality for their steelmaking, 

although most mention carbon neutrality in general and do not specify whether they 

would allow use of offsets to achieve neutrality. SSAB’s goal for all its steel to be 

fossil-free by 2045 is more ambitious, while Liberty Steel Group plans to achieve 

carbon neutrality by 2030, with a focus on scrap-based production and offsets.  

Some notable roadmaps include those produced by Eurofer (the European steel 

association), the Japan Iron and Steel Federation and The Energy and Resources 
Institute in India (EUROFER, 2019; JISF, 2019; TERI, 2019). Work is also underway to 

develop a steel sector initiative under Science Based Targets, a collaborative project 

promoting company-based CO2 emission reduction targets (Science Based Targets, 

2016). Furthermore, the World Steel Association is working on a number of emission-

reduction initiatives, such as its “step up” programme (Box 4.1).  

Box 4.1 World Steel Association “step up” programme 

The World Steel Association is the industry association for the global steel industry. 
Its membership covers around 85% of global steel production, and includes several 
national and regional associations and research institutes. The organisation places 
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a strong focus on the impact of its industry on climate change and the environment, 
alongside its other core activities of providing data and insights on a range of 
strategic issues facing the sector. One example of its environment-orientated 
activities is its “step up” programme (World Steel Association, 2020a).    

Launched in 2019, step up is an initiative to accelerate the industry’s progress in 
operational and environmental performance in the short term towards the levels 
achieved by its top performers. It aims to ensure that the industry adopts 
operational best practices and efficiency improvements where possible. A voluntary 
programme, it uses lean techniques to incrementally improve on the four 
parameters that most influence the CO2 emissions of commercially available 
primary steelmaking processes: 1) raw material quality, 2) process yield, 3) energy 
intensity, and 4) process reliability. 

Making use of the existing worldsteel benchmarking system, steel producers can 
submit data in a standardised format using common conversion factors. This allows 
external variability to be eliminated and the industry to focus on the four levers 
under its direct control. After submitting data, each member analyses its own 
performance, carrying out internal assessments across all of its plants and 
identifying the best performance within the organisation. As part of the programme, 
worldsteel requires members to submit an annual improvement plan and 
performance report for the site and organisation. If requested, worldsteel can also 
carry out a verification step to support the development of the improvement plan. 

In developing the programme, worldsteel found that yield and energy 
improvements can result in significant OPEX savings (in the range of USD 12-20 /t 
crude steel), thus providing a significant financial incentive for participation. In 
2019, nine sites were audited and seven reports were prepared and accepted. 
Learning from physical site visits means that future reviews can be carried out 
virtually. 

 

The steel industry is also developing new clean technologies to reduce emissions 
further in the long term. One of the largest initiatives in this area was the Ultra-Low 

Carbon Dioxide Steelmaking (ULCOS) programme. Launched in 2004 by a 

consortium of 48 European companies and organisations, and funded by the 

participating companies and the European Commission, the programme aimed to 

develop technologies to reduce CO2 emissions by at least 50% relative to the 

modern blast furnace-basic oxygen furnace route. While the project put forward 

several technology concepts, its proposed pilot project to retrofit the Florange 
steel plant in France with post-combustion CCS did not go ahead – the project 

withdrew its application from NER300 in 2012. Despite the ULCOS programme itself 

ending, several of its technologies have been carried forward: the HIsarna project 
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to develop innovative smelting reduction by Tata Steel; blast furnace with top-gas 

recycling by ArcelorMittal; and the ideas for both alkaline and molten direct 
electrolysis (Birat, 2020; Tata Steel, 2017; ArcelorMittal, 2019).  

A renewed push for very low-emission steelmaking now appears to be underway, 
with numerous other projects making progress. These include the launch of the first 

commercial steel carbon capture and storage (CCS) project by Al Reyadah and 

Emirates Steel at a gas-based direct reduced iron (DRI) plant in Abu Dhabi; the 

HYBRIT, ArcelorMittal Hamburg, Salcos and other projects developing electrolytic 

hydrogen-based DRI; and Carbon2Chem, Steelanol and others developing carbon 

capture for use (see additional projects and details in Table 2.1 in Chapter 2). 

Furthermore, the World Steel Association’s Global Technology Innovation Expert 
Group is playing an important role in facilitating industry collaboration and 

information sharing on technology R&D. 

With regard to emissions data and certification, the global non-profit organisation 

ResponsibleSteel has worked with steel producers and users to develop a social 

and environmental sustainability standard and certification programme for steel. 

The first version of the standard was published in late 2019 (ResponsibleSteel, 

2019). Additionally, the International Organization for Standardization and the 

World Steel Association have each developed standardised methodologies for 

conducting life-cycle inventories of steel products (ISO, 2018; World Steel 
Association, 2017). These types of standards will be important to establish common 

and robust criteria for differentiating low-emission steel for buyers, incentive 

programmes and regulation.  

The World Steel Association has also developed a programme to collect and report 

CO2 emissions data for steel producers according to standardised data collection 

guidelines. This is a useful initiative for steel plants to benchmark themselves 

amongst their peers (World Steel Association, 2020b). The recently launched “step 

up” programme builds on this, using benchmarking to promote short-term CO2 

emission reductions and operational efficiency improvements (see Box 4.1). 

Partnerships between the private sector, governments and other organisations 

have an important role to play, as seen through examples like COURSE 50 and 
ULCOS. As a more recent example, a coalition of governments and companies 

launched a new Leadership Group for Industry Transition at the 2019 UN Climate 

Action Summit. The group is aiming for transformational change in hard-to-

decarbonise and energy-intensive sectors, including steel (UN Climate Action 

Summit, 2019). Additionally, in 2019 the World Economic Forum and the Energy 

Transitions Commission launched the Net-Zero Steel Initiative. Part of the Mission 

Possible Platform, it aims to mobilise industry leadership in support of policies 
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favourable to low-emission steel (Energy Transitions Commission, 2019; World 

Economic Forum, 2020). China’s Baowu Steel Group also proposed in late 2019 the 
formation of a Global Green Low Carbon Metallurgy Alliance, although details are 

yet to be unveiled (Asian Metal, 2019). 

Initiatives involving financial institutions and investors 
The financial sector is also making efforts to promote more sustainable investments, 

which will have an impact on the iron and steel sector. The Task Force on Climate-

related Financial Disclosures (TCFD), established by the Financial Stability Board, is 
helping companies understand the information financial markets want so they can 

measure and respond to climate change risks. It is developing voluntary climate-

related financial risk disclosures to better inform investors (TCFD, 2020). Various non-

profit organisations are encouraging stakeholders to integrate climate risks in their 

investment strategies and financial regulations. Some financial institutions are now 

offering sustainability-focused investment information. For example, S&P Global 

Ratings is working towards incorporating environmental, social and governance 
(ESG) factors into its credit rating methodologies (S&P Global, 2018).   

For steel in particular, a consortium of sustainability and climate change investor 
groups has laid out a series of expectations for steel companies, which their 

investors can use for investment decisions and proxy voting (IIGCC, 2019). 

Additionally, the CDP, a non-profit that runs a global environmental disclosure 

system, has launched a CDP League Table that ranks 20 of the largest steelmakers 

according to their business readiness for a low-emission transition, including their 

transition risk and climate strategy (CDP, 2019). It has the objective of providing 

guidance to investors on climate-related topics that they can raise with the 
companies they invest in.  

An important aspect of sustainable investments is setting criteria for what 
constitutes “green” or “sustainable”. This can be done through standards and 

classification (or “taxonomy”). The International Organization for Standardization is 

currently developing a standard for green bonds (ISO 14030), building upon the 

Green Bond Principles established by the International Capital Market Association 

and other existing classifications (ISO, 2020). It aims to provide credibility and 

uniformity for assuring green bonds.  

Meanwhile, the European Union is developing a sustainable finance taxonomy, a 

classification system covering six environmental objectives (including climate 

change mitigation) (European Council, 2020). The Taxonomy Regulation was 
approved by the European Parliament in June 2020, and the system will be further 

developed over the course of 2020-21 (European Commission, 2020e). The 
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Technical Expert Group on Sustainable Finance has already laid out a 

recommended taxonomy for climate change mitigation and adaptation 
performance (European Commission, 2020f). For iron and steel, the suggested 

mitigation threshold for eligibility as a sustainable investment is steel production 

with greenhouse gas emissions lower than the EU ETS benchmarks, including 

mitigation measures that are part of a concrete plan to meet the threshold. It is 

noted that once breakthrough technologies become commercially available, the 

threshold will need to be updated to reflect the possibility of achieving lower 
emissions.  

Dialogue is also ongoing between stakeholders to create a market consensus on 

standards for “transition bonds”. This includes bonds for emissions-intensive 
industries that may not yet be eligible for finance through “green” bonds, but will 

need finance for their transition towards near-zero emissions. 

Recommendations for accelerating progress 
Despite the encouraging efforts, the iron and steel sector’s absolute emissions 

continue to rise because of the increased output required to meet global demand. 
Greater ambition in policymaking and innovation is needed to put the sector on a 

path to achieving deep CO2 emission reductions. Effort is called for on many fronts 

from a diversity of stakeholders (Figure 4.1), as discussed in further detail in the 

following sections.  

The overarching driver of change lies in setting long-term plans and establishing a 

clear, reliable long-term policy signal for emission reductions early on. Governments 

must put these in place to support the steel industry’s transitions. Additionally, 

targeted policies are needed for specific technology categories, including emissions-

intensive technologies that will still be required for some years to come, clean 
technologies that are market ready, and clean technologies that are at earlier stages 

of development. Similarly, a focus on material efficiency can help increase scrap 

available for secondary production and achieve more from each tonne of steel, 

thereby reducing the need for new steel. Conditions need to be put in place to 

support initiatives targeted at steel technology, including establishing a level playing 

field for steel companies around the world, developing supporting infrastructure 

such as decarbonised power inputs, and improving data collection and reporting.    
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 A framework for accelerating the iron and steel sector’s clean energy 
transitions 

 

IEA 2020. All rights reserved. 

Stakeholders will need to collaborate on multiple fronts to drive the iron and steel sector’s 
transition to a more sustainable pathway, including long-term planning and policy signals, 
targeted technology strategies and enabling conditions.  

Given the speed with which action is needed, as well as the long timeframes 

involved, it is critical to long-term success to establish as early as possible reliable 

policies, support mechanisms and planning initiatives (Box 4.2). In the shorter term, 

many of the emission reductions will be driven by policies that address existing 

emissions-intensive assets, deploy commercially available low-emission 
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steelmaking technologies and accelerate material efficiency. Nonetheless, the 

groundwork for long-term emission reductions needs to be laid in the next decade, 
including demonstrating very low-emission technologies and developing the 

necessary supporting infrastructure and data tracking schemes. 

While many of these same components are needed everywhere, varied regional 

circumstances will affect their relative importance and the specifics of planning 

and policy design. For example, in regions where a large proportion of in-use stocks 

of steel in society are approaching end-of-life, it will be important to maximise scrap 

collection rates and improve the segregation of different qualities of scrap. This 

enables rates of scrap use to be as high as possible (in that region itself or in other 

scrap-importing regions). In regions with relatively young fleets of emissions-
intensive primary production, it will be important to explore opportunities for 

retrofitting and, where economically preferable, perhaps even early retirements. 

Where growth in capacity is expected, in the near term it will be particularly 

important to build plants “retrofit-ready”, that is, with a configuration that more 

easily accommodates low-emission processes as they become available. Also, 

plants could be built in industrial clusters for future shared access to infrastructure.  

Collaboration between governments and steel producers is a fundamental aspect 

of accelerated action. Support from other stakeholders will also be important, 

including intermediate and final steel users, financial institutions and investors, 
other industries, technology suppliers, trade unions, researchers and non-

governmental organisations. Collaboration both internationally and regionally will 

be helpful in numerous ways, including: 

• establishing common levels of ambition 

• planning low-emission pathways 

• designing suitable policies 

• sharing knowledge and best practices 

• co-ordinating and partnering in innovation 

• pooling funds for investment in new technologies 

• transferring technologies 

• developing shared clean energy supplies, CO2 transport and storage 

infrastructure, and recycling networks 

• formulating common data schemes. 
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Box 4.2 Laying the groundwork: Critical steps for the next ten years to enable 
long-term progress towards sustainable steelmaking 

The transformation envisioned for the iron and steel sector by 2050 in the 
Sustainable Development Scenario may seem daunting to some. Over the span of 
only 30 years, conventional blast furnace-basic oxygen furnace production would 
decline from 70% of production today to only 30%. Scrap-based electric furnace 
production would double. And innovative technologies incorporating CCUS and 
hydrogen would grow to account for nearly 40% of primary steelmaking.  

Given the long lifetimes of steel plants and the time required for innovation and 
infrastructure roll-out, the transition cannot happen overnight. That is why the next 
ten years – from now to 2030 – is a critical window to lay the groundwork needed 
for long-term success. Governments and decision makers should consider the 
following three important areas for short-term action and policy: 

• Technology performance and material efficiency. Measures can already be taken 
today to make more efficient use of energy in steelmaking and of steel itself. They 
include operational performance improvements and adoption of best available 
technologies in steel plants, and material saving measures across value chains. In 
addition to achieving short-term emission reductions, improving the 
performance of existing steel plants and setting the stage for long-term 
reductions in demand for steel leads to lower emissions for the sector in the 
longer term. This would ease the burden by reducing the absolute number of steel 
plants with innovative technologies needing to be deployed. 

• Existing assets and new infrastructure. A plan must be put in place to deal 

with existing steel plants that acknowledges the decline in the CO2 intensity of 
production required just one investment cycle away. At the same time, a 
co-ordinated push to plan and build new supporting infrastructure – for 
hydrogen, low-emission electricity generation and CO2 transport and storage – is 
needed in the short term so that it will be ready for rapid deployment of innovative 
steelmaking technologies post-2030. Establishing early on a clear, stable policy 
signal for long-term emission reductions will be an important catalyst for making 
decisions about existing and new infrastructure. 

• R&D and demonstration. Pilot and demonstration projects for innovative near-
zero emission technologies over the next decade must be consistent with 
deployment ambitions post-2030. Government financial support and 
co-ordination will be critical. Additionally, preparations can already begin on 
demand-pull mechanisms so that the market is ready to support higher-cost near-
zero emission steel when it becomes available. 
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We are in unprecedented times – the economic crisis in the wake of the Covid-19 
pandemic will surely pose some challenges for short-term action. But sustainable 
recovery plans can also present an opportunity to spur action and support clean 
technology development and deployment. The decisions taken today will set the 
path for the steel sector for decades to come, and we cannot afford further delays.  

Governments and decision makers should have 2030 firmly in mind as a critical 
milestone for laying the groundwork for a near-zero emission steel sector. Through 
decisive short-term action and co-operation among stakeholders – both regionally 
and internationally – the path to 2050 and beyond will become all the more 
achievable. 

Framework fundamentals: planning and policy for long-
term CO2 emission reductions  

A clear vision of the trajectory ahead – and a solid commitment to that path – will 

serve as the foundation for more rapid progress. Developing plans, setting targets 

and legislating long-term policy are all key components of commitment. While the 

Covid-19 crisis has demonstrated the unpredictability of events, it is nevertheless 

essential to have a clear vision about the overall direction and ambition. 

Governments should provide clarity and certainty for stakeholders with a two-

pronged approach: by developing a clear long-term vision for the steel industry’s 
sustainable energy transition in national energy and climate strategies; and adopting 

a comprehensive industrial policy framework that is compatible with, and supportive 

of, climate objectives. Such policy commitment will help steel companies and 

intermediate steel users establish a business case for the necessary investments, and 

provide confidence that innovating today is likely to be profitable in the longer term. 

Actively involving the steel industry in planning or roadmapping exercises is vital to 

ensuring a shared vision.  

A just transition lens will be important, and therefore plans should include provisions 

for minimising employment and other social impacts. These could provide training 
for workers to operate new low-emission steelmaking technologies and perhaps also 

for entirely new roles, such as in more materially efficient construction and steel 

reuse networks.  

Long-term planning should be backed by mandatory long-term emissions reduction 

policy, ideally enforced by legislation. This may include carbon pricing in the form of 

carbon taxes or an ETS, or a tradeable emissions performance standard that would 

require a decreasing average emission intensity of steel. Policy stringency should 

increase over time in a predictable manner. It could begin at lower levels to 
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incentivise early action such as energy and material efficiency improvements, 

moving to levels that in time are sufficient to incentivise a large-scale shift to low-
emission production once the required technologies have been commercialised and 

supporting infrastructure built.  

Careful policy design will be crucial to ensure that steel companies remain 

competitive throughout the transition. This may include measures such as: 

• The free allocation of permits below a benchmark in an ETS. 

• The well-thought-out use of revenues from carbon pricing schemes to assist steel 

companies while accelerating the transition (e.g. funding innovation in and 

deployment of low-emission steelmaking technologies). 

• Measures to maintain international competitiveness (see further discussion below 

in “International co-operation and a level playing field”).  

Furthermore, a mandatory emission reduction policy alone will not be enough to 
drive deep emission reductions – it must be complemented and supported by the 

other components discussed in subsequent sections.  

In the private sector, developing corporate strategies for the energy transition can 

facilitate long-term business planning, bring shareholders and employees of the 

company on board with a common vision, and show commitment to investors whose 

continued support will be needed. Strategies should include clear long-term targets 

and lay out a pathway to achieve them, including investment and retrofitting 

planning, R&D and risk management. One component could be sustainability training 

and capacity development for company employees, including at the executive and 
management level. The steel industry can also engage with government through 

roadmapping exercises, voicing support for introducing CO2 emission reduction 

policies, and providing feedback to ensure appropriate policy design. 

Non-governmental organisations and researchers can play a supporting role by 

providing information about the current status of the industry and galvanising 

support for emission reductions in the steel sector and the energy system as a whole.  

Key actions: 

• Government: develop a sustainable transition plan for the steel industry, 

coinciding with the national climate plan and industrial strategy, through 

engagement with the steel industry; establish long-term emission reduction policy 

such as legislating an ETS or tradeable standards; develop or fund programmes to 
train steel industry workers to use clean steelmaking technologies or for new roles 

as needed. 
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• Steel industry: develop company strategies for the sustainable energy transition; 

engage with other stakeholders in sectoral roadmapping exercises, including 

cross-sector approaches and roadmaps; actively support and provide feedback on 

the design of government emission reduction policies. 

• Researchers and non-governmental organisations: contribute to regional 

roadmaps that identify key challenges and action plans tailored to local 

circumstances; galvanise support for industry transition. 

• Financial institutions and investors: develop and invest in sustainable investment 

schemes. 

Targeted actions for specific technologies and strategies 

Managing existing assets and near-term investment 
Given that steel plants typically have a lifetime of around 40 years and investment 

cycles of around 25 years, emissions-intensive plants built recently will need careful 

management. This also applies to plants added to the fleet in the next decade before 

very low-emission steelmaking technologies are commercially available.  

For existing assets, owners and operators can pursue energy efficiency gains to meet 

best available technology standards, adding equipment like waste heat recovery and 

improving process operations to ensure maximum potential efficiency. Governments 

can assist by introducing benchmarking schemes, tradeable energy performance 

standards and incentives for waste heat recovery, and by offering public financing 
schemes, tax relief and accelerated depreciation to help with large upfront 

investment costs. While efficiency improvements can pay for themselves in a 

reasonable time period, they should be balanced with the need for fundamental 

technology shifts in a decade or two, and thus should be pursued to the extent that 

they do not create investment “lock-in”. Mandatory efficiency policies could include 

exemptions for plants close to retirement, and could be phased out as the stringency 

of carbon pricing or emission standards are ramped up to enable firms to make their 
own cost-effective decisions. 

Opportunities to retrofit or convert existing assets to very low-emission technologies 
(such as CCS or hydrogen) should be pursued as technologies and decarbonised 

energy inputs become available. Where this is not possible due to plant configuration 

or other complications, governments could exempt existing capacity – for a time-

limited period – from emission policies applied to new plants to reduce the costs of 

stranded assets. Alternatively, governments could directly support the retirement of 

emissions-intensive technologies prior to the end-of-life. 
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With regard to near-term investment, an important step is for any new plants to be 

built retrofit-ready – that is, with adequate space and technical characteristics to 
allow the smooth transition to very low-emission pathways, such as those involving 

CCS, hydrogen or biomass. This will help avoid the potential for stranded assets 

resulting from increasingly stringent regulatory requirements in the future. Decision 

makers should also prioritise, where possible, bridging technologies that already 

achieve emission reductions relative to conventional production, and which can also 

be easily converted to near-zero emissions. An example of this is natural gas-based 
DRI, which can later be converted to hydrogen or CCS. Strategically locating new-

build plants in industrial clusters can provide opportunities for heat cascading, 

enabling waste heat to become a resource, and in some cases opportunities for CCU 

and future shared access to the infrastructure needed to incorporate near-zero 

emission processes. 

Governments can also apply so-called “technology sunset” policies to prevent high-

emission facilities from being built beyond a certain future date, taking into account 

the time needed to develop low-emission production pathways. The policy may also 

include a requirement for already-built high-emission facilities to either retrofit low-
emission technologies or shut down by a certain date. Similar policies that countries 

have implemented to phase out coal-fired power generation provide a model. The 

timing of such policies is critical to provide the appropriate signal for industry actors. 

For them, it may be preferable to slightly postpone retirement of an existing plant 

that has reached the end of its investment cycle until it can be replaced by one with 

much lower emissions, rather than retire the plant and replace it with a conventional 

plant that would have the incentive to operate for decades.  

Financial institutions and investors also have a role to play here, since finance is key 

to steel plant capacity additions. Sustainable finance schemes, classifications and 

sectoral risk assessment frameworks can help set the bar for what are acceptable 
emission levels and guide investment away from potentially stranded assets. These 

tools should be well-designed, using appropriate technical expertise and taking into 

account regional circumstances. If enough investors take part, they could put a real 

constraint on the ability to build new emissions-intensive capacity, while making it 

easier to access finance for low-emission technologies. The steel industry itself 

should begin planning appropriately for the roll-out of breakthrough technologies, 
with the expectation that the next generation of production capacity will need to be 

near-zero emission. 

While the steel sector should make all reasonable efforts to reduce its own emissions, 
in the shorter term while breakthrough near-zero emission technologies are still 

being developed, this may be very challenging in some instances. Steel companies 

with ambitious emission reduction targets may, in the near term, prefer to purchase 
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verified offsets for the emissions they cannot avoid. They would thus be contributing 

to global emission reductions while awaiting and working towards market 
introduction of new technologies.  

Key actions: 

• Government: develop energy efficiency improvement schemes; provide 

incentives for low-emission technology retrofits; adopt retrofit-ready requirements 

for new-build plants and sunset clauses to restrict new-build capacity from using 

emissions-intensive technologies; consider differentiating requirements for 

existing and new plants in emission regulations. 

• Steel industry: consider opportunities for improving process operations in existing 

plants by participating in schemes like worldsteel’s step-up programme and 

retrofitting them with low-emission technologies; build new plants retrofit-ready; 

carefully plan timing of retrofits, retirements and new builds according to 

availability of low-emission technology. 

• Financial institutions: provide finance for energy efficiency measures aimed at 

immediate CO2 emission reductions, before breakthrough near-zero emission 

technologies are commercialised; use sustainable finance classifications and 

indices, and climate-related financial risk assessment frameworks and credit 
ratings to guide investments away from emissions-intensive technologies and 

avoid stranded assets. 

Creating a market for near-zero emission steel 
New near-zero emission technologies are likely to be considered higher risk and 

initially to be significantly more expensive than incumbent technologies as they 
reach market introduction. They may therefore struggle to secure private finance and 

to compete in the market. This means it will be important to establish stable, early 

market demand for near-zero emission steel production, giving greater certainty to 

investors in earlier stages of development (piloting and demonstration) and in the 

first commercial projects. Doing this will enable continued development to bring 

costs down.  

“Niche markets” have played a critical role in the deployment of innovative 

technologies in the past, a prominent example being feed-in tariffs for solar and wind. 

Setting clear standards and certification for low-emission steel will be integral to 
market creation (see further discussion in “Tracking progress and improved data” 

section). Targeting markets for near-zero emission primary production will be 

particularly important, so as to avoid the niche market being filled mostly by 

secondary production – this would limit the incentive to develop innovative primary 

production technologies, which are a higher risk but essential.  
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Early demand-pull could be generated through public or private procurement, where 

government or intermediate steel users like car manufacturers or construction 
companies would pay a premium for low-emission steel. This could take the form of: 

• fixed contracts with specific steel producers for first-of-a-kind production 

• longer-term purchase commitments for low-emission steel in general 

• a pooled purchase commitment with other interested parties 

• legislated requirements for low-emission steel in publicly funded projects in the 

case of public procurement.  

This could benefit the steel purchaser by improving its corporate sustainability image 

or providing opportunities to market to green consumers. “Low-carbon” aluminium 

is already being offered at a premium on the market, driven in part by demand from 
electronic and car companies like Apple and Toyota, and could provide learnings for 

the development of a low-emissions steel market (Carbon Trust, 2020; Reuters, 2017). 

Another option is for governments to grant a premium for low-emission production, 

referred to as a “carbon contract for difference”, a policy concept conceived in the 

power sector. Rather than purchasing steel directly, government would put out a 

tender for low-emission steel and fund the difference in the cost of production relative 

to conventional higher-emitting production (including differences in OPEX) for a 

guaranteed volume of steel, somewhat similar to a feed-in tariff for renewable energy. 

The policy would act like a guaranteed carbon price that is sufficient for low-emission 
production to become economically viable. The certainty provided by a contract for 

difference could present a considerable advantage over other instruments that may 

provide shorter-term, less certain and more fragmented demand pull (Vogl, Åhman, 

and Nilsson, 2020; Sartor and Bataille, 2019). The cost of a project like this may be large 

– possibly several hundred million US dollars paid out over a decade or two to support 

the cost difference between near-zero emission and conventional production for a 

commercial-sized steel plant producing 1 Mt of steel annually. Governments could seek 
out partner governments willing to share the cost. The level of support would gradually 

fall as deployment increased and costs came down.  

Particularly after the first-of-a-kind commercial plant has been successfully deployed, 

governments could apply content regulations to support the roll-out of additional 

plants. Regulations could be formulated as a tradeable quota or certificate system 

requiring a minimum and increasing share of steel purchased in the market to be 

near-zero emission. There is a rationale to apply such regulations to intermediate 

steel consumers – they should be able to more easily pass the cost onto end-use 

consumers because, as noted in Chapter 2, the additional cost of low-emission steel 
for a house or car is likely less than 1%, and because they may be less exposed to 

international competition, at least in the case of construction.  
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Applying CO2 regulations or taxes to the embodied emissions of end-use products 

could be another method to generate demand for low-emission steel and assist with 
cost pass-through. They could take the form of life-cycle emission regulations or 

carbon added taxes. 

Finance will also be key to getting first-of-a-kind and subsequent commercial 

projects built. It is likely that the public sector will need to take on some of the 

financial risk of these early projects, which can reduce total finance costs for the 

project and some of the need for other forms of subsidy. Measures that the public 

sector can use to help with finance and risk include:  

• concessional loans (including lower interest and/or longer grace period) and/or 

subordinated loans or equity 

• debt guarantees 

• early-stage equity investment 

• tax incentives to encourage investment, such as tax rebates on new low-emission 

investment and a lower tax burden on new low-emission assets.  

Public and private financial organisations could also collaborate to develop blended 

finance mechanisms that mobilise private finance coupled with public funding taking 

on the higher risk. Financial sector sustainability schemes, such as green bonds or 

transition bonds, can again channel investment towards new low-emission 

technologies.  

Finally, governments may need to adapt regulations and permitting procedures as 

they apply to new technologies, so that the legal framework does not pose a barrier 
to low-emission technology diffusion.   

Key actions: 

• Government: procure low-emission steel; develop contracts for difference for low-

emission steel, perhaps in collaboration with partner governments; establish low-

emission steel content regulations; help finance initial commercial projects. 

• Steel industry: seek out buyers willing to pay a premium for low-emission steel. 

• Intermediate and final users: consider establishing contracts and campaigns to 

pay a premium for low-emission steel, perhaps along with other buyers. 

• Financial institutions: develop blended finance mechanisms for low-emission steel 

projects, using public funding to mobilise private finance; develop sustainable 

finance products (e.g. green bonds, transition bonds) to channel investment 

towards low-carbon technologies.    
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Developing earlier-stage low-emission technologies 
Action is needed to bring very low-emission steelmaking technologies to the early 

commercial stage, given that important advances are still at the prototype and 

piloting stages (see Table 2.1 in Chapter 2). While the greatest efforts may be directed 

towards more advanced technologies, such as innovative smelting reduction with 

CCUS and hydrogen-based direct reduction, it is prudent to continue work on other 

technologies such as direct electrolysis. This would increase the likelihood of success 
and diversify the portfolio of options for different regional contexts. Innovation can 

also improve material efficiency, for example by developing improved recycling 

techniques or digitalised techniques for lightweight construction. 

Steel producers have a leading role to play in technology development, possibly in 

partnership with researchers, equipment manufacturers, other industry players and 

governments. Contributions from university researchers are particularly important 

for lab-scale R&D of new low-emission technologies.  

Public financial support is needed at all stages of innovation, from early lab-scale 

stages and piloting, to initial demonstration and large-scale demonstration. Given the 

considerable risks and uncertainties of large-scale demonstration, the availability of 

sufficient public funding for this stage is particularly important. Financial support can 
take various forms, including grants (perhaps funded through carbon pricing), low-

interest loans, concessional finance and public-private partnerships. Procurement 

and contracts for difference, mentioned in the preceding section, could also begin 

to play a role in large-scale demonstration. Since the funding requirements are quite 

large and the risk potentially high, one proposed idea is a multinational institution, 

owned by industry associations and interested governments, that funds a portfolio 

of emission reduction pilot projects in industry, thus pooling learning and risk 
(Bataille et al., 2018). 

Non-financial support from government may also be important, such as 
co-ordinating knowledge sharing and collaboration by setting up incubator 

programmes and innovation research networks. Steel industry associations similarly 

can contribute to innovation co-ordination. 

Key actions: 

• Government: provide funding for R&D and early demonstrations in low-emission 

steelmaking; co-ordinate and incentivise innovation knowledge sharing. 

• Steel industry: undertake development and demonstration of low-emission 

steelmaking technologies, including through public-private partnerships; engage 

with other steel companies and other partners to co-ordinate innovation efforts 

and share learning. 
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• Researchers: continue lab-scale research for low-emission steelmaking 

technologies. 

Accelerating material efficiency 
Material efficiency is an opportunity that is already commercially available, and can 
contribute to both near-term and long-term emission reductions.  

Effort is needed to maximise scrap collection, direct reuse and recycling, particularly 
for end uses and in regions that currently have lower collection rates. The steel 

industry and companies involved in demolition and material recovery – perhaps with 

co-ordination from government – can work towards streamlining reuse and recycling 

channels, improving waste-handling infrastructure, creating materials inventories to 

enable direct reuse, and implementing robust testing standards to ensure quality of 

reused steel. Government-led extended producer responsibility regulations, scrap 

recovery and collection requirements, and consideration of future reuse and 
recycling in design regulations can all help. Actors involved in recycling should work 

towards better separation and reduced contamination during demolition, 

dismantling and the recycling process to reduce trace elements like copper. This 

ensures the majority of steel grades can be produced via the secondary route. In 

instances where a country produces more scrap than it needs for domestic 

production, trade in scrap can maximise global scrap use.  

Work to increase the efficiency of steel use is also important, extracting more value 

from each tonne of steel and reducing demand growth. Within the steel industry, 

equipment and operating improvements could reduce in-house scrap generation. 
Much of the efficiency improvement, however, can be achieved by steel users: 

intermediate consumers that produce steel products can work towards lightweight, 

modular designs and less waste; and final users can reduce steel demand with the 

“sharing economy”, for example ride, product and desk sharing (aided by new 

sharing-based business models) and by repairing and refurbishment to extend 

lifetimes.  

Policy can help by: 

• Incorporating life-cycle emission requirements into climate and design regulations 

for products and construction. 

• Modifying design standards to include performance-based rather than prescriptive 

requirements and considerations on durability. 

• Adopting demolition fees and incentives for refurbishment to promote the 

extension of building lifetimes.  
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For further details on improving material efficiency, see “Material efficiency in clean 

energy transitions” (IEA, 2019).  

Key actions: 

• Government: co-ordinate improved recycling networks and mandate recycling 

collection, testing and quality standards; modify emissions and design regulations 

to optimise life-cycle emissions performance. 

• Steel industry: improve steel recycling and sorting systems, including quality 

control measures; improve operations to reduce in-house scrap generation; 

develop new business models that are based on value rather than quantity of 

material supplied. 

• Intermediate and final users: develop lightweight and modular designs; reduce 

material waste and direct unavoidable scrap to recycling; increase the use of 

sharing business models; retrofit and reuse to extend lifetimes; track steel grades 

employed and ensure data availability upon recycling. 

Necessary enabling conditions 

International co-operation and a level playing field 
As steel is a highly traded product, policy makers must design emission reduction 

policies with care to ensure that uneven policy ambition in different regions does 

not lead to the relocation of production to regions with lower ambition – so-called 

“carbon leakage”. The best approach would be for governments across the globe 

to work in concert to develop a policy framework that ensures a level playing field 

for steel producers across all regions, underpinned by robust accounting methods 
and verification. While a uniform international carbon price would be a least-cost 

solution from a purely economic perspective, it might be very challenging to 

achieve in practice (at least in the short to medium term), may not constitute a fair 

approach given the diversity of regional resources and circumstances, and would 

alone be insufficient to catalyse development of innovative technologies for near-

zero emission steelmaking. Such a concerted approach is also likely to face a 

variety of other barriers in practice. 

An international steel sectoral agreement may be another option, in which 

governments or industry players, or both, make a formal commitment to commonly 
agreed upon CO2 emission reduction objectives. It may not be an easy endeavour, 

particularly given the highly competitive nature of the sector. But it is likely that 

only a relatively small number of players would be needed to create a critical mass, 

given that the top ten producing countries currently account for 85% of global steel 

production and the top 50 steel companies account for nearly 60% of production 
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(the top 25 account for just over 40%). Furthermore, existing collaborative 

structures, such as the frameworks for international co-operation under the Paris 
Agreement (discussed below) or co-ordination by international associations, might 

provide a helpful starting point for an agreement. Bringing other bulk material 

sectors into such an agreement would be optimal, enabling fair competition among 

potential material substitutes. 

Despite the practical barriers, governments and industry should continue working 

to increase global ambition. But a lack of full policy coherence should not be reason 

to delay action. Initially individual governments may be able to implement carbon 

prices that incentivise some changes, but which are low enough to avoid major 

competitiveness concerns. They may be able to include special provisions for 
globally traded industries, such as free allowances for emissions below a target 

benchmark in a cap and trade system. At higher levels of policy ambition, however, 

other solutions are likely needed to account for the risks of carbon leakage and 

ensure that strong policies can achieve actual emission reductions in global terms. 

One approach being discussed in some regions, such as at EU level, is carbon 

border adjustments, in which countries with more ambitious policy place a tariff on 

imports based on their CO2 footprint. These could be placed on individual products 

or materials, such as steel or steel-containing goods, and would require appropriate 

tracking of material carbon intensities. This can present substantial technical 
complexities and is likely to require considerable resources for robust certification 

and tracking. Doing so would account for the added costs of both explicit carbon 

pricing and other regulations that implicitly price carbon, so that domestically 

produced and imported steel face the same CO2 emission requirements. “Climate 

clubs” have also been posited by the research community as an alternative 

formulation, in which a coalition of willing countries agrees to a common policy 

ambition and places a blanket tariff on all imports from countries outside the club 
(Nordhaus, 2015).  

Careful design of such tariff policies would be imperative to ensure compliance 
with international law, notably World Trade Organization requirements. 

Furthermore, tariffs would need to consider design elements, firstly to avoid 

penalising primary production relative to already lower-emission scrap-based 

production (which could simply lead to more trade of steel produced from scrap 

without providing any overall emissions benefit or incentive to reduce primary 

production emissions), and secondly to encompass (as far as reasonably possible) 

indirect steel imports in goods made largely of steel, to maintain the 
competitiveness of steel-based value chains. It also should be noted that while 

tariffs would support the competitiveness of domestic production relative to 

imports, exports would still face competitiveness challenges in the global market. 
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Export subsidies to address this would likely be costly and perhaps be very 

challenging to apply while remaining compliant with international trade law. 

An alternative and potentially less politically challenging solution than tariffs could 

be consumption-based regulations for materials. With this approach, emissions 
reduction regulations are placed on the materials going into end-use products like 

cars and buildings, rather than material production itself. Regulatory formulations 

could include a mandate for a rising share of low-emission steel use, a carbon tax, 

or a declining cap on the embedded emissions of the product. Placing the 

requirement on domestic steel use means that domestically produced and 

imported steel would face the same carbon requirements. Furthermore, this policy 

approach would reduce the burden on steel producers by facilitating cost pass-
through – product manufacturers would need to pay for the additional cost of 

lower-emission production, and could pass on the cost to the final consumer. As 

with carbon border adjustments, a major challenge of this approach would be 

developing systems for tracing the carbon content of materials, and the approach 

would address only competitiveness for imports, not exports.  

Regardless of the extent to which countries move in step on policy ambition, 

increased international co-operation will remain central to the sector’s transition. A 

key aspect will be international technology transfer, so that technologies 

developed in one country can lead to emission reductions globally. International 
climate finance, such as concessional finance provided by multilateral 

development banks, may also be helpful so that emerging economies can deploy 

low-emission technology, particularly those that may be just starting to build up 

their steel industry. 

Article 6 of the Paris Agreement could provide a valuable framework for various 

aspects of international co-operation. While its rulebook has proved contentious 

and remains to be agreed upon within the United Nations Framework Convention 

on Climate Change (UNFCCC) negotiations, Article 6 proposes to establish three 

voluntary pathways for international cooperation:  

• direct bilateral cooperation (Article 6.2) 

• an international carbon market for trading mitigation efforts (Article 6.4) 

• non-market based co-operation (Article 6.8) (UNFCCC, 2015).  
 

Direct bilateral co-operation could enable countries leading in low-emission steel 

technology to deploy their technologies in other countries, particularly emerging 

economies. The international carbon market is intended to include participation by
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private-sector actors. This could enable steel companies to put their own mitigation 

measures on the market for international support, thus generating an additional 
revenue stream for the steel company and contributing to “Overall Mitigation of 

Global Emissions” under the Paris Agreement.1 The steel sector’s past participation 

in international carbon markets (such as the Clean Development Mechanism) has 

been very low (UNFCC, 2020). This is likely because the sector is hard to abate and 

due to difficulties in demonstrating the additionality of projects, but the sector 

could choose to increase participation in future. Additionally, the rulebook for non-
market-based co-operation (Article 6.8) could provide a formal basis for initiatives 

such as an international steel sectoral agreement and technology transfer. 

Key actions: 

• Government: introduce provisions or mechanisms in emission policies that ensure 

domestic and imported production face the same emission requirements; work 

towards greater policy coherence and ambition on an international level; assist 

international technology transfer and finance. 

• Steel industry: explore possibilities to form a multi-national steel sector emissions 

reduction agreement. 

• Non-governmental organisations: facilitate international dialogue and 

collaboration through research networks, events and targeted programmes. 

• Financial institutions: multilateral development banks to create green finance 

mechanisms that incentivise investment in low-emission steelmaking technologies 

across countries. 

Infrastructure planning and development 
 

Large-scale infrastructure planning and development will be needed to enable low-

emission steel production routes. Routes relying on CCUS will call for CO2 transport 

and storage infrastructure. Meanwhile, electrolytic hydrogen-based production will 

require large-scale low-emission electricity generation and infrastructure to 

produce and distribute hydrogen, or to distribute electricity for on-site hydrogen 

production. 

Governments, the steel industry and other industries, and researchers will need to 

collaborate to plan and develop such infrastructure – including identifying suitable 
sites for carbon storage, large-scale low-carbon power generation and industrial 

 
                                                                 
1 Under the Paris Agreement, the Article 6.4 carbon market is intended to deliver “Overall Mitigation of Global 
Emissions”, which means that buying one credit would not only “offset” one tonne of CO2, but would also lead to more 
than one tonne of CO2 being reduced, thus resulting in a net reduction in overall global emissions. 
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clustering, which may facilitate shared use of infrastructure. Given the large scale 

of such networks and investments, the public sector is well-suited to play a leading 
role in: 

• co-ordinating the planning process 

• providing funding for infrastructure build-out 

• establishing clear regulatory frameworks for CCUS and electricity infrastructure 

• ensuring equal and affordable access to infrastructure regardless of regional 

constraints. 

All stakeholders, including non-governmental organisations in particular, can assist 

with raising awareness and increasing acceptance of CCUS among the public. 

Key actions: 

• Government: co-ordinate, explore business models and provide financing for the 

build-out of CCUS and low-emission electricity and hydrogen infrastructure, in 

collaboration with industry; establish a reliable legal framework for infrastructure, 

including in particular for CO2 transport and storage. 

• Steel industry: take part in planning and development of infrastructure. 

• Researchers: provide research into suitable locations for CO2 storage, low-

emission electricity generation and industrial clustering. 

• Non-governmental organisations: raise awareness and increase acceptance of 

CCUS. 

• Other industries: collaborate with governments, the steel industry and other 

industrial stakeholders in the development of CO2 transport and storage 

infrastructure. 

Tracking progress and improved data 
Good data on the emissions, energy use and technology profile of the steel sector 

and steel companies, as well as whole value chains involving steel, are essential to 
support the steel sector transition. They are useful for identifying best practices and 

opportunities for accelerated action (including through benchmarking schemes), 

monitoring progress towards objectives, developing balanced and industry-

appropriate regulation, and differentiating produced steel according to its emissions 

performance for incentive and regulatory purposes.  

The steel sector data currently available has various limitations and gaps, which could 

be reduced through enhanced data collection initiatives led by governments and 

industry associations, building upon existing systems. Particular areas for 

improvement include promoting greater participation in data collection among steel 
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companies and increasing accessibility of regionally aggregated data for researchers 

and governments. In some cases, governments may want to consider reviewing 
competition laws to ensure they are not a barrier to improved data accessibility and 

transparency, for steel as well as other industrial sectors, and to assist in the 

development of data collection systems that comply with competition requirements. 

They also might consider instituting mandatory emissions reporting.  

Steel companies themselves can benefit from better tracking of their own emissions. 

It can help them understand where they stand, identify opportunities for 

improvement and track progress. Governments and industry associations could 

undertake benchmarking and other initiatives to identify best practices and promote 

progress among lower performers. It can also be valuable to develop indicators that 
track progress towards broader sector-wide emission reduction goals in government 

policies and plans. If indicators reveal that interim objectives are not being achieved, 

policy measures can be adjusted to get back on track. 

An aspect of monitoring will be designing and applying standards for near-zero 

emission steel and labelling the CO2 intensity of steel. This will ideally be agreed upon 

internationally and through co-operation between governments and industry, 

including intermediate steel users. The methods should be practical and 

uncomplicated, to the extent possible, and build on methods suggested by the 

academic community (see, for example, Vogl and Åhman, 2019) and existing 
standards (e.g. ResponsibleSteel standard, World Steel Association life-cycle 

inventory methodology, ISO 20915). Such standards and labelling will be important 

for regulation and for buyers willing to pay a premium for low-carbon steel.  

Financial organisations can improve the information they provide to their investors 

by developing responsible investment schemes based on stringent performance 

criteria. They could issue green bonds or transition bonds that include opportunities 

to fund emission reduction and innovation projects in the steel sector. This would 

help investors who are looking for “green” investment opportunities, motivated by a 

combination of ethics and concern about climate transition risks. An aspect of this 
would be defining a customised transition risk framework for the steel industry, 

considering linear risks as well as circular models, in line with recommendations of 

the Task Force on Climate-related Financial Disclosures. To improve consistency and 

reduce data collection requirements, stakeholders can look for synergies between 

methodologies and standards for sustainable steel sector investments, CO2 

performance data collection and sustainable steel labelling. 

Steel companies can assist by disclosing their environmental performance to 

sustainable investment schemes or issuing their own green or transition bonds in line 

with accepted sustainability criteria – important steps towards greater transparency 
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and securing finance from investors. Using internal carbon pricing can also help steel 

companies understand and manage their climate transition risks.  

Key actions: 

• Government: help develop improved and verifiable data collection and 

performance evaluation schemes, building on synergies with existing data 

collection; consider adopting mandatory emissions reporting; help develop low-

emission steel labelling schemes; review competition laws to ensure compatibility 

between CO2 emission reporting and competition requirements; lead or 

participate in development of sustainable finance classifications. 

• Steel industry: monitor own performance transparently without revealing 

confidential data relating to competitiveness; help develop and provide data to 

improved data collection schemes; help develop low-emission steel labelling 

schemes; disclose environmental performance to sustainable finance schemes 

and issue green or transition bonds according to accepted criteria. 

• Financial institutions: develop sustainable/responsible investment schemes and 

transition risk frameworks; issue green or transition bonds to finance emission 

reduction projects in the iron and steel sector. 

• Researchers and non-governmental organisations: help develop low-emission 

steel labelling schemes; conduct research on regional trends, the performance 

and cost of technologies, policy performance and trade-offs within value chains 

involving steel. 
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Annexes 

Abbreviations and acronyms 

AMO  Advanced Manufacturing Office 
ARPA-E  Advanced Research Projects Agency – Energy  
BAT  best available technology 
BF-BOF  blast furnace-basic oxygen furnace  
BOF  basic oxygen furnace 
BPT  best practice technology 
CAPEX  capital expenditure 
CDQ  coke dry quenching 
CO2  carbon dioxide 
CCS  carbon capture and storage 
CCU  carbon capture and use 
CCUS  carbon capture, use and storage 
DC  Designated Consumer 
DMIC  Delhi Mumbai Industrial Corridor 
DMIDC  Delhi Mumbai Industrial Corridor Development Corporation 
DRI  direct reduced iron 
EAF  electric arc furnace 
EERA  European Energy Research Alliance 
EF  electric furnace 
EIP  Energy Innovation Program 
EOR  enhanced oil recovery 
ETP  Energy Technology Perspectives 
ETS  emissions trading system 
EU  European Union 
GDP  gross domestic product 
H2  hydrogen 
H2 DRI  hydrogen-based direct reduced iron 
IEA  International Energy Agency 
IF  induction furnace 
LHV  lower heating value 
NSP  National Steel Policy 
OPEX  operational expenditure 
PAT  Perform Achieve Trade 
PERD  Program of Energy Research and Development 
R&D  research and development 
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RD&D  research, development and demonstration 
SDS  Sustainable Development Scenario 
SET Plan Strategic Energy Technology Plan 
SR-BOF  smelting reduction-basic oxygen furnace 
STEPS  Stated Policies Scenario 
TRL  technology readiness level 
TRT  top-pressure recovery turbine 
ULCOS  Ultra-Low Carbon Dioxide Steelmaking 
UNFCCC United Nations Framework Convention on Climate Change 
w/  with 
ZEP  Zero Emissions Platform 
 

Units 

bcm  billion cubic metres 
EJ  exajoule 
gCO2  gramme of carbon dioxide 
gCO2/kWh  grammes of carbon dioxide per kilowatt hour 
GJ  gigajoule 
Gt  gigatonne 
Gt CO2  gigatonne of carbon dioxide 
GW  gigawatt 
kcal/kg  kilocalories per kilogramme 
kg  kilogramme 
kJ/kg  kilojoules per kilogramme 
kt  thousand tonnes 
kWe  kilowatt electrical 
kWh  kilowatt hour 
MBtu  million British thermal units 
mm  millimetre 
Mt  megatonne 
Mtce  million tonnes of coal equivalent 
Mt CO2  million tonnes of carbon dioxide 
Mtoe  million tonnes of oil equivalent 
MW  megawatt 
MWh  megawatt hour 
m3  cubic metre 
t  tonne 
tce  tonne of coal equivalent 
t CO2  tonne of carbon dioxide 
TWh  terawatt hour 
yr  year 
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Glossary 

Apparent steel use Crude steel production plus imports less exports of both 
crude steel and intermediate steel products; steel use by next-
tier manufacturers, such as vehicle makers, fabricators and 
construction companies. 

Basic oxygen furnace A steelmaking furnace that produces steel from molten iron, 
often in conjunction with some scrap, by reducing the carbon 
content of the mixture with the aid of pure oxygen.  

Best available technology Technology designs and configurations that enable the lowest 
energy intensities practically achievable for a given process 
unit with commercial technology. 

Blast furnace The main process unit used globally for the production of iron 
from iron ore.  

Carbon steel A collective term for steel where the main alloying element is 
carbon. 

Clinker The main active ingredient in Portland cement. Cement is 
typically composed of < 100% clinker, with clinker substitutes, 
including blast furnace slag sourced from the steel industry, 
used to make up the remainder.  

Coke Carbonised coal used in the blast furnace to chemically 
reduce iron ore. 

Coke oven An industrial oven for producing coke from coking coal.  

Coking coal Coal with a quality that allows the production of a coke 
suitable to support a blast furnace charge. It is a type of hard 
coal and has a gross calorific value greater than 23 865 kJ/kg 
(5 700 kcal/kg) on an ash-free but moist basis. 

Crude steel Steel as it emerges in its first solid state, before rolling and 
other finishing processes.   

Direct emissions CO2 emissions that are directly attributable to the iron and 
steel sector as defined in this publication, including direct 
process emissions (e.g. from the production and use of lime 
fluxes) and energy-related emissions (e.g. from the 
combustion of coal). See Box 1.3 for further details.  

Direct reduced iron Iron produced from iron ore pellets in a DRI furnace.   

DRI furnace An alternative process to the blast furnace for making iron 
from iron ore in the solid phase.  

Electric arc furnace An electric furnace for making steel from scrap and/or DRI by 
melting it with an electric arc. Oxygen and other elements are 
introduced to adjust the final composition of the steel. 
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Electric furnace A furnace grouping including electric arc furnaces and 
induction furnaces, both of which are powered using 
electricity. 

Electrolyser An electrochemical process unit for producing hydrogen from 
water using electricity.   

End-of-life scrap Scrap steel generated at the end of a steel-containing 
product’s lifetime. Synonyms include old scrap, post-
consumer scrap and obsolete scrap. 

End-use demand The quantity of steel that makes its way into end-use products 
(buildings, vehicles, machinery, etc.), excluding the quantities 
that become scrap during semi-manufacturing and 
manufacturing (home scrap and prompt scrap). As such, total 
end-use demand is lower than total production. 

Finished steel Steel products in their final finished form, ready to be used in 
the manufacture of steel-containing goods. Key examples of 
finished steel products include coil, sheets, strips, wire, bars, 
rods, tubes, pipes, rail and plated/coated versions of each of 
these products. 

Home scrap Scrap steel generated due to the imperfect yields of 
steelmaking, rolling and finishing processes within a site. 
Synonyms include return scrap, internal scrap and semi-
manufacturing scrap.  

Hot metal Molten iron produced in the blast furnace or smelting 
reduction furnace. 

Hydrogen-based DRI An alternative DRI process currently under development to 
produce sponge iron from pellets using hydrogen as the 
reduction agent instead of a mixture of hydrogen and carbon 
monoxide as in a regular DRI furnace.  

Indirect emissions CO2 emissions from the generation of electricity and imported 
heat that are consumed in the iron and steel sector.   

Induction furnace An electric furnace that utilises electromagnetic induction to 
make steel from scrap (sometimes iron is also used).   

Innovative blast furnace A class of retrofit and new-build processes currently under 
development to adapt commercial blast furnace designs to 
make them more amenable to CO2 capture. 

Innovative smelting  
reduction 

An alternative class of smelting reduction process currently 
under development that reduces energy consumption and 
produces a concentrated stream of CO2 that is more amenable 
to capture.  

In-use stocks The amount of iron and steel contained in end-use products 
(buildings, vehicles, machinery, etc.) in use in society at a 
given point in time. 

Iron ore The primary virgin raw material input to steelmaking. 
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Lime fluxes Limestone and dolomite, either used directly or after 
processing (e.g. into lime) that help remove impurities such as 
sulphur, phosphorus and silica in the ironmaking and 
steelmaking processes. 

Lump ore A type of iron ore that is already of the correct size and 
concentration to be added to the ironmaking process directly, 
without intermediate upgrading processes. 

Metallic inputs The combined total of scrap and iron inputs to a steelmaking 
furnace. 

Open hearth furnace A largely superseded furnace design for producing steel from 
iron and often some scrap.  

Pellets An enriched form of iron ore used as an input to DRI furnaces 
and blast furnaces.  

Pig iron A solid form of iron with a high carbon content produced from 
iron ore in a blast furnace or smelting reduction process.  

Primary production Steel production that uses iron ore as its primary source of 
metallic input. 

Prompt scrap Scrap steel generated during the manufacture of steel 
products by first-tier customers, such as vehicle makers. 
Synonyms include new scrap, industrial scrap and 
manufacturing scrap. 

Rolling processes After steel is cast, it makes its way through a variety of semi-
finishing and finishing processes to adjust its size and material 
properties. Rolling is a key process among these, and can be 
carried out hot or cold.  

Scrap A collective name for home scrap, prompt scrap and end-of-
life scrap. 

Secondary production Electric furnace production that is primarily fed by scrap, as 
opposed to pig iron or sponge iron. 

Semi-finished steel Steel after it proceeds through its first round of finishing 
processes, such as rolling. The main examples of semi-finished 
steel products are blooms and billets.  

Sinter An upgraded form of iron ore used mainly in blast furnaces. 
Iron ore fines are mixed with limestone and coke breeze, and 
then heated to form clumps that are more suitable for use in 
the blast furnace. 

Slag A co-product generated in blast furnaces and other 
ironmaking and steelmaking process units. 

Smelting A general term for the extraction of a metal from its ore using 
heat. 

Smelting reduction A commercial class of ironmaking processes that form an 
alternative to using a blast furnace and a coke oven. 

Sponge iron Iron produced in a direct reduced iron furnace in the solid 
phase. 
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Steel off-gases Co-product gases with significant energy content that are 
generated in various process units, most notably coke oven 
gas and blast furnace gas.  

Technology readiness level A scale used to assess where a technology is on its journey 
from initial idea to maturity; the IEA uses a scale with 11 
increments which are grouped into six categories: Concept 
(TRL 1-3), Small prototype (TRL 4), Large prototype (TRL 5-6), 
Demonstration (TRL 7-8), Early adoption (TRL 9-10) and Mature 
(TRL 11). See Box 2.5 for further details. 

True steel use In addition to apparent steel use, this metric incorporates to 
some degree the indirect trade of steel in steel-containing 
products with the aim of better-representing steel use by final 
consumers. 

Torrefaction A pyrolytic process used to upgrade the properties of biomass 
to make it suitable for use in several steelmaking processes.  
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As I write this, the steel industry around the world is 
grappling with the effects of COVID-19. The decline in global 
steel demand in the first half of 2020 is predictable but 
perhaps more painful as it came after slower than expected 
growth in 2019 due to the continuing manufacturing 
recession in the developed countries. However, it is possible 
that the impact on steel demand in the medium-term may 
turn out to be less severe than that seen during the global 
financial crisis in 2008/9. The steel industry remains at the 
core of a sustainable modern society and our products will 
form the basis for the economic recovery.
 
Meanwhile, the steel industry has reacted quickly and firmly, 
the health and safety of both our people and our customers 
being our top priority. The industry has put in hand all the 
required measures to protect people in plants and offices. 
Our plants have changed production to prioritise much 
needed equipment in the community from oxygen tanks 
to face masks to ventilators and the industry has made 
large donations to local hospitals and community support 
organisations. In these troubled times, we all pull together 
and support one another.

Foreword

Steel makes
the future 
possible.

A healthy economy 
needs a healthy steel 
industry.

Key points from this report

Dr Edwin Basson 
Director General
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Steel is essential to our society. As a permanent material 
which can be recycled over and over again without losing 
its properties, steel is also fundamental to a successful 
circular economy. From transport systems, infrastructure 
and housing, to manufacturing, agriculture or energy, the 
industry is continuing to expand its offer of advanced high-
strength steels which reduce the weight of applications and 
encourage circular economy practices. 

For society, the benefits include durable products, local jobs, 
reduced emissions and the conservation of raw materials for 
future generations.

A healthy economy needs 
a healthy steel industry

What makes up our steel use
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Years World
1950 189

1955 270

1960 347

1965 456

1970 595

1975 644

1980 717

1985 719

1990 770

1995 753

Years World
2010 1 433

2011 1 538

2012 1 560

2013 1 650

2014 1 671

2015 1 621

2016 1 629

2017 1 732

2018 1 814

2019 1 869

!

0

200

400

600

800

1 000

1 200

1 400

1 600

1 800

1950 1960 1970 1980 1990 2000 2010

million tonnes, crude steel production

million tonnes, crude steel production 

Average growth rates 
% per annum

Years World

1950-55
1955-60
1960-65
1965-70
1970-75
1975-80
1980-85
1985-90
1990-95
1995-00
2000-05
2005-10
2010-15
2015-19

7.4
5.1
5.6
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2.2
0.1
1.4

-0.5
2.5
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4.5
2.5
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Years World
2000 850

2001 852

2002 905

2003 971

2004 1 063

2005 1 148

2006 1 250

2007 1 348

2008 1 343

2009 1 239

World crude steel 
production 1950 to 2019

Steel will continue to be the backbone and enabler of 
society’s evolution and progress. It will make the world a 
better place to live. Tomorrow’s smart cities will be built on 
steel. As an infinitely recyclable and reusable asset, using 
steel helps to reduce the burden on the Earth’s resources.

Steel makes the future possible
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million tonnes, crude steel productionmillion tonnes, crude steel production
Rank Company Tonnage Rank Company Tonnage

1 ArcelorMittal(1) 97.31 26 Rizhao Steel 14.20

2 China Baowu Group(2) 95.47 27 U. S. Steel Corporation 13.89

3 Nippon Steel Corporation(3) 51.68 28 EVRAZ 13.81

4 HBIS Group(4) 46.56 29 CITIC Pacific 13.55

5 POSCO 43.12 30 Gerdau 13.13

6 Shagang Group 41.10 31 Jingye Steel 12.58

7 Ansteel Group 39.20 32 MMK 12.46

8 Jianlong Group 31.19 33 Shaanxi Steel 12.45

9 Tata Steel Group 30.15 34 Sanming Steel 12.40

10 Shougang Group 29.34 35 thyssenkrupp 12.25

11 Shandong Steel Group 27.58 36 Zenith Steel 11.93

12 JFE Steel 27.35 37 Severstal 11.85

13 Valin Group 24.31 38 Tsingshan Stainless(e) 11.40

14 Nucor Corporation  23.09 39 Nanjing Steel 10.97

15 Hyundai Steel 21.56 40 Taiyuan Steel 10.86

16 IMIDRO(5) 16.79 41 Anyang Steel 10.54

17 JSW Steel 16.26 42 Metinvest Holding 9.58

18 SAIL 16.18 43 Xinyu Steel 9.47

19 Benxi Steel 16.18 44 Donghai Special Steel 8.90

20 Fangda Steel 15.66 45 Jinxi Steel 8.73

21 NLMK 15.61 46 Erdemir Group 8.61

22 Baotou Steel 15.46 47 Steel Dynamics, Inc. 8.59

23 China Steel Corporation 15.23 48 Kunming Steel 7.73

24 Techint Group 14.44 49 SSAB 7.62

25 Liuzhou Steel 14.40 50 Jiuquan Steel 7.48

(e) = estimate

(1)  Includes shares in AM/NS India and China Oriental
(2)  Includes tonnage of Maanshan Steel and Chongqing Steel
(3)  Includes tonnage of Nippon Steel Stainless Steel Corporation, Sanyo Special Steel, Ovako AB,  

and shares in AM/NS India and USIMINAS
(4)  Includes tonnage of Serbia Iron & Steel d.o.o. Beograd and MAKSTIL A.D. in Macedonia
(5)  Combined tonnage of Mobarrakeh Steel, Esfahan Steel, Khuzestan Steel and NISCO

Notes on company ownership and tonnage calculations:
For worldsteel members, the data was sourced from their official tonnage declarations. For 
Chinese companies, the official CISA tonnage publication was used, unless especially noted. 
Figures represent consolidated tonnage ending 31 December 2019, including interests in 
subsidiaries and joint ventures.

For an extended company listing go to worldsteel.org/steel-by-topic/statistics/top-producers.
(e) = estimate

Country 2019 2018
Rank Tonnage Rank Tonnage

China 1 996.3 1 920.0
India 2 111.2 2 109.3
Japan 3 99.3 3 104.3
United States 4 87.8 4 86.6
Russia 5 71.9 6 72.1
South Korea 6 71.4 5 72.5
Germany 7 39.7 7 42.4
Turkey 8 33.7 8 37.3
Brazil 9 32.2 9 35.4
Iran 10 25.6 10 24.5
Italy 11 23.2 11 24.5
Taiwan, China 12 22.0 12 23.2
Ukraine 13 20.8 13 21.1
Vietnam 14 20.1 15 15.5
Mexico 15 18.5 14 20.2
France 16 14.4 16 15.4
Spain 17 13.6 17 14.3
Canada 18 12.9 18 13.4
Poland 19 9.0 19 10.2
Saudi Arabia 20 8.2 20 8.2
Belgium 21 7.8 21 8.0
Austria 22 7.4 24 6.9
Egypt 23 7.3 22 7.8
United Kingdom 24 7.2 23 7.3
Netherlands 25 6.7 25 6.8
Indonesia(e) 26 6.4 28 6.2
South Africa 27 5.7 27 6.3
Australia 28 5.5 29 5.7
Slovak Republic(e) 29 5.3 30 5.2
Sweden 30 4.7 34 4.7
Argentina 31 4.6 31 5.2
Malaysia(e) 32 4.5 36 4.1
Czech Republic 33 4.4 32 4.9
Thailand 34 4.2 26 6.4
Kazakhstan 35 4.1 37 4.0
Finland 36 3.5 35 4.1
Romania 37 3.4 38 3.5
United Arab Emirates 38 3.3 39 3.2
Pakistan 39 3.3 33 4.7
Byelorussia 40 2.6 41 2.5
Qatar 41 2.6 40 2.6
Algeria(e) 42 2.4 42 2.3
Luxembourg 43 2.1 43 2.2
Portugal 44 2.0 44 2.2
Oman(e) 45 2.0 45 2.0
Serbia 46 1.9 47 2.0
Hungary 47 1.8 46 2.0
Switzerland(e) 48 1.5 48 1.5
Philippines(e) 49 1.4 49 1.5
Greece 50 1.4 50 1.5
Others 15.9 15.9
World 1 868.8 1 813.6

Top steel-producing companies 
2019

Major steel-producing 
countries 2018 and 2019
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Million  
tonnes

Oxygen 
%

Electric 
 %

Open 
hearth %

Other 
 %

Total 
 %

Austria  7.4  90.4  9.6 - -  100.0
Belgium(e)  7.8  68.3  31.7 - -  100.0
Bulgaria  0.6 -  100.0 - -  100.0
Croatia  0.1 -  100.0 - -  100.0
Czech Republic  4.4  94.7  5.3 - -  100.0
Finland(e)  3.5  66.8  33.2 - -  100.0
France  14.4  69.6  30.4 - -  100.0
Germany  39.7  70.0  30.0 - -  100.0
Greece  1.4 -  100.0 - -  100.0
Hungary  1.8  80.1  19.9 - -  100.0
Italy  23.2  18.1  81.9 - -  100.0
Luxembourg  2.1 -  100.0 - -  100.0
Netherlands  6.7  100.0 - - -  100.0
Poland  9.0  54.9  45.1 - -  100.0
Portugal  2.0 -  100.0 - -  100.0
Romania(e)  3.4  67.6  32.4 - -  100.0
Slovak Republic  5.3  93.0  7.0 - -  100.0
Slovenia  0.6 -  100.0 - -  100.0
Spain  13.6  31.2  68.8 - -  100.0
Sweden  4.7  66.2  33.8 - -  100.0
United Kingdom  7.2  78.8  21.2 - -  100.0
European Union (28)  158.8  59.1  40.9 - -  100.0
Turkey  33.7  32.2  67.8 - -  100.0
Others  5.2  49.1  50.9 - -  100.0
Other Europe  39.0  34.4  65.6 - -  100.0
Russia(e)  71.9  64.1  33.6  2.3 -  100.0
Ukraine  20.8  71.2  5.8  23.1 -  100.0
Other CIS  8.0  50.7  49.3 - -  100.0
CIS  100.7  64.5  29.0  6.5 -  100.0
Canada (e)  12.9  60.6  39.4 - -  100.0
Mexico  18.5  22.8  77.2 - -  100.0
United States  87.8  30.3  69.7 - -  100.0
NAFTA  119.1  32.4  67.6 - -  100.0
Argentina  4.6  45.5  54.5 - -  100.0
Brazil  32.2  76.1  22.2 -  1.7  100.0
Chile  0.9  76.6  23.4 - -  100.0
Venezuela  0.1 -  100.0 - -  100.0
Others  3.9  6.4  93.6 - -  100.0
Central and South America  41.8  66.1  32.6 -  1.3  100.0
Egypt(e)  7.3  2.5  97.5 - -  100.0
South Africa  5.7  58.8  41.2 - -  100.0
Other Africa(e)  3.8  10.6  89.4 - -  100.0
Africa  16.7  23.5  76.5 - -  100.0
Iran  25.6  9.6  90.4 - -  100.0
Saudi Arabia  8.2 -  100.0 - -  100.0
Other Middle East(e)  10.4 -  100.0 - -  100.0
Middle East  44.2  5.5  94.5 - -  100.0
China(e)  996.3  89.6  10.4 - -  100.0
India  111.2  43.8  56.2 - -  100.0
Japan  99.3  75.5  24.5 - -  100.0
South Korea  71.4  68.2  31.8 - -  100.0
Taiwan, China  22.0  61.9  38.1 - -  100.0
Other Asia(e)  40.9  36.3  63.7 - -  100.0
Asia 1 341.1  81.6  18.4 - -  100.0
Australia  5.5  73.2  26.8 - -  100.0
New Zealand  0.7  100.0 - - -  100.0
Total of above countries 1 867.5  71.9  27.7  0.3  0.0  100.0

Million tonnes  % Crude steel output
2017 2018 2019 2017 2018 2019

Austria  7.8  6.6  7.1  96.3  95.7  96.1
Belgium  7.8  8.0  7.8  100.0  100.0  100.0
Bulgaria  0.7  0.7  0.6  100.0  100.0  100.0
Croatia -  0.1  0.1 -  100.0  100.0
Czech Republic  4.2  4.6  4.3  92.8  95.3  96.6
Finland  4.0  4.1  3.5  99.6  99.6  99.5
France  15.0  14.9  14.0  97.0  97.0  97.2
Germany(e)  41.3  41.2  38.5  95.4  97.1  97.1
Greece  1.4  1.5  1.4  100.0  100.0  100.0
Hungary  1.9  2.0  1.8  100.0  100.0  100.0
Italy  22.7  23.2  22.0  94.7  94.7  94.7
Luxembourg  2.2  2.2  2.1  100.0  100.0  100.0
Netherlands  6.8  6.8  6.7  100.0  100.0  100.0
Poland  9.9  9.9  8.8  95.6  97.2  98.1
Portugal  2.1  2.2  2.0  99.0  100.0  100.0
Romania(e)  3.3  3.5  3.4  97.6  97.6  97.7
Slovak Republic  5.0  5.2  5.3  100.0  100.0  100.0
Slovenia  0.5  0.5  0.5  80.3  80.8  80.2
Spain  14.2  14.1  13.4  98.3  98.3  98.3
Sweden  4.1  3.9  3.9  83.8  83.1  83.0
United Kingdom  7.4  7.1  7.1  98.2  98.3  98.5
European Union (28)  162.2  162.4  154.0  96.3  96.9  97.0
Turkey  37.5  37.3  33.7  100.0  100.0  100.0
Others  4.7  5.1  5.2  100.0  100.0  100.0
Other Europe  42.2  42.4  39.0  100.0  100.0  100.0
Russia(e)  58.6  59.2  59.1  82.0  82.0  82.2
Ukraine  10.8  11.4  11.3  50.4  54.0  54.0
Other CIS  8.3  7.8  7.9  99.9  99.9  99.5
CIS  77.7  78.3  78.3  76.8  77.5  77.7
Canada  10.3  10.5  10.1  78.2  78.1  78.2
Mexico  20.0  20.2  18.5  100.0  100.0  100.0
United States  81.3  85.0  87.5  99.6  98.2  99.7
NAFTA  111.6  115.7  116.1  97.2  96.2  97.5
Argentina  4.6  5.1  4.6  99.7  99.7  99.7
Brazil  34.1  34.7  31.6  97.9  97.9  98.0
Venezuela  0.4  0.1  0.1  100.0  100.0  100.0
Other Latin America  4.9  4.9  4.8  100.0  100.0  100.0
Central and South America  44.0  44.8  41.1  98.4  98.4  98.4
Egypt(e)  6.9  7.8  7.3  100.0  100.0  100.0
South Africa  6.3  6.3  5.6  100.0  100.0  98.7
Other Africa(e)  1.6  3.5  3.8  99.7  99.9  99.9
Africa  14.8  17.6  16.6  100.0  100.0  99.5
Iran  21.2  24.5  25.6  100.0  100.0  100.0
Saudi Arabia  4.8  8.2  8.2  100.0  100.0  100.0
Other Middle East(e)  8.4  10.3  10.4  99.9  100.0  100.0
Middle East  34.5  43.0  44.2  100.0  100.0  100.0
China(e)  860.0  906.3  981.4  98.8  98.5  98.5
India(e)  87.4  95.2  97.0  86.1  87.1  87.1
Japan(e)  103.1  102.7  97.7  98.5  98.5  98.4
South Korea  70.1  71.5  70.4  98.7  98.6  98.6
Taiwan, China  22.3  23.1  22.0  99.6  99.6  100.0
Other Asia(e)  33.8  39.2  40.9  100.0  100.0  100.0
Asia 1 176.7 1 238.0 1 309.3  97.7  97.6  97.6
Australia  5.3  5.7  5.5  100.0  100.0  100.0
New Zealand  0.7  0.7  0.7  100.0  100.0  100.0
Total of above countries 1 669.6 1 748.7 1 804.7  96.5  96.5  96.6

The countries in this table accounted for approximately 99.9% of world crude steel production in 2019.
(e) = estimate

Crude steel production  
by process, 2019

Continuously-cast steel output
2017 to 2019

The countries in this table accounted for approximately 99.9% of world crude steel production in 2019.
(e) = estimate.
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*The 65 reporting countries
Argentina, Australia, Austria, Belgium, Bosnia-Herzegovina, Brazil, Bulgaria, Byelorussia, 
Canada, Chile, China, Colombia, Croatia, Cuba, Czech Republic, Ecuador, Egypt, El Salvador, 
Finland, France, Germany, Greece, Guatemala, Hungary, India, Iran, Italy, Japan, Kazakhstan, 
Libya, Luxembourg, Macedonia, Mexico, Moldova, Netherlands, New Zealand, Norway, 
Pakistan, Paraguay, Peru, Poland, Portugal, Qatar, Romania, Russia, Saudi Arabia, Serbia, 
Slovak Republic, Slovenia, South Africa, South Korea, Spain, Sweden, Taiwan, China, 
Thailand, Trinidad and Tobago, Turkey, Ukraine, United Arab Emirates, United Kingdom, 
United States, Uruguay, Uzbekistan, Venezuela, and Vietnam.

In 2019, these 65 countries accounted for approximately 99% of world crude steel 
production.

Total 65 reporting countries*
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Apparent steel use (finished steel products)
World total: 1 153 million tonnes

Apparent steel use (finished steel products)
World total: 1 767 million tonnes

Crude steel production
World total: 1 239 million tonnes

Crude steel production
World total: 1 869 million tonnes

Central and South America  3.1 %
Australia and New Zealand  0.5 %

Others comprise:
Africa  2.8 %
Middle East  4.0 % 

Central and South America  3.0 %
Australia and New Zealand  0.5 %

Steel production and use: 
geographical distribution 2009

Steel production and use: 
geographical distribution 2019
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kilograms, finished steel products
2013 2014 2015 2016 2017 2018 2019

Austria 3.6 3.6 3.9 3.8 4.1 4.2 4.0
Belgium-Luxembourg 4.2 4.3 4.3 4.4 4.6 4.6 4.6
Czech Republic 5.9 6.2 6.6 6.9 7.2 7.6 7.2
France 12.6 12.5 13.2 13.0 14.1 14.1 13.8
Germany 38.0 39.6 39.1 40.5 41.0 39.6 34.9
Italy 21.9 21.9 24.5 23.7 25.1 25.8 25.5
Netherlands 3.7 3.5 3.5 4.0 4.0 4.8 4.7
Poland 10.4 12.3 12.6 13.1 13.6 14.9 13.1
Romania 3.3 3.8 4.0 4.1 4.2 4.6 4.6
Spain 10.9 11.6 12.7 12.6 13.3 13.8 13.2
Sweden 3.6 3.4 3.4 3.9 4.1 4.1 3.8
United Kingdom 9.6 10.7 10.5 10.9 11.0 10.8 10.2
Other EU (28) 14.7 15.5 16.0 17.2 17.7 19.1 19.1
European Union (28) 142.4 149.0 154.3 158.1 164.0 168.0 158.7
Turkey 31.3 30.8 34.4 34.1 35.9 30.6 26.1
Others 5.6 6.2 5.7 6.5 6.5 6.8 7.8
Other Europe 36.9 37.0 40.1 40.6 42.4 37.4 33.9
Russia 43.3 43.1 39.8 38.7 40.9 41.4 43.5
Ukraine 5.6 4.2 3.3 4.2 4.6 4.7 4.8
Other CIS 11.3 10.3 9.3 8.1 9.0 9.5 10.5
CIS 60.2 57.7 52.4 51.1 54.4 55.7 58.8
Canada 14.8 15.8 12.9 13.4 14.0 15.2 13.1
Mexico 20.6 23.5 24.9 25.5 26.5 25.6 24.2
United States 95.7 107.0 96.1 91.9 97.7 99.8 97.7
NAFTA 131.1 146.2 133.9 130.7 138.3 140.6 135.0
Argentina 5.1 5.0 5.3 4.2 4.9 4.8 3.9
Brazil 28.0 25.6 21.3 18.5 19.5 21.2 20.6
Venezuela 2.9 2.0 1.8 0.7 0.5 0.2 0.1
Others 15.7 16.6 17.7 16.8 17.3 17.8 17.6
Central and South America 51.7 49.3 46.1 40.2 42.3 44.0 42.3
Egypt 9.2 10.2 10.9 11.7 10.2 11.1 10.4
South Africa 5.7 5.1 5.3 5.0 4.7 4.7 4.5
Other Africa 21.5 22.1 22.5 21.0 19.6 20.5 21.6
Africa 36.4 37.4 38.7 37.6 34.6 36.3 36.4
Iran 19.8 19.9 19.7 19.1 20.0 19.6 18.5
Other Middle East 32.9 34.6 34.1 34.0 33.2 30.2 30.2
Middle East 52.7 54.5 53.8 53.1 53.2 49.8 48.7
China 741.4 710.8 672.3 681.0 773.8 836.1 907.5
India 73.7 76.1 80.2 83.6 88.7 96.7 101.5
Japan 65.2 67.7 63.0 62.2 64.4 65.4 63.2
South Korea 51.8 55.5 55.8 57.1 56.3 53.7 53.2
Taiwan, China 18.6 19.6 17.5 18.3 17.7 17.9 18.1
Other Asia 75.8 83.3 90.2 99.5 97.0 100.4 103.7
Asia 1 026.4 1 012.9 979.0 1 001.6 1 097.8 1 170.1 1 247.1
Oceania 6.8 7.6 7.4 6.9 6.6 6.6 6.6
World 1 544.6 1 551.5 1 505.8 1 520.0 1 633.4 1 708.4 1 767.5

2013 2014 2015 2016 2017 2018 2019
Austria 416.7 418.5 450.0 438.6 464.3 470.7 444.5
Belgium-Luxembourg 358.3 367.1 365.2 367.5 379.3 383.3 381.0
Czech Republic 554.0 584.9 622.6 649.8 676.6 712.6 673.6
France 197.3 195.1 205.3 201.4 217.8 216.7 211.9
Germany 468.3 486.7 478.5 492.2 496.0 477.0 417.9
Italy 364.1 363.0 404.2 391.2 414.3 424.9 420.5
Netherlands 222.2 205.0 206.4 236.8 233.9 283.3 273.9
Poland 272.5 322.3 330.7 346.1 358.4 392.8 346.3
Romania 163.7 191.1 200.6 205.3 213.2 234.4 238.0
Spain 232.7 248.0 272.3 269.7 284.3 296.2 283.3
Sweden 373.3 349.6 345.5 393.8 416.6 407.5 378.7
United Kingdom 147.6 163.2 159.3 164.2 164.9 161.2 150.9
Other EU (28) 198.9 210.7 217.7 235.0 242.1 261.1 261.4
European Union (28) 281.1 293.5 303.4 310.2 321.1 328.3 309.6
Turkey 412.3 398.5 437.8 426.9 442.9 371.4 313.4
Others 167.0 185.4 169.5 191.8 191.3 212.2 242.9
Other Europe 337.1 333.8 357.2 356.9 368.8 326.8 293.8
Russia 300.1 298.2 274.7 266.7 280.8 284.2 298.2
Ukraine 123.0 93.8 73.7 94.9 102.5 107.2 108.1
Other CIS 117.7 106.0 94.1 80.7 88.7 92.7 101.7
CIS 210.7 201.0 181.7 176.1 186.8 190.3 200.3
Canada 419.3 442.3 359.0 367.2 382.2 409.7 349.6
Mexico 173.1 195.0 204.2 206.7 212.4 202.9 190.0
United States 302.5 335.6 299.6 284.4 300.6 305.0 296.8
NAFTA 278.6 308.0 279.8 270.8 284.2 286.7 273.2
Argentina 120.0 117.5 122.0 96.7 112.0 108.8 87.5
Brazil 139.4 126.3 104.1 89.8 93.9 101.2 97.8
Venezuela 96.4 67.9 61.3 24.6 17.4 5.9 4.2
Others 72.8 76.0 79.9 74.9 76.1 77.3 75.4
Central and South America 105.7 99.7 92.4 79.9 83.1 85.8 81.7
Egypt 104.1 112.6 117.5 123.7 105.5 112.4 103.1
South Africa 106.0 93.8 95.6 88.4 83.1 80.7 76.4
Other Africa 22.0 21.9 21.8 19.7 18.0 18.3 18.8
Africa 32.4 32.5 32.7 31.0 27.8 28.4 27.9
Iran 258.9 256.6 251.2 240.1 247.4 239.1 223.0
Other Middle East 240.4 253.9 246.8 239.6 230.5 203.7 199.1
Middle East 228.1 231.5 224.3 217.4 214.1 197.3 189.6
China 532.7 507.9 477.9 481.6 544.6 585.6 632.9
India 57.5 58.7 61.2 63.1 66.2 71.5 74.3
Japan 508.4 528.1 491.9 486.6 504.9 514.2 498.1
South Korea 1 028.1 1 097.1 1 097.9 1 119.5 1 102.1 1 049.6 1 039.0
Taiwan, China 792.9 832.5 744.0 773.9 746.5 752.4 759.8
Other Asia 70.2 76.2 81.4 88.6 85.2 87.1 88.9
Asia 259.6 253.8 243.1 246.5 267.8 283.0 299.2
Oceania 178.6 195.4 188.6 173.9 161.8 160.7 157.5
World  214.3  212.8  204.2  203.8  216.5  224.0  229.3

million tonnes, finished steel products

Apparent steel use 
2013 to 2019

Apparent steel use per capita
2013 to 2019
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million tonnes
2012 2013 2014 2015 2016 2017 2018 2019

Germany 0.6 0.5 0.6 0.6 0.6 0.6 0.6 0.6

Sweden 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

European Union (28) 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.7

Russia 5.1 5.3 5.4 5.4 5.8 7.2 7.9 8.0

Canada 0.8 1.2 1.5 1.5 1.4 1.6 1.7 1.4

Mexico 5.6 6.1 6.0 5.5 5.3 6.0 6.0 6.0

United States   -    -  1.3 1.1 1.8 2.0 3.4 3.5

NAFTA 6.4 7.3 8.8 8.1 8.5 9.6 11.0 10.9

Argentina 1.6 1.5 1.7 1.3 0.8 1.2 1.6 1.1

Peru 0.1 0.1 0.1 0.1 0.0   -    -    -  

Trinidad and Tobago 3.3 3.3 3.2 2.5 0.1   -    -    -  

Venezuela 4.5 2.7 1.4 1.4 0.9 0.5 0.4 0.4

Central and South America 9.4 7.6 6.4 5.2 1.8 1.7 2.0 1.5

Egypt 3.1 3.4 2.9 2.5 2.6 4.7 5.8 4.4

Libya 0.5 1.0 1.0 0.4 0.7 0.6 0.6 0.9

South Africa 1.5 1.3 1.6 1.1 0.7 0.9 0.8 0.7

Africa 5.1 5.7 5.5 4.0 4.0 6.2 7.2 5.9

Bahrain   -  0.8 1.4 1.2 1.3 1.3 1.5 1.5

Iran 11.6 14.5 14.6 14.5 16.0 19.4 25.7 28.5

Oman 1.5 1.5 1.4 1.5 1.4 1.5 1.5 1.6

Qatar 2.4 2.4 2.5 2.6 2.5 2.5 2.5 2.4

Saudi Arabia 5.0 5.3 5.5 4.8 5.1 4.8 5.0 4.7

United Arab Emirates 2.7 3.1 2.4 3.2 3.5 3.6 3.8 3.7

Middle East 23.2 27.5 27.9 27.9 29.8 33.2 40.0 42.4

India 23.4 22.6 24.5 22.6 24.6 29.5 34.2 36.9

Indonesia 0.5 0.8 0.2 0.1   -  0.0 0.2 0.3

Malaysia 2.3 1.4 1.0 1.0 0.7 0.6 0.7 1.0

Asia 26.3 24.8 25.7 23.7 25.2 30.1 35.2 38.1

World 76.2 78.8 80.3 75.0 75.9 88.7 104.0 107.6

million tonnes

Production
2018

Production
2019

- Exports
2019

+ Imports
2019

Apparent
= consumption

2019
Austria 5.3 5.7 0.0 0.0 5.8
Belgium-Luxembourg 4.8 4.8 0.1 0.3 5.0
Czech Republic 4.0 3.6 0.0 0.1 3.6
Finland 2.7 2.3 0.0 0.0 2.3
France 10.5 9.9 0.1 0.2 9.9
Germany 27.3 25.5 0.2 0.4 25.8
Hungary 1.4 1.2 0.0 0.0 1.2
Italy 4.8 4.6 0.1 1.4 5.9
Netherlands 6.2 5.9 0.5 0.5 6.0
Poland 4.9 4.4 0.1 0.2 4.5
Romania 2.0 2.1 0.0 0.1 2.2
Slovak Republic 4.2 4.3 0.0 0.0 4.3
Spain 4.5 3.9 0.0 0.3 4.1
Sweden 2.9 3.2 0.0 0.0 3.2
United Kingdom 5.6 5.6 0.0 0.0 5.7
Other EU   -    -  0.0 0.1 0.1
European Union (28) 90.9 87.0 1.1 3.6 89.4
Turkey 10.5 9.9 0.0 1.2 11.1
Others 2.3 2.4 0.0 0.0 2.4
Other Europe 12.9 12.3 0.0 1.2 13.5
Kazakhstan 3.1 2.9 0.1   -  2.8
Russia 51.7 50.7 4.3 0.0 46.5
Ukraine 20.6 20.1 2.6 0.0 17.5
Other CIS   -    -  0.0 0.1 0.1
CIS 75.3 73.7 6.9 0.1 66.9
Canada 6.4 6.4 0.1 0.0 6.4
Mexico 4.4 3.8 0.0 0.3 4.2
United States 24.1 22.3 0.0 5.0 27.3
NAFTA 34.9 32.6 0.1 5.4 37.9
Argentina 2.2 2.0   -  0.0 2.0
Brazil 28.7 26.3 2.8 0.0 23.5
Chile 0.7 0.6   -    -  0.6
Other Latin America 0.2 0.2 0.0 0.2 0.4
Central and South America 31.7 29.1 2.8 0.2 26.5
South Africa 4.6 3.8 0.5 0.0 3.3
Other Africa 0.8 0.5 0.0 0.0 0.4
Africa 5.4 4.3 0.6 0.0 3.7
Iran 2.4 2.5 0.0   -  2.5
Other Middle East   -    -  0.0 0.1 0.1
Middle East 2.4 2.5 0.0 0.1 2.7
China 768.4 809.4 0.0 1.0 810.4
India 72.6 74.1 0.3 0.0 73.8
Japan 77.3 74.9 0.0 0.2 75.0
South Korea 47.1 47.5 0.1 0.2 47.6
Taiwan, China 14.8 14.5 0.0 0.4 14.9
Other Asia 11.8 14.6 0.2 0.5 15.0
Asia 992.1 1 035.0 0.6 2.3 1 036.7
Australia 3.9 3.7 0.0 0.0 3.7
New Zealand 0.7 0.7 0.0 0.0 0.7
Other Oceania   -    -    -  0.0 0.0
Oceania 4.6 4.3 0.0 0.0 4.4
World 1 250.2 1 280.7 12.1 13.0 1 281.6

(e) = estimate

 (e)

 

 (e)

 (e)

 (e)

 (e)

Pig iron
2018 and 2019

Direct reduced iron production  
2012 to 2019
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Production - Exports + Imports = Apparent
consumption

Austria 4.8 0.0 5.5 10.3
Belgium-Luxembourg - 0.0 7.2 7.1
Czech Republic - 0.0 5.3 5.3
France - 0.1 16.1 16.0
Germany 2.0 0.0 39.6 41.5
Italy - 0.0 7.7 7.7
Netherlands - 22.6 27.0 4.4
Poland - 0.0 7.7 7.7
Romania - 0.0 3.0 2.9
Slovakia - 0.0 6.3 6.3
Spain - 0.2 6.6 6.4
Sweden 27.5 22.2 0.2 5.5
United Kingdom - 0.0 8.9 8.9
Other EU - 0.4 5.6 5.2
European Union (28) 34.4 45.6 146.7 135.4
Bosnia-Herzegovina 1.4 0.0 0.0 1.4
Norway 2.0 1.7 0.0 0.3
Turkey 6.1 0.8 10.7 16.1
Other Europe - 0.0 2.2 2.2
Europe 43.9 48.2 159.7 155.4
CIS 180.4 67.5 8.3 121.2
Canada 52.4 47.7 10.1 14.8
Mexico 13.6 0.4 3.3 16.5
United States 49.0 13.0 5.7 41.7
NAFTA 115.0 61.1 19.1 73.0
Brazil 448.0 394.2 0.0 53.8
Chile 14.5 13.9 - 0.5
Peru 10.6 11.9 - -1.3
Venezuela 4.0 2.5 - 1.5
Other America 0.3 0.4 5.4 5.4
Central and South America 477.4 423.0 5.4 59.9
Liberia 4.6 3.6 - 1.0
Mauritania 10.8 11.9 - -1.1
South Africa 61.7 63.4 0.5 -1.3
Other Africa 5.6 1.1 7.2 11.6
Africa 82.6 80.1 7.7 10.2
Middle East 55.0 32.0 35.6 58.6
China (1) 145.8 11.1 1 064.6 1 199.3
India 204.7 17.9 15.9 202.7
Japan - 0.0 123.9 123.9
South Korea - 0.0 73.2 73.2
Other Asia 18.6 37.5 72.3 53.4
Asia 369.1 66.4 1 349.8 1 652.4
Australia 901.1 887.4 0.8 14.4
New Zealand and Other Oceania 3.5 2.5 0.0 1.1
World 2 228.0 1 668.1 1 586.3 2 146.2

million tonnes, actual weight million tonnes
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European 
Union (28) 33.7 2.3 25.5 23.7 33.0 18.1 0.5 0.3 137.2 103.5

Other Europe 1.3 0.1 3.4 1.0 6.3 0.6 3.2 - 16.0 15.9

CIS 0.0 0.0 15.0 - - 0.0 - - 15.0 0.0

NAFTA 0.7 0.0 0.5 9.9 4.5 1.6 0.0 0.1 17.2 7.3

Other 
America 0.0 - 0.3 0.9 6.0 0.7 1.3 - 9.2 3.2

Africa and 
Middle East 7.1 0.5 0.9 2.5 24.4 19.0 1.0 0.0 55.4 36.4

China 1.5 0.3 26.5 12.4 236.6 68.5 42.8 682.0 1 070.6 1 027.8

Japan 0.2 - 1.7 9.4 32.2 4.5 3.0 68.6 119.6 116.6

Other Asia 0.4 0.0 1.7 5.0 17.8 7.3 42.7 136.3 211.1 168.4

Oceania 0.0 - 0.0 0.0 0.0 0.4 0.0 0.0 0.4 0.4

Total Exports 44.9 3.3 75.6 64.8 360.9 120.7 94.5 887.3 1 651.8 1 479.7

"of which: 
extra-regional 
exports*"

11.1 3.2 60.6 54.9 354.9 101.7 6.1 887.3 1 479.7

"Net Exports 
(exports-
imports)"

-92.4 -12.7 60.6 47.5 351.7 65.2 -1 306.8 886.9

* Excluding intra-regional trade marked 

Destination

Exporting 
region

(1) production adjusted so that Fe content is similar to world average.  
Source: RMG.

Iron ore 
2018

World trade in iron ore 
by area, 2019
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Exports Imports

2018 2019 2018 2019
Austria 1.2 1.2 1.1 1.1
Belgium 4.0 3.8 4.5 4.5
Bulgaria 0.4 0.4 0.2 0.2
Czech Republic 2.2 2.2 0.4 0.4
Finland 0.4 0.5 0.0 0.0
France 6.4 6.5 1.8 1.5
Germany 8.1 7.9 4.0 4.0
Greece 0.1 0.0 0.9 0.8
Italy 0.5 0.5 5.6 5.2
Netherlands 6.2 6.2 2.8 3.2
Poland 1.7 2.1 0.9 0.7
Slovak Republic 0.6 0.8 0.4 0.1
Spain 0.7 0.5 3.8 3.9
Sweden 1.3 1.5 0.3 0.2
United Kingdom 8.7 8.1 0.4 0.3
Other EU 7.6 7.1 5.5 5.3
European Union (28) 50.0 49.3 32.7 31.5
Turkey 0.2 0.2 20.7 18.9
Others 1.8 1.9 1.0 1.0
Other Europe 2.0 2.0 21.7 19.8
Kazakhstan 0.1 0.2 0.0 0.0
Russia 5.5 3.7 0.6 1.0
Ukraine 0.3 0.0 0.0 0.0
Other CIS 0.1 0.1 1.9 1.6
CIS 6.1 4.0 2.6 2.7
Canada 5.1 4.4 3.5 2.1
Mexico 0.8 0.8 1.9 1.5
United States 17.3 17.7 5.0 4.3
NAFTA 23.2 22.9 10.4 7.9
Brazil 0.4 0.7 0.3 0.2
Other Central and South America 1.6 1.4 0.8 0.7
Central and South America 1.9 2.1 1.1 0.9
South Africa 0.5 0.5 0.1 0.1
Other Africa 0.9 1.2 0.5 0.5
Africa 1.4 1.7 0.6 0.7
Middle East 2.5 2.2 1.0 1.1
China 0.3 0.0 1.3 0.2
Japan 7.4 7.7 0.2 0.1
South Korea 0.4 0.2 6.4 6.5
Taiwan, China 0.1 0.1 3.6 3.5
Other Asia 4.1 3.3 21.6 23.7
Asia 12.4 11.3 33.2 34.1
Australia and NewZealand 2.6 3.0 0.1 0.0
World 102.1 98.5 103.3 98.7

million tonnes
Exporting 

region
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European 
Union (28) 27.6 1.5 0.5 0.3 0.0 0.5 0.0 0.0 0.0 0.1 30.5 2.9

Other 
Europe 12.7 0.2 1.9 4.4 0.0 0.6 - - 0.1 0.0 19.9 19.6

CIS 0.3 0.0 0.7 0.0 0.0 0.0 - - 0.0 0.0 1.1 0.3

NAFTA 0.5 0.0 0.0 6.9 0.0 0.0 0.0 0.0 0.0 0.0 7.5 0.6

Other 
America 0.1 - - 0.6 0.2 0.0 - - 0.0 0.0 0.9 0.7

Africa 2.4 0.0 0.1 0.6 0.0 0.1 0.0 0.0 0.0 0.0 3.2 3.1

Middle East 0.1 0.0 0.0 0.7 0.0 0.1 - 0.0 0.0 0.1 1.1 1.0

China 0.0 0.0 0.0 0.1 0.0 0.0 - - 0.1 0.0 0.2 0.2

Japan 0.0 0.0 0.0 0.1 0.0 - 0.0 - 0.0 0.0 0.1 0.1

Other Asia 5.5 0.2 0.8 9.2 1.8 2.5 0.0 7.7 3.3 2.5 33.4 30.1

Oceania 0.0 - - 0.0 0.0 - 0.0 0.0 0.0 0.3 0.3 0.0

Total Ex-
ports 49.3 1.9 4.0 22.9 2.1 3.8 0.0 7.7 3.6 3.0 98.2 58.7

"of which: 
extra-region-
al exports*"

21.7 1.7 3.3 16.0 1.9 3.6 0.0 7.7 0.3 2.7 58.7

"Net Exports 
(exports-
imports)"

18.8 -17.9 3.0 15.4 1.2 -0.6 -0.2 7.5 -29.8 2.7

* Excluding intra-regional trade marked  

million tonnes

Trade in ferrous scrap
2018 and 2019

World trade in ferrous scrap 
by area, 2019
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2014 2015 2016 2017 2018 2019
Ingots and semi-finished material 54.3 51.8 54.3 60.2 61.9 60.1

Railway track material 2.2 2.1 3.1 2.7 2.6 2.6

Angles, shapes and sections 24.6 21.7 24.0 22.1 22.7 21.2

Concrete re-inforcing bars 22.2 18.9 21.4 18.3 18.8 19.0

Bars and rods, hot-rolled 29.7 40.7 40.3 21.2 18.7 15.1
Wire rod 29.4 29.0 30.3 27.0 27.6 26.2
Drawn wire 8.9 8.4 8.7 8.9 9.0 8.7

Other bars and rods 6.0 5.3 5.8 5.9 6.4 5.6

Hot-rolled strip 3.3 2.9 3.3 3.9 3.8 3.2

Cold-rolled strip 4.1 3.9 4.2 4.5 4.5 4.0

Hot-rolled sheets and coils 75.8 77.7 86.1 85.0 79.0 77.8

Plates 34.5 30.1 34.1 33.2 33.3 32.7

Cold-rolled sheets and coils 37.2 32.8 35.6 37.4 35.7 32.6

Electrical sheet and strip 4.2 4.1 4.2 4.5 4.6 4.2

Tinmill products 6.7 6.3 7.2 7.0 6.8 6.9

Galvanised sheet 40.7 37.6 45.0 46.2 44.7 42.8

Other coated sheet 17.9 16.3 18.8 18.0 17.9 18.1

Steel tubes and fittings 43.6 35.3 37.2 41.9 41.2 38.2

Wheels (forged and rolled) and axles 0.8 0.8 1.0 0.8 0.9 1.0

Castings 0.9 0.8 1.1 1.2 1.3 1.3

Forgings 0.8 0.8 0.9 1.0 1.1 1.0

Other 0.0 0.0 0.0 0.0 0.0 0.0

Total 447.7 427.0 466.7 450.7 442.6 422.2

Exports in World Steel in Figures include intra-EU trade, trade 
between countries of the CIS, and trade between NAFTA 
countries.  The figures are based on a broad definition of the steel 
industry and its products, including ingots, semi-finished 
products, hot-rolled and cold-finished products, tubes, wire, and 
unworked castings and forgings. The above table comprises the 
exports of 62 countries, which represents approximately 96.5 per 
cent of total world trade in 2019.

million tonnes
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Year Exports Production Exports 
share %

1975 114.7 506.9 22.6
1980 140.6 578.7 24.3
1985 171.0 599.0 28.5
1990 171.0 654.0 26.2
1991 177.1 660.0 26.8
1992 196.1 658.0 29.8
1993 222.5 664.9 33.5
1994 238.6 656.2 36.4
1995 246.6 685.6 36.0
1996 236.4 687.1 34.4
1997 267.9 730.1 36.7
1998 268.7 713.4 37.7
1999 280.8 725.8 38.7
2000 307.1 783.4 39.2
2001 300.4 785.7 38.2
2002 319.0 836.9 38.1
2003 332.3 898.9 37.0
2004 366.2 985.4 37.2
2005 373.3 1 065.3 35.0
2006 418.5 1 161.1 36.0
2007 446.8 1 253.6 35.6
2008 438.5 1 248.7 35.1
2009 330.1 1 154.2 28.6
2010 392.7 1 335.9 29.4
2011 418.7 1 433.7 29.2
2012 416.0 1 456.3 28.6
2013 412.6 1 540.5 26.8
2014 457.4 1 559.7 29.3
2015 467.4 1 512.8 30.9
2016 476.8 1 517.8 31.4
2017 462.9 1 613.6 28.7
2018 457.1 1 686.7 27.1
2019 437.7 1 742.0 25.1

Exports are of finished and 
semi-finished steel products. 
Production of finished 
steel, where not available 
from national sources, is 
calculated from crude steel 
production. taking into 
account the continuous 
casting ratio.
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European 
Union (28) 111.5 10.1 15.3 0.2 1.3 1.0 3.2 0.3 8.8 0.1 151.6 40.2

Other 
Europe 8.8 0.9 5.3 0.0 0.4 0.9 0.7 0.4 1.1 0.0 18.6 17.7

CIS 1.8 0.5 10.2 0.0 0.0 0.0 2.5 0.1 0.4 0.0 15.6 5.3

NAFTA 6.3 0.6 1.7 15.8 7.6 1.0 1.6 2.9 7.7 0.4 45.6 29.8

Other 
America 1.1 1.5 0.6 1.3 3.5 0.0 6.6 1.1 1.1 0.0 16.8 13.3

Africa 4.4 3.9 3.9 0.1 0.1 5.8 5.3 0.9 1.0 0.0 25.4 19.6

Middle East 1.4 4.4 4.3 0.1 0.3 5.8 5.6 0.9 3.8 0.1 26.5 20.8

China 1.2 0.0 0.2 0.1 0.1 0.1 - 5.0 8.8 0.0 15.5 15.5

Japan 0.1 0.0 0.0 0.0 0.0 0.0 1.3 - 5.0 0.0 6.5 6.5

Other Asia 2.4 1.7 7.5 0.3 1.0 5.6 36.3 21.4 34.7 0.5 111.3 76.6

Oceania 0.3 0.2 0.0 0.0 0.0 0.0 0.8 0.2 1.0 0.2 2.6 2.4

Total Exports 139.3 23.7 49.1 18.0 14.3 20.1 63.8 33.1 73.3 1.3 436.0 247.7

"of which: 
extra-region-
al exports*"

27.8 22.8 38.8 2.2 10.8 8.6 63.8 33.1 38.7 1.1 247.7

"Net Exports 
(exports-
imports)"

-12.4 5.2 33.5 -27.6 -2.5 -31.9 48.3 26.7 -38.0 -1.3

* Excluding intra-regional trade marked  

Rank Total exports Mt

1 China 63.8
2 Japan 33.1
3 South Korea 29.9
4 Russia 29.5
5 European Union (28)(1) 27.8
6 Germany(2) 24.1
7 Turkey 19.7
8 Italy(2) 17.9
9 Belgium(2) 17.2
10 Ukraine 15.6
11 France(2) 13.6
12 India 13.4
13 Brazil 13.3
14 Taiwan, China 11.2
15 Netherlands(2) 10.1
16 Iran 8.7
17 Spain(2) 8.7
18 United States 7.3
19 Austria(2) 7.0
20 Poland(2) 5.8

Rank Total imports Mt

1 European Union (28)(1) 40.2
2 United States 27.1
3 Germany(2) 23.1
4 Italy(2) 20.1
5 Thailand 16.7
6 South Korea 16.4
7 China 15.5
8 Vietnam 15.4
9 France(2) 14.5
10 Indonesia 13.4
11 Mexico 13.0
12 Belgium(2) 12.9
13 Turkey 12.4
14 Poland(2) 10.9
15 Spain(2) 10.1
16 Netherlands(2) 9.7
17 India 8.9
18 Malaysia 7.4
19 Canada 7.3
20 Taiwan, China 7.3

Rank Net exports
(exports - imports) Mt

1 China 48.3
2 Japan 26.7
3 Russia 22.7
4 Ukraine 14.0
5 South Korea 13.6
6 Brazil 11.0
7 Iran 7.9
8 Turkey 7.4
9 India 4.4
10 Belgium(2) 4.3
11 Taiwan, China 3.9
12 Austria(2) 2.8
13 Luxembourg(2) 1.8
14 South Africa 1.5
15 Slovakia(2) 1.3

Rank Net imports
(imports - exports) Mt

1 United States 19.8
2 Thailand 15.1
3 European Union (28)(1) 12.4
4 Vietnam 10.3
5 Indonesia 9.2
6 Mexico 7.8
7 Philippines 7.2
8 Poland(2) 5.1
9 Saudi Arabia 3.9
10 Algeria 3.2
11 Israel 3.1
12 Bangladesh 3.0
13 United Kingdom(2) 2.9
14 Colombia 2.6
15 Czech Republic(2) 2.4

(1) Excluding intra-regional trade
(2) Data for individual European Union (28) countries include intra-European trade

million tonnesmillion tonnes

World trade in steel by area 
2019

Major importers and exporters of steel  
2019
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2012 2013 2014 2015 2016 2017 2018
France 15.8 15.9 15.8 16.8 17.2 18.4 18.2
Germany 28.6 28.3 29.4 28.8 31.0 30.3 28.4
Italy 15.4 15.4 15.7 18.8 18.5 19.8 20.6
Spain 7.4 9.0 9.3 10.8 10.3 11.0 11.6
United Kingdom 13.4 14.1 16.2 16.5 17.1 16.9 16.8
European Union  (28) 124.1 126.6 135.6 143.6 148.9 153.9 159.8
Turkey 27.1 29.8 28.4 32.5 32.1 33.3 26.6
Other Europe 34.4 37.2 36.0 40.1 39.9 41.1 34.8
Russia 52.4 52.3 50.6 43.8 43.5 47.0 47.2
CIS 65.3 65.7 61.4 52.0 52.7 57.8 58.6
Canada 22.6 22.5 22.2 18.6 18.6 19.1 20.4
Mexico 19.1 17.6 19.9 20.2 20.1 23.4 21.4
United States 112.5 113.5 123.7 118.9 115.4 122.2 127.1
NAFTA 154.2 153.6 165.8 157.8 154.1 164.7 168.9
Brazil 28.5 30.4 27.9 22.6 19.2 19.4 21.2
South America 53.7 55.4 51.6 47.0 40.4 42.0 43.8
Africa and Middle East 82.3 87.2 90.8 89.5 84.3 81.6 77.2
China 603.5 686.8 655.6 611.7 620.5 706.2 762.7
Japan 44.0 48.1 52.1 48.3 46.9 50.3 51.5
South Korea 35.1 35.6 39.3 39.7 41.6 41.7 41.3
Asia and Oceania 846.8 941.1 922.0 880.3 904.1 996.5 1 067.6
Total1 1 360.6 1 466.8 1 463.1 1 410.3 1 424.4 1 537.7 1 610.7

(1) Total comprises 74 countries

True steel use (TSU) is obtained by subtracting net indirect exports of steel from 
apparent steel use (ASU). Total TSU is not equal to ASU because of differences in 
country coverage and methodological specifics of indirect trade in steel calculations. 
Further details can be found at worldsteel.org/publications/reports.
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Year Indirect exports, 
Mt

2000 172.1
2001 178.1
2002 187.7
2003 199.1
2004 224.0
2005 249.2
2006 269.5
2007 292.4
2008 303.5
2009 231.4
2010 285.4
2011 323.8
2012 324.1
2013 319.1
2014 324.5
2015 322.3
2016 329.7
2017 341.4
2018 353.1
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Indirect exports, Mt

Indirect exports as a percentage 
of exports of steel products, %

Indirect trade in steel takes place through  
exports and imports of steel containing goods 
and is expressed in finished steel equivalent of 
products used.

Further explanation on definitions and 
methodology of indirect trade in steel can be 
found in the report ‘Indirect Trade in Steel (March 
2015)’ at worldsteel.org/publications/reports.

Rank Indirect exports Mt

1 China 84.9
2 Germany* 37.2
3 Japan 21.7
4 United States 20.8
5 South Korea 18.4
6 Mexico 15.5
7 Italy* 14.1
8 Spain* 10.1
9 Poland* 9.7

10 France* 8.0

Rank Indirect imports Mt

1 United States 48.1
2 Germany* 25.9
3 United Kingdom* 12.2
4 France* 12.2
5 China 11.5
6 Canada 11.4
7 Mexico 11.3
8 Italy* 9.0
9 Belgium-Luxembourg* 8.7

10 India 8.6

Rank Net indirect exports
(exports - imports) Mt

1 China 73.4
2 Japan 13.9
3 South Korea 12.4
4 Germany* 11.2
5 Italy* 5.1

Rank Net indirect imports
(imports - exports) Mt

1 United States 27.3
2 United Kingdom* 6.0
3 Russia 5.8
4 Canada 5.2
5 Australia 4.9

*Data for individual European Union (28) countries include intra-European trade

million tonnes, finished steel equivalent

Indirect trade in steel
2000 to 2018

Major indirect importers and 
exporters of steel 2018

Apparent and true steel 
use per capita, 2018

True steel use
2012 To 2018
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Notation used in this publication:

(e) indicates a figure that has been estimated.

0.0 indicates that the quantity concerned is less than 
0.05.

- indicates zero or no data.

About us

The World Steel 
Association (worldsteel) 
is one of the largest and 
most dynamic industry 
associations in the 
world, with members 
in every major steel-
producing country. 

worldsteel represents 
steel producers, national 
and regional steel 
industry associations, and 
steel research institutes. 
Members represent 
around 85% of global 
steel production.

worldsteel’s mission is 
to promote the steel 
industry and steel 
as a material, find 
global solutions to the 
environmental challenge, 
identify and analyse 
important megatrends, 
and encourage alignment 
between regional 
and national steel 
associations.

Steel initiatives

STEP UP 
A multistep methodology aiming to improve the operational 
efficiency of steel plants globally.

CLIMATE ACTION
Programme recognising steel producers that submit CO2 
emissions data to worldsteel.

ONLINE BENCHMARKING SYSTEMS
Data collection systems covering reliability, process yield, and 
energy intensity.

STEEL SAFETY DAY
Initiative aiming at reinforcing awareness of the five most 
common causes of safety incidents.

LIFE CYCLE ASSESSMENT
Life cycle inventory data for 17 steel products updated on an 
annual basis.

STEELIE AWARDS
Awards that recognise significant contribution to the steel 
industry in a series of categories.

STEEL SUSTAINABILITY CHAMPIONS 
Programme aiming to set higher sustainability standards for 
the steel industry.

STEEL DATA VIEWER
Online interactive world map featuring steel production, trade 
and apparent steel use since 2000.

STEELTALKS
A monthly lecture series on topics of interest to the global 
steel community.

30

1264  

https://www.worldsteel.org/steel-by-topic/technology/Step-up-programme.html
https://www.worldsteel.org/steel-by-topic/environment-climate-change/climate-change.html
https://www.worldsteel.org/steel-by-topic/technology/worldsteel-benchmarking-systems.html
https://www.worldsteel.org/steel-by-topic/safety-and-health/safety-day.html
https://www.worldsteel.org/steel-by-topic/life-cycle-thinking.html
https://www.worldsteel.org/about-us/steelie-awards.html
https://www.worldsteel.org/steel-by-topic/sustainability/steel-sustainability-champions.html
https://www.worldsteel.org/steel-by-topic/statistics/steel-data-viewer/
https://www.worldsteel.org/steel-by-topic/steeluniversity.html


World Steel Association

Avenue de Tervueren 270
1150 Brussels
Belgium

T: +32 (0) 2 702 89 00
F: +32 (0) 2 702 88 99
E: steel@worldsteel.org

C413 Office Building
Beijing Lufthansa Center
50 Liangmaqiao Road
Chaoyang District
Beijing 100125 
China

T : +86 10 6464 6733 
F : +86 10 6468 0728
E : china@worldsteel.org
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