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Highlights

This report aims to propose a new framework to gain deeper understanding on the complex interactions
between emissions reductions and capacity adjustments, referred to as the carbon-capacity nexus, with a
focus on steel.

To accelerate the industry transition and deliver on the Paris Agreement, countries can make emission
reduction pledges linked to the interrelations between capacity, production, requirements and policies. The
framework identifies three main supply-side capacity adjustments to lower industrial emissions: 1)
decreasing emission-intensive capacity, 2) lowering emissions from existing capacity, and 3) increasing
near-zero emission capacity.

Articulating these supply-side capacity adjustments is particularly important since they currently receive
less attention than demand-side pledges. They are also important because they help clarify that in order
to achieve the objectives of the Paris Agreement, a focus on increasing near-zero emissions capacity in
itself is insufficient but needs to be combined with efforts to decrease emission-intensive capacity and the
lowering of emissions from existing capacity.

Addressing the carbon-capacity nexus challenge may require strengthening international collaboration
among a wide range of stakeholders. Collective supply-side pledges are likely to be more effective than
pledges by individual countries or companies. As countries are in different positions to make changes in
expanding, reducing, or changing capacity, policy coordination is needed to address potential imbalances,
synergies and trade-offs resulting from the carbon-capacity nexus. Such issues could be further addressed
with the Climate Club in the coming period.
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Introduction

1. This paper is provided by the OECD Steel Secretariat as part of the Work
Programme for 2024 of the Climate Club. The Climate Club Work Programme
(2024) is organised along three pillars:

Pillar 1: advancing ambitious and transparent climate change mitigation policies,
Pillar 2: transforming industries,
Pillar 3: boosting international climate cooperation and partnerships.

2. The paper is part of the second pillar, in particular its second module on
promoting markets for near-zero GHG emissions materials to accelerate the
industry transition, which builds on the Climate Club Terms of Reference indicating
that “Members endeavour to deploy relevant policy measures and instruments,
including considering comparable goals for a certain share of low and near zero
GHG emission materials in a given year (Climate Club, 2022[y))

3. This study focuses on how to navigate the complex and fast-changing
industry decarbonisation landscape and aims to deep dive into supply-side issues
in relation to the setting of such comparable goals, emphasising the pivotal role of
production capacity.

4, The decarbonisation of industrial activities is a cornerstone to comply with
near-zero emissions in mid-century. The industry sector accounts for more than a
third of global carbon emissions, with significant potential for emission reduction.
However, the complexity of business dynamics including the rapid expansion of
industrial capacity, the diversity of production pathways, as well as the supply chain
risks of raw materials and energy inputs, make industry decarbonisation a
challenging objective. The setting of comparable goals — or pledges as the term
this paper addresses them — can be important in such a context.

5. Public pledges (as have been made on reaching net-zero by 2050 or tripling
renewable energy capacity by 2030 and nuclear energy capacity by 2050) are
common tools for climate policy and help guide technology investments. A pledge
can be defined as a statement made voluntarily by a government or company — or
a group of governments at an international level, characterised by an ambitious
shared goal — that is quantitative and timebound where possible — and
recommends supporting actions, ideally backed by plans for implementation
through adequate policies and enabling conditions.
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6. Collective pledges by groups of countries, for instance in the context of the
Climate Club, can enhance the effectiveness of such pledges. First, operating
collectively can expand the scale of the reduction in carbon emissions envisaged.
Second, it can also help reduce the risks of negative international spillovers from
mitigation policies, as well as create positive spillovers and help the transition to
advance more rapidly. This is particularly the case where markets for industrial
products are interconnected across countries via trade and investment. For
instance, limiting steel scrap exports, while aiming to enhance scrap availability in
one country, may in fact create challenges in other countries and fragment scrap
markets. Similarly, countries could benefit from co-operating in the trading of low-
emissions intermediate goods, such as green iron, allowing for more efficient steel
decarbonisation pathways across steel producing economies. Finally, collective
pledges could relate to inclusiveness, a central asset of the Climate Club, where
pledges are combined with collective efforts towards capacity building in emerging
and developing economies. Crucially, collective pledge-making should recognise
the heterogeneity of production pathways, the diversity of available technologies
and resources of each country. This implies that effective policies and pledges
must be flexible enough to accommodate varying national circumstances, such as
differing levels of technological maturity, resource availability, infrastructure
readiness, and economic contexts, thereby maximising the potential for successful
implementation and sustained progress towards near-zero emissions.

7. As indicated in the net zero scenarios by the IEA, pledges by governments
to date — even if fully achieved — fall well short of what is required to bring global
energy-related carbon dioxide emissions to net zero by 2050 (IEA, 2023y).
Whereas there are various examples of demand-side pledges, there are currently
few or no supply- or capacity-focused pledges on industrial decarbonisation.
Several examples from various industry and country experiences suggest greater
maturity of demand-driven pledges and policy targets in both public and private
procurement initiatives (for instance from the Clean Energy Ministerial
(CEM)/Industrial Deep Decarbonisation Initiative (IDDI), Steel Zero), albeit there
are some recent supply-side developments in the power sector? . At the same time,
policy-oriented discussions are emerging on how supply-side and decarbonisation
issues may be considered in conjunction.

8. Reducing emissions from the industrial sector is ultimately a supply-side
phenomenon which is predicated upon changing production process and
guantities. Therefore, the pathways to decarbonisation and the way this can be
translated into pledges can be quantified in terms of production capacity relative to
existing emission-intensive production capacity. The existing stock of emission-
intensive production capacity must either be retrofitted/altered to lower emissions
while keeping the existing facilities, be phased out or be replaced with new
production capacity using new, near-zero technologies.

! The power sector is a notable exception where the industry and governments have undertaken the formulation of
supply-side pledges, for example tripling renewable energy capacity by 2030 and nuclear energy capacity by 2050.
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9. This study aims to support deeper understanding on the nexus between
industrial emissions and capacity development and its relevance for pledge-
making for industrial decarbonisation. Many studies focus on the carbon-resource
nexus, energy-carbon nexus (Zhai etal., 2020p), but only few highlight the
interrelations between industry capacities and carbon emissions (GFSEC, 2022(3)).
This study builds a novel framework as a basis to pledge decarbonisation targets
related to industrial capacity.

10.  There are four main outcomes that policymakers and industry stakeholders
may find in this framework, described as follows:

e Actionability: The framework starts with the steel industry, as an
example of key hard-to-abate industries and identifies the main
enabling conditions to ensure that capacity developments are on track
with decarbonisation progresses. The gualitative assessment approach
in the report includes key country’s examples, empirical illustrations as
well as insights on pros and cons to address capacity and
decarbonisation challenges together

e Flexibility and replicability: The framework is centred on a common
objective, to reduce industrial emissions, and analyses step-by-step the
supply-side nexus among capacity adjustments, production pathways,
key requirements, and policymaking. The framework takes stock of
industry specificities and national circumstances. The application to the
steel industry provides a practical example that could be transposed to
another industry

e Collective pledging: Finally, the framework helps identify possible
areas to deepen international collaboration on the nexus issues,
underscoring i) the importance of an integrated approach, ii) the need
for policy coordination and iii) examples of collective action. The
Climate Club could play a key role in bringing countries together to
explore the potential for developing capacity related emission reduction
approaches and solutions in policymaking.

11. The proposed Nexus framework and empirical illustrations allow for
informed discussions on the possible ways supply-side oriented emission
reduction pledges could be formulated. It is developed in parallel to and
complements work done by the International Energy Agency for the Climate Club
on demand and supply-side measures.



z Towards a framework for supply-
side industrial emissions pledges

12. The section introduces a carbon-capacity nexus framework and key
takeaways for policymakers to address capacity challenges in line with emissions
reduction. The steel industry is taken as a basis for building the carbon-capacity
nexus.

13.  The intention of the carbon-capacity nexus framework is to support sectors
and countries in formulating pledges to adjust their industry capacities in
conjunction with climate goals. The conceptual framework identifies five core levels
to address the carbon-capacity nexus: an overall objective of industry
decarbonisation (level 1) followed by four further levels: capacity adjustments (level
2), different production routes (level 3), key requirements (level 4), as well as
supportive policies (level 5). Each level in the framework is relevant for meeting
the overall objective of industry decarbonisation and requires coordinated
policymaking and action.

|9
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Figure 1. Framework for supply-side pledges and possible implementation actions on industrial
emissions reductions
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Note: The figure presents the carbon-capacity nexus in five levels. The top-level is the general objective (level 1), followed by underlying levels:
capacity adjustments (level 2), production routes (level 3), requirements (level 4), and policies (level 5). As different capacity adjustments can
imply various production routes, requirements, and policies, each node of the carbon-capacity nexus is numbered with letters (A, B, C for
capacity level) and numbers (from 1-5 for down levels).
Source: Authors’ elaboration.
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14.  The nexus framework provides a general overview of the diversity of
capacity-production pathways to achieve decarbonisation in the steel industry. As
an energy- and emission-intensive sector, the steel industry is typically
characterized by various assets, processes, raw materials, and products involving
diverse industry’s stakeholders along the steel value chain (OECD, 2023;5)). There
are at present also a large set of conventional and innovative technologies at
different technological readiness level. This results in a strong heterogeneity in the
industry structure which is also common to many other industrial sectors such as
for aluminium and cement.

15.  Structural transformations associated with capacity development and the
existing asset base have a large influence on industrial emissions through the
choices of key production routes and their requirements but may also affect the
implementation and effectiveness of decarbonisation strategies and policies in a
sector and country. The nexus concept enables to identify and address trade-offs
and to seek policy synergies in an industry among capacity, technology, resources,
energy, and climate. It can be applied to one or more sectors as an integrated
approach to policymaking, where considering these interactions helps make policy
interventions more effective.?

16. In line with this study’s scope, the analysis focuses on three types of
capacity adjustments in the steel sector: 1) Decrease emission-intensive capacity,
2) Lower emissions from existing capacity, and 3) Increase near-zero emission
capacity. The three capacity approaches were selected to help identify, in the steel
industry, examples of key interactions between production routes (e.g., based on
scrap, CCUS, hydrogen), requirements (energy saving or access to raw materials),
and policy areas (energy efficiency measures, research and development).

17.  Different or additional routes could be selected to broaden the scope areas
for industry decarbonisation. While a specific route can require the implementation
of more specialized policies (e.g., product-level policies on steel scrap), there are
also horizontal policy approaches that could support multiple technology pathways
and would not necessarily be tied to specific routes in an industry. However, the
selection of these elements is intended to represent some of the key technological
areas in which capacity adjustments could lead to the industry’s emissions
reduction.

18.  The carbon-capacity nexus framework can help provide a basis on which to
develop supply-side oriented pledges towards approaches and solutions in
policymaking. It provides equal weight to each capacity adjustment and tries to
identify the interactions among production, requirements and policies. In this way,
policymakers can see opportunities to prioritise decarbonisation objectives in
connection with capacity developments and transformations.

2 When not considering carbon-capacity links, a country may risk addressing various supply-side problems in isolation,
putting further risks on industry decarbonisation.
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& |Interpreting the framework and

levels

19.  The following sections describes in detail each level within the framework
and provides empirical illustrations of how the interrelations work for the steel
industry. Sections in the text are numbered in accordance with the numbering in
the framework in Figure 1, to facilitate understanding. Where appropriate, they
suggest possible metrics of steelmaking capacity and decarbonisation for
formulating supply-side pledges.

Overall objective (level 1)

20.  This is the most general level, referring to level 1 in Figure 1, where the
pledge regards the emissions from the sector as a whole and not on any specific
measures or technologies. For example, a pledge could be to “reduce emissions
from the steel sector by 20% by 2030” or “reduce the emission intensity of
steelmaking by 20%” or similar. The benefit of making pledges on this level is that
it focuses on the specific emission reductions while leaving open the varying
approaches that could be used to reach the goal.

21.  However, the limitation of this approach is that it may not be sufficiently
transparent or actionable, due to carbon leakage, growth in near-zero production
increasing domestic emissions, or near-zero emissions being impossible with
existing facilities. For example, some countries with good renewable energy
resources are well-suited for an expansion of near-zero emissions capacity. Such
an expansion could contribute to a reduction of global emissions by replacing
emission-intensive capacity abroad but may increase domestic emissions as it is
difficult to reach zero emissions from any project. In addition, reducing emissions
from existing facilities may lead to a dead-end, as maximum emission reduction
potential is lower than potential emission reductions in transitioning to new near-
zero emission facilities.

22.  In addition, actions taken by an individual country to decarbonise its
industrial sector may have unintended side effects such as carbon leakage, or a
spike in demand for necessary resources, thus limiting decarbonisation in other
countries. For example, if a country opts to decarbonise its steel industry by
increasing its secondary capacity and halting scrap exports, it will make it more
expensive for another country to follow the same capacity adjustments.
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23.  Pledges to reduce emissions from industry are therefore more credible if
combined with pledges and implementation actions at more granular levels, such
as the specific capacity adjustments by which a government aims to reduce
emissions which we will explain in the following section.

Capacity adjustments to reduce emissions (level 2)

24, Measures to lower emissions from industry can be quantified by their effect
on production capacity in three ways: decreasing emission-intensive capacity by
closing facilities or restricting the growth of production capacity (level 2A), lowering
emissions from existing capacity through retrofitting and adaptations (level 2B),
and finally to invest in the expansion of near-zero emission capacity (level 2C).
Each individual country will have its unique conditions requiring any combination
of these measures, and governments could pledge to follow any or several of these
capacity adjustments and quantify targets depending on the needs of its own
industrial structure.

25.  Making additional pledges to decarbonise industry quantified by capacity
adjustments has the benefit of being more transparent in terms of how supply will
change to meet emission targets. Quantified pledges at this level would also signal
to stakeholders in each industry how the Paris Agreement should be realised, and
actors can therefore align investments based on a long-term transition pledge.

26.  Atthis level, potential side effects, such as effects on resource and product
markets should be considered. Reducing emission-intensive excess capacity can
both lower emissions and improve the financial health of a sector as capacity is
adjusted to demand. However, recent research shows that new low-carbon
steelmaking projects in aggregate increase steel capacity, risking a widening gap
between steel demand and steel capacity (Algers and Ahman, 2024). Another
pitfall would be expanding scrap-based steelmaking capacity by restricting scrap
exports, as that would reduce other countries’ access to scrap. Therefore,
policymakers could consider how to formulate pledges to minimise negative side
effects and maximise positive side effects.



14 |

Decrease emission-intensive capacity (level 2 A)

27.  Decreasing emission-intensive capacity in the steel industry is vital for
reducing overall emissions. World crude steelmaking capacity in 2023 was
estimated at 2 432 million tonnes, exceeding global steel production by 543 million
tonnes and steel demand in 2050 in the IEA Net-Zero Scenario by roughly 400
mmt (De Carvalho, 20247); (Karacan et al., 2011jg). A decrease in emission-
intensive capacity directly reduces emissions, reduces excess steel capacity and
incentivises material efficiency in downstream industries. By scaling back on
traditional blast furnace operations, which are heavily reliant on coal and coke, the
industry can achieve substantial reductions in carbon dioxide emissions. In 2023,
BOF steel accounted for 71.1% of global production. On average, the BF-BOF
process directly emitted 2.33 tonnes of CO2 for every tonne of steel produced on
average, i.e. more CO2 than steel.

28. A pledge to reduce emission-intensive capacity could be a significant step
in the decarbonisation of the steel industry. In 2040, Worldsteel Dynamics figures
show that with a projected steel production of 2,135 million tonnes, a decrease of
BF-BOF steel production by 58% (Worldsteel Dynamics, 2024), will save
approximately 460 million tonnes of CO2 compared to 2023 levels. To put this into
perspective, this reduction is roughly equivalent to eliminating all the annual CO2
emissions from Brazil®,

Phase outs, barriers to exit and a just transition (A3.1, A4.1)

29. Pledges can also be made at the more granular level of routes to realise
changes in capacity. The primary route to decreasing emission-intensive capacity
is through phase outs and a relevant pledge could therefore be to phase out
emission-intensive capacity. However, phasing out capacity also comes with its
challenges, as it may have detrimental effects on individual companies, workers,
and local communities where facilities are located. It may also be costly, as closing
a site incurs costs on a company, and may require costly environmental cleanups
as well as pensions for workers. Such costs may function as barriers to exit (Rimini
et al., 2020(9); lowering such barriers to exit is a necessary requirement for this
route.

30. By easing the financial and logistical burdens associated with exiting
carbon-intensive steel production, governments can accelerate the industry’s
transition to more sustainable practices. Therefore, careful phase out policies will
be needed to lower barriers to exit and enable workers to shift to new sectors and
communities to attract new investment. Historically, policies to support the
phaseout of industries have included clear roadmaps allowing stakeholders to plan
and adapt, labour market interventions, state aid for covering the closure cost of
plants, as well as alternative industrialisation (Algers and Ahman, 2024).
Countries could therefore pledge to phase out a given amount of capacity by a
given year to give a clear indication of timelines for phase outs.

3 This is given the base emission of the UK in 2023. Which was approximately 384.2 million tonnes of CO2.
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Stronger regulations for no new emission-intensive capacity (A3.2, A4.2)

31.  Stopping the expansion of new emission-intensive facilities is another route
relevant for some countries, and a pledge could be to limit new emission-intensive
facilities. As investment cycles in the industrial sector are long, new facilities will
be in use for several decades and risk creating new groups of people dependent
on the facility. Currently, almost 65 mmt of emission-intensive BF-BOF capacity is
expected to be added in Asia alone, contributing to global steel excess capacity
(OECD, 202410). As there are alternative near-zero emission technologies
available, these can be used in new facilities.

32.  Therefore, a potential pledge could be to not build any new emission-
intensive facilities. Many emission-intensive facilities need reinvestment at shorter
intervals. In the steel sector, a blast furnace can keep running for 40+ years, but it
needs relining around every 15-25 years, which costs 80-100 % of the cost of a
new blast furnace (Bashmakov et al., 2022}115). Due to the high cost, this is a point
in time where a steelmaker can opt to rather invest in a new, low-carbon facility. A
relevant pledge could therefore be to not reline emission-intensive blast furnaces.

Policies to support a decrease in emission-intensive capacity (A5.1, A5.2)

33.  Stricter regulations on permitting and environmental regulations can
support this route. These measures ensure that any new or expanded steelmaking
facilities comply with the latest environmental standards, effectively limiting new
emission-intensive operations.

34. The OECD Jobs Strategy underscores the necessity for comprehensive
policy packages to assist workers amid labour market transformations, particularly
relevant to the steel industry facing structural adjustment pressures (OECD,
202412)). Workers in high-emission sectors tend to have a larger earning loss after
displacement than workers in other sectors, as is discussed in the recent OECD
Employment Outlook (OECD, 2024;15). Active labour market policies (ALMPS)
such as re-training and up-skilling have shown success in reintegrating displaced
workers into employment. If the large fleet of emission-intensive plants are to be
replaced or phased-out at the required pace, similar interventions are highly likely
to be needed at scale. Policies for assisting the phase out of coal-fired power
generation could provide a model (IEA, 2021[13).

Empirical illustration

35.  Figure 2 shows the decline in nominal crude steelmaking production and
the assaociated fall in emissions in the United Kingdom. It shows that production fell
by 61% and emissions by 48% from 1990 to 2015. Reducing emission-intensive
capacity and related production unsurprisingly lowers emissions, creates market
space for the expansion of near-zero emission capacity and helps reduce the
overcapacity of emission-intensive products. Future reductions in emission-
intensive capacity must be timed and well-planned and be part of a broader just-
transition scheme for workers and communities dependent on emission-intensive
plants. Without careful planning, there are risks of socioeconomic turbulence and
backlash to climate policy.
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Figure 2. Example of United Kingdom
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Lower emissions in existing capacity (level 2 B)

36.  Reducing emissions in existing emission-intensive facilities could provide a
key contribution to the global decarbonisation of industrial sectors. It may be
challenging in the short run to phase out existing assets due to the effects on steel
and labour markets. Therefore, a second path to reduce total industry emissions is
to lower emissions in existing capacity making use of different technologies
available or under development.

37.  For the steel sector, there are three general routes: energy and material
efficiency measures, carbon capture use and storage (CCUS) and increased use
of scrap. While retrofitting existing BF-BOF facilities (constituting about 70% of total
steelmaking capacity) will not take these facilities to near-zero emissions (
(Bashmakov et al., 2022p11)); (Oda etal.,, 2012p4)), reductions from existing
emission levels can be reached through these routes. A relevant pledge could be
to lower emissions by a given share in existing facilities.

38. Increasing energy and material efficiency is one of the key routes to lower
emissions while retaining existing steelmaking capacity. Both efficiency measures*
contribute to reducing the amounts of waste and energy consumed, significantly
decreasing carbon emissions and preserving raw materials (OECD, 2024s)).

4 They encompass measures acting on the design (design for reducing material intensity, design for improving
circularity), manufacturing (improving yields, increasing process efficiency), use (increasing the intensity of use and
lifetimes, shared and service-oriented consumption modes) and end of life (improving material recovery and recycling)
phases.
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Energy, material efficiency and scrap (B3.3, B4.3, C3.5, C4.5)

39. Tackling material efficiency could lower steel demand by at least 20% in
2050, compared to a business-as-usual approach (IEA, 2021;1¢)), with a potential
for carbon reduction estimated at around 20% in 2050 (E3G, 202117). Material
efficiency targets, recycling targets or minimum standards of recycled material in a
product are essential metrics to support steel circularity in the green transition.
Governments could make pledges to increase the scrap recycling rate, increase
the scrap share in production or to reduce the energy or emission intensity by given
years. Beyond direct energy and material efficiency, it is also possible to lower
emissions through other efficiency measures such as monitoring and minimising
methane and carbon leakage from mines and supply chains for fossil-based
industries (IEA, 20231g)).

40. Energy efficiency has also great potential for carbon reduction in steel
production. Efficiency measures do not have negative side effects, as improved
efficiency lowers the use of inputs per tonne of product, although it can also lead
to increased costs through the required use of more experience raw material types.
Improving efficiency in one country can therefore reduce emissions without making
it more difficult for other countries to realise the same improvements. At the same
time, efficiency in industry varies substantially across countries. However, pledges
to improve efficiencies must not lead to the lock-in of long-term emissions through
the construction of more efficient emission-intensive production facilities. Efficiency
pledges should therefore relate to existing fleets, meaning that measures could be
retrofits or closures of inefficient facilities.

41.  Steel is already one of the most recycled materials, with higher-end
estimates suggestion an 84% recycling rate in 2017 (IRENA, 2020p9). In 2019,
32% of all inputs were scrap (S. Managi, 2020pq)). Scrap recycling results in a 90%
reduction of CO2 emissions and 70% energy savings compared with virgin iron ore
in a BF-BOF. However, scrap-based steelmaking will not be sufficient to meet all
steel demand due to quality and availability limitations®

5 For instance, in some countries such as the US, existing BOF plants may have reached their maximum in scrap
usage. Furthermore, there may be little room in flat-rolled EAF for increasing scrap use.
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CCUS retrofits (B3.4, B4.4)

42.  Carbon Capture and Storage (CCS) can be an important technology for
decarbonizing heavy industries like steel and energy. There are currently 30
commercial CCUS projects worldwide (11SD, 2023(21). In the steel industry, CCUS
use is currently still limited and is for instance used in the Al Reyadh facility in the
UAE capturing emissions from a natural gas-based DRI facility with a capture rate
of 26%. A study suggests that it will be “difficult to retrofit BF-BOFs beyond 50%
capture” of emissions (Bashmakov et al., 2022(11;) which is insufficient for reaching
near-zero emissions and the Paris Agreement. However, retrofitting existing BF-
BOFs with CCUS can play a role in relatively new and efficient facilities with
available or affordable carbon transport and storage infrastructure, and alternative
low-carbon steelmaking technologies are unviable. Countries could therefore
pledge to support the use of CCUS at relevant sites.

43.  As nations commit to stringent climate goals, the establishment of robust
carbon infrastructure becomes essential to manage and sequester emissions
effectively. This includes building facilities for the capture, transport, and safe
storage of carbon dioxide, a process that requires extensive R&D to innovate and
refine the technologies involved.

Policies for lowering emissions in existing capacity (B5.3, B5.4, C5.5)

44.  Lowering emissions in existing capacity requires creating incentives for
steelmaking firms to monitor and improve energy efficiency and to invest in carbon
capture where relevant. This can be done for example through pricing schemes or
taxes on energy use and carbon emissions, and by removing energy subsidies
where relevant. Increasing material efficiency requires a value-chain perspective,
where downstream actors are incentivised to cut material use and contribute to
high-quality recycling back to steelmakers. Policies for material efficiency therefore
tend to be broad in scope such as the EU eco-design regulation (OECD, 20241s)).

Empirical illustration

45.  Figure 3 shows the CO2 intensity in the BF-BOF steelmaking route across
countries. The BF-BOF fleet of Canada has almost half the CO2 emissions per
tonne of steel as the BF-BOF fleet in India. In the hypothetical case where India
had a BF-BOF fleet with the same emission levels per tonne of steel as the
Canadian fleet, India's total annual emissions would have been almost 70 million
tonnes or about 2.7% lower.



Figure 3. Country’s BF-BOF carbon intensity stemming from scopes 1 and 2 in
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Increase near-zero emission capacity (level 2 C)

46.  Sector-wide deployment of low-carbon technologies is central to reaching
net-zero in industrial sectors rapidly and sustainably. Retrofitting existing sites with
new technologies often only leads to limited emission reductions that are not
sufficient for reaching net-zero emissions. Reaching net-zero will therefore require
the construction of new, near-zero facilities, and thus an expansion of near-zero
emission capacity. Examples for the steel industry are scrap-based secondary
steelmaking, hydrogen-based steelmaking, as well as breakthrough innovative
solutions at early innovation stages. Countries could therefore pledge to support
or expand this type of capacity by a given amount or to a given share by a given
year. For example, a pledge to increase the share of near-zero emission capacity
by a given year or a pledge to increase the amount of hydrogen-based steelmaking
capacity to a given level. While such commitments would not be technology
agnostic, it could nevertheless be useful for countries with the relevant renewable
energy potential.

Scrap-based steelmaking (C3.5, C4.5)

47.  The most mature near-zero emission steelmaking technology is the scrap-
based EAF route®. The share of the EAF scrap route varies widely across
countries, where the United States has a share of over 70 %, the EU 44 %, Turkey
70 %, and China 10 % (BIR, 2022, (OECD, 202415)).
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6 According to the IEA definitions, EAF production is not inherently classified as near-zero emission. The classification
depends on the carbon intensity of the electricity used and other relevant factors.
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48.  Due to the limitations of scrap availability, it is important that measures and
potential pledges to increase the use of scrap are made considering the side
effects of measures. Increasing the use of scrap by restricting exports will have
negative side effects on other steelmaking countries as their cost of using scrap
will increase. Therefore, increasing scrap collection rates as well as improving
scrap handling for quality purposes are key measures for expanding the scrap
share of steel production without negative externalities on other countries.
Countries could therefore pledge to increase scrap collection rates, or scrap
handling where relevant, or to refrain from export restrictions on scrap. In a similar
vein, countries could also consider and develop pledges on developing trade
partnerships and/or refraining from import restrictions on low-emissions
intermediate goods such as green iron (OECD, 202423)).

Hydrogen-based steelmaking (C3.6, C4.6)

49.  Hydrogen-based steelmaking is another near-zero steelmaking route with
a high level of technological maturity. This steelmaking route requires new DR-
EAF facilities capable of using hydrogen, and several are currently being built,
notably the HYBRIT-facility in Northern Sweden, where a new EAF and an H-DR
facility are being constructed to replace the old BF-BOF facilities.

50. Less than 6% of steel in 2019 was produced via a direct reduction furnace
and most of these furnaces used methane-based syngas of H, and CO as both
reductant and fuel (some use coal), and it is unclear to what extent these furnaces
can use hydrogen (Bashmakov et al., 202211j)). Therefore, for hydrogen-based
steelmaking to take a significant market share of total steelmaking there will have
to be an expansion of H-DR-EAF capacity. Countries could pledge to expand the
amount of hydrogen-based steelmaking capacity by a given amount or share of
total steelmaking by a given year, giving equipment suppliers credibility to expand
production.

51. Hydrogen-based steelmaking requires a large amount of clean electricity -
about 3.5 TWh per million tonne of steel (Vogl, Anman and Nilsson, 20184).
Expanding hydrogen-based steel production is therefore in many cases subject to
a large expansion of clean power production. Combined with hydrogen storage,
demand can be flexible, allowing for larger use of intermittent clean power.
Countries could therefore pledge to increase the amount of clean power and
hydrogen storage and infrastructure to support hydrogen-based steelmaking. Such
a pledge could be to increase the amount of clean power available for energy-
intensive industries by a given amount by a given year. Given the costly nature of
such investments, this will be more challenging for some countries than others.
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CCUS in new facilities (B3.4, B4.4)

52. CCUS in newly built facilities can reach higher capture rates than when
retrofitted on existing facilities and this is therefore a potential third route to
increasing near-zero emission capacity. New BF-BOF plants can be built to be
more suitable for CCUS increasing the capture rate, but for instance DR-EAF
plants using natural gas can lead to even deeper emission reductions. CCUS
technologies could have the potential to decrease emissions by up to 90%
compared to BF-BOF (IEA, 20231g)) but face significant implementation barriers
that may undermine their overall efficacy in real-world applications.

53.  High costs, technological complexity, and the necessity for extensive
infrastructure development are major obstacles that can delay or even prevent the
widespread adoption needed to achieve these emission reductions. Moreover, the
effectiveness of CCUS is contingent upon the availability of suitable geological
storage sites, which are not uniformly distributed globally, thus limiting the
geographical applicability of this technology. In addition, if carbon is captured and
then used and released into the atmaosphere, the reduction potential is a maximum
of 50 % — insufficient for net-zero emissions (Bashmakov et al., 2022[11;). Relevant
pledges could be to use CCUS in all new fossil-based steelmaking facilities with
capture rates at above 90-95 % across the entire value chain which would be
compliant with the Paris Agreement (Bataille et al., 202325)). This would require
strong monitoring to ensure sufficient capture rates to avoid lock-in of carbon-
intensive production.

Frontier steelmaking routes (C3.7, C4.7)

54.  Finally, there are a number of near-zero emission steelmaking technologies
in the early development stages. These include molten oxide electrolysis and
electrowinning which have been piloted at a small scale, and these technologies
have the benefit of not needing to first produce hydrogen to reduce iron. However,
they are in the early development stage and there could be significant global
spillovers from developing the technology. Relevant pledges could be to cooperate
and support the development of these new innovative routes.

Policies for increasing near-zero emission steelmaking capacity (B5.4, C5.5, C5.6, C5.7)

55.  Strong policy frameworks are necessary to support the development of
near-zero emission steelmaking capacity on both the supply and demand-side. On
the supply-side, risk-sharing through subsidies, grants and credit guarantees can
be a key intervention to trigger investment in first-of-a-kind plants to manage risk
in the early development stage of the sector and to demonstrate low-carbon
steelmaking technology at scale (Bataille et al., 2024,). For technologies that are
at lower levels of technological readiness, supply-side policies to research and
develop key technologies are vital to speed up technological development. On the
demand-side, policymakers can help support the development of niche markets for
low-carbon steel through public procurement and standard-setting. For example,
the Swedish initiative The Industrial Leap has been pivotal for piloting and
demonstrating hydrogen-based steelmaking in Sweden (Swedish Energy Agency,
2024 2g)).
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Empirical illustration

56.  Figure 4 shows the growth in the use of scrap-based EAF steelmaking in
the United States and the associated fall in carbon emissions from the steel sector
from 2000 to 2021. Scrap-based steelmaking grew by 27 % in the period,
maintaining nearly constant total steelmaking capacity, and emissions from the
steel sector fell by 54 %. This is a case where the expansion of near-zero
steelmaking contributed to the fall of emissions in the US, while production was
retained, albeit at a slower pace than necessary to reach net-zero emissions from
industry by mid-century. Not all countries can go down the same route, as there is
not the same amount of scrap available relative to demand and therefore other
countries may have to follow alternative capacity adjustments to lower emissions.

Figure 4. Example of United States
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measured for the steel industry production (under scope 1), while the indirect effects of carbon emissions due to production is not reported.
Emissions associated with the use of conventional fuels for electricity generation are reported under the Energy chapter of the inventory of
Greenhouse Gas Emissions and Sinks (EPA, 2024).

Source: Greenhouse Gas Inventory Data Explorer (US EPA, 2024); Iron and Steel - Historical Statistics, Data Series 140 (USGS, 2024).
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4 From framework to pledge

57.  This section further develops examples of supply-side pledges and
corresponding targets on the carbon-capacity nexus to allow for discussions on the
ways a country or a sector may address trade-offs and strengthen co-operation
across countries and between industries.

58. A key motivation for using the nexus framework is to help countries and
industries to address the carbon and capacity challenges in their respective
jurisdictions. Building on the key findings of the framework, this study examines
how a policymaker could shape emission reduction pledges rooted in the carbon-
capacity nexus’. Figure 5 proposes a collection of sample pledges, applied to the
steel sector, which are intended to illustrate key actions, quantitative targets and
timing that could contribute to achieving climate goals.

7 In line with what was stated in the introduction of this paper on technological neutrality, the framework recognizes no
“one-fit-all” policy approach for industry decarbonisation is possible and in no way intends to suggest specific policies
that ‘pick winners’ in this respect.
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Figure 5. Pledge structure inside the carbon-capacity nexus lens
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Source: Authors’ elaboration

59.  The nexus approach also suggests that policymakers need to pay greater
attention to the implications of decarbonisation pledges on the restructuring of an
industry. Furthermore, there is a need to explore the potential of emission reduction
beyond a specific production route or geographical characteristic considerations.
Overlaps can occur within this framework because of the many interconnections
and complexities between production routes, technologies, energy and materials.
For example, hydrogen consumption can relate to the use of scrap to produce steel
in the DRI-EAF route, while a CCUS can be compatible with most areas of steel
production. Pledges should be formulated in such a way that all the different
solutions are not treated separately, but rather as a collective response of the
industry to decarbonisation challenges.



60. The timing of capacity adjustments is also an essential condition for the
successful industry decarbonisation pledges. Committing to reducing emissions-
intensive steelmaking capacity by phasing out existing older assets can be difficult
in the short term, for a variety of reasons such as the immediate and unintended
consequences on steel markets and employment. Similarly, adapting existing
facilities to improvements in energy efficiency and resource use can often lead to
a reduction in emissions in the short and medium term, with scrap use and the EAF
route being a particularly important pathway. However, gains in emission
reductions through for instance energy efficiency would still be at a lower level than
the net-zero target requires. Finally, the net-zero objective would be supported by
the construction of new low-emission facilities and therefore depends on the long-
term reconfiguration of emission-intensive capacity to comply with net-zero
emission targets.

61. Coordinated policymaking plays a key role in supporting supply-oriented
pledges. Specific targets on production, materials use, and energy consumption
can be applied in conjunction with market-based and non-market-based
instruments. Key examples taken from the nexus framework are applied to CCUS,
scrap, and hydrogen-based production routes, to illustrate different combinations
and integration from a general pledge to specific targets, to coordinated policies
that decarbonise a steel industry.

62. to address complex interactions within the carbon-capacity nexus. System
thinking can help policymakers identify potential imbalances, synergies, and trade-
offs (Hynes, Lees and Miller, 2020)) between different ways of restructuring an
industry to comply with climate goals. In the steel sector, the application and
management of one type of capacity adjustment can not only directly impact the
others, but also determine the intensity of potential trade-offs between resource-
energy systems issues generally treated separately.

| 25



26 |

5 Pledges and international collective
action

63.  Assessing possibilities for international cooperation and collective action
with regards to industrial decarbonisation pledges is a key objective of this paper,
which is relevant at all levels of the framework, with some of the levels at which
pledges are distinguished being more relevant for (certain types of) collective
action than others. At level 1 (overall objectives) and 2 (capacity adjustments), the
benefit of international co-operation lies primarily on scale: if more countries join
such pledges, the amount of emissions covered would increase which would help
enhance the impact of such pledges. However, effective collective action must also
recognise the heterogeneity of production pathways and the diversity of available
technologies and resources of each country. Policies and pledges should therefore
remain sufficiently flexible to accommodate national differences, ensuring practical
feasibility and broader participation.

64. There is a strong case for collective pledges in areas where there is a risk
for negative international spillovers or vice versa the possibility for positive
international spillovers, which is particularly the case for level 4 (requirements) and
level 5 (policies) of the framework proposed. Resources such as scrap, renewable
energy, carbon storage sites, and fiscal and engineering capacity are unevenly
distributed across the globe. As steel and inputs such as iron ore are tradable,
cooperation on trade and development will also be crucial for realising the
decarbonisation of industries. As some resources are essential for near-zero
emission capacity expansions, but unevenly distributed around the globe (see for
example (Watari, Giurco and Cullen, 20237) ) and there is significant
heterogeneity across countries’ steel industries, countries could also pledge to
coordinate changes in capacity with access to resources, such as one country
pledging to expand scrap-based rather than emission-intensive steelmaking
capacity in exchange for access to scrap markets in another country. This could
be done at a bi-lateral level, facilitated by the Climate Club, or at a multi-lateral
level across the Club. Similarly, pledges on the greening of iron production could
go hand in hand with partnerships between potential exporters and importers of
green iron to allow tor a smooth and mutually beneficial approach.



65.  Finally, in some cases the relevance of collective action in pledging relates
to inclusiveness. Countries could make pledges on the level of international
cooperation for realising the various capacity adjustments. For example, countries
could pledge to support an international fund covering a share of the closure costs
of emission-intensive plants. Such a fund has previously been suggested by the
OECD Steel Committee in 2002 to manage global overcapacity challenges (Algers
and Ahman, 2024;). Countries could also pledge to cooperate on expanding and
sharing engineering capacity or technological transfers, to facilitate growth in near-
zero emission facilities. For such a pledge to be meaningful, it would have to be
concrete as to what form such cooperation would take. As direct reduction furnaces
today constitute a small share of total ironmaking capacity but are expected to
grow, the capacity to build and install such furnaces is a potential major bottleneck
for the growth of the industry (Agora industry, 2023.g). Collective pledges could
also combine joint pledges on decarbonisation efforts with support for capacity
development in emerging and developing economies. Pledges on international
cooperation in this perspective would be supportive of national pledges.
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g Assessing potential pledges

66. Figure 1 assesses the emission reduction potential and outlines potential
market implications and side effects associated with each sample pledge
formulated in figure 5. The assessment uses a colouring system to indicate the
emission reduction potential of various pledges, where dark green means a strong
emission reduction potential, lighter green means moderate emission reduction
potential and lightest green is used where there is a marginal or indirect effect on
emissions.

67. Table 1 illustrates how the environmental benefits of these pledges may be
weighed against market implications, including increased demand pressures,
rising production costs, and substantial shifts in capacity. Additional side effects
may arise from implementing a given pledge, such as increased risks of job market
disruptions, uneven distribution of benefits, and challenges in gaining social
acceptance. The prioritisation of various pledges will largely depend on the
domestic context of the steel industry and relevant market factors.

68.  The colour coding applied in this emission reduction analysis is based on a
logical and systematic approach considering each pledge's effect on emissions.
For instance, historically, the phase out of emission-intensive steelmaking has
demonstrated a strong emission reduction effect, which justifies its dark green
categorisation. However, there are notable limitations to this approach, including
the fact that it does not account for the significant heterogeneities across countries.
The impact of such pledges can vary widely depending on domestic steel industry
structures, energy availability, technological readiness, and socio-economic
factors, which means that a one-size-fits-all categorisation may not fully capture
these national variations. Additionally, while the colouring system provides a useful
framework for categorisation, it may oversimplify the nuances of the potential risks
and benefits, particularly where multiple factors interact.

Table 1. Overview of potential pledges on the steel sector: benefits, implications and side effects

Emission reduction

Type of pledges potential Market implications Side effects
Emission reduction e Reduced excess e Risks for labour market
potential depends on capacity disruptions, detrimental
country’s  industry | ¢ Reduced demand economic effects on
profile for fossil fuels local communities and

companies

e Risk of carbon leakage
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Strong emission
reduction effect

e Reduced
capacity

e Reduced demand
for fossil fuels

e Increased demand
for steel from clean

excess

e Risks of job losses and
unjust transition
e Risk of carbon leakage

sources
Accelerated e Mitigation of | Unclear, but potentially high
reduction in financial risks costs
emission-intensive e Exit from the
capacity market of less
financially  robust
firms
No emission growth No growth in emission- | Little-to-no side effects
intensive excess
capacity
Moderate carbon | ¢ No direct effect on | Ineffective with additions of
reduction  potential capacity emission-intensive capacity
depending on e Ambiguous effects
country’s industry on steel production,
profile price
Marginal ~ emission | ¢ Small effect on No major side effects

reduction effect

steel markets
e Technological cost

Marginal  emission
reduction effect

Moderate reduction in
energy costs

Moderately reduced energy
demand

In existing
capacity:
Medium
emission
reduction effect
In new capacity:
Potential for
strong emission
reduction effect

e Higher steelmaking
costs

e Growing demand for
carbon storage
e Not technology neutral

Indirect emission | ¢  Competitive e Risk of lock-in to high-
reduction  potential advantage for early carbon technologies
depending on adopters e Uneven distribution of
country’s industry = ® Loweripg the cost benefits

) of using CCUS- | ¢ Nottechnology neutral
profile .

based technologies

Moderate emission | Market frictions on | Large amounts of
reduction  potential = resources investment needed
according to industry
profile
Marginal ~ emission | ¢  Growing demand | ¢ Increased scrap prices

reduction potential for scrap e Limited scrap stock
e Capacity addition (end-of-life steel
products)
Marginal ~ emission = Lower production costs | Scrap availability limited by
reduction potential More stable scrap | the stock of scrap
markets
Marginal ~ emission | Strengthening  scrap- e Few side effects
reduction potential based steelmaking
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higher scrap availability and
quality

quality

Strong emission | e  Higher steelmaking = ¢ Demand for renewable
reduction potential if costs energy

replacing emission- | ¢  Growing demand e Potential

intensive capacity for clean hydrogen reconfigurations of

e Capacity addition

steel supply chain
Large investment cost
Not technology neutral

C4.6 Production targets of Indirect emission | Support hydrogen | e  Risk of high initial costs
clean hydrogen reduction Potential markets growth e Not technology neutral
C5.6 Support clean hydrogen Indirect emission | Creation of new market | ¢ Risk of clean energy

production for steel end use

reduction potential

opportunities

shortage for  other

sectors
¢ Not technology neutral

C3.7 Pilot frontier Indirect, long-term = Small or no capacity e Low deployment at
steelmaking capacities emission  reduction | effects in the short run commercial scale
potential before technology’s
maturity
e Risk of technology lock-
in
C4.7 Support research and Indirect, long-term | Creation of new | e Long path to
development of frontier emission reduction @ industries and jobs commercial
steelmaking technology potential development
C5.7 Boosting funding and Indirect, long-term = Creation of new market | ¢  High initial costs
facilitating collaboration on emission reduction | opportunities e Positive spillover on
research and development potential other hydrogen-using
for direct electrolysis sectors

e Not technology neutral

Cross-cutting pledges: Potential for indirect | Expansion of green job | Few negative side effects
green employment, emission reductions markets and available
technology transfer, skilled labour

international/regional
cooperation

Source: Authors’ elaboration

69. The preliminary findings suggest key examples of trade-offs facing
policymakers in the formulation of supply-side pledges in the steel sector.

o A first trade-off example arises from addressing the interplay between emissions,
production, and replacement cost. The reduction of emission-intensive capacity
decreases industrial pollution but can also open space for a green steel market
and improve the financial health of the industry by reducing excess capacity. While
these key advantages will be likely to generate significant environmental benefits,
an integrated approach is needed to anticipate potential socioeconomic risks and
avoid counterproductive policies. Phasing out old capacity can be costly in the
short and medium term due to the negative effects on the employment and local
community. Capacity adjustments require timely policy responses to address
economic challenges including for example clear roadmaps for planning and
adaptation, coordinated labour market interventions, state aid schema for covering
the facility’s closure cost, as well as the robust long-term plan for re-
industrialisation (Algers and Ahman, 2024))



A second key example of trade-offs relates to the interactions between different
energy-materials systems and market dynamics. Pledging efficiency
improvements can lead to material saving and adaptation outcomes, while
expected emissions reduction will depend on balanced market conditions. For
example, scrap recycling targets can help increase steel circularity, avoid
additional emissions from primary production, and reduce product costs
(Morseletto, 2020;29)). The success of this type of pledge to achieve emissions
savings depends on the domestic scrap market balance, global availability of steel
scrap, scrap trade flows, requirements for high-quality scraps and electricity
consumption. Furthermore, applying efficiency improvement measures can
contribute to extending the life of the steel asset base, at a disadvantage to slow
down the positive impacts of capacity reduction measures, especially for high-
emission emitting capacities.

Finally, there is another example of a trade-off between the cost-effectiveness
issue of new technological solutions and the need to accelerate deep
decarbonisation. The growth of low-emission steelmaking capacity will depend on
the emergence of new technology, energy and materials markets to meet
decarbonisation challenges. Compared to conventional technologies, most low-
carbon technologies are capital-intensive and at a low scale of commercialisation
(OECD, 2023jq), but their competitiveness is also heavily impacted by high
operating costs, particularly due to the price of hydrogen in both current and
projected markets. Future low-emission capacities imply important trade-offs of
different technology choices, energy costs and materials needed. Green hydrogen-
based steelmaking illustrates new challenges and opportunities for steel producers
to achieve substantial emissions reduction. On the one hand, expanding hydrogen-
based DRI capacity would require substantial production of low-emission hydrogen
and key materials for both electrolysers (e.g., platinum, iridium, nickel) and
renewable energy infrastructure to meet steel demand. There are still inherent risks
of fossil fuel lock-in as most low-carbon investments are currently directed to
natural gas-based DRI capacities. On the other hand, new trade-offs can emerge
with green hydrogen production for different end-uses (e.g., steelmaking, refining,
chemical production), via domestic electrolysers or import from outside.

70.  Several key insights can be drawn from this preliminary analysis and
applied to industries at large. First, emission reduction pledges can have effects
that go beyond positive environmental outcomes and bring additional economic
risks and benefits. Second, concerted policies between the various stakeholders
involved can help identify solutions that capitalise on potential synergies and
minimise environmental, social and economic trade-offs. Policymakers need to
coordinate strategies and policies to address emission reduction and industry
capacity adjustments in conjunction. Under specific national circumstances, some
trade-offs may be more achievable than others in current and future terms and
could possibly have economic benefits and side effects that should be considered
across borders.
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Z Conclusion

71.  This paper provides a conceptualisation of a carbon-capacity nexus for
assisting in the development of quantifiable and actionable pledges for the
decarbonisation of industry. A change in emissions from industry is intimately tied
to changes in production capacity and therefore the steps to decarbonise industries
can be quantified based on changes in capacity. Such supply-side perspective on
industrial decarbonisation and the way this can be supported by pledges is
currently lacking.

72.  As industrial products are highly traded and industries depend on cross-
border supply chains, there may be unintended negative side effects of routes to
decarbonisation that should be avoided for long-term success. It is therefore crucial
that pledges on industrial decarbonisation are based on considerations of both
decarbonisation technologies and market effects of each route.

73.  This paper provides anchor points and discusses pitfalls of potential
pledges by governments to decarbonise the industry, using the steel industry as a
case. Capacity adjustments can be classified into three categories based on their
effect on production capacity and pledges and could be made depending on
countries’ industrial structure. These capacity adjustments are to reduce emission-
intensive capacity, lower emissions in existing emission-intensive capacity, and
increase near-zero emission capacity. Pledges that solely focus on increasing
near-zero capacity without addressing existing emission-intensive a capacity will
not be sufficient to achieve climate objectives.

74. Each of these categories can be realised through several routes, and
countries could also make more pledges on this level of granularity for higher
transparency and clarity on the pathway for their own industry. These routes
require changes in technology, regulations and infrastructure, and depending on
the requirements, there are clusters of policies that can support each route.

75.  Pledges on several capacity adjustments or levels of granularity can be
combined in a coherent approach for industrial decarbonisation. A combination of
pledges that are both expansionary and reducing capacity is likely to be more
politically feasible than simply reductive pledges. Such combinations can be made
either within a sector like the steel industry or across sectors.

76.  Finally, the effectiveness of pledges could significantly increase when
undertaken collectively by countries, for instance in the context of the Climate Club.
Such collective pledging could enhance the scale of impact and efforts, would help
address negative spillovers and could enhance inclusiveness.
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