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Executive Summary
To reach the Paris Climate Agreement’s objective for net-zero CO2 emissions shortly after mid-century
industry sectors such as steel are front and center. Being responsible for approximately 8 % of global
greenhouse gas (GHG) emissions, the steel sector is of great importance for a wide range of other
industrial sectors, including construction, manufacturing, mobility, and infrastructure. In emerging
economies, in particular, steel production is projected to grow, continuing to be of great economic and
developmental importance.
Though the decarbonization of the steel sector is gradually gaining traction in the political discourse,
transition policy implementation is still at its early stages. Technical options, however, are increasingly
well understood. To achieve a complete decarbonization of the sector, there are two complementary
options: (1) the use of hydrogen in production and (2), the use of Carbon Capture, Usage and Storage
(CCUS) technologies. So far, the pilot projects as well as research and development for these new
technologies are overwhelmingly located within the EU. Significant barriers, namely a lack of access to
finance, technology, and skills, alongside weak commitment from governments in terms of regulatory
frameworks and supporting policies, hinder the decarbonization of the steel sector in emerging
economies. To address these barriers, international cooperation is necessary. However, international
climate finance in combination with support options to enable an industry transition toward climate
neutrality remain underexplored until the time of writing. This report aims to address these gaps in the
literature.
Finance plays an important role for steel decarbonization as the unprecedented technological
transformation requires substantial funding for incremental operational costs of clean production
processes and investment. Public finances are often constrained, thus private capital is required.
However, private investors are often reluctant to invest in certain projects or markets, especially
in developing economies where unfavorable factors like political instability and high exchange rate
volatility, are omnipresent. Blended finance instruments that rebalance the risk-reward equation for
pioneering investments appear to be a promising solution as they help to mitigate investment risks
and attract more funding for climate-friendly projects. In this study, we suggest the application of
one particular such instrument: Carbon Contracts for Difference (CCfDs) as a form of public-private
finance.
From the perspective of international climate finance and support, we ask how an instrument like
CCfDs could be applied internationally to support emerging economies in efforts to transform the steel
sector. We discuss the design of such an instrument and conclude that CCfDs could be an appropriate
measure to jointly support clean industrial processes and start their commercial diffusion, while
simultaneously preserving incentives for the introduction of carbon prices and renewable energy
support.
But owing to the transnational character of donor support of domestic public policy environments
for the steel sector decarbonization, we identify a likely dilemma: On the one hand, funders look for
good governance, a stable regulatory framework and policy support. Recipient countries, on the
other hand, oftentimes need funding to be able to showcase such qualities. Additionally, they are
very cautious about influence on domestic policy processes. We identify the role of trust as a major

6

Steel decarbonization in emerging economies

issue, suggesting international policy dialogues and peer review processes as a means to foster trust,
transparency and communication among funders and recipients. Policy makers can draw on a rich
history of experiences with policy dialogues. In this report, we suggest design elements that, may be
better fit for achieving steel decarbonization. Accordingly, these dialogues and peer processes need to
be non-hierarchical, mutual (involving both groups of countries), inclusive (with representatives of the
private sector, civil society, and the industry), and transparent to avoid the thorny issues connected to
foreign influence, power inequalities, and concerns of sovereignty.
Thus, we suggest a new narrative for the international decarbonization of the steel sector, which builds
on the claim that climate finance generates positive spillover effects for the sector as a whole. This
stands in contrast to a narrative, which builds on CBAM and fears of supporting competition in the steel
sector when assisting the decarbonization in emerging economies.
The report concludes, first, that for a successful transformation of the steel sector in emerging
economies, international cooperation agreements need to focus on policy reforms and the political
dimension of the transformation. While the funding of pure project interventions – for instance
providing finance for a specific company – is of paramount importance on a micro-level, these are
insufficient to transform the steel sector as a whole. Instead, cooperation agreements should also
address policy frameworks, public actors and institutions as well.
Secondly, and of utmost importance, a successful transformation of the steel sector has to focus on
the country specific needs. This requires from funders and from recipients to understand and agree
on the design of financial and technical support instruments, communicate associated needs and
implement in agreement with all involved parties.
Thirdly, cooperation modalities matter as much as the technical content of support. They are
especially relevant for international cooperation, due to the manifold sensitivities connected to
competitiveness of the steel sector, sovereignty concerns of countries, and strained north-south
relationships. Important cooperation modalities include political skills and sensitivity of funders;
dialogue and negotiation skills; as well as resources, trust, and transparency; as well as technical
capacities.
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Chapter one

Introduction
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1. Introduction
Achieving climate neutrality in the global steel industry is a key requirement for achieving the global
temperature objectives of the Paris Agreement. This is no straightforward task. On the one hand, the
steel sector is responsible for 7-9 % of global greenhouse gas (GHG) emissions (IEA, 2021; World Steel
Association, 2021a).1 On the other hand, steel is a basic material that is an important economic factor,
especially in emerging economies. Generally speaking, the decarbonization of the international steel
sector will require significant (re)investments in clean technologies and management processes.
According to recent studies, a large part of the core assets of the steel industry, such as coal-blast
furnaces, will reach the end of their lifetimes and need to be replaced before 2030 (Agora Industry
et al., 2021; Bataille et al., 2021). Given the sector’s current financial constraints and its inherently
intense competition, the need for investments stands in the way of transformation. To address
this issue, innovative policy packages and associated arrangements for effective public-private
finance instruments are required, including international financial resources according to the Paris
Agreement, Article 9 (Bhandary et al., 2021).
This study focuses on the question what financial instruments can be effective in mobilizing bespoke
investments for the decarbonization of the steel sector and strengthen international cooperation
between developed and developing countries. Through a set of semi-structured interviews with
experts from the steel sector, private and public finance, think tanks, multilateral development banks
(MDBs), and academia, we identify barriers and enablers for cooperation from contributor and recipient
perspective.
Drawing from the current dynamics and challenges of sustainable steel production we point out the
specific international disparities in production, capacities and technologies and show the limits of
current policies to decarbonize the steel sector. We then highlight the crucial role of finance for the
transformation of the steel sector, current financial instruments and funding opportunities as well as
how to overcome the barriers and constraints of mobilizing private capital. In this context, we discuss
the novel application of a specific financial instrument – Carbon Contracts for Difference (CCfD) – to
support the decarbonization of the steel sector in emerging economies. The novel characteristic of
this instrument consists of its international application: while it is implemented in a jurisdiction in
one country, layers of complexity are added through international partnerships and agreements. This
means including the possibility of differing policy ideas, accountability standards, and perceptions of
transformational change between donors and recipients of such climate finance and support.
In particular, we investigate whether the application of such instruments may contribute to enhanced
cooperation for global climate protection among countries and what might be suitable governance
structures for such cooperation.
The report is structured as follows: Section 1 provides an overview on the literature and the research
questions. Section 2 introduces our research’s take on transformational change, international climate
finance, and cooperation in the context of international steel decarbonization. It further presents

1 I t should be mentioned here that there are different accounting methods and ways to allocate steel sector emissions, each resulting in different
numbers.
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the methods applied in this report applies. Section 3 presents reviews of the current status of the
international steel decarbonization and challenges for sustainable steel production as well relevant
policies in place. Section 4 addresses the role of finance and funding and its current challenges
for the transformation of the steel industry and showcases the international application of CCfDs
in emerging economies. Section 5 discusses the importance of a broader international climate
cooperation framework for decarbonizing the steel industry and relevant elements and aspects; in
particular, the role of trust, as well as rationales and possible solutions for national – international
interactions in domestic policy environments of the steel sector. Section 6 provides conclusions,
policy recommendations, and section 7 offers suggestions for further research.

1.1. Literature overview and research questions
The decarbonization and transformation of industries, like the steel sector, has become a dynamic
process that is studied and influenced by numerous scholarly disciplines. To give an overview of the
exponentially growing literature on this topic, we grouped the literature into several categories as
follows. Strands focusing on decarbonization and transformation of industries and / or economies
pertain to the first such category, while the second comprises strands of literature focusing on
effective climate finance and cooperation. This process leaves questions critical both for the scholarly
discourse on climate finance and the normative debate on effective climate cooperation unanswered.
As we provide a more in-depth literature in each of the subsequent sections, we only illustrate the
overall tendencies in this section.
In the literature, there is a heterogeneity of promoting and inhibiting factors for the transformation
of industries, such as technology, economic, and environmental issues, along with the breadth of
transformation issues itself, i.e., methods, and processes. This provides a plethora of theoretical and
methodological opportunities and challenges for researchers, of which we focus on the international
finance and cooperation issues.
The body of literature on international climate finance for steel industry decarbonization focuses
mainly on topics connected to private sector finance, trade and carbon border adjustments, as well
as climate clubs, but not in a detailed way on climate finance and support according to Article 9 of the
Paris Agreement.2
Several authors call for increasing the finance made available by the MDBs, in particular for transition
finance in emerging economies, as well as for combining it with international policy coordination on
market development and integration of demand and supply side instruments (Gerres et al., 2021).
However, questions regarding the instrument choice as well as the governance of cooperation and
support remain largely undiscussed before 2022. In one of the few attempts to address such questions, Vangenechten and Lehner (2022) argue that cooperation and support for steel decarbonization
in emerging economies should come in the form of alliances, which should entail accelerated finance
and technology deployment. They further suggest that these alliances should be complemented
with international dialogue and action on carbon leakage, market development and a ratcheting up
mechanism for ambition raising in industrial climate policy.
2 Further details on Article 9 https://unfccc.int/topics/climate-finance/the-big-picture/climate-finance-in-the-negotiations
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Cooperation and support for steel decarbonization is also frequently discussed in proposals for climate
clubs (see for example Hermwille et al., 2022; Åhman et al., 2022): in this literature, decarbonisation
is assumed to be driven by the mix of incentives and disincentives that a club applies to members and
prospective members, such as access to, or exclusion from club goods and benefits (Nordhaus, 2015).
Having assessed options for a steel decarbonization club, Hermwille (2019) concludes that the question
of which finance instrument types might incentivize steel sector companies to cooperate, still needs
to be addressed. The club proposal by the G7 (2022) also suggest considering cooperative approaches
for industry decarbonization, though strategies and assumptions for effective support are not defined.
A related initiative by the EU and US governments to address carbon intensity of global steel and
aluminium arrangements through market and trade arrangements was launched in 2021 and invited
like-minded countries to join (EU, 2021).
The report builds on the emerging literature of how CCfDs can be used to support the decarbonization
of hard-to-abate sectors like steel. For instance, Richstein and Neuhoff (2022) show how this
instrument can lower financing costs by de-risking investment in carbon-neutral technologies. Vogl
et al. (2021a) find that carbon contracts are an effective measure to support the first industry-scale
projects of green steel making but that they might create issues with respect to the fairness of the
transition. Chiappinelli and Neuhoff (2020) argue that the instrument leads to a more time-consistent
climate policy, and increasing both investment and abatement levels. Furthermore, the potential
design of the instrument in the context of European climate policy is considered in several policy
reports (e.g., Agora Industrie et al., 2021; Zachmann and McWilliams, 2021; Richstein et al., 2021;
Hauser et al., 2022; Gerres and Linares 2021).
We add to the literature on CCfDs by – as far as we know - being the first report to explore their use
in an international context and by starting a debate on how they could be used to foster cooperation
between developed and developing countries.
To conclude, we identify considerable dynamics in the emergence of cooperative initiatives and at
the same time, a gap in the literature in relation to international funding and cooperative modalities
specifically for steel sector decarbonization. Therefore, our approach puts questions on how to
cooperate internationally with emerging economies at the centre of the study. Accordingly, three
research questions guide this report:
1. U
 nder which conditions can international public-private climate finance arrangements
contribute to transformational change in the steel industry?
2. How do such arrangements relate to the emerging understanding of international
cooperation in the climate commons within the Paris Agreement and, how do they help to
foster collective action?
3. How can we design governance structures to optimize international cooperation for industry
climate neutrality, considering international – national interactions?
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1.2. On the transformational challenges of the steel sector
The term transformational change has gained prominence in the context of reaching the Paris
Agreement targets, sustainable development, in climate policy, and, particularly, in climate finance
(Winkler and Dubash, 2016). According to Winkler and Dubash (2016), transformational change signifies
change beyond short-term, incremental adjustments and should be defined according to national
development pathways. Brockhaus and Angelsen (2012, pp. 16–17) state that transformational change
should be defined “as ‘a shift in discourse, attitudes, power relations and deliberate policy and
protest action that leads policy formulation and implementation away from business-as-usual policy
approaches.” Or, as the Initiative for Climate Action Transparency (ICAT) puts it: ”It refers to system
change rather than singular, stand-alone development. The change involves multiple actors at multiple
levels of society. The status quo is disrupted, and a new economic, political, social and/or technical
paradigm is established. A fundamental, sustained change of a system that disrupts established highcarbon practices and contributes to a zero-carbon society in line with the Paris Agreement goal to limit
global warming to 1.5–2°C and the United Nations Sustainable Development Goals” (ICAT 2022).
The decarbonization of the steel industry can be called a transformational challenge because it
requires not just technological structural reforms, but also social structural reforms; these can be
categorized as “a complex problem involving a multitude of aspects and actions on multiple scales and
under strict time constraints” (Svensson et al., 2020, p.5). This not only relates to the energy system,
but also to social dynamics, policy instruments (including taxes, subsidies, and regulations), and to
frameworks related to the financial industry, innovation, and technology development.
Carbon lock-in (Unruh, 2000) and resistance against low-carbon transitions (Geels, 2014) pose
severe challenges. Thus, it cannot be framed solely as a technological problem or simply as a climate
or environmental problem; rather it must be seen as a societal problem. Accordingly, it must be
addressed as an integrated strategic issue with a broadened transformative industrial policy that does
not simply pool initiatives from different policy fields (Svensson et al., 2020).
Research on the transformational change of industries is typically focused on decarbonization.
In their case studies on fossil fuel decline in the Netherlands, South Africa, and the US, Nacke et
al. (2022) illustrate that there is no universal policy mix to achieve transformational change, but
rather that policies should be sequenced over time, similar to policy sequencing for clean energy
introduction. Albeit focusing on phases of coal decline, their framework could also be applied with
certain limitations to the manufacturing of steel, given the interconnectedness of the sectors. They
propose a framework to identify the current phase of transformation of fossil fuel technologies,
related industries, and resource dependent regions, thus facilitating subsequent policy that is both
effective and feasible. Policy problems vary throughout the three phases, thus different policies are
required for each phase. The political action system contains the rules and regulations that affect
the three systems (regional, industrial, and technological) at each phase, but it also responds to the
developments of these systems. Combining policies that compensate affected actors of decline and
simultaneously withdrawing financial support from incumbents is difficult but critical (Diluiso et al.,
2021). Diagnosing the current phase of technological, industrial, and regional decline can help policy
sequencing and support transformational change.
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When looking at the levels of transformation regarding low-carbon transitions in general, four
archetypical phases in a transition process emerge (Rotmans et al., 2001; Grin et al., 2010 and
Mersmann et al., 2014), which we combine with the three phases approach developed by Nacke et al.
(2022) (see also Figure 1).3
In the pre-development phase or take-off phase, a sense of urgency is growing, caused by external
pressure or tangible consequences of unsustainable practices. Increasingly, climate change related
issues appear on policy agendas, with programs (often technology-based) deployed. This means that
the beginning of a change process – be it cautious – is visible and reactions to unsustainable situations
are gaining higher visibility, mutually connecting and reinforcing each other. Projected targets, such
as the mitigation of GHG emissions and a net zero goal are envisaged, but an overall change process
is not (yet) in place. Major stakeholders and key players in this stage are either not aware of existing
alternative solutions, or perceive them as being too complicated, too costly or otherwise unfeasible
(Mersmann et al, 2014). According to Nacke et al. (2022, p.2) “the technology is locked-in, the industry is
mature, the region is stable and the main risk is maintaining the status quo.”
As examples for countries moving from pre-development to take-off in Europe, Germany, the
Netherlands, and the United Kingdom could be mentioned, as these countries have succeeded in
moving energy transition governance to a take-off phase. Constituent parts of this transition have
been institutional change, market formation, entry of firms, as well as the formation and strengthening
of advocacy coalitions in Germany (Laes et al., 2014), technological learning and short-term gains in
lowering GHG emissions in the Netherlands (Kern and Smith, 2008), as well as institution building and a
binding legal framework in the UK (Foxon, 2011).
In the second phase according to Nacke et al. (2022), technology begins to diminish, industry waivers,
the region struggle, and the main risk is backlash from affected actors. However, if the transformation
runs successfully, technological, institutional, social and economic innovations mutually reinforce
each other. In the third phase, the technology is no longer used, the industry has either left or
reinvented itself and the main risk is regional despondence. If barriers have been overcome and new
barriers hinder the transformed system to relapse, the change could be named as transformational.
Throughout the various phases, different types of support are needed, such as pioneer activity,
coalition and regulatory building. Anchoring in societal acceptance remains important throughout all
phases.

3 T
 he first two phases from the model by Rotmans et al., (2001), are combined to one phase as shown on the x-axis of Figure 1. The three phases from
Nacke et al., (2022) are specific to the three systems: technological, industrial and regional.
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Figure 1: Transition process: Phases of decline, policy-sequencing and the co-evolution of
technological, industrial and regional systems
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Source: Nacke et al., 2022, combined with Mersmann et al., 2014, adapted from Rotmans et al., 2001.

The transition between the phases can be named tipping point 4, or transformation point. It “marks
the moment when a previously novel technology, behaviour or market model achieved critical mass,
took off, and became the new normal.” (CAT, 2019). To further speed up the phases and to avoid sliding
back to the old system, further efforts, such as financial incentives or policy support might be needed.
Financial incentives, be it taxes, subsidies, divestment, or reinvestment are tipping candidates that
have a positive effect on sustainable development, on decarbonization, and on processes to achieve
climate targets (Farmer et al., 2019). They are also needed to scale up zero-carbon solutions that
already exist and will also be needed to develop many zero carbon industrial technologies that are
currently in their infancy (CAT, 2019). This is where international climate finance might come into play.
In the context of the underlying research project of this report,5 previous research analyzes different
elements of existing perspectives and definitions of transformational change, also in relation to
international climate finance and support, which is of specific interest for this study. The conclusions
found included:

4 T
 he term tipping point has increased in popularity across multiple disciplines over the last decade. For a comprehensive review see Winkelmann et
al., (2022) especially also on the role and characteristics of social tipping points.
5 Strengthen national climate policy implementation: Comparative empirical learning & creating linkage to climate finance (SNAPFI).

14

Steel decarbonization in emerging economies

• “International climate finance is only transformational where it results in
deep change within the area of intervention and beyond. The change can affect
systems, market, policies, behaviours and/or norms.” (Marijs et al., 2020, p.12).
• “In order for international finance to have a sustained climate impact over a
long period of time, an alignment needs to exist between the objectives of the
international climate finance donors and the requirements of the recipients;
non-alignment fails to spur transformational change” (Marijs et al., 2020, p.12;
Fridahl et al., 2015).
Overall, an important question in this context remains, albeit not only specific to the steel sector: can
and should transformational change be determined and driven from outside or managed from within?
If operationalized in the context of unequal power, transformational change towards a low-carbon,
climate-resilient economy could be perceived as an imposed condition by developing countries
(Stirling, 2014). Concerns of conditionality and limited ownership can evolve if the focus is on metrics
of performance and only tied to GHG emission reduction. Furthermore, low-carbon objectives might
come with downsides for other objectives, like economic growth, energy access, improved local
environmental issues, and more equal distribution. Transformational change should not be a topdown process without country ownership. Therefore, national capacity development is needed with
the state institutions playing an important role: “The better the domestic institutional structures that
coordinate climate finance, the stronger the argument for national control and discretion over finance
– and the higher the chance that ‘transformational change’ is seen as appropriately transformational
by local actors.” (Winkler and Dubash, 2016, p.786). If national institutions define what counts as
transformational change it may reduce the perception and reality of foreign imposition. Otherwise
the risk of tensions between mitigation-first and development-first in finance may continue to create
obstacles. As long as success is measured primarily in terms of GHG emission terms and used as
explicit or implicit condition climate finance risks to slip into a donor financing mode and might be
perceived as “carbon colonialism” (ibid.).
Thus, to result in deep and sustained change, an agenda for transformational change should be owned
by the country undertaking the change.

1.3. Reflections on the effectiveness of international
climate finance and cooperation
A common argument in economic theory posits that (policy) actors behave rationally and orientate
actions according to gains in line with respective interests (rational choice theories). This gave cause
to constructing theories about the tragedy of the commons, in which the sustainable management
of open access resources is made impossible when multiple users all seek to maximize individual
profits and gains (Hardin, 1968). It was concluded from such theories that a strong, top-down or
centralized regulatory framework is needed in order to control the individual behaviour of common
resource users and to steer system management towards sustainability (Patt, 2017). This theory
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is challenged by economist Elinor Ostrom (1990, 2010) through her insights about sustainably
managed natural resources on local levels. She argues that it was rather social norms and associated
sanctions, agreement among users on a locally appropriate regulation, that governed behaviour.
Most importantly she concludes that the frequent interactions and communications between users,
based on transparency and mutual trust, helped to overcome individual profit maximizing behaviour
and instead increased the attention toward the shared benefits that can be jointly realized. These
elements are key for so-called polycentric governance systems, which are characterized by a high
level of local delegation and whose design is based primarily on local conditions. Central steering is
reduced to a minimum in such systems. In later years of her career, Ostrom transferred her theories
on the international level of climate policy and made similar claims about the successful conduction of
climate policy through global polycentric systems (Ostrom, 2010).
Ideas of international, centralized provision of economic incentives, and fines, are central assumptions
for climate cooperation in the form of minilaterally designed climate clubs (Nordhaus, 2015). These
theories rely on the assumptions that prospective member countries are motivated to join such
clubs because of the expected gain from club goods (such as access to markets for green industrial
products) and to avoid disadvantages (no access to markets, facing trade barriers). Frequently, this
string of theories also puts the idea of carbon pricing systems at the centre, i.e., the idea that likeminded countries introduce carbon pricing policies and penalize countries that do not. The principal
assumptions here are similar to the ones described above: that political actors in climate policy are
prone to free-riding. This means that, in voluntary agreements, the national mitigation contributions
hinge on the implementation of mitigation actions by other states, and it is assumed that countries
take advantage by free-riding: while other countries do their part, some countries continue to emit
emissions and evade the restructuring of their economies, thereby achieving economic gains.
Accordingly, the central claim is reciprocity: it is assumed that countries will only fully engage in
mitigation actions, if they can be sure that all participating countries do the same – hence, a level
playing field would be established (Nordhaus, 2017).
The literature in recent years severely challenges this set of assumptions. Scholars generally find
very little evidence both for free-riding concerns by policymakers and reliance on reciprocity as
a condition for domestic climate policy formulation (Aklin and Mildenberger, 2020). Instead, the
research points toward increasing unilateral climate action by national governments. Policymakers
mostly do not make their own actions dependent on what other countries do (McGrath and Bernauer,
2017). Rather, as argued by scholars like Aklin and Mildenberger (2020), it is the domestic costs
of transforming economic sectors, as well as the distributive conflicts, that matter for domestic
climate policy decisions. According to such arguments, international cooperation for global climate
protection cannot be framed as a collective action problem, in which reciprocity and avoidance of free
riding would be central elements. Instead, it builds on simultaneous efforts by individual countries to
transform their economies toward climate neutrality, which are driven by policymakers´ responses to
new emerging norms, claims by local constituencies, policy diffusion processes, and – importantly
– the existence of catalytic institutions (Hale, 2020). In particular, the emerging international norm
of climate neutrality is argued to be an increasingly important factor for global climate cooperation
(Blondeel, 2020; Gach, 2019; Luepke et al., 2022). Hence, international climate finance should be
conceptualized as a component of such catalytic cooperation: it provides means of implementation
for transformational change processes by countries that are, however, driven initially and primarily by
domestic motives and concerns (Hale, 2020) (see also previous chapter on transformational change).
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However, the decarbonization of the steel sector might be incentivized by both economic as well
as cooperative and political arguments: Case in point might be the discussions around the role of
overcapacities of steel production, which is regarded as a mitigation action with significant potentials
(Dong et al, 2021). However, for another side, it shows the global connectedness and international
exposure of the sector, especially in the case of China´s state-led steel overcapacities due to
subsidies. Economic and trade concerns by domestic policy makers might impede the reduction of
state interventions and, thus, hinder the use of mitigation potentials (Brun, 2016). Further, the steel
sector is internationally exposed as no other climate-related sector (Hermwille et al, 2022), which
might render it susceptible to climate policy induced economic leakage despite of arguments speaking
more in favour of unilateral, independent climate policy by nation states.
The above review of theoretical literature provides us with the guidance to address the research
questions systematically by focussing on aspects of international climate finance on the project
level, and wider implications for cooperation modalities, including roles of trust to foster the catalytic
function of international climate finance and support.
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2. Research design and methods
To address the research questions, we conducted literature reviews and semi-structured interviews
before developing a case study for financial instruments that support the international decarbonization
of the steel industry. For the latter, we investigated how the financial instrument of CCfD supports the
decarbonization of the steel sector in emerging economies. In order to broaden the understanding of
challenges and potentials of internationally supported steel decarbonization in emerging economies,
we employed a qualitative methodology involving semi-structured interviews with actors from
international organizations, key industry stakeholders, the private sector, the financial sector, and
think tanks based both in the EU and in emerging economies (Table 1). This approach offered us the
flexibility to cover a number of questions and specific subject areas ensuring, on the one hand, that
certain key topics were covered; on the other, it allowed the interviewees to provide knowledge on
aspects that were of interest to them. The interviews began with an open question about (1) their views
on international cooperation to support steel decarbonization; (2) implications of different approaches
to cooperation; and (3) potential support mechanisms, financial instruments and design options
for steel decarbonization. The interviewees were then allowed to respond freely, discussing what
they viewed important in their explanations. To enhance the quality of responses, further questions
specific to the expertise of each interviewee were prepared beforehand. Interviews were conducted
mostly online between February and May 2022. Duration ranged from 30 to 90 minutes. For all of the
interviews, extensive notes were taken.

Table 1 Overview on interviewed stakeholders.
Institutional affiliation

Number of people interviewed

International organisation

5

Bilateral cooperation agency

1

Private sector

5

Think tanks

3

Government

1

International finance institution

3
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By expanding the range of stakeholders for the interviews to the wider steel sector, we obtained a
suite of different viewpoints, information, and opinions, including those of international organizations
representatives. Secondary sources, such as media reports, were also gathered.
Our intention is to explore from the case study of a single instrument, CCfD, the elements and aspects
of the wider steel sector decarbonization. This approach allows us to address both questions of
economic efficiency on individual project-based levels and questions of how to construct benign
international cooperation approaches. For the analysis of the interview results, we use a qualitative
coding method to build the propositions by identifying narrative elements through a refining process,
using the primary data contained in the interview transcripts and review results (DeCuir-Gunby et
al., 2011). These codes related initially to the roles of finance to enable decarbonization, trust in
an international cooperation setting, sensitivities surrounding national policy processes vis-à-vis
international interventions, and potentials to foster factors for international cooperation. By leading
the interviews in an open manner, we gradually refined the codes, in accordance with new emerging
aspects provided by the interviewed stakeholders. The insights gained during the interviews are
inserted in the report where fitting, especially in section 5.
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3. Dynamics of the international
steel sector
In this section we show results of the literature review on steel decarbonization in a dynamic
perspective.

3.1. General characteristics
Steel is used in a variety of societal segments and production processes (Guevara et al., 2021). In
fact, in 2020, 1878 million tonnes of crude steel were produced globally, accounting for more than six
million direct employments, and, thus, making the sector vital for many economies. With emerging
economies’ growth in terms of infrastructure and construction needs, both steel demand and
production are expected to further increase through 2050 (Yu et al., 2021).
Generally speaking, steel producers operate in an extremely competitive and internationalized
environment since about one quarter of all steel products are traded internationally (World
Steel Association, 2020). Thus, the price of steel is particularly prone to international trends and
fluctuations. In the past years, this has become truly visible in the downward price trend, which has
been at least partly driven by excess production capacities (OECD, 2021). Though steel prices have
further fallen by almost 30% compared to 2018 levels during the COVID-19 pandemic (Guevara et al.,
2021), the recent outbreak of war between Russia and Ukraine has sent prices soaring (Blas, 2022).
A central characteristic of the steel sector is that the production of steel is capital intensive and
requires very specific technologies. Since these are both large and costly, the investment cycles in the
steel sector are typically relatively long. This is particularly relevant now, as several studies estimates
that a significant share of steelmaking infrastructure will reach the end of its lifetime before 2030
(Agora Industry et al., 2021; Bataille et al., 2021).
In recent years, another aspect of the steel sector, namely its energy and emissions intensity, has
put it in the spotlight of climate discussions. In addition to production processes being highly energy
intensive, the steel sector’s direct carbon dioxide (CO2) emissions account for roughly 8 % of global
CO2 emissions (World Steel Association, 2021a). Assuming a business-as-usual scenario, Yu et al.
(2021) find that the emissions of the steel sector are expected to grow far beyond 2050. Additionally,
a recent report by the IEA (2022b) highlights the massive contribution of the energy sector and, more
specifically, also of coking coal (used in primary steel-making), to methane emissions.
There are two main technologies to produce steel (OECD, 2021). The first, often referred to as the
‘primary path’, is the traditional and coal-dependent Blast Furnace – Basic Oxygen Furnace (BF-BOF)
route. Coke and iron ore are turned into liquid iron via the blast furnace, before being transformed into
steel in the basic oxygen blast furnace. The first step of this process traditionally relies on coal as a
reduction agent (ibid.).
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The second technology is the Electric Arc Furnace (EAF). It can be used in combination with directreduced iron (DRI-EAF route), in which case it is also a primary production path. Unlike the blast
furnace, the DRI mostly relies on natural gas to turn iron ore into liquid iron. However, the EAF, when
based on scrap steel, is a so-called secondary production path. In this case, the step of iron production
is skipped and the scrap is molten to obtain the steel (ibid.). The BF-BOF and the EAF technologies
make up 71% and 29% respectively, of total steel production (World Steel Association, 2020).
Importantly, those production processes differ in their environmental impact. Primary production
paths, partly due to their intermediary production step, use up to eight times as much energy as
the scrap-based EAF route, though the DRI-EAF route still consumes less energy than the BF-BOF
technology (OECD, 2021). A similar picture can be drawn for the CO2-emissions intensities of those
production routes (ibid.).

3.2. Challenges for sustainable steel production
Under the assumption that states do not take any policy action, and considering that steel demand
is expected to grow by almost 35% by 2050, Yu et al. (2021) show that emissions in the steel sector
will keep rising and continuously diverge from a Paris-compatible pathway. Thus, there is a need
to accelerate the transition to climate neutral steelmaking. Hermwille (2019) identifies three main
paths to achieve this transformation: circularity of materials, material efficiency and carbon neutral
production technologies.
The first path, circularity of materials, is considered one of the lowest hanging fruits in the steel sector
decarbonization. Material circularity can be achieved by using steel scrap in EAFs with renewable
energy. However, steel scrap is by far insufficient to cover current global demand – let alone the
expected increased demand from emerging economies in the next decades – and, thus, this path will
not be sufficient to decarbonize the steel industry on its own (ibid.).
A second option for reducing the emissions of the sector is to increase efficiency, by developing
products that are qualitatively speaking the same as traditional steel products but require less
material. Yet, a large share of efficiency reductions has already been achieved and it is most likely that
this will not suffice to put steel production on a low-carbon pathway (ibid.).
Therefore, shifting the production pathway to new green technologies will be crucial for achieving the
targets of the Paris Agreement (Campbell and Omietański, 2021). To date, there are two main routes to
produce zero emission primary steel. The first option is to produce the liquid iron in hydrogen-powered
DRI facilities, then complete the production process in EAFs (Agora Industry et al., 2021). Effectively,
this requires the replacement of existing BF-BOF plants with new DRI-EAF plants. The second option
is an extension of the traditional BF-BOF route that captures the carbon emitted along the production
process. This carbon can then either be stored underground (Carbon Capture and Storage (CCS)) or reused to produce some other products in a Carbon Capture and Usage (CCU) process (IEA, 2022a).
Both of these green steel technologies face a number of technical challenges (Voigt et al., 2022). A
common caveat to both production pathways is that the technologies are not yet commercially viable
and cannot currently compete with BF-BOF production (Hoffmann et al., 2020; OECD, 2021). The
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hydrogen route, for example, mostly exists in the pilot phase and the amount of electrolyser capacity
that would be required to decarbonise steel production via this route are up to 1.5 times larger than the
electrolyser capacity that the EU has announced for 2030 in its hydrogen strategy (Vogl et al., 2021;
Voigt et al., 2022; European Commission, 2020). Additionally, the hydrogen route uses so much energy,
that, based on the current German power mix, if all current BF-BOF primary steel production were to
be replaced by hydrogen-based steel, it would increase the emissions of the traditional BF-BOF route
by up to 36.9% (Bellona Europa, 2021). Thus, under the current circumstances, for the hydrogen route
to be environmentally sound, a corresponding increase in renewable-based power generation or in
green hydrogen imports would be required (Hoffmann et al., 2020).
To deal with current unavailability of hydrogen at large scale, several companies have adopted an
intermediate strategy and built new DRI plants, which they initially plan to run on natural gas (e.g.,
Salzgitter, 2022, or ArcelorMittal, 2021). The idea is to then gradually convert them to green hydrogen
as it becomes more available. Natural gas DRI plants, though they do not have the same potential
as hydrogen-based technologies in reducing CO2 emissions, are commercially available and already
significantly reduce emissions compared to the BF-BOF production pathway (Correa Laguna et al.,
2021). However, a certain shadow has been cast on this technology, as the Russia-Ukraine war has led
to a hike in the price of natural gas.
Similarly, the CCUS route also faces several challenges. Next to still being in the development phase
and bringing up a number of practical problems, such as the search for a geologically appropriate
terrain and the transportation of the carbon, the storage option often faces low public acceptance
(‘not in my backyard’). Additionally, firms can be reluctant to invest in CCUS technologies for fear of
stranded assets, as the CCUS path is typically only seen as a transitional measure until the hydrogen
path becomes implementable (ibid.). This can be observed in the fact that among the many green steel
initiatives by companies, there is no advanced CCUS project (Vogl et al., 2021).
In spite of these difficulties, key players are increasingly focusing their attention on the new production
technologies. As of 2021, six of the ten largest steel producing companies had announced at least
one green steel project and producers responsible for 20% of global production had committed to net
zero (Vogl et al., 2021). However, most targets still remain relatively vague and lack concrete roadmaps
(Gerres et al., 2021). On a policy level, a first attempt at defining green steel as near zero emission steel
production by the IEA (2022a) is a step forward in clarifying targets and roadmaps, as projects thereby
become more comparable (Luepke and Aebischer, 2021).
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3.3. Global disparities in production, capacities and
technologies
While the global picture is useful in understanding the urgency of the transition to carbon neutral
steel-making, it is informative to break the observations down to a more regional level. By taking such
a perspective, one can come up with accurate and adequate policy instruments.
First, steel production is very unevenly spread across the globe, with China being responsible for more
than half of the steel production, i.e., 1064 million tonnes. Together with the next biggest producers,
India, Japan, the US, and Russia, it produces almost three-quarters of global production. As a measure
of comparison, the EU produces approximately 139 million tonnes of crude steel, i.e., less than 10% of
the total amount (World Steel Association, 2021b).
These production trends are also reflected in the emission shares of each country. Indeed, six
countries, China, the EU-28, India, Japan, South Korea and the Russian Federation, are responsible
for 90% of the CO2-emissions in steel-making (Arens et al., 2021). In particular, China is responsible for
more than half of both the global coal-based CO2 emissions and the energy-related methane emissions
(IEA, 2022b).
Looking at the expected production through 2050, represented in Figure 2, it can be seen that this
increase in production is also unequally driven by various countries. Production in industrialized
economies, for example, is expected to remain relatively stable. Meanwhile, India and Russia are
expected to undergo a major extension of their current production. Chinese production is expected to
peak before slightly levelling down after 2030.
Figure 2 Iron and steel production in a reference scenario

Source: Yu et al., 2021
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Secondly, predispositions diverge significantly between different regions. Figure 3 splits up steel
production by technology and by country. In the EU, for example, 58 % of the steel production takes
place in BF-BOFs, which will necessarily have to be replaced by EAFs in the long-term. A country like
India, on the other hand, produces the majority (56 %) of its steel in EAFs, which can be an advantage
during the upcoming transformation of the sector (World Steel Association, 2021a).
Figure 3 Crude steel production by major steel producing countries.

Source: JRC based on World Steel Association, 2021

Differences can also be observed among major steel producing countries in terms of the need
for reinvestment. In the EU, for example, a continent that was at the forefront of the global steel
production less than 50 years ago, the steel fleet is comparatively old and it is estimated that
approximately 74 % of the blast furnace capacity will require reinvestments before 2030 (Trappman,
2015; Agora Industry analysis based on World Steel Dynamics, 2022). Similarly, in China, 78 % of the
blast furnace capacity will reach the end of its operating life by 2030. In the US, the corresponding
number is as high as 97 % (Agora Industry, Wuppertal Institute, and Lund University, 2021). This implies
that these countries have a relatively short policy window and will need to act a lot faster than other
players if they wish to avoid being left with stranded assets. For India and Russia, on the other hand,
the problem is not as acute, as the shares of blast furnaces requiring reinvestments correspond
to 28.8 % and 56.8 %, respectively (Agora Industry analysis based on World Steel Dynamics, 2022).
However, as India plans to double its production capacity between 2020 and 2030, it is also essential
for India to consider the risk of stranded assets in the investment choices it makes in the immediate
future to avoid carbon lock-in (Government of India, 2017).
Beyond this, disparities also emerge between countries with respect to the efficiency and
environmental performance of technologies, as well as carbon intensity and energy efficiency (Wang
et al., 2022). Overall, particularly favourable dispositions for the production of renewable energies
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place emerging economies in a good position to take the lead in extremely energy-intensive hydrogenbased steel production within the next decades (PTX Hub, 2022). Indeed, research shows that the huge
diversity in the current electricity generation mix of the major steel producing countries will deeply
influence in which way and how fast they decarbonize their respective steel industries. For instance,
Trollip et al. (2022), argue that, due to its low cost of solar photovoltaic electricity, South Africa has a
great potential for supplying Europe with primary iron once the hydrogen route becomes commercially
feasible.
For now, however, the picture is quite different, as green technologies are mainly spreading in Europe.
More precisely, approximately two thirds of the 59 company projects listed by the Green Steel Tracker
are located in Europe (Vogl et al., 2021). Another quarter is located in developed non-EU countries,
namely South Korea, Canada, Australia, Japan, the US, and Chile. The remaining tenth is shared among
China, where 4 projects are located, Brazil, and Russia – three developing countries. This distinction is
even clearer for projects that are currently running. Of these (15 projects in total), 80% are based in the
EU (ibid.).
A central implication that follows from the previous paragraphs is that that a one-size fits all solution
will not do for the decarbonization of the steel sector. However, before further developing this, it is
essential to provide an overview of the currently applied policy instruments.

3.4. Current policies to decarbonize the sector
Due to the aforementioned challenges, i.e. the difficult development of green steel technologies on
highly internationalized markets, policies will need to create an enabling environment in order for
a transition to take place (Trollip et al., 2022). Indeed, transforming the steel sector is starting to
make its way onto the policy agenda (Sanchez and Nilsson, 2021). Over the past five years, several
governments have announced measures to decarbonize their steel sector.
The EU, for example, has set out a number of policy initiatives via its EU Green Deal and its Fit-for-55
Package. Additionally, it has laid out the fundamentals of the transition via its Industrial Strategy,
its Hydrogen Strategy, and its Circular Economy Action Plan. These policy packages contain a wide
range of targets and measures ranging from the reduction of free allowances to the industry under
the EU Emission Trading System (ETS) and the linking of such allowances to green technology, to
the introduction of a Carbon Border Adjustment Mechanism (CBAM), to the widespread deployment
of hydrogen across the energy-intensive industries and other hard-to-abate sectors (Guevara et al.,
2021). Interestingly, however, these measures are not reflected in the EU’s Nationally Determined
Contributions (NDCs), which still contain surprisingly little action toward the decarbonization of
industry.
While the above measures place the EU amongst the front-runners in the implementation of policies to
push forward and support the transition of the steel sector, several studies point out the lack of policy
commitment in emerging economies (e.g., Gerres et al., 2021 or Maltais et al., 2022). Table 2 illustrates
this by looking at policies in the ten biggest steel-producing developing countries as well as in the
EU. Columns 2 and 3 state whether steel was mentioned in the NDCs and the Long-Term Strategies
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(LTSs), column 4 lays out the main climate targets countries have set for their steel sector, and column
5 summarizes all policy measures that have been taken to facilitate the transition of the steel sector,
be it in the NDC, the LTS, or elsewhere. For the sake of readability, and because their governments had
not implemented any significant policies, countries like Russia, Turkey, Iran, Vietnam and Ukraine are
not included in the table.
Table 2 Decarbonization policies for the steel sector in major steel producing developing economies,
compared to such policies in the EU
Country

Steel in NDC

Steel in LTS Target for the steel
sector

China

India

×

LTS not
submitted

Brazil

×

LTS not
submitted

Mexico

×

28

Peak emissions by
2025
30 % GHG emissions
reduction by 2035
(baseline 2020)

Emissions trading:
Carbon emissions trading (pilots)
Technologies:
Promotion of EAFs and of R&D/pilot projects on green
technologies such as CCUS or hydrogen
Energy:
Expansion of the use of clean energy in steel production
Standards:
Catalogue of ‘green’ industries
Other:
Formulation of an implementation plan to reach the
emission targets in the steel sector
Reduction of steel overcapacity

23% GHG emissions
reduction by 2030
(baseline 2020)

Energy:
PAT (market-based energy efficiency trading mechanism)
Standards:
Environmental rating mechanism for small and medium
industries
Production optimization:
Promotion of the sustainable production of charcoal for
the use in steelmaking
Technologies:
Promotion of green technologies such as CCUS

Indonesia

Egypt

Main measures

Production optimization:
Increased smelter and scrap usage
Technologies:
Promotion of green technologies in steelmaking
Implementation of CO2 recovery
LTS not
submitted

Production optimization:
Raw materials production optimization

Steel decarbonization in emerging economies

EU

×

×

×

Emissions trading:
EU-ETS with reduced allowances for industries
CBAM (Carbon Border Adjustment Mechanism)
Technologies:
EU Hydrogen strategy (expansion of hydrogen capacity
and usage throughout energy-intensive industries)
Promotion of green and innovative technologies
Energy:
Stricter energy-efficiency rules
Standards:
Circular Economy Action Plan (e.g., through the introduction of a digital product passport)
Other:
Clean Steel Partnership
Diverse funding programmes aimed at supporting the
transition (e.g., Horizon Europe or InvestEU)

Source: Authors’ own research based upon UNCC, no date and UNCC, 2022.
Note: The second column contains a check if the word “steel” was mentioned in the NDC, a cross otherwise. The third column contains a check if the
word “steel” was mentioned in the LTS, a cross otherwise. The fifth column summarizes all measures taken in the steel sector across NDC, LTS, or
other.

Although the steel sector is not specifically mentioned in the EU’s NDCs or LTSs, Table 2 makes
it evident that the EU’s steel-related climate policies are overall more specific and advanced than
those in emerging economies. Of course, there are also important differences between emerging
economies. China’s policies, for instance, cover a relatively broad range of issues linked to the
decarbonization of the steel sector. Though several of those measures are so far simple intentions
and not yet concretely implemented policies, they stand in contrast to those of Brazil, Mexico or
Egypt, which are both scant and vague (Maltais et al., 2022).6 Overall, however, it should be noted that
there the recent round of NDC updates around COP26 in 2021 was a significant step forward in terms
of the coverage of industry emissions and that two thirds of all countries now includes measures to
decarbonize the industry in their NDCs (Sanchez and Nilsson, 2021).
Next to these developments in steel-specific climate policy, there has also been a move towards more
ambitious climate policy in closely related sectors like energy, i.e. the setting of renewable energy
targets and the reduction of dependencies from fossil resources (IRENA et al., 2018). This is especially
important as the steel industry is still embedded in a system of institutions that perpetuates fossil
fuel-based infrastructures and thus constrains the rate and magnitude of CO2 emissions reductions,
e.g. supports coal against other energy sources with tax exemptions. Therefore, carbon lock-in can
only be solved by a systemic change alongside transformative climate and energy policy. Considering
national and international preconditions outside the steel industry is crucial to enable such a
transition (Arens et al., 2021) (see also section 1.2 on transformational change).

6 T
 his can be explained in terms of pre-existing climate policy structures. In the EU, there are several major policies and policy packages in place (EU
green deal, Fit-for-55, EU Industrial strategy, etc.) and measures related to the steel sector can easily by inserted into these structures, such that
they become part of a more holistic strategy. In emerging economies, internationally grown structures such as NDCs and LTSs are the nucleus of
climate policy and, thus, all other measures insert themselves into these strategies.
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3.5. International initiatives
There have also been developments in the international cooperation for steel decarbonization. One
major advancement took place at COP26, where countries responsible for more than 30% of global
steel production signed the Glasgow Breakthrough on steel decarbonization (Climate Catalyst, 2021),
agreeing to make “near-zero emission steel [...] the preferred choice in global markets, with efficient
use and near-zero emission steel production established and growing in every region by 2030” (UK
Government, 2021). Similar ‘Breakthrough Alliances’ on power and hydrogen, two crucial sectors for the
production of zero emission steel, were also signed by major steel producing countries, including China
for the latter (UNFCCC, 2020).
A growing number of cooperative initiatives between public and private actors is also starting
to emerge. Existing projects include the Indian-Swedish platform Leadership Group for Industry
Transition (LeadIT), which was initiated at the 2019 UN Climate Action Summit and aims to share
knowledge on industrial decarbonization, or the Mission Possible Partnership (MPP), which brings
companies together with investors and consumers to set up ambitious decarbonization roadmaps
(LeadIT, 2022; Mission Possible Partnership, 2021b). Other notable recent initiatives comprise the
Group of Seven (G7) Industrial Decarbonization Agenda, the United Nations (UN) Industrial Deep
Decarbonization Initiative (IDDI) co-led by the UK and India, which aims to get ten governments
to commit to green public procurement policies within the next year, and the Steel ClimateAligned Finance Working Group (SCAFWG)8, which brings together six leading lenders to the global
steel industry in a push to facilitate investments into the decarbonization of the steel sector (UK
Government, 2021; RMI, 2022; United Nations Industrial Development Organization, 2022).
Again, one needs to acknowledge that, be it at the governmental or corporate level, these initiatives
tend to be driven mostly by North American or European actors (Agora Industry, 2022). Major steel
producing developing countries, such as China, for example, are found to be too passive on the
international scene (Schäpe and Tsang, 2022).

3.6. Barriers to the steel sector decarbonization
The previous paragraphs leave little doubt about the fact that decarbonisation of the steel sector is
both necessary and urgent to keep within the 1.5 degrees of the Paris Agreement. However, it should
also have become clear that the steel sector is a highly complex construct full of interdependencies.
Accordingly, transitioning the sector to climate neutrality will require coordinating a number of
measures and interests both within and across national boundaries. This is especially true considering
that green technologies are so far mainly spreading in Europe.
Additionally, the dynamic aspect of the energy and economic systems must be considered. Due to the
above-introduced disparities, those systems significantly differ from one country to another. When
designing solutions, one has to consider that the dynamics of different regions constantly interact,
thereby influencing each other (Kasten et al., 2019). The following section aims to identify those factors
that drive this dynamic field and to identify the main barriers to transformation.
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First, it is important to clarify that while there are several non-negligible barriers to the decarbonization
of the steel sector, they stand against the backdrop of a dynamic and growing set of incentives to
decarbonise. As highlighted above, an increasing number of governments are working to decarbonize
their industry (Sanchez and Nilsson, 2021; IRENA et al., 2018). The increasingly ambitious policy
commitments that result from this are key in providing investors, producers, and consumers with more
certainty about the future, thereby promoting investment in new technologies (Luepke and Aebischer,
2021). Among others, this can be seen in the fact that prospective demand for green steel has been
increasing. Not only have several governments already committed to the implementation of green
public procurement policies, but other consumers have also started adjusting their behaviour to the
regulatory pressure (Gerres et al., 2021). Next to the Steel Zero Initiative, which groups together key
players from the construction industry and the renewable energy sector, several car manufacturers
have announced their interest in green steel (The Climate Group, 2020). Volvo, for example, has vowed
to purchase the hydrogen-based steel that will result from Hybrit’s 7 production, while Volkswagen
and Toyota have declared their intent to produce electric cars with a 100 % carbon neutral value chain
(Volkswagen AG, 2021; Volvo Car Corporations, 2021; Toyota Motor Sales, 2021).
A considerable re-shuffling of resources has also taken place within the financial sector. In 2021, the
Institutional Investors Group on Climate Change, a global network with more than 370 members and
over €50 trillion in assets under management, announced that it intended to increase the pressure
on the steel industry to decarbonize (Institutional Investors Group on Climate Change, 2021). Overall,
the ambition to decarbonize investors’ portfolios has become visible in a number of projects, such as
the Net Zero Asset Managers Initiative (2021) and the Glasgow Financial Alliance for Net Zero (2022). In
total, the Mission Possible Partnership (2021a) estimates that 6 billion USD will be required on an annual
basis through 2050 to transition the steel sector to net zero.
While it is difficult to disentangle this set of mutually enforcing drivers and identify which one triggered
the others, it is clear that they collectively foster more favourable conditions for the decarbonization
of the steel sector, making it more and more costly for actors to remain passive. In 2019, when overall
awareness was still far from what it is today, a report by the Carbon Disclosure Project (CDP) estimated
that 14 % of steel companies’ values were at risk from rising carbon prices (Crocker et al., 2019). This
stands in contrast to the fact that Hybrit has been able to sell its zero-carbon steel at a 25 % premium
(Day, 2022).
Nevertheless, these positive evolutions do not facilitate the discarding of some major barriers that
still stand in the way of transition. For one thing, there is a need for significantly accelerated action.
As much of the steel producing capacity is reaching the end of its lifetime in the near future, the policy
window is continuously shrinking (Agora Industry et al., 2021).
For another thing, discrepancies among countries urgently need to be addressed. The previous pages
have highlighted the gap between developed and developing countries both in terms of technology
development and of climate policy. From Figure 4, it is evident that the full decarbonization of the steel
sector necessarily implies the more ambitious involvement of actors from developing countries.

7 H
 ybrit is a project aiming at the production of fossil-free steel, which started in 2016 as a cooperation between three steel producing companies
(SSAB, LKAB and Vattenfall). For more information, refer to https://www.hybritdevelopment.se/en/
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Figure 4 Projected steel demand and number of low-carbon steel projects for different regions/
countries

Source: Hermwille et al., 2022.

However, emerging economies, like China or India, face important barriers to the decarbonization
of their steel sectors. In addition to the above identified lack of policy commitment in developing
countries, there is a lack of access to finance, technology, and skills (Gerres et al., 2021). To implement
the transition, industrialized countries should provide emerging economies with the necessary
support in terms of finance, technology, and innovation (Maltais et al., 2022), while simultaneously
respecting country ownership and domestic institutional structures.
Yet, such cooperative approaches are partly hindered by the competitive and international aspects of
steel production. Indeed, loss of competitiveness is a central concern in the minds of policymakers
(Yu et al., 2021). An attempt at addressing this fear of loss of competitiveness while also incentivising
the industry to become greener is partially reflected in the EU’s policy proposal for the introduction
of a CBAM (European Commission, 2021). The complexity of designing such policies is reflected in
the controversy that has surrounded the CBAM since its proposal in July 2021 (Kardish et al., 2021).
A recent proposal by Neuhoff et al. (2021) argues that, in fact, the CBAM cannot work as an isolated
instrument, but must be combined with climate contributions and CCfDs. Similar opinions were voiced
in a round table on preventing the risks of carbon leakage that was hosted in early 2022 by the LeadIt
Group (Nilsson et al., 2022).
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Recognizing the interdependencies of the international steel system, it is also important to involve
market actors. More specifically, there is a need to increase the number of green steel producers and
consumers to stimulate market dynamics. Maltais et al. (2022) argue that finance plays a crucial role
here. Indeed, in stimulating market dynamics, positive spill over effects, such as enhanced capacities,
the sharing of best practices, lessons learned, technology experiences, and regulatory advances, can
occur.
As discussed, the production of green steel will come with higher costs. New markets and business
models for clean steel must be established (Wyns et al., 2018; Stubbe et al., 2020), but most framework
conditions remain uncertain. These uncertainties include the level of public support, e.g. by public
procurement or customer acceptance of higher prices for clean steel-based end-products, and by
other factors, including the circular economy, material efficiency, availability, prices, and taxes. The
same goes for the infrastructure that is needed for the generation, import, and transport of CO2neutral energy carriers (electricity, hydrogen, green gas).
This unfavorable environment poses a barrier to the industrial deployment of breakthrough
technologies, „which enable a strong decrease of carbon emissions but require considerable
investments and a long timeframe before they are technically and economically viable“ (Green Steel for
Europe, 2021b, p.35).
Though it is apparent that more finance will be needed to transition the steel sector to climate
neutrality, research into what financial instruments are best suited for supporting emerging
economies on their way to decarbonization is scant at best. The following sections will attempt at
shedding some light onto this enquiry.
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Chapter four

Financing the
decarbonization and
transformation of
the steel industry
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4. Financing the decarbonization and
transformation of the steel industry
Potentially, there is a wide range of financial instruments available to support the transition in the
steel industry. It is argued that, to achieve GHG emission reductions at scale to stay within the global
warming targets of the Paris Agreement, new and innovative finance instruments are needed, instead
of established grant and loan instruments (Bodnar et al., 2018). These should complement emerging
policy mixes for mitigation in the industry sector. Instruments are needed to support industries
that need finance to cover incremental costs resulting from the transformation of technology and
production processes to reduce GHG emissions, such as the steel sector (Hauser et al., 2022).
Looking at recent research from academia as well as from industry related actors, industry
associations, and think tanks, we shed further light on financial instruments and mechanisms that
are already in place to finance industry transformation, especially in the steel sector. This does not
only include investments and funding in the steel industry itself or the production of green steel. We
also look into blended finance vehicles for the transformation of the energy system and other coupled
sectors, given that the degree of industrial decarbonization strongly depends on the future conditions
of the energy markets. In this context we analyze the mobilization of private capital and possible
obstacles. Lastly, we scope potentials for CCfDs. This mechanism was proposed in the literature for
domestic industries (within the same jurisdiction), but we explore the aspects for an international
application. We show how CCfDs are an important instrument for helping climate-friendly processes in
industrial production to achieve market maturity and a market breakthrough.

4.1. Overall requirements for finance and funding
As mentioned in section 3, next to the technical barriers for the transformation and decarbonization of
the steel sector, regulatory and societal barriers in terms of policy commitment from the governmental
side play a major role. This is especially true when it comes to creating supporting framework
conditions, not only for innovations and the development of “breakthrough technologies,” -but also to
create a market for low-carbon steel. Thus, a coordinated approach is needed to change consumption,
trade and production routes, which not only implies an unprecedented technological transformation
but also substantial funding and massive investment (Green Steel for Europe, 2021a). Public finances
are often constrained, thus private capital is required. However, private investors prove to be reluctant
to invest in certain projects or markets especially in developing economies because of uncertainties
and risks. Thus, a huge funding gap has been identified (Vu and Cecchin, 2021).
Since countries worldwide are at differing levels of economic prosperity, have reached different
transformational phases, and even differ in their level and type of carbon lock-in – be it infrastructural
and technological, institutional, or behavioral (see Seto et al, 2016) –, local considerations and domestic
conditions are key when it comes to effectiveness of climate finance. For all, developing and developed
economies alike, “undoing or escaping carbon lock-in will require undertaking significant initiatives and
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investments in the near term while retaining flexibility to adapt, refine, and replace those initiatives
and investments in the long term“ (ibid., p. 427). As the decarbonization transition requires drastic
changes to the status quo, investments in developing countries do not just need to account for their
long-term carbon consequences, but it is also important to significantly reduce and phase-out carbonintensive investments overall, remove fossil subsidies and internalize environmental externalities
arising from fossil fuel use (Choi and Seiger, 2020). The financial demand refers in particular to the
required CAPEX needed to build new production facilities, retrofit and upgrade existing facilities,
and/or purchase new equipment as well as OPEX, which contain the difference between the day-today operating costs of existing production processes and of new low bon processes (Green Steel for
Europe, 2021b). We would assume that those financial needs are in general the same for all countries
worldwide, albeit in different forms depending on the level of industry decarbonization, carbon lock-in,
and technological development.8
OPEX can vary significantly for specific sites and technologies. In general, OPEX related to energy
and material inputs generally makes up over 50% of the total steel production cost, which also tend
to be very volatile because of the price evolution underlying key input factor (Wörtler et al., 2013). This
is especially the case for energy, as a transformed steel sector will have substantial demand for clean
energy and the relative price of clean energy, such as wind- and solar based power generation compared
to coal and carbon prices, will be essential to ensure the competitiveness of low-carbon technologies.
According to the Green Steel for Europe project, the investment needs for demonstration plants (with
high technological readiness level) up to 2050 amount to several billion euros. As most breakthrough
decarbonization technologies currently have high levels of technological readiness (Wyns et al., 2019;
Stubbe et al., 2020), the important step of the demonstration in an operational environment still has
to happen – but these development steps usually go along with much higher costs than any earlier
development on lab scale. Since the scale of steel demonstration plants is already comparable to real
industrial plants the cost for CAPEX increases significantly. Further, the CAPEX in the industry for
deployment of decarbonization technologies constitute a barrier. Depending on the new technology
new assets need to be financed (e.g. for hydrogen-based technologies) or existing assets need to be
adapted to integrate the new technologies into the brownfield plants (e.g. adaption of material and
energy supply chains and warehouse spaces).
As will be outlined subsequently, the steel sector with high OPEX, and CAPEX requires significant
amounts of funding and programs that can support those needs. Yet, very few of the existing
programs cover those. Technologies with higher technology readiness levels are specifically affected
as the corresponding effort is much higher and the phase shifting from research to deployment of
technologies is not covered by most funding programs. Additionally, red tape poses severe challenges,
as procedures for take too long or be too burdensome for companies, especially in view of the
changing market or financial scenarios.
Financial instruments for green steel vary, but, due to the high capital requirements of greenfield steel
investments, the share of total project finance is projected to increase significantly, reaching about
50 % of the financing volume by 2040, and around 60% by 2050 (GFANZ 2021).

8 Besides the financial demand for CAPEX and OPEX there is also a need to finance the just transition, helping workers and communities that are most
affected by the transition towards a climate-neutral economy. Being well aware of the latter being of utmost importance, however, we do not develop
this part further in this report as it is beyond of our scope.
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4.2. Blended climate finance and funding for industry
decarbonization
Investments in low-carbon solutions are often associated with perceived and real risks due to the early
stage of technologies, highly competitive markets and insecurity in regards to policies. In developing
countries immature financial markets, currency fluctuations, information asymmetries and political
risk contribute to an even higher risk uncertainty (OECD, 2018; Tonkonogy et al., 2018). Blended
finance, a structuring mechanism that strategically uses public and/or philanthropic capital to mitigate
risks and increase private investment, could be an appropriate tool to overcome these barriers for
investment.
Still, today there is ambiguity and a huge variety in the definitions of blended finance by donors as
well as organizations, that resulting in implementation differences (Choritz et al., 2018). Additionally,
the lack of common reporting standards makes it difficult to gain systematic insights and have wellfounded discussions on the amount of public and private funds mobilized and the corresponding
developmental effects. Concerted efforts to engage and mobilize the private sector have been
triggered by the 2015 launched Paris Agreement, the Addis Ababa Action Agenda and the Sustainable
Development Goals (SDGs). Various actors, such as the ECD, amongst others, have developed a
common set of principles, a governance framework and a roadmap on blended finance (Choi and
Seiger, 2020). Based on existing definitions from the OECD, development finance institutions (DFI)
Working Group and international climate finance (ICF), we define “… blended finance as the strategic
use of public and/or philanthropic capital for the mobilization of additional private capital towards
sustainable development in developing countries” (OECD, 2018, p.22). Since the goals are to facilitate
sector development, to create a self-sufficient and a well-functioning market as well as a constant
flow of private investment to developing countries, public and/or philanthropic capital should be
utilized only temporarily - last but not least also to avoid crowding out of the domestic financial sector
(OECD, 2018; IFC, 2018).
Blended finance has emerged as promising solution to achieve the SDGs and as well as the goals of
the Paris Agreement (Choi and Seiger, 2020). Besides MDBs and DFIs, the EU was also active with
creating blended platforms starting in 2007 (Pereira, 2017).9 Blended finance has gained traction in
research as well over the past years and its principles and, characteristics as well its promises and
limits are extensively assessed (Convergence, 2021; Andersen et al., 2019; Attridge and Engen, 2019;
Kenny, 2019; Kapoor, 2019; Jenkins, 2018; Meltzer, 2018; Savoy and Milner, 2018; Tonkonogy et al.,
2018). However, the focus is mostly been on quantitative assessments and volumetric contributions.
Qualitative aspects, such as processes and mechanisms through which sources of capital are
mobilized and operationalized, remain under-researched so far. This is also the case for the role of
blended finance for decarbonization in developing countries where complexities of international
cooperation come into play (Choi and Seiger, 2020). It is often stated that projects in sustainable land
use, economic and social infrastructure, as well as clean energy are most suited for blended finance,

9 In this era, it was also often called Public-Private-Partnership (PPP), which might not be fully correct, as definitions of blending often usually refer to
relationships between different forms of finance (e.g. Official Development Assistance (ODA) combined with public or private finance) and generally
pay little attention to the parties involved. PPPs can be defined through the combination of three elements: “(i) a medium- or long-term contractual
arrangement between the state and a private sector company; (ii) an arrangement through which the private sector participates in the supply of assets
and services traditionally provided by government, such as hospitals, schools, prisons, roads, energy, etc.; (iii) and an arrangement involving some form
of risk sharing between the public and private sector” (Pereira, 2017, p. 11).
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given the size of the projects and amount of capital required. Still, the nature and risk profile of such
projects can vary immensely depending on sector, technical depth, asset class, recipient country, and
type of borrower (Pereira 2017). To our knowledge there are no blending finance facilities specifically
targeted to industry decarbonization or, even more specifically, the steel sector. But some examples,
such as Financing Steel Decarbonization10 in India, which looks at “blended financing for adaptable
steel decarbonization technologies in a comprehensive money-to-market approach,” are currently in
development and might just be the beginning.
However, blending facilities dedicated to specific sectors, such as renewable energy, energy and
material efficiency as well as infrastructure and low-carbon technologies exist, also targeted and
available for emerging economies.11 Table 3 provides an overview of the major climate funds, with the
Global Environment Facility (GEF), the Climate Investment Fund (CIF), as well as the Green Climate Fund
(GCF) representing over 90 % of multilateral climate finance (Meltzer 2018).

10 The goal is to decarbonize horizontal processes from energy feed to product manufacturing and the vertical supply chain ecosystem. This initiative
plans to enable target countries to become pioneers in green steel. https://www.climatefinancelab.org/project/financing-steel-decarbonization/
11 When looking at the amounts of capital spend on the industry sector the 2019/2020 tracked mitigation investments remained low, averaging USD 7
billion per year, with public entities being the biggest contributor as well as bilateral and multilateral DFIs (96% of the total flows) and mainly Western
Europe DFIs (Climate Policy, 2021). Compared to this, the International Energy Agency (IEA), however, estimates that industry investment in energy
efficiency alone reached USD 45 billion in 2019. As mentioned above in another context, availability of reliable data and methodological issues on
what activities and solutions should be accounted for pose challenges to the tracking of the financial flows in the industry sector. The disparity with
CPI levels of tracked finance could come from confidentiality restrictions that many industrial processes are prone to, making project-level tracking
approaches less representative of current investment levels than the IEA’s top-down estimates.
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Table 3 Blending finance facilities related to renewable energy, energy efficiency and other sectors
coupled to steel industry.
Facility

Launched Objectives
and/or target
sectors

Target countries

Catalytic financial institutions

Financing structure

Biodiversity,
climate
change,
chemicals, and
desertification

Developing countries
and countries with economies in transition

Both developed and developing countries are or
have been donors

Fund-of-funds

Renewable
energy, clean
technologies,
industry
decarbonization, climate
resilience,
smart cities

Low and middle-income
countries

Governments, the private sector, civil society
organizations, and six MDBs: African Development
Bank (AfDB), Asian Development Bank (ADB), European Bank for Reconstruction and Development
(EBRD), Inter-American Development Bank Group
(IDB), World Bank Group, including the International
Finance Corporation (IFC)

Two subfunds: Clean
Technology Fund and
the Strategic Climate
Fund

Global Energy 2008
Efficiency and
renewable
Energy Fund
(GEEREF) 14

Renewable
energy, energy
efficiency

Development Assistance
Committee (DAC) list
of Official Development Assistance (ODA)
recipients,* with priority
in countries with an
environment conducive to private sector
engagement

European Union,
Governments of Germany
and Norway

Fund-of-funds

Climate Public 2012
Partnership
(CP3) 15

Low-carbon
DAC list of ODA reciclimate resipients
lient sectors
(mitigation and
adaptation)

Governments of United Kingdom, Canada, and
Norway

Fund-of-funds
(Catalyst Fund)
Direct investment
(Asia Climate Partners)

Global En1992
vironment
Facility (GEF) 12

Climate
Investment
Funds (CIF) 13

2008

Green Climate
Fund (GCF) 16

2015

Built environment; energy
& industry;
human security, livelihoods
and wellbeing;
land-use,
forests and
ecosystems

All developing countries

Receives financial inputs from developed country
Parties to the Convention

Operating entity of the
financial mechanism
under Article 11 of the
Convention, fund providing mainly financing in
the form of grants and
concessional lending,
results-based financing

Climate
Investor One
(CI1) 17

2019

Renewable
energy, energy
efficiency
(mitigation)

70 percent low-income
countries and lower
middle-income countries, and 30 percent
upper middle-income
countries

Government of the Netherlands, European Union,
Green Climate Fund, Nordic Development Fund, and
United States Agency for International Development

Operationally linked
Development Fund,
Construction Equity
Fund (with three capital
tiers), and Refinancing
Fund

12 www.thegef.org
13 www.climateinvestmentfunds.org
14 www.geeref.com
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Global Climate
Partnership
Fund (GCPF) 18

2009

Renewable
energy, energy
efficiency

Developing and emerging Established by the German Federal Ministry for the
Investment company
economies
Environment, Nature Conservation and Nuclear
under Luxembourg law
Safety (BMU), KfW Entwicklungsbank and IFC. Junior
catalytic capital is provided by BMU, the department
for Business, Energy and Industrial Strategy (BEIS)
of the UK, Denmark’s development cooperation
(Danida). Other private and public investors include
ASN Bank, Ärzteversorgung Westfalen-Lippe, FMO,
OeEB, Sparkasse Bremen, the European Investment
Bank (EIB) and Heilsarmee.

Source: Authors‘ own research, based on Choi and Seiger, 2020 and websites of facilities.

Although we focus on design options for climate finance and support for emerging economies in our
study economies, it is worth examining the funding and investment instruments existing at the EU
level targeting industry decarbonization, especially in the steel sector (see Box 1). This is for several
reasons: First, depending on the program, major steel producers from developing countries could
also benefit given their presence and/or headquarters in the EU. Second, by drawing from the setup and structures, as well we the opportunities and constraints of the European financial support
instruments, one could assume similar obstacles for emerging economies, albeit keeping in mind, as
already mentioned, the very different levels of transformation.

Box 1 Funding and investments in the EU targeted at steel decarbonization.
Most blended finance facilities do not have a defined sectoral focus, but 85 % of all projects funded by
the EU blending facilities are in the sectors energy, transport, water and sanitation and private sector
development. On average, 69 % of all projects of the EU blending facilities contain an environmental
or climate change objective, however it must be noted that the interpretation of an environmental
or climate component varies widely and is often not completely clear in the project description
(Convergence, 2021; Pereira 2017).
According to a recent report by green steel for Europe (2021a) on relevant financial instruments
available to reach the zero GHG emissions target in the steel sector set by the EU for 2050, there exist
25 EU programs (19 public and 6 private), 24 private funding opportunities (mainly from banks, including
both conventional instruments and green bonds), and as well as 81 national and regional instruments
from 11 countries.
The EU member states involved 19 account for at least 90 % of the EU steel production and 80 % of
CO2 emissions from all EU steel plants. Other important funding instruments to support the green
transition in general include the Innovation Fund (IF), Important Projects of Common European Interest
(IPCEI), Research Fund for Coal and Steel (RFCS), the Clean Steel Partnership (CSP), InvestEU and the
NextGenerationEU including the Recovery Plan. Except for RFCS and CSP, none are specific to the
steel sector (Green Steel for Europe 2021a).

18 www.gcpf.lu/investing-in-renewable-energy-and-energy-efficiency.html
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Figure 5 EU programs supporting the decarbonization of the steel industry.

Research, Development &
Innovation

Demonstration &
First of a kind

Roll-out &
Infrastructure

Horizon Europe *

Innovation Fund

Digital Europe *

Horizon Europe
Partnership *

European Regional
Development Fund

Connecting Europe Facility

Research Fund for
Coal and Steel

LIFE Programme

Cohesion Fund
Modernisation Fund

European Green Deal *

InnovFin

Invest EU
Just Transition Mechanism *
Recovery Plan *
Member State funding (including IPCEI)
Private funding
* = new initiatives since 2019. Source: Green Steel for Europe, 2021b

Although a lot of new funding has been created within the last years, even by combining significant
financial mechanisms, a significant gap between the available funding and the investment needs
to support the decarbonization of the steel industry and to turn breakthrough technologies into
technically-achievable and economically-viable solutions remains: EUR 50-60 billion of investments
will be required for new low-CO2 production technologies. Additional production costs for the EU steel
industry of at least EUR 20 billion per year will result from new technologies, compared to production
costs that would be incurred with continued operation of existing conventional plants (including
retrofitting). Due to increased use and higher prices for CO2-clean energy, the highest part, at least 80 %
of this share, is related to OPEX. Compared to these funding needs, only about EUR 2 billion would be
available as grants for CO2 emission reduction in the steel sector for the 2021-30 period (Green Steel for
Europe, 2021a).
The funding gap does not just exist in numbers but also between developing new technologies and the
need to scale-up low carbon technologies to industrial scale and the operation of such plants. While
some studies suggest that it will take years to be sufficiently scaled and therefore cannot contribute
to any near-term reduction targets (Green Steel for Europe, 2021b), others find large scale potential
already prior to 2025 (Chiappinelli et al., 2021). Chiappinelli et al (2021) estimate that with an estimated

19 Austria, Belgium, Finland, France, Germany, Italy, Luxembourg, the Netherlands, Poland, Spain and Sweden
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investment of EUR 28.9 billion, up to 20 % of EU’s basic materials could be produced through lowemission processes or additional recycling by 2025 with technologies that are commercially available
or at pilot scale today. Albeit in order to make these short-term investments viable, main barriers
need to be addressed, namely: “ (i) the lack of effective and predictable carbon pricing, (ii) the limited
availability of affordable green electricity, (iii) the lack of a regulatory framework for circularity, (iv) low
technology market readiness and funding, (v) the lack of infrastructure for hydrogen, CO2 and power,
and (vi) the lack of demand for climate-friendly and recycled materials.“ (Chiappinelli et al., 2021, p.1).
Further, bureaucratic obstacles pose further barriers: The funds can only be accessed through
application by Member State governments which can turn into a complex and slow procedure,
especially if funding cycles come with deadlines and applicants would need to wait for another longer
period if they missed the previous funding cycle.

It can be concluded that, most likely, steel decarbonization investments and innovations will happen
in jurisdictions or markets with a reliable policy environment, which incorporates green public
procurement, circular economy, and demand growing throughout the value chain (Gerres et al., 2021).
Next, we shed further light on the involvement and mobilization of private capital, which has a key role
in financing low-emissions and climate-resilient economies.
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4.3. On the mobilization of private capital for
decarbonization of the steel sector
How to unlock potential and mobilize capital at scale in general and for industry transformation,
specifically in the steel sector?
Reports estimate that annual industry decarbonization investments may be required to increase to
USD 170 billion by 2025, and USD 360 billion by 2040. Around 30% of the industry decarbonization
investments could flow from corporations themselves, while government financing might support
the development of immature technologies through co-investment (Climate Champions, 2021), albeit
differences between developed and emerging economies remain: As presented in section 3, steel
producing companies have already announced green steel projects. When looking at the private
investments associated with the projects, the largest share of investment has been announced by
Swedish companies (with USD 22-51 Billion for 6 projects), followed by South Korean (USD 8.8 Billion)
and German firms (USD 8.8 Billion). As the analysis of the Green Steel Tracker shows, projects for lowcarbon steel investments not only differ significantly in scope and scale, ranging from research and
development partnerships to multi-billion-dollar announcements for new clean steel facilities, but are
also fairly concentrated in economic regions that have announced ambitious climate change reduction
targets (Sweden 2045, EU 2050). To compare this to emerging countries, research shows that for
example the ability of steel firms in India to finance green initiatives on their own is highly limited due
to declining profits amongst other reasons (Singh et al., 2020).
Other reports show, that in regards to investments for industry decarbonization, USD 32 trillion of
investment is needed in the 2020s to put the world on a path to net zero. According to GFANZ (2021),
direct CAPEX for decarbonization needs to triple in 2021-2025 compared to 2016-2020, and will need
to average USD 4.5 trillion per year after 2026 to reach USD 25 trillion in total investment by 2050.
It is estimated that private actors could provide up to 70% of this financing globally, supporting and
enabling others‘ decarbonization investments, particularly corporations. The latter could contribute
approx. 30% of direct CAPEX for decarbonization. In general, corporations are the largest direct
investors into decarbonization projects or assets (~40%, USD 960 billion annually 2021-2025), followed
by commercial financial institutions (FIs) (~20%, USD 460 billion annually 2021-2025), and households
and individuals at about ~10% (USD 300 billion annually 2021-2025). Actors, such as financial
intermediaries, including, commercial financial institutions (FIs), institutional investors, infrastructure
funds and private equity/venture capital, play a critical role both in direct investment (USD 120 billion
annually from 2021 to 2025) and in providing finance that facilitates others to invest (USD 960 billion
annually from 2021 to 2025) (GFANZ, 2021).
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Box 2 Actors financing green steel in Asia Pacific (GFANZ, 2021)
As outlined in section 3, most of the world‘s steel production takes place in the Asia Pacific region,
with China alone accounting for 53 % of global output. Even under a net zero by 2050 scenario, global
demand is projected to increase by 12 %. According to the Glasgow Alliance for Net Zero (GFANZ) the
annual investment needs between 2021-2025 would be USD 36.3bn, increasing to USD 57.0bn annual
investment need between 2026-2030 and USD 79.0 bn annual investment need between 2031-2040.
Table 4 shows that the leading actors financing green steel in the region Asia-Pacific are currently
large corporations as well as state-owned-enterprises (SOEs). Both are projected to increase their
annual investments, continuing to play a leading role in financing green steel investments. Further,
commercial and state-owned financial institutions, as well as public entities (namely governments and
DFIs) are also projected to contribute significantly.
With new technologies like CCUS and hydrogen still being in the early stages of development, finance
in Asia-Pacific for these is projected to come mostly from public sources in the near term (including
SOEs). However, further private capital can and should be leveraged with blended finance and riskmitigating mechanisms such as co-funding of demonstration projects.
To achieve this, the region also needs greater regulatory certainty to improve the business case for low
carbon steel and enabling further investments, such as a sufficiently high carbon price, tax credits,
and standards. Capital grants, contracts for difference and offtake agreements may help incentivize
investments.
Table 4 Actors financing green steel in the region Asia-Pacific
Actor

2021-2025
In USD bn annual investment

2026-2030
In USD bn annual investment

2031-2040
In USD bn annual investment

Commercial Financial Institutions

2.9

2.9

4.7

Corporations

14.9

22.6

30.2

Development Finance Institutions (DFIs)

4.4

9.5

14.6

Governments

4.0

7.5

9.7

Households/Individuals

0

0

0

Infrastructure Funds

0.4

0.6

0.8

Institutional Investors

0

0

0

MCFs

0

0.2

0.2

NGOs/Philanthropists

0

0

0

Private Equity/Venture Capital funds

0.1

0.2

0.2

State-owned Financial Institutions

1.8

1.8

2.9

State-owned enterprises (SOEs)

7.8

11.8

15.7

Source: GFANZ 2021
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However, major prerequisites to achieve an increase in investments include improvements in
financial market development, increases in market maturity in emerging markets, depending on
public implementation of required policy action to achieve net zero by 2050 as well a focus on blended
finance tools to better enable private investment. Blended finance currently makes up a small share
of public finance support to low carbon investments. It is estimated that, by adjusting approaches
to blended finance, USD 110 bn of public blended finance could enable USD 300 bn of private finance
annually from 2021 to 2030 (GFANZ, 2021).
As regional conditions – with respect to financial market maturity, political conditions and policy
support as well as the overall environment for business and investment private investment vary
significantly, huge differences in private investments are to be expected, ranging from 50 % in Africa to
90 % in North America (GFANZ, 2021).
Although private and public sectors are both capital facilitators of blended finance mechanisms,
MDBs and other DFIs, such as National Development Banks (NDBs) in emerging economies, still make
up the biggest part of all public investment: 30 % MDBs and 45 % DFIs (Convergence, 2018). Private
source financing comes from commercial banks, impact-driven investment firms, and institutional
investors, the latter including pension funds, foundations and endowments. Although the potential
to be involved in blended finance projects is there, the mobilization ratio of MDBs, DFIs, and NDBs for
private capital remains low (1:1) (Blended Finance Taskforce, 2018) and it is estimated that institutional
investors allocate only about 1% of their total assets in emerging economies relevant to blended
finance (Business and Sustainable Development Commission, and Convergence, 2018). Further reports
also show a very mixed record of leveraging additional private capital per dollar of public investment,
ranging from 12 cents to over 20 USD (Attridge and Engen, 2019; Blended Finance Taskforce, 2018).
One of the most persistent barriers to climate investment at scale in developing economies might be
a (perceived) shortage of projects in terms of number, quality, and size that meet investors’ definition
of “bankable”. This may also lead to the tendency to invest in one-off projects (WEF, 2022). Research
shows that the majority of investors invest in only one blended finance transaction, with only 20 %
investors having participated in three or more blended finance transactions. Further, blended finance
transactions range considerably in size, from a minimum of USD 110,000 to a maximum of USD 8
billion. The median blended finance transaction between 2010 – 2018 has been USD 64 million in total
size (Convergence, 2022). The most active private investors in blended finance, according to the
database of Convergence, included not just so-called impact investors, but also banks like Ceniarth
LLC, Standard Chartered Bank, Calvert Impact Capital, responsAbility Investments AG, and Société
Générale. Many of the most active private investors have an explicit impact-mandate, either as a whole
or the specific branch/unit with the relevant focus (e.g., sustainable finance) (ibid.).
Table 5 summarizes the key characteristics and constraints for private capital providers to become
involved in blended finance instruments for decarbonization.
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Table 5 Overview of private capital providers and capabilities for financing decarbonization.
Segment

Characteristics and capacity to participa- Return requirements /
te in blended finance
Risk tolerance

Insurance companies Investment exposure in alternatives defined by regulatory framework of jurisdiction
Property insurance companies may have
limited capacity to invest due to liquidity
requirements of short-term policies

low to mid, may be suited for
Regulations incentivize insurers to focus on
renewable energy/infrastrucure highly-rated debt
programs
Risk-based capital requirements impose high
capital charges for high-risk investments (e.g.
equity and non-investment grade debt)

Life insurance companies require low
liquidity on a long horizon

Sovereign Wealth
Funds

Mandates vary according to sovereign
source of wealth, equities generally
favoured

Target countries

Restrictions on outsourcing investment decisions
and portfolio management to non-regulated
entities such as DFIs/MDBs (EU Solvency II rules)
context dependent

Investment guidelines set by respective governments might limit exposure to certain asset
classes (e.g. unlisted infrastructure)

mid to high

Investments must fall within allocation and strategic targets of governance bodies and boards

Long-term focus beneficial for alternatives
and infrastructure
Foundations and
endowments

Smaller in size than other market players
Largely reliant on external managers

Tax rules on how endowments deploy capital vary
across countries

May have interest in certain types of
projects or causes

Inadequate ways to measure impact of investment
Local institutional
capital

Low barrier-to-entry (have ability to negate
currency, political or foreign exchange risk
compared to international investors)

context dependent

Some local institutions might be restricted in
investing in certain assets (e.g. domestic infrastructure)

Growing local pension fund market, but
there is limited allocation to domestic
private equity
Limited relevant investment vehicles
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Commercial banks

Tend to invest in larger transactions
depending on regulatory framework of
jurisdiction

low to mid, might be suitable
for construction-stage
financing

At an institutional level, banks may have internal
rating restrictions and a focus on certainty of
return, considering liabilities
Reserve and liquidity requirements may make
long-term commitments to some projects untenable (ie, infrastructure)

Can invest shorter-term
Reserve and liquidity requirements may
make long-term commitments to some
projects untenable (i.e. infrastructure)

Basel III encourages alignment in maturity of
assets and liabilities and therefore shorter tenors
with investments
Lack of access to long-term capital in international markets raises the cost of financing; raising
long-term debt from international sources for
project finance creates currency risks

Asset/Wealth
Managers

Require high liquidity from funds for invest- context dependent, could
ment switching
support investments in less
mature markets via infrastrucGrowing field of impact investing as a
ture funds
vehicle for attracting funds, as well as
pressure from clients to build out alternative product offerings

Tend to invest in larger transactions depending on
regulatory framework of jurisdiction

Private Equity and
Venture Capital

More freedom to allocate funds to alternative investments, majority to be likely
in corporate debt and equity, but also in
project-level investment

Fewer regulator restrictions compared to other
investor segments

Typically have well-aligned allocations and
capacity

High, might focus on electricity
and industry developing and
deploying decarbonization
technologies in more mature
markets, including higher-risk
and higher-return pre-commercial plays

Sources: Own depiction based on GFANZ (2021), Choi and Seiger (2020), HSBC (2019),
Climate Policy Initiative (2018), Blended Finance Taskforce (2018).

Table 5 shows that, to mobilize private capital, challenges remains and a broad process of reforms are
needed, thus highlighting the reliance on public policy and support. Financial and non-financial barriers
such as constraint returns, political risk and regulatory constraints limit investments by private actors.
If projects are not investable for investors, because there is no business case, then a development of
the national regulatory framework that improves the business case could be required. By adjusting
investment approaches such as accommodating higher upfront costs and / or longer return periods
private actors could already capture benefits from low carbon technologies, keeping in mind regulatory
requirements and fiduciary duties.
Further specific investment barriers in regards to the decarbonization of the steel sector are
construction risks, long payback periods, and significant CAPEX requirements for CCUS and hydrogen
infrastructure. Although low carbon technologies currently developed are less commercialized and
face more uncertain demand relative to other sectors, more mature technologies, like scrap-EAF, are
constrained by supply factors like electricity price and steel scrap availability (GFANZ, 2021).
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In turn, this raises the question of what will help the development and implementation of such a
framework. Increased and well targeted public support will be needed to support increased private
ambition, including policy and regulations targeting net zero, market building, public and direct
investment and blended finance (GFANZ, 2021). To strengthen and expand the institutional framework
in which blended finance operates and to realize the full potential of private capital, collaboration
between governments, supranational organizations (e.g., G20, WE), DFIs, and the private sector needs
to be advanced. Furthermore, changes in financial regulation and public policy are needed, as outlined
in the following section. Developing best practice and market convergence around governance and
disclosure rules would help enhance the effectiveness of credit guarantees and other blended finance
mechanisms (HSBC, 2019).

4.4. Overcoming constraints of blended climate finance
instruments and funding
In general, a wide range of instruments (e.g. equity, loans, guarantees, grants, mezzanine instruments)
and structuring mechanisms (e.g. funds, syndication, securitization, public-private partnership)
is being used for blending and sharing investment risks (OECD, 2018). This said, it is important to
notice that blending should not be considered as instrument or investment approach, but more as a
structuring approach. Concessional debt or equity has been the most common archetype. It can come
in many shapes and sizes, including first-loss debt or equity, investment-stage grants, and debt or
equity that bears risk at below-market financial returns to mobilize private sector investment. In recent
years, there has been an increase in the use of both concessional debt or equity and guarantees or risk
insurance (Convergence, 2022).
Since a variety of stakeholders is often involved in these investments, difficulties over the design and
specific terms of the instruments can occur. This is often due to a lack of common language among
stakeholder groups as well as opposing expectations between risk capital providers and market-rate
providers (GIIN, 2018).
Further obstacles and constraints for blended finance instruments like the above mentioned derive
from:
• the complexity of the projects financed (lengthy infrastructure project cycle, challenging project
execution, significant upfront costs, complex due diligence procedures and substantial risk
assessment requirements),
• limited reliable data on the performance of the assets and project management and varying
reporting standards,
• a differing understanding of the end-impact of blended finance projects,
• unclear sustainable finance definitions and differences in governance standards between both
projects and investors (HSBC, 2019).
How do these financial instruments foster trust and transparency? Blended finance has increased the
complexity of the international climate finance landscape. As most investments are not done directly
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but in layered mechanisms with thicker and lengthened value chains, effectiveness and transparency
have become a bigger concern. Further, the transformative impact of climate finance as well as
its additionality and scalability depend on the internal governance of blended finance vehicles. To
understand the impact of the financial instruments, it is crucial to also focus on the governance of the
blended finance vehicles themselves, their composition, terms and conditions as well as decisionsmaking processes and the role of stakeholders involved. As mentioned above, most focus has been
on leverage ratios and volumetric measurements. This has set a fixation on financial additionality (e.g.
USD 100 million leveraged from private investors) at the expense of value additionality (project viability
and accelerating market evolution). The qualitative aspects of blended finance should be taken much
more into account as they can have significant implications for resource mobilization, operation, and
investment decisions, amongst others. This also refers to the scalability of projects - its assessment
should not rely solely on the amount of dollars that have been leveraged. To really shift fossil fuelbased systems and avoid carbon lock-in, one-off projects and ad-hoc interventions with incremental
and short-term impact are not sufficient (Choi and Seiger, 2020).
The barriers to mobilizing private capital have been pointed out, and public actors would be required
not only to provide more – and more effective – blended finance to help transfer risk away from
investors (such as capital grants, contracts for difference and offtake agreements) and accelerate
private investment, particularly into earlier-stage technologies or emerging markets. It must
also focus on setting policies that improve regulatory uncertainty (such as carbon pricing and tax
credits, but also the development of a green finance taxonomy), developing financial markets, and
enable environments that support greater private investment. Another opportunity remains for the
governments to back financial arrangements with policy schemes that cover some of the incremental
costs for decarbonization, such as CCfDs as highlighted in the subsequent section.
Acknowledging the fact, that financial instruments need to fit into the respective stage of
transformational change can reduce transaction costs while also ensuring long-term and systemic
impact (Choi and Seiger, 2020; Pereira, 2017). The decision of the financial instrument is not only
influenced by the various stakeholders involved but also highly dependent on the maturity of the
project financed and the market where the investment is taking place. This means that domestic
conditions and the degree of the transformational change to a low-carbon industry and economy
overall have effects on the utilization and effectiveness of a (blended) climate finance instrument.
Table 6 provides an example of four different archetypes of investment opportunities with different
risk and return profiles for different investor appetites: Early technology bets, maturing technologies
in emerging regions, market creation opportunities and established investment opportunities. Each
archetype would benefit from a set of enabling policies and actions to fully unleash investment
potential, as shown in Table 6 (GFANZ, 2021).
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Table 6 Enabling actions for decarbonization investment.
Annual
Opportunity examples
investment
USD billion,
2021-25
Early technology bets with 200
high but highly uncertain
potential returns, requiring
enabling policy frameworks

Maturing technologies in
emerging regions with
large market potential but
accompanying market risk

1,600

Market creation oppor400
tunities to ensure market
development and adequate
investment incentives

Established investment
opportunities with attractive investment profiles
to be unlocked through
addressing non-financial
barriers

400

∙ Alternative protein in APAC
∙ Green hydrogen globally
∙ Green steel in China
∙ Green chemicals in China

Key enabling actions

∙ Reducing technology risk by publicly funding RD&D and commercialization
∙ Incentivizing demand
∙ Investing in supporting infrastructure and
establishing taxonomies

∙ Solar PV in Africa
∙ Managing market risks through public
∙ Electricity networks in Central and South support and blended finance
America
∙ Improving market information & assess∙ Off grid power in Africa
ments
∙ Biomethane globally
∙ Buildings retrofits and efficiency in
Eurasia
∙ Buildings retrofits and efficiency in in
Middle East
∙ Forestry, peatland and mangrove restoration in Central and South America

∙ Building new markets by establishing
frameworks and providing incentives
∙ Promoting market access for new entrants

∙ Wind energy in North America
∙ Wind energy in Europe
∙ Solar PV in Middle East
∙ EV chargers in Europe
∙ EV chargers in North America
∙ Electricity storage globally

∙ Policy and regulatory action and reform
to support technologies and associated
markets
∙ Addressing non-financial barriers to investment and technology uptake, inc. network
effects, grid integration, etc

Source: GFANZ, 2021.

Further, it is sometimes criticized that public institutions involved in blended finance mechanisms
absorb risk and potential for loss on their balance sheet, while any profits will be attributed to private
investors. Governments in emerging economies also fail to provide an engaging and stable legal
framework as well as transparent policies and institutional mechanisms to attract long-term capital
and develop pipelines for bankable projects. Consequently, the links between social and environmental
policies and sectoral strategies, investment plans and sustainability standards should be strengthened
(HSBC, 2019). On the other side, it is also stated that too many blended finance solutions are
implemented without actively engaging and involving developing countries as well as aligning them to
their priorities and needs. The poor coordination with national development strategies, alongside low
local involvement, participation, and representation of national governments in the decision-making
processes may lead to ad-hoc investments with limited scalability as well create hurdles to ensure
accountability (Kapoor, 2019; Convergence and Business & Sustainable Development Commission,
2018). As blending addresses market failures that are often country specific, it should be aligned to the
country specific framework, ensuring that solutions are aligned with national regulations, licensing
requirements and long-term priorities.
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With regards to transformational change, it is not really clear if the investments taken so far only, for
example, supported the deployment of low-carbon technologies or also have led to cost-competitive
new industries that are both financially and economically sustainable. The transformational change
could be evidenced by the introduction of cost-competitive new industries with falling technology
deployment costs, a shift to non-concessional and balance-sheet finance and strengthened policy
commitments.20

4.5. International CCfDs as a financing option for
hard to abate sectors
In the previous section, we outlined that the transformation of the steel industry will require the
deployment of new, green technologies as an additional instrument beyond efforts to increase
circularity and efficiency. We determined that, while technologies for the production of green steel
exist, they are still at an early stage of their commercialization and come with increased production
cost. To change this, firms need to invest in pilot projects that can help them gain experience and
achieve cost reductions so that green steel production can become competitive in the medium run.
Finally, we have argued that blended finance can help providing the required funding for such early
decarbonization projects by reducing the risk of private investors and enabling the necessary capital
flows.
An instrument that could provide the required risk reduction in the context of international
cooperation are international CCfDs, that aim to cover the incremental cost of a clean production
process. This instrument could address the issue of increased OPEX and uncertain market conditions
for clean steel, thereby leveraging private investment into clean production facilities by creating a
stable stream of revenues. Thus, it can be an appropriate addition to the established blended finance
instruments and can help to create a framework for investing into the decarbonization of industries
in emerging economies. Such an instrument is especially needed, since, as previously pointed out, a
large share of future steel demand will come from countries such as India, China and Russia while most
green steel initiatives are currently located in the European Union.
CCfDs are suggested as a risk-reducing instrument in industrialized economies (see Richstein and
Neuhoff, 2022). In this context, CCfDs are defined as a hedge against fluctuations in the EU ETS
carbon price as well as an instrument for covering the incremental costs of clean technology. By
paying the difference between the carbon price and the incremental costs of producing with a
clean rather than a conventional process, CCfDs help to address the need for secure revenues when
financing breakthrough projects. Therefore, they also have potential as an instrument of international
climate finance by presenting a cooperative instrument through which donor and recipient countries
can jointly shape industrial transformation. This idea to cover incremental costs of climate change

20 O
 ne example where transformational change happened according to Climate Funds Update (2019) is the Clean Technology Fund (CTF) that was set-up
in 2008 as “one of two multi-donor trust funds under the Climate Investment Funds (CIF) framework, promotes scaled-up financing for demonstration,
deployment and transfer of low-carbon technologies with significant potential for long-term greenhouse gas emissions savings implementation in
renewable energy, energy efficiency, and clean transport in emerging market middle-income and developing economies.” Its goal is to transform the
energy sector by stimulating the deployment of low-carbon technologies through 16 programs in emerging economies. The pledged and approved
funding amounts to a total of USD 10 billion. See https://www.climateinvestmentfunds.org/topics/clean-technologies and also https://fiftrustee.
worldbank.org/en/about/unit/dfi/fiftrustee/fund-detail/ctf
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mitigation can be traced back to the early 1990s. An established principle under the United Nations
Framework Convention on Climate Change (UNFCCC) is that developed countries shall provide financial
resources to developing countries on the basis of incremental costs. The barrier that incremental
costs pose for the transformation of industrial sectors such as the steel industry provides a renewed
rationale for such policy action.

EUR/Unit

Figure 6 How do CCfDs work in absence of a carbon price?

CAPEX

CfD
Payment

CAPEX

OPEX

OPEX

Unit cost
conventional
process

Price conventional
process

Unit cost clean
process

Price clean process

Source: Authors own depiction

To date, carbon prices have not been implemented in emerging economies at a significant scale21.
Therefore, in an international setting, CCfDs should be defined as a project-based contract covering
the incremental costs of a clean process compared to a conventional process defined by the
difference in costs per unit of output considering both the increase in operational and capital costs
caused by the green investment. The payments could be in the form of a grant similar to the Global
Energy Transfer Feed-in Tariffs (GET FiT) program for clean electricity in Uganda (see Box 3).

21 Outside of North America and Europe, the only countries with either a carbon tax or an emission trading system are , Argentina, China, Chile, ,
Colombia, Kazakhstan, Japan, South Africa, , , South Korea and New Zealand (World Bank, 2022).
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Box 3 GET FiT Uganda - A comparable mechanism?
An example for the design of the governance structure of international CCfDs could be the Global Energy
Transfer Feed-in Tariffs (“GET FiT”) project that has been developed in Uganda since 2013. The program is
designed to support small-scale renewable energy projects by supplementing the Ugandan Renewable
Feed-in-Tariff with a premium payment and an optional partial risk guarantee. Since its inception, the
program supported 17 renewable energy projects with a total capacity of 158 MW. At an initial investment
of 104 million USD from donors such as the German Development Bank, it has attracted over 450 million
USD in private sector investment. It has since been replicated in Zambia and Mozambique (KfW and
Multiconsult, 2021). A recent study concluded that most of the GET FiT-funded project were additional
and would have not been funded in absence of the policy. Similarly, to an international CCfD, the program
enables development of pioneering clean production facilities by paying a premium on top of the price
paid by the utility, which is perceived as too low, and the cost of renewable energy production (Probst et
al., 2021). Thus, governments looking at implementing an international CCfD program could look at the
GET FiT example to see how to structure the program and to learn from the challenges it faced by it.

For instance, the cost difference in the operation of a hydrogen-based steel plant compared to a
conventional plant using a blast oxygen furnace would be defined by the increased costs per ton of
steel produced. The presence of a green premium (i.e., a higher achieved price for clean compared to
conventionally produced steel) or the introduction of a carbon price providing additional revenue to the
clean producer would lower the support payments under the CCfD. The producers of the clean product
would then receive a support payment for each unit of production defined by the following formula:
Support per Unit
			

= (CostClean — CostConv) — (UnitPriceClean — UnitPriceConv)

			

— (CarbonPrice × Emission SavingsClean)

International CCfDs could, in principle, be applicable to a wide range of novel, clean processes that
are technologically feasible but for which the incremental cost increase prevents a commercial
uptake. High incremental costs can be caused by factors such as higher energy costs for clean energy
as well as a remaining lack of economies of scale and economies of learning by doing compared to
the established, conventional process. For instance, as we have discussed in the previous section
changing steel production from the blast oxygen furnace to the hydrogen reduction route will require
a different set of inputs such as electricity while eliminating input factors such as coking coal.
Additionally, the new process will not be able to rely on the historical learning experience and efficiency
improvements that firms have gathered during the last century of producing steel with blast oxygen
furnaces. This leads to higher operating costs. At the same time, firms will have incremental capital
expenditure due to the relining of existing or the construction of new production facilities. CCfDs
would tackle these problems by covering the incremental costs, thereby allowing for learning to take
place in demonstration projects, thus leading to efficiency gains through economies of learning. As in
the national case, the competitiveness with conventional processes facilitated through CCfDs would
allow firms to raise capital for their clean technology projects (e.g., through project finance).
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By covering the incremental costs of clean processes rather than focusing on providing the capital
needed for the construction of clean production capacities, CCfDs present a novel element for the
toolbox of international climate finance. So far, many instruments, like loans or guarantees focus on
the CAPEX. However, in the absence of sufficiently high carbon prices (i.e., a carbon price as high as
the increase in production costs faced from investing into clean production), the operation of clean
facilities is not feasible if the clean process leads to incremental costs that cannot be passed through
to customers. International CCfDs could address this gap by enhancing revenue stability for the clean
process and making its risk profile comparable to the risk of investing into a conventional production
facility. Therefore, firms being awarded an international CCfD would be able to attract commercial
financing for their clean projects. If the CCfD would cover additional risks, such as currency risk, it
might even make the clean projects more attractive.
The funding scale of international CCfDs will depend on both financing and operating costs. For the
case of the Swedish steel industry, Kushnir et al. (2020) conclude that the increase in production costs
will be split equally between capital and operating expenses. In an emerging markets context, the
financing costs of projects are significantly higher, such that capital costs for clean investments play
a larger role. Thus, it is important to adopt a total operating expenses OPEX perspective to account for
the potentially higher financing costs in emerging economies. Richstein and Neuhoff (2022) show how
CCfD can reduce a project’s capital costs by providing a risk-free stream of income that is “bankable”
and, thus, can be used to secure debt at lower interest rates. Given the higher financing costs, these
findings might be especially relevant for emerging economies.
In another recent study, Richstein et al. (2021) illustrated how the CCfD contract price depends
heavily on the price of input factors. For the European steel sector, they find that varying electricity
and investment costs could lead to a mark-up in production costs in the range of 45 EUR/tCO2 (low
price scenario) and 111 EUR/tCO2 (high price scenario) for the clean process. This underscores that an
ex-ante assessment of the CCfD funding costs requires detailed knowledge of the country-specific
circumstances with regard to input prices and investment costs especially since the clean and the
conventional process are subject to very different risks with regard to the input prices. More than 50
percent of variable costs of the BF-BOF route are due to factors that do not play a role in the clean
process (e.g., coking coal, iron ore, coal dust). In contrast, 75 percent of the variable costs of the
clean process depend on iron ore pellets and electricity. Thus, CCfDs need to be embedded in a larger
policy framework that assists in driving down prices for inputs such as (clean) electricity, and thereby
reducing the need for CCfD funding in the long-run.
Previous research under the SNAPFI-project argues that national policies rather than international
support or pressure will determine the speed of emerging economies’ decarbonization pathways
(Singh et al., 2020). Thus, the role of international CCfDs should be to support such national pathways
by providing funding to pilot projects to start the commercial diffusion state of clean technology
technologies. However, they also entail certain challenges that need to be addressed in their design:
1. M
 itigating exchange rate risk
The decision of whether international CCfD payments are defined in a local currency or the currency
of the donor country (e.g., EUR or USD) affects the question of who bears the exchange rate risk.
Defining them in Euros or Dollars would further reduce the project risk and lower the financing
costs.
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2. Avoiding political disincentives
The design of the CCfD should incentivize climate policy initiatives. However, since the CCfD
payments would be lowered through the introduction of a carbon price, the instrument
might discourage governments from introducing such policy since it would shift the cost of
decarbonization from international donors to their own citizens. Additionally, by covering the higher
cost of input factors in clean production, the CCfD might reduce incentives to lower such prices. For
instance, when a CCfD covers the incremental costs of electrification in industrial processes this
disincentivizes the local government from reducing the price of electricity for industrial customers
(e.g., through supporting renewables) in cases where the price is regulatory determined; which is
frequently the case. A solution could be to commit the savings from decreased CCfD-payments
to a fund for climate initiatives in the recipient country. Thereby, the government would have an
incentive to decrease the CCfD-payments to be able to realize further climate-related projects.
Additionally, co-financing of the international CCfD by the national government would increase their
incentives to institute cost-reducing policies.
3. Creating sustainable finance flows from donor country
An important factor for the success of the CCfD-program is the continued funding and a credible
commitment of donors for the support period of the CCfD. Thus, it is important to ensure a
continuous sourcing of finance in the donor country by, for instance, integrating the funding as an
item in the budgetary regulations of the funding country. An innovative solution, such as coupling it
with the CBAM and using the revenue streams to replenish funding for the international CCfD could
be mid- to long-term solution for this.
Figure 7 illustrates an example of how the governance of international CCfD could be structured to
avoid the above challenges and provide additional funding for decarbonization projects in emerging
markets. If local government and international donors jointly invest into the CCfD program, ownership
and an incentive for cost reduction are created in the country of production. Further research should
investigate the governance issues that might arise with international CCfDs and how to efficiently
design of international CCfDs. The current developments of introducing CCfDs in Europe will provide
relevant insights with respect to the design and effects of the instrument that should be considered in
the design of its international counterpart.
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Figure 7 Structure of an international CCfD.
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Overall, international CCfDs present a promising instrument to address the need for (additional)
funding in the transformation of industrial sectors such as the steel industry. By effectively covering
the commercial risk of a green steel plant compared to the investment in a conventional installation,
they substantially reduce the riskiness of such a program. Thereby, they increase the bankability
of such investments, which should lead to private investment in such technologies. Therefore, the
instrument would present a type of blended finance. With respect to the usual issues with blended
finance instruments, it seems that a successful implementation of international CCfDs would pass
the bar of additionality both in terms of financial additionality (since it provides commercial funding
to the steel producers) and value additionality (since it aims unlocks the transformation of the hard
to abate sectors). Whether implementation is successful will depend, among other factors, on the
legal framework and overall climate action in the country. Therefore, blended finance instruments,
like international CCfDs, should be included in a larger decarbonization framework and mechanisms
for international cooperation. In the following section, we explore how to structure international
cooperation.
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Chapter five

An international
climate cooperation
framework for
decarbonizing the
steel industry
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5. An international climate cooperation
framework for decarbonizing the steel
industry
The previous sections examine how financial instruments, like international CCfDs, can support
individual decarbonization projects in the steel sector. In order for these projects to accelerate the
transition toward carbon neutrality, they must be embedded in a larger cooperation framework. This
framework needs to consider a number of interactions as outlined in this section:
1.
2.
3.
4.
5.

Interactions of national policy processes and international support instruments,
The role of trust in international climate finance,
Transnational policy dialogues to enhance trust and ultimately, international cooperation, and
Strategically programming international support for steel decarbonization,
Governance of private – public sector coordination.

5.1. Interactions of national policy processes and
international support instruments
The history of international climate finance and support is characterized by success and failure
alike. While some authors find positive impacts in terms of capacity development, policy initiatives,
and transfer of resources (Zou and Ockenden, 2016; May et al., 2020), others are more critical due
to unreliability of finance flows, re-labelling of existing finance and considerable mistrust of parties
involved (Roberts et al, 2021). In particular, the question needs to be addressed, how funding of single
support projects can lead to transformational change processes, or contribute to parts of such
processes (World Bank Group, 2020). In order to be transformative, projects need to be viewed in
the context of larger systemic interventions, which will be required, including linkages with sectoral
and financial policy frameworks, trade and innovation support as well as technology cooperation
(ibid). However, each of these aspects must be looked at and discussed in the light of international
cooperation theories, as the type of cooperation matters as much as the technical focus of
interventions.
As mentioned in section 3, steel decarbonization requires a policy environment that supports these
transitions. For instance, ensuring that the steel sector has access to a sufficient amount of renewable
energy might warrant public interventions to ensure that energy and industry sectors are properly
coupled. Furthermore, promotion of clean technologies might require policies and funding of industry
transitions at scale (see also the list of public interventions in the NDCs and LTS listed in table 2).
This report did not pursue the objective to discuss these technical and policy options for transitions
in significant depth. Rather, we turn to the question of how international cooperation needs to be
structured so that such systemic and public nature interventions become feasible.
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In the case of steel, the sectors’ decarbonization may start from differing levels of transformation. Our
analysis of the NDCs of the major steel producers among emerging economies and the EU (see NDC
overview in table 2) shows, that the industry sector in general but also specifically the steel sector is
relatively sheltered from climate policy frameworks. International Climate Finance (ICF) can contribute
to the development and integration of industry into those frameworks, though this also depends on
making project-based funding work effectively. Hence, initial discussions must address possible policy
reforms, alongside more technical, financial and production related matters.

5.1.1. National sovereignty and ownership
However, the role of public sector policies and institutions in the context of international
development cooperation has always been a topic of contention: concerns have been voiced over
possible infringements of the national sovereignty of developing countries due to the imposition
of international influence over national policy developments (Winkler and Dubash, 2016). This is
in line with a long history of perceptions by developing countries that conditionalities of aid were
superimposed and have led to unwanted effects, for instance putting domestic electricity sectors
at disadvantages due to conditionalities of a neoliberal nature (Trotter and Abdullah, 2018) 22. Other
authors argue that exclusive national sovereignty over domestic policy processes stand at odds with
achieving solutions to global climate change and call for easing concerns of international interferences
with domestic processes (Ashta, 2022).
We can identify a delicate balance between international and national concerns and influences over
domestic climate policy making: according to the structure of the Paris Agreement, the nucleus of
climate policy and action rests with the nation states and their NDCs; these should be the principal unit
of concern as local conditions dictate the range of possible policy solutions. This is reflected in calls
for national ownership and the fact that domestic levels initiate climate action in a global polycentric
governance system (Ostrom, 2010; Cole, 2015). Yet, there is also a rationale for why countries want to
converse about the design and implementation of national climate-energy policies: there is a justified
concern that the global climate is impacted, depending on what an individual country decides, or not,
to do in these policy fields.23

22 T
 he authors argue that such conditionalities favor international private companies over domestic ones by structuring market conditions of a neoliberal nature.
23 This concern is shared by both groups of countries involved in the type of international cooperation, which we are looking at here: funders and
recipients. The UNFCCC principle of common but differentiated responsibilities and related capabilities applies here, when looking at the role of
domestic climate policies.
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5.1.2. Stakeholder dialogue and involvement
Given the above-described political sensitivities surrounding the role of national climate policies, we
identify a need for high level political negotiations and agreements on types of support. Our interview
results reveal that a key ingredient of successful international cooperation – in fact a decisive factor
for the initiation of international cooperation – is the negotiation and agreement over the type of
support at the highest level possible.
The negotiations on which type of support shall be granted should be held in a dialogue mode, with
ample time and resources allocated to conduct these. This is important for a number of reasons:
at times, there may be discrepancies between statements of high-level political priorities, actual
support needs by climate policy actors on policy implementation levels, and the actual readiness and
political economy situation in the sector. For instance, the political leadership of a country might
announce intentions to decarbonize the steel sector. On an implementation level, the situation might
be politically fragmented in the sense that climate policy might be perceived quite differently by the
industry and electricity sectors with respect to decarbonization. Oftentimes, decision-making on
this level may be influenced by political economy of the sector and be highly politicised (for a case
study of South Africa, see Baker et al., 2015). In the dialogues, time should be spent to shed light
on the complexities of these transition processes in the industry and hear a variety of actors from
policy sectors and companies. This is important as both sides work to understand which stages
of transformation the local steel sector is in, whether there are opening policy windows to enable
policy reforms, and what the resulting specific support needs are. It cannot be expected that the
transformational change processes are at advanced stages, meaning that trained negotiators will be
required to analyse, plan, and negotiate accordingly.
If held bilaterally, dialogues might allow to better grasp the nuances of the individual transformation
processes and related challenges, hence allowing for better designed cooperation programs.
Furthermore, bilateral formats allow for moving toward mutual peer review processes. Bilateral
dialogues might be advantageous over multilateral formats, as, important individual features are easily
lost in broader discussions.
Box 4 Interview voices on the role of dialogues and trust.
As an observer from an international organization states that, “Trust between these two groups of
countries (funders and recipients) is very much an issue: oftentimes, donor agencies already have project
ideas and objectives in mind, which do not necessarily fit the countries’ needs. This makes recipient
countries feel powerless and resentment builds up. A good measure to build trust is holding dialogues
and co-planning of funding projects. For instance, it can turn out that countries may require adaptation
funding, but donors only offer funding for energy related mitigation projects.”
A second interviewee with a similar affiliation mentions: “The types of dialogues currently in place
between donors and recipients might benefit from reforms: gradual dialogues to jointly identify the
support areas and then identify the gaps in terms of institutional and policy and readiness processes
should be useful. NDCs are gradually improving as they begin to contain sectoral targets and measures to
inform donors about priorities.”
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In a number of interviews, it is highlighted that the participation of the right actors in the dialogues
around support and policy issues is crucial but problematic at the moment: all too often, they
represent environment ministries, but sector ministries are absent; also, absent are technical
and industry actors. Apparently, a dichotomy exists in many countries: knowledge exists in many
industries, but not in governments – so a task is to bridge this gap and inform governments with
experience on technical and policy solutions.24
Box 5 Interview voices on dialogues and support negotiation processes.
A representative from the industry sector mentions a quality that a negotiation process for support
needs to have: “the key to building trust as a means to cooperate is to be open and transparent about
the intentions – if the intention is to promote technologies and establish markets, then explain this in the
negotiations. Industries become especially suspicious, if donor representatives use grand wording such
as global climate change, sustainable development and use these in a normative sense.”
Another interviewee from an international think tank mentions the need to adapt language, but also
lines of argumentation, when finance agreements are negotiated between public sector donors and
industries: “Industries need something to work with and which they can use for production and marketing
of products to survive as companies. Climate policy debates are oftentimes dominated by non-technical
experts, but industry is a financial, technological, engineering topic, and, hence, industry needs experts
of that sort to rely on, who understand how to decarbonize the production routes. Associated with that
is also the necessity to do in depth assessments of the industries, as industry Chief Executive Officers
want to hear numbers, they are immune to normative talks. To argue morally and normatively is recipe for
failure of climate finance agreements.”

The processes and negotiations to agree on the specific types of finance and support for the steel
industry connect very much to two key ingredients of international cooperation: the role of trust
between funders and recipients, and transnational policy dialogues to address the manifold sensitive
issues of international cooperation. The role of trust is discussed in the following section.

24 Interviewees referred to the situations in developing countries and emerging economies, but presumably, this situation of fragmentation is also
valid for the industrialized countries.
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5.2. The role of trust in international climate finance
The literature on cooperation in the global climate commons identifies mutual trust of actors seeking
collaboration as an important factor for successful cooperation (Ostrom, 2010; Carratini et al., 2019).
This is because outcomes of global climate cooperation (mitigation and adaptation effects) can be
achieved and sustained if co-operators believe that the other actors involved are trustworthy partners.
According to Carratini et al. (2019, p.228) “cooperative outcomes can be sustained if stakeholders trust
each other and trust is maintained through monitoring and the sanctioning of norm violators”. However,
the authors also raise the question, how does trust unfold in a relatively anonymous situation on the
international level, where the rotation of actors in institutional positions occurs frequently (ibid.). An
answer to that question is that institutions themselves play a crucial role in building and maintaining
trust (Beckenkamp, 2012). We can describe the type of trust that needs to unfold in the field of
international climate finance as transactional (actors seek something from each other because
they receive benefits from the transactions, mostly referring to resources and material goods), as
well as transformational: “Transformational relationships are those where actors critically examine
and engage with each other to advance progress toward shared commitments; actors in these
relationships are seeking to grow and change in more open-ended processes that cultivate shared
senses of responsibility and recognition.” (Suiseeya et al., 2021, p. 5).
How can we describe trust as a precondition for successful international cooperation in the field of
steel decarbonization?
Trust can have different aspects, depending on whether the public or the private sector is considered
and depending from a recipient versus a donor yet finance institution perspective. Trust is a major
issue with the public sector, as policy processes are complex, and unpredictable, while contractmaking with governments is inherently challenging. For private financial institutions trust plays a
crucial part as well when deciding on an investment.

An interviewee from an international organization reflects these issues: “…trust is associated with the
notion that development cooperation is mainly a political instrument to achieve goals: for instance, if
Germany opens doors for domestic solar industries to start penetrating the Ugandan markets whereas
they did not ask for it. This is not necessarily a bad thing, because it may trigger employment, and thereby
winning back the population through the development of benefits. It is however important that local
industries participate in bidding processes, and thereby work together in consortiums.”

For readability, a synopsis of key messages from interview partners stated with regards to the role of
trust and issues connected to it are listed in Table 7.
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Table 7 Interview statements on the role of trust in international climate finance.
Public climate finance and support

Private climate finance 25

Recipients

Donors

Recipients

Finance institutions

Donors did not fulfill international obligations for finance
provision

Lack of promising disbursement
situations (lack of transformative change situations)

If negotiation language is clear,
specific and technical, trust
issues are minimal

Once a deal is reached, trust
relates to expectations of
delivering agreed items and
outcomes

Donors could not prove that
climate finance is new and additional to existing development
finance

Level of detail on finance needs
in policy documents such as
NDCs or long-term strategies is
insufficient to build trust

Currency risks: Feed-in-tariffs
Country risk and currency risk
may deter investments
need to be in USD but then the
currency risk is on the rate payer
in the developing country

Development finance in the past
came oftentimes with detrimental effects caused by conditionalities

Conditionalities of finance are
continuously down-negotiated

Too high return expected by the
investors

Minimum return needed and
expected

Perceived risk influences the
cost of capital

Perceived risks hinder investments

Private investors only fund oneoff projects

Long-term deal pipeline missing

Data availability and information
on transaction and their impact
is fragmented and not standardized

Lack of transparency of past
transactions and proven track
record

Difficulties of “proving” political Donors miss strong signals of
will for transformation due
political will that recipients are
to different expectations and
serious about transformations
missing standards. Demands are
considered illegitimate.

Data availability and information
on effectiveness and efficiency
of blended finance in meeting
goals and commitments

Lack of transparency on effectiveness and efficiency of blended
finance in meeting goals and
commitments

Source: GFANZ, 2021.

Many aspects below are interlinked and can be summarized into three central, interlinked components,
for public as well as private climate finance: transparency, standards, and expectation management.
For example, the long-standing issue of a common definition of new and additional funding is not yet
solved, even though it is important for mutual trust, as it increases transparency. Further, baselines
are often missing when it comes to assessing climate finance pledges. Trust is decreased if old
commitments are redirected into new funds. The availability of reliable data about past transactions,
the impact created (for private) as well as the overall efficiency and effectiveness of blended finance
vehicles (for public) are crucial when it comes to risk perception.
The system of national reporting of climate finance is fragmented and accounting modalities are
lacking which leads to double-counting (Roberts and Weikmans, 2017). We argue that the absence
of rigorous modalities for accounting for climate finance considerably impedes trust especially for
25 Non-domestic private finance not considered.
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developing countries in climate finance. To establish mutual credibility between donors and recipients
and to increase transparency for all stakeholders involved and support trust building common
standards in accounting reporting would help (Shakya and Smith, 2021). This would not only have
positive implications on the public financing side, but also for private investors.
Suitable governance structures reflecting the expectations and needs from both sides, donors and
recipients, will also help to strengthen mutual credibility. A long history of bad faith in the making and
implementation of global commitments on climate, development and institutional reform needs to be
overcome (Gosh and Woods, 2009).
This situation calls for a real dialogue between funders and recipients: if funders are missing the
signals of political will that partners are serious about sectoral transitions, this might diminish trust
that finance and support is wanted and can be implemented usefully. In turn, if recipients are making
enhanced actions dependent on the availability of finance, then this situation might be a causality
dilemma, which should be addressed in open manner, with solutions and agreements attempted.
With regards to institutions as a vehicle to enhance trust, two findings emerged from the interviews.
While bilateral donor institutions are suspected to be agents for donor interests, interestingly
multilateral development banks seem to be considered to be trusted as they appear to be above
interests of political influence seeking of individual donors, despite their history of neoliberal
reform agendas. However, it was also mentioned that the latter often lack the negotiation skills and
capabilities to reach agreements with governments within regard to the question of how a policy
environment could develop to allow for industry transitions.
The opposing views and resulting climate finance action gap between funders and recipients can
be reconciled by understanding how they can be strengthened in terms of acting as push and pull
factors for climate finance, instead of representing loose ends of a conversation on climate finance,
characterized by lacking trust on both sides. To illustrate, some donor countries miss the signals of
political will in developing nations, which would provide confidence in intended policy action in specific
sectors. For instance, only some emerging economies have agreed on specific steel sector targets and
have introduced policy instruments for implementation. However, a major pull factor for climate finance
is ownership over national policy initiatives – this generally attracts climate finance. Another such factor
is the enabling environment for climate finance which is a major pull factor. A means to achieve such
reconciliation could be policy dialogues, which are built on frequent communication, transparency and
non-hierarchy.
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5.3. Policy dialogues to enhance trust and
international cooperation
The above section discusses the potentials of bilateral policy dialogues to enhance trust between
donors and recipients of climate finance. Accordingly, the question is how can a policy dialogue
between national and international actors be designed such that it is considered legitimate, minimizes
concerns of sovereignty infringements and is technically constructive?
A possible answer to that question is that political negotiation processes for support between
contributors and recipients need to precede actual dialogues. Interviews provide evidence that a
high level, general agreement is required, under which policy dialogues can be structured, preferably
of heads of states in the case of bilateral/other high-level representative in case of multilateral
cooperation. Normally, these kinds of high-level agreements are done with the objective to outline the
general focus and elements of cooperation and support26. However, they can help to clarify, whether a
principal agreement for a policy dialogue is possible, as well. It is important to make such an agreement
on policy dialogues explicit and not implicit, in order to provide the legitimacy for it and to show
that infringement concerns are not taken lightly. Given that a high-level political agreement can be
achieved, policy dialogues can be arranged, provided that the political mandate was provided to them.
In the following we outline the characteristics of various types of policy dialogues are presented at
continuation:
There are numerous formats of policy dialogues, depending on the objective, content focus, and types
of actors involved. These dialogues range from formats to (i) enable mutual learning and exchange
of experience, to (ii) policy dialogues in the context of development cooperation and (iii) multilateral
review processes. However, not all of these appear to have features required for effectively assisting
steel decarbonization. They also differ significantly with regards to the convener and facilitator of
dialogues. This has an impact in terms of political legitimacy of the process and mandates to follow
up on resulting policy recommendations. The three types listed above are discussed in the following
section for their potential to foster international cooperation. This is based on a mix of literature
findings, as well as interview results.

5.3.1 Policy dialogues for mutual learning and
exchange of experience
These often involve general policy audiences on a specific topic as, for instance, held by UN
Department of Economic and Social Affairs.27 The dialogues involve conversations between experts
on pertinent topics of a global nature, such as options to transform the energy and transport sectors.
These are typically individual topic events consisting of a series of dialogues, do not feature strong
process elements, but rather focus on transfer of knowledge and experience, not generating it anew.

26 For the Indian-German cooperation agreement in energy and climate policy see Jayaram (2015) and the updated cooperation Reuters (2022).
27 https://www.un.org/en/desa/policy-dialogue
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Other dialogues of this type involve specific constellations of countries, which hold exchanges on
policy topics, supplemented by experts. The conveners are typically neutral agencies, such as the UN,
or non-state organizations.
Policy dialogues of this type can also be held with the objective to pave the way for enhanced political
dialogues and where the convener is a political body such as the EU. Nevertheless, the main and
immediate objective is to learn and exchange experiences. Even though these dialogues are not
primarily held with the objective to foster individual cooperation between countries, they can act as
stepping stones towards cooperation (Rodriguez et al., 2017).

5.3.2 Policy dialogues in the context of development cooperation
Policy dialogues are held between donors and recipient countries in the context of development
cooperation projects and programs, with the aim of providing developing countries with a range
of policy design options to improve societal outcomes. According to the OECD (2013, p.1), “Policy
dialogue is a means by which development co-operation agencies advance major policy concerns and
assess the room for manoeuvre in addressing them. National partners participating in policy dialogue
are generally doing the same.” McCullough et al. (2011) denote that many times, the actors leading
policy dialogues in the context of development cooperation fail to acknowledge the political nature of
policy dialogues, oftentimes with sensitive and thorny characteristics. The authors note that “…there
will be legitimate differences between recipient governments and donors over the allocation of values
in relation to development and these differences occur against a backdrop of power and knowledge
imbalances. The negotiation of the allocation of values should not be understood as one-off events, but
rather as a continuous process which occurs at the initial political stages of policy change, through more
institutional aspects of policy implementation to operational policy outcomes.” (ibid., p.8)
Remembering the political nature of policy dialogues, it is easy to see that they are, thus, also
influenced by a strained history of relationships between countries of the Global North and South. In
the context of international climate finance and support, this refers to concerns of influence seeking
in policy processes by developing countries, and a long history of distorted trust between parties
involved (Timperley, 2021).

5.3.3 Multilateral review processes
Multilateral review processes have the objective of reviewing individual country performance, but also
collective performance, such as the planned Global Stocktake (GST) process of the Paris Agreement.
The GST consists of three phases, in which all parties to the Paris Agreement participate: information
collection and preparation, technical assessment, and, lastly, consideration of outputs. For a
comprehensive assessment of comparable multilateral review processes, see Beuermann et al. (2020).
These multilateral processes are also multi-sectoral in nature, which may bear the risk of having
unfocused stakeholder participation and of raising questions in regard to the specificity of policy
recommendations and legitimacy of the follow-up by countries. This may be remedied by taking a more
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focused sectoral approach to policy dialogues. However, this appears to be challenged by lock-in into
prior decisions on multilateral approaches and resource constraints (ibid).
An example of a specific multilateral review process in form of a regional policy consultation process
is the Association of Southeast Asian Nations (ASEAN) Peer Consultation Framework (PCF) in Forestry
(Lin and Obser, 2006; Goehler et al., 2009). The PCF was introduced in 2006 as a regional instrument for
coordination and cooperation among the member states of the ASEAN, building explicitly on the trust
and confidence that unfolds when a common sectoral and regional framework exist. It is worthwhile
noting that it was designed as an iterative process, with regular expert assessments, consultations,
and knowledge exchanges to provide policy advice and recommendations for consideration by
the assessed member state. Experiences with this type of instruments show that facilitation by
a secretariat (ASEAN secretariat) is needed to make policy consultation processes effective, and
to handle the sensitive political issues connected to the process through diplomatic, impartial
moderation and non-disclosure practices (Lin and Goehler, 2009).
Policy peer reviews in the style of the OECD can be described “…as the systematic examination and
assessment of the performance of a state by other states, with the ultimate goal of helping the reviewed
state improve its policy making, adopt best practices and comply with established standards and
principles.” (Pagani, 2002, p. 15). These peer reviews do, in fact, constitute governance elements,
which move toward “harder” forms of governance at the international level (Lehtonen, 2020). The
author notes, that the OCED is not equipped with direct regulatory power, but rather influences parties
through soft persuasion and peer pressure, which is often accompanied by attention from media, civil
society, and other member country governments (ibid.). These review processes follow a structured
approach, involving field missions by international experts to consult key actors and the general public
in the assessed country, in-depth policy analysis by expert teams, as well as the peer review process by
two peer countries selected by the country to be reviewed (Primi, 2016). These peer review processes
can work effectively if they are conducted in a non-hierarchical manner, resulting in ownership by
the participating countries in the process itself, the socialization of results, and the follow-up to the
reviews (Lehtonen, 2020).
Aa concern, that is frequently voiced during the interviews that international dialogues and learning
processes are still dominated by normative ideas by industrialized countries, including a lack of
participation by developing countries and emerging economies.
Box 6 Tripartite cooperation as a means to improve cooperation for steel decarbonization.
An interesting approach to organize cooperation and dialogues, which was mentioned by an
interviewee from an international organization, is tripartite cooperation: This bridges across the
traditional north-south lines. United Nations Industrial Development Organization for instance
cooperates with an industrialized country (e.g., Germany), an emerging economy (f.i., China), and
a developing country such as Ethiopia – this has the advantage of easing possible interest-driven
tensions in projects and opens up the possibility for more exchanges and learning experiences.
Learning includes a broader set of material related to successes and failures, not only showcasing
successes and selling them.
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This leads to perceptions on the side of the latter group that the reality of the domestic steel
sectors is not well understood and that they are confronted with ideas about steel decarbonization
of a normative nature, which is unrealistic to realize. These concerns need to be considered when
designing transnational peer review processes:
— Seek legitimization and approval of such peer processes: this refers not only to a process as
such, but also to the formulation of recommendations and respective follow-up.
— Allow for sufficient time and resources to conduct the policy assessments in depth in order to
understand and recommend policy pathways to decarbonize.

5.3.4 Lessons learned for the design of policy dialogues
What can be learned for the design of policy dialogues in the context of international climate finance
and support for the decarbonization of steel sectors?
The cases above highlight different functions that a policy dialogue can fulfil and under which
conditions they can work. These should be considered by designers of a respective dialogue in the
context of steel decarbonization in the following way:
— Establish a clear reference system: It is important to have a clear reference system, be it a
common regulatory framework, or, in the absence of such as system in international processes,
common values and understanding of the process itself. This can relate to the acknowledgement
that decarbonization policies in one country affect other countries and vice versa in terms of
production, markets, and climate effects.
— Follow a non-hierarchical approach: The design of policy dialogues requires high-quality
facilitation, not only with agreed-upon processes, but also with technical reviews through
renowned and mutually selected experts. The issue of facilitation is also closely connected to
the governance of such processes: it is recommended to maintain a non-hierarchical approach,
where country ownership is at the forefront.
— Apply a soft governance mode: In the absence of transnational institutions and regulations
across the groups of countries involved in such processes, a soft governance mode seems
realistic: mutual policy recommendations can be provided for consideration, but mutual
monitoring of implementation can be introduced, pending individual agreement among
participants.
— Maintain sectoral focus: It is recommended to maintain a sectoral focus: this allows for focused
technical-policy work and exchanges, as well as for deepening the quality of cooperation among
participants to the dialogue.
— Apply political sensitivity: Diplomatic skills and political sensitivity of process participants are of
utmost importance, given the history of international cooperation, including colonial pasts and
associated power imbalances still faced today.
— Involve Parties equally: OECD types of peer reviews appear promising and potentially effective,
as they move away from a unilateral transfer of experiences and recommendations, such as
in the context of development cooperation. Instead, such processes explicitly involve the two
parties.
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To summarize, there are clear benefits of interactions between international and national policy actors
in the context of policy processes and transformational change: development of new policy ideas,
development of capacities, and exchange of expert knowledge are confirmed by most interviewees.
Yet, they are contingent on the quality of the interaction processes: in particular, international
actors need to combine openness with proven expert knowledge on steel decarbonization, ultimately
relying on communication and intercultural skills on a personal level to participate in such processes
successfully.

5.4. Governance elements of international support for
steel decarbonization
Our study shows that the joint steering of international support for the decarbonization of the
steel sector through effective governance systems is a demanding task. A central reason for this
is the complexity of the sector, which not only arises due to technical and financial aspects of
decarbonization, but also, and foremost, because of interactions between national and international
levels, which any design of international climate finance implies. Here, we outline a few of the key
characteristics of such a governance system.
Fostering complementarity of public and private roles
The private and public sectors play different, but ultimately complementary, roles in the transition of
the steel sector. Our study highlights that it is not only different goals that both sides pursue, but also
different terminologies, concepts, and values. To increase complementarity, intermediation is needed
to advance joint steering of transitions. While it might be a useful recommendation for both funding
and recipient countries to introduce steering governance instruments on a national level, we refer to
the special roles of steering on the international level of cooperation:
— Funding governments may want to consult with representatives of their domestic industries and
industry experts in a governance arrangement, so that they can be informed about potential loss
of competitiveness, what types of support would benefit them, and as what would be detrimental
to domestic transitions in, e.g., the EU. NGO and other civil society representatives should be
included in similar ways. Stakeholder consultation should be equally balanced and it should be
ensured, that short-term industry interest do not overrule overall long-term interest.
— Industry representatives and experts from recipient countries might be included to inform
about the technical options on firm levels and associated financial needs, but also about design
parameters of policy instruments, which may be the focus of policy dialogues and support
processes. The presence of emerging economies civil society representatives may also add
trust to the cooperation, counterbalance lobbying by industries and ease some of the politically
sensitive issues, such as sovereignty infringement concerns, by broadening the decision-making
basis.
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Joint steering to foster mutual trust, communication as important factors for
cooperation in the industry sector
Our study shows that trust is a very important factor to foster cooperation among the actors involved
in steel decarbonization. To enhance trust, the aforementioned policy dialogues are recommended.
However, they can be tied to bureaucratic processes, dependent on political decisions, and therefore
slower than industry representatives might expect. That is why any governance instrument for
international support to steel decarbonization needs to include efficient and credible communication
instruments across multiple levels:
1.	Recipient – funders: This includes all of the aforementioned topics connected with political
sensitivities, but also the joint monitoring and steering of implementation processes.
2.	Private – public: This connects to the above-mentioned roles, concerns, and expert opinions of
both sectors.
3.	Political – administrative: Linking these two levels will have clear benefits: Though
policymakers need to obtain a realistic insight into administrative capabilities to make sound
decisions, political decision-making processes and levels of administration are often-times
not well connected, with the effect that administrative levels can not inform political decisionmaking to an optimal extent.28
In order to foster trust through such communication channels, an accompanying conflict resolving
capacity may be needed, possibly tied to the suggested facilitator of international policy dialogues and
peer reviews.
In the following, we highlight some of the accompanying measures to enhance international
cooperation to support steel decarbonization, as identified during the interviews and the literature
review in sections 3 and 4.
Coordination of finance and support remains an issue
A proliferation of international initiatives is observed by many interviewees. This relates to the various
networks and partnerships that were created to advance the decarbonization of steel in terms of
knowledge, technology, and finance. This reflects the dynamic of the field and the increasingly
understood necessity to decarbonize the sector. However, coordination between initiatives and
programming of various finance and support instruments will be required, possibly modelled in
accordance with the specific mixes of finance and technical support needed by countries. The issue
of coordination is almost as old as the history of Official Development Assistance (ODA), but here
must be emphasised right from the start in order to prevent unintended effects and fragmentation of
approaches – or excessive competition among funders.
Strategic programming is important to schedule technical and financial contributions
The transition to climate neutrality of the steel sector is in its early stages in most emerging
economies, and pathways are generally not yet available. Given this situation, international finance
28 T
 his is argued in detail in the SNAPFI study “International dimensions of industry decarbonization: Elements of international cooperation approaches” (Luepke and Aebischer, 2021)
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is surely important, but might not be the first thing to talk about: awareness raising often plays a
much bigger role, as does capacity building in order to develop basic skill sets of actors connected
to industry decarbonization in developing countries. Often-times, the debate is only about creating a
pipeline of bankable projects, which will likely not have a sufficient impact to advance the transition
in terms of sectoral conditions and policy frameworks. Thus, finance needs to be combined with
technical assistance and it cannot be solely about leverage ratios (minimum investment in projects,
which generate a maximum of private sector investment).
In developing countries, there is often a lack of information surrounding industry decarbonization,
hence capacity building and awareness raising fill important gaps. In particular awareness raising
through communication of rationales and benefits can help decision-makers in understanding why
industry decarbonization is a good idea.
Develop steel sector specific decarbonization plans
The role of forward-looking plans and pathways becomes crucially important to achieve long-term
goals of climate neutrality and for related transitions. These are not only important for obtaining a good
overview and understanding of the steps the steel sector will need to go through to decarbonize, but
also signal the sincerity of the political will and the specific support needed to funders and investors.

5.5. Lessons learned for a broader climate cooperation
framework
Overall, we have learned that, with respect to the role of trust, communication, and dialogue, an
intrinsic correlation exists between trust and finance. As stated by the majority of our interview
partners, money flows where there is trust. From this, we derive a possible solution to the climate
finance dilemma situation, which is to move toward each other. To recall, it was stated that funders
appear to oversee political will and signals of early transformational change, while developing
countries mistrust funders’ willingness to disburse new and additional finance, free from vested
interests and influence seeking on domestic public policies and institutions.
For the steel sector, this means that private finance requires sound negotiating, contract
development, and risk management. Bigger trust and risk issues occur when it comes to international
public climate finance and support. Hence, issues of trust are differentiated according to public and
private sides, but both need to play roles in relatively close coordination. If intensified communication
and exchange can be achieved through international policy dialogues, if trust can be enhanced, and
if cooperation between donors and recipients can be fostered, then institutions to support such
processes should be designed accordingly. In the real world, there are a number of institutions building
on the conventional development finance approaches, which appear to cause lower degrees of trust.
Considering emerging results of dialogue formats as well as institutionalization through bilateral and
multilateral agencies should facilitate the fostering of trust levels.

71

Steel decarbonization in emerging economies

From our discussion, we conclude that moving away from strict systems of conditionality toward
international, mutual cooperative approaches foster the decarbonization of the international steel
sector. Indeed, international policy dialogues and mutual peer reviews can help to advance trust and
transparency, thus building transboundary expert communities. Lastly, there may be positive spill over
effects through the international support of industries in emerging economies i.e., additional overall
professional capacities to produce green steel and achieve climate neutrality. Additionally, policy
diffusion processes might lead to more adoption of domestic policies, which can help create markets
and further incentivize industries to produce green steel. These processes could contribute to a
growing common pool of lessons learned, including the exchange of experiences with technologies,
production processes, and regulatory practices. This might help overall decarbonization from an
international perspective.
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6. Conclusions
In this study, we assess options for support and the provision of international climate finance for the
decarbonization of the steel sector in emerging economies. Our intention is to fill a gap in the literature
by showing and evaluating the various elements that play a role in facilitating the effective cooperation
needed to deliver such support.
As outlined in section 1, three research questions guide this report:

1.	Under which conditions can international public-private climate finance arrangements
contribute to transformational change in the steel industry?
2.	How do such arrangements relate to the emerging understanding of international
cooperation in the climate commons within the Paris Agreement and, how do they help
to foster collective action?
3.	How to design governance structures to optimize international cooperation for industry
transformation, considering international – national interactions?

We present the main barriers and drivers of decarbonization in the steel industry, finding that there
is a need for large scale investment for the retrofitting of existing power plants as well as for the
construction of new production facilities; principally in emerging economies. Meanwhile, most existing
green steel initiatives are located in Europe where demand is expected to stagnate, if not fall, in
coming years. Thus, we identify the need for instruments that drive additional investment into the
sector especially in emerging economies. We further debate how additional policy action is needed to
drive the required capital into the transformation of the sector.
As the decarbonization of the steel sector is a case for deeper transformational change, it requires
technological structural reforms as well as social structural reforms. This not only relates to a fossilfree energy system, but also to policy instruments including taxes, subsidies, and regulations, and to
frameworks related to the financial industry, innovation, and technology development ensuring a just
transition.
Finance plays an important role for steel decarbonization. However, looking at financial instruments
and mechanisms already in place to finance industry transformation such as funding programs, it can
be stated that only very few of the existing instruments cover the specific needs of the steel sector.
As the sector has high OPEX and CAPEX requirements, financial instruments must also consider the
different financial requirements corresponding to the different readiness levels of the technologies,
which applies in particular to emerging economies. With regards to the large volumes of investment
needed private capital plays a key role here. However, financial and non-financial barriers such as
constrained returns, political risk and regulatory constraints limit investments by private actors. By
adjusting investment approaches such as accommodating higher upfront costs and / or longer return
periods private actors could already capture benefits from low carbon technologies, keeping in mind
regulatory requirements and fiduciary duties.
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Increased and well targeted public support is additionally needed to support increased private
ambition, including policy and regulations targeting net zero, market building, public and direct
investment and blended finance. Blended finance structures seem promising to provide de-risking
to investors. Although they face certain concerns with respect to transparency, effectiveness,
governance structures and value additionality we conclude that they remain useful for rebalancing the
risk-reward equation for pioneering and helping to mitigate investment risks and attract more funding.
Still, keeping in mind that they should be adapted to the respective country specific framework,
ensuring that solutions are aligned with national regulations, licensing requirements and long-term
priorities.
We outline how a specific financial instrument, CCfDs, could provide the required risk reduction and
be an appropriate measure to jointly support clean industrial processes and start their commercial
diffusion, while simultaneously preserving incentives for the introduction of domestic climate policies,
such as carbon prices and renewable energy support. The instrument provides a certain revenue
stream to decarbonized technologies, which investors could then capitalize over the lifetime of the
project. We find that the instrument seems promising for enabling an increased flow of private capital
to hard-to-abate sectors in emerging economies. This is particularly important as the production of
steel is prospected to grow there, while we identified a clustering of green steel initiatives in Europe.
It is important to note, that, to be an effective instrument for the decarbonization of the steel sector
in emerging economies, CCfDs should be aligned with further policy objectives. This includes policies
that stimulate demand for green steel products (e.g., through the introduction of Green Public
Procurement), the creation of an economically viable production of green steel (e.g., through carbon
pricing and the provision of low-cost renewable energy) and the creation of stable financial markets
frameworks that support the transition by directing capital flows to sustainably economic activities
(e.g. through the development of a green finance taxonomy).
However, addressing the role of public sector policies in the context of international support and
finance is likely to be a politically sensitive topic, leading easily to a dilemma situation of international
climate finance. This dilemma occurs when funders expect clear signals of political will that transitions
in the steel sector are desired and supported politically. However, this is not always feasible for
recipient countries, as political decision-making processes for transitions are not necessarily final and
sectoral actors may not have signed up for transitions in the industry sector. Furthermore, opening
up such political processes to international actors is commonly regarded as infringements of national
sovereignty. A way forward could be to address these sensitive issues through policy dialogues, which
could move from an initial focus on support needs for steel decarbonization towards exchanges on the
sensitive issues connected to public policies and ultimately to a policy peer review format. The latter
may serve to do justice to the UNFCCC principle of common, but differentiated responsibilities: mutual
assessments and policy recommendations between funders and recipient countries can allow not just
for non-hierarchical cooperation but also as an alternative to stipulated conditionalities of support. As
discussed, international CCfDs could be a vehicle for coordinated joint action for donor and recipient
countries.
With regards to necessary alignment with partner country needs, we caution that despite all rhetoric
on donor alignment, it is not always a given that specific sectoral needs for decarbonization are well
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understood by funders. This also calls for the design of dialogues with sufficient time and resources to
communicate and negotiate specific types of support. Contrary to concerns that a direct support for
decarbonization of steel industries in emerging economies might be a form of support to competition
to industries in funding countries, we argue that such support will create benefits in terms of positive
spillover effects for the international steel industry as a whole : (i) experiences with technology and
regulatory frameworks increases pools of learning material for all parties involved, (ii) decreased cost of
green technologies may trigger developments of markets; and (iii) support for research and development
can incentivize steel companies to cooperate by engaging in mutual research and development, which
creates knowledge that can be internalized by all involved parties. Lastly, it is important to reiterate
the obligation by developed countries to support non-annex I countries in the UNFCCC in their efforts
to address climate change and balance the fairness perception between parties involved. This also
reflects a statement by a CEO of a major German steel producer: “You have to understand that the steel
sector is an international system. What you support overseas is ultimately helpful for the system as a
whole. So, support elsewhere, unless you risk the domestic transformation.”
Accordingly, EU-centric perceptions on transitions, as for instance reflected by the introduction of
a CBAM, should be revised such that partner countries are incentivized and supported for industry
transitions, instead of running the risk that transitions are discouraged by providing a negative
incentive.
Furthermore, we conclude that a change of cooperation modalities towards non-hierarchical and
mutual approaches in the spirit of the decentralized structure of the Paris Agreement may also necessitate a re-think of existing power structures between the developed and developing world. Through
our research we can confirm that it is indeed the cooperation modalities that matter as much as the
technical content of support. Cooperation modalities that are important, include political skills
and sensitivity of funders, dialogue and negotiation skills, as well as resources, trust, transparency,
and technical capacities. In this light, a revision of ongoing cooperation processes and institutional
structures may be warranted to identify specific options and areas of improvement for the
decarbonization of steel.
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7. Future research
In regards to further research we think that, first, real-life case studies on the application of CCfDs
in emerging economies should be conducted to understanding the effectiveness, outcomes, and
implications for companies and public sector. This is an important factor affecting the real and
concrete conditions as well as those variables that influence the implementation of a CCfD in such
situations. Future research should also consider how they can be a vehicle through which donor and
recipient countries can cooperate in the development of an effective transition strategy for particular
sectors.
For instance, one should analyse, how political disincentives of CCfDs in policy environments without
e.g., carbon prices, can be avoided and what governance structures can support this goal;
A related question is to further investigate if and how CCfDs could operate without the conditionality
that partner countries introduce further policy instruments (e.g., carbon pricing).
A deeper analysis of blended finance instruments could consider questions such as: When cofinancing arrangements between donor and recipient countries are implemented as agreed, what
are adequate mixes of public and private funding in blended finance instruments, and under which
empirical conditions?
Second, we recommend to test further hypotheses on the design of international policy peer reviews:
Through a consultative mode including main stakeholders it may be possible to develop clear
recommendations and assess feasibility for such dialogue and peer review formats.
Third, while we focus mostly on the question, how effective international cooperation for the
decarbonization of steel can be designed, a number of questions related to the actual contents of
support remain open. Future research should take up questions related to the specific sequencing of
support, development of pathways, and unresolved issues of technology cooperation such as transfer
of technologies.

78

Steel decarbonization in emerging economies

Chapter eight

Reference List

79

Steel decarbonization in emerging economies

8. Reference List
Agora Industrie, Wuppertal Institut, & Ecologic Institut. (2021). Klimaschutzverträge für die Industrietransformation: Kurzfristige Schritte auf
dem Pfad zur Klimaneutralität der deutschen Grundstoffindustrie. https://www.ecologic.eu/sites/default/files/publication/2022/60009Klimaschutzvertraege-Industrietransformation-Studie-web.pdf
Agora Industry. (2022, April). Global Steel Transformation Tracker. Agora Energiewende. https://www.agora-energiewende.de/en/service/
global-steel-transformation-tracker/
Agora Industry, Wuppertal Institute, & Lund University. (2021). Global Steel at a Crossroads. Why the global steel sector needs to invest
in climate-neutral technologies in the 2020s. https://static.agora-energiewende.de/fileadmin/Projekte/2021/2021-06_IND_INT_
GlobalSteel/A-EW_236_Global-Steel-at-a-Crossroads_WEB.pdf
Åhman, M., Arens, M., & Vogl, V. (2022). Chapter 8: International cooperation for decarbonizing energy intensive industries: The case for a
Green Materials Club. In Handbook on Trade Policy and Climate Change. Edward Elgar Publishing. https://www.elgaronline.com/view/
edcoll/9781839103230/9781839103230.00016.xml
Aklin, M., & Mildenberger, M. (2020). Special section: Domestic climate policy under anarchy prisoners of the wrong dilemma: Why distributive
conflict, not collective action, characterizes the politics of climate change. Global Environmental Politics, 20(4), 4–26. https://doi.
org/10.1162/glep_a_00578
Andersen, O., Basile, I., Kemp, A. de, Gotz, G., Lundsgaarde, E., & Orth, M. (2019). Blended Finance Evaluation: Governance and Methodological
Challenges (OECD Development Co-Operation Working Papers No. 51; OECD Development Co-Operation Working Papers, Vol. 51). https://
doi.org/10.1787/4c1fc76e-en
ArcelorMittal. (2021, March). ArcelorMittal plans major investment in German sites, to accelerate CO2 emissions reduction strategy and
leverage the hydrogen grid. https://corporate.arcelormittal.com/media/news-articles/arcelormittal-plans-major-investment-ingerman-sites-to-accelerate-co2-emissions-reduction-strategy-and-leverage-the-hydrogen-grid
Arens, M., Åhman, M., & Vogl, V. (2021). Which countries are prepared to green their coal-based steel industry with electricity? - Reviewing
climate and energy policy as well as the implementation of renewable electricity. Renewable and Sustainable Energy Reviews, 143,
110938. https://doi.org/10.1016/j.rser.2021.110938
Ashta, A. (2022). States will remain unable to solve global crises like climate change until they let go of their sovereignty. LSE Blogs. https://
blogs.lse.ac.uk/europpblog/2022/02/11/states-will-remain-unable-to-solve-global-crises-like-climate-change-until-they-let-go-oftheir-sovereignty/
Attridge, S., & Engen, L. (2019). Blended finance in the poorest countries: The need for a better approach (ODI Report). Overseas Development
Institute. http://hdl.handle.net/10419/206745
Baker, L., Burton, J., Trollip, H., & Godinho, C. (2015). The political economy of decarbonisation: Exploring the dynamics of South Africa’s
electricity sector. https://doi.org/10.13140/RG.2.1.4064.9040
Bataille, C., Stiebert, S., & Li, F. (2021). Global facility level net-zero steel pathways: Technical report on the first scenarios of the Net-zero
Steel Project. http://netzerosteel.org/wp-content/uploads/pdf/net_zero_steel_report.pdf
Beckenkamp, M. (2012). Institutions and Trust in Commons: Dealing with social dilemma. In D. Bollier, S. Helfrich, & Commons Strategies
Group (Eds.), The wealth of the commons: A world beyond market and state. Levellers Press.
Bellona Europa. (2021). Hydrogen in steel production: What is happening in Europe – part one. Bellona. https://bellona.org/news/climatechange/2021-03-hydrogen-in-steel-production-what-is-happening-in-europe-part-one
Beuermann, C., Obergassel, W., & Wang-Helmreich, H. (2020). Design options for the global stocktake: Lessons from other review processes
(Designing a Robust Stocktake Discussion Series). Wuppertal Institut. https://epub.wupperinst.org/frontdoor/deliver/index/docId/7525/
file/7525_Global_Stocktake.pdf
Bhandary, R. R., Gallagher, K. S., & Zhang, F. (2021). Climate finance policy in practice: A review of the evidence. Climate Policy, 21(4), 529–545.
https://doi.org/10.1080/14693062.2020.1871313
Blas, J. (2022). Steel Is the Other Big Commodity Shock from the War in Ukraine. https://www.washingtonpost.com/business/energy/steel-isthe-other-big-commodity-shock-from-the-war-in-ukraine/2022/03/22/b2cf3508-a9b2-11ec-8a8e-9c6e9fc7a0de_story.html
Blended Finance Taskforce. (2018). Better Finance, Better World: Consultation paper of the Blended Finance Taskforce. https://www.
blendedfinance.earth/better-finance-better-world
Blondeel, M. (2020). Net-zero – A new international norm? https://ukerc.ac.uk/news/net-zero-a-new-international-norm/
Bodnar, P., Ott, C., Edwards, R., Hoch, S., McGlynn, E. F., & Wagner, G. (2018). Underwriting 1.5°C: Competitive approaches to financing
accelerated climate change mitigation. Climate Policy, 18(3), 368–382. https://doi.org/10.1080/14693062.2017.1389687
Brockhaus, M., & Angelsen, A. (2012). Seeing REDD+ through 4Is: A political economy framework. In Center for International Forestry Research
& A. Angelsen (Eds.), Analysing REDD+: Challenges and choices. Center for International Forestry Research.
Brun, L. C. (2016). Overcapacity in Steel: China’s Role in a Global Problem. https://doi.org/10.13140/RG.2.2.11923.48161
Business & Sustainable Development Commission, & Convergence. (2017). The State of Blended Finance: Working paper, July 2017. http://
s3.amazonaws.com/aws-bsdc/BSDC_and_Convergence__The_State_of_Blended_Finance__July_2017.pdf

80

Steel decarbonization in emerging economies

Business & Sustainable Development Commission, & Convergence. (2018). The State of Blended Finance 2018. https://www.convergence.
finance/resource/7LEqTu0YeceaQugSWaSKSk/view#!
Campbell, R., & Omietánski, A. (2021). The green edge of steel: Cutting through carbon. White & Case. https://www.whitecase.com/
publications/insight/green-edge-steel-cutting-through-carbon
Chiappinelli, O., Gerres, T., Neuhoff, K., Lettow, F., de Coninck, H., Felsmann, B., Joltreau, E., Khandekar, G., Linares, P., Richstein, J.,
Śniegocki, A., Stede, J., Wyns, T., Zandt, C., & Zetterberg, L. (2020). A green COVID-19 recovery of the EU basic materials sector:
Identifying potentials, barriers and policy solutions. Climate Policy, 21(10), 1328–1346. https://doi.org/10.1080/14693062.2021.1922340
Choi, E., & Seiger, A. (2020). Catalyzing Capital for the Transition toward Decarbonization: Blended Finance and Its Way Forward. SSRN
Electronic Journal. https://doi.org/10.2139/ssrn.3627858
Choritz, S., Lorenzato, G., Santoro, S., & Basile, I. (2018). Blended Finance in the least developed countries. United Nations Capital
Development Fund. http://www.uncdf.org/download/file/127/8026/090119-blended-finance-report.pdf
Climate Catalyst. (2021). Steel at #COP26: The Glasgow Breakthrough and what’s needed next. https://www.climatecatalyst.org/our-analysis/
steel-at-cop26
Climate Champions. (2021). Private investors could drive over two-thirds of the trillions in investment needed to reach net zero. United Nation
Framework Convention on Climate Change. https://climatechampions.unfccc.int/private-investors-could-drive-over-two-thirds-of-thetrillions-in-investment-needed-to-reach-net-zero/
Climate Funds Update. (2019). Clean Technology Fund. https://climatefundsupdate.org/the-funds/clean-technology-fund/
Climate Policy Initiative. (2018). Blended Finance in Clean Energy: Experiences and Opportunities. https://www.climatepolicyinitiative.org/
publication/blended-finance-clean-energy-experiences-opportunities/
Climate Policy Initiative. (2021). Global Landscape of Climate Finance 2021. https://www.climatepolicyinitiative.org/publication/globallandscape-of-climate-finance-2021/
Cole, D. H. (2015). Advantages of a polycentric approach to climate change policy. Nature Climate Change, 5(2), 114–118. https://doi.org/10.1038/
nclimate2490
Convergence. (2018). Leverage of Concessional Capital (Data Brief). https://www.convergence.finance/resource/35t8IVft5uYMOGOaQ42qgS/
view
Convergence. (2021). The State of Blended Finance 2021. https://www.convergence.finance/resource/0bbf487e-d76d-4e84-ba9ebd6d8cf75ea0/view
Convergence, & Business & Sustainable Development Commission. (2017). The State of Blended Finance. Working Paper. http://
s3.amazonaws.com/aws-bsdc/BSDC_and_Convergence__The_State_of_Blended_Finance__July_2017.pdf
Correa Laguna, J., Duerinck, J., Meinke-Hubeny, F., & Valee, J. (2021). Carbon-free steel production: Cost reduction options and usage
of existing gas infrastructure. European Union. https://www.europarl.europa.eu/RegData/etudes/STUD/2021/690008/EPRS_
STU(2021)690008_EN.pdf
Crocker, Fletcher, L., Chen, J., & Newman, A. (2019). Melting point: Which steel companies are ready for the low-carbon transition? Executive
Summary. CDP. https://cdn.cdp.net/cdp-production/cms/reports/documents/000/004/659/original/CDP_Steel_2019_Executive_
summary.pdf?1564490803
Day, P. (2022, August 3). Sweden leads the charge in green steel projects.
DeCuir-Gunby, J. T., Marshall, P. L., & McCulloch, A. W. (2011). Developing and Using a Codebook for the Analysis of Interview Data: An Example
from a Professional Development Research Project. Field Methods, 23(2), 136–155. https://doi.org/10.1177/1525822X10388468
Diluiso, F., Walk, P., Manych, N., Cerutti, N., Chipiga, V., Workman, A., Ayas, C., Cui, R., Cui, D., Son, K., Banisch, L.A., Moretti, N., Callaghan,
M.W., Clarke, L., Creutzig, F., Hilaire, J., Jotzo, F., Kalkuhl, M., Lamb, W.F., Löschel, A., Müller-Hansen, F., Nemet, G., Oei, P., Sovacool,
B.K., Steckel, J.C., Thomas, S., Wiseman, J., and Minx, J.C. (2021). Coal Transitions - Part 1: A systematic map and review of case study
learnings from regional, national, and local coal phase-out experiences. Environmental Research Letters, 16, 113003
Dong, C., Qi, Y., & Nemet, G. (2021). A government approach to address coal overcapacity in China. Journal of Cleaner Production, 278, 123417.
https://doi.org/10.1016/j.jclepro.2020.123417
European Commission. (2020). A hydrogen strategy for a climate neutral strategy. https://ec.europa.eu/energy/sites/ener/files/hydrogen_
strategy.pdf
European Commission. (2021). Proposal for a Regulation of the European Parliament and of the Council establishing a carbon border
adjustment mechanism. https://ec.europa.eu/info/sites/default/files/carbon_border_adjustment_mechanism_0.pdf
European Union. (2021). EU-US Trade Relations on steel and aluminium EU-US Joint Statement. https://trade.ec.europa.eu/doclib/docs/2021/
october/tradoc_159890.pdf
Farmer, J. D., Hepburn, C., Ives, M. C., Hale, T., Wetzer, T., Mealy, P., Rafaty, R., Srivastav, S., & Way, R. (2019). Sensitive intervention points in
the post-carbon transition. Science, 364(6436), 132–134. https://doi.org/10.1126/science.aaw7287
Fridahl, M., Hagemann, M., Röser, F., & Amars, L. (2015). A Comparison of Design and Support Priorities of Nationally Appropriate Mitigation
Actions. The Journal of Environment & Development, 24(2), 237–264. https://doi.org/10.1177/1070496515579124
Foxon T (2011) A co-evolutionary framework for analysing a transition to a sustainable low
carbon economy. Ecological Economics 70: 2258-2267.
G7. (2022). G7 Statement on Climate Club. https://www.g7germany.de/resource/blob/974430/2057926/2a7cd9f10213a481924492942dd66
0a1/2022-06-28-g7-climate-club-data.pdf?download=1

81

Steel decarbonization in emerging economies

Gach, E. (2019). Normative Shifts in the Global Conception of Climate Change: The Growth of Climate Justice. Social Sciences, 8(1), 24. https://
doi.org/10.3390/socsci8010024
Geels, F. W. (2014). Regime Resistance against Low-Carbon Transitions: Introducing Politics and Power into the Multi-Level Perspective.
Theory, Culture & Society, 31(5), 21–40. https://doi.org/10.1177/0263276414531627
Gerres, T., Lehne, J., Mete, G., Schenk, S., & Swalec, C. (2021). Green steel production: How G7 countries can help change the global
landscape. LeadIT. https://www.industrytransition.org/insights/g7-green-steel-production/
Gerres, T., & Linares, P. (2020). Carbon Contracts for Differences: Their role in European industrial decarbonisation. https://
climatestrategies.org/publication/carbon-contracts-for-differences-their-role-in-european-industrial-decarbonisation/
GFANZ. (2021). Net Zero Financing Roadmaps, Key Messages. https://assets.bbhub.io/company/sites/63/2021/10/NZFRs-Key-Messages.pdf
Ghosh, A., & Woods, N. (2009). Developing country concerns about climate finance. Proposals, priorities and the credible donor problem.
In R. B. Stewart, B. Kingsbury, & B. Rudyk (Eds.), Climate Finance. Regulatory and Funding Strategies for Climate Change and Global
Development (pp. 157–164). New York University Press.
GIIN. (2018). A resource for structuring blended finance vehicles. Utilizing junior equity, subordinated debt, first-loss capital, guarantees, or
technical assistance. https://thegiin.org/assets/upload/Blended%20Finance%20Resource%20-%20GIIN.pdf
Goehler, D., McGill, H., & Obser, A. (2009). Development Interfaces: Peer Reviews and the Development Potential of Regional Institutions,
Policies and Programs. In ASEAN-German ReFOP project. Exlibris.
Government of India. (2017). National Steel Policy. https://steel.gov.in/national-steel-policy-nsp-2017
Green Steel for Europe. (2021a). Collection of possible decarbonisation barriers. Green Steel for Europe Consortium. https://www.estep.eu/
assets/Uploads/D1.5-Collection-of-possible-decarbonisation-barriers.pdf
Green Steel for Europe. (2021b). Funding opportunities to decarbonise the EU steel industry. Green Steel for Europe Consortium. https://
www.estep.eu/assets/Uploads/D2.4-Funding-opportunities-to-decarbonise-the-EU-steel-industry.pdf
Green Steel for Europe. (2021c). Investment needs. Green Steel for Europe Consortium. https://www.estep.eu/assets/Uploads/D2.2Investment-Needs.pdf
Grin, J., Rotmans, J., Schot, J., Geels, F. W., & Loorbach, D. (2010). Transitions to sustainable development: New directions in the study of long
term transformative change (First issued in paperback). Routledge.
Guevara Opinska, L., Mahmoud, M., Bene, C., & Rademaerkers, K. (2021). Moving towards Zero-Emission Steel. Publication for the committee
on Industry, Research and Energy (ITRE), Policy Department for Economic, Scientific and Quality of Life Policies, European Parliament,
Luxembourg. https://www.europarl.europa.eu/RegData/etudes/STUD/2021/695484/IPOL_STU(2021)695484_EN.pdf
Hale, T. (2020). Catalytic cooperation. Global Environmental Politics, 20(4), 73–98. https://doi.org/10.1162/glep_a_00561
Hardin, G. (1968). The Tragedy of the Commons. Science, 162(3859), 1243–1248. JSTOR.
Hauser, P. D., Burmeister, H., Kohn, A., & Görlach, B. (2022). Klimaschutzverträge für die Industrietransformation: Kurzfristige Schritte
auf dem Pfad zur Klimaneutralität der deutschen Grundstoffindustrie. Agora Industrie, FutureCamp, Wuppertal Institut and Ecologic
Institut. https://static.agora-energiewende.de/fileadmin/Projekte/2021/2021_10_DE_KIT/A-EW_249_KlimaschutzvertraegeIndustrietransformation-Studie_WEB.pdf
Hermwille, L. (2019). Exploring the Prospects for a Sectoral Decarbonization Club in the Steel Industry. file:///Users/user/
Downloads/20190829_COP21RIPPLES_D4-3d_SteelSectorDecarbonizationClub.pdf
Hermwille, L., Lechtenböhmer, S., Åhman, M., van Asselt, H., Bataille, C., Kronshage, S., Tönjes, A., Fischedick, M., Oberthür, S., Garg, A., Hall,
C., Jochem, P., Schneider, C., Cui, R., Obergassel, W., Fragkos, P., Sudharmma Vishwanathan, S., & Trollip, H. (2022). A climate club to
decarbonize the global steel industry. Nature Climate Change, 12(6), 494–496. https://doi.org/10.1038/s41558-022-01383-9
Hoffmann, C., Van Hoey, M., & Zeumer, B. (2020). Decarbonization challenge for steel. McKinsey & Company. https://www.mckinsey.com/
industries/metals-and-mining/our-insights/decarbonization-challenge-for-steel
HSBC. (2019). Mobilising Capital: Blending finance to deliver the low-carbon transition. A report from the HSBC Centre of Sustainable Finance.
https://www.sustainablefinance.hsbc.com/carbon-transition/mobilising-capital-blending-finance-to-deliver-the-low-carbon-transition
Initiative for Climate Action Transparency (2020). Transformational Change Methodology Executive summary. https://
climateactiontransparency.org/wp-content/uploads/2020/01/Transformational-Change-Methodology-Executive-summary.pdf
Institutional Investors Group on Climate Change. (2021). Global investor group begins to step up pressure on steel industry. https://www.iigcc.
org/coverage/global-investor-group-begins-to-step-up-pressure-on-steel-industry/
International Energy Agency (IEA). (2021). World Energy Outlook 2021. https://iea.blob.core.windows.net/assets/88dec0c7-3a11-4d3b-99dc8323ebfb388b/WorldEnergyOut-look2021.pdf
International Energy Agency (IEA). (2022a). Achieving Net Zero Heavy Industry Sectors in G7 Members. IEA. https://www.iea.org/reports/
achieving-net-zero-heavy-industry-sectors-in-g7-members
International Energy Agency (IEA). (2022b). Global Methane Tracker. IEA. https://www.iea.org/reports/global-methane-tracker-2022
International Finance Corporation (IFC). (2021). DFI Working Group on Blended Concessional Finance for Private Sector Projects: Joint Report
December 2021 Update. https://www.ifc.org/wps/wcm/connect/6923bcfa-36cd-4d76-889c-229ae373e175/202112-DFI-BCF-JointReport.pdf?MOD=AJPERES&CVID=n.xxCH0
IRENA, IEA/OECD, & REN21. (2018). Renewable Energy Policies in a Time of Transition. https://www.irena.org/-/media/Files/IRENA/Agency/
Publication/2018/Apr/IRENA_IEA_REN21_Policies_2018.pdf
Jayaram, D. (2015). Great Strides in India-Germany Climate Diplomacy. Climate Diplomacy. https://climate-diplomacy.org/magazine/
environment/great-strides-india-germany-climate-diplomacy

82

Steel decarbonization in emerging economies

Jenkins, M. (2018). Better Blending: Making the Case for Transparency and Accountability in Blended Finance. Working Paper. Transparency
International. Transparency International. https://www.transparency.org/whatwedo/publication/better_blending
Kapoor, S. (2019). Billions to Trillions—A Reality Check. RE-DEFINE Policy Brief. Stamp Out Poverty. https://www.stampoutpoverty.org/
live2019/wp-content/uploads/2019/05/Billions_to_trillions_web.pdf
Kardish, C., Duan, M., Li, L., & Hellmich, M. (2021). The EU carbon border adjustment mechanism (CBAM) and China: Unpacking options
on policy design, potential responses, and possible impacts. adelphi. https://www.adelphi.de/de/publikation/eu-carbon-borderadjustment-mechanism-cbam-and-china
Kasten, P., & Heinemann, C. (2019). Not to be taken for granted: Climate protection and sustainability through PtX. Oeko Institut. https://www.
oeko.de/fileadmin/oekodoc/Impulse_paper_criteria_for_e-fuel_production.pdf
Kenny, C. (2019). Five Principles for Use of Aid in Subsidies to the Private Sector (No. 157; CGD Policy Paper). Center for Global Development.
https://www.cgdev.org/sites/default/files/PP157-Kenny-DFI-Principles.pdf
Kern, F., Smith, A. (2008). Restructuring energy systems for sustainability? Energy transition policy in the Netherlands. Energy Policy, Volume
36, Issue 11, Pages 4093-4103, https://doi.org/10.1016/j.enpol.2008.06.018.
Kushnir, D., Hansen, T., Vogl, V., & Åhman, M. (2020). Adopting hydrogen direct reduction for the Swedish steel industry: A technological
innovation system (TIS) study. Journal of Cleaner Production, 242, 118185. https://doi.org/10.1016/j.jclepro.2019.118185
Laes, E., Gorissen, L., Nevens, F. (2014). A Comparison of Energy Transition Governance in Germany, The Netherlands and the United Kingdom.
Sustainability 2014, 6, 1129-1152. https://doi.org/10.3390/su6031129
Leaderhip Group for Industry Transition (LeadIT). (2022). Who we are section. https://www.industrytransition.org/who-we-are/
Lehtonen, M. (2020). Harder governance built on soft foundations: Experience from OECD peer reviews. Journal of Environmental Policy &
Planning, 22(6), 814–829. https://doi.org/10.1080/1523908X.2020.1793746
Lin, H., & Goehler, D. (2008). The ASEAN Peer Consultation Framework: Opportunities and Challenges.
Lin, H., & Obser, A. (2006). ASEAN Peer Consultation Framework (PCF): A Tool for Regional Cooperation and Mutual Learning [Policy Brief].
Luepke, H. von, & Aebischer, C. (2021). International dimensions of industry decarbonization: Elements of international cooperation approaches.
https://www.diw.de/documents/dokumentenarchiv/17/diw_01.c.821389.de/snapfi_eu_industry-decarbonisation_12072021.pdf
Luepke, H. von, Aebischer, C., Velloso Breviglieri, G., Goel, S., Iskandar, Z. S., Marquard, A., Neuhoff, K., Pradono, Röser, F., Santoso Abi Suroso,
D., Setiawan, B., & Yamahaki, C. (2022). Synthesis Report: Exploring emerging norms of climate neutrality: Implications for international
climate cooperation and finance. https://www.diw.de/documents/dokumentenarchiv/17/diw_01.c.838021.de/snapfi_synthesis_
report_23_mar_2022.pdf
Maltais, A., Linde, L., Sanchez, F., & Mete, G. (2022). The role of international finance institutions in the low-carbon steel transition. https://
www.industrytransition.org/insights/the-role-of-international-finance-institutions-in-the-low-carbon-steel-transition/
Marijs, C., Widmaier, A., & Imad, A. (2020). Transformational change. https://www.diw.de/documents/dokumentenarchiv/17/diw_01.c.794591.
de/background_report_vivid.pdf
May, N., Luepke, H. von, Yamahaki, C., Velloso Breviglieri, G., Vendramini, A., Keen, S., Winkler, H., Singh, T., Malhotra, S., Mishra, J., Santoso
Abi Suroso, D., Setiawan, B., Primavedi, S., Emmerich, J., Kahlen, L., Lütkehermöller, K., Marijs, C., Widmaier, A., Imad, A., … Zahn, F. von.
(2020). Transformational change towards low-carbon development in emerging economies: Insights from international climate finance
cases. https://www.diw.de/documents/dokumentenarchiv/17/diw_01.c.794595.de/cs-ndc_tracking_cross_country_study_jul_2020.pdf
McCullough, A., Bazeley, P., McCullough, A., Tsui, J. G. T., & Bazeley, P. (2011). Review of literature and international practice in policy dialogue.
Australia: Effectiveness AGAOoD. https://www.dfat.gov.au/sites/default/files/review-policy-dialogue.pdf
McGrath, L. F., & Bernauer, T. (2017). How strong is public support for unilateral climate policy and what drives it? WIREs Climate Change, 8(6).
https://doi.org/10.1002/wcc.484
Meltzer, J. P. (2018). Blending Climate Funds to Finance Low-Carbon, Climate-Resilient Infrastructure. Brookings. https://www.brookings.
edu/research/blending-climate-funds-to-finance-low-carbon-climate-resilient-infrastructure/
Mersmann, F., Wehnert, T., Göpel, M., Arens, S., & Ujj, O. (2014). Shifting paradigms: Unpacking transformation for climate action; a guidebook
for climate finance & development practitioners. https://epub.wupperinst.org/frontdoor/deliver/index/docId/5518/file/5518_Shifting_
Paradigms.pdf
Mission Possible Partnership. (2021). Mission Possible Partnership unveils how three of the most carbon intensive industries can reach net
zero by 2050 and cut emissions in the next decade. Mission Possible Partnership (MPP). https://missionpossiblepartnership.org/mppunveils-how-aviation-steel-shipping-reach-net-zero-by-2050-cut-emissions-next-decade/
Mission Possible Partnership (MPP). (2021). Steel Sector. https://missionpossiblepartnership.org/action-sectors/steel
Nacke, L., Cherp, A., & Jewell, J. (2022). Phases of fossil fuel decline: Diagnostic framework for policy sequencing and feasible transition
pathways in resource dependent regions. Oxford Open Energy, 1, oiac002. https://doi.org/10.1093/ooenergy/oiac002
Net Zero Asset Managers Initiative. (2021). The Net Zero Asset Managers initiative. https://www.netzeroassetmanagers.org
Neuhoff, K., Chiappinelli, O., & Richstein, J. (2021). Closing the Green Deal for Industry (p. 27). Climate Strategies. https://climatestrategies.
org/wp-content/uploads/2021/06/Closing-the-Green-Deal-for-Industry_FINAL.pdf
Nilsson, A., Sanchez, F., & Mete, G. (2022). LeadIT Dialogue: Preventing the Risks of Carbon Leakage. LeadIT. https://www.industrytransition.
org/insights/preventing-carbon-leakage/
Nordhaus, W. (2015). Climate Clubs: Overcoming Free-riding in International Climate Policy. American Economic Review, 105(4), 1339–1370.
https://doi.org/10.1257/aer.15000001

83

Steel decarbonization in emerging economies

Nordhaus, W. (2017). Climate Clubs and Carbon Pricing. In P. Cramton, D. J. MacKay, A. Ockenfels, & S. Stoft (Eds.), Global Carbon Pricing The
Path to Climate Cooperation. MIT press.
OECD. (2013). Policy and political dialogue on gender equality and women´s empowerment at the country level (No. 7; Gender Equality,
Women’s Empowerment and Development Effectiveness: Issues Brief). https://www.oecd.org/dac/gender-development/_%20
Issues%20Brief%207.pdf
OECD. (2018). Making Blended Finance Work for the Sustainable Development Goals. OECD. https://doi.org/10.1787/9789264288768-en
OECD. (2021). Making Blended Finance Work for Sustainable Development: The Role of Risk Transfer Mechanisms. OECD Development Cooperation Directorate. https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=DCD(2021)16&docLanguage=En
Ostrom, E. (1990). Governing the Commons: The Evolution of Institutions for Collective Action (1st ed.). Cambridge University Press. https://
doi.org/10.1017/CBO9780511807763
Ostrom, E. (2010). Beyond Markets and States: Polycentric Governance of Complex Economic Systems. The American Economic Review,
100(3), 641–672. JSTOR.
Pagani, F. (2002). Peer review as a tool for co-operation and change: An analysis of an OECD working method. African Security Review, 11(4),
15–24. https://doi.org/10.1080/10246029.2002.9628141
Patt, A. (2017). Beyond the tragedy of the commons: Reframing effective climate change governance. Energy Research & Social Science, 34,
1–3. https://doi.org/10.1016/j.erss.2017.05.023
Pereira, J. (2017). Blended Finance: What it is, how it works and how it is used [Research Report]. Oxfam. https://www.oxfam.org/en/
research/blended-finance-what-it-how-it-works-and-how-it-used
Primi, A. (2016). Production Transformation Policy Reviews (PTPRs): A Policy Assessment and Guidance Tool to Improve the Effectiveness of
Production Transformation Strategies. ((2016)2; DEV/GB). OECD Development Centre.
Probst, B., Westermann, L., Anadón, L. D., & Kontoleon, A. (2021). Leveraging private investment to expand renewable power generation:
Evidence on financial additionality and productivity gains from Uganda. World Development, 140. https://doi.org/10.1016/j.
worlddev.2020.105347
PTX Hub. (2022). About us section. https://ptx-hub.org/de/about-us
Reuters. (2022). Germany, India pledge climate cooperation but far apart on Ukraine. https://www.reuters.com/world/germany-pledges-10bln-euros-bilateral-cooperation-with-india-2022-05-02
Richstein, J. C., & Neuhoff, K. (2022). Carbon contracts-for-difference: How to de-risk innovative investments for a low-carbon industry?
IScience, 25(8), 104700. https://doi.org/10.1016/j.isci.2022.104700
Richstein, J., Kröger, M., Neuhoff, K., Chiappinelli, O., & Lettow, F. (2021). Carbon Contracts for Difference. An assessment of selected
socio-economic impacts for Germany. https://climatestrategies.org/publication/carbon-contracts-for-difference-an-assessment-ofselected-socio-economic-impacts-for-germany/
RMI. (2021). Six Global Banks Come Together to Decarbonize Steel. https://rmi.org/press-release/six-global-banks-come-together-todecarbonize-steel/
Roberts, J. T., & Weikmans, R. (2017). Postface: Fragmentation, failing trust and enduring tensions over what counts as climate finance.
International Environmental Agreements: Politics, Law and Economics, 17(1), 129–137. https://doi.org/10.1007/s10784-016-9347-4
Roberts, J. T., Weikmans, R., Robinson, S., Ciplet, D., Khan, M., & Falzon, D. (2021). Rebooting a failed promise of climate finance. Nature
Climate Change, 11(3), 180–182. https://doi.org/10.1038/s41558-021-00990-2
Rodríguez, A., Meza, L. (2017). Building cooperation agendas from policy dialogue on agriculture and climate change in Latin America and the
Caribbean. Climate and Development, 9:6, 571-574, DOI: 10.1080/17565529.2016.1223596
Rotmans, J., Kemp, R., Asselt, van, M., Geels, F. W., Verbong, G. P. J., Molendijk, K., & Notten, van, P. (2001). Transitions & transition
management: The case for a low emission energy supply. ICIS.
Salzgitter AG. (2022). Project “μDRAL.” SALCOS. https://salcos.salzgitter-ag.com/en/mydral.html
Sanchez, F., & Nilsson, A. (2021). Is industry transition now a priority in the latest round of NDCs? LeadIT. https://www.industrytransition.org/
insights/industry-transition-and-ndcs
Savoy, C. M., & Milner, A. N. (2018). Blended Finance and Aligning Private Investment with Global Development: Two Sides of the Same Coin.
Center for Strategic & International Studies. https://www.csis.org/analysis/blended-finance-and-aligning-private-investment-globaldevelopment
Schäpe, B., & Tsang, B. (2022, May 23). Opinion: China’s crucial role in decarbonising the global steel sector. China Dialogue. https://
chinadialogue.net/en/climate/opinion-chinas-crucial-role-in-decarbonising-the-global-steel-sector/
Seto, K. C., Davis, S. J., Mitchell, R. B., Stokes, E. C., Unruh, G., & Ürge-Vorsatz, D. (2016). Carbon Lock-In: Types, Causes, and Policy
Implications. Annual Review of Environment and Resources, 41(1), 425–452. https://doi.org/10.1146/annurev-environ-110615-085934
Shakya, C., & Smith, B. (2021). Trust in climate finance requires meaningful transparency. Briefing. International Institute for Environment and
Development (IIED). http://pubs.iied.org/17774IIED
Singh, T., Ahuja, R., Mishra, J., & Malhotra, S. (2020). Transitioning India’s steel and cement industries to low carbon pathways (SNAPFI
Country Study). https://www.diw.de/documents/dokumentenarchiv/17/diw_01.c.794597.de/cs-ndc_tracking_india_jul_2020.pdf
Stirling, A. (2014). Transforming power: Social science and the politics of energy choices. Energy Research & Social Science, 1, 83–95. https://
doi.org/10.1016/j.erss.2014.02.001
Stubbe, G., & Hauck, T. (n.d.). Exploitation of projects for Low-Carbon future steel industry (Low Carbon Future).

84

Steel decarbonization in emerging economies

Suiseeya, M., Kimberly, R., Elhard, D. K., & Paul, C. J. (2021). Toward a relational approach in global climate governance: Exploring the role of
trust. WIREs Climate Change, 12(4). https://doi.org/10.1002/wcc.712
Svensson, O., Khan, J., & Hildingsson, R. (2020). Studying Industrial Decarbonisation: Developing an Interdisciplinary Understanding of the
Conditions for Transformation in Energy-Intensive Natural Resource-Based Industry. Sustainability, 12(5), 2129. https://doi.org/10.3390/
su12052129
The Climate Group. (2020). New SteelZero initiative receives backing from major businesses, ramping up demand for clean steelmaking.
https://www.theclimategroup.org/our-work/press/new-steelzero-initiative-receives-backing-major-businesses-ramping-demandclean
Timperley, J. (2021). The broken $100-billion promise of climate finance—And how to fix it. Nature, 598(7881), 400–402. https://doi.org/10.1038/
d41586-021-02846-3
Tonkonogy, B., Brown, J., Micale, V., Wang, X., & Clark, A. (2018). Blended Finance in Clean Energy. Experiences and Opportunities. Climate
Policy Initiative. https://www.climatepolicyinitiative.org/publication/blended-finance-clean-energy-experiences-opportunities/
Toyota Motor Sales. (2021). The Road to Carbon Neutrality – Toyota Releases 2021 North American Environmental Report. https://pressroom.
toyota.com/the-road-to-carbon-neutrality-toyota-releases-2021-north-american-environmental-report/
Trappmann, V. (2015). Steel in the European Union in the wake of the global economic crisis. In B. Galgóczi, J. Drahokoupil, M. Bernaciak, & P.
Pavlínek (Eds.), Foreign investment in eastern and southern Europe after 2008. Still a lever of growth. ETUI.
Trollip, H., McCall, B., & Bataille, C. (2022). How green primary iron production in South Africa could help global decarbonization. Climate
Policy, 22(2), 236–247. https://doi.org/10.1080/14693062.2021.2024123
Trotter, P. A., & Abdullah, S. (2018). Re-focusing foreign involvement in sub-Saharan Africa’s power sector on sustainable development. Energy
for Sustainable Development, 44, 139–146. https://doi.org/10.1016/j.esd.2018.03.003
UK Government. (2021). COP26 World Leaders Summit – Statement on the Breakthrough Agenda. https://ukcop26.org/cop26-world-leaderssummit-statement-on-the-breakthrough-agenda
United Nations Climate Change (UNCC). (n.d.-a). Long-term strategies portal. Retrieved May 8, 2022, from https://unfccc.int/process/theparis-agreement/long-term-strategies
United Nations Climate Change (UNCC). (n.d.-b). NDC Registry. Retrieved May 8, 2022, from https://unfccc.int/NDCREG
United Nations Framework Convention on Climate Change (UNFCCC). (2020). Glasgow Breakthroughs – The Breakthrough Agenda. https://
climatechampions.unfccc.int/system/glasgow-breakthroughs/
United Nations Industrial Development Organization. (2022). Industrial Deep Decarbonization Initiative. https://www.unido.org/IDDI
Unruh, G. C. (2000). Understanding carbon lock-in. Energy Policy, 28(12), 817–830. https://doi.org/10.1016/S0301-4215(00)00070-7
Vangenechten, D., & Lehne, J. (2022). Can climate clubs accelerate industrial decarbonisation? Towards more international cooperation in the
decarbonisation of heavy industry. https://www.e3g.org/publications/can-climate-clubs-accelerate-industrial-decarbonisation/
Vogl, V., Sanchez, F., Gerres, T., & Lettow, F. (2021). Green Steel Tracker, Version 11/2021 (Dataset). https://www. industrytransition.org/greensteel-tracker/
Vogl, V, Åhman, M., Nilsson, L. (2021a). The making of green steel in the EU: a policy evaluation for the early commercialization phase, Climate
Policy, 21:1, 78-92, DOI: 10.1080/14693062.2020.1803040
Voigt, N., Burchardt, J., Eberl, F., Nalabolu, D., Pieper, C., & Chan, T. (2022). Transforming the Steel Industry May Be the Ultimate Climate
Challenge. Boston Consulting Group. https://www.bcg.com/publications/2022/steel-industry-carbon-emissions-challenge-solutions
Volkswagen AG. (2021). Way to Zero: Volkswagen presents roadmap for climate-neutral mobility. https://www.volkswagenag.com/en/
news/2021/04/way-to-zero--volkswagen-presents-roadmap-for-climate-neutral-mob.html#
Volvo Car Corporations. (2021). Volvo explores fossil-free steel in industry-first collaboration. https://www.volvocars.com/au/about/australia/
i-roll-enewsletter/2021/august/volvo-explores-fossil-free-steel-in-industry-first-collaboration
Vu, H., & Cecchin, F. (2021). Climate-neutral Steelmaking in Europe. European Union. https://www.estep.eu/assets/Uploads/Climate-neutralsteelmaking-in-Europe-final-report.pdf
Wang, P., Zhao, S., Dai, T., Peng, K., Zhang, Q., Li, J., & Chen, W.-Q. (2022). Regional disparities in steel production and restrictions to progress
on global decarbonization: A cross-national analysis. Renewable and Sustainable Energy Reviews, 161, 112367. https://doi.org/10.1016/j.
rser.2022.112367
Winkelmann, R., Donges, J. F., Smith, E. K., Milkoreit, M., Eder, C., Heitzig, J., Katsanidou, A., Wiedermann, M., Wunderling, N., & Lenton, T.
M. (2022). Social tipping processes towards climate action: A conceptual framework. Ecological Economics, 192, 107242. https://doi.
org/10.1016/j.ecolecon.2021.107242
Winkler, H., & Dubash, N. K. (2016). Who determines transformational change in development and climate finance? Climate Policy, 16(6),
783–791. https://doi.org/10.1080/14693062.2015.1033674
World Bank. (2022). Carbon Pricing Dashboard. https://carbonpricingdashboard.worldbank.org/map_data
World Bank Group. (2020). Transformative Climate Finance: A New Approach for Climate Finance to Achieve Low-Carbon Resilient
Development in Developing Countries. World Bank. https://openknowledge.worldbank.org/handle/10986/33917
World Economic Forum. (2019). From Funding to Financing: Transforming SDG Finance for Country Success. Community Paper. https://
www3.weforum.org/docs/WEF_From_Funding_to_Financing.pdf
World Economic Forum (WEF). (2022). How blended finance could help combat climate change. : https://www.weforum.org/agenda/2022/02/
the-blended-way-how-to-mobilize-private-capital-to-fight-climate-change/

85

Steel decarbonization in emerging economies

World Resources Institute. (n.d.). Expert Dialogues on International Cooperation. Retrieved May 24, 2022, from https://www.wri.org/
initiatives/expert-dialogues-international-cooperation
World Steel Association. (2015). Steel in the circular economy. A life cycle perspective. https://www.worldsteel.org/en/dam/jcr:00892d89551e-42d9-ae68-abdbd3b507a1/ Steel+in+the+circular+economy+-+A+life+cycle+perspective.pdf
World Steel Association. (2020). World Steel in Figures 2020. https://www.worldsteel.org/ en/dam/jcr:f7982217-cfde-4fdc-8ba0795ed807f513/World%2520Steel%2520in%2520Figures%25202020i. pdf
World Steel Association. (2021a). Climate change and the production of iron and steel. https://worldsteel.org/media-centre/pressreleases/2021/climate-change-and-the-production-of-iron-and-steel/
World Steel Association. (2021b). World Steel in Figures 2021. https://www.worldsteel.org/media-centre/press-releases/2021/world-steel-infigures-2021.html
World Steel Association. (2022). About Steel. https://worldsteel.org/about-steel/steel-facts/
Wörtler, M., Dahlmann, P., & Schuler, F. (2013). Steel’s contribution to a low-carbon Europe 2050. Technical and economic analysis of the
sector’s CO2 abatement potential. Boston Consulting Group and Steel Institute VDEh. https://www.bcg.com/publications/2013/metalsmining-environment-steels-contribution-low-carbon-europe-2050
Wyns, T., Khandekar, G., & Robson, I. (2019). Industrial Value Chain: A Bridge Towards a Carbon Neutral Europe, Europe’s Energy Intensive
Industries contribution to the EU Strategy for long-term EU GHG emissions reductions. IES-VUB.
Yu, S., Lehne, J., Blahut, N., & Charles, M. (2021). 1. 5 °C Steel: Decarbonization the Steel Sector in Paris-compatible Pathways. https://www.
e3g.org/publications/1-5c-steel-decarbonising-the-steel-sector-in-paris-compatible-pathways/
Zachmann, G., & McWilliams, B. (2021). Commercialisation contracts: European support for low-carbon technology deployment [Policy Brief].
https://www.bruegel.org/policy-brief/commercialisation-contracts-european-support-low-carbon-technology-deployment
Zou, S., & Ockenden, S. (2016). What Enables Effective International Climate Finance in the Context of Development Co-operation?
(OECD Development Co-Operation Working Papers No. 28; OECD Development Co-Operation Working Papers, Vol. 28). https://doi.
org/10.1787/5jlwjg92n48x-en

86

Steel decarbonization in emerging economies

87

Steel decarbonization in emerging economies

