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Abstract

The steel industry is responsible for approximately 7-9% of global greenhouse gas emissions and is
therefore considered a critical sector in achieving global climate targets. Decarbonising steel production
requires substantial long-term investments in technologies such as hydrogen-based direct reduced iron
(H,-DRI), electric arc furnaces (EAFs), carbon capture and storage (CCS), and renewable energy
infrastructure. However, these investments are characterised by high capital requirements, technological
uncertainty, long payback periods, and strong dependence on external conditions. This thesis examines
how steel producers with major European operations allocate decarbonisation investments and how time
horizons influence these decisions. A qualitative comparative case study was conducted using annual
reports from five steel companies: ArcelorMittal, Salzgitter, SSAB, Tata Steel, and thyssenkrupp.
Corporate disclosures from 2016 and 2025 were analysed through qualitative content analysis. The study
focused on five themes: capital expenditure, decarbonisation strategy, investment decision criteria,
uncertainty and risk, and external support. The findings show that companies have significantly increased
their commitment to decarbonisation investments since 2016. However, investment decisions remain
strongly shaped by economic viability, technological maturity, and uncertainty regarding hydrogen
availability, energy prices, infrastructure development, and future regulation. Large-scale decarbonisation
projects are frequently phased over extended time horizons, while more transformative technologies are
often deferred until enabling conditions improve. The analysis further demonstrates that public subsidies,
regulatory frameworks, and industrial policy play a crucial role in reducing investment risk and enabling
project implementation. The thesis concludes that a structural mismatch exists between conventional
capital budgeting practices and the long-term requirements of industrial decarbonisation. As a result, the
pace of steel sector decarbonisation depends not only on technological innovation but also on supportive

policy frameworks that reduce uncertainty and improve the investment case for low-carbon technologies.
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1. Introduction

1.1 Global Context: Climate change and the need for decarbonisation

Climate change represents one of the most significant economic and societal challenges
of the twenty-first century. Rising global temperatures, increasing frequency of extreme weather
events, and long-term environmental degradation pose substantial risks to economic stability,
infrastructure, and human welfare (Carleton & Hsiang, 2016). Limiting these risks requires a
rapid transition toward a low-carbon global economy and deep emissions reductions across

energy systems, transportation, and heavy industry (IEA, 2021).

While governments play an important role through regulation, industrial policy, and
financial incentives, much of the transition ultimately depends on private sector investment
(Polzin, 2017). In capital-intensive industries, firms regularly make long-term investment
decisions regarding production technologies, infrastructure, and industrial assets (Farooq et al.,
2022). These decisions shape industrial production systems for decades due to long operational
lifetimes of large-scale facilities and equipment (Shahabuddin et al., 2023). Consequently,
current investment decisions will strongly influence whether industrial sectors remain locked

into carbon-intensive production pathways or transition toward lower-emission alternatives.

Industrial decarbonisation therefore represents not only a technological challenge, but
also an investment challenge. Achieving substantial emissions reductions requires firms to

commit significant amounts of capital toward new production technologies, infrastructure



.....

university of
groningen

upgrades, and process innovation under conditions of uncertainty regarding future regulation,
energy systems, technology development, and market conditions (Shahabuddin et al.,2023;

Deloitte, 2023; Alkaraan, 2020).
1.2 Industrial decarbonisation and the steel sector

One of the sectors facing the most significant decarbonisation challenge is the steel
industry. Steel production accounts for 7 - 9% of global greenhouse gas emissions (IEA, 2020)
and is therefore considered one of the most emissions-intensive industrial sectors. The majority
of global steel production currently relies on the blast furnace-basic oxygen furnace (BF-BOF)
route, which uses coking coal both as an energy source and as a reducing agent to convert iron
ore into iron. Because carbon is embedded directly within the chemical production process,
emissions reductions are considerably more difficult than in sectors where fossil fuels can simply

be replaced with renewable electricity (Shahabuddin et al., 2023).

As a result, the steel sector is widely classified as a “hard-to-abate” industry. Incremental
efficiency improvements alone are unlikely to achieve the scale of emissions reductions required
to meet international climate targets. Instead, decarbonisation requires the deployment of

fundamentally different production technologies and industrial systems (Rumsa et al., 2025).
1.3 Steel production technologies and decarbonisation pathways

Conventional steelmaking is dominated by the BF-BOF route, which remains carbon

intensive due to its dependence on coal-based iron reduction (World Steel Association & Basson,
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2025). Alternative production routes have emerged as potential pathways toward lower-emission
steelmaking. One important alternative is the electric arc furnace (EAF), which primarily uses
recycled scrap steel and electricity instead of iron ore and coking coal. Because emissions
depend largely on the electricity mix, EAF production can significantly reduce emissions when

powered by low-carbon electricity (Echterhof, 2021).

Another increasingly important pathway is direct reduced iron (DRI) production.
Traditional DRI processes commonly use natural gas as a reducing agent instead of coal,
resulting in lower emissions than conventional blast furnaces (Shahabuddin et al., 2023). More
recently, hydrogen-based DRI technologies have received growing attention as a potential
near-zero-emission alternative. In these systems, hydrogen replaces carbon as the reducing agent
in the ironmaking process, producing water vapor instead of carbon dioxide (Kim & Sohn,

2022).

However, these technologies require substantial industrial transformation.
Hydrogen-based steelmaking depends on large-scale renewable electricity generation, hydrogen
infrastructure, and access to high-quality iron ore (Vogl et al., 2018). In addition, existing steel
plants are built around highly capital-intensive assets designed to operate for several decades.
Blast furnaces, basic oxygen furnaces, and related infrastructure represent major long-term
investments that firms are economically incentivised to continue operating in order to recover

sunk costs and maintain competitiveness (Seto et al., 2016). This creates a form of carbon
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lock-in, whereby existing industrial assets can delay the transition toward lower-emission

production systems (Seto et al., 2016; Vogl et al., 2018).
1.4 Investment challenges of steel decarbonisation

The transition toward low-carbon steel production requires exceptionally large and
long-term investments. New production technologies, hydrogen infrastructure, renewable energy
integration, and plant redesign involve high upfront costs and significant technological
uncertainty. Many decarbonisation technologies remain commercially immature, while future
profitability depends on uncertain developments in carbon pricing, energy costs, regulation,
hydrogen availability, and market demand for low-carbon steel (Vogl et al., 2018; Deloitte, 2023;

Shahabuddin et al., 2023).

This creates a tension between the long-term requirements of industrial decarbonisation
and the financial logic through which firms typically allocate capital. Decarbonisation
investments often involve long payback periods, uncertain returns, and strategic benefits that
may not be immediately reflected in short-term financial performance. As a result, understanding
how firms allocate capital toward decarbonisation becomes increasingly important for assessing
the pace and feasibility of industrial transition pathways (Alkaraan & Northcott, 2006; Alkaraan,

2020; Karlsson & Kurkkio, 2018).
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1.5 Research question and objectives

Against this background, this study examines how major steel producers allocate capital

to decarbonisation over time. The central research question is:

How are capital expenditures for decarbonisation allocated over time by major steel
producers, and what do these patterns reveal about the time horizons guiding investment

decisions?

Rather than focusing only on stated climate ambitions or general sustainability
commitments, this study analyses disclosed capital expenditure patterns as a more concrete
indicator of strategic priorities. In doing so, it investigates whether decarbonisation investments
are treated as long-term transformational commitments or whether they remain constrained by

shorter-term financial decision-making logic.
1.6 Contribution of the Study

This study contributes to the literature in three main ways. First, it provides empirical
insight into disclosed decarbonisation investment patterns in the steel industry, a sector in which
capital allocation decisions are particularly consequential due to high asset intensity, long
investment cycles, and substantial emissions. Second, it moves beyond stated climate ambitions
by analysing actual capital expenditure commitments as an indicator of corporate strategic

priorities. Third, it contributes to broader discussions surrounding industrial decarbonisation and

10
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corporate investment behaviour by examining whether observed investment patterns reflect the

long-term orientation required for climate transition.

2. Literature Review

2.1 Corporate capital budgeting and investment decision-making

Corporate capital budgeting refers to the methods firms use to evaluate long-term
investment projects and allocate capital across competing alternatives (Andrews & Butler, 1986;
Alkaraan & Northcott, 2006; Alkaraan, 2020). The most commonly used techniques include net
present value (NPV), internal rate of return (IRR), payback period, and accounting rate of return
(ARR) (Andrews & Butler, 1986; Alkaraan & Northcott, 2006; Brincks et al., 2020; Siziba &
Hall, 2021). While finance theory generally favours NPV and IRR because they incorporate the
time value of money, empirical research consistently shows that firms rely on a combination of
discounted and non-discounted measures rather than a single decision rule (Andrews & Butler,
1986; Alkaraan & Northcott, 2006; Brincks et al., 2020; Siziba & Hall, 2021). Evidence also
suggests that capital budgeting is not solely a technical valuation exercise, as organisations
frequently combine financial appraisal techniques with strategic, operational, and risk-related
considerations when evaluating major investments (Huikku et al., 2018; Karlsson & Kurkkio,

2018; Alkaraan, 2020).

Evidence across countries and industries indicates that simpler methods such as the

payback period remain widely used alongside discounted cash flow techniques, despite the

11
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availability of more sophisticated approaches (Andrews & Butler, 1986; Brincks et al., 2020;
Kengatharan, 2016). This persistence suggests that managers value additional criteria such as
liquidity, speed of cash recovery, and ease of communication, particularly under conditions of
uncertainty and organisational complexity (Alkaraan & Northcott, 2006; Kengatharan, 2016).
Beyond project evaluation, investment evaluation practices also serve broader organisational
purposes, with different techniques supporting communication, coordination, learning, and

legitimisation within organisations (Karlsson & Kurkkio, 2018; Huikku et al., 2018)

This pattern is especially visible in large strategic investments. Studies of manufacturing
firms show that NPV remains the dominant valuation method, but is typically complemented by
IRR, payback period, and ARR rather than replacing them (Alkaraan & Northcott, 2006;
Alkaraan, 2020). Overall the literature suggests that corporate capital budgeting is characterised
by mixed methodologies, with firms consistently combining multiple appraisal techniques when

evaluating major investments.
2.2 Investment decision-making under uncertainty

Uncertainty affects expected cash flows, project timing, financing conditions, and the
perceived riskiness of investment proposals, making long-term investments particularly difficult
to evaluate (Andrews & Butler, 1986; Alkaraan & Northcott, 2006; Huikku et al., 2018). This

challenge is especially relevant for strategic investments, where future market conditions,

12
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technological developments, and project outcomes are difficult to estimate with confidence

(Alkaraan & Northcott, 2006; Huikku et al., 2025).

The literature suggests that firms rarely replace conventional appraisal tools with
fundamentally different frameworks under conditions of uncertainty (Andrews & Butler, 1986;
Alkaraan & Northcott, 2006; Karlsson & Kurkkio, 2018; Elmassri et al., 2016; Alkaraan, 2020;
Huikku et al., 2025). Instead, uncertainty is typically incorporated through relatively simple and
pragmatic adaptations of existing valuation methods (Elmassri et al., 2016; Huikku et al., 2018;
Karlsson & Kurkkio, 2018; Alkaraan, 2020, Huikku et al., 2025). Studies consistently find that
conventional financial techniques remain central to investment evaluation, while uncertainty is
addressed through managerial judgement, conservative assumptions, and straightforward
risk-adjustment mechanisms rather than sophisticated analytical models (Andrews & Butler,

1986; Alkaraan & Northcott, 2006; Alkaraan, 2020).

Among explicit risk-analysis techniques, sensitivity and scenario analysis are the most
widely used, whereas simulation models, Capital Asset Pricing Model (CAPM)-based
approaches and other advanced methods remain comparatively uncommon (Alkaraan &
Northeott, 2006; Brincks et al., 2020; Huikku et al., 2025). Firms frequently respond to
uncertainty by applying more conservative cash-flow estimates, shortening required payback

periods, and increasing hurdle rates or required rates of return (Huikku et al., 2018; Alkaraan,

13
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2020). Consequently, uncertainty is often translated into stricter financial criteria rather than a

broader reconsideration of how long-term value is assessed.

Beyond its methodological implications, uncertainty can also affect investment
behaviour. Evidence suggests that higher uncertainty reduces investment activity, particularly
when firms face financial constraints or limited opportunities to hedge risk exposures (Doshi et
al., 2018; Sen, 2019). Under such conditions, managers tend to favor liquidity, flexibility, and
faster capital recovery, making projects with long payback periods and uncertain long-term
benefits less attractive (Alkaraan & Northcott, 2006; Huikku et al., 2018; Alkaraan, 2020; Sen,

2020).

Overall, the literature suggests that under uncertainty, firms usually preserve conventional
capital budgeting frameworks but adapt them in ways that privilege caution and early financial

returns.
2.3 Sustainable finance and long-term investment horizons

Sustainable finance emerged from the recognition that conventional financial
decision-making often struggles to account adequately for long-term environmental and social
risks (Schoenmaker & Schramade, 2024; Cunha et al., 2021; Marijnissen et al., 2025). It
encompasses the actors, mechanisms, and outcomes through which sustainability considerations

are incorporated into financial markets and investment decisions, thereby extending the

14
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objectives of finance beyond purely financial returns toward broader environmental and societal

outcomes (Cunha et al., 2021).

A central premise is that environmental and social externalities are economically relevant
even when they are not fully captured in market prices (Cunha et al., 2021; Schoenmaker &
Schramade, 2024; Edmans & Kacperczyk, 2022; Zeng & van Staden, 2024; Marijnissen et al.
2025). Consequently, sustainable finance challenges the traditional shareholder-oriented view of
corporate finance by recognising that firms create impacts for a broader set of stakeholders,
including future generations, and that environmental and social consequences cannot be treated
as entirely external to the firm (Cunha et al., 2021; Schoenmaker & Schramade, 2024; Zeng &
van Staden, 2024; Marijnissen et al., 2025). This perspective expands the basis on which
corporate performance and investment decisions are evaluated beyond financial profitability
alone (Cunha et al., 2021; Schoenmaker & Schramade, 2024; Edmans & Kacperczyk, 2022;

Zeng & van Staden, 2024; Marijnissen et al., 2025).

However, the integration of sustainability into finance remains challenging. One
recurring issue is the measurement and assessment of sustainability performance (Edmans &
Kacperczyk, 2022; Zeng & van Staden, 2024). ESG ratings frequently diverge because of
differences in methodologies, scope, and weighting, while conventional finance-oriented
reporting frameworks often struggle to capture social, environmental, and blended forms of value

(Edmans & Kacperczyk, 2022; Zeng & van Staden, 2024). As a result, sustainable finance is

15
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constrained not only by incentives but also by persistent problems of definition, comparability,

and disclosure.

The literature also emphasises that sustainable finance extends beyond investors to a
broader network of actors, including firms, financial institutions, governments, and supporting
organisations (Cunha et al., 2021; Schoenmaker & Schramade, 2024; Zeng & van Staden, 2024).
For firms, this may involve sustainability reporting, the issuance of green financial instruments,
engagement with sustainability-oriented investors, and the integration of ESG considerations into

strategy and financing decisions (Cunha et al., 2021).

Despite these developments, sustainable finance often continues to operate within
valuation frameworks shaped by conventional corporate finance. Sustainability transitions
remain uncertain, only partially reflected in market valuations, and difficult to capture through
existing valuation techniques, while financial value continues to occupy a privileged position in
corporate decision-making (Marijnissen et al., 2025; Schoenmaker & Schramade, 2024). Thus,
sustainability has become more visible within finance, but often through mechanisms that remain

embedded in traditional valuation logic.
2.4 Valuation frameworks for long-term environmental impacts

Valuing long-term environmental impacts requires frameworks that go beyond the
conventional use of market-based discounting (Schoenmaker & Schramade, 2024; Marijnissen et

al., 2025; Dietz et al., 2024). This is especially relevant for climate-related investments, where

16
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costs are typically incurred in the present while many benefits materialise only over long time
horizons (Alkaraan & Northcott, 2006; Schoenmaker & Schramade, 2024; Shahabuddin et al.,
2023; Marijnissen et al., 2025). As a result, valuation becomes not only a technical question of
discounting future cash flows but also a normative question concerning environmental
externalities, uncertainty, and intergenerational welfare (Schoenmaker & Schramade, 2024).
These issues are especially important for industrial decarbonisation projects, which often involve
large upfront expenditures and uncertain long-term benefits (Marijnissen et al., 2025; Alkaraan

& Northceott, 2006).

A central critique is that conventional discount rates can systematically undervalue
distant environmental benefits. Cline (1992), Stern (2008), and Schoenmaker and Schramade
(2024) argue that climate-related decisions should not rely solely on observed market rates
because they fail to adequately reflect externalities, uncertainty, and the welfare of future
generations. Under lower social discount rates, future environmental and social benefits receive
greater weight in present-value calculations, increasing the attractiveness of long-term mitigation

investments (Cline, 1992; Stern, 2008, Schoenmaker & Schramade, 2024).

This debate is closely linked to intergenerational welfare. Once future generations are
recognised as relevant stakeholders, discounting cannot be based solely on private opportunity
costs or market returns (Schoenmaker & Schramade, 2024). Research shows that policies with

long-term environmental consequences are highly sensitive to discount-rate assumptions and that

17
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uncertainty about future rates can justify declining discount-rate schedules, which place greater
weight on distant future impacts and are therefore better suited to climate mitigation and other

long-horizon environmental decisions (Arrow et al., 2013; Cropper et al., 2014).

Some scholars propose moving beyond discounting by incorporating environmental and
social impacts directly into investment appraisal. Integrated valuation approaches seek to assess
financial, social, and environmental outcomes within a common framework rather than treating
sustainability impacts as externalities (Cunha et al., 2021; Zeng & van Staden, 2024; Marijnissen
et al., 2025). For example, Schoenmaker and Schramade (2024) develop an integrated present
value framework that extends traditional NPV by incorporating monetised environmental and

social impacts alongside financial cash flows.

Supporting this broader perspective, climate damages may be substantially
underestimated when catastrophic risks and omitted impacts are excluded from valuation models,
reinforcing the wider point that conventional valuation approaches can understate the economic

significance of environmental costs (Howard & Sterner, 2017).

Overall, the literature suggests that the perceived unattractiveness of long-horizon climate
investments is partly shaped by the valuation framework applied, particularly through the choice
of discount rates and the treatment of environmental externalities. However, such approaches

remain uncommon in routine corporate capital budgeting.

18
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2.5 Capital allocation and impact investing

A more specific strand of sustainable finance concerns impact investing and
sustainability-oriented funds. Unlike broader sustainable-finance approaches, impact investing
explicitly pursues measurable environmental or social outcomes alongside financial returns and
is characterised by investor intentionality, measurable impact, and a more active role in shaping

socio-environmental performance (Cunha et al., 2021).

A central finding in this literature is that some investors are willing to trade financial
results for impact (Barber et al., 2021; Edmans & Kacperczyk, 2022; Heeb et al., 2023; Kaya &
Orpiszewski, 2025). Investors in dual-objective funds derive utility from environmental and
social outcomes and may therefore accept lower expected returns than conventional investors
(Barber et al., 2021; Edmans & Kacperczyk, 2022). Sustainable investors may also influence
firms more directly through capital allocation and governance. Institutional investors
increasingly channel capital toward firms with measurable sustainability contributions while
using ownership and monitoring to influence corporate strategy, disclosure, and accountability

(Cunha et al., 2021; Kaya & Orpiszewski, 2025).

The literature further distinguishes between different mechanisms through which
investors may generate environmental and social impact. Sustainable investors can influence

firms through capital allocation, shareholder engagement, monitoring, governance, and broader

19
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accountability structures rather than merely through the provision of finance (Cunha et al., 2021;

Kaya & Orpiszewski, 2025).

Kolbel et al. (2020) identify shareholder engagement, capital allocation, and indirect
effects as the three main channels of investor impact, concluding that the strongest evidence
exists for engagement while evidence for direct capital-allocation effects is more limited. This
distinction is supported by empirical studies showing that sustainability-oriented institutional
investors can contribute to improved environmental performance, carbon disclosure, and lower
environmental costs, particularly when investors maintain longer-term ownership positions and

actively engage with firms (Drobetz et al., 2024; Kordsachia et al., 2022).

However, investor impact is neither automatic nor uniform. Climate-conscious investors
may reduce portfolio emissions primarily through reallocation toward lower-emitting firms
rather than through direct support for firm-level decarbonisation activities. In addition, investors’
willingness to pay for sustainability does not necessarily increase in proportion to the
environmental impact achieved (Atta-Darkua et al., 2023; Heeb et al., 2023). Overall, the
literature suggests that the effectiveness of sustainable investment depends less on the mere
allocation of capital and more on the specific mechanisms through which investors influence

firms and markets.

20
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2.6 Research Gap

The literature reviewed points to a clear fragmentation in existing research. Corporate
finance and capital budgeting studies explain the techniques firms use to evaluate long-term
investments, especially NPV, IRR, payback, and related risk adjustments, and show that these
tools remain central even in the appraisal of large strategic projects (Alkaraan, 2020; Alkaraan &
Northcott, 2006; Siziba & Hall, 2021). However, this literature is mainly concerned with
appraisal methods and decision criteria rather than with the actual pattern of capital allocation in
decarbonisation contexts. Even where it moves closer to large manufacturing investments, its
main focus remains how projects are evaluated, not how firms allocate capital across competing

low-carbon investment pathways in practice.

A second stream of literature broadens the discussion by highlighting the limitations of
conventional finance in dealing with long-term environmental externalities and transition risks.
Sustainable finance research shows how environmental and social considerations are
increasingly incorporated into finance through ESG integration, climate-risk assessment, and
broader stakeholder-oriented frameworks (Cunha et al., 2021; Edmans & Kacperczyk, 2022;
Schoenmaker & Schramade, 2024). Related work on long-term environmental valuation further
demonstrates that alternative approaches, such as lower or declining discount rates and
integrated-value frameworks, can assign greater weight to future environmental benefits than

standard firm-level valuation models typically do (Cline, 1992; Schoenmaker & Schramade,
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2024; Stern, 2008). Yet this literature is primarily normative and conceptual: it says more about
how finance should account for sustainability than about how large industrial firms actually

make decarbonisation investment decisions under real organisational and financial constraints.

A third stream, centred on impact investing and sustainability-oriented funds, shows that
some investors explicitly pursue measurable environmental and social outcomes alongside
financial returns. This literature suggests that certain investors adopt longer horizons, may
tolerate different short-term return profiles, and can influence firms through capital provision,
monitoring, and engagement (Cunha et al., 2021; Kaya & Orpiszewski, 2025). However, it
focuses mainly on specialised investors and impact-oriented firms rather than on incumbent
heavy-industry companies making large-scale strategic investments in emissions-intensive
production systems. Its main contribution for the present study is therefore comparative: it
demonstrates that alternative capital allocation logics exist, but it does not directly explain how

established industrial firms evaluate and prioritise decarbonisation investments internally.

This gap is especially relevant in steel, where decarbonisation depends on large,
long-lived, and capital-intensive investments made under substantial technological, market, and
regulatory uncertainty. Despite this, few studies directly analyse real corporate investment
patterns in heavy-industry decarbonisation. Even sector-specific climate-finance work such as
Dietz et al. (2024) mainly evaluates steelmakers from an external investor-alignment perspective

rather than examining how firms internally allocate capital across competing decarbonisation

22
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options. The research gap addressed in this study therefore lies at the intersection of corporate
finance, sustainable finance, and industrial transition: understanding how incumbent steel firms

make long-term decarbonisation investment decisions in practice.

3. Methodology

3.1 Research design

This study adopts a descriptive and interpretive research design combining quantitative
analysis of disclosed corporate investment data with qualitative interpretation in light of
corporate finance and sustainable finance theory. The aim is not to establish causal relationships,
but to identify patterns in how major steel producers allocate capital expenditures to
decarbonisation and what these patterns suggest about the time horizons guiding investment

decisions.

The analysis focuses primarily on relative decarbonisation investment shares rather than
absolute investment values alone. Absolute investment figures provide important information but
are of limited comparability across firms because capital expenditure levels are strongly
influenced by differences in company size, organisational structure, vertical integration and
diversification. The study therefore examines decarbonisation-related Capital Expenditure
(CapEx) not only in absolute terms, but also as a proportion of broader steel-related investment

activity in order to assess the relative importance of decarbonisation investments across firms.

23
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The study compares two points in time, fiscal year 2016 and fiscal year 2025, in order to
identify broad shifts in investment orientation. This design is appropriate because strategic
investment decisions are shaped not only by financial metrics, but also by uncertainty, strategic
considerations, and managerial judgement (Alkaraan, 2020; Huikku et al., 2018). The year 2016
was selected as the baseline because it coincides with the entry into force of the Paris Agreement
and therefore represents the last full reporting period before the agreement's obligations became
operative for corporate planning. The year 2025 represents the most recent available reporting
period, capturing the current state of investment commitments after approximately a decade of

accelerating policy pressure and technological development.
3.2 Sample selection

The sample selection followed a purposive comparative case study design focused on
incumbent steel producers with major primary steelmaking operations in Europe. The study
examines how large steel producers communicated and prioritised decarbonisation-related capital
investments between 2016 and 2025 within the context of the European industrial transition. The
sample was anchored to the 2016 reporting year, which serves as the baseline year of the
comparative case study and coincides with the entry into force of the Paris Agreement. The
initial candidate pool consisted of major steel producers with substantial crude steelmaking
capacity within Europe in 2016. Substantial crude steelmaking capacity was defined for this

study as above 5 million tons per year, Table 3.1 shows the initial pool of companies.
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Table 3.1: Overview European steel producers with capacity < 5SMt in 2016

Company Approx. European installed capacity in 2016
(Mt)
ArcelorMittal 42.6
Tata Steel Europe 12.1
Thyssenkrupp Steel Europe 12.1
ILVA 10
SSAB 6.4
Salzgitter AG 7
voestalpine 7
Riva Group 6
Outokumpu 5

Sources: Annual Reports of all companies. Capacities as disclosed in 2016 annual reports.

From the initial candidate pool, five firms were selected for the final comparative sample:
ArcelorMittal, thyssenkrupp, Salzgitter AG, Tata Steel, and SSAB. Together, these firms
accounted for approximately 36.5% of European crude steel production in 2016 (Table 3.2),
demonstrating that the sample captures a substantial share of the European steel sector at the
outset of the post-Paris transition period. Firms were selected based on three criteria: substantial

European steelmaking capacity in 2016, operation of integrated primary steelmaking assets
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relevant to industrial decarbonisation, and the availability of sufficiently comparable annual

reporting disclosures across both analysed reporting periods.

Table 3.2: Sample Composition and Estimated European Steel Production Share (2016)

Company European Crude Steel Estimated Estimated Share of EU
Capacity 2016 (Mtpa) Capacity Crude Steel crude steel

Utilization Production production
) 2016 (Mt) 2016 (%)

ArcelorMittal 42.6 70 29.8 19.4

Tata Steel Europe 12.1 70 8.5 5.5

Thyssenkrupp 12.1 70 8.5 5.5

SSAB 6.4 70 4.5 29

Salzgitter AG 7 70 4.9 3.2

Combined Sample | 80.2 56.2 36,5

Total EU crude 154 100

steel production

Company-level steelmaking capacities were derived from the respective 2016 annual reports. Capacity utilisation rates were
estimated using OECD data on global steelmaking capacity utilisation (OECD & Mabashi, 2018). Total European steel
production figures were obtained from EUROFER statistics (EUROFER AISBL, 2025). Estimated production volumes were
calculated by applying the global utilisation rate to reported company capacities.

Several firms from the initial candidate pool were excluded to improve longitudinal
comparability across cases. ILVA and Riva Group were excluded due to substantial ownership

restructuring, governance instability, and organisational discontinuities during the study period,

which limit comparability across reporting years. Outokumpu was excluded because its stainless
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steel-specialised production differed significantly from the integrated carbon steel producers that
form the primary analytical focus of this study. Voestalpine was considered during the sample
selection process due to its substantial European steelmaking capacity. However, the company
was ultimately excluded because the study intentionally limited the number of cases to maintain

feasibility within the scope and time frame of a bachelor thesis.

The focus on incumbent producers is analytically appropriate because industrial
decarbonisation in the steel sector depends heavily on large established firms that control
existing production assets, infrastructure, and investment capacity. Strategic capital investments
in heavy industry are typically characterised by high capital intensity, substantial uncertainty and
strategic decision making processes (Alkaraan & Northcott 2006; Huikku et al., 2018). Large
incumbent firms are therefore particularly relevant actors for analysing decarbonisation-related

investment.
3.3 Data sources

The analysis relies on the annual reports and integrated reports for fiscal years 2016 and
2025 of the selected companies. These sources are appropriate because they provide the most
authoritative publicly available information on capital expenditure, strategic priorities, and major
investment projects. In addition, prior research shows that corporate disclosures are a relevant
source for analysing strategic investment behaviour when internal firm data are not accessible

(Alkaraan, 2020).
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Table 3.3: Overview of Annual Reports used as Data Sources

Company Annual Report

2016
ArcelorMittal
2025
2016
Salzgitter AG
2025
2016
SSAB
2025
2016/2017
Tata Steel
2024/2025
2016/2017
Thyssenkrupp
2024/2025

Annual reports used per company, covering the baseline year (2016 or 2016/2017) and the most recent available year (2025 or
2024/2025), with hyperlinks to the source documents.

Where companies are subject to mandatory sustainability reporting, specifically the
Corporate Sustainability Reporting Directive (CSRD) and the associated European Sustainability
Reporting Standards (ESRS) for their European operations, these disclosures provide additional
standardised information on climate-related capital expenditure and EU Taxonomy alignment.
For the 2025 reporting period, Thyssenkrupp's transition plan CapEx disclosure (ESRS E1-3)
and the taxonomy-aligned CapEx figures of European-listed companies provide a degree of
definitional comparability not available in 2016. Where such structured disclosures are available,

they are preferred over narrative descriptions as the primary source of coded CapEx values.
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https://storagearcelormittalprod.blob.core.windows.net/media/frxhetv1/2016-annual-report.pdf
https://cdn.arcelormittal.com/media/g5obzl05/annual-report-2025.pdf
https://www.salzgitter-ag.com/fileadmin/finanzberichte/2016/gb2016/en/downloads/szag-ar2016-complete.pdf
https://www.salzgitter-ag.com/fileadmin/finanzberichte/2025/gb2025/en/downloads/szag-ar2025-complete.pdf
https://www.ssab.com/en/company/investors/reports-and-presentations?3383360c48e848f8b6c578c0d52a9e10_language=en&3383360c48e848f8b6c578c0d52a9e10_page=0&3383360c48e848f8b6c578c0d52a9e10_facet_021b8593be6249ec843dfaf989128cc8=356169358c46448da5192ca9dcde6391
https://www.ssab.com/en/company/investors/reports-and-presentations?3383360c48e848f8b6c578c0d52a9e10_language=en&3383360c48e848f8b6c578c0d52a9e10_page=0&3383360c48e848f8b6c578c0d52a9e10_facet_021b8593be6249ec843dfaf989128cc8=356169358c46448da5192ca9dcde6391
https://www.tatasteel.com/media/3669/integrated-report-and-annual-accounts-2016-17.pdf
https://www.tatasteel.com/media/23973/fy25-integratedreport.pdf
https://www.thyssenkrupp.com/en/investors/reporting-and-publications/archiv
https://www.thyssenkrupp.com/en/investors/reporting-and-publications/archiv
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CapEx values are then converted to EUR, the conversion rates used are the ones of the last day

of the respective reporting period (European Central Bank, 2026).

Table 3.4: Conversion rates

Company Currency Date Conversion Rate to EUR
ArcelorMittal USD 31.12.2016 0.95

ArcelorMittal USD 31.12.2025 0.85

Tata Steel INR 31.03.2017%* 0.014

Tata Steel INR 31.03.2025%* 0.01

Tata Steel GBP** 31.03.2025%* 1.19

SSAB SEK 31.12.2016 0.1

SSAB SEK 31.12.2025 0.09

Conversion rates taken from European Central Bank (2026). Conversion rates are the ECB Euro Foreign Exchange Reference
Rates, published for information purposes. *Tata Steels fiscal year runs from 01.04 - 31, therefore the 31.03.2025 rate
corresponds to the 2024/25 fiscal year..**GBP is included for Tata Steel solely to convert figures relating to the Port Talbot EAF
project, which is reported exclusively in GBP in Tata Steel s annual report.

3.4 Identification of decarbonisation investments

Decarbonisation investments are defined as capital expenditures directed towards
technologies, infrastructure, or process changes explicitly intended to reduce greenhouse gas
emissions from steel production or its energy supply. This includes, in particular, investments in
hydrogen-based steelmaking, electrification, renewable energy integration, carbon capture
technologies, and other process innovations that lower emissions intensity. These categories are

consistent with the literature on steel decarbonisation pathways (Shahabuddin et al., 2023).
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Because the analysis relies on publicly available annual reports and corporate disclosures,
the coding framework captures firms’ disclosed decarbonisation-related investments and their
propensity to communicate such investments, rather than actual investment activity.
Classification is based on company disclosures and project descriptions. An investment is coded
as decarbonisation-related when corporate documents explicitly describe it as contributing to
emissions reduction, low-carbon steel production, hydrogen integration, electrification, carbon
capture, renewable energy integration into steelmaking processes, or similar transition-oriented
objectives. In cases where investments are not explicitly labelled as decarbonisation projects,
coding decisions are derived from the broader contextual description of the investment, including
its stated operational purpose, technological function, and relation to steel production processes.
General renewable energy investments are not included unless they are directly linked to
steelmaking operations or are explicitly presented as part of the company’s steel decarbonisation

strategy.
3.4.1 Steel-Segment Scope and Denominator

To compare the relative strategic importance of decarbonisation investments across firms,
the analysis examines decarbonisation-related CapEx not only in absolute terms, but also as a
share of broader investment activity. A key methodological decision therefore concerns the

definition of the denominator used for these share calculations.
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Using consolidated group-level CapEx as the denominator would distort cross-company
comparison because several firms operate substantial non-steel business segments, such as
mining, industrial engineering, and downstream distribution activities. Investments within these
segments contribute to total corporate CapEx but are not directly related to steel production or
steel decarbonisation. Firms with higher levels of diversification or vertical integration would
therefore appear to allocate a smaller share of investment towards decarbonisation simply

because their total investment base includes substantial non-steel operations.

To address this, the study uses steel-segment CapEx as the primary denominator for all
decarbonisation investment share calculations. Steel-segment CapEx is defined as the sum of
capital expenditures reported for segments primarily engaged in steel production, including
ironmaking, steelmaking, and associated casting and rolling operations. Where segment-level
CapEx data were not separately disclosed, the denominator was reconstructed from explicit
textual disclosures and cross-checked against total group-level CapEx. Group-level CapEx
figures were retained as a secondary reference, but not used as the primary comparator across

firms. Table 3.5 shows the denominators per company.
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Table 3.5: Steel-segment CapEx denominators by company and year

Company Segments Segments included Currency
included (~2016) (~2025)

ArcelorMittal €1,928m  NAFTA, Brazil, €2,407m N. America, Brazil, @EUR

Europe, ACIS Europe

Salzgitter ~€301m Strip Steel, €827m* Steel Production, EUR
Plate/Section, Steel Processing
Mannesmann

Thyssenkrupp = €566m Steel Europe €1,000m**  Steel Europe EUR

SSAB €133m Special Steels, €879.5m Special Steels, EUR
SSAB Europe, SSAB Europe,
SSAB Americas SSAB Americas

Tata Steel €1,052m Tata Steel India, €1,567m Tata Steel India, EUR
Tata Steel Europe Tata Steel Europe

Sources: Company annual reports, segment notes, and management reports as coded. All values in reported currency of origin.
~2016 figures refer to calendar year 2016 for ArcelorMittal, Salzgitter, and SSAB; FY2016/17 for Thyssenkrupp and Tata Steel.
~2025 figures refer to calendar year 2025 or equivalent fiscal year. All figures are stated on a gross basis (before deduction of
government grants). *For Salzgitter 2025, the gross figure of €827m is derived by adding back €370.5m in government grants
deducted from PP&E acquisition costs to the reported steel segment investment figure of €456m (Steel Production €362m + Steel
Processing €94m). **For thyssenkrupp 2025, the gross figure of €1,000m is taken from the formal segment note; the segment key
data table reports €645m net of €346m in government grants received for the Duisburg DR plant. Both companies apply the asset
deduction method under IAS 20. The 2016 figures for both companies are unaffected by material grant netting: Thyssenkrupp
received no investment grants in 2016/17, and Salzgitter deducted only €0.7m, which is immaterial. Mining (€372m in 2016;
€796m in 2025 for ArcelorMittal), Sustainable Solutions (€232.9m, ArcelorMittal 2025), Technology BU (Salzgitter), non-steel
segments (Thyssenkrupp), distribution (Tibnor/Ruukki for SSAB), and ancillary Indian operations (Tata Steel) are excluded in
both years.

3.5 Data Collection and Coding

The analytical method is systematic content analysis of annual report text and financial
disclosures. Content analysis is an established approach for extracting and classifying structured

information from corporate documents, and has been applied in prior research on strategic
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investment behaviour and sustainability disclosure (Alkaraan, 2020; Huikku et al., 2018). The
procedure adopted here involves three stages: text extraction and keyword-guided identification
of relevant passages; manual coding of each extracted statement against a structured codebook;

and aggregation of coded statements for quantitative and qualitative analysis.
3.5.1 Text extraction and passage identification

Each annual report was systematically searched using a predefined set of keywords
covering six thematic domains: investment-related terms, decarbonisation and climate terms,
technology-related terms, time horizon terms, certainty and commitment terms, and strategic
rationale terms. The full keyword list is provided in Appendix A, Table A.2. Potentially relevant
passages identified through these searches were subsequently reviewed manually and coded
within their broader textual context. For transparency and traceability, the exact quoted passages

from the annual reports were recorded for each coded statement.

A methodological complication arose in the case of Salzgitter AG’s annual reports, which
restricted direct text extraction and copying from the PDF documents. To address this issue and
ensure consistent documentation of coded passages, a Python-based text extraction script was
developed with the assistance of Anthropic’s Claude large language model. The script converted
the protected PDF reports into plain-text files, allowing relevant passages to be copied and
documented consistently with the remaining sample. All extracted passages were subsequently

double-checked against the original PDF reports to ensure that the plain-text files accurately
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reproduced the source documents. This procedure was applied exclusively to the Salzgitter

reports, as all other annual reports permitted direct text extraction.
3.5.2 Codebook structure

A structured codebook was developed prior to coding and applied consistently across all
ten reports. The codebook defines eight analytical fields for each coded statement, described in
Table A1, Appendix A. The codebook was designed to capture both the financial magnitude of
investment commitments (CapEx value, Steel-Segment Share) and their qualitative
characteristics (Time Horizon, Certainty, Technology), enabling the analysis to move beyond
descriptive aggregation and assess the credibility and temporal orientation of the commitments

disclosed.
3.5.3 Coding rules

Several coding rules were established to ensure consistency and minimise subjectivity.
First, CapEx values are recorded only when explicitly stated in the source document; no
estimation, interpolation, or inference from other figures is permitted. Where a passage provides
a range, the midpoint is recorded and the range noted. Second, the Scope field is assigned before
the Share calculation is performed, ensuring that non-steel CapEx is excluded from the
denominator before shares are computed. Third, Time Horizon is assigned based on the explicit
or implied timeline in the source text: a statement referencing a project with a commissioning

date in 2027 is coded Short-term; a statement referencing a target for 2030 is coded
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Medium-term; a statement referencing a 2050 ambition without an attached investment budget is
coded Long-term. Fourth, Certainty is assigned based on verifiable indicators rather than
language: a project for which a board resolution, contractor commitment, or government grant
agreement is cited is coded Committed; a project described as 'planned' or 'intended’ without
such an indicator is coded Planned; a concept at research or feasibility stage is coded

Exploratory.
3.6 Data Analysis

The analysis proceeds in three steps. First, total steel-segment capital expenditure is
identified for each company in 2016 and 2025, using the perimeter definition established in
Section 3.4.1. Second, decarbonisation-related capital expenditure is extracted from the coded
statements and, where explicitly disclosed, disaggregated by technology type, time horizon, and
certainty level. Third, the share of steel-segment capital expenditure allocated to decarbonisation

is calculated and compared across the two years and across the five companies.

This comparison allows assessment of whether decarbonisation became more prominent
in capital allocation over time and whether the pattern of commitment shifted toward shorter or
longer time horizons. The findings are then interpreted in relation to corporate finance theory and
sustainable finance frameworks. In particular, the study considers whether a greater allocation to
long-term, capital-intensive transition technologies indicates a stronger long-term investment

orientation, or whether capital expenditure remains concentrated in shorter-term and more
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conventional investments. This interpretive approach is supported by research showing that
strategic investments are evaluated through a combination of financial analysis, strategic
alignment, and managerial judgement rather than financial criteria alone (Alkaraan & Northcott,

2006; Alkaraan, 2020; Huikku et al., 2025).
3.7 Limitations

The study has five main limitations. First, it relies on publicly disclosed information and
is therefore constrained by differences in reporting transparency across firms and over time. The
absence of a disclosed decarbonisation CapEx figure in 2016 is itself a finding, but it means that
the 2016 baseline is necessarily less granular than the 2025 data for most companies. Second, the
comparison of two benchmark years allows identification of broad shifts but not a full
year-by-year development path. Third, some investments serve multiple purposes, commercial
repositioning, product quality improvement, and emission reduction simultaneously, creating
classification uncertainty despite the use of conservative coding criteria. The analysis therefore
captures disclosed capital allocation patterns rather than actual implementation success or
realised emissions outcomes. Fourth, two companies in the sample, Thyssenkrupp and Tata Steel,
operate on non-calendar fiscal years, creating a partial mismatch with the 2016 and 2025
reference periods used for the other three companies. Where this mismatch is material, it is noted
explicitly in the analysis. Fifth, capital expenditure figures across the sample are not all stated on

an equivalent basis. Under IAS 20, investment grants may be deducted directly from asset
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acquisition costs rather than recognised as deferred income, resulting in reported CapEx net of
public funding. Thysssenkrupp and Salzgitter both apply this treatment, whereas the other
companies report on a gross basis. Where net figures appeared in the primary source, gross
figures have been reconstructed using the grant receipt disclosures in the PP&E notes and cash

flow statements.
4. Results

4.1 Overview and Descriptive Analysis of the Dataset

The results draw on a total of 161 coded statements extracted across the ten annual
reports, with 79 statements from the 2016 cohort and 82 from the 2025 cohort. Salzgitter yields
the largest number of coded entries (39), while ArcelorMittal yields the fewest (28). Across both
periods, the largest share of statements fall under CapEx allocation (97 entries, 60%), followed
by Technology & Decarbonisation Pathways (29 entries, 18%), Strategic Rationale (15 entries,
9%), Time Horizon (9 entries, 6%), and Investment Certainty and Commitment (11 entries, 7%).
The composition of the dataset shifts meaningfully between the two periods: CapEx allocation
statements increase from 42 in 2016 to 55 in 2025, while Strategic Rationale statements decline
from 12 to 3, reflecting a transition from climate-as-risk framing toward concrete investment
disclosure. In terms of certainty, 122 statements are coded as Committed across both periods,

compared to 17 Planned, 21 Exploratory, and none Approved; notably, Exploratory statements
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decline from 15 in 2016 to 6 in 2025, consistent with the emergence of formally committed

programmes.

The time horizon distribution shifts from predominantly Short-term and Long-term in
2016 to a stronger Short-to-Medium-term orientation in 2025, with Medium-term statements
more than doubling from 7 to 15. Across the technology dimension, EAF is the most frequently
referenced technology (41 entries across both periods), followed by DRI or DRI-EAF (31
entries) and green hydrogen (29 entries), with blast furnace and energy efficiency references

declining sharply between 2016 and 2025.
4.2 The 2016 Baseline

The most consistent finding across the 2016 cohort is the negligible disclosure of
decarbonisation capital expenditure across all five companies. Across the 79 coded statements
for that period, only one company, SSAB, disclosed a financial commitment explicitly associated
with decarbonisation: €670,000 in Swedish Energy Agency funding for the prefeasibility study
of the HYBRIT project, this represented less than 1% of SSAB’s steel-segment CapEx in that
year. No other company discloses a dedicated decarbonisation CapEx line, programme budget, or
formally designated transition plan with attached financial values. Of the 42 statements classified
as CapEx allocation in 2016, only this single entry carries an explicitly decarbonisation
designated value. Where climate-related investment language does appear, it is predominantly

coded as Exploratory (15 of 79 statements) and oriented toward long-term or unspecified time
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horizons (15 statements), with only 2 references to EAF technology and 2 to DRI across the

entire 2016 cohort.

Disclosed steel-segment investment in 2016 was directed toward maintenance and
extension of existing blast furnace infrastructure, product quality upgrades, and, in the case of
Tata Steel, large-scale greenfield BF/BOF capacity expansion in India. Salzgitter's dominant
project was an RH vacuum plant for secondary metallurgy alongside the relining of the HKM
blast furnace. Thyssenkrupp similarly undertook a blast furnace relining at the jointly owned
HKM facility in Duisburg. SSAB had recently completed major blast furnace modernisations in
Luled (2015), Raahe (2011), and Oxeldsund (2010). Tata Steel commissioned the Kalinganagar
Phase 1 plant in FY 2016/17, adding 3 mtpa of conventional BF/BOF capacity at a carbon
intensity significantly higher than their group benchmark. Table 4.1 presents the steel-segment

CapEx for each company in 2016 alongside the corresponding decarbonisation share.
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Table 4.1: Steel-segment CapEx and decarbonisation share, ~2016

Company Steel CapEx Decarb CapEx Decarb share Currency
~2016 ~2016 ~2016

ArcelorMittal €1,928m NIL 0% EUR

Salzgitter €301m NIL 0% EUR

Thyssenkrupp €566m NIL 0% EUR

SSAB €133m €0.67m* <1% EUR

Tata Steel €1,052m NIL 0% EUR

Sources: Company annual reports as coded. Denominators as per Table 3.4.1. * SSAB 2016: € 0.67m = Swedish
Energy Agency funding for HYBRIT pre-feasibility study only; no other decarb CapEXx disclosed.

Where climate related language appears in 2016 reports, it is predominantly associated
with regulatory compliance costs. Salzgitter, for example, quantifies its EU ETS exposure as a
risk of €155 million per year from Phase IV. ArcelorMittal acknowledges the Paris Agreement
but frames its responses in terms of R&D investigation without attaching a budget.
Thyssenkrupp cites its CDP Climate A-List status and describes its Carbon2Chem project as
having completed the construction of a building shell, representing a technical centre at R&D
stage only. Tata Steel introduced a shadow carbon price of $15/tCO2e for all CapEx appraisals
and participated in the TCFD process, but these measures did not result in any disclosed
decarbonisation CapEx in the reporting year. SSAB’s HYBRIT programme was described as a

twenty to twenty-five year initiative, with no capital committed beyond the feasibility study.
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4.2 Decarbonization CapEx in 2025

The 2025 cohort yields 82 coded statements across the five companies, a slight increase
from the 79 statements in 2016. The share of statements classified under “CapEx allocation”
increases from 42 to 55, while “Strategic Rationale” statements decline from 12 to 3. Statements
coded as “Exploratory” decline from 15 to 6, while “Committed” statements increase from 53 to
69. The time horizon distribution also shifts: “Medium-term” statements increase from 7 to 15,
while “Long-term” statements decline from 15 to 7. Across the technology dimension, EAF is
the most frequently referenced technology with 39 entries, followed by DRI or DRI-EAF with 29

entries and (green) hydrogen with 25 entries.

By the 2025 reporting period, all five companies disclose identifiable
decarbonisation-related capital expenditure, though the scale, specificity, and institutional form
of these commitments vary considerably across the sample. Table 4.2 presents the steel-segment

CapEx and decarbonisation share for each company in 2025.

Table 4.2: Steel-segment CapEx and decarbonisation share, ~2025

Company Steel CapEx Decarb CapEx Decarb share Currency
~2025 ~2025 ~2025

ArcelorMittal €2,407m €255m 10.6% EUR

Salzgitter €456m €229m 50.2% EUR

Thyssenkrupp €654m €104m* 15.9% EUR

SSAB €879.5m €645m** ~73% EUR
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Tata Steel €1,567m €364.6m*** ~23% EUR

Sources: Company annual reports as coded. Denominators as per Table 3.4.1.* Thyssenkrupp 2025: €104m transition plan
CapEx per ESRS E1-3 disclosure (net of government grants).** SSAB 2025: strategic CapEx (€649m total), the Luled mini-mill
and Oxelosund EAF conversion account for ~€645m of this. SSAB does not separately label a 'decarbonisation CapEXx' figure;
strategic CapEx is used as the best available proxy given the dual commercial and climate rationale explicitly stated for both
projects. *** Tata Steel 2025: India 'Spend on Social, Climate Change and Environment' CapEx (€364.6m), this combined
category includes Ludhiana EAF construction. The Port Talbot EAF (€1.49bn) is excluded as construction commences
post-period (July 2025).

Salzgitter discloses a net cash outflow of €229 million associated with the SALCOS
programme in 2025, representing 50.2% of the steel-segment total. SSAB’s strategic CapEX,
directed to the Luled mini-mill (€419.5 million) and Oxelésund EAF (€225.9 million), reaches
73% of the steel-segment total. Thyssenkrupp discloses a formally ring-fenced transition plan
CapEx of €104 million under the mandatory ESRS E1-3 transition plan requirements, of which
approximately €90 million was directed to the hydrogen-capable DR plant in Duisburg. This
represents 15.9% of the steel-segments investments. ArcelorMittal discloses €255 million of
decarbonisation CapEx in 2025, which represents 10,6% of the steel-segment CapEx. €117.3
million of are directly associated with ten projects and the remaining €137.7 million relate to
broader energy and environmental projects. Tata Steel presents a mixed picture in its 2024/25
annual report. The Port Talbot EAF in the United Kingdom, with a total cost of €1.49 billion and
€595 million in government grants, is the most explicitly labelled decarbonisation investment in
the portfolio, however construction did not commence until July 2025 and therefore it does not
fall into the scope of the study. Tata Steel does disclose €364.6 million labelled as “Spend on
Social, Climate Change and Environment (CapEx), representing approximately 23% of the

steel-segment total. Tata Steel cites the Ludhiana EAF construction as the major driver of the
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increase in this category. However, the exact amount attributed to this project is not disclosed,

nor are the other projects included in this category.

4.3 Technology Pathways and Time Horizons

In the 2016 cohort, climate-related investment language was mainly coded as

“Long-term” (15 statements) or “Exploratory” (15 statements), with only two references to EAF

and two to DRI technology across all five companies. By 2025, this distribution has shifted

considerably: EAF is referenced in 39 statements, DRI or DRI-EAF in 29, and green hydrogen in

25. “Medium-term” statements increase from 7 to 15, while “Long-term” statements decline

from 15 to 7, “Exploratory” statements decline from 15 to 6.

Table 4.3: Technology pathways and time horizon commitments, 2025 cohort

Company Short-term Medium-term
(committed, (~to 2030)
0-3 yrs)

ArcelorMittal = EAF Gijon Dunkirk EAF
(Q1 2026); 2029; 2030
Calvert EAF  intensity target
commissione = (acknowledged
d 2025 at risk)

Salzgitter SALCOS SALCOS
Stage 1 Stages 2+
DRI-EAF (decision
(H1 2027); deferred to
2028 SBTi 2028/29)
target

Long-term / Formal SBTi
exploratory net-zero validated
(post-2030) target ?

Net zero 2050; 2050 No
H2/CCS described

as post-2030

95% CO2 Mid-2030s Yes (2028
reduction (steelmaking) = target)
mid-2030s

(conditional on

Stages 2+)
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Thyssenkrupp = DR plant DR plant Net zero 2050; full = 2050 Yes
construction = completion; green H2 (1.5°C)
ongoing; process step transition
30.1% switching post-2030
intensity
target by
2030

SSAB Oxeldsund —47.9% CO2 Raahe EAF — Yes
EAF (Q1 by 2033; 65% (post-2030);
2027); Luled = decarbonised HYBRIT
mini-mill sales by ~2030  fossil-free at
(end 2029) commercial scale

Tata Steel Port Talbot NL DRI-EAF Net zero 2045 2045 No
EAF (2027);  (discussions, no = (group)
Ludhiana budget); India
EAF (India) —10-15%

intensity by
2030
Sources: Company annual reports as coded. Certainty ratings reflect codebook classifications. Time horizon classifications

follow the codebook definitions (Section 3.5.2). A blank net-zero target indicates no explicit group-level net-zero date stated in
the 2025 report. SBTi = Science Based Targets initiative validation status as of the reporting date.

Across the 2025 cohort, the EAF is the most commonly referenced technology. EAF
investments appear in all five company portfolios and are predominantly coded as “Committed”
and “Short-term”. ArcelorMittal’s Gijon EAF was under construction with first heat expected in
Q1 2026, and a Dunkirk EAF with a project cost of €1.3 billion and commissioning target of
2029 was confirmed post balance sheet. SSAB’s Oxelosund EAF conversion, replacing two blast
furnaces, is under construction with start-up targeted for early 2027. The Luled mini-mill,
comprising two EAF’s is scheduled for completion at the end of 2029. Thyssenkrupp’s DR plant

in Duisburg, which incorporates EAF steelmaking, is under active construction. Tata Steel’s Port
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Talbot EAF commenced construction in July 2025 with start-up targeted for 2027. The Ludhiana

EAF is under construction.

DRI or DRI-EAF is the second most frequently referenced technology in 2025, appearing
mostly in “Medium-term” coded statements. Salzgitter’s SALCOS Stage 1, comprising a DR
plant, EAF and 100 MW electrolyser, is under construction with first green steel production
targeted for the first half of 2027. Stages 2 and 3, which would complete the programme,
however had their investment decision deferred to 2028/29. Thyssenkrupp’s DR plant is
designed to operate on natural gas initially, with a transition to hydrogen targeted as supply
becomes available. Tata Steel’s discussions with the Dutch government regarding a DRI-EAF
conversion at Ijmuiden remain without a budget commitment as of the FY 2024/25 reporting

date.

(Green) hydrogen as a direct production input is referenced in 25 coded statements in
2025, predominantly coded as “Long-term” or “Planned”. ArcelorMittal states explicitly that
green hydrogen, biomass and CCS are only expected to be viable at scale after 2030, and
acknowledges that this puts its 2030 carbon emissions intensity target at risk. SSAB’s HYBRIT
programme, which in 2016 was a pre-feasibility study coded as “Exploratory”, had advanced to
pilot deliveries of fossil-free steel by 2025, with joint venture partners planning a

commercial-volume DRI demonstration plant whose timeline and budget remain undisclosed.
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Regarding formal climate targets, three of the five companies hold SBTi-validated targets
by 2025: Thyssenkrupp (1.5°C pathway), Salzgitter (2028 target), and SSAB. ArcelorMittal and
Tata Steel do not hold such targets. Net-zero targets range from the mid-2030s for steelmaking at

Salzgitter to 2045 and 2050 at ArcelorMittal and Thyssenkrupp.
4.4 Regulatory Context and State Funding

The EU Emissions Trading System is the most consistently cited financial driver of
investment decisions for the European operations across the 2025 cohort. The Carbon Border
Adjustment Mechanism, operational from January 2026, is identified in the 2025 reports of all
European-exposed companies as a structural reinforcement of the EAF investment case. In 2016,
EU ETS exposure was framed predominantly as a compliance cost risk, with Salzgitter
quantifying Phase IV exposure at up to €155 million per year and Thyssenkrupp describing
potentially rising EU ETS costs as a substantial financial risk. Alongside regulatory pressure,
state funding features in several of the medium-term DRI-EAF investments across the 2025

cohort.

In the 2016 cohort, the only committed state funding was the grant of the Swedish Energy
Agency given to SSAB for the HYBRIT pre-feasibility study, which accounted for €670,000. By
2025, the picture differs across geographies within the same corporate portfolios. ArcelorMittal
cancelled its DRI-EAF projects in Bremen and Eisenhiittenstadt despite €1.3 billion in

committed state funding, citing high energy costs, weak demand, and insufficient economics for
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green hydrogen. Tata Steel’s report discloses the commissioning of India’s largest blast furnace
at Kalinganagar, where there is no carbon price and the national net-zero target is 2070, whereas
in the United Kingdom they are converting the Port Talbot plant to EAF with €595 million in
government grants. Salzgitter’s SALCOS stage 1 is approximately 48% publicly funded (€1.3
billion of a €2.7 billion budget). Thyssenkrupp received €346 million in government grants for
the DR plant in Duisburg during FY 2024/25, with a further €335 million in new grant
commitments authorised by the federal government and the state of North Rhine-Westphalia in
the same period. SSAB’s Luled mini-mill, by contrast, was financed through €2,700 million in

green loan facilities and €252 million in green bonds, with no direct state capital.
4.5 Named decarbonisation programmes: a comparative review

Table 4.4 provides a structured comparison of the major named decarbonization
investment programmes identified across the coded reports. These programmes represent the
most financially specific commitments in the dataset and constitute the backbone of the

industry’s near- to medium-term decarbonisation investment pipeline.
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Table 4.4: Major named decarbonisation investment programmes

Programme

SALCOS
Stage 1

DR plant
(tkSteel)

Lulea
mini-mill

Oxelosund
EAF

Port Talbot
EAF

Company

Salzgitter

Thyssenkrupp

SSAB

SSAB

Tata Steel UK

Announced

2019

2022

2023

2023

2023

Technology
DRI + EAF + 100MW

H2 electrolyser

H2-capable DRI plant

2x EAF + hot strip +

cold rolling

EAF (scrap-based)

EAF (scrap-based)

Capacity

/ scope

2 Mt/yr;
replaces 1
BF

Replaces
1 BF; up
to 3.5 Mt
CO2/yr

2.5 Mt/yr

Replaces
2 BFs;
-1.5 Mt
CO2/yr

3.2
Mt/yr;
—90%

Status in
2025

Under
constructi
on (H1
2027)

Under
constructi
on

Under
constructi

on (end
2029)

Under
constructi

on (Q1
2027)

Planning
approved;

€2.7bn

n/d

€2,700m

n/d

€1.49bn

Public funding

€1.3bn (48%)

€335m committed
FY24/25

Nil (green loans)

Nil

€595m (40%)
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on-site starts Jul
Cco2 2025
Gijon EAF ArcelorMittal 2022 EAF (long products) Replaces = Under €213m n/d
BOF; constructi
first heat = on
Q12026
Dunkirk EAF = ArcelorMittal Feb 2026 EAF (scrap + HBI/DRI) = 2 Mt/yr; Confirmed €1.3bn n/d
0.6 post-perio
tCO2/tvs  d(2029)
1.8 BF
HYBRIT SSAB + LKAB | 2016 H2-DRI fossil-free Pilot; Pilot n/d Swedish Energy
Jv) + Vattenfall steelmaking LKAB deliveries; Agency
demo pre-comm
plant ercial
planned

Sources: Company annual reports as coded. n/d = not disclosed. Programme budgets are multi-year project totals where stated. Public funding refers to confirmed grants or
committed public finance; loans and guarantees are excluded. The Dunkirk EAF was confirmed post-balance-sheet (February 2026) and is included for completeness. HYBRIT is
presented as a research and development programme rather than a capital investment programme in the conventional sense.
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Several observations emerge from this comparison. First, all programmes with disclosed
government funding are located in Europe or the United Kingdom. Second, six of the eight
programmes are primarily EAF-based, with two incorporating DRI as a planned upstream iron
input. Third, total committed investment across the named programmes amounts to
approximately €8.4 billion when aggregating stated budgets, concentrated across fewer than ten

facilities over the period 2023-2030.

5. Discussion

5.1 Mismatch between capital budgeting logic and decarbonisation investment

A central finding of this study is that the pace and pattern of decarbonisation investment
in the steel industry are shaped by the interaction between technological maturity, regulatory
certainty, and conventional capital budgeting practices. In both 2016 and 2025, firms appear
more willing to commit capital to projects with established technologies, clearer regulatory
frameworks, and more predictable cash flow profiles. In contrast, investments in transformative
decarbonisation technologies remain constrained by uncertainty surrounding technology

development, infrastructure availability, future energy costs, and policy support.

The findings from 2016 provide evidence of this dynamic and are consistent with what
the capital budgeting literature would predict. The investments made that year, blast furnace

relinings, secondary metallurgy upgrades, and greenfield BF/BOF capacity, all carry clear,
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near-term, quantifiable cash flows profiles. Siziba and Hall (2021) show that NPV, IRR, and
payback period have remained the dominant appraisal tools across corporate practice, and
Alkaraan and Northcott (2006) confirm that these techniques remain central even for large
strategic manufacturing investments. Within this framework, decarbonisation investments in
2016 could not yet be committed. The technology was immature, the regulatory future uncertain,
and the payback horizon incompatible with the screening criteria the literature shows firms apply
even to large strategic projects (Huikku et al., 2018). Andrews and Butler (1986) further show
that even where formal appraisal procedures exist, the treatment of uncertainty is often
incomplete, with many firms making no explicit allowance for risk at all. The 2016 cohort fits
this description very well. Climate-related investment language is overwhelmingly exploratory

and long-term, with no committed capital attached.

By 2025, committed decarbonisation CapEx has emerged across all five companies, but
its distribution reveals the structural tension at the heart of this study. The investments that have
been committed, primarily EAF conversion, are those that can be evaluated within conventional
appraisal frameworks. They have established cost structures, defined permitting processes, and
payback horizons that are compatible with standard hurdle rates, especially when supported by
carbon pricing and government grants. The investments that remain deferred, green
hydrogen-based DRI, are those that cannot yet be valued within conventional NPV or IRR logic.
Their payback horizons are long, their input costs uncertain, and their infrastructure

dependencies unresolved. Huikku et al. (2018) show that firms respond to uncertainty by
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tightening payback thresholds and raising required rates of return rather than by broadening their
valuation frameworks, and Doshi et al. (2018) show that uncertainty materially dampens capital
investment. The 2025 data reflect both of these dynamics simultaneously: firms are investing

where the tools say yes, and deferring where the tools say no.

The mismatch, however, lies not in the application of these tools but in their structural
limitations for assessing long-term environmental investments. Conventional NPV and IRR
frameworks do not capture the environmental and social value of avoided emissions, which
Schoenmaker and Schramade (2024) argue would be substantially higher under lower social
discount rates than standard corporate appraisal allows. Marijnissen et al. (2025) further argue
that sustainability transitions are uncertain, occur in shocks, and are only partially priced into
market valuation, meaning that current appraisal methods systematically struggle to capture
transition effects and unpriced externalities. In this sense, the deferral of green hydrogen DRI
investment is not irrational within the firms' own financial logic, it is the predictable outcome of
applying tools that were not designed to value long-horizon environmental benefits. The most
carbon-intensive production process, primary iron reduction from ore, therefore remains on a
longer and less certain investment horizon not because firms are ignoring it, but because

conventional capital budgeting cannot yet make it pass the hurdle.
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5.2 Sustainable finance theory and the discount rate problem

Conventional market discount rates may systematically undervalue distant environmental
benefits, a concern raised by Cline (1992), Stern (2008), and Schoenmaker and Schramade
(2024). Stern (2008) contends that climate change should not be assessed using observed market
rates alone, as social discount rates need to reflect uncertainty, externalities, and intergenerational
welfare, while Cline (1992) argues that high discount rates effectively remove distant climate
damages from present-value calculations, biasing decision-making against strong mitigation. The
findings of this study provide empirical support for this argument. Green hydrogen and full DRI
decarbonisation are explicitly deferred to post-2030 by every company in the sample. The
technologies that would deliver the deepest long-term decarbonisation, primarily green
hydrogen-based DRI, are precisely those that fail the conventional investment hurdle at current
discount rates, energy prices, and hydrogen costs. Schoenmaker and Schramade (2024) propose
that lower social discount rates would substantially increase the present value of long-term
environmental and social benefits, making investments with future-oriented impacts appear more
valuable in present terms. The 2025 data suggest that firms are not applying such a framework;
they are applying the financial logic their governance structures require, and within that logic,

post-2030 technologies cannot yet be committed.

While sustainable finance theory suggests that governance mechanisms can help

incorporate climate considerations into investment decisions, the findings indicate that such
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mechanisms do not necessarily alter the underlying financial logic through which projects are
evaluated. The emergence of SBTi validation across three of the five companies and the
integration of climate-related metrics into executive remuneration across all five by 2025 is
consistent with the sustainable finance literature's argument that ESG integration can shift
investment behaviour through governance mechanisms (Cunha et al., 2021; Kordsachia et al.,
2022). Kordsachia et al. (2022) find that sustainability-oriented ownership can be associated with
greener corporate behaviour, and Cunha et al. (2021) show that sustainable finance actors can
provide not only funding but also incentives and monitoring structures related to environmental
performance. However, the data suggest this shift operates primarily on disclosure and
commitment language rather than on the underlying appraisal logic. The investments that are
actually committed and funded remain those that are commercially viable on conventional
criteria, with or without the climate label. This is consistent with Schoenmaker and Schramade's
(2024) observation that the dominant corporate finance paradigm continues to privilege financial
value even where social and environmental impacts are increasingly recognised, and with
Marijnissen et al.'s (2025) argument that sustainability transitions are only partially priced into

market valuation.

The most theoretically interesting case in this regard is SSAB, which does not separately
label its Luled and Oxeldsund investments as decarbonisation CapEx but presents them with both
a commercial and a climate rationale simultaneously. This framing suggests that for at least one

company in the sample, the climate investment case and the commercial investment case are not
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being traded off but are treated as inseparable. Schoenmaker and Schramade (2024) propose an
integrated present value framework in which financial, social, and environmental value are
expressed in a common monetary framework, treating avoided environmental harm as part of
investment value itself. SSAB's approach appears closer to this logic than the companies that
ring-fence a separate decarbonisation CapEx line, which implicitly treats climate investment as a
cost distinct from normal return-generating investment. Whether this reflects a genuinely
different appraisal logic or simply a different disclosure convention cannot be determined from
the available data, but the contrast is worth noting as it points to different ways in which firms

are navigating the relationship between financial and environmental value creation.
5.3 Regulatory pressure, state funding, and the limits of voluntary action

The findings suggest that regulatory pressure and public support are central drivers of
industrial decarbonisation investment, while voluntary corporate action alone appears
insufficient to deliver deep emissions reductions. The data presented in section 4.4 illustrate this
dynamic within the same corporate portfolios. At both Tata Steel and ArcelorMittal, BF/BOF
investment continues in geographies without carbon pricing while EAF conversion proceeds in
EU ETS-exposed jurisdictions. This pattern is consistent with Schoenmaker and Schramade's
(2024) argument that conventional corporate finance remains anchored in financial value: carbon
pricing is the mechanism through which environmental cost is made financially visible enough to

affect the NPV of investment alternatives. Without it, the financial logic that governs capital
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allocation does not generate a sufficient case for decarbonisation investment. Marijnissen et al.
(2025) further argue that sustainability transitions occur in shocks and are only partially priced
into market valuation, which helps explain why regulatory events such as EU ETS Phase IV
tightening and the introduction of CBAM from January 2026 appear as discrete triggers for
investment commitment rather than as gradual adjustments. Elmassri et al. (2016) make a related
point in showing that formal appraisal systems remain anchored in financial calculations even
when managers recognise wider strategic dimensions, where regulatory pressure is absent, as in

India, the financial case for deep decarbonisation investment does not yet clear the hurdle.

The 2016 cohort further illustrates the limits of voluntary action in the absence of
regulatory pressure. Across all five companies, climate-related investment language was
predominantly associated with regulatory compliance costs rather than investment commitments,
and the only disclosed state funding was the €670,000 Swedish Energy Agency grant to SSAB
for the HYBRIT pre-feasibility study. Schoenmaker and Schramade (2024) observe that
sustainability is increasingly visible within finance but often remains filtered through existing
financial metrics and market-based assumptions, and the 2016 data confirm this: governance
innovations such as Tata Steel's shadow carbon price and TCFD participation did not translate
into committed decarbonisation CapEx in the absence of stronger external regulatory or financial

pressure. Karlsson and Kurkkio (2018) show that where regulatory and financial conditions are
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not yet established, firms tend to defer to exploratory rather than committed investment modes,

precisely the pattern observed across the 2016 cohort.

By 2025, state funding has become a structurally significant feature of the most ambitious
DRI-EAF investments. SALCOS Stage 1 is approximately 48% publicly funded, Port Talbot
EAF will receive 40% in government grants, and Thyssenkrupp's DR plant received €335
million in grants during FY2024/25 alone. Cunha et al. (2021) show that sustainable finance
involves not only private investors but also governments and supporting organisations as direct
actors in capital allocation, and the data suggest that public co-investment is functioning as a
mechanism to bridge the gap between the social value of avoided emissions and the private
financial returns that conventional appraisal requires. This is consistent with the broader
sustainable finance literature's argument that the pathway from sustainable investment to real
environmental outcomes depends on the specific mechanism through which capital is mobilised
(Kolbel et al., 2020): direct public co-investment appears more effective at triggering firm-level
decarbonisation than the indirect capital reallocation mechanisms that Atta-Darkua et al. (2023)
show dominate the behaviour of climate-conscious institutional investors. The cancellation of
ArcelorMittal's DRI-EAF projects in Bremen and Eisenhiittenstadt, despite €1.3 billion in
committed government funding, nonetheless illustrates that public co-investment is a necessary
but not sufficient condition, when the underlying energy economics remain adverse, even

substantial state grants cannot make a project viable within conventional appraisal logic.
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This dependence on public funding raises a question that the existing sustainable finance
literature does not fully address: the distribution of costs and benefits between public and private
actors in industrial transition finance. The firms receiving state grants, Salzgitter, Thyssenkrupp,
and Tata Steel, are private companies that will capture the commercial returns from these
investments once they are operational, while the public bears a significant share of the
investment risk and upfront cost. Schoenmaker and Schramade (2024) argue from a
stakeholder-oriented perspective that companies generate effects on multiple stakeholders,
including future generations, and that environmental damage cannot be treated as fully external
to the firm. The flip side of this argument is that if society bears the cost of decarbonisation
investment through public grants, it might reasonably expect to participate in the returns. Barber
et al. (2021) show that impact investors accept lower financial returns in exchange for
environmental outcomes, effectively internalising part of the social benefit into their investment
logic. Public co-investors in industrial decarbonisation appear to be doing something structurally
similar, accepting below-market returns on their capital in exchange for environmental and
industrial policy outcomes, but without the explicit impact-investing framework that would make
this trade-off transparent and accountable. Cunha et al. (2021) argue that sustainable finance
actors can provide not only funding but also incentives, monitoring, and support structures
related to impact measurement and socio-environmental performance. Whether current grant

structures are designed to fulfil this broader governance role, or whether they function primarily
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as financial subsidies that enable private capital to meet its hurdle rate, is a question the data in

this study cannot resolve but that warrants further research attention.
6. Conclusion

This study examined how steel producers with major European operations allocate capital
toward decarbonisation investments and how investment time horizons influence these decisions.
Through a comparative case study of annual reports from five steel producers from 2016 and
2025, the study found that while all companies have committed to substantial emissions
reductions, investment activity remains concentrated in incremental and commercially mature
technologies. More transformative decarbonisation pathways, particularly hydrogen-based direct
reduction and large-scale green hydrogen integration, are consistently deferred to the post-2030
period. The findings further show that investment decisions are strongly shaped by uncertainty
surrounding technology maturity, energy costs, infrastructure availability, and regulatory
conditions, while public funding and policy support play a critical role in enabling major
decarbonisation projects. These findings suggest that the pace and direction of steel
decarbonisation cannot be understood solely through technological considerations but must also
be examined through the strategic and financial processes that govern long-term capital

allocation.

59



.....

university of
groningen

6.1 Implications and Contributions of the Study

A central contribution of this study lies in identifying the structural mismatch between
conventional capital budgeting logic and the requirements of industrial decarbonisation. While
major steel producers increasingly frame decarbonisation as strategically necessary, investment
decisions remain strongly shaped by shorter-term financial evaluation criteria such as
profitability, risk reduction, and investment certainty. This creates tension with decarbonisation
projects, which typically involve high upfront costs, long time horizons, and significant
uncertainty. The study therefore contributes to understanding how prevailing corporate

investment logic may constrain long-term industrial transition.

A second contribution of the study is the provision of comparative qualitative insight into
how major steel producers allocate and justify decarbonisation investment over time. By
comparing annual reports from 2016 and 2025, the study shows that decarbonisation has become
increasingly integrated into corporate investment strategies, particularly through investments in
hydrogen-based steelmaking, electrification, and emissions-reduction infrastructure. The
comparative case study highlights both shared transition dynamics and firm-specific differences

in how companies approach industrial decarbonisation.

The study further shows that industrial decarbonisation in the steel sector depends heavily
on regulation, subsidies, and industrial policy support rather than purely voluntary corporate

action. Across the analysed cases, firms repeatedly linked major decarbonisation investments to
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public funding, infrastructure development, and policy frameworks, highlighting the central role

of the state in enabling industrial transition.

Another contribution of the study is its interdisciplinary integration of strategic
investment decision-making, sustainable finance, and industrial decarbonisation research. By
combining these perspectives, the study shows how corporate investment decisions are shaped
simultaneously by financial logic, technological constraints, regulatory conditions, and long-term

climate pressures.

Finally, the study highlights how uncertainty surrounding infrastructure, hydrogen
availability, energy prices, and regulation shapes decarbonisation investment behaviour and

reinforces cautious, incremental investment strategies.
6.2 Limitations of the Study

Several limitations of this study should be acknowledged. First, the study is limited in
scope due to its comparative qualitative case study design and its focus on a small sample of
major European steel producers. While this allows for in-depth analysis, the findings cannot be
generalised to the global steel industry as a whole. Second, the analysis relies exclusively on
publicly available annual reports and corporate disclosures. As these documents are strategic
communication tools, they may contain reporting bias and emphasise successful transition

narratives while omitting internal disagreements, failed projects, or financial constraints. In
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addition, the study is limited to what firms choose to disclose publicly and therefore cannot fully

capture internal decision-making processes or actual realised investments.
6.3 Future Research

Future research could build on this study by expanding both the geographical and
methodological scope of the analysis. Including steel producers from additional regions such as
China, India, or the United States would allow for a more comprehensive comparison of how
different regulatory and market environments shape decarbonisation investment behaviour.
Future studies could also move beyond corporate disclosures by incorporating interviews with
managers, policymakers, engineers, and financial actors in order to gain deeper insight into the
internal dynamics of investment decision-making and the reasoning behind strategic capital
allocation choices. In addition, quantitative research examining the relationship between capital
expenditures, emissions reductions, financial performance, and policy support could further
strengthen understanding of how industrial decarbonisation progresses in practice. Finally, future
research could explore how evolving sustainable finance frameworks, transition finance
mechanisms, and industrial policies influence long-term investment horizons in

emissions-intensive industries.
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Appendix A

Table A.1 Codebook structure

Definition

Coding Rules

) ) _ Assign sequential
Entry ID Unique identifier for each |, mbers A2016 01
extracted statement
Resets per worksheet
Page number where the  [PDF page number
Page statement appears in the  |[f ynclear, see section p.23
report reference
o ) Use Report headings . .
Section Report section in which _ ] Financial
the statement appears [keep Wordl.ng consistent Statement
across entries
Copy verbatim "We will invest €3 billion
Quote Exact excerpt from the  [no rephrasing in hydrogen
report full sentence or relevant [Pased steelmaking by
fragment 2030"
Each entry must be
assigned to one main
category:
1. CapEx allocation
Primary analytical 2. Techno.10g¥ &
Category classification of the Decarbonisation CapEx allocation
statement Pathways
3. Time horizon
4. Investment certainty &
commitment
5. Strategic rationale
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More specific

Report page number

Hydrogen

[Net-zero target

reported CapEx value

currencies

Subcategory classification within the | ynclear, see section .
1 cat ’ Efficiency
[main category reference
Regulation
Only recorded if
Numerical value of explicitly mentioned
CapEx Value capital expenditure Not estimated or inferred
explicitly stated converted to numeric
format if possible
Only calculated if both
are available:
Proportion of total CapEx (from the  |[Example:
decarbonisation-related fronorp)
Share of Total CapEx capital expenditure i isati fotal CapEx = €10 on
p relative to total specific decarbonisation Decarb CapEx = €2 bn
expenditure reported by  [CaPEX ehare = 20%
the company Formula: Share of total are = 27
CapEx = Decarbonisation
CapEx/ Total CapEx
X dinth Record exactly as stated
urrency used in the
Currency [Not converted across EUR

Time Horizon

[Temporal orientation of
the investment or
statement

Classify into one of:
Short-term (0 - 3 years)

medium term (to roughly
2030)

long-term (2030 - 2050+)

unspecified

Medium-term

Type of Statement

[Temporal status of the
statement (past, future, or
general commitment)

Realised -> already
executed

Planned -> future

Planned
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investment

[Target -> general
commitment/ goal

Committed -> approved,
under construction

. Approved --> formally
Degree of commitment  |jecided

Certainty associated with the ) Planned
statement Planned --> intended but
flexible
Exploratory --> vague,
carly stage
Hydrogen
) ~ [Record only if explicitly [PRI
Technology Specific decarbonisation | optioned EAF
technology referenced )
use standardised terms oS
Renewable energy
Table A.2 Keyword list
Decarbonisatio Certainty & Strategic
n & Climate Technology Time horizon commitment rationale
Keywords Keywords keywords Keywords Keywords
decarbonisation /
capex decarbonization fhydrogen 2025 High certainty: [regulation
capital direct  reduced
expenditure carbon iron / DRI 2030 committed compliance
capital electric arc
investment CO2 furnace / EAF 2040 approved policy
investment emissions CCS  / carbon 2050 nder EU ETS
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capture construction
ereenhouse gas /
capital allocation GHG electrification  [long-term implemented cost
renewable
spending climate energy short-term completed competitiveness
net zero  /
budget net-zero scrap roadmap Medium: demand
financial
commitment low-carbon efficiency transition planned customers
green steel fuel switch pathway will invest market
sustainability timeline expected risk
phase intends transition risk
[Low:
exploring
ssessing
considering
potential
evaluating

A.3 Complete Codebook

Codebook .xlIsx
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