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Abstract

teel is among the world’s most emissions-intensive and hard-to-abate industries, yet it

remains indispensable to economic development and green-technology infrastructure

alike. This report examines how India, Japan, and South Korea, collectively the largest

group of advanced steel producers outside China, can leverage their complementary
industrial strengths to accelerate the transition to low-carbon steelmaking. Drawing on an
assessment of key production technologies, supply-chain readiness, and evolving policy
frameworks, the report argues that a structured trilateral approach can offer a viable pathway
for advancing steel decarbonisation by harmonising certification standards, enabling technology
transfer, and mobilising investment at scale. Coordinated action across these three economies
would strengthen Indo-Pacific supply-chain resilience and position the region as a leader in
industrial decarbonisation.

Attribution: Parul Bakshi and Krishna Vohra, Pathways to Green Steel: Trilateral Opportunities for India, Japan, and South Korea,
Observer Research Foundation, June 2026.
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Introduction

teel sits at the centre of both, global industrialisation and decarbonisation. It is

indispensable to economic development but remains one of the world’s highest-

emitting and hardest-to-abate sectors because of the high CO: emissions embedded

in its manufacturing process. Globally, the steel industry accounts for approximately
7 percent of total CO: emissions, producing 2.8 gigatonnes of CO: annually.! The emission
intensity per tonne of finished steel increased by 1.8 percent between 2019 and 2023, reflecting
both the scale and urgency of decarbonising this sector.”

The indispensability of steel spans nearly every economic sector, including green-technology
applications (such as wind turbines, EVs, and solar infrastructure), with global demand projected
toreach nearly 2.5 billion tonnes by 2050.° This underscores the need for targeted decarbonisation
of steelmaking, driven by evolving global policy regimes, rising net-zero commitments under
the Paris Agreement, and growing investor pressure.

Figure 1: Global Steel Sector and Decarbonisation
Targets
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“Green steel” is broadly defined as steel produced with significantly lower CO: emissions
than conventional steelmaking. This is achieved by substituting fossil fuels with low-carbon or
renewable energy sources and by deploying carbon-reduction technologies.?

Different certification standards and taxonomies agree that green steel involves measurable
reductions in greenhouse-gas emissions over the production process. These reductions are often
quantified through emissions-intensity targets ranging from 0.05 to 0.4 tonnes of CO: per tonne
of steel, depending on the production pathway and scrap content.’

At the same time, carbon-pricing and trade mechanisms are injecting new urgency into this
transformation. The European Union’s (EU) Carbon Border Adjustment Mechanism (CBAM),
for example, will require steel exporters to the EU to report embedded carbon and eventually
pay for it unless they adopt low-emission technologies. This regulatory push means that both
large steel producers and Micro, Small, and Medium Enterprises (MSMEs) will need to decide
whether to decarbonise or risk exclusion from key export markets.

This decarbonisation imperative is further complicated in the Indo-Pacific by structural
market imbalances. The region faces dual pressures: chronic overcapacity and a surge in low-
cost imports, particularly from China and Southeast Asia, which are destabilising domestic steel
markets.’® Because of the sheer scale of China’s steel industry, which accounted for 46 percent
of global steel capacity in 2024,” even marginal shifts in its domestic production cascade into
global oversupply, depressing prices and placing heavy competitive pressure on neighbouring
producers. Several countries, such as Australia® and Taiwan,’ have already adopted defensive
trade measures in response to steel dumping from China, underscoring the systemic nature
of the challenge. Indeed, China’s persistent overcapacity and aggressive export pricing have
become a unifying catalyst for major Indo-Pacific steel producers—India, Japan, and South
Korea—driving deeper alignment on trade safeguards, low-carbon steelmaking, and supply-
chain diversification.

In India, the consequences are already visible. An October 2025 Reserve Bank of India
(RBI) report found that low-priced imports have increasingly displaced domestic production,
with nearly 45 percent of inbound steel sourced from South Korea (14.6 percent), China (9.8
percent), the US (7.8 percent), Japan (7.1 percent), and the UK (6.2 percent). The report also
noted a sharp surge in shipments from China, Japan, South Korea, Indonesia, and Vietnam in
2024-25.1

a Green steel is not a new alloy or product, but steel produced through cleaner processes.



With subdued domestic demand and rising import competition, India imposed a safeguard
duty on the import of flat steel products in December 2025."" Market analysts expect these
measures—designed to protect domestic industries from serious injury caused by sudden surges
in imports—to suppress imports and push domestic steel prices upward.'

These challenges add urgency to the Indo-Pacific’s decarbonisation push while simultaneously
derisking the supply chain and positioning new industrial ecosystems. For policymakers, this
means that decisions on technology choices, financing models, and international partnerships
will shape the competitiveness of the region’s steel sector for decades ahead.

India, Japan, and South Korea collectively represent the largest group of advanced steel
producers outside China, giving them strategic weight in shaping green-steel markets. Yet each
faces distinct, though complementary, pressures, making this an opportune moment to pursue
trilateral alignment that supports both industrial growth and decarbonisation goals.

Figure 2: Global Crude Steel Production (2024, in
Million Tonnes)
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Figure 3: Overall Emission Intensity per Tonne of

Crude Steel Produced
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Recent technological advances are also coming into sharper focus, from hydrogen-based direct-
reduction processes to carbon-capture installations in blast furnaces. These tools offer pathways
to a more sustainable future, but their deployment will require major investment, coordination,
and policy coherence. Understanding the current technological landscape and the supply-chain
realities that shape what is feasible today versus over the next decade is therefore essential
before evaluating the policy instruments and partnerships that can accelerate decarbonisation.

This report examines the state of green-steel technologies, supply-chain readiness, and
production pathways; evaluates opportunities for India—Japan-South Korea trilateral
cooperation; and outlines practical policy options for governments, industry, and development
partners. By situating India’s emerging green-steel landscape alongside Japan’s and South
Korea’s technological depth and industrial-scaling capabilities, it illustrates how a structured
trilateral approach can unlock shared economic gains, enhance supply-chain security, and
accelerate the region’s broader decarbonisation agenda. It also assesses how such coordinated
diplomatic engagement can strengthen investment flows, technology transfer, and industrial
resilience across the Indo-Pacific.



State of Technology: Supply
Chain and Methods of
Production

he steel supply chain is complex and resource-intensive, spanning the mining

and transport of iron ore and coal, raw-material processing, ironmaking, steel

conversion, casting, and downstream fabrication and distribution. Conventional

steel supply chains are built around coal, coke, and fossil-fuel-based energy inputs,
resulting in high baseline emissions across all stages of production.

Figure 4: Simplified Steel Industry Supply Chain Model
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Transitioning to “green steel” requires reconfiguring these supply chains to support renewable
electricity, hydrogen production and distribution, and robust scrap-recycling logistics for a
circular economy.

Today, the steel industry is dominated by two primary technologies: the blast furnace-basic
oxygen furnace (BF-BOF) route and the electric arc furnace (EAF) route. Decarbonisation
potential varies sharply between these pathways, making upstream energy sourcing, feedstock
quality, and scrap availability as important as the plant-level technologies themselves.

BF-BOF Route

The BF-BOF route begins with the reduction of iron ore to pig iron using coke in a blast furnace,
followed by refining in a basic oxygen furnace. This pathway accounts for over 70 percent of
global steel production. After China, the largest BOF operators'® are India (82 mtpa), Japan (77
mtpa), and South Korea (53 mtpa)."”

Globally, the emission intensity of this pathway averaged about 2.3 tonnes of CO:e per tonne
(tCO2e/t) of crude steel in 2023."* India is typically higher, ranging from 2.5 to 3 tCOze/t, largely
due to lower-grade ore, less efficient plants, and higher dependence on fossil-fuel inputs. Japan
and South Korea have estimated emission intensities of 2.3 and 2.4 tCO:e/t, respectively.'
This entrenched process is the focal point for decarbonisation efforts due to its extremely high
baseline emissions.

Figure 3: Average BF-BOF CO:ze Intensity
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EAF Route

EAFs produce steel by using electricity to melt scrap steel and, increasingly, direct reduced iron
(DRI).?! In many mature economies such as the US and Italy, EAFs produce more than 50 percent
of steel, reflecting long-standing investment in lower-emission routes.** In India, however, the
EAF share is currently around 22 percent, with reliance on coal-based DRI.* Similarly, Japan’s
EAF share stands at approximately 20-25 percent** and South Korea’s around 30-35 percent,
reflecting continued reliance on BF-BOF plants.*

Figure 6: EAF Emission Intensity per tonne of Crude
Steel
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DRI-based EAFs can produce high-quality steel with much lower emissions, especially when
powered by renewable energy. This route is increasingly viewed as the most scalable transition
pathway for countries with strong iron ore reserves, such as India. India’s comparatively higher
EAF emission intensity reflects its reliance on coal-based DRI feedstock, a gap that hydrogen-
based DRI could substantially close, given the country’s relatively low scrap-EAF share.
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Figure 7: Emissions Intensities of Select EAF
Production Routes, in GtCO:e Per Tonne of Steel
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Source: Global Energy Monitor.?”

Hydrogen-Based DRI

The emergence of green hydrogen as a reducing agent has been central to the pursuit of
near-zero-emission steelmaking. When used in the DRI process, green hydrogen can achieve
emissions reductions of up to 90 percent compared to BF-BOF production.® Industry analyses
indicate that green-hydrogen-based DRI can lower emissions intensity from approximately 2.2
tCO/t (BF-BOF) to 0.3 tCO/t, provided the electricity used for hydrogen and EAF operations
is fully renewable.*

This pathway is at the core of European initiatives such as HYBRIT?*® (Sweden) and Stegra®
which demonstrate the technical feasibility of near-zero-emission steel production at industrial
scale. India, Japan, and South Korea are all piloting hydrogen-DRI technologies, though at
different stages of commercial readiness.

10
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Figure 8: Global BF-BOF and EAF Steel Production

and Average Emission Intensity

Crude steel production by process
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Hydrogen Injection in Blast Furnaces

In contrast, hydrogen injection into blast furnaces delivers only partial emissions reductions.
Japan’s COURSE50 and Super COURSE50 programmes, led by Nippon Steel and JFE Steel,
have demonstrated 30-33 percent emissions reduction at the blast furnace level.* The upper
limit of these reductions remains uncertain due to the continued reliance on coke and process-
related carbon emissions.

11
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Hydrogen-injection retrofits can extend the operational life of existing blast furnaces, but
experts caution that scarce green hydrogen would be more efficiently used in hydrogen-DRI
production, where emissions reductions are significantly higher.**

Carbon Capture, Utilisation, and Storage (CCUS)

CCUS applied to BF-BOF also functions as a partial-abatement strategy. Current pilots globally
show 40-65 percent capture rates, with 90 percent considered a theoretical maximum achievable
only in highly controlled conditions.*

However, CCUS entails a significant cost premium, high energy demand, and challenges
related to transport and storage infrastructure. Operational CCUS capacity in the iron and steel
sector stands at just 1.75 million metric tonnes of CO: annually, accounting for only 3.9 percent
of global CCUS capacity and capturing less than 1 percent of the sector’s fuel-related emissions
in 2024.%

Nevertheless, for countries with large installed BF-BOF capacity, CCUS remains one of the
few retrofit options with meaningful emissions impact.*’

While the pathways discussed above represent the most widely examined routes for steelmaking,
these are not exhaustive. Across the industry, both existing steelmakers and emerging startups are
actively exploring low-emission alternatives, including electrolysis-based primary steelmaking
and the utilisation of biomass in the BF-BOF route.” Most of these innovations remain at pilot
or demonstration stage and have yet to be deployed at commercial scale.

Technology Mix in India, Japan, and South Korea

As of 2023, Japan and South Korea predominantly rely on the BF-BOF route, which accounts
for roughly 73 percent™ and 70 percent® of their steelmaking processes, respectively, with the
remaining 27 percent and 30 percent produced through EAFs. India’s production profile is more
technologically varied, with the BOF route accounting for about 42.7 percent of steelmaking,

12
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EAFs contributing around 21.9 percent, and the remaining 35.4 percent produced through
induction furnaces. Unlike EAFs, induction furnaces use electromagnetic fields rather than
electric arcs to melt metal and are typically associated with smaller-scale production.*' These
structural differences reflect variations in industrial structures and access to raw materials.

South Korea’s DRI-EAF share is growing because of strong industrial downstream demand
and access to international scrap markets.* Japan is also increasing its focus towards EAFs as
part of its decarbonisation strategy, led by Nippon Steel, which has announced investments
of around US$6 billion by 2029, supported by up to US$1.7 billion in government subsidies
to expand EAF capacity.* India’s rapidly expanding DRI sector, meanwhile, positions it for
hydrogen-DRI leadership once green hydrogen costs fall, though renewable power reliability
and grid integration remain key constraints.

A clear understanding of these technology options provides the foundation for analysing how
India, Japan, and South Korea are designing policies, incentives, and industrial programmes to
scale green steel, while offering insight into where coordinated action or policy alignment could
accelerate regional decarbonisation.

13
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India’s Green Steel Policy
Landscape and Industrial
Transition

ndia remains among the most carbon-intensive steel producers because of its reliance

on the BF-BOF route and coal-based DRI for EAF operations,** emitting about 20-25

percent more CO, per tonne than China.*® To accelerate decarbonisation, India has

announced a suite of policy missions, regulatory reforms, and industrial collaborations,
including the allocation of approximately US$2.2 billion towards CCUS technologies in the
Union Budget 2026-27.4

With the aim of reducing emissions intensity to 2.2 tCO, per tonne by 2030, India formalised
its first Green Steel taxonomy in 2024, establishing a graded certification system based on
emissions intensity."” The Ministry of Steel (MoS) now issues a “percentage greenness” rating
if emissions fall below 2.2 tCO:ze per tonne of finished steel (tfs). * The taxonomy defines the
following:

* Five-star green-rated steel: emission intensity below 1.6 t-CO-e/tfs.
* Four-star green-rated steel: emission intensity between 1.6 and 2.0 t-COze/tfs.
* Three-star green-rated steel: emission intensity between 2.0 and 2.2 t-COQe/tfs.

The taxonomy and rating system demonstrate India’s intent to decarbonise a key hard-to-
abate industry while reducing overall emissions. This commitment is reflected in early industry
uptake, with ArcelorMittal Nippon Steel India (AM/NS India) becoming the first integrated steel
producer in the country to receive a “green steel” certificate under the taxonomy for achieving
lower carbon emissions during production.*’

14
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However, the minimum threshold will need to move closer to the global benchmarks to align
India’s net-zero ambitions. For context, India’s threshold for green steel sits slightly above the
global average of 1.9 t-COze/tfs, according to the World Economic Forum’s Net-Zero Industries
Tracker Report on Steel.?

The National Green Hydrogen Mission, launched in 2023, with an outlay of US$2.4 billion,
aims to scale domestic green hydrogen production and explicitly targets the replacement of
coal-based DRI with hydrogen-based processes in the steel industry.”® Procurement reforms

are also advancing through action plans introduced by the MoS and the Bureau of Indian
Standards (BIS).

India’s Strategic Interventions for Green Hydrogen Transition (SIGHT) programme, a core
pillar of the National Green Hydrogen Mission, provides roughly US$2.1 billion in incentives to
accelerate domestic electrolyser manufacturing and green hydrogen production.” Designed to
support the Mission’s broader target of 5 million tonnes of annual green hydrogen capacity by
2030, SIGHT aims to shift hard-to-abate sectors such as steel away from coal-based DRI toward
hydrogen-based processes.

India has also begun piloting hydrogen-based steelmaking technologies:

* Tata Steel launched India’s first full-scale hydrogen-injection trial at its Jamshedpur blast
furnace in 2023, successfully reducing coke consumption and emissions intensity.”?

* JSW Steelis developing a green hydrogen-DRI pilot at Vijayanagar, targeted for completion
by end-2025.%*

* AM/NS India released its first Climate Action Report outlining a transition toward
100 percent renewable electricity by 2030 and identifying green hydrogen, scrap-EAF
expansion, and CCUS as priority pathways.?

India’s Steel Scrap Recycling Policy 2019 estimates a requirement of 70-80 MTPA of scrap
to achieve its 250 MTPA steel production target by 2030. However, achieving this target will be
challenging, as India still relies on scrap steel imports; in FY 2023-24, 25 percent of scrap steel
used in production was imported.*®

15
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Nonetheless, domestic scrap supply is expected to grow with rising steel consumption,
particularly from end-of-life vehicles (ELVs), though this will require large-scale processing
infrastructure. In line with this shift towards circular steelmaking, Tata Steel has planned capital
expenditures of approximately US$1.76 billion for its scrap-based EAF operations in India, the
United Kingdom, and the Netherlands in FY 2025-26.°” Additionally, the MoS has estimated the
need for up to 3,000 scrap-collection and dismantling centres nationwide to support expanded
EAF capacity.”™

The Carbon Credit Trading Scheme (CCTS), expected to launch in India in 2026, is emerging
as an important near-term policy lever. Even at modest initial levels (US$ 10/tCO:), carbon
pricing simultaneously improves green steel economics while adding costs to high-emission BF-
BOF plants. As initial CCTS pricing may be conservative to allow gradual industry adjustment,
particularly for MSMEs, there remains a need for complementary support mechanisms such as
financial incentives and technical assistance in the near-term.*

India’s green hydrogen and green steel outlook reflects a sector on the cusp of rapid
transformation. The government has provided a strong foundation of policy backing, and major
steel producers have demonstrated a clear willingness to adapt to the standards for low-carbon
steel. With targets to expand crude steel capacity to 300 MTPA by 2030 and deploy at least 5
MTPA of green hydrogen by 2030, India is positioning itself as a potential global leader in low-
carbon steel production.®

However, the commercial viability gap remains substantial. TERI’s financial modelling shows
that, under current baseline assumptions, a greenfield hydrogen-DRI-EAF plant faces a negative
net present value of approximately US$478 million, compared to a positive US$417 million for
conventional BF-BOF production.®' This viability gap underscores why, despite policy ambitions,
no commercial-scale green steel projects have reached a final investment decision in India as of
early 2025. Translating these ambitions into widespread decarbonisation will require accelerated
action: investment in electrolyser manufacturing, supply chain reforms, and capacity building
for both industry giants and MSME:s.

16
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According to TERI’s assessment, India’s reinvestment cycle could provide a critical opportunity
to narrow this viability gap. The organisation estimates that 43 million tonnes of existing BF-BOF
capacity will require major reinvestment before 2030 to upgrade or replace ageing equipment,
presenting a critical near-term window for adopting lower-emission steelmaking pathways. The
Hydrogen-based DRI with Electric Smelter Furnace (H2-DRI-ESF-BOF) configuration emerges
as particularly promising for brownfield sites, allowing retention of existing BOF infrastructure
while enabling the use of lower-grade iron ore through the electric smelter furnace. TERI
highlights that this hybrid approach requires approximately 35 percent less capital investment
than greenfield plants (US$980 million vs. US$1,480 million for a 2 Mt plant), while making use
of existing auxiliary infrastructure and downstream operations, making it more commercially
attractive for existing integrated producers facing reinvestment decisions.®

For India’s MSME:s, access to green hydrogen technologies and finance remains a significant
barrier. Emissions accounting, technology integration, and compliance with emerging standards
are considerably more demanding for smaller firms. This is more pronounced in downstream
industries, where enterprises often lack the scale, technical expertise, and capital needed to adapt
to new infrastructure and reporting requirements. Ensuring that policy support, incentives, and
financing mechanisms effectively reach MSMEs will therefore be critical to a just and broad-
based green-hydrogen transition.

India’s ambition is clear, but achieving it will hinge on the pace of industrial modernisation
and the coherence of policy support across central and state levels, given that industrial
regulation, land allocation, power supply, and infrastructure development are jointly governed
and implemented by both tiers of government.

17
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Japan’s Decarbonisation
Framework for Green Steel

apan’s steel industry is moving aggressively toward decarbonisation through a combination
of government-driven policy frameworks, large-scale investments, and company-level
technology pilots.

Japan’s steel sector is shaped by a structural dependence on imported iron ore; in 2023, it
imported 102 million tonnes of ore despite producing 87 million tonnes of steel, reflecting both
limited reserves and declining ore quality.®

The nation’s Green Transformation (GX) Basic Policy, adopted in 2023, commits the country
to a 46 percent reduction in emissions by 2030 and full decarbonisation by 2050, with targeted
measures promoting hydrogen utilisation, CCUS deployment, and increased adoption of non-
fossil electric arc furnaces.® The GX Implementation Council has mobilised an estimated JPY
150 trillion through 2030 to support industrial decarbonisation technologies and associated
infrastructure.®

Japan’s national GX Emissions Trading System (ETS), set to become fully operational in
FY 2026, will introduce mandatory caps for large emitters and allow emissions trading across
industrial sectors. The scheme sets a threshold of 100,000 tonnes of CO:z annually for mandatory
participation and is expected to cover 300-400 of Japan’s largest emitting facilities, representing
roughly 60 percent of national CO: emissions.®

Even though sector-specific allocation rules setting process-specific benchmarks (e.g., for blast
furnaces, scrap-EAFs, and special steel EAFs) are still being finalised, the ETS is expected to
affect all major integrated steel producers, including Nippon Steel, JFE Steel, and Kobe Steel,
by requiring verifiable emissions reporting, target-setting, and eventual credit purchases if
decarbonisation targets are not met.

18
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Japan is also advancing green public procurement to create predictable demand for low-
carbon steel.®” Japan’s Green Purchasing Act (Act on Promotion of Procurement of Eco-Friendly
Goods and Services), introduced in 2001 was one of the world’s first laws mandating that
government ministries and agencies prioritise environmentally friendly goods and services. This
was amended in January 2025 to extend its scope to steel products, requiring procuring entities
to favour low-carbon “green steel.” These measures are intended to stabilise early markets for
green steel despite higher production costs, while aligning industry output with emerging global
frameworks such as CBAM.

Japan’s steel producers are simultaneously testing technology pathways to reduce emissions
from existing assets while preparing for deeper transformation.

* Nippon Steel’s “COURSE50” project (CO: Ultimate Reduction System for Cool Earth 50)
uses hydrogen injection into blast furnaces to partially replace coke. Commercial trials have
achieved ~30 percent emissions reductions while maintaining stable furnace operation.®®

* The evolving “Super COURSE50” aims to raise hydrogen-injection levels and integrate
CCUS, targeting 50 percent or higher reductions, but full decarbonisation remains
impossible as long as carbonaceous reductants are used.

* Hydrogen-based direct reduction (H-DRI) is Japan’s long-term pathway. Nippon Steel,
JFE Steel, and Kobe Steel are currently exploring pilot-scale H-DRI systems through
the Green Innovation in Steelmaking (GREINS) consortium, often in collaboration with
global equipment suppliers. Japan’s strategy emphasises ammonia import corridors and
large-scale hydrogen carriers as part of its broader energy-security model. *

Alongside these technology initiatives, Japan has introduced targeted financial incentives
to accelerate industrial decarbonisation. These include a JPY 3 trillion hydrogen contract-for-
difference scheme under the Hydrogen Society Promotion Act, 2024, designed to bridge cost
gaps between fossil fuels and low-emission hydrogen; capital subsidies covering up to one-third
of plant conversion costs in hard-to-abate sectors, and the JPY 2 trillion Green Innovation Fund
administered by the New Energy and Industrial Technology Development Organisation to

support commercialisation of breakthrough technologies such as hydrogen-based steelmaking
and CCUS.™
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Japan also possesses near-term decarbonisation opportunities through greater utilisation of
its existing fleet of scrap-based EAFs, whose operating costs are only about 5 percent higher
than BF-BOF production, while delivering emissions reductions of up to 77 percent per unit of
output. The country also benefits from a substantial domestic scrap base, with supply totalling
nearly 44 million metric tonnes in 2023, around 52 percent of which was used in EAF plants,
and 15 percent was exported.”’ This combination of existing EAF capacity, investment plans by
Nippon Steel announced in May 2025 to expand EAF capacity, and domestically available scrap
suggests considerable potential for expanding scrap-based steelmaking as a complementary and
cost-effective pathway to Japan’s longer-term, hydrogen-based transition.

Japan’s decarbonisation trajectory reflects a balance between structural constraints and
technological leadership. High electricity prices and ageing assets slow its transition, yet Japan’s
cutting-edge research, hydrogen-furnace innovation, abundant domestic scrap base, and CCUS
expertise position it as a key architect of Indo-Pacific green-steel standards.
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South Korea’s Green Steel
Transition

outh Korea’s steel sector sits at the centre of its decarbonisation challenge. According

to a 2022 Climate Transparency report, the steel sector is the country’s single largest

industrial emitter, accounting for approximately 39 percent of industrial emissions and

about 13 percent of total national greenhouse gas emissions.”” This underscores the
strategic importance of steel decarbonisation within Korea’s broader industrial and climate-
policy framework.

South Korea’s decarbonisation roadmap places a strong emphasis on hard-to-abate industrial
transformation, private-sector involvement, and new regulatory pressure. The government has
committed to carbon neutrality by 2050, with POSCO and Hyundai Steel designated as national
champions to lead the shift toward hydrogen-based steelmaking. Both companies are developing
commercial-scale hydrogen direct reduced iron (H2-DRI) plants, with a 300,000-tonne-per-year
facility planned for operation by 2030 and supported through public financing instruments.”

Under the National Hydrogen Strategy, the government has committed KRW 800 billion
(over US$600 million) to develop hydrogen-based steel production, breakthrough technologies,
and supporting infrastructure.”™

Regulatory pressure is rising in parallel. In 2025, the Korean Emissions Trading System
(K-ETS) reduced free carbon permit allocations for the steel sector, increasing compliance costs
and incentivising deep decarbonisation investments across major steelmakers.” These policy
signals are reinforced by the ongoing POSCO and Hyundai demonstration projects, which are
poised to become major nodes in the Indo-Pacific’s emerging low-carbon steel supply chain.”™
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South Korea is also advancing proprietary technologies aimed at achieving near-zero
steelmaking emissions. POSCO’s FINEX process, a hydrogen-rich smelting-reduction technology,
demonstrates the potential for up to 95 percent emissions reduction compared to the BF-BOF
route.”” A major advantage of FINEX is its ability to use low-grade iron ore, making it more cost-
competitive than conventional DRI systems and highly relevant for resource geographies like
India and Japan, which rely heavily on lower-grade ore and seek to reduce import dependence.”™

Building on this, POSCO’s HyREX technology integrates hydrogen-based DRI production
using fluidised-bed reactors with an electric smelting furnace to produce liquid hot metal. This
offers a viable pathway to replace carbon-intensive blast furnaces while advancing near-zero
emission steelmaking.”™

South Korea’s approach is highly integrated, export-oriented, and driven by chaebol-scale
capital mobilisation, positioning it among the fastest-moving hydrogen-steel players globally.

22



©RF

Emerging Architecture for
Green Steel Collaboration in the
Region

egional cooperation on green steel has expanded significantly as Indo-Pacific

economies seek to align decarbonisation priorities with industrial competitiveness and

supply-chain resilience. Green steelmaking now features prominently in discussions

on critical materials, clean-technology deployment, standards harmonisation, and
secure procurement; a shift accelerated by CBAM, global net-zero pledges, and rising demand
for low-emissions steel from automotive and construction sectors.

Although no formal trilateral India—Japan-South Korea steel platform exists, the three
countries increasingly intersect across bilateral and regional dialogues, including India—Japan
industrial partnerships, Korea—Japan industry platforms, and broader Indo-Pacific economic
and energy cooperation forums, where steel decarbonisation is emerging as a shared priority.

These discussions have led to joint benchmarks for steelmaking R&D and supported smart
manufacturing pilot investments in India, such as a Joint Venture (JV) between India’s JSW steel
and Japan’s JFE Steel to expand the production capacity of cold-rolled grain-oriented electrical
steel across two Indian plants.® Furthermore, South Korea’s POSCO Group and India’s JSW
Steel have signed a non-binding Heads of Agreement to explore setting up a 6 MTPA integrated
steel plant in India.*" Additionally, POSCO has partnered with Japan’s JERA to develop a low-
carbon fuel value chain, an effort that could support future steel decarbonisation pathways by
enabling access to cleaner energy inputs.®
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At the 3rd India—]apan Steel Dialogue, both sides reaffirmed their commitment to deepening
cooperation across areas of mutual interest, including advanced steel technologies, supply-chain
resilience, and investment facilitation.*> The Japanese delegation explicitly assured continued
support for new-technology deployment and joint investments in India’s steel sector, reinforcing
Japan’s long-term role in India’s transition to low-emissions steelmaking.

This cooperation is also unfolding amid shifting trade dynamics. South Korea became India’s
largest steel supplier in FY 2024-25, particularly for high-grade products, surpassing China as
the leading supplier of finished steel to India between April 2024 and January 2025.%* This shift
elevates the importance of coordinated standards and reliable low-emissions supply networks
across the three economies.

Efforts toward harmonising green-steel definitions and certification systems have also begun
through informal coordination among standards bodies and industry associations in the region.
The World Steel Association’s (WSA) sustainability indicators and International Organisation for
Standardization’s (ISO) ongoing work on low-carbon steel guidelines offer a common foundation.
While full trilateral mutual-recognition frameworks are not yet formalised, early coordination
is visible in public-infrastructure procurement discussions and in bilateral dialogues involving
India—Japan and Korea—Japan steel associations.

Cross-border technology and standards advancement is also being catalysed through pilot
initiatives. The Japan Iron and Steel Federation’s Product Category Rules (PCRs), approved
in 2019 under the EcoLeaf environmental-label programme run by the Japan Environmental
Management Association for Industry (JEMAI), provide standardised lifecycle-impact rules for
steel products and secondary steel products used in both construction and non-construction
applications. This establishes a starting point for comparable emissions accounting across
regional markets. ¥

Similarly, South Korea has also formalised its approach. Since 2021, the Korean Green
Taxonomy has defined environmental criteria for 69 economic activities, including steelmaking,
enabling compliant companies to access preferential financing.*® Together, these initiatives
establish precise emission thresholds and third-party verification protocols to encourage mutual
recognition and market access for low-carbon steel.
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Beyond the three major economies, wider regional mechanisms are beginning to incorporate
green-steel supply-chain integration. The Association of Southeast Asian Nations (ASEAN) and
Australia have launched joint industrial eco-parks and are using the Regional Comprehensive
Economic Partnership (RCEP) to facilitate clean-technology flows and regional supply-chain
integration. Similarly, ASEAN-Japan and ASEAN-Korea energy cooperation frameworks now
also include industrial-decarbonisation workstreams centred on hydrogen, CCUS, and industrial
clusters.

Japan’s role within this emerging architecture is reinforced by its push to build a regional
hydrogen-supply backbone. It is expanding renewable-powered hydrogen-production hubs,
advancing liquefied-hydrogen import projects with Australia,*” and pursuing public—private
partnerships that establish early R&D and trade corridors with Indo-Pacific partners, including
India.®® While plans for a US$20 billion green-hydrogen facility are subject to political uncertainty
under the new administration, they underscore Japan’s ambition to anchor the region’s future

hydrogen economy.*

Further bilateral efforts are shaping this space as well. India’s and Japan’s ministerial meeting
in 2023 highlighted a country-specific cooperation model that aligns economic growth with
industrial decarbonisation. Meanwhile, Japan and South Korea have expressed interest in
India’s National Green Hydrogen Mission, positioning hydrogen supply, ammonia co-firing,
and electrolyser manufacturing as key areas of future convergence.

Broader cooperation is supported by emerging Asia-wide industrial consortia, including
collaborations among POSCO, Nippon Steel, and Indian steelmakers on carbon-reduction
technologies. Multilateral institutions including Asian Development Bank (ADB), Japan
International Cooperation Agency (JICA), the World Bank, and the Green Climate Fund, now
support capacity building, blended-finance platforms that combine public and concessional
capital with private investment to de-risk projects, and demonstration pilots for industrial
decarbonisation across the region.

Together, these initiatives indicate the emergence of a multi-layered regional architecture for
green-steel cooperation linking technology development, standards alignment, and investment
mobilisation across the Indo-Pacific.
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Policy Recommendations:
Accelerating a Trilateral Green
Steel Transition

uilding on the technology pathways and cooperation landscape outlined in this
report, the following recommendations identify priority interventions that can
unlock investment, harmonise standards, and accelerate low-carbon steelmaking
amongst India, Japan, and Korea as well as across the wider Indo-Pacific region.

Short Term: Governments can establish regular trilateral convenings to exchange expertise
on hydrogen-DRI deployment, CCUS retrofits, and supply-chain resilience. Standards bodies
could begin technical working groups to move toward aligned emissions thresholds and data-
reporting frameworks, building on existing WSA and ISO guidance. Industry and research
institutions should collaborate through joint R&D platforms to address bottlenecks in hydrogen
storage, ore preparation, scrap sorting, and EAF efficiency.

Medium Term: Countries could jointly support pilot-scale green hydrogen-based DRI plants,
cross-border demonstration projects, and testbeds for harmonised green-steel certification.
Governments can promote and incentivise green-steel usage in public procurement, to enable
early demand, encouraging sectors such as automotives, construction, and renewable-energy
manufacturing to adopt procurement targets for near-zero-emission steel.

Alongside demand creation, coordinated industrial partnerships can reduce technology and
financing risks. Joint ventures anchored by leading steelmakers such as Nippon Steel, Kobe
Steel, Tata Steel, and POSCO can provide technology guarantees and offtake commitments that
lower financial risk premiums.
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Proprietary low-emissions technologies, including South Korea’s FINEX steelmaking process
and HyREX hydrogen reduction process, could be shared through structured technology
partnerships to accelerate regional learning curves. In parallel, India, Japan, and South Korea
can co-develop hydrogen and ammonia corridors, shared standards for green-steel exports, and
financing vehicles for large-scale commercial hydrogen-DRI/EAF deployment. The trilateral
target for green steel certification should be to establish a mutual recognition framework that is
more aligned with global near-zero definitions.

Long Term: Following the development of hydrogen and ammonia corridors, all governments
should ensure incremental progress towards a long-term climate finance target, aiming to
leverage ADB, JICA, and K-EXIM coordination. Regional partners should transition from pilots
to integrated industrial clusters, including renewable-powered electrolysis, scrap-processing
hubs, and dedicated transport and storage for hydrogen and CO:. Over time, aligned certification
systems should evolve into mutual-recognition frameworks, facilitating seamless trade in low-
carbon steel.

Cross-Cutting System-Level Recommendations

Infrastructure for low-emission steelmaking: A foundational step is investment in purpose-
built infrastructure, including renewable-powered electrolysis; hydrogen transport and storage
systems; expanded grid capacity; and large-scale scrap-processing hubs. Existing supply chains
designed around coal and fossil fuels require modernisation to support electrified steelmaking,
circular-economy logistics, and low-carbon transport systems.

* Accelerate green hydrogen usage in DRI-EAF steelmaking: Using green hydrogen in
DRI-EAF configurations yields greater emissions reductions than hydrogen injection in
blast furnaces or CCUS retrofits. Accordingly, industrial policy should favour the transition
to H-DRI/EAF routes through R&D support, tax incentives for early adopters, and public
procurement mandates that specify low-carbon steel usage in infrastructure contracts. This
combination of supply-side incentives and demand-side pull will lower investor risk and
accelerate green steel adoption.

* Reduce green hydrogen costs and competitiveness barriers: With green hydrogen costs
in India currently estimated at US$3.5-5/kg,” recent tenders signal early cost declines,
including a record-low bid of INR 279 (US$3.08)/kg to supply 10,000 tonnes annually to
Numaligarh Refinery Limited, majority-owned by Oil India Limited.”’ However, globally,
green steel still costs around 40 percent more than unabated production today, highlighting
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the importance of scale, infrastructure, and policy support.”” To accelerate cost parity and
industrial transition, the three countries must prioritise domestic electrolyser manufacturing,
renewable expansion, long-term power-purchase mechanisms, and regional hydrogen
corridors. These efforts will bring hydrogen closer to parity by 2030, in line with India’s 5
MTPA green-hydrogen target.”

* Establish a trilateral green steel investment framework and scale blended finance:
Trilaterally, governments should aim to create standardised financial modelling and
develop a decision-support tool to compare the economic viability of different low-emissions
steelmaking pathways under country-specific conditions. This will reduce information
asymmetry between stakeholders, allowing for tracking of technology developments and
adjustment of policies over time. With steel recognised by the G20 Sustainable Finance
Working Group as one of the world’s top transition-finance priorities, the countries should
use this momentum to scale blended-finance vehicles. This can include tapping into
concessional credit lines and multilateral transition funds (ADB, JICA, GCF) to unlock
capital for low-emission steelmaking infrastructure, and workforce transition programmes
aimed at reskilling and capacity-building for eftective deployment. Coordinated financing
strategies can turn scattered pilot investments into a bankable regional decarbonisation
pipeline.

* Harmonising green-steel certification: Regional alignment on emissions thresholds,
measurement, reporting and verification (MRV), and certification protocols will reduce
transaction costs and enable smoother trade.” Reducing the minimum emission intensity
threshold of what qualifies as green steel, according to India’s newly released taxonomy, will
be key in meeting the ambitions of decarbonising the sector. Presently, three-star green-rated
steel must have an emission intensity between 2.0 and 2.2 t-CO,e /tfs, which remains above
the current global average of steelmaking of 1.9 t-CO,e /tfs. Further, a trilateral alignment
among India, Japan, and South Korea can serve as the foundation for a broader Indo-Pacific
mutual-recognition system, strengthening market access and regional supply-chain resilience.

Collectively, these recommendations can enable India, Japan, and South Korea to move
from fragmented national initiatives to a coherent, region-wide strategy grounded in shared
technology priorities, aligned standards, connected supply chains, and coordinated financing.
By acting together, the three economies can shape the Indo-Pacific’s emerging green-steel
architecture and position the region as a global leader in industrial decarbonisation.
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Conclusion: A Trilateral
Imperative for Green Steel
Leadership

he transition to green steel in the Indo-Pacific is no longer a distant objective but

a strategic necessity. India, Japan, and South Korea sit at the centre of this shift,

each contributing distinct strengths to a shared industrial transformation: India’s

expanding production base, Japan’s technological leadership, and South Korea’s
rapid hydrogen-scaling capabilities. As global markets tighten carbon-based trade measures and
demand for low-emissions steel accelerates, coordinated action across these three economies will
be crucial to safeguarding competitiveness, maintaining market access, and securing resilient
regional supply chains.

The pressures are mounting, from CBAM compliance to volatile commodity markets and
intensifying competition in low-carbon manufacturing. Yet these challenges also present a
rare window for deeper collaboration across technology pathways, standards harmonisation,
infrastructure development, and green-finance mobilisation. A trilateral approach ofters the
necessary scale and complementary advantages to move beyond fragmented pilots toward an
integrated Indo-Pacific ecosystem for near-zero-emission steel.

By aligning policy frameworks and leveraging public-private investment, India, Japan, and
South Korea can jointly unlock the deployment of hydrogen-DRI, strengthen and mutually
recognise green-steel certification, expand scrap-processing and hydrogen infrastructure, and
deploy CCUS where strategically viable. In doing so, the three economies can shape the rules,
standards, and supply chains that will govern the next era of industrial competitiveness.

Ultimately, whether the Indo-Pacific emerges as a global leader in industrial decarbonisation
or cedes that ground to more coordinated regions will depend on the choices made today. A
decisive trilateral partnership will not only accelerate the green-steel transition but also signal the
region’s intent to lead, rather than follow, the industrial transformations defining the decades
ahead.®©RF
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