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A B S T R A C T 

The steel industry of India needs to decarbonize its operations to achieve its Net Zero 2070 target because steel serves as an economic backbone. This document 

examines the combined system between Hydrogen-based Direct Reduced Iron (H2-DRI) production utilizing green hydrogen and improved Electric Arc Furnace 

(EAF) steel scrap recycling operations. A joint implementation of each individual decarbonization technology provides increased overall environmental benefits. 

The high-quality low-carbon H2-DRI product helps steel scrap of domestic origin overcome quality barriers so EAFs can incorporate more recycled materials. The 

method increases raw material adaptability and provides consistent product consistency while reducing power use and promoting a self-sustaining economic system 

through reduced dependence on imported coking coal and virgin materials. The adopted strategy follows DRI expertise in India while enhancing EAF capability 

and contributing to the National Green Hydrogen Mission goals. Reductions in green hydrogen costs and hydrogen transport infrastructure development with 

improvements in scrap collection systems remain as primary obstacles before achieving success. The key barrier also includes obtaining substantial capital 

investments. Rising over obstacles leads to significant environmental advantages including lower greenhouse gas outputs and manufacturing independence and the 

development of new green sectors and knowledgeable jobs and worldwide green steel authority. The successful implementation of this innovative approach demands 

partnerships between government entities that establish policies and enact incentives while providing infrastructure as well as industry-driven investments in 

technological developments supported by optimized monetary resources allocation. Strategic implementation of the H2-DRI and scrap synergy approach will help 

India build a sustainable circular steel industry which accelerates climate targets while improving economic opportunities. 
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1. Introduction 

The steel industry in India holds a central position in national economic growth because it drives GDP enhancements while fueling infrastructure 

development and employment opportunities which support 2.5 million jobs while following the 'Make in India' program. The industrial power comes 

with severe environmental damages. The Indian steel production sector generates 12% of national CO₂ emissions and this happens because it continues 

to use coal-based Blast Furnace-Basic Oxygen Furnace (BF-BOF) processes. The BF-BOF production process operates efficiently for big-scale iron ore 

processing in India yet it inherently demands big carbon emissions since it needs significant imports of metallurgical coal to produce CO2 emissions on 

an immense scale. The production of Direct Reduced Iron commonly termed sponge iron happens through traditional methods in India using coal or 

natural gas which increases the sector's emission levels. India faces a major hurdle in reaching its 2070 net-zero emissions target because of its ongoing 

dependence on fossil fuels. 

India's commitments under the Paris Agreement and its NDCs for emission reduction and Net Zero targets are directly challenged by the country's steel 

sector's CO2 emissions, which account for 12% of the total.  Because it produces a significant carbon footprint and inefficient waste treatment, our current 

industrial lifestyle—which involves extracting raw materials through a series of production disposal steps that follow a linear cycle—creates 

unsustainability.  This approach leads to environmental degradation, which depletes resources and exacerbates waste problems.  The industry cannot 

continue on its current development path since it violates the ideals of natural stewardship and exposes the sector to impending carbon cost legislation.  

To concurrently fulfill India's environmental responsibilities and development aspirations, a new approach needs be created.  

A fundamental redesign of steel lifecycle emerges during the current paradigm change that adopts Circular Economy principles. The new approach 

focuses on cutting virgin resource extraction and designing products for longer use combined with optimized steel scrap recovery processes. Steel's ability 

to be recycled makes it optimal for circular transformations because this shift functions as both an ecological plan and a financial opportunity to cut 

foreign dependence therefore supporting recycling industries while strengthening resource independence. A circular and decarbonized steel future relies 

on two technological solutions which include Hydrogen-based Direct Reduced Iron (H2-DRI) and enhanced Steel Scrap utilization. 

http://www.ijrpr.com/


International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 764-773 June 2025                                     765 

 

 

The source of primary steelmaking carbon emissions receives treatment through Hydrogen-DRI operations. Instead of coal or natural gas, H2-DRI 

employs hydrogen (H2) as the reducing agent. The integration of renewable-energy-produced electrolytic hydrogen into steelmaking processes yields 

virtually zero-carbon steelmaking that produces mainly water vapor. The National Green Hydrogen Mission in India supports renewable energy 

development since it aims for greenhouse gas reduction. H2-DRI enables India to process domestic iron ore resources and simultaneously reduce 

emissions during processing. 

Steel scrap usage represents the fundamental practice of circular economy which defines steel manufacturing. Electric Arc Furnace operations to melt 

scrap require only 70-80% of the energy needed and produce minimal CO2 emissions when compared to the traditional BF-BOF process. The expanding 

Indian economy will generate a larger amount of end-of-life scrap. It is essential to advance the efficient management of scrap collections and sorting 

along with processing and remelting operations because this approach reduces both emissions and energy usage and eliminates environmental concerns 

from mining raw materials. 

Combining improved scrap usage at a domestic steelwork with H2-DRI technology is a powerful way to cut carbon emissions.  Although these channels 

are often assessed independently through discourse, combining them yields new benefits. H2-DRI creates high-quality low-carbon virgin metallic raw 

material. Steel scrap exists in abundant supplies but consistently offers inconsistent qualities containing undesirable material impurities which modify 

product characteristics. The powerful cooperation occurs when top-quality H2-DRI materials merge with scrap in EAFs so the furnace can process higher 

amounts of domestic lower-grade materials by dispersing unwanted substances. The coordinated use of H2-DRI with scrap metal benefits the economic 

potential of increased scrap utilization while optimizing EAF operations, maintaining stable product quality and speeding up decarbonization and enabling 

better price stability. The research must focus on this interaction which might enable H2-DRI to improve scrap utilization while simultaneously advancing 

the technology of H2-DRI. 

Therefore, this paper delves into this promising nexus. It moves beyond advocating for H2-DRI or scrap recycling, instead investigating their combined 

deployment to accelerate India's transition towards a truly circular and low-carbon steel industry. The primary objectives are: 

1. To analyze the current status, future potential, and challenges of deploying H2-DRI in India, considering technological readiness, economic 

viability, infrastructure, and policy support. 

2. Analyze the current status, future potential, and challenges of deploying H2-DRI in India, considering technological readiness, economic 

viability, infrastructure, and policy support. 

3. To assess the landscape and potential for enhancing steel scrap utilization, examining availability, quality, infrastructure, and policy impact. 

4. To evaluate the synergistic benefits of integrating H2-DRI and scrap in EAFs, focusing on feedstock flexibility, quality control, 

decarbonization, infrastructure alignment, and circularity. 

5. To explore the technological, economic, infrastructural, policy-related, and social challenges and opportunities associated with this synergistic 

transition and help to formulate targeted policy recommendation. 

The study investigates the Republic of India as it combines green hydrogen production for DRI manufacturing and EAF steelmaking through scrap 

material integration. The H2-DRI and scrap synergy takes the central position in the analysis with CCUS and biomass serving as alternative 

decarbonization approaches. It takes a position that looks at Indian development goals from 2030 until 2070 and their associated climate targets. The 

study utilizes academic papers, government records, industry publications along with data retrieved from international databases for its research. The 

future projections about green hydrogen expenses and technology deployment infrastructure remain unknown. The research shows an overview of this 

subject matter but lacks the ability to perform detailed economic evaluations. 

2. Literature Survey 

2.1. Steel Decarbonization Options  

The steel industry at a worldwide scale need emergency decarbonization measures because its carbon dioxide emissions originated from the BF-BOF 

manufacturing pathway run by coal [IEA, 2021]. Various technologies are being researched to address carbon emissions through technological and 

operational approaches according to research studies. The available decarbonization approaches span from basic refinement methods to complete 

manufacturing process revolution. 

The first strategy for emission reductions includes operational improvements to furnaces together with heat recovery techniques and switching to better 

raw materials which collectively provide basic yet crucial reductions [Material Economics, 2019]. Establishing deep decarbonization requires businesses 

to adopt radical transformational technologies beyond basic improvements. The prominent method to capture carbon emissions utilizes Carbon Capture 

Utilization and Storage (CCUS). Research indicates that CCUS enables the addition of preexisting infrastructure to BF-BOF plants or installation in 

Smelt Reduction and gas-based Direct Reduced Iron (DRI) processes to reach emission sequestration rates of 80-95% [Hasanbeigi et al., 2021; Bataille 

et al., 2018]. Operating difficulties stem from high capital expenses along with running expenses, energy-related drawbacks and issues related to long-

term storage security and social acceptance of CCUS approaches according to research by Kuramochi et al., [2012] and Leeson et al., [2017]. 
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New scientific research exposits primary attention on discontinuing the use of coal as a main reducing agent. The partial decarbonization of blast furnaces 

through PCI replacement using charcoal or waste plastics as substitutes faces challenges because of sustainable biomass resource constraints and waste 

material variability [Suopajärvi et al., 2018; Aranda et al., 2022]. Scientists are developing DRI production through natural gas utilization as a cleaner 

transition method for steelmaking when gas infrastructure is available [IEA, 2021]. 

The most promising pathway for near-zero emission primary steelmaking highlighted extensively is Hydrogen Direct Reduction (H2-DRI) coupled with 

Electric Arc Furnaces (EAF) [Vogl et al., 2018; Fischedick et al., 2014]. In this process, hydrogen replaces carbonaceous reductants (natural gas or coal 

gas) to reduce iron ore. When powered by green hydrogen produced via electrolysis using renewable electricity, the process emits primarily water vapor 

[Bhaskar et al., 2020]. Numerous pilot and demonstration projects globally signal its technical feasibility, though the economic viability currently hinges 

heavily on the declining cost of renewable energy and green hydrogen production [IRENA, 2020; Otto et al., 2017]. Ore quality requirements and the 

need for significant renewable energy infrastructure are noted challenges [Xylia et al., 2021]. 

The primary decarbonization tool consists of improving circular economy performance by maximizing EAF-based steel scrap recycling activities.  

Primary steelmaking methods release higher amounts of energy together with more direct emissions than the EAF process [World Steel Association, n.d.; 

Milford et al., 2011].  The availability of scrap materials across the globe remains constrained and tramp elements accumulate in scrap steel pools leading 

to reduced steel quality according to Daehn et al., 2017 and Birat & Sørli, 2016.  The field of research focuses on developing effective methods for scrap 

collection, sorting operations and materials upgrade procedures [Reck & Graedel, 2012]. 

Producers develop the longer-term electrolysis technology Molten Oxide Electrolysis (MOE) to convert iron ore into liquid iron while bypassing hydrogen 

or carbon reductants [Allanore et al., 2013]. The MOE technology presents great potential but encounters multiple challenges involving high temperatures 

and material degradation and the need to build it from laboratory prototypes [Nardo et al., 2022]. A multifaceted approach combining available resources 

with existing infrastructure and policy frameworks should be used for achieving the complete decarbonization needed by the steel industry worldwide 

according to research [Wesseling et al., 2017; IEA, 2021]. 

2.2. Advancements and Innovations in H2-DRI Technology within the Indian Context 

The country of India dedicates resources to develop Hydrogen Direct Reduced Iron (H-DRI) technology through multiple research programs alongside 

demonstration projects. The National Green Hydrogen Mission enabled the government to support three major pilot projects which focus on bringing 

hydrogen to steel production. The 50 TPD pilot plant operates as a joint effort between Matrix Gas and Renewables Ltd and Gensol Engineering Ltd and 

IIT Bhubaneswar and Metsol AB (Sweden) to create 100% hydrogen-based DRI production within a vertical shaft.83 Simplex Castings Ltd has initiated 

a 40 TPD pilot with partners BSBK Pvt Ltd and Ten Eight Investment and IIT Bhilai to study using hydrogen in an existing blast furnace for coal/coke 

consumption reduction. The Steel Authority of India Ltd (SAIL) operates its largest initiative as a 3,200 TPD pilot project located in Ranchi that injects 

hydrogen into a vertical shaft-based DRI making unit.83 The Government of India contributed INR 347 crore to support these projects and they are 

expected to start operations within the next three years. 

Jindal Stainless Limited operates the first green hydrogen plant in the stainless steel sector at their Hisar facility. Hygenco India constructed this self-

sufficient plant to decrease carbon pollution substantially. IMMT coordinates a consortium that undertakes research to demonstrate a 100% hydrogen-

based DRI production technology. The research organization TERI analyzes the practicality and economic aspects of green hydrogen-based steel 

production in the Indian industry during multiple future time periods. 

These advancements in H2-DRI technology within India face several unique challenges. The development of green hydrogen production for H-DRI needs 

economical electrolysis systems alongside extensive implementation of renewable power sources. Optimizing H-DRI reactor designs to efficiently utilize 

the specific grades of iron ore available in India with hydrogen as the sole reductant is another key area of research.10 Additionally, the development of 

robust infrastructure for the storage, transportation, and distribution of hydrogen to steelmaking clusters across the country is crucial for the widespread 

adoption of H-DRI.69 Researchers are also investigating the potential impacts of using 100% H-DRI in EAFs on aspects such as melting behavior, energy 

consumption, and slag formation, as the absence of carbon compared to traditional DRI processes will require adjustments in operational parameters. 

2.3. Economic and Environmental Implications of Transitioning to a Circular Steel Economy in India 

The implementation of circular steel economy methods using H-DRI together with elevated scrap steel utilization creates noteworthy economic and 

environmental effects for India. A change toward this circular steel system enables India to decrease its dependence on coking coal imports because this 

sector presently uses significant amounts of imported materials. By increasing steel scrap utilization within domestic operations India could reduce both 

its imported ferrous materials and enhance its financial savings abroad. The core advantage of steelmaking through scrap instead of primary production 

basis leads to improved energy efficiency which generates long-term financial benefits. A strong circular steel economy will evolve new industries that 

process scrap materials as well as develop recycling technologies and green hydrogen facilities thus generating many positions along the value chain. By 

adopting green steel production methods India can lead the worldwide demand for low-carbon materials which gives them an advantage in terms of 

economic strength with potential opportunities to expand new export markets. 

The transition brings about significant advantages for environmental purposes. By using more scrap materials along with green hydrogen-based H-DRI 

technology India's steel industry will diminish its greenhouse gas production and fulfill its Net-Zero emissions goal by 2070. Additionally the steel 
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recycling process preserves natural resources such as iron ore and coal and decreases both water usage and extractive waste. The evolution toward 

steelmaking processes that do not utilize coal as a base will reduce pollution emissions for air and water resources. 

The large-scale economic and environmental benefits are notable but these benefits require thorough examination of expensive starting costs. Present-

day H-DRI plant investment costs along with green hydrogen production expenses exceed traditional blast furnace setting levels. Future analysis shows 

that the expense of green hydrogen production will reduce substantially up to 2030 and at an even deeper level through 2040 leading to improved cost 

arrangements for H-DRI steel. Carbon pricing at a global level can boost the economic profitability of green steel manufacturing. 

 

Figure 1 - Pollution Figures (2020) 

3. Methods 

Indian steel manufacturers are actively investigating circular production models because they need more efficient resource management to reduce carbon 

emissions.  The production method connects increased scrap steel applications with hydrogen-based Direct Reduced Iron (H2-DRI) technology.  The 

understanding of change factors must include perspectives from stakeholders and frameworks from legislation and requirements from infrastructure and 

economic feasibility and technology readiness.  Through thematic analysis researchers gain an efficient framework to study complex transition details by 

uncovering the hidden patterns within qualitative data.  This research method demonstrates how to reveal crucial themes which provide rich information 

regarding the challenges and promotive factors of establishing a circular steel economy through scrap synergies and H2-DRI in India. 

3.1. Hydrogen Direct Reduced Iron (H-DRI) Process 

The Hydrogen Direct Reduced Iron (H-DRI) process functions as a state-of-the-art technological method to produce steel through a model that drastically 

minimizes carbon dioxide emissions. The basis of this process requires hydrogen gas (H2) to serve as a reducing agent for processing iron ore pellets into 

direct reduced iron (DRI) products known as sponge iron.9 The reduction occurs inside a reactor at temperatures between 800 and 1,200 degrees Celsius 

which stays below the melting point of iron. 

The Hydrogen Direct Reduced Iron (H-DRI) process functions as a state-of-the-art technological method to produce steel through a model that drastically 

minimizes carbon dioxide emissions. The basis of this process requires hydrogen gas (H2) to serve as a reducing agent for processing iron ore pellets into 

direct reduced iron (DRI) products known as sponge iron.9 The reduction occurs inside a reactor at temperatures between 800 and 1,200 degrees Celsius 

which stays below the melting point of iron. 

H-DRI process produces solid sponge-like DRI material high in iron which goes into Electric Arc Furnace (EAF) before steelmaking stage. An EAF 

melts down the DRI while processing it together with steel scrap to produce desired steel grades. The incorporation of scrap within the Electric Arc 

Furnace aids in steel carbon control while supporting general energy savings and emission reductions. 

The H-DRI method effectively reduces steel manufacturing carbon emissions making it a major advantage of this method.  Beyond conventional blast 

furnace operations using water vapor as the reducing agent H-DRI technology produces 95% less CO2 emissions.  The H-DRI technology stands as a 

fundamental solution for steel industry decarbonization worldwide because it eliminates nearly all emissions.  The H-DRI process operates at lower 

temperatures than blast furnaces thus leading to possible gains in energy efficiency.  The steelmaking process that utilizes H-DRI operates without 

requiring coking coal which represents both a significant air contaminant and a significant CO2 pollution source. 

3.2. Thematic Analysis: Decarbonizing the Indian Steel Industry: The Potential of Hydrogen Direct Reduced Iron 

The analysis of Hydrogen Direct Reduced Iron (H-DRI) for Indian steel industry decarbonization uses thematic methods to identify its potential. The 

main part of this analytical work requires professionals to recognize fundamental patterns (themes) from the Analysis while conducting thorough 
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examinations and providing assessments about H-DRI implementation challenges and benefits and strategic elements in India. The analysis executes 

thematic analysis through several sequential stages beginning with familiarization and continuing with coding then theme generation before theme review 

and subsequent steps of theme definition and naming and report writing. 

Table 1 - Existing Infrastructure Relevant to H-DRI in India 

Infrastructure Category Data 

Iron Ore Production 275 - 287.9 MMT 

Estimated Share of DR-Grade Iron Ore ~12% 

Total DRI Capacity 40 - 49.3 MTPA 

Share of Coal-Based DRI Capacity >80% 

Share of Gas-Based DRI Capacity ~12.20 MTPA 

EAF Capacity ~37 MTPA 

Average Capacity Utilization ~74% (EAF) 

3.2.1. Familiarization with the Data 

The entire Analysis, "Decarbonizing the Indian Steel Industry: The Potential of Hydrogen Direct Reduced Iron," was thoroughly read and re-read to 

become immersed in the data and gain a comprehensive understanding of the subject matter. This involved identifying key concepts, arguments, and 

supporting evidence related to H-DRI, hydrogen production, existing infrastructure, and decarbonization strategies within the Indian steel sector. The 

research process required identifying main concepts and arguments along with supporting evidence about H-DRI and hydrogen production and existing 

infrastructure and decarbonization strategies for the Indian steel sector. 

 

Figure 2 - Emission(MT) vs Product (MT) 

3.2.2. Generating Initial Codes 

During the initial reading and re-reading, key segments of the Analysis were systematically coded. These codes are short, descriptive labels that capture 

the essence of the information. Examples of initial codes generated include: 

1. H-DRI Advantages 
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a. Potential for near-zero emissions steel production 

2. Green Hydrogen Challenges: 

a. High cost of green hydrogen, infrastructure development needed 

3. Government Policies: 

a. National Green Hydrogen Mission, Green Steel Mission 

4. Steel Industry Emissions: 

a. Significant source of greenhouse gas emissions, 12% of India's total CO2 emissions 

5. Iron Ore Issues: 

a. High-grade iron ore requirement, beneficiation processes needed 

6. DRI Production Landscape: 

a. Dominance of coal-based technology, gas-based DRI capacity 

7. EAF & Scrap Utilization: 

a. EAFs and IFs constitute a significant portion of India's steelmaking capacity, increasing the utilization of steel scrap 

8. Technology Transfer: 

a. Strategic collaborations with international technology providers 

9. Financial Hurdles: 

a. High upfront capital investments, innovative financing mechanisms needed 

10. Market Demand: 

a. Growing demand for green steel, implementation of stricter environmental regulations 

11. NDCs and Climate Goals: 

a. Alignment with India's net-zero target, pledge to reduce the emissions intensity 

12. Comparison with CCS: 

a. High capital and operational costs, limited availability of suitable CO2 storage sites 

These initial codes were applied to relevant segments of the Analysis, marking important points and establishing a foundation for thematic development 

3.2.3. Searching for Themes 

The codes were then analyzed, and potential themes began to emerge. This involved grouping related codes to identify broader patterns and overarching 

ideas. For instance, codes relating to "H-DRI Advantages", "Government Policies", and "Market Demand" were clustered to form the theme: 

"Opportunities and Drivers for H-DRI Adoption." Similarly, codes relating to "Green Hydrogen Challenges," "Infrastructure Development", and 

"Financial Hurdles" coalesced into the theme: "Challenges to H-DRI Implementation." 

3.2.4 Reviewing Themes 

The initially generated themes were carefully reviewed to ensure they accurately reflected the coded data and the broader conAnalysis of the Analysis. 

This process involved revisiting the original Analysis, comparing coded extracts, and refining theme definitions. Some themes were split, combined, or 

redefined based on their coherence and the strength of supporting evidence. For example, "Government Policies" and "Market Demand" became 

subthemes within the "Opportunities and Drivers" theme. 

3.2.5. Defining and Naming Themes 

The themes were refined, and their essence was clarified. Concise and meaningful names were assigned to each theme. The following themes were 

finalized: 

1. Opportunities and Drivers for H-DRI Adoption: This theme encompasses factors that create a favourable environment for H-DRI adoption, 

including government policies, market demand for green steel, and the inherent advantages of H-DRI. 
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2. Challenges to H-DRI Implementation: This theme focuses on the hurdles that must be overcome to enable widespread H-DRI adoption, 

including the high cost of green hydrogen, infrastructure limitations, and financial constraints. 

3. Strategic Considerations for H-DRI Implementation: This theme focuses on a holistic approach to H-DRI implementation, encompassing 

technological transfer, regional spillovers, and the need for long-term financial investments. 

4. H-DRI's Role in India's Decarbonization Goals: This theme examines how H-DRI can contribute to India's climate targets and net-zero 

ambitions. 

5. Comparison with Alternative Decarbonization Pathways: This theme evaluates H-DRI in comparison to the carbon capture and scrap-

utilization strategies. 

6. Existing Initiatives and Pilot Projects: This theme explores ongoing efforts, projects, and programs of H-DRI adoption or to make a transition 

towards the same. 

4. Result Conclusion 

H-DRI proves essential for decarbonizing India's steel operations as the investigation demonstrates its position as a vital technology to meet national 

climate targets through zero emission initiatives. The widespread adoption of H-DRI in India requires effective solutions for the challenges that will 

enable widespread success. The successful implementation of H-DRI depends crucially on resolving three major barriers that involve ensuring economic 

sustainability for green hydrogen production and building a comprehensive infrastructure and securing sufficient financial capital for deploying H-DRI 

operations.H-DRI's complete transformative potential requires a combined effort from different entities to enable a sustainable shift to a globally 

competitive steel industry. Additional recommendations are presented here which build upon the initial document while providing complete sustainable 

and performance-driven solutions: 

4.1. Government 

a) Strengthen Policy and Incentives: Current policies should be extended with specific financial assistance for green hydrogen production in 

the steel industry. Strategies involving carbon pricing elements and feed-in tariff systems for green hydrogen utilized in steel production must 

be explored to reduce implementation costs and speed up project feasibility. 

b) Develop National Hydrogen Infrastructure Roadmap with Green Steel Priority: The establishment of a complete hydrogen infrastructure 

plan needs to include national objectives and deadlines for green hydrogen manufacturing and storage as well as transport systems. A planned 

roadmap must establish green steel corridors which function as local transportation facilities around key steel production zones for better 

logistical efficiency combined with industrial synergy. 

c) Promote R&D and Technology Transfer with Localized Focus: Active support for H-DRI technology research and development should 

focus on optimizing the processes according to Indian iron ore specifications and production conditions. The addition of an H-DRI technology 

transfer facilitation platform should connect with renowned technology providers while implementing financial support initiatives for native 

innovation in H-DRI technology space. 

d) Implement Green Public Procurement with Stringent Standards: The government should establish mandatory green procurement 

practices which define ambitious objectives to use green steel products especially H-DRI steel for all infrastructure initiatives and military 

projects backed by public funds. Create and put into practice a system which includes Lifecycle Analysis (LCA) in material selection to 

guarantee all projects uphold sustainability goals. 

e) Establish Robust Standards and Certification System: Establish specific and durable certification processes to monitor both green 

hydrogen and green steel production in H-DRI systems. The system will develop transparency combined with consumer confidence and trade 

flow solutions for the worldwide green steel market. The implementation of blockchain technology as a tracking system enables consumers 

to follow steel products from source origin up to their environmental impact information 

f) Facilitate Access to Low-Cost Financing and Green Finance Instruments: The development of H-DRI projects needs government 

assistance in managing green finance markets and accessing low-cost funding. The development of government-backed guarantees, green 

bond promotion, blended financial options through public-private capital partnership must be combined with sustainable tax benefit systems. 

g) All authors are required to complete the Procedia exclusive license transfer agreement before the article can be published, which they can do 

online. This transfer agreement enables Elsevier to protect the copyrighted material for the authors, but does not relinquish the authors’ 

proprietary rights. The copyright transfer covers the exclusive rights to reproduce and distribute the article, including reprints, photographic 

reproductions, microfilm or any other reproductions of similar nature and translations. Authors are responsible for obtaining from the copyright 

holder, the permission to reproduce any figures for which copyright exists. 
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4.2. Steel Industry Stakeholders 

a) Increase Investment in R&D and Pilot Projects with Rapid Scalability: Significantly increase investments in research and development 

activities and the establishment of pilot projects focused on H-DRI technology adoption. Focus these efforts on optimizing the process for 

Indian iron ore qualities and specific operational conditions. Rapid scale-up and commercialization through the aggregation of projects and 

the standardization of components are critical to expedite the transition. 

b) Explore Partnerships and Collaborations with Global Experts: The company needs to actively seek collaborative ventures with 

international technology providers as well as research institutions and additional stakeholders to achieve its goals. The company engages in 

mutual knowledge exchange and practice-sharing and combined innovation work for new solutions. The organization should start industry 

collaborative projects to boost adoption rates. 

c) Transition Existing Gas-Based DRI Plants with Phased Hydrogen Blending: Create a step-by-step strategy to convert existing gas-

powered DRI facilities into even operations with increasing amounts of hydrogen until they reach 100% H-DRI capability when green 

hydrogen prices become competitive. The current workforce should receive training along with retraining simultaneously. 

d) Invest in Energy Efficiency, Renewables, and Green Hydrogen Production: Steel plants should adopt broad energy efficiency methods in 

their whole steel production chain while actively investigating the potential of solar and wind energy systems to supply power requirements 

for steel plants and green hydrogen facilities. Pinpoint the establishment of captive green hydrogen facilities and organize long-term purchasing 

agreements with hydrogen producers for securing a stable supply network. 

e) Collaborate on Infrastructure Development and Green Hydrogen Supply Chains: Actively participate in government and stakeholder 

programs for planning and developing green hydrogen supply chain and infrastructure. Industry knowledge provision, support for H-DRI 

ecosystem development and assistance in building necessary storage and distribution systems should be the focus of this participation. 

4.3. Potential Investors: 

a) Recognize Long-Term Growth Potential and Diversify Investment Strategies: Consider the enormous future expansion prospects of 

India's green steel market because of domestic market growth and market expansion potential. The investment strategy should include various 

H-DRI projects and green hydrogen infrastructure while adopting flexible operational approaches. 

b) Prioritize ESG Investments with Rigorous Due Diligence: Strategic project investments require full compliance with demanding ESG 

requirements since green steel serves as an essential factor when evaluating specific criteria. Complete examination of projects through 

environmental and sustainability check-ups should become part of your investment assessment process to reduce risk exposure. 

c) Engage with Government, Industry, and International Partners: Be proactively involved with both government authorities and members 

of the steel industry. Such an approach will help identify changes in policy environment while building comprehensive understanding of 

investment conditions and predicting both advantages and threats for India's transition toward green steel production. International specialists 

will work together to build a risk management framework that delivers updated information about the project's progression. 

4.2 Possible Direction to Policy Makers: 

a) Strengthen Policy & Incentives: Enhance policy support and financial incentives for green hydrogen in steel.  

b) Develop National Hydrogen Infrastructure Roadmap: Create a roadmap for green hydrogen production, storage, and transport near steel 

centers.  

c) Promote R&D & Technology Transfer: Support H-DRI research, optimize for Indian conditions, and facilitate international collaboration.  

d) Implement Green Public Procurement: Mandate green steel use (including H-DRI) in government projects.  

e) Establish Standards & Certification: Develop clear standards for green hydrogen and H-DRI steel.  

f) Facilitate Access to Low-Cost Financing: Support green finance and access to affordable funding for H-DRI projects. 

5. Conclusion 

India's steel industry, a cornerstone of its economy contributing significantly to GDP and employment, confronts an urgent need to reconcile its growth 

with pressing environmental imperatives, particularly the nation's Net Zero 2070 commitment. The sector's heavy reliance on carbon-intensive, coal-

based production methods renders it a major industrial emitter, demanding a fundamental transition towards sustainability and circularity. This research 

highlights that such a transformation is not only necessary but achievable through strategic technological integration. 

India's steel industry is transitioning through two essential sustainability routes that combine Hydrogen-based Direct Reduced Iron (H2-DRI) production 

through green hydrogen from renewable energy plants along with higher amounts of domestic steel material recycling using Electric Arc Furnaces (EAFs). 
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Better scrap utilization together with H2-DRI production lets the circular economy principles create zero emission steel manufacturing while minimizing 

resource and energy usage. 

The argument presented in this paper establishes that the most advantageous approach combines these pathways by using their combined strength. The 

key success factor emerges from the natural compatibility between top-quality low-carbon H2-DRI and unpredictable scrap mixtures fed into the EAF 

process. The utilization of H2-DRI as a dilution method for scrap impurities makes it possible to use greater amounts of Indian scrap thus expanding 

feedstock options while improving product quality and reducing costs of recycling operations. The collaborative approach matches the Indian context 

considering its current DRI operations and emerging EAF capabilities as well as its national hydrogen strategy through the Green Hydrogen Mission. 

Significant challenges admittedly remain. The major barriers consist of lowering green hydrogen production expenses while increasing manufacturing 

scale and establishing robust distribution systems for hydrogen along with superior scrap recycling and processing facilities and obtaining substantial 

funding from investors. 

The integration between steelmaking methods presents substantial rewards even though various obstacles exist. The integrated method offers substantial 

greenhouse gas emission cuts while improving national resource independence through local supply of coking coal and scrap and enabling new green 

industries with job creation for India in the global green steel market. 

Such future demands coordinated nationwide teamwork by all stakeholders of the nation. Governments should implement effective policies which include 

specific incentives alongside infrastructure backing and green procurement guidelines to make progress. Becoming an innovative steel sector with 

advanced technology through public-private sector collaboration together with astute investments from investors who recognize long-term worth will 

determine future success. The strategic implementation of H2-DRI together with scrap principles allows India to manage its transformation effectively 

thus establishing the steel industry as a global leader for sustainability and circular economic practices. 
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