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Abstract

Jharkhand, home to India’s first integrated steel plant and the iconic city of

Jamshedpur, remains a pivotal center of Indian steelmaking with 18-20 million

tonnes annual production. The state faces unique challenges in decarbonizing its

legacy infrastructure while maintaining its historic leadership in the sector. This

document examines Jharkhand’s steel industry landscape, its rich industrial her-

itage, decarbonization pathways, and the transition strategies for one of India’s

most established steel-producing regions.
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1 Introduction: The Steel Legacy State

1.1 Historical Significance

Jharkhand’s steel history predates Indian independence:

• 1907: Tata Iron and Steel Company (TISCO) founded in Jamshedpur

• First Integrated Plant: India’s pioneering steel production facility

• Bokaro Steel Plant: Established in 1960s as major public sector unit

• Industrial Heritage: Over 115 years of continuous steelmaking tradition

• Skilled Workforce: Generations of expertise in steel production

• ”Steel City” Jamshedpur: India’s first planned industrial city

1.2 Current Production Profile

Metric Value (FY 2023-24)

Crude Steel Production 18-20 million tonnes
Share of National Production 15-16%
Rank Among Indian States 2nd-3rd
Major Production Centers Jamshedpur, Bokaro, Ranchi
Primary Technology BF-BOF (integrated plants)
Notable Feature Oldest integrated steel plants

Table 1: Jharkhand Steel Sector Overview

1.3 Geographic and Economic Context

• Capital: Ranchi

• Formation: 2000 (carved from Bihar)

• Population: Approximately 38 million

• Strategic Location: Central-eastern India, landlocked

• Industrial Base: Steel, mining, power generation

• Economic Role: Steel contributes significantly to state GDP
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2 Natural Resource Base

2.1 Iron Ore Reserves

• Total Reserves: Approximately 2.6 billion tonnes

• Major Deposits: Noamundi, Gua, Chiria, Kiriburu

• Quality: High-grade hematite and magnetite

• Mining History: Over century of extraction

• Depletion Concern: Some mines approaching end-of-life

• New Exploration: Ongoing efforts to identify additional reserves

2.2 Coal Resources

Abundance and Quality:

• Coalfields: Jharia, Bokaro, Karanpura, Ramgarh, North Karanpura

• Type: Both coking coal and thermal coal

• Jharia Coalfield: India’s most important coking coal source

• Production: Approximately 150+ million tonnes annually (state total)

• Quality Issues: High ash content in some seams

• Underground Fires: Jharia coalfield fire challenges

Strategic Importance:

• Coking coal essential for blast furnace operations

• Supplies steel plants across India

• Captive coal blocks allocated to steel companies

• Coal India Limited (CIL) subsidiaries operate major mines

2.3 Other Minerals

• Limestone: Available for flux material

• Dolomite: Present in adequate quantities

• Manganese: Some deposits for alloying

• Copper: Deposits in Singhbhum region

• Bauxite: Limited reserves
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2.4 Water Resources

• Major Rivers: Damodar, Subarnarekha, Koel, South Koel

• Reservoirs: Numerous small and medium dams

• Industrial Use: Significant water demand from steel and power sectors

• Stress Factors: Seasonal variability, pollution from mining/industry

• Conservation Needs: Improved water management required

2.5 Renewable Energy Potential

• Solar: Moderate potential (4.5-5.0 kWh/m²/day)

• Wind: Limited, not a major wind energy state

• Small Hydro: Some potential in hilly regions

• Biomass: Forest and agricultural residues available

• Challenges: Lower renewable potential than western/southern states

• Opportunity: Solar parks under development

3 Major Steel Producers

3.1 Tata Steel Jamshedpur

Overview:

• Established: 1907 - India’s first integrated steel plant

• Capacity: Approximately 10 MTPA

• Technology: Multiple blast furnaces and BOF converters

• Products: Wide range including automotive steel, construction steel

• Global Integration: Part of Tata Steel Limited’s worldwide operations

Modernization and Upgrades:

• Continuous investment in technology upgrades

• New blast furnace commissioned (BF#7)

• Cold rolling mill expansion

• Advanced high-strength steel production capability

• Digitalization and Industry 4.0 initiatives

Sustainability Initiatives:
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• Energy Efficiency: Among India’s most efficient integrated plants

• Emission Intensity: Approximately 2.1-2.3 tonnes CO2/tonne steel

• Green Hydrogen: Pilot projects and feasibility studies

• Renewable Energy: Captive solar power installations

• Waste Utilization: Extensive slag recycling programs

• Water Management: High recycling rates

• Target: Net-zero by 2045 (Tata Steel global commitment)

R&D and Innovation:

• In-house R&D center with focus on product development

• Collaboration with IIT, IISc on green technologies

• Membership in global steel sustainability initiatives

• Technology scouting for decarbonization solutions

3.2 SAIL - Bokaro Steel Plant (BSL)

Overview:

• Established: 1964, commissioned in 1972

• Capacity: 4.7 MTPA

• Technology: Integrated BF-BOF complex

• Products: Flat and long steel products, rails

• Ownership: Public sector (Steel Authority of India Limited)

Strategic Importance:

• Major supplier to railways and construction sectors

• Employment generator for Bokaro region

• Technology transfer from Soviet Union (historically)

• Training center for steel industry professionals

Modernization Challenges and Efforts:

• Aging infrastructure requiring significant capex

• Government funding for modernization programs

• Energy efficiency improvement projects

• Environmental compliance upgrades
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• Challenges in competing with private sector efficiency

Sustainability Approach:

• Emission reduction through process optimization

• Waste heat recovery systems installation

• Adoption of pulverized coal injection (PCI)

• Solar power integration plans

• Water recycling enhancements

• Alignment with SAIL’s overall sustainability roadmap

3.3 Electrosteel Steels Limited (ESL)

Profile:

• Location: Bokaro district

• Capacity: Approximately 2.5 MTPA

• Technology: DRI-EAF route

• Products: TMT bars, structural steel

• Ownership: Vedanta Group (acquired 2018)

Decarbonization Potential:

• EAF technology inherently more flexible for green transition

• Potential for 100% renewable electricity use

• DRI plant conversion to natural gas or hydrogen

• Lower emission intensity than BF-BOF route

• Scrap utilization capability

3.4 Other Steel Producers

• Usha Martin Limited: Specialty steel and wire products

• Various Induction Furnace Units: Secondary steel producers

• Sponge Iron Plants: Multiple DRI units across state

• Rolling Mills: Downstream steel processors
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4 Decarbonization Challenges

4.1 Legacy Infrastructure

The Retrofit Dilemma:

• Tata Steel Jamshedpur: 117 years old, continuous upgrades but basic BF-BOF route
remains

• Bokaro Steel Plant: 50+ years old infrastructure

• Capital intensity of building new plants vs. retrofitting existing

• Remaining asset life: 20-40 years for major equipment

• Sunk costs in existing infrastructure

• Social and political sensitivities around plant closures

Technology Lock-in:

• Blast furnace technology optimized over decades

• Integration with downstream facilities

• Workforce skills oriented toward existing processes

• Supply chains built around conventional production

• Limited flexibility for radical technology change

4.2 Resource Dependence

Coal Dependency:

• State economy heavily reliant on coal mining

• Coking coal essential for current blast furnace operations

• Large workforce dependent on coal sector

• Political economy challenges in moving away from coal

• Jharia coalfield fires adding environmental urgency

Transition Complexity:

• Need to maintain steel production while transforming energy base

• Just transition for coal mining workforce

• Regional economic diversification required

• Time horizon for complete transition: 30-40 years minimum
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4.3 Landlocked Location

Logistical Disadvantages:

• No coastal access for green hydrogen imports

• Higher transportation costs for exports

• Dependence on rail and road for all material movements

• Distance from major ports: 300-400 km to Kolkata/Paradip

• Green ammonia import as hydrogen carrier less feasible

Infrastructure Needs:

• Hydrogen pipeline connectivity from coastal production sites

• Enhanced rail freight capacity

• Road network improvements

• Potential for dedicated industrial corridors

4.4 Limited Renewable Energy Potential

• Lower solar irradiation than western/southern India

• Minimal wind energy potential

• Land constraints for large-scale solar parks

• Competing land use (agriculture, forest, mining)

• Need for external renewable energy procurement

• Higher cost of renewable power transmission from other states

4.5 Water Scarcity

• Industrial and urban water demand growing

• Seasonal water stress in summer months

• Mining activities affecting watershed health

• Green hydrogen production would increase water demand significantly

• Need for advanced water conservation and recycling

• No desalination option (landlocked)
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4.6 Socio-Economic Considerations

Employment Concerns:

• Steel sector directly employs 100,000+ workers in Jharkhand

• Indirect employment much larger (mining, transport, services)

• Aging workforce in legacy plants

• Skills mismatch for green technologies

• Union presence and worker rights considerations

• Social security during transition critical

Community Dependencies:

• Jamshedpur and Bokaro: company towns with steel plants at center

• Municipal services often provided by steel companies historically

• Entire regional economies built around steel production

• Educational and healthcare infrastructure linked to plants

• Cultural identity tied to steel industry

5 Decarbonization Pathways

5.1 Near-Term Strategies (2025-2030)

5.1.1 Energy Efficiency Optimization

Current Performance:

• Tata Steel Jamshedpur among most efficient in India

• Bokaro has improvement potential of 10-15%

• Smaller producers vary widely in efficiency

Improvement Measures:

• Enhanced Pulverized Coal Injection (PCI) rates in blast furnaces

• Top gas recovery turbines (TRT) installation/optimization

• Coke dry quenching (CDQ) for heat recovery

• Advanced process control systems

• Predictive maintenance using AI/ML

• Variable speed drives for motors

• LED lighting and HVAC optimization

Expected Impact: 5-10% emission reduction
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5.1.2 Renewable Energy Integration

On-site Generation:

• Rooftop solar on plant buildings (50-100 MW potential)

• Ground-mounted solar on unutilized land within plant boundaries

• Small-scale wind if feasible locations identified

• Biomass co-generation using local agricultural residues

Off-site Procurement:

• Open access agreements for solar power from other states

• Wind power from coastal regions (Odisha, Gujarat)

• Participation in renewable energy parks

• Group captive models with other industrial consumers

• Power purchase agreements (PPAs) with renewable developers

Challenges:

• Interstate transmission charges and losses

• Banking regulations for variable generation

• Grid infrastructure adequacy

• Higher landed cost compared to states with better RE potential

Target: 15-20% of electricity from renewables by 2030

5.1.3 Waste Heat and Gas Recovery

• Capture blast furnace gas (BFG) for power generation

• Coke oven gas (COG) utilization

• Basic oxygen furnace (BOF) gas recovery

• Waste heat from hot steel products

• Steam generation from various hot sources

• Combined heat and power (CHP) optimization

Potential: 100-200 MW additional power generation, reducing grid dependence
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5.1.4 Increased Scrap Utilization

Current Scenario:

• Limited EAF capacity in Jharkhand

• Scrap availability from local sources moderate

• Potential scrap from aging infrastructure and vehicles

Development Strategy:

• Establish scrap collection and processing centers

• Vehicle scrapping facilities (under national scrap policy)

• Import high-quality scrap via Kolkata/Paradip ports

• Small EAF capacity additions

• Use scrap in BOF as supplementary charge (10-15%)

Target: Increase scrap usage from ¡5% to 10-12% of total metallic input

5.2 Medium-Term Strategies (2030-2045)

5.2.1 Natural Gas as Bridge Fuel

Infrastructure Development:

• JHBDPL Pipeline: Jagdishpur-Haldia-Bokaro-Dhamra pipeline passing through Jhark-
hand

• Gas availability for steel plants in Bokaro, Jamshedpur regions

• LNG imports via Haldia/Dhamra terminals

• City gas distribution network expansion

Applications in Steelmaking:

• Partial replacement of coal in DRI plants

• Injection into blast furnaces (reducing coke consumption)

• Fuel for reheating furnaces

• Power generation with lower emissions than coal

• Preparation for eventual hydrogen blending

Challenges:

• Natural gas cost vs. abundant local coal

• Gas supply reliability and long-term contracts

• Infrastructure investment requirements

• Only transitional solution (still fossil fuel)

Expected Impact: 10-20% emission reduction if widely adopted
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5.2.2 Green Hydrogen Pilots and Deployment

Pilot Phase (2030-2035):

• Small-scale electrolyzer installations (5-10 MW)

• Hydrogen blending in existing DRI plants (10-20%)

• H2 injection trials in blast furnaces

• Learning and cost reduction

• Technology validation for Indian conditions

Scale-up Phase (2035-2045):

• Dedicated H2-DRI plants (0.5-1 MTPA capacity)

• Large-scale electrolyzer farms (100+ MW)

• Hydrogen pipeline from renewable energy-rich states

• Conversion of natural gas DRI plants to hydrogen

• Potentially hydrogen from coal with CCUS (blue hydrogen)

Critical Requirements:

• Green hydrogen cost: Reduction to $1.5-2/kg

• Dedicated renewable energy supply (2-3 GW)

• Water supply for electrolysis (50-100 million m³/year)

• Storage and distribution infrastructure

• Policy support and incentives

• Total investment: $8-12 billion

5.2.3 Carbon Capture and Storage (CCS)

Rationale for Jharkhand:

• Large existing BF-BOF capacity with long remaining life

• Uneconomical to retire prematurely

• CCUS may be only option for deep decarbonization of legacy plants

• Tata Steel and SAIL have resources for technology investment

Geological Storage Potential:

• Limited local geological storage characterization

• Potential deep saline aquifers in Gangetic basin
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• Depleted coal seams for CO2 sequestration

• Distance to proven storage sites: 200-300 km

• Need for comprehensive geological surveys

Development Pathway:

• Phase 1: CO2 capture from BFG/BOF gas (2035-2040)

• Phase 2: Pipeline transport to storage sites

• Phase 3: Injection and monitoring

• Alternatively: CO2 utilization in chemicals/fuels

Challenges:

• High cost: $50-80/tonne CO2 currently

• Technology not commercially proven at scale in India

• Regulatory framework for CO2 transport/storage absent

• Public acceptance issues

• Energy penalty (10-15% additional power needed)

Potential: 40-60% emission reduction from captured plants

5.2.4 Biomass Integration

• Co-firing biomass pellets in blast furnaces (5-10% coal replacement)

• Biochar as partial reductant

• Agricultural residue from surrounding regions

• Forest residues (sustainably sourced)

• Energy crops on degraded mining land

Limitations:

• Biomass availability constraints

• Logistics and storage challenges

• Moisture content management

• Sustainability concerns at large scale

• Only 5-8% emission reduction potential
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5.3 Long-Term Vision (2045-2070)

5.3.1 Technology Transformation Scenarios

Scenario 1: Hydrogen-Based Transformation

• 40-50% of capacity converted to H2-DRI-EAF

• Existing BF-BOF plants retrofitted with major CCUS

• Renewable electricity supply reaches 80-90%

• Hydrogen supplied via pipeline from coastal production hubs

• Scrap-based EAF for 20-25% of production

Scenario 2: CCUS-Heavy Pathway

• Major integrated plants continue BF-BOF with full CCUS

• New capacity primarily H2-based or EAF

• Large-scale CO2 pipeline network to storage sites

• Hybrid plants using multiple routes

• Focus on maximizing existing asset utilization

Scenario 3: Gradual Replacement

• Aging BF-BOF plants phased out 2045-2060

• Replacement with state-of-the-art green technologies

• Maintains production capacity while transforming technology base

• Workforce transition managed over decades

• Higher cost but cleaner ultimate outcome

Likely Outcome: Hybrid approach combining elements of all scenarios based on
economics and technology maturation

5.3.2 Circular Economy Integration

• Maximize scrap-based production (30-35% of total)

• Complete waste valorization (slag in cement, dust recovery)

• Industrial symbiosis with other sectors (power, cement, chemicals)

• Closed-loop water systems with near-zero freshwater withdrawal

• Urban mining for scrap recovery from end-of-life products
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5.3.3 Regional Economic Transformation

• Steel remains important but not sole economic pillar

• Green hydrogen economy creates new industries

• Renewable energy sector employment growth

• Advanced manufacturing and downstream steel processing

• Tourism and services sector development

• Remediation and greening of former mining areas

6 Policy and Institutional Framework

6.1 State-Level Policies

6.1.1 Jharkhand Industrial Policy

Key Provisions for Steel:

• Priority sector status

• Fiscal incentives for new investments

• Single-window clearance system

• Land acquisition facilitation

• Infrastructure support commitments

Green Steel Specific (Needed):

• Enhanced incentives for low-carbon technologies

• Renewable energy mandates for steel sector

• Green steel procurement preference in state projects

• Support for technology demonstration projects

• Training and reskilling programs

6.1.2 Jharkhand Renewable Energy Policy

• Solar power promotion (target: 4 GW by 2027)

• Incentives for captive renewable projects

• Waiver of electricity duty for renewable power

• Open access facilitation

• Land allocation for solar parks
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6.2 Just Transition Framework (Proposed)

Components:

• Workforce Transition:

– Retraining programs for coal miners and steel workers

– Early retirement packages where appropriate

– Employment guarantee in new green industries

– Social security during transition period

• Community Support:

– Economic diversification programs

– Infrastructure development in affected regions

– Education and healthcare improvements

– Entrepreneurship support

• Environmental Remediation:

– Coal mine reclamation

– Jharia coalfield fire management

– Degraded land restoration

– Water body cleanup

6.3 Research and Innovation Ecosystem

Institutions in Jharkhand:

• National Metallurgical Laboratory (NML), Jamshedpur: CSIR lab for steel
research

• Xavier Labour Relations Institute (XLRI), Jamshedpur: Management and
social research

• Birla Institute of Technology (BIT), Ranchi/Mesra: Engineering and technology

• IIT (ISM) Dhanbad: Mining and metallurgy (in neighboring area, collaboration
potential)

• Tata Steel R&D: Corporate research facility in Jamshedpur

Priority Research Areas:

• Low-carbon ironmaking technologies

• CCUS for Indian blast furnaces

• Hydrogen injection optimization

• Coking coal substitution strategies

• Steel slag utilization

• Water treatment for zero liquid discharge

• Social dimensions of just transition
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7 Investment and Financing

7.1 Estimated Investment Needs (2025-2070)

Category Estimated Investment

Energy Efficiency Upgrades $2-3 billion
Renewable Energy Infrastructure $3-4 billion
Hydrogen Production & Distribution $8-12 billion
CCUS Installation $10-15 billion
New Green Capacity $10-15 billion
Workforce Transition $1-2 billion
Environmental Remediation $2-3 billion

Table 2: Estimated Investment Requirements for Jharkhand’s Steel Decarbonization

7.2 Financing Mechanisms

Public Funding Sources:

• National Green Hydrogen Mission: $2.3 billion allocation

• Production-Linked Incentive (PLI) Scheme: For advanced steel manufacturing

• National Steel Policy 2017: Support for modernization

• State Government Budget: Industrial promotion and infrastructure

• Multilateral Development Banks: World Bank, ADB, AIIB

Private Investment:

• Corporate Investment: Tata Steel, SAIL capital expenditure

• Green Bonds: Corporate and municipal green bonds

• Private Equity: Climate-focused funds

• Venture Capital: Clean technology startups

Blended Finance Models:

• Public-private partnerships for infrastructure

• Risk-sharing facilities for new technologies

• Green investment banks or funds

• Carbon credit monetization
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Phase Key Actions Timeline

Foundation
Building

Energy efficiency,
renewable integration,
scrap infrastructure

2025-2030

Technology
Scaling

Hydrogen pilots,
CCUS demonstra-
tions, natural gas
transition

2030-2040

Deep Decar-
bonization

Large-scale H2-
DRI, full CCUS
deployment, circular
economy

2040-2050

Net-Zero
Transition

Phasing out re-
maining BF-BOF,
complete green trans-
formation

2050-2070

Table 3: Jharkhand Steel Decarbonization Implementation Roadmap

7.3 Implementation Roadmap

8 Conclusion: Balancing Heritage and Transforma-

tion

Jharkhand stands at a critical juncture in its steel industry evolution. As the historic
heartland of Indian steelmaking, the state carries both the burden of legacy infrastructure
and the opportunity to demonstrate how established industrial regions can successfully
navigate the low-carbon transition.

The path forward requires a carefully balanced approach that:

• Respects the social and economic importance of existing steel operations

• Leverages the deep technical expertise accumulated over a century

• Makes strategic investments in both incremental improvements and transformative tech-
nologies

• Ensures a just transition for workers and communities

• Positions Jharkhand as a leader in green steel production for the 21st century

Success will depend on strong collaboration between industry, government, research
institutions, and local communities. With its unique combination of industrial heritage,
mineral resources, and technical capabilities, Jharkhand has the potential to transform
from India’s historic steel capital into a model for sustainable industrial development in
the Global South.
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