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Abstract

This document examines Oman’s steel industry as a strategic case of resource-based in-
dustrialization in the Gulf Cooperation Council (GCC) context. With approximately 2.5
million tonnes of annual production, Oman represents a small but strategically significant
producer leveraging natural gas resources for direct reduced iron (DRI) production. This
analysis explores Oman’s unique position in the regional steel ecosystem, the Jindal Shadeed
complex as the centerpiece of national steel strategy, the challenges of economic diversifica-
tion beyond hydrocarbons, and the complex navigation between development imperatives
and emerging decarbonization pressures. The document highlights how Oman’s steel pol-
icy exemplifies broader tensions facing hydrocarbon-rich economies: leveraging fossil fuel
resources for industrial development while confronting the global transition toward climate
neutrality and the risk of stranded assets in a decarbonizing world.
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1 Strategic Context: Oman’s Position in Gulf and Global Steel

1.1 Production Landscape and Technology Profile

Oman’s steel industry, while modest in global terms, occupies a distinctive niche in the Gulf
Cooperation Council industrial ecosystem:
2024 Production: 2.5 million tonnes crude steel

e Shadeed Iron & Steel (Jindal): 1.8 MT (DRI-EAF integrated complex)
e Al Zubair Steel: 0.4 MT (re-rolling and finishing)

e Smaller producers and re-rollers: 0.3 MT

Global and regional context:

e 0.13% of global steel production (1.9 billion tonnes total)

e 5-6% of GCC steel production

e Far smaller than Saudi Arabia (7 MT), UAE (3.5 MT)

e Comparable to Qatar, Bahrain in regional terms

Technology characteristics:

e 100% DRI-EAF route (no blast furnaces)

Natural gas-based direct reduction (Midrex technology)

Integrated production from DRI through finished products

Modern facilities (commissioned 2011-2014)

Focus on long products (rebar, wire rod, sections)

1.2 Economic and Strategic Significance

National development context:
Viston 2040 objectives:

e Economic diversification away from oil and gas extraction
e Value-added industrial development

e Employment generation for growing youth population

e Export-oriented manufacturing

e Technology transfer and skills development

Steel sector role:

e Anchor industry in Sohar Industrial Port Area

e Demonstration of resource-to-industry value chain

e Direct employment: Approximately 3,000 workers

Indirect employment: Estimated 10,000-15,000 in supply chain

Export revenues contributing to trade diversification



Resource linkage strategy:
Natural gas as feedstock and competitive advantage:

e DRI production consuming approximately 1-1.5 bem natural gas annually
e Allocated gas at concessionary pricing for industrial development

e Integration with national gas infrastructure

e Opportunity for value addition vs. gas export

Iron ore sourcing:

e 100% imported (primarily India, Australia, Brazil)

e Port of Sohar as strategic import facility

e Pellet feed and lump ore depending on market conditions

e Exploration of regional partnerships for secure supply

1.3 Emissions Profile and Climate Context

Current emissions characteristics:
DRI-EAF technology emissions:

e Approximately 1.2-1.4 tonnes CO per tonne steel

e Lower than blast furnace route (2.0+ tonnes CO3/tonne)

e Higher than scrap-based EAF (0.4-0.5 tonnes COz/tonne)
e Total sectoral emissions: 3-3.5 million tonnes CO2 annually

National climate policy context:
Oman’s climate commitments:

e Updated Nationally Determined Contribution (NDC): 7% unconditional reduction by 2030

Aspirational net-zero target by 2050

Focus on renewable energy expansion (target 30% by 2030)

Green hydrogen strategy development
e Emphasis on economic diversification alongside climate action

Tensions and contradictions:

Development imperatives prioritizing industrialization

Climate commitments increasing but modest relative to developed countries

Natural gas as “transitional fuel” narrative

Balancing industrial competitiveness with environmental pressures

Limited immediate regulatory pressure compared to EU standards



2 Policy Architecture and Governance

2.1 Institutional Framework
2.1.1 National Level Coordination
Supreme Council for Planning and Development:

e Overall economic strategy and Vision 2040 coordination
e Cross-sectoral planning and resource allocation

e High-level oversight of major industrial projects
Ministry of Commerce, Industry and Investment Promotion (MOCIIP):

e Industrial policy development and implementation
e Investment attraction and licensing

e SME development and entrepreneurship

e Trade policy and export promotion

e Steel sector oversight within industrial strategy
Ministry of Energy and Minerals:

e Natural gas allocation and pricing policy
e Renewable energy development programs

e Hydrogen strategy formulation

Energy infrastructure planning

e Coordination with industrial energy needs
Environment Authority:

e Environmental regulation and permitting
e Emissions monitoring and compliance

e Climate strategy coordination

International environmental commitments

2.1.2 State-Owned Enterprise Role
Public Establishment for Industrial Estates (PEIE):

e Development and management of industrial zones
e Sohar Industrial Port Area (SIPA) as flagship project
e Infrastructure provision and investor services

e Integration of steel complex within broader industrial ecosystem
Oman Oil Company:

e Natural gas supply coordination
e Potential future participation in hydrogen economy

e Strategic industrial partnership role



2.2 Policy Instruments and Incentives
2.2.1 Investment Promotion Framework

Foreign Direct Investment Law:

e 100% foreign ownership permitted in industrial sectors

Tax holidays: Up to 5 years for strategic projects

Customs exemptions for imported equipment and raw materials

Land allocation at preferential rates in industrial zones

Streamlined licensing through one-stop shop

Sohar Industrial Port Area advantages:

e Free zone status with enhanced incentives

e World-class port infrastructure

e Proximity to regional markets (GCC, South Asia, East Africa)
e Industrial clustering benefits (logistics, services)

e Special economic zone governance model

2.2.2 Energy Pricing and Industrial Support

Concessionary natural gas pricing:
Historical approach:

e Below-market pricing for industrial feedstock

e Rationale: Attract investment, enable competitiveness
e Long-term supply contracts with price stabilization

e Subsidy element supporting industrial development
Reform pressures:

e Fiscal constraints from oil price volatility

e Opportunity cost of domestic use vs. LNG export

e Gradual subsidy reduction toward market pricing

e Impact on industrial cost structure and competitiveness

Electricity pricing:

Industrial tariffs among lowest globally

Renewable energy integration gradually changing cost structure

Grid reliability generally strong

Future trajectory: Gradual increase toward cost-reflective pricing



2.3 Trade Policy and Market Access
2.3.1 GCC Customs Union

Regional integration:
e Tariff-free access to GCC market (Saudi Arabia, UAE, Kuwait, Qatar, Bahrain)
e Coordinated external tariffs on steel imports (typically 5-12%)
e Rules of origin requirements for preferential treatment
e Free movement of goods facilitating regional supply chains
Intra-GCC trade dynamics:
e Competition with larger Saudi and UAE producers
e Niche positioning in specific product categories
e Logistics advantages from Sohar port for some markets

e Regional overcapacity concerns in construction downturn

2.3.2 Broader Trade Agreements

Existing agreements:
e GCC-Singapore Free Trade Agreement
e GCC trade preferences with various Asian countries
e Bilateral investment treaties
e WTO membership commitments
Export markets:
e Primary: GCC countries (Saudi Arabia, UAE)
e Secondary: Yemen, East African countries
e Opportunistic: South Asian markets when competitive

e Challenges: Competition from Indian, Turkish, Asian producers

3 The Jindal Shadeed Complex: Centerpiece of National Steel
Strategy

3.1 Project Overview and Strategic Rationale
Project genesis:
e Jindal Steel and Power Limited (India) as anchor investor
e Joint venture with Omani partners
e Total investment: Approximately $2 billion USD

e Commissioned in phases: 2011 (DRI), 2014 (steel plant)



e Largest FDI manufacturing project in Oman

Facility specifications:
Shadeed Iron € Steel complex components:

e Direct Reduction Plant: 1.5 MT pellets capacity (Midrex technology)
e Electric Arc Furnace: 1.5 MT liquid steel capacity

e Rolling Mills: Wire rod, rebar, and sections

e Captive power generation

e Port facilities integration for raw material imports

Technology characteristics:

e State-of-art Midrex DRI technology
e Modern EAF with advanced process control

e Continuous casting and rolling for efficiency

Quality management systems for export markets

e Environmental controls meeting international standards

3.2 Economic Performance and Challenges
3.2.1 Operational History
Initial challenges (2011-2015):

e Commissioning delays and technical issues

e Market conditions: Regional construction slowdown
e Competition from established producers

e Learning curve for workforce and management

e Financial strain on parent company (Jindal Group)
Restructuring and stabilization (2016-2020):

e Operational improvements and efficiency gains
e Product mix optimization

e (Cost reduction initiatives

e Market positioning refinement

e Workforce localization (Omanization) progress
Recent period (2021-2025):

e Improved profitability in favorable market conditions

e Capacity utilization increasing toward nameplate levels

Export growth to regional markets

Technology upgrades and maintenance investments

Continued navigation of volatile market cycles



3.2.2 Competitiveness Factors

Advantages:
e Low-cost natural gas feedstock (concessionary pricing)
e Modern, efficient technology
e Strategic location between Asian and African markets
e Port infrastructure at Sohar
e Government support and policy stability
Challenges:

e Iron ore 100% imported (cost and supply vulnerability)

Small scale limiting some economies

Competition from larger regional producers

Scrap availability limited (minimal domestic generation)

e Distance from major consuming markets adds logistics cost

3.3 Employment and Skills Development

Workforce composition:
e Total employment: Approximately 2,000 direct workers
e Omanization target: 60%+ (government requirement)
e Expatriate technical specialists: Key operational roles
e Contractor workforce: Additional 1,000+ for maintenance, services
Skills development initiatives:
e Training partnerships with technical colleges
e Operator certification programs
e Management development for Omani nationals
e Overseas training in India (Jindal facilities)
e Apprenticeship and graduate trainee schemes
Challenges:

e Attracting Omani nationals to industrial employment

Preference for government and service sector jobs

Retention of trained workers (competition from other sectors)

Technical specialization requiring ongoing education

Work culture adaptation to industrial discipline
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4 Research, Innovation, and Technology Development

4.1 Current State: Limited Indigenous Capacity

4.1.1 Research Infrastructure Assessment

Sultan Qaboos University (SQU):
e College of Engineering with mechanical and materials programs
e Limited steel-specific research activity
e Equipment and funding constraints
e Modest industry collaboration
e Primarily teaching-focused rather than research-intensive
Industrial Research Centers:
e No dedicated steel research institute
e General manufacturing and industrial technology support limited
e Gap between academic capability and industry needs

e Reliance on international partners for technology development

4.1.2 Technology Acquisition Strategy

Current approach:
e Technology licensing from international suppliers
e Turnkey plant design and construction
e Equipment procurement from established vendors (Midrex, Danieli, Primetals)
e Technical services and consulting from India and globally
e Minimal indigenous process innovation
Implications:

e Dependency on technology providers

Limited capacity for process adaptation and optimization

Higher costs for ongoing technical support

Vulnerability to supply chain disruptions

Technology absorption rather than creation
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4.2 Innovation Opportunities and Priorities
4.2.1 Operational Excellence Focus

Near-term priorities:

e Energy efficiency optimization (gas and electricity)

Yield improvement and quality control

Maintenance effectiveness and equipment reliability

e Process control and automation enhancement

e Workforce productivity and skills upgrading

Potential areas for indigenous innovation:

e Adaptation to local conditions (heat, humidity impacts)
e Optimization for specific regional market needs

e Integration with renewable energy (when available)

o Water efficiency in arid climate operations

e Logistics and supply chain optimization

4.2.2 Long-term Decarbonization Pathways

Hydrogen-based DRI opportunity:
Green hydrogen potential:

e Oman’s exceptional renewable energy resources (solar, wind)

e National hydrogen strategy targeting major export production

Existing DRI infrastructure compatible with hydrogen

Potential for early adoption as demonstration project

Positioning as “green steel hub” for region

Challenges and requirements:

e Massive scale-up of hydrogen production needed

e Cost competitiveness vs. natural gas uncertain (2025-2035)

e Infrastructure development for hydrogen transport and storage
e Technical modifications to existing DRI plants

e International partnerships and financing critical

Integration with renewable energy:
Current electricity grid:

e 90%+ natural gas-fired generation

e Renewable energy: j10% (but rapidly expanding)

12



e Target: 30% renewable by 2030

e Long-term: 50%+ by 2040

Steel sector implications:

e EAF operations as potential demand response resource

e Direct renewable PPAs for green steel production

e Battery storage integration for intermittency management

e Reduced indirect emissions from electricity decarbonization

4.3 Regional and International Collaboration
4.3.1 GCC Cooperation Potential

Research synergies:
e Shared challenges (climate, resource constraints)
e Complementary capabilities across member states
e Joint research funding possibilities
e Technology demonstration partnerships
e Knowledge sharing on best practices
Barriers to collaboration:
e Competition among national steel industries
e Limited tradition of regional R&D cooperation
e Sovereignty concerns over strategic technologies

e Institutional capacity gaps in coordinating mechanisms

4.3.2 International Partnerships

Technology providers:
e Midrex Technologies (USA): DRI technology partner
e Danieli (Italy): Equipment and engineering services
e Indian partners: Jindal corporate relationships
e Potential European partnerships for decarbonization
Research and academic collaborations:
e Potential partnerships with European universities (Germany, Italy)
e Indian academic institutions via Jindal connections
e International associations (IISI, regional steel groups)

e Development agencies for green technology transfer

13



5 Challenges and Strategic Dilemmas

5.1 The Natural Gas Paradox
5.1.1 Resource Advantage and Carbon Lock-in

Current competitive position:
e Low-cost natural gas enables profitable DRI production
e Substantial existing infrastructure investment (sunk costs)
e Technology proven and reliable
e Skilled workforce for current operations
e Contractual commitments to gas suppliers
Future vulnerability:
e Global decarbonization pressure increasing
e Carbon border adjustments (EU CBAM) affecting export competitiveness
e Customer preferences shifting toward green steel
e Risk of stranded assets if transition delayed

e Financial markets penalizing high-carbon investments

5.1.2 Transition Timing Dilemma

Early transition risks:
e Hydrogen cost premium over natural gas (current: 3-5x)

e Technology immaturity and unproven commercial viability

Stranding still-productive assets prematurely

Competitive disadvantage vs. producers using cheap fossil fuels
e Limited financial resources for risky investments

Late transition risks:

Loss of export markets to green steel competitors

Technological obsolescence and need for complete replacement

Higher transition costs as urgency increases

Reputation damage and “brown” steel stigma

Reduced access to international financing
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5.2 Scale and Market Position
5.2.1 Small Producer Disadvantages

Economic challenges:
e Limited economies of scale vs. large integrated producers
e Fixed cost burden per tonne higher
e R&D investment difficult to justify at small scale
e Technology licensing costs proportionally larger
e Marketing and sales reach constrained
Competitive positioning:
e Regional market dominated by Saudi and UAE producers
e Global competition from Chinese, Indian, Turkish steel
e Difficulty in establishing brand recognition
e Limited bargaining power with suppliers and customers

e Vulnerability to market cycle swings

5.2.2 Niche Strategy Imperatives

Potential differentiation approaches:
e Quality leadership in specific product categories
e Service excellence and customer relationships
e Geographic advantages for certain markets (East Africa, Yemen)
e Flexibility and responsiveness vs. large commodity producers
e Early adoption of green steel positioning
Implementation challenges:
e Limited marketing capability and resources
e Commodity nature of rebar and wire rod limiting differentiation
e Customer willingness to pay premium uncertain

e Consistency in execution required

15



5.3 Economic Diversification vs. Comparative Advantage
5.3.1 Diversification Logic

National development imperatives:
e Reducing dependency on oil and gas exports

e Employment generation beyond petroleum sector

Skills and technology base development

Industrial ecosystem building

e Economic resilience through sector diversity
Steel sector as diversification vehicle:

e Leverages natural gas resource (value addition)
e Large-scale manufacturing employment

e Technology transfer and capability building

e Export revenues in non-hydrocarbon category

e Demonstration effect for other industrial projects

5.3.2 Comparative Advantage Critique

Economic efficiency questions:
e Is steel production optimal use of limited gas resources?
e Alternative: Export gas as LNG for higher revenues?
e Subsidy element: Is steel viable without gas support?
e Capital allocation: Could resources generate better returns elsewhere?
e Employment: Do job creation benefits justify costs?
Dynamic considerations:
e Learning and capability building have long-term value
e Industrial diversification as insurance against resource depletion
e Strategic autonomy benefits difficult to quantify

e Path dependency: Easier to build on existing base than start anew

16



5.4 Regulatory and Environmental Pressures
5.4.1 Domestic Environmental Standards

Current framework:

e Environmental Impact Assessment requirements

Air quality standards (PM, SOg, NO,)

Water management and discharge regulations

Waste management requirements

Relatively permissive compared to developed markets
Evolution trajectory:

e Gradual tightening aligned with development priorities
e International pressure for harmonization

e Public awareness increasing environmental expectations
e Climate commitments driving policy adjustments

e Balancing act: Standards vs. competitiveness

5.4.2 International Market Access

EU Carbon Border Adjustment Mechanism (CBAM):
Direct impact assessment:

e Oman steel exports to EU minimal currently

Potential future market if competitiveness improves

e CBAM would impose carbon cost on Omani steel

Calculation: Embedded emissions vs. EU ETS price

e Estimated impact: $40-70 per tonne additional cost (at $60 COg price)
Indirect implications:

e Regional competitors (Turkey, Egypt) also affected

e Level playing field considerations

e Green steel as export strategy necessity

e Incentive for early decarbonization investment

e Documentation and verification requirements

Customer environmental requirements:
Emerging trends:

e Multinational corporations adopting Scope 3 emissions targets

e Construction projects with green procurement requirements

17



e Automotive and appliance manufacturers seeking low-carbon steel
e Certification and traceability demands increasing

e Premium willingness for verified low-carbon products

Omani steel positioning;:

e DRI-EAF already lower carbon than BF-BOF

Potential for competitive positioning vs. blast furnace producers

Need for credible verification and certification

Investment in measurement and reporting systems

Marketing and communication of environmental credentials

6 Future Outlook and Strategic Scenarios

6.1 Scenarios for Omani Steel (2025-2045)
6.1.1 Scenario 1: Green Steel Pioneer
Pathway:

e 2025-2030: Hydrogen co-injection pilots at Shadeed complex

2030-2035: Full hydrogen-based DRI conversion

2035-2040: Expansion to 3-4 MT capacity serving green steel demand

2040-2045: Positioning as regional green steel hub and technology exporter

Export focus to European and premium Asian markets
Enabling conditions:

e Successful implementation of National Hydrogen Strategy

Green hydrogen costs declining to j$2/kg by 2030

Major international partnerships (technology and finance)
e CBAM and carbon pricing creating incentive structure

e Customer willingness to pay premium for green steel

e Government commitment to substantial support
Outcomes by 2045:

e 90%+ emissions reduction from 2025 baseline

e Employment growing to 4,000-5,000 direct jobs

e Technology licensing revenue from green steel IP

e Oman recognized as green industrial leader

e Steel contributing significantly to non-oil exports

Probability assessment: 20-25%
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6.1.2 Scenario 2: Incremental Improvement and Niche Positioning
Pathway:

e 2025-2035: Continued natural gas-based DRI with efficiency improvements

Energy efficiency gains reducing specific emissions 15-20%

Integration with renewable electricity as grid greens

Partial hydrogen blending (10-20%) by 2035

Niche positioning in regional markets with moderate environmental requirements
e Capacity stable at 2.5-3 MT
Enabling conditions:

e Continued natural gas availability at reasonable cost

Gradual renewable energy expansion

e Regional markets sufficient for production volumes

e Modest environmental pressures from regulators and customers
e Incremental technology improvements economically viable
Outcomes by 2045:

e 30-40% emissions reduction from 2025 baseline

o Employment stable at 3,000-3,500 direct jobs

Continued operation but limited growth

Regional player without global prominence

Vulnerable to future carbon border adjustments

Probability assessment: 50-55%

6.1.3 Scenario 3: Stranded Asset and Decline
Pathway:

e 2025-2030: Continued operation under pressure

Natural gas subsidy reduction impacting competitiveness

Export market access declining due to carbon costs

Limited investment in modernization or decarbonization

2030-2040: Production curtailments and financial distress

e 2040+: Potential closure or fire-sale to salvage remaining value
Risk factors:

e Rapid tightening of carbon border adjustments

e Natural gas reallocation to higher-value uses (LNG export)
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e Regional overcapacity and intense competition

e Technology transition costs exceed financial capacity

e Parent company (Jindal) withdrawal

e Government unable or unwilling to provide sustained support
Consequences by 2045:

e Facility closure or severely curtailed operations

o Employment losses and regional economic impact

Stranded assets and financial write-offs

Setback to industrial diversification strategy

e Cautionary tale discouraging future industrial investments

Probability assessment: 20-25%

6.2 Strategic Priorities for Key Stakeholders
6.2.1 For Government and Policymakers
Immediate actions (2025-2027):

e Develop comprehensive National Steel and Metals Strategy

Clarify long-term natural gas allocation and pricing policy

e Accelerate hydrogen economy development with steel as priority application

e Conduct rigorous cost-benefit analysis of decarbonization pathways

e Engage with EU and international partners on CBAM and green steel standards
e Provide clarity on environmental regulation trajectory

Medium-term priorities (2027-2035):

o Facilitate pilot hydrogen-based DRI project

e Invest in renewable energy infrastructure supporting industrial use

Develop skills and research capacity in steel technology

Negotiate trade agreements securing market access for green steel

Consider targeted support for transition (conditional on performance)
e Build regional GCC cooperation on steel decarbonization
Long-term imperatives (2035-2045):

e Position Oman as regional green steel and hydrogen hub

Ensure strategic industrial capabilities maintained

Integrate steel sector into broader circular economy

Leverage steel transformation for broader industrial modernization

Balance economic diversification with comparative advantage realities

20



6.2.2 For Jindal Shadeed and Private Sector
Strategic positioning:
e Assess long-term viability under different carbon pricing scenarios
e Develop credible decarbonization roadmap with milestones
e Invest in energy efficiency and operational excellence
e Build capabilities in environmental measurement and reporting
e Explore partnerships for hydrogen technology development and financing
e Diversify product mix toward higher value-added applications
e Strengthen customer relationships and service quality
Operational priorities:

e Maximize efficiency of existing natural gas-based operations

Implement advanced process control and automation

Workforce development and Omanization progress

Quality consistency and certification for premium markets

Supply chain optimization and cost reduction

e Pilot renewable energy integration where economically viable
Innovation and technology:

e Engage with Midrex and equipment suppliers on hydrogen readiness
e Monitor hydrogen-based DRI developments globally

e Participate in international research collaborations

e Develop internal capability for technology assessment and adaptation

e Build partnerships with universities and research institutions

6.2.3 For Research and Academic Institutions
Capacity building priorities:
e Develop specialized graduate programs in metallurgy and materials
e Build pilot-scale research facilities for steel technology
e Recruit faculty with steel industry expertise (international if necessary)
e Establish industry-sponsored research centers
e Send researchers for training at international steel research institutes
Research priorities:
e DRI process optimization for Omani operating conditions

e Hydrogen integration pathways and technical requirements
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Energy efficiency and renewable energy integration

Water management in arid climate steelmaking

e Materials characterization and quality assessment

e Life cycle assessment of Omani steel production pathways
e Economic analysis of decarbonization options
Collaboration mechanisms:

e Joint research projects with Jindal Shadeed

Student internships and industry placements

Consulting services for industry technical challenges

International partnerships with European and Asian institutions

Regional GCC research networks

Participation in international steel research programs

6.3 Critical Success Factors
6.3.1 Energy Transition Execution

Hydrogen economy development:
e Successful implementation of national hydrogen strategy
e Achieving cost targets ($1.50-2.00/kg green hydrogen by 2030-2035)
e Building large-scale production and distribution infrastructure
e Securing international partnerships and financing
e Regulatory framework for hydrogen economy
Renewable energy expansion:
e Achieving 30% renewable electricity by 2030 target
e Grid infrastructure for renewable integration
e Industrial access to competitively priced renewable power

e Storage and demand management systems

6.3.2 Market Access and Competitiveness

Trade and regulatory environment:
e Favorable navigation of CBAM and carbon border policies
e Securing market access through trade agreements
e Harmonization of environmental standards and verification

e Maintaining competitiveness despite transition costs
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Customer relationships:

e Building reputation for quality and reliability

e Understanding and meeting customer environmental requirements
e Differentiation through service and flexibility

e Long-term supply agreements with anchor customers

6.3.3 Financial and Investment Support

Transition financing:
e Government support mechanisms (guarantees, subsidies, equity)
e International development finance (IFC, EBRD, bilateral agencies)
e Climate finance access (Green Climate Fund, others)
e Private sector investment mobilization
e Parent company (Jindal) commitment and capability
Risk management:
e Hedging strategies for energy and raw material costs
e Technology risk mitigation through piloting
e Market diversification reducing dependence

e Financial resilience through operational efficiency

6.3.4 Institutional and Human Capital

Governance and coordination:
e (lear policy direction and long-term commitment
e Inter-ministerial coordination effectiveness
e Public-private dialogue and partnership
e Implementation capacity in government agencies
Skills and knowledge:
e Workforce development aligned with technology transition

e Research capacity building in universities

Technology absorption and innovation capability

e Management and entreprencurial skills

Retention of trained personnel
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7 Regional Context and GCC Dynamics

7.1 Comparative Position Among Gulf Producers
7.1.1 Saudi Arabia: Regional Giant

Characteristics:
e Production: 7+ million tonnes (nearly 3x Oman)
e Multiple producers: Hadeed (SABIC), Al Rajhi, others
e Technology mix: Integrated BF-BOF and DRI-EAF
e Domestic market: Large construction and manufacturing demand
e Ambitious expansion plans linked to Vision 2030 diversification
Implications for Oman:

e Saudi dominance in GCC market

Price and volume competition pressures

Potential for collaboration on technology and research

Learning opportunities from Saudi transformation initiatives

e Risk: Saudi capacity expansion squeezing smaller producers

7.1.2 UAE: Diversified Industrial Economy

Characteristics:
e Production: 3.5 million tonnes
e Emirates Steel (Abu Dhabi) as major producer
e DRI-EAF technology predominantly
e Strong integration with construction and infrastructure boom
e Foreign investment and technology partnerships
Omani comparison:
e Similar technology profile (DRI-EAF)

e UAE advantages: Larger domestic market, more diversified economy

UAE positioned as regional industrial hub

Competition in similar export markets

Potential for knowledge sharing and cooperation
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7.1.3 Other GCC Producers

Qatar:
e Qatar Steel: 2 million tonnes capacity
e DRI-EAF using abundant natural gas
e Primarily serving domestic construction market
e Natural gas advantage similar to Oman
e Limited export orientation
Bahrain and Kuwait:
e Smaller production (under 1 million tonnes each)
e Limited significance in regional dynamics

e Primarily re-rolling and downstream operations

7.2 Potential for GCC Steel Coordination
7.2.1 Rationale for Cooperation

Shared challenges:
e Natural gas-based production facing transition pressure
e Small scale relative to global competitors
e Similar climate and environmental conditions
e Decarbonization pathways and hydrogen opportunities
e Market access and trade policy coordination
Complementarities:
e Varying capabilities and specializations

e Resource availability differences (gas, renewables, capital)

Market positioning opportunities (avoid destructive competition)

Technology development cost and risk sharing

Regional value chain integration potential

7.2.2 Barriers to Coordination

Structural obstacles:
e National sovereignty and strategic autonomy concerns
e Competition among national champions
e Unequal economic and financial capacities

e Limited tradition of industrial policy coordination
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e Institutional mechanisms for cooperation underdeveloped
Political economy factors:
e Domestic political pressures prioritizing national interests

Distribution of benefits and costs across member states

Free-rider concerns in joint initiatives

Coordination challenges in GCC decision-making

7.2.3 Opportunities for Collaboration

Research and technology development:
e Joint funding for hydrogen-based DRI research
e Shared pilot facilities and demonstration projects
e Regional steel research institute establishment
e Technology scouting and assessment collaboration
e Training and skills development partnerships
Market and trade coordination:
e Coordinated response to CBAM and carbon policies
e Joint trade promotion and market development
e Regional standards harmonization
e Collective negotiation with technology suppliers
e Information sharing on market intelligence
Infrastructure and inputs:
e Shared hydrogen production and distribution infrastructure
e Coordinated iron ore procurement
e Scrap collection and trading networks

e Logistics and shipping cooperation

8 International Dimensions and Partnerships

8.1 Technology Partnerships and Knowledge Transfer
8.1.1 Indian Connections

Jindal relationship:
e Parent company providing technology and management
e Access to Indian steel expertise and networks

e Potential for R&D collaboration with Jindal facilities
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e Supply chain integration opportunities

e Knowledge transfer mechanisms (training, exchanges)
Broader India collaboration potential:

e Technology partnerships with other Indian steel companies
e Academic collaborations with IITs and metallurgy institutes
e Equipment and engineering services from Indian suppliers

e Cost-effective solutions adapted to developing market context

8.1.2 European Technology Leaders
DRI technology providers:

e Midrex Technologies (USA/UK): Existing relationship for current DRI plant
e Hydrogen-ready DRI technology development and adaptation

e Technical services and optimization support

e Potential for pilot projects and demonstration partnerships

European engineering and research:

e German institutes (Max Planck, university research centers)

Italian steel technology expertise (Danieli, universities)

Austrian and Swedish hydrogen steelmaking pioneers
e EU research program participation opportunities

e Training and education partnerships

8.1.3 East Asian Industrial Collaboration

Japanese and Korean partnerships:
e Technology licensing for specific applications
e Quality management and operational excellence methodologies
e Potential investment in expansion or modernization
e Market access to Asian customers
Chinese engagement:
e Equipment procurement at competitive costs
e Engineering and construction services
e Technology partnerships in specific areas

e Balancing considerations: Quality, IP protection, geopolitical factors
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8.2 Development Finance and Climate Funding
8.2.1 Multilateral Development Banks

International Finance Corporation (IFC):

e Private sector development mandate

e Experience in industrial financing in emerging markets
e Environmental and social standards framework

e Potential for green steel transition financing

e Advisory services for project development
Asian Development Bank:

e Regional focus and expertise
e Climate finance facilities
e Technology transfer programs

e Regional cooperation support
Islamic Development Bank:

e Member country relationship with Oman
e Infrastructure and industrial development financing
e Sharia-compliant financing structures

e Technical assistance programs

8.2.2 Climate and Green Funds

Green Climate Fund (GCF):
e Largest dedicated climate fund globally

e Mitigation and adaptation project support
e Blended finance models
e Oman accreditation and access considerations

e Project development support
Bilateral climate finance:

e German, French, UK bilateral programs
e Technology cooperation and capacity building
e Concessional financing for climate projects

e Linked to broader development partnerships

Private green finance:

Green bonds for transition projects

Sustainability-linked loans with performance incentives

e ESG investor interest in decarbonization stories

Certification and verification requirements (Green Bond Principles)
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8.3 Trade Relations and Market Access
8.3.1 African Markets

East Africa opportunity:
e Geographic proximity to Kenya, Tanzania, others
e Growing construction and infrastructure demand
e Limited domestic production in most countries
e Port of Sohar logistics advantage
e Competition from Asian (especially Chinese) suppliers
Trade facilitation needs:
e Preferential trade agreements
e Technical standards harmonization
e Payment and trade finance arrangements
e Relationships with distributors and contractors

e Brand building and quality reputation

8.3.2 Asian Markets
South Asia:

e Bangladesh, Pakistan construction markets

e Competition from Indian domestic producers

e Niche opportunities in specific products or quality tiers
e Shipping logistics and cost competitiveness

Southeast Asia:

e Distance and competition limiting opportunities

e Potential in specialty products

e ASEAN trade dynamics

8.3.3 Middle East and Beyond

Reconstruction markets:

e Yemen (post-conflict reconstruction demand)

Iraq and Syria (long-term reconstruction potential)

Libya and others

Political and payment risk considerations

Humanitarian and development agency engagement
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European markets:

Limited current access due to costs and competition
e Green steel as potential future entry strategy
e CBAM navigation essential

e Premium pricing potential if environmental credentials verified

Long-term opportunity dependent on successful decarbonization

9 Conclusions

Oman’s steel industry represents a microcosm of the challenges facing hydrocarbon-rich develop-
ing economies in the global transition toward climate neutrality. The Jindal Shadeed complex,
leveraging Oman’s natural gas resources through modern DRI-EAF technology, exemplifies both
the logic and limitations of resource-based industrialization in the 21st century.

9.1 Distinctive Features and Strengths

Strategic positioning:
e Natural gas advantage enabling competitive DRI production
e Modern, efficient technology (commissioned 2010s)
e Geographic location between Asian and African markets
e World-class port infrastructure at Sohar
e Government commitment to industrial diversification
Decarbonization potential:
e DRI-EAF technology inherently lower carbon than blast furnaces
e Hydrogen-ready infrastructure with modification potential
e Exceptional renewable energy resources for green hydrogen
e National hydrogen strategy creating enabling environment
e Small scale enabling faster, decisive transformation
Development contributions:
e Employment generation in non-hydrocarbon sector

e Technology transfer and skills development

Value-added manufacturing and export diversification

Demonstration of industrial policy execution

Foundation for broader industrial ecosystem

30



9.2 Ciritical Vulnerabilities

The natural gas paradox:

Current competitive advantage becoming future vulnerability

Risk of carbon lock-in and stranded assets

Transition timing uncertainty creating strategic paralysis

Subsidy dependency undermining long-term viability

Tension between leveraging resources and decarbonization imperatives
Scale and competition:

e Small scale limiting economies and R&D capacity

e Regional overcapacity and intense competition

e Commodity positioning with limited differentiation

e Vulnerability to market cycles

e Dependence on imported iron ore

Institutional and capability gaps:

e Limited indigenous research and innovation capacity

Technology dependency on foreign suppliers

Policy coordination and implementation challenges

Skills shortages and workforce development needs

Financial constraints for major transformation investments

9.3 Path Forward: Strategic Imperatives

Oman’s steel industry faces a fundamental choice that will determine its trajectory over the
coming decades:
Option 1: Embrace the green transition boldly

e Leverage hydrogen economy strategy for early mover advantage
e Position as regional green steel hub and technology demonstrator
e Accept near-term costs for long-term competitiveness

e Secure international partnerships for technology and finance

e Build capabilities for post-fossil fuel industrial economy

Option 2: Incremental adaptation and risk management

e Maximize value from existing natural gas infrastructure

e Gradual efficiency improvements and partial hydrogen blending

e Monitor technology developments and defer major commitments
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e Maintain flexibility and preserve options

e Accept limitations on growth and market access

Option 3: Managed exit and resource reallocation

e Recognize comparative advantage limits in steel

e Reallocate natural gas to higher-value uses (LNG export, other industries)
e Wind down steel production over time

e Focus industrial development on more promising sectors

e Accept that not all diversification attempts succeed

Recommended approach: Calibrated ambition with risk management
The optimal pathway likely involves elements of Options 1 and 2:

e Commit to decarbonization trajectory but with pragmatic timelines

e Invest in hydrogen readiness while optimizing current operations

Build research and innovation capacity systematically

Secure international partnerships reducing technology and financial risks

Maintain policy flexibility while providing investment certainty

e Recognize steel as part of broader industrial and hydrogen strategies

Accept that ultimate viability depends on global carbon policy evolution

9.4 Broader Implications

Oman’s steel industry case offers lessons extending beyond the sector and country:
For resource-rich developing economies:

e Resource-based industrialization faces new challenges in climate era

e Early transition positioning can create competitive advantages

Technology dependency limits innovation and adaptation

Coordination between industrial and climate policies essential

International partnerships critical for capability building

For global decarbonization strategy:

Transition pathways must account for diverse starting points

Carbon border adjustments affect developing country industrialization

Technology transfer and finance crucial for just transition

Small producers face asymmetric challenges requiring support
e Regional cooperation can address scale limitations

For steel industry transformation:
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Natural gas-based DRI as bridge vs. destination technology

Hydrogen economy development timelines critical uncertainty

Market access and customer requirements driving change

Innovation and scale advantages concentrating in certain regions
e Diverse pathways likely rather than single dominant solution

The coming decade will determine whether Oman’s steel industry evolves into a green in-
dustrial leader or becomes a cautionary tale of transition challenges. The outcome depends on
choices made by government, industry, and international partners—and on the broader trajec-
tory of global climate policy and hydrogen economy development. The stakes extend beyond
steel to Oman’s entire economic diversification strategy and its position in the post-hydrocarbon
global economy.
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