Executive Report — UAE
Hydrogen

Key Actors, Projects, Value Chain, and Strategic Opportunities

1. Executive Summary

The United Arab Emirates (UAE) has positioned itself as a regional leader in the
transition to green hydrogen, driven by its National Hydrogen Strategy 2050
and the Net Zero 2050 goal.

With plans to invest AED 600 billion (USD 163B) in clean energy through 2050,
the UAE aims to produce 15 million tons of hydrogen annually by 2050,
starting with 1.4 MTPA by 2031.

The strategy combines:
e Green hydrogen (powered by abundant solar)
 Blue hydrogen (with CCUS)
e Pink hydrogen (nuclear)

Planned "hydrogen oases" in Ruwais and KEZAD represent integrated
industrial clusters that optimize production, storage, and distribution.

2. Regulatory Framework and Support Policies

2.1 National Hydrogen Strategy (2023)

The strategy sets clear targets:
e 2031: 1.4 MTPA (1.0 MTPA green + 0.4 MTPA blue)
e 2040: 7.5 MTPA
e 2050: 15 MTPA

2.2 Fiscal and Regulatory Incentives

o Tax exemption: 0% corporate tax for 50 years for green hydrogen projects

» Tariffs: Elimination of import duties for electrolysis and CCUS equipment
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o Accelerated licensing: 60-90 days for project approvals
o Tiered subsidies: Financial support for projects <100 MW

o Fast-track permitting: Expedited processes for projects >100 MW

2.3 Low-Carbon Hydrogen Regulatory Framework

Includes business models such as:
» Contracts for Difference (CfD)
« Regulated Asset Base (RAB)
e Hydrogen purchase agreements

o H2Global-style auction mechanisms

3. Key Ecosystem Actors

3.1 State Entities
ADNOC (Abu Dhabi National Oil Company)

e Leadership in blue hydrogen and CCUS projects

1 MTPA ammonia plant in Ruwais (FID 2024)

Acquisition of Fertiglobe (largest global fertilizer exporter)

USD 15B investment in low-carbon solutions

Creation of XRG: USD 80B low-carbon energy investment platform
Masdar (Abu Dhabi Future Energy Company)

o Target: 1 million tons of green hydrogen annually by 2030

o Key projects: Green Falcon (with Siemens Energy, TotalEnergies)

 Strategic alliance with Engie (USD 5B for a 200 MW plant)

» International collaborations with Equinor, Aker Horizons, Yara
TAQA (Abu Dhabi National Energy Company)

o Green hydrogen-to-ammonia industrial project

e 2 GW solar PV plant for electrolysis

e USD 1B investment for 200,000 TPA ammonia production
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Pipeline connection to Khalifa Port for export

ADQ (Abu Dhabi Developmental Holding Company)

CEO Mohamed Hassan Alsuwaidi overseeing USD 54B investment in
renewables

Investment funds in strategic hydrogen ventures

Deputy chairman of Masdar

3.2 Key International Partners

4.

TotalEnergies: Joint ventures in 0.5-1 GW electrolysis
Siemens Energy: High-efficiency PEM electrolyzer supplier
Mitsui & Co.: Partnership in blue ammonia facility

GS Energy Corporation: Collaboration on CCUS projects
Fertiglobe: Integrated by ADNOC for ammonia production

Marubeni Corporation: Development of sustainable aviation fuels

Major Projects Under Development

4.1 Projects with Confirmed or Imminent FID

Ruwais Blue Ammonia Plant (ADNOC-Fertiglobe)

Capacity: 1 MTPA blue ammonia

Contractor: Tecnimont S.p.A (MAIRE Group)
Investment: >USD 2B in EPC contracts

Timeline: Construction started 2024, operation 2027

Technology: 50% lower carbon intensity, CCUS Phase 2

TAQA-Abu Dhabi Ports Green Hydrogen Hub

Capacity: 2 GW solar PV + electrolysis
Output: 200,000 TPA green ammonia
Investment: USD 1B

Timeline: Construction 2026, operations 2028
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o Infrastructure: Pipeline to Khalifa Port, export to Europe/Asia

4.2 Announced Project Pipeline

Helios Industry Green Ammonia Project (KIZAD)
e Investment: ~USD 1B in two phases
o Capacity: 40,000 t green hydrogen - 200,000 t green ammonia
e Solar: 800 MW dedicated
o Technology: Thyssenkrupp multi-MW electrolyzers
Masdar Green Falcon Project
o Partners: Siemens Energy, TotalEnergies, Marubeni, Etihad Airways
e Focus: Green hydrogen and sustainable aviation fuels
o Status: Advanced development
Emirates Steel Green Steel Pilot
o First green steel pilot plant in MENA
o Technology: Green hydrogen for iron ore reduction
o Status: Operational since 2024

e Partners: Masdar, EMSTEEL

5. Integrated Value Chain

5.1 Upstream: Hydrogen Production

PEM Electrolysis (Proton Exchange Membrane)
o Efficiency: ~70%
o Application: Flexible operation, fast response
o Suppliers: Siemens Energy, Nel ASA, Plug Power
e Target cost: USD 1-1.5/kg H2
SOEC Electrolysis (Solid Oxide Electrolyzer Cells)
o Efficiency: ~80%

» Application: Continuous operation, high temperature
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» Integration with existing industrial processes

o Higher energy efficiency but lower flexibility
Blue Hydrogen with CCUS

» Natural gas reforming with carbon capture

o Capture efficiency: >90%

o Use of existing gas infrastructure

» Transition pathway toward green hydrogen

5.2 Midstream: Storage and Transport

Green Ammonia (NHs3)

» Primary export vector

e Energy density: 18.6 MJ/kg

e Infrastructure: Use of existing fertilizer plants

o Target markets: Europe, Asia, especially Japan and South Korea
Liquid Hydrogen (LH2)

o Temperature: -253°C

e Energy density: 33.3 MJ/kg

o Applications: Heavy mobility, aviation

e Infrastructure: Requires new investments in liquefaction

5.3 Downstream: Applications and End Markets
Synthetic fuels (E-fuels)

e Sustainable Aviation Fuel (SAF): Market projected at 30M tons/year by 2050
e E-methanol for maritime transport
o Synthetic diesel for heavy transport
e Gross margins: 20-25%
Heavy industry
 Steel: Direct reduction with Hz2 (Emirates Steel)

e Petrochemicals: Production of ammonia and methanol
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e Refining: Hydrotreating and hydrocracking
o Cement: Alternative kiln fuel
CCUS applications
« Enhanced Oil Recovery (EOR) with captured CO:2
o CO:2 utilization for chemicals
» Permanent geological storage

e Integration with ADNOC operations

6. Physical Infrastructure and Logistics

6.1 Renewable Generation Capacity
Existing Solar PV

« Al Dhafra Solar Park: 2 GW (world-record low tariff)
o« Mohammed bin Rashid Al Maktoum Solar Park: Target 5 GW by 2030
e Solar LCOE: USD 0.0135/kWh (lowest in the world)
Nuclear (Pink Hydrogen)
o Barakah Nuclear Power Plant: 5.6 GW capacity
e 24/7 operation for continuous electrolysis

e Pink hydrogen as a complement to green

6.2 Export Hubs
Jebel Ali Port

o Largest container port in MENA
o Adaptable existing gas infrastructure
o Global maritime connections
Khalifa Port
o Dedicated terminal for energy products
e Pipeline connection from production hubs

o Cryogenic storage facilities
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KEZAD (Khalifa Economic Zone Abu Dhabi)
o Integrated industrial economic zone
e Multimodal connectivity (land, air, sea)

o Co-location of production and consumption

6.3 Hydrogen Oases

Concept of Integrated Clusters
e Production, storage, and consumption co-located
e Reduced transport costs
o Economies of scale and industrial synergies
Ruwais Industrial Complex
o Existing petrochemical hub
e Developed CCUS infrastructure
o Proximity to natural gas reserves
KEZAD Hub
o Superior logistics connectivity
o Free zone with tax incentives

» Direct access to export ports

7. Global Competitiveness Analysis

71 UAE Competitive Advantages

The UAE hydrogen sector benefits from several structural factors including:
record-low solar LCOE (USD 0.0135/kWh), extensive natural gas reserves,
reusable pipeline networks, established export infrastructure, experience in
global energy markets, and regulatory clarity with licensing timelines of 60-90

days.
Indicator UAE Saudi Arabia Australia Chile
Solar LCOE $0.0135/kWh $0.017/kWh $0.024/KWh $0.021/kWh
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Indicator UAE Saudi Arabia Australia Chile

2030 Target 1.4 MTPA 4 MTPA 1.4 MTPA 25 MTPA
A d

nnounce $1638B $110B $898 $508
Investment
Market Access  Europe+Asia Asia Asia+Europe Europe
Regulat

egUfa ory Very High High Medium-High Medium
Certainty

8. Sector Structure and Project Models

8.1 Project Finance Structures in Hydrogen Oases
Typical Capital Structure

Hydrogen production projects in the UAE typically follow established project
finance models common to large-scale infrastructure:

« CAPEX (Capital Expenditure): Electrolysis capacity is estimated at USD 1.5-
2.5 million per MW (2024 baseline, varies by technology)

e OPEX (Operating Expenditure): Approximately 2-4% of CAPEX annually,
covering maintenance, grid connection fees, and consumables

e Financing tenor: Project finance structures typically span 15-20 years for
utility-scale developments

Risk Allocation Framework
Standard risk allocation in hydrogen oases projects includes:

o Technology risk: Managed through diversification across PEM, SOEC, and
alkaline electrolysis technologies; performance guarantees from equipment
suppliers

o Market risk: Addressed via long-term offtake agreements with minimum
take-or-pay provisions (typically 80-95% of contracted capacity)

e Regulatory risk: Mitigated through fiscal stability clauses in public-private
partnership contracts and grandfathering provisions for existing incentive
schemes

e Construction risk: Managed via international EPC contractors with
demonstrated track record in Middle East energy projects (e.g., Techimont,
Samsung Engineering, Maire Group)
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Typical Project Structure

Special Purpose Vehicle (SPV): Projects are typically structured via SPVs
in free zones (KIZAD, JAFZA) to access tax benefits

Equity/Debt ratio: Industry standard ranges from 30/70 to 40/60
depending on offtaker credit quality and regulatory support

Lender base: Combination of export credit agencies, multilateral
development banks, and commercial banks active in Middle East
infrastructure

Security package: Includes assignments over project contracts, pledges
over shares and bank accounts, and direct agreements with key
counterparties

8.2 Technology Partnership Models

Areas of Industrial Collaboration

Technology partnerships in the UAE hydrogen sector focus on several areas:

Electrolyzer development: Next-generation systems targeting efficiency
>80% and operational lifetime >100,000 hours

CCUS integration: Carbon capture systems designed for integration with
hydrogen production processes in existing industrial facilities

Storage and transport optimization: Ammonia synthesis, liquid organic
hydrogen carriers (LOHC), and compressed hydrogen storage systems

Digital operations: Digital twins, Al-driven predictive maintenance, and
integrated energy management systems

Partnership Structures

Typical models include:

Joint development agreements (JDA): Shared technical risk and IP
development between UAE entities and international technology providers

Technology licensing: UAE entities license proven technologies (e.g.,
Haber-Bosch ammonia synthesis, Thyssenkrupp electrolyzers) with
localization requirements

Joint ventures: Equity partnerships combining UAE capital and market
access with international technical expertise (e.g., Masdar-Siemens Energy,
ADNOC-BP-Masdar)
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» R&D consortia: Multi-party research programs involving Khalifa University,
Masdar Institute, and international partners

Key Partner Profiles
The UAE ecosystem includes partnerships with:

« Equipment providers: Siemens Energy (PEM electrolyzers), Thyssenkrupp
(SOEC and alkaline), Nel ASA (alkaline and PEM), ITM Power (large-scale
PEM)

o Project developers: TotalEnergies, Equinor, OMV, BP (development
expertise and access to export markets)

 Industrial offtakers: Emirates Steel (green steel), Fertiglobe (green
ammonia), fertilizer producers, airlines (sustainable aviation fuel)

8.3 Offtake Structures and Export Markets
Contract Frameworks

Hydrogen and derivative offtake agreements in the UAE typically include the
following elements:

Tenor and Structure

o Contract duration: Typically 10-20 years aligned with project finance debt
tenors

» Pricing mechanisms: Common structures include:
o Indexation to oil benchmarks (Brent crude)
o Indexation to natural gas benchmarks (Henry Hub, TTF, JKM)
o Fixed-floor pricing with periodic reviews
o Hybrid models combining fixed and indexed components
Volume and Delivery Terms

» Take-or-pay provisions: Minimum offtake commitments typically range
from 80-95% of contracted capacity

 Delivery point: FOB UAE ports (Jebel Ali, Khalifa Port) or delivered to
destination ports

e Product specifications: Defined purity standards, moisture content, and
trace contaminant limits per international standards (ISO, ASTM)
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Credit Enhancement

e Sovereign backing: Available for strategic projects formally aligned with
UAE National Hydrogen Strategy

o Letters of credit: Commonly required from offtakers without investment-
grade credit ratings

» Parent company guarantees: For projects involving subsidiaries of large
international groups

Geographic Distribution (Based on Announced MOUs and Agreements)
Current export frameworks target the following markets:
e Europe (~40% of planned export capacity by 2031)
o Primary destinations: Germany, Netherlands, Belgium

o Focus products: Green ammonia, blue ammonia, sustainable aviation
fuel

o Regulatory driver: EU RFNBO certification under RED Il/Ill
« Asia (~50% of planned export capacity by 2031)
o Primary destinations: Japan, South Korea, India

o Focus products: Ammonia (for power generation and maritime fuel),
hydrogen for refining

o Regulatory driver: National hydrogen strategies and import targets
« Domestic consumption (~10%)
o Steel (Emirates Steel green steel pilot)
o Refining (ADNOC operations)
o Power generation (grid flexibility and backup)
Pricing Context (Industry Benchmarks, 2024-2030 Range)

Market analysis and industry reports reference the following indicative ranges
for competitively produced hydrogen and derivatives:

e Green hydrogen (FOB UAE): USD 2-3/kg by 2030 (dependent on
electrolyzer cost reduction and renewable electricity costs)

e Green ammonia (FOB UAE): USD 400-500/ton by 2030 (dependent on
hydrogen production cost and ammonia synthesis efficiency)
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Sustainability premium: Products with EU RFNBO or equivalent
certification typically command a premium estimated at 20—-30% over
fossil-based equivalents in markets with carbon pricing or renewable fuel
mandates

Note: These ranges are derived from publicly available industry forecasts (IEA,
IRENA, Hydrogen Council) and do not constitute pricing guarantees or
investment projections.

9.

Innovation and R&D Ecosystem

9.1 National Hydrogen R&D Center

Objectives

Reduce electrolysis costs by 50% by 2030

Develop advanced storage technologies

Optimize Hz-to-derivatives conversion processes

Integrate Al and digital twins for operations

Locations: Masdar City, ADNOC Research & Innovation Center

Focus areas: Electrolyzers, Balance of Plant, Engineering & Construction

Academic Collaborations

Khalifa University, Masdar Institute, NYU Abu Dhabi

9.2 Technology Parks

Living lab for hydrogen technologies
Cleantech startup incubators

Testing facilities for new applications
Focus on CCUS and blue hydrogen
Pilot-to-commercial scale-up

Partnerships with international majors

10. Supply Chain and Industrial Ecosystem
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10.1 Equipment Providers

Electrolyzers
» Siemens Energy: PEM technology, confirmed partnerships
e Thyssenkrupp: SOEC and integrated systems
o Nel ASA: Alkaline and PEM electrolyzers
e ITM Power: Large-scale PEM systems
Balance of Plant
e Air Products: Separation and purification systems
e Linde: Liquefaction and storage technologies
e Chart Industries: Cryogenic equipment

e Burckhardt Compression: Hydrogen compressors

10.2 Specialized Services
e Técnicas Reunidas: EPC for ammonia plants
» KBR: Technology and licensing
» Maire Tecnimont: Integrated petrochemical plants

o Samsung Engineering: Adaptable LNG projects

11. Risks and Mitigation Factors

1.1 Identified Risks

Technological
o Obsolescence of current electrolyzers
» Component efficiency and durability
» Integration of complex systems
Market
o Volatility in energy commodity prices
o Competition from other global hubs

¢ Uncertain international demand
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Regulatory

e Changes in subsidy policies

e Evolving international standards

» Certification and traceability of "green hydrogen"
Financial

o High CAPEX requirements

e Access to long-term financing

o Foreign exchange risk

11.2 Mitigation Strategies

Technological Diversification
» Balanced portfolio: PEM/SOEC/Alkaline
e R&D in emerging technologies
o Partnerships with multiple suppliers
Market Risk
» Long-term offtake agreements
e Geographic diversification of markets
e Smart price indexing
Robust regulatory framework
» Stability Clauses in Contracts
o Early Standards Certification

o Coordinated International Lobbying

12. Summary and Outlook

12.1 Sector Configuration

The UAE hydrogen sector combines several elements that support its
development trajectory toward the 2031 target of 1.4 MTPA:
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e Cost structure: Record solar LCOE of USD 0.0135/kWh provides a base for
competitive green hydrogen production costs targeting USD 2/kg by 2030

o Infrastructure leverage: Adaptation of existing oil and gas assets
(pipelines, ports, industrial zones) reduces greenfield infrastructure
requirements by an estimated 30-40%

» Market access: Geographic position enables efficient shipping routes to
both European and Asian demand centers

« Policy framework: Fiscal incentives (0% corporate tax for 50 years) and
fast-track licensing (60-90 days) provide regulatory clarity

« Industrial expertise: Five decades of experience in large-scale energy
project execution and global commodity trading

12.2 Sector Development Phases

Based on announced projects and policy frameworks, the UAE hydrogen sector
is developing through distinct phases:

Phase 1(2024-2027): Foundation Projects

e FID on anchor projects: Ruwais Blue Ammonia (1 MTPA), TAQA-Abu Dhabi
Ports Green Hub (200,000 TPA)

o Total capital deployment: Approximately USD 10 billion
o Operationalization of regulatory frameworks and certification systems
Phase 2 (2026-2030): Scale-Up

» Additional projects entering FID: Helios KIZAD, Masdar Green Falcon, BP-
ADNOC-Masdar collaboration

o Cumulative electrolysis capacity reaching 2-3 GW
o Establishment of export supply chains to Europe and Asia
Phase 3 (2030-2035): Diversification
o Target capacity: 7.5 MTPA total by 2040
o Expansion into synthetic fuels (e-methanol, sustainable aviation fuel)
 Integration with heavy industry decarbonization (steel, aluminum, cement)

Phase 4 (2035-2050): Maturation
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o Target capacity: 14.9-22 MTPA
e Hydrogen derivatives representing majority of export volume

e Technological evolution toward higher-efficiency electrolysis and advanced
storage solutions

12.3 Implementation Timeline Reference
Based on publicly announced projects and regulatory milestones:
Q4 2024 -Q2 2025

FID wave for major projects (Ruwais Blue Ammonia, TAQA Green Hub);
progressive implementation of Low-Carbon Hydrogen Regulatory Framework

Q3 2025 -Q4 2025

Execution of joint development agreements; land allocation in designated
hydrogen oases

2026

FID and financial close for second wave of projects (Helios, Masdar
collaborations)

2027-2028

First production from foundation projects; commissioning of export
infrastructure at Khalifa Port

2029-2030

Operational optimization; capacity scale-up toward 2031 target of 1.4 MTPA
This analysis provides a comprehensive foundation for understanding the UAE
green hydrogen sector based on publicly available information. Further sector-

specific analysis may be required depending on stakeholder profile and
specific due diligence requirements.
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