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IRENA serves 170 member countries

» We were established in 2011

» Our headquarters are in Masdar City, Abu Dhabi, UAE, and the 

IRENA Innovation and Technology Centre is located in Bonn, Germany

» We support member countries to address the opportunities and 

challenges of the energy transition

Mandate  
To promote the widespread adoption and sustainable use of all forms of 
renewable energy worldwide
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Setting the scene: the role for renewable 

hydrogen in the global energy transition
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• By 2050, electricity becomes the 
main energy carrier, addressing more 
than half of the global final energy 
demand.

• Hydrogen and hydrogen derivatives 
make up around 14% of total final 
energy consumption by 2050.

• 94% of hydrogen production should 
come from renewables by 2050.

Breakdown of total final energy consumption by energy carrier in 2020 and 
2050 under IRENA’s 1.5°C Scenario:

On the role of hydrogen in IRENA’s 1.5°C Scenario

Source: IRENA, 2023. World Energy Transitions Outlook 2023: 1.5°C Pathway, Volume 1



Scaling hydrogen production will be a major challenge

• Most of today’s hydrogen production is 
fossil-derived (mostly natural gas, but also 
coal)

• Most global hydrogen production in 2050 
should come from renewables

• The electricity requirement for green 
hydrogen in 2050 is comparable to today’s 
global electricity consumption. 

• This entails an expansion in electrolysis 
capacity from ~ 1 GW to >5700 GW by 
2050. 

Source: IRENA, 2023. World Energy Transitions Outlook 2023: 1.5°C Pathway, Volume 1

Global clean hydrogen supply in 2020, 2030 and 2050 in 
IRENA’s 1.5°C Scenario. 



Differences in localised levelised cost of hydrogen in 2050 may 
drive competitive advantages

Note: Assumptions for capital expenditure are as follows: solar photovoltaic (PV): USD  270-690/kW in 2030 and USD 225-455/kW in 2050; onshore wind: USD 790-1435/kW in 2030 and USD 700-1 070/kW in 2050; offshore wind: 

USD 1 730-2 700/kW in 2030 and USD 1 275-1 745/kW in 2050; electrolyser: USD 380/kW in 2030 and USD 130/kW in 2050. Weighted average cost of capital: Per 2020 values without technology risks across regions. Land 

availability considers several exclusion zones (protected areas, forests, permanent wetlands, croplands, urban areas, slope of 5% [PV] and 20% [onshore wind], population density, and water availability). Source: IRENA, 2022. 

Global hydrogen trade to meet the 1.5C goal. Part I: Trade outlook for 2050 and way forward

Global levelised cost of hydrogen (LCOH) in 2050



About a quarter of the global hydrogen demand 
could be internationally traded

Source: IRENA, 2022. Global hydrogen trade to meet the 1.5C goal. Part I: Trade outlook for 2050 and way forward. 

Global hydrogen trade flows under optimistic technology assumptions in 2050



Trends in regulations, standards and 

certifications



Sustainability considerations – life cycle of green hydrogen

Renewable electricity needs to meet sustainability requirements:
• Additionality
• Time matching
• Geographic correlation

Water needs to be sourced sustainably:
• Desalination is an option for coastal regions
• Shared resources can lead to co-benefits
• Water also needed for cooling (high for grey H2)

Cradle-to-gate

Well-to-tank
Well-to-wheel



Three principles to ensure that electricity used in electrolysis is sustainable:

• Additionality: Ensure that electrolysis does not consume renewable energy that had another use (otherwise, this 

renewable generation now diverted to H2 would have to be substituted at the margin, probably by fossil energy)

• Time-matching Ensure that renewable electricity is generated at the same time as it is used by electrolysis. E.g. in 

the EU, the H2 producer is required to deliver renewable energy certificates (or PPAs) corresponding to the monthly 

consumption. The requirement runs until the end of 2029.

• Deliverability A physical connection is required between the renewable generator and the electrolyser, i.e. it must 

be injected into the same electricity system. E.g. To participate in the European Hydrogen bank auctions, the 

renewable generation is required to be no more than 500km from the electrolyser.

Sustainability considerations for green hydroen - Electricity



Sustainability considerations – life cycle of Blue Hydrogen

Sustainability risks:
• Methane and CO2 leakage
• CCS capture efficiency (ranges from 70-90%)

Scope:
• Include transport of natural gas?
• Include transport from point of production to 

point of use?



(Regulation), standardisation, and certification 

Sources: IRENA (2024), Global trade in green hydrogen derivatives: Trends in regulation, standardisation and certification. 

Definitions and key elements for standards and certification schemes



1. Sustainability criteria covered (Additionality of renewable power source, Time matching, Geographic correlation)

2. Methodologies for calculating GHG emissions

• Scope of the supply chain covered

▪ whether to include upstream emissions from transporting primary materials

▪ whether to include upstream methane emissions for hydrogen produced from methane/ natural gas (ISO/TS

19870:2023 includes them)

▪ whether to include emissions from transporting the product/fuel to the point of use (i.e. most jurisdictions -

require Well-to-Gate, whereas the EU requires Well-to-Point of Use. The EU is in line with ISO/TS

19870:2023

▪ whether to include emissions from leaks (also linked to the primary/secondary point below).

▪ whether to include ‘CAPEX emissions’ (ISO/TS 19870:2023 includes this)

• Whether calculations require the use of primary vs secondary sources of data (default values)

3. Level of assurance (certification scheme)

• Tracking methodology (mass balance or book and claim / guarantee of origin)

• Accreditation and other requirements of the certification bodies / auditors

Differences among standards and certification schemes



We see a more mature regulations landscape for hydrogen 
than for the derivative sectors

Sources: IRENA and RMI (2023), Creating a global hydrogen market: Certification to enable trade; IRENA (2024), Global trade in green hydrogen derivatives: Trends in regulation, standardisation and certification. 

Overview of definitions of green and low-emission hydrogen and its derivatives in selected markets 



The landscape for hydrogen standards and certifications has 
grown since IRENA’s previous stocktake

Landscape of standards and certification initiatives for hydrogen

Sources: IRENA (2024), Global trade in green hydrogen derivatives: Trends in regulation, standardisation and certification. 

Notes: ISO = International Organization for Standardization; IPHE = International Partnership for Hydrogen and Fuel Cells in the Economy; ISCC = International Sustainability & Certification; RSB = Roundtable on

Sustainable Biomaterials; TÜV = the Technischer Überwachungsverein (Technical Inspection Association); UK = United Kingdom; GH2 = the Green Hydrogen Organization. DNV = Det Norske Veritas; GH2 = Green

Hydrogen Organization; IPHE = the International Partnership for Hydrogen and Fuel Cells in the Economy; ISO = International Organization for Standardization; GHG = greenhouse gas emissions; SBTi = the Science

Based Targets Initiative; TfS PACT = Together for Sustainability Partnership for Carbon Transparency; ISCC = International Sustainability & Certification; AEA = the Ammonia Energy Association; RSB = the

Roundtable on Sustainable Biomaterials; TÜV = the Technischer Überwachungsverein or Technical Inspection Association.



There is a diverse array of standards and certification
schemes for hydrogen derivates also

Landscape of standards and certification initiatives for methanol

Sources: IRENA (2024), Global trade in green hydrogen derivatives: Trends in regulation, standardisation and certification. 

Landscape of standards and certification initiatives for Ammonia Landscape of standards and certification initiatives for Iron and Steel



Methanol- Standards and methodologies

Sources: IRENA (2024), Global trade in green hydrogen derivatives: Trends in regulation, standardisation and certification. 

Summary of standards and methodologies for Methanol



Methanol- Certifications

Sources: IRENA (2024), Global trade in green hydrogen derivatives: Trends in regulation, standardisation and certification. 

Summary of certification scheme for Methanol



Conclusions and recommendations for 

enhancing market for hydrogen and 

derivates



Regulators should assess the impact of regulations on derivatives and 
ensure requirements extend across derivates

Sources: IRENA (2024), Global trade in green hydrogen derivatives: Trends in regulation, standardisation and certification. 



Making it easy for suppliers to understand and navigate 
requirements.

Sources: IRENA (2024), Global trade in green hydrogen derivatives: Trends in regulation, standardisation and certification. 



International collaboration is vital in the pursuit of common 
(or interoperable) requirements and schemes

Sources: IRENA (2024), Global trade in green hydrogen derivatives: Trends in regulation, standardisation and certification. 



Download the report 
using the QR code below
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