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1 Appendix A – Legislation 

1.1 Legislative Review 

The following table summarizes the policies reviewed and their targets: 

Table 10-1 Legislative review 

Policies Sector Summary Key targets (where applicable) 

EU FIT FOR 55 
 

 

Climate The Fit for 55 package is a set of proposals to revise and update EU 
legislation and to put in place new initiatives with the aim of ensuring 
that EU policies are in line with the climate goals agree by Council 
and European Parliament. Fit for 55 refers to the EU’s target of 
reducing net greenhouse gas emissions by at least 55% by 2030. 

• Reduce its net greenhouse gas emissions by at 
least 55% by 2030 compared to 1990 levels and 
achieve climate neutrality in 2050 

IE - Climate Action 
Plan 2024 

Climate 
 

The Climate Action Plan 2024 plan implements the carbon budgets 
and sectoral emissions ceilings and sets out a roadmap for taking 
decisive action to halve our emissions by 2030 and reach net zero no 
later than 2050 as committed to in the Climate Action and Low 
Carbon Development (Amendment) Act 2021.  
 
Climate Action Plan 2024 sets out how Ireland can accelerate the 
actions that are required to respond to the climate crisis. It builds on 
previous iterations of the Climate Action Plan. 
 

• 3,500 low emission HGVs by 2030 

• CAP23 is very electrification focused and sees GH2 
as an emerging technology that requires more 
research. It won't play a significant role until 2030. 

• 51% reduction in Ireland’s GHG emissions by 2030 
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• 50% reduction in transport emissions by 2030 

NI - Carbon Budget 
Consultation 

Document 
 

 

Climate 
 

The Department of Agriculture, Environment and Rural Affairs 
(DAERA) on behalf of the Northern Ireland Executive have published 
a consultation on Northern Ireland’s 2030 & 2040 Emissions 
Reduction Targets & First Three Carbon Budgets & Seeking views on 
Climate Change Committee (CCC) Advice.  
 
Non-official document but describes estimated targets for emissions 
reduction in NI. 

• A 48% emissions reduction by 2030 against the 
baseline - the current target in the Act 

• A 77% emissions reduction by 2040 (2040 target) 
against the baseline 

CCC Recommended: 

• 2023-2027 - The first carbon budget to be set at a 
level that has a 33% average annual reduction. 

• 2028-2032 - The second carbon budget to be set at 
a level that has a 48% average annual reduction. 

• 2033-2037 - The third carbon budget to be set at a 
level that has a 62% average annual reduction. 

NI - Climate 
Change Act 

Climate 
 

An Act to set targets for the years 2050, 2040 and 2030 for the 
reduction of greenhouse gas emissions; to provide for a system of 
carbon budgeting; to provide for reporting and statements against 
those targets and budgets; to confer power to impose climate change 
reporting duties on public bodies; to provide for reports and advice 
from the Committee on Climate Change; and for connected purposes. 
 

• The Northern Ireland departments must ensure that 
the net Northern Ireland emissions account for the 
year 2050 is at least 100% lower than the baseline 
(1990) 

• 48% reduction in GHG emissions by 2030 
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• 100% reduction in GHG emissions by 2050  
 

 
 

NI - Green Growth 

 

Climate 
 

This Green Growth Strategy sets out an ambitious vision and a 
framework for delivery with which all other NI government policies and 
strategies must align. It provides us with a vitally important opportunity 
to embed wider climate change, a green economy, and environmental 
considerations into decision making. This will ensure that new policies 
and programmes align with the need to address climate change, 
develop green jobs and address biodiversity commitments, thereby 
delivering on the stated commitment “to ensure climate action and 
environment responsibility is at the heart of all government policy 
making. 

Unpublished. Not a formal strategy. 

• We reviewed and found that it did not contribute 
directly to the goals of this project 

EU - TEN-E 
Regulation 

 

 

Energy 

The EU's trans-European networks for energy (TEN-E) policy 
facilitates investments in cross-border energy infrastructure. Its 
objective is to connect the energy infrastructure of member 
states by defining priority corridors and thematic areas, and 
funding collaborative projects 

Heavy focus on hydrogen infrastructure rather than 
transport/consumption 

• Three broad hydrogen corridors (Hi West, Hi East, 
BEMIP hydrogen). 

 
Hydrogen interconnections in Western Europe (HI West): 
hydrogen infrastructure and the repurposing of gas 
infrastructure, enabling the emergence of an integrated 
hydrogen backbone, connecting the countries of the region 
and addressing their specific infrastructure needs for 
hydrogen supporting the emergence of a Union-wide network 
for hydrogen transport. It covers Belgium, Czechia, Denmark, 
Germany, Ireland. Spain, France, Italy, Luxembourg, Malta, 
Netherlands, Austria and Portugal 

 
• Focus on converting Natural Gas infrastructure into 

hydrogen ready infrastructure i.e. Infrastructure 
focussed regulation. 
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Priority Offshore Grid Corridor: 

• Northern Seas offshore grids (NSOG): offshore 
electricity grid development, integrated offshore 
electricity, as well as, where appropriate, hydrogen 
grid development and the related interconnectors in 
the North Sea, the Irish Sea, the Celtic Sea, the 
English Channel and neighbouring waters to 
transport electricity or, where appropriate, hydrogen 
from renewable offshore energy sources to centres 
of consumption and storage or to increase cross-
border renewable energy exchange 

EU - TEN-T 
Regulation 

 

 

 

The TEN-T regulation is an EU legal framework that governs 
the development of a Europe-wide network of railways, roads, 
inland waterways, maritime shipping routes, ports, airports, 
and railroad terminals.1 

Relevant targets included in the Ten-T Regulation: 
• The EU aims to produce 10m tonnes of 

renewable hydrogen and import 10m tonnes by 
2030. 

• Hydrogen refuelling stations are to be installed 
in all major cities and at least every 200km 
along the core TEN-T Network 

• Target of 40 GW of renewable hydrogen 
electrolysers in EU by 2030. 

RePower EU 2022 
 

Energy 
 

The EU is implementing an ambitious plan to reduce its dependence 
on Russian fossil fuels and accelerate the green transition, by saving 
energy, investing in renewables and diversifying energy supplies. 
The European Commission put forward the RePower EU plan in May 
2022. The plan builds on the implementation of the Fit for 55 
proposals. 

• Increasing the EU’s 2030 binding energy savings 
target to 13% (up from 9% in the Energy Efficiency 
Directive) 

• Accelerating the switch to electrification and 
renewable hydrogen and enhancing our low-carbon 
manufacturing capabilities 

 
1 EUR-Lex - 02013R1315-20190306 - EN - EUR-Lex (europa.eu) EUR-Lex - 02013R1315-20190306 - EN - EUR-Lex (europa.eu) 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02013R1315-20190306
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02013R1315-20190306
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• Scaling up the production and import of renewable 
hydrogen to 20 Mt by 2030. 

EU - Renewable 
Energy Directive iii 

2021 
 

 

Energy 
 

In October 2023, the EU Council adopted the amended Renewable 
Energy Directive (“RED III”), part of the "Fit for 55" package. 
The RED III aims to increase the share of renewable energy in the 
EU's overall energy consumption to 42.5% by 2030, with a further 
indicative target of 2.5%. The Directive also introduces specific 
targets for Member States in the industry, transport, and building 
(district heating and cooling) sectors. 

• In transport, member states can choose between:  

• a binding share of at least 29% renewables in the 
final energy consumption in the transport sector by 
2030; or 

• a binding target to reduce greenhouse gas intensity 
in transport by 14.5% by 2030 

• there is a minimum requirement of 1% renewable 
fuels of RFONBOs in the share of renewable energy 
supplied to the transport sector in 2030 

• The new rules also set a combined binding 
secondary target of 5.5% for advanced biofuels 
(generally derived from non-food feedstocks) and 
renewable fuels of non-biological origin (mainly 
renewable hydrogen and synthetic hydrogen fuels) 
in the share of renewable energy supplied to the 
transport sector. 

IE - National 
Energy and 

Climate Plan 
 

Energy 
 

Consolidation of wider known targets and intents for hydrogen. 
The 2019 NECP was prepared to incorporate all planned policies and 
measures that were identified up to the end of 2019 and which 
collectively deliver a 30% reduction by 2030 in non-ETS greenhouse 
gas emissions (from 2005 levels). A draft/interim update on NECP 
was made in Q1 2024, reflecting greater levels of EU ambition, with a 
revised NECP expected to be finalised by end Q2 2024. . 

• The 2019 NECP incorporates measures from 
Climate Action Plan and recommendations from the 
Low Emission Vehicle Taskforce also recognise the 
need to incentivise the growth of low emission 
vehicles in addition to electric vehicles. In particular 
supports for the growth of CNG, LNG and hydrogen 
vehicles – particularly as the heavy-duty vehicles – 
are being considered 

https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/IE%20-%20National%20Energy%20and%20Climate%20Plan.pdf?csf=1&web=1&e=PBPqlj
https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/IE%20-%20National%20Energy%20and%20Climate%20Plan.pdf?csf=1&web=1&e=PBPqlj
https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/IE%20-%20National%20Energy%20and%20Climate%20Plan.pdf?csf=1&web=1&e=PBPqlj
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AFIR 

 

Energy 

 

The alternative fuel infrastructure regulation (AFIR) is part of the Fit 
for 55 package. Presented by the European Commission on 14 July 
2021, the package aims to enable the EU to reduce its net 
greenhouse gas emissions by at least 55% by 2030 compared to 
1990 levels and to achieve climate neutrality in 2050. 

• Refuelling stations at least every 200km on TEN-T 
Core 

• Refuelling stations at Urban Nodes (Dublin) 
• Allow for LDV usage 
• Min spec: 1tonne/day output at 700Bar 
• hydrogen refuelling infrastructure should focus on 

that segment (Heavy Duty) initially, while also 
allowing light-duty vehicles to fuel at publicly 
accessible hydrogen refuelling stations. 

UK AFIR Report 

 

Energy The Alternative Fuels Infrastructure Regulations 2017 (AFIR) ensure 
that the infrastructure to provide alternative fuels for transport such as 
electricity and hydrogen is consistent and meets the same technical 
standard and design requirements. High levels of interoperability 
ensure that the confidence of both consumers and industry is boosted 
and supports transport decarbonisation. 

• The regulations require that from October 2017 all 
hydrogen refuelling connectors must comply with 
the ISO 17268 international technical standard. At 
the point that the original EU Directive was adopted, 
and at the point at which the UK transposed its 
requirements, the ISO standard was not agreed or 
ratified. All hydrogen stations in the UK that were 
operating prior to October 2017 used connectors 
compatible with the technical standard developed in 
the United States – SAE J2600. This standard is 
broadly similar to ISO 17268. ISO 17268 was 
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published in February 2020, and given it is 
interoperable with the USA standard we have and 
will continue to allow connectors that comply with 
SAE J2600 to remain in use, alongside ISO 17268, 
for now. 

NI - Energy 
Strategy Action 

Plan 
 

 

Energy 
 

This is the Energy Strategy Action Plan 2023 and follows on from the 
recently published report on Energy Strategy Action Plan 20221. It 
outlines the priority areas of action and the associated tasks for 
delivery in 2023, which is year 2 of the delivery of the Energy Strategy  
Programme. This document also provides an update on the progress 
across the five principles of the Energy Strategy. This action plan 
aims to continue to drive short-term progress towards the ultimate 
goal of a decarbonised energy system for all our heat, power and 
transport needs 

• Cursory mention of hydrogen and provision of 
Action 6 to develop a Hydrogen Centre of 
Excellence, OBC has been submitted and pending 
review. 

• “Create a hydrogen centre of excellence in research 
and innovation”. 

• To take advantage of the unique hydrogen 
opportunities available to Northern Ireland we will 
implement a Hydrogen Catapult 

 
• For the harder-to electrify sectors including HGVs, 

we will work on an all-island basis to develop the 
infrastructure for alternative fuels such as hydrogen 
and biomethane. 

  
• 2050 Hydrogen demand. Power Play: 19%; Flexible 

Fit: 24% 
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NI - Energy 
Strategy Path to 

Net Zero 
 

 

Energy 
 

This Path to Net Zero Energy is the Energy Strategy for Northern 
Ireland. We have set a long-term vision of net zero carbon and 
affordable energy for Northern Ireland. This will lead to he highest 
levels of energy efficiency, thus reducing the amount of energy we 
need, whilst making sure the energy we do use comes from clean 
renewable sources. At this point, we are setting two targets to drive 
these changes 

• Focus on alternative fuels for hard-to-decarbonise 
areas e.g. HDVS 

• NI Energy Strategy outlines an interest in hydrogen 
but states no specific targets. Mentions NI has an 
interest in being a world leader and is operating 
several hydrogen research centres 

Targets: 

• 1. Energy Efficiency: Deliver energy savings of 25% 
from buildings and industry by 2030;  

• 2. Renewables: Meet at least 70% of electricity 
consumption from a diverse mix of renewable 
sources by 2030. 

• 3. Green Economy: Double the size of our low 
carbon and renewable energy economy to a 
turnover of more than £2 billion by 2030. 

IE - ESB Networks 
for Net Zero 

 

Energy 
 

Strategy aims to develop a Net Zero Ready Distribution Network by 
2040, supporting the targets in the Climate Action Plan 2023  
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NI - NIE Networks 
for Net Zero 

 

 

Energy 
 

This report sets out the considered views on the options and 
pathways for decarbonisation in Northern Ireland and how 
electrification can play a significant role in a flexible and integrated 
decarbonised energy system. It has customers at the core and 
assesses how customers will have increased opportunities for 
managing their energy demands more efficiently through adoption of 
new technologies and will have the ability to engage with new  
energy markets. 

• The CCC’s Balanced Pathway scenario uses 
hydrogen as the primary source of storage for 
power generation.  

• Surplus electricity generation could potentially be 
used for electrolysers to produce hydrogen subject 
to favourable economic appraisal. 

• In the Balanced Pathway scenario, 25% of 
hydrogen supply comes from electrolysis in 2035, 
increasing to 45% by 2050 

Understands the role hydrogen might play but quite sceptical. 
•  

IE - Ireland 
Hydrogen Strategy 

2023 

 

Energy 
 

Ireland's Hydrogen Strategy provides targets, actions, and ambitions 
for the future Irish hydrogen economy at a high level. It provides some 
general targets for production and expresses areas of keen interest 
e.g. hydrogen for decarbonising maritime/aviation/haulage. The 
National Hydrogen Strategy aims to provide the long-term strategic 
vision of what role hydrogen will play in our future economy, which will 
help to reduce commercial risk and ultimately help to drive investment 
from the private sector. In the shorter term, this strategy sets out 
several actions to be delivered over the coming years to enable the 
development of the hydrogen sector in Ireland. 
 
 

• There must be hydrogen Refuelling Infrastructure at 
each Urban Node. 

• 2GW green hydrogen in development up to 2030 for 
delivery 2031-2035 

• 3,500 zero emission HDVs by 2030 
o Focus on electrification 

• Some GH 

UK - Hydrogen 
Strategy August 23 

Update 
 

Energy 
 

 
An updated version of the UK Hydrogen strategy from 2021. • Increased production target but nothing on 

transport/infrastructure. Suggests a HGV 
infrastructure focused strategy is on the way. 

• Highlights that Heavy Duty transport is anticipated 
to be the first end-use sector to develop. HDV pilots 
to commence from 2023 with significant growth from 
2028. Aviation and Maritime are expected to be 
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large high priority end-users but these sectors will 
take longer to develop, 2033 onwards. 

• 10GW of low carbon hydrogen production capacity 
by 2030. 

UK - UK Hydrogen 
Strategy 

 

 

Energy 
 

The UK Hydrogen Strategy sets out how we will drive progress in the 
2020s, to deliver our 5GW production ambition by 2030 and position 
hydrogen to help meet the Sixth Carbon Budget and net zero 
commitments. 

• This strategy sets out the approach to developing a 
thriving low carbon hydrogen sector in the UK to 
meet our increased ambition for 10GW of low 
carbon hydrogen production capacity by 2030. 

• We also aim to have up to 1GW of electrolytic 
hydrogen and up to 1GW of CCUS-enabled. 

• Aim to have hydrogen in operation or construction 
by 2025. 

• UK Hydrogen Strategy - very vague and focuses on 
production of "low carbon" hydrogen and sets few 
transport/infra targets 

Pollution 
Prevention and 

Control (Industrial 
Emissions) 

Regulations (NI) 
2013 

Energy NI Regulations on the prevention and control of industrial emissions. 
• Majority of environmental impacts concerning 

hydrogen industrial processes are associated with 
production (i.e. the electrolysis stage) and H2 as 
feedstock for wider industrial processes. This study 
is primarily concerned with hydrogen compression 
infrastructure which is not typically a chemical 
process that pollutes. 

• Nonetheless, the station should comply with 
requirements detailed across Schedule 1, Part A 4.2 
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(a)(i) “inorganic chemicals activity” as per the PPC 
2013 regulations in NI. 

• PPC regulations are managed by the Northern 
Ireland Environment Agency, an agency of DAERA 

EU - Alternative 
Fuels 

Infrastructure 
Regulation 

 

 

Energy 
 

Provides targets and technical/data constraints for hydrogen refuelling 
infrastructure in Urban Nodes and along the TEN-T Note, AFIR targets are detailed in the core report and are 

therefore omitted here to avoid unnecessary duplication. 

EU - Hydrogen 
Strategy for a 

Climate Neutral 
Europe 

 

Energy 
 

Policy document that outlines how to EU plans to use hydrogen as a 
low-carbon energy source in various sectors. 

• Now-2024: Support the installation of at least 66GW 
of renewable hydrogen electrolysers in EU & 
production of up to 1m tonnes of renewable 
hydrogen. 
 

• 2025-30: At least 40GW of renewable hydrogen and 
electrolysers and the production of up to 10 million 
tonnes of renewable hydrogen in EU 
 
 

• 2030-onwards: renewable hydrogen deployed at a 
large scale across all hard-to-decarbonise sectors 
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EU classification 
of vehicle types | 

European 
Alternative Fuels 

Observatory  
 

 

Energy 
 

Defines vehicle classifications including LDV and HDV 
 

IE - Renewable 
Transport Fuel 

Policy 2023-2025 
 

Transport This policy statement concerns the supply of renewable transport 
fuels (RTF) and the proposed actions over the next two years 
concerning the renewable transport fuel obligation (RTFO) to 
achieving greater renewable energy in transport in line with European 
requirements and national climate action objectives.  

The proposals for targets in the EU Renewable Energy Directive 
under the proposed EU Fit for 55 sets out a binding combined target 
for RFNBOs and advanced biofuels and biogas produced from the 
feedstock listed in Part A of Annex IX at a level of 5.5% by 2030, 
with a binding minimum share of RFNBOs in transport of 1% by 
2030 
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IE - Sustainable 
Mobility Action 
Plan 2022-2025 

 

 

Transport 
 

This Action plan, prepared by the department of Transport, discusses 
goals associated with sustainable mobility between 2022-2025.  

IE - Sustainable 
Mobility Policy 

 

Transport 
 

The National Sustainable Mobility Policy aims to support a modal shift 
in consumer mobility between now and 2030, through infrastructure 
and service improvements, as well as demand management and 
behavioural change measures. It explores how Ireland can encourage 
consumers to adopt more sustainable modes of transport - be that 
walking, cycling, or public transport.  

• Whilst it does not cover freight, it does reference a 
general ambition to decarbonise public transport but 
with not specificity towards green hydrogen. 
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NI - Planning for 

the Future of 
Transport 

 

 

Transport 
 

This document outlines how the Department’s priorities for the future 
of transport can be supported by the improved planning, 
management, and development of the transport networks over the 
next 10 to 15 years. The focus is on the changes we need to make, 
working across government, with transport contributing to societal and 
environmental objectives as well as economic ones. This plan is a 
reprioritisation of our aims and actions. There is no change to existing 
policy; rather this document acts as a guide to illustrate how the 
existing policies can support sustainable transport solutions. 

 

UK - 
Decarbonising 

Transport Strategy 
 

Transport 
 

This policy sets out the UK's vision for decarbonising the transport 
sector. It acknowledges that we cannot rely on electrification of road 
transport and alternative fuel solutions should be considered 
particularly in the HDV markets. It advertises a general interest in 
hydrogen fuelled HDVs and advertises several trials/funds 
surrounding buses and HGVs. 

• Some UK zero emission buses to be funded by 
government in near term (battery or electric) 

• 4000 purchased 
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IE - EV Charging 

Infrastructure 
Implementation 

Plan 
 

 

Transport 
 

This strategy is a pathway for delivery of electric vehicle (EV) charge 
point infrastructure. Such infrastructure will support the delivery of the 
Climate Action Plan ambition of almost a million EVs on Irish roads by 
2030. The strategy will also help to ensure that EV charge point 
infrastructure provision remains ahead of demand. It lacks direct 
relevance to hydrogen transport but important to bear in mind the role 
of electrification and its focus as a decarbonisation mechanism. 

 

IE - EV Charging 
Infrastructure 

Strategy 
 

Transport 
 

This strategy is a pathway for delivery of electric vehicle (EV) charge 
point infrastructure. Such infrastructure will support the delivery of the 
Climate Action Plan ambition of almost a million EVs on Irish roads by 
2030. The strategy will also help to ensure that EV charge point 
infrastructure provision remains ahead of demand. It lacks direct 
relevance to hydrogen transport but important to bear in mind the role 
of electrification and its focus as a decarbonisation mechanism. 

 

https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/IE%20-%20EV%20Charging%20Infrastructure%20Strategy.pdf?csf=1&web=1&e=MSDCgo
https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/IE%20-%20EV%20Charging%20Infrastructure%20Strategy.pdf?csf=1&web=1&e=MSDCgo
https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/IE%20-%20EV%20Charging%20Infrastructure%20Strategy.pdf?csf=1&web=1&e=MSDCgo
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NI – EV 

Infrastructure 
Action Plan 

 

 

Transport 
 

The Executive Energy Strategy (The Path to Net Zero Energy1 
was adopted by the Northern Ireland Executive on the 16 December 
2021 and a key action in the Action Plan2 
is the development of an Electric Vehicle (EV) Infrastructure Action 
Plan. The Department for Infrastructure (DfI) established an EV 
Infrastructure Taskforce, drawn from both public and private 
organisations with a key role to play in this area, to  
develop an EV Infrastructure Action Plan by the autumn of 2022. 

 

EU - Revised Clean 
Vehicle Directive 

2019 
 

Transport 
 

The revised Clean Vehicles Directive promotes clean mobility 
solutions in public procurement tenders, providing a solid boost to the 
demand and further deployment of low- and zero-emission vehicles. 
The new Directive defines "clean vehicles" and sets national targets 
for their public procurement. It applies to different means of public 
procurement, including purchase, lease, rent and relevant services 
contracts.  

Measures to support for market uptake of clean vehicles and 
their infrastructure can be achieved by providing targeted 
public support measures at national and Union level: 
• Increased use of Union funds to support the renewal of 

public transport fleets and better exchange of knowledge 
and alignment of procurement to enable actions at a 
scale great enough for cost reductions and market 
impact. 

• The possibility of public support in favour of promoting 
the development of infrastructure necessary for the 
distribution of alternative fuels is recognised in the 

https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/NI%20-%20EV%20Action%20Plan.pdf?csf=1&web=1&e=2YWV1a
https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/NI%20-%20EV%20Action%20Plan.pdf?csf=1&web=1&e=2YWV1a
https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/NI%20-%20EV%20Action%20Plan.pdf?csf=1&web=1&e=2YWV1a
https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/EU%20-%20Revised%20Clean%20Vehicle%20Directive%202019.pdf?csf=1&web=1&e=lAxkw5
https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/EU%20-%20Revised%20Clean%20Vehicle%20Directive%202019.pdf?csf=1&web=1&e=lAxkw5
https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/EU%20-%20Revised%20Clean%20Vehicle%20Directive%202019.pdf?csf=1&web=1&e=lAxkw5
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Guidelines on State aid for environmental protection and 
energy 2014- 2020 

UK - Zero emission 
vehicle (ZEV) 
mandate 2023 

 

 

Transport 
 

Summary of responses from extensive stakeholder engagement 
programme to understand views on various design features, which 
included Ministerial roundtables, official-led workshops, and bilateral 
meetings. No responses on hydrogen refuelling for HDVs specifically 
but some interesting responses 

• On emissions, there was general agreement that the 
definition should be 0g CO2/km and that the definition 
should be simple. Opinions were split on alternative fuels 
and e-fuels with some respondents in favour and others 
against. Some sought clarification on the role for 
hydrogen combustion, while others suggested that zero 
nitrogen oxides (NOx) emissions should be added to the 
criteria. 
 

• No responses on hydrogen refuelling for HDVs 
specifically but some interesting responses 

IE - NTA Statement 
of Strategy 2023-

2025 
 

Transport 
 

 The National Transport Authority (NTA) Statement of Strategy 2023-
2025 sets out the organisation’s objectives for 2023 to 2025  

https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/UK%20-%20Zero%20emission%20vehicle%20(ZEV)%20mandate%202023.pdf?csf=1&web=1&e=nvCCcO
https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/UK%20-%20Zero%20emission%20vehicle%20(ZEV)%20mandate%202023.pdf?csf=1&web=1&e=nvCCcO
https://euc-word-edit.officeapps.live.com/:b:/r/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/04%20Research/UK%20-%20Zero%20emission%20vehicle%20(ZEV)%20mandate%202023.pdf?csf=1&web=1&e=nvCCcO
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IE - Road Haulage 

Strategy 2023-2031 
 

 

Transport 
 

This 10-year strategy fulfils a Programme for Government 
commitment to produce the first-ever government strategy dedicated 
to the haulage and road freight sector. The strategy will focus on 
generating efficiencies, improving standards, securing jobs and 
helping the road freight sector move to a low-carbon future. 
 The Strategy sets out the measures and supporting policies needed 
to deliver on these objectives, in particular for decarbonisation. It also 
sets out the policies required to develop the skills base needed to 
ensure the long-term viability of the sector and it considers the 
potential for intermodal transport of freight, particularly in the context 
of the All-Island Strategic Rail Review which is near completion. This 
would mean exploring how road and rail freight transport could 
interconnect to help reduce emissions and ensure efficient carriage of 
goods, to and from ports and across the country. 

• 3,500 low emission HGVs by 2030 
• HGV Targets for Ireland as set by CAP 
• 30% of new MHDV sales 
 

UK - Future of 
Freight Plan 

 

Transport 
 

This plan sets out a starting point for government industry 
collaboration going forward and states our shared vision for the 
sector. The plan establishes government and the sectors joint 
ambition and commitment to a long-term, cross-government and 
cross-modal approach to delivering our vision of: A freight and 
logistics sector that is cost-efficient, reliable resilient, environmentally 
sustainable and valued by society 

• In May 2022 government announced the £200m Zero 
Emission Road Freight Demonstrator (ZERFD) 
programme. 
 
£20m invested in 2021– 2022 to support industry-led 
feasibility studies into developing cost-effective, zero-
emission HGVs and their associated infrastructure 
 
 
The Department for Transport is funding a feasibility 
study in the Tees Valley area considering the period 
2025–2030, functioning across transport modes and 
capable of serving 12–13,000kg of hydrogen a day, 
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EU - FuelEU 
Regulation 

 

 

Transport 
 

The main objective of the FuelEU maritime initiative, as a key part of 
the EU’s Fit for 55 package, is to increase the demand for and 
consistent use of renewable and low-carbon fuels and reduce the 
greenhouse gas emissions from the shipping sector, while ensuring 
the smooth operation of maritime traffic and avoiding distortions in the 
internal market. The new legislation aims to put maritime transport on 
the trajectory of the EU’s climate targets for 2030 and 2050 and 
should play a fundamental role in delivering on the European climate 
law. 

 

UK - Refreshed 
Ship Building 

Strategy 
 

Transport 
 

Acknowledges the role hydrogen might play in the future of 
Shipbuilding but provides little material relevant to this study  
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EU - ReFuel EU 

Aviation 
Regulation 2023 

 
 
 
 
 

 
 

Transport 
 

The 'fit for 55' package included a proposal for a regulation to ensure 
a level playing field for sustainable air transport, also known as the 
ReFuelEU Aviation initiative. The proposed regulation obliges fuel 
suppliers to distribute sustainable aviation fuels (SAF), with an 
increasing share of SAF (including synthetic aviation fuels, or e-fuels) 
over time, in order to increase the uptake of SAF by airlines and 
thereby reduce emissions from aviation 

 

Safety regulation of 
HRS in Ireland and 

Northern Ireland - FIN 

Energy A research study into the safety regulation of hydrogen refuelling 
infrastructure in other jurisdictions to inform on Ireland’s position. 
Concludes with several options for government to consider. 
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1.2 Alternative Fuels Infrastructure Regulation  

This appendix section provides additional details with respect to the EU AFIR policy. This is 
subject to change as the EU updates Article 20 of AFIR. 

Data Requirements 

Data requirements for hydrogen Refuelling Stations are described in AFIR as follows: 

• static data for publicly accessible refuelling points:  

• geographic location of the recharging points and refuelling points for alternative fuels, 

• number of connectors,  

• number of parking spaces for people with disabilities,  

• contact information of the owner and operator of the recharging station and refuelling 
station,  

• opening hours;  

• dynamic data for publicly refuelling points:  

• operational status (operational/out of order),  

• availability (in use/not in use),  

• ad hoc price,  

• electricity supplied is 100 % renewable (yes/no). 

1.3 RTFO (UK) 

The figure below outlines the RTFO obligations applicable in the UK, demonstrating steady 
growth of fuel obligations out to 2032. 
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Figure 10-1 RTFO Obligations table (UK)2 

 

 
2 RTFO Compliance Guidance 2023 Final v2 (publishing.service.gov.uk) 

https://assets.publishing.service.gov.uk/media/63ef58228fa8f56139fc0cb2/RTFO_Compliance_Guidance_2023_Final.pdf
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2 Appendix B – Supply Chain 

2.1 Green Hydrogen 

Given the importance of green hydrogen across Ireland’s Hydrogen Strategy and this project 
in particular, the certification requirements for renewable (green) hydrogen under EU 
legislation are outlined across this section. 

Green hydrogen is considered a Renewable Fuel of Non-Biological Origin (RFNBO) under 
EU law, and it is the Commission Delegated Regulation (EU) 2023/1184 that regulates the 
certification of hydrogen as renewable. 

There are two broad routes for certifying renewable hydrogen, direct (private wire) and grid, 
each with their own sub-options. These options are outlined as follows but more detail is 
available from the commission’s documents. 

2.1.1 Option 1 – Direct Connection 

Option 1 requires a direct, private-wire connection from the renewable electricity source to 
the RFNBO production facility. There should be no connection of the RFNBO plant to the grid 
unless a smart metering system is in place to prove that the RFNBOs are not drawing on grid 
power. 

A further stipulation is that of the additionality requirement, in brief, the renewable electricity 
plants need to be new, meaning that they came into operation at the earliest 36 months 
before the RFNBO plant came into operation. Additionality is detailed further in section 
11.1.3 below. 

2.1.2 Option 2 – Grid Connection 

In some cases, RFNBOs can be produced via connection to the grid. The following outlines 
several condition options to permit the certification of these products as renewable. 

• Electricity with high share of renewables | The RFNBO plant uses electricity from a 
grid with a high share of RES-e. This is considered to be the case if the RFNBO 
production takes place in a bidding zone with an average RES-e share above 90%. 

• Electricity grid with low CO2-emissions | The RFNBO plant uses electricity from a grid 
with low CO2 emissions. This is considered to be the case if the RFNBO production takes 
place in a bidding zone with average emissions intensity of electricity below 
18gCO2eq/MJ. Additional temporal and geographical correlations must be adhered to as 
detailed in sections 11.1.4 and 11.1.5 respectively. 

• Using imbalance settlement periods | The RFNBO plant uses electricity from a grid 
during an imbalance settlement period. This option is only applicable if specific conditions 
are met during this period (curtailment of RES-e plants). The aim is to use electricity from 
RES-e that would have been lost otherwise. 
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• All other grip options | If the three options above do not apply, electricity from the grid 
may be counted as fully renewables, if requirements on additionality, temporal and 
geographical correlation are met. Electricity consumption from the grid may be counted 
as fully renewable, if all of the three following conditions on additionality, temporal 
correlation and geographic correlation are met. 

2.1.3 Additionality 

To comply with the additionality condition, each of the three following requirements must be 
fulfilled: 

1 RFNBO producers must conclude power purchase agreements (PPAs) with RES-e plant 
operators. The amount of electricity covered by those PPAs has to be at least equivalent 
to the amount used for RFNBO production that is claimed to be fully renewable.  

2 The RES-e plants have to be ‘new’. This means they came into operation no earlier than 
36 months before the RFNBO plant. RES-e plants are also considered to be ‘new’ if they 
have ended a PPA with a RFNBO producer before entering into a new PPA. In case 
additional capacity is added to the RES-e plant up to 36 months after its initial 
deployment, they are assigned the same date of initial deployment. This means that the 
added capacity is considered to have come into operation at the same time as the initial 
installation. 

3 The RES-e plant has not received operating or investment support. Excluded from this 
rule is support received before a repowering, support for grid connection, support that is 
fully repaid or support received in the context of research, testing and demonstration of 
RFNBOs production.  

Transition phase: In case the RFNBO plant comes into operation before 1 January 2028, the 
requirements 2 and 3 described in this section do not apply until 1 January 2038. 

2.1.4 Temporal Correlation 

To comply with the temporal correlation condition, it is sufficient to meet one of the following 
requirements. 

1 The production of RFNBOs takes place during the same time period as renewable 
electricity is produced in the RES-e plants contracted by the PPAs. Another option is the 
use of electricity from new electricity storage assets that are connected to the same 
electricity-grid connection point as the RFNBO plant or RES-e plant. However, the 
storage must be charged during the same time period in which the electricity contracted 
by the PPA is produced. 
 
The definition of the ‘time period’ gets stricter over time: 

• Until 31 December 2029 the ‘time period’ is defined as the ‘same calendar month’. 

• From 1 January 2030 the ‘time period’ is defined as the ‘same hour’. 

2 The production of RFNBOs takes place during a one-hour period when the day-ahead 
price of the bidding zone where RFNBO production takes place is either: 
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• below 20€/MWh,  

• or lower than 0.36 times the price of an EU ETS emission allowance, corresponding to 
the right of emitting one ton of CO2 eq. 

2.1.5 Geographic Correlation 

To comply with the geographical correlation condition, one of the following requirements 
must be met: 

1 The RFNBO plant and the RES-e plants contracted by the PPA are located in the same 
bidding zone. 

2 The RFNBO plant and the RES-e plants contracted by the PPA are located in 
interconnected bidding zones. Interconnected means that there is an electricity-grid 
connection between the bidding zones. However, this option can only be applied in time 
periods (monthly or hourly, see above ‘temporal correlation’) when the following condition 
applies: The electricity price on the day-ahead market in the RES-e plant’s bidding zone 
is equal or higher than the electricity price on the day-ahead market in the RFNBO plant’s 
bidding zone. 

3 RES-e plants contracted by the PPA are located in an offshore bidding zone that is 
interconnected to the bidding zone where the RFNBO production takes place. 

EU Member States may introduce additional criteria on geographical correlation valid on their 
territory. 

2.2 Vehicles 

As the ultimate users of HRSs, it is important to understand the emerging hydrogen vehicle 
market in Europe and the influence the supply chain plays on the specification of refuelling 
infrastructure. This section explores demand, characteristics, and the supply chain for 
hydrogen vehicles. 

2.2.1 Historic Review 

Hydrogen vehicles have seen steady growth across Europe over the last eight years but a 
very limited uptake in Ireland and Northern Ireland. The chart below from the Clean 
Hydrogen3 partnership tracks the evolution of FCEVs from 2015 until 2022. 

 
3 Clean Hydrogen Partnership: Report 01 - November 2023 - The European hydrogen market 
landscape.pdf (europa.eu) 

https://observatory.clean-hydrogen.europa.eu/sites/default/files/2023-11/Report%2001%20-%20November%202023%20-%20The%20European%20hydrogen%20market%20landscape.pdf
https://observatory.clean-hydrogen.europa.eu/sites/default/files/2023-11/Report%2001%20-%20November%202023%20-%20The%20European%20hydrogen%20market%20landscape.pdf
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Figure 11-1 FCEV fleet evolution 

 

Of the 5,570 FCEVs reported, most can be placed in Germany, Netherlands, and France, 
with the UK reporting c.100 hydrogen buses of which a significant volume is in Northern 
Ireland. Important to note is that none of the FCEVs reported are in Ireland. 

 

2.2.1.1 Alternative Fuel All Vehicle Growth | Trend in growth across EU in all vehicle 
types.  

 
Figure 11-2 Alternative fuel- EU Vehicle growth 

 

Overall, Electric vehicles have experienced the most growth between 2008 and 2023, 
however, other alternative fuelled vehicles still have the largest presence of 980,2097 

8,731,254

4,762

9,802,097

0

1,000,000

2,000,000

3,000,000

4,000,000

5,000,000

6,000,000

7,000,000

8,000,000

9,000,000

10,000,000

11,000,000

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

N
um

be
r o

f r
eg

is
te

re
d 

Ve
hi

cl
es

Year

Electric Hydrogen Other Alternative Fuels



     Dublin-Belfast Green Corridor, Appendices 29 

registrations in 2023, compared to 873,1254 Hydrogen vehicles. Hydrogen vehicles have the 
lowest number of registered vehicles compared to electric and other alternative fuels, at 4762 
vehicles in 2023. 

Hydrogen experienced its largest percentage growth so far in 2015, at 323.8% growth. 
Electric vehicle registrations began to climb more rapidly from 2016 onwards. 

2.2.1.2 Top EU Countries for Alternative Fuels | 
Figure 11-3 Top EU countries for Alternative Fuels 

 

Germany is the leading country in the EU in respect to H2 fuelled HDVs and all H2-fuelled 
vehicle types. The Netherlands is leading in the number of H2-fuelled trucks registered by 
country. Other countries following suit include France, Denmark, Belgium, and Poland. 

 

2.2.2 Demand 

The Clean Hydrogen Partnership4 expects significant growth of hydrogen in European 
transport over the next thirty years as forecasted in the graph below which predicts a c.454% 
growth between 2030 and 2040. Due to reporting gaps, it is challenging to determine near 
term growth in demand and currently there are no verifiable forecast models for Ireland and 
Northern Ireland – there is too much market uncertainty. Stakeholder engagement suggested 
a healthy appetite for the technology, but that prospective industry players are waiting for 
public-sector to take on the initial risk associated with kickstarting the market due to the 
current lack of commercial viability.  

 
4 Clean Hydrogen Partnership: Report 01 - November 2023 - The European hydrogen market 
landscape.pdf (europa.eu) 
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https://observatory.clean-hydrogen.europa.eu/sites/default/files/2023-11/Report%2001%20-%20November%202023%20-%20The%20European%20hydrogen%20market%20landscape.pdf
https://observatory.clean-hydrogen.europa.eu/sites/default/files/2023-11/Report%2001%20-%20November%202023%20-%20The%20European%20hydrogen%20market%20landscape.pdf
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Figure 11-4 Average projected hydrogen demand by sector 

 

A study5 by ‘National Composites Centre, UK’ makes a forecast of FCEV adoption in the 
range of 20,000 to 30,000 vehicles per year across Europe by 2030. According to research 
carried out by Interact Analysis6, there are estimates that there will be an accumulated total 
of 45,000 heavy-duty hydrogen trucks deployed across Europe by 2030. Whilst this forecast 
is pan-European, and not tailored to Ireland, it is important to consider the EU market given 
TEN-T which seeks to connect Ireland better with the mainland. Below is a graph of the 
market for hydrogen fuel cell HD trucks in Europe between 2020-2030, made by Interact 
Analysis. 

Figure 11-5 Market for hydrogen fuel cell HDV trucks in Europe 

 
  

 
5 106 UK Hydrogen Fuel Cell Electric Heavy-duty Vehicle Supply Chain Review, National Composites Centre, 
September 2021, Link  
6 107 Interact Analysis, Commercial Vehicles, February 2023, Link  

https://www.nccuk.com/media/ijnbp1yp/uk-hydrogen-fuel-cell-report-sept-2021.pdf
https://interactanalysis.com/insight/in-2030-over-45000-heavy-trucks-will-run-on-hydrogen-in-europe/
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2.2.3 Model Specifications & Refuelling characteristics 

The following tables outline some reference characteristics for hydrogen vehicles in the 
heavy and light duty categories. 

2.2.3.1 HGV Specifications 

The following table references heavy goods vehicles. 

Table 11-1 HGV Specifications 
No. Company HGV/  

Truck 
Tonnage Range 

(in Km) 
H2 
Pressure 
(in Bar) 

H2 
Storage 
(in kg) 

Fuel 
Economy 

Refuelling 
Time 

1  HVS  N3 
Europe  

36-42 
tonnes  
(GVW)  

  
600  

  
Up to 
700  

  
Up to 
51 kg  

  
13.72 
km/kg  

  
-  

2  Hyundai  Xcient 
Fuel Cell 
Truck – 
4X2  

19-27 
tonnes  
(GVW)  

  
400  

  
350   

  
31 kg  

  
11.29 
km/kg  

  
-  

4  IVECO  Heavy 
Duty 
FCEV  

44 
tonnes   
(GCW)  

  
Up to 
800   

  
700  

  
70 kg  

  
10 km/kg  

  
-  

5  Scania  Hydrogen 
powered 
fuel cell 
electric 
truck  

27 
tonnes  
(GVW)  

  
  
400-
500  
  
  

  
  
350   

  
  
33 kg  

  
  
10.60 
km/kg  

  
-  

6  Tevva  Hydrogen-
electric 
truck  

7.5 
tonnes  
(GVW)  

  
Up to 
500  

  
  
350  

  
  
-  

  
-  

  
  
10 mins  

7  Hyzon  Hymax 24 
tonne  

24 
tonnes  
(GVW)  

  
400   

  
350   

  
30 kg  

  
13.3 
km/kg 
(company 
specified)  

  
Less than 
15 mins  

8  Hyzon  Hymax 46 
tonnes  

46 
tonnes  
(GVW)  

  
680   

  
350   

  
50-60 
kg  

  
9.7 km/kg  
(company 
specified)  

  
15 mins  

9  Hyzon  Hymax 70 
tonnes  

70 
tonnes  
(GVW)  

  
600   

  
350   

  
50-60 
kg  

- - 

10  VDL  Hydrogen 
fuel cell 
electric 
truck  

27 
tonnes 
(GVW)  

  
  
400  

  
  
350  

30 kg - - 

11  Kenworth  T680  -    
482   

  
Up to 
700  

60 kg - - 

12  Daimler   Fuel cell 
concept 
long-haul 
truck  

-    
  
  
1000   

 - - - - 
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2.2.3.2 HDV Coach Specifications 

The following table references heavy duty people carriers. 

Table 11-2 HDV Coach Specifications 
S. 
No.  

Company  Coach 
Model  

Range
  

(in 
km)  

  
H2 Tanks 
and Size 

(kg)  

  
Refue

l 
Time 

(in 
mins)

  

Seating 
Capacity  

Batter
y Size 

Country & 
Design stage 

1  Solaris  Urbino 18 
Hydrogen  

-  Composit
e Tanks:  
5 X 312 l  
3 X 190 l  

  

  
-  

  
Max. 52  

  
100 
kW  

Poland  
(now part of 
CAF group 

based out of 
Spain)   

2  Marcopolo
  

Audace 
1050  

500-
600  

Type IV 
Hydrogen 
Tanks: 4  

  
  

5  

  
  

53  

    
Brazil  
(The Audace 
1050 is 
produced at 
China Unit and 
according to 
Marco Polo 
approved for 
sale in Europe)  

3  Irizar   i6S  1000  -    
  
-  

  
  
-  

 
 
- 

Spain 
Testing/Prototy
pe (as in Oct, 
2023) 

4  IVECO  Converted
  

-  -    
  
  
-  
  

  
  
  
-  

 
 
Toyot
a 

Italy 
 
Commercial 
launch in 2024 

5  Hyzon  Hyzon 
High Floor 
Coach  

400   35 kg  15    
  
-  

 
 
- 

USA 
- 

6  Temsa/ 
Caetano 
Bus  

-  1000  -  20  -53 
Seats  
-one 
wheelcha
ir space 
and a 
toilet  

 
Toyot
a 

Turley/portugal 
In prototype 
stage 
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Below is the summarised operational data from four years for hydrogen refuelling stations in 
Europe7. The table below provides information on the average daily refuelling mass 
(hydrogen) per bus, the average time taken to refuel and average flow rate. 

City  Refuelling mass per bus (kg)  Mean Time (min)  Flow (kg/min)  
London, The UK 12.58   9.55   1.31  
Aalborg, Denmark,  14.23  11.77  1.19  
Versailles, France  15.53  15.34  1.02  
Pau, France  14.08  16.77  0.80  

2.2.3.3 LGV Specifications 

The following references light goods vehicles 

Table 11-3 LGV Specifications 
No. Company LGV Tonnage Range 

(in 
Km) 

H2 
Pressure 
(in Bar) 

H2 
Storage 
(in kg) 

Fuel 
Economy 

Refuelling 
Time 

1  First 
Hydrogen  

Utility 
Van  

3.5 
tonnes  

  
400-
600 
km  

  
-  

  
8.4 to 
14.7 
kg  
  

 
3.3kg for 
160 km 
(company 
specified) 

 
Less than 
10 mins 

2  Peugeot  e-
EXPERT  

2.9 
tonnes  

  
  
400 
km  

  
  
700 bar  

  
  
4.4 kg  

 
 

90 km/kg 

 
 

3 mins 

3  HYVIA 
(Joint 
venture of 
RENAULT 
GROUP 
and PLUG)  

H2 Tech  3.4 
tonnes  

  
  
405 
km  

  
  
 700 bar  

  
  
6.4 kg  

 
 
 

63 km/kg 

 
 
 

5 mins 

4  Vauxhall 
(Opel) 
Motors  

Vivaro-E 
Hydrogen  

2.8 
tonnes  

  
 400 
km  

  
  
 700 bar  

  
 
-  

 
 

- 

 
 

3 mins 
5  Innervated 

Vehicle 
Engineering 
(IVe)  

H2lix  3.5 
tonnes  

  
  
600 
km  

  
  
-  

  
  
-  

 
1.1kg/ 
100km  
(Company 
Specified) 

 
 

5 mins 

6  Citroen   e-jumpy 
Hydrogen  

3.1 
tonnes  

  
  
400 
km  

  
  
-  

  
  
4.4 kg  
  

 
 

- 

 
 

- 

 

7 E3S Web Conf. Volume 334, 2022 (EFC21 - European Fuel Cells and Hydrogen Piero Lunghi Conference), 
January 2022, Link  

 

https://www.e3s-conferences.org/articles/e3sconf/abs/2022/01/e3sconf_efc2022_06008/e3sconf_efc2022_06008.html
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2.2.4 HGV and LGV case studies 

The following outlines some details related to hydrogen vehicle trials and case studies 
worldwide. 

Table 11-4 HGV and LGV Case Studies 

Type  Details 
HGV: Volvo Trucks8 Volvo trucks are running tests of their fuel cell trucks on our test track. The 

test will also vehicles to be run on the public roads and in 2025 with selected 
customer pilots. Post pilot tests, the launch Volvo’s fuel cell trucks are 
expected to take place during the second half of this decade.  

HGV: VDL Trucks9 Toyota and VDL Group have launched their hydrogen fuel cell 
demonstration truck which has been developed in a collaboration between 
the two businesses. This demo truck is undergoing road testing. VDL Group 
is further preparing four more fuel cell trucks, which will be used by Toyota’s 
logistic providers VOS Transport Group, CEVA, Groupe CAT and Yusen. 
These transportation companies will contribute to the project by using the 
hydrogen trucks on their daily routes in Belgium, France and Netherlands. 
This will be a five-year trial which is expected to enhance the development 
of a sustainable hydrogen infrastructure across Europe.   

LGV: Toyota, Ricardo and 
Advanced Propulsion Centre 
(APC)10 

Toyota with Ricardo and Advanced Propulsion Centre (APC), is working on 
hydrogen prototype for the UK light commercial vehicles market.     
Toyota is working on Hilux hydrogen variant. The prototypes have been 
manufactured and assembled at Toyota’s facility. The launch and 
subsequent physical test, capability and feasibility studies will place in the 
coming months.    

2.2.5 Manufacturers 

Some manufacturers of hydrogen FCEVs include: 

1. Tevva  
2. Hydrogen Vehicle Systems (HVS)  
3. IVECO  
4. SCANIA  
5. VDL  
6. Hyundai  
7. Hyzon Motors  
8. Kenworth  

A detailed look at manufacturers of hydrogen vehicles targeting the European market are 
included below: 

Table 11-5 European H2 Vehicle Manufacturers 
S.No.  Company  Company Description  
1  Hydrogen Vehicle 

Systems11   
  
  

Hydrogen Vehicle Systems are manufacturer of hydrogen-electric 
vehicles. The company's products include hydrogen-powered 
medium commercial vehicles and heavy goods vehicles.  
The company has its primary office in Scotland, United Kingdom.  

 
8 111 Volvo Trucks, ‘Fuel Cell trucks – When and why do we need them?’, Link  
9 112 Toyota UK, ‘VDL Groep reveals hydrogen fuel cell truck for Toyota’s European 
logistics operations’, September 2023, Link  
10  Ricardo, ‘Ricardo supports Toyota with launch of its first UK-based prototype hydrogen light commercial 
vehicle’, September 2023 Link  
11  Pitchbook, Company Overview, HVS, Link  

https://www.volvotrucks.com/en-en/news-stories/stories/2022/nov/when-and-why-fuel-cell-truck.html
https://media.toyota.co.uk/vdl-groep-reveals-hydrogen-fuel-cell-truck-for-toyotas-european-logistics-operations/
https://www.ricardo.com/en/news-and-insights/press-releases/2023/ricardo-supports-toyota-with-launch-of-its-first-uk-based-prototype-hydrogen-light-commercial-vehicle
https://pitchbook.com/profiles/company/469964-89#overview
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2  Ford Trucks12,13 Ford Trucks has partnered with Ballard Power Systems to develop a 
Fuel Cell Electric-Powered (FCEV) F-MAX as part of the EU Horizon 
Europe ZEFES (Zero Emission Freight EcoSystem), a zero-emission 
logistics project.  

3  IVECO and VDL14,15 The EU-funded H2Haul project is working on new heavy-duty 
hydrogen fuel cell trucks in collaboration with two of the major 
European truck manufacturers, IVECO and VDL.   
The project aims to deploy and standardised zero-emission trucks for 
commercial activities. The H2Haul project will develop and 
demonstrate a total of 16 new heavy-duty (26–44t) hydrogen fuel cell 
trucks in real-world commercial operations. The developed vehicles 
will be standardised to help encourage the development of the 
European supply chain.  

4  Hyundai16 Hyundai has begun shipping XCIENT fuel cell to Europe for 
commercial use where first units have been sent to Switzerland.  

5  Scania 17,18,19 Scania is one of the leading manufacturers of motor vehicles based 
in Sodertalje, Sweden involved in trucks, buses and industrial power 
systems manufacturing. 
Scania is also part of several projects in Europe which is involved in 
development of Hydrogen based trucks and related solutions.  

6  Hyzon Motors  Hyzon is one of the pioneers in fuel cell electric mobility, energy 
transition accelerator and technology innovator which provides end-
to-end solutions for commercial vehicle market and hydrogen supply 
infrastructure. Hyzon has its proprietary hydrogen fuel cell 
technology, aims to supply heavy duty trucks and buses to 
customers in North America, Europe92 and around the world.  

7  DAF Trucks  DAF Trucks N.V. is a commercial vehicle manufacturer in Europe 
and is a wholly owned subsidiary of PACCAR Inc. The new 
generation93 DAF trucks works with fuel cell that uses hydrogen to 
generate electricity to power the electric motor or using hydrogen as 
a fuel for the combustion engine.  

8 Vauxhall (Opel) 
Motors20- “British 
Gas 

British Gas, which runs the third largest fleet in the UK, has already 
electrified a quarter of its 12,000 vehicles, adopting Vauxhall Vivaro-
e vans,  

9 First Hydrogen21 First Hydrogen’s new initiatives to focus on identifying and signing up 
fleets with interest in participating in the planned European trials of 
the First Hydrogen Light Commercial Vans. 

10 Peugeot22 PEUGEOT is working directly with energy suppliers to offer 
packaged offers in Europe where, the ecosystem is developing and 
there is support through investments of the European Clean 
Hydrogen Alliance. 

11 Innervated Vehicle 
Engineering (IVe)23 

- 

 
12  Fleet News, ‘Ford Trucks sources hydrogen fuel storage system for prototype’, December 2023, Link  
13  Ford Trucks, ‘Ford Trucks to Develop its First Fuel Cell-Powered F-MAX Model’, Link  
14  European Commission, CORDIS, ‘Hydrogen fuel cell trucks for heavy-duty, zero emission logistics’, Link  
15  IVECO UK Webpage, Link  
16  Hyundai, Hyundai XCIENT Fuel Cell Heads to Europe for Commercial Use, Link  
17  Pitchbook, Company Profile Scania, Link  
18  Scania, HyTrucks Project, April 2022 Link  
19  HyHaul Project, Consortium Members, Link  
20  Fleet Europe, Major UK fleet explores hydrogen van possibilities, Link  
21  First Hydrogen News Release, ‘FIRST HYDROGEN EXPANDS INTO EUROPEAN UNION’, September 
2022, Link  
22  Peugeot, HYDROGEN IN PRODUCTION AT PEUGEOT, Link  
23  Ive, About Company, Link  

https://www.fleetnews.co.uk/news/ford-trucks-sources-hydrogen-fuel-storage-system-for-prototype
https://fordtrucksglobal.com/cell-powered
https://cordis.europa.eu/project/id/826236
https://www.iveco.com/uk/Pages/Home-Page.aspx
https://www.hyundai.news/uk/articles/press-releases/hyundai-xcient-fuel-cell-heads-to-europe-for-commercial-use.html
https://pitchbook.com/profiles/company/507279-79#overview
https://www.scania.com/group/en/home/newsroom/news/2022/Scania-takes-part-in-hydrogen-project.html
https://hyhaul.co.uk/#whoweare
https://www.fleeteurope.com/en/new-energies/europe/features/major-uk-fleet-explores-hydrogen-van-possibilities?a=JMA06&t%5B0%5D=Hydrogen&t%5B1%5D=Emissions&t%5B2%5D=Stellantis&curl=1
https://firsthydrogen.com/first-hydrogen-expands-into-european-union/
https://www.peugeot.co.nz/brand/innovation/efficiency/hydrogen-fuel-cell.html
https://ivengineering.co.uk/ive-secures-innovate-uk-funding-for-hydrogen-lgv-development-vehicle/
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12 Hyvia (Renault)24,25 HYVIA participated at SOLUTRANS during the European Hydrogen 
Week, the world trade fair for industrial and urban vehicles, at Lyon 
Eurexpo (France). 

2.2.5.1 Manufacturers of liquid hydrogen fuelled vehicles. 
 

Some manufacturers are testing for liquid hydrogen fuelled vehicles as below:  
• Daimler26 truck is testing prototype for the use of liquid hydrogen with the help of 

prototype filling station which enables the refuelling with liquid hydrogen.   
Daimler Truck prefers liquid hydrogen in the development of hydrogen-based 
drives. The development objective of the trucks will be for a range of up to 1,000 
kilometres. This makes the truck suitable for flexible and demanding applications, 
especially in the important segment of heavy-duty long-haul transport.  

• Hyzon27,28 has completed its commercial trial of a liquid hydrogen fuel cell electric 
vehicle. The truck completed deliveries, travelling over 860 miles on a 16-hour 
continuous run, which demonstrated the viability of on-board liquid hydrogen.  

 

2.2.6 Fuel cell manufacturers 

Below is a detailed look into current fuel cell manufacturers. 

Table 11-6 Fuel cell manufacturers 
S.No.  Fuel Cell 

Provider  
Vehicle 
Manufacturer  

Description  

1  Cummins  Scania  Cummins Fuel Cells to power Scania’s fuel cell electric 
trucks29 Cummins is providing an initial 20 proton exchange 
membrane (PEM) fuel cell systems to be integrated into 
Scania’s platform. After the Cummins fuel cell systems will 
be incorporated into the Scania trucks, the 20-fuel cell-
electric vehicles (FCEV) will be delivered in 2024 to the 
HyTrucks Consortium (a hydrogen initiative to deploy 
heavy-duty, zero-emissions fleets into Europe’s high-traffic 
areas).  

2  Volvo Group 
and Daimler 
Truck AG  

-  Volvo Group and Daimler Truck AG30  
Volvo Group and Daimler Truck AG has entered into a joint 
venture namely, “Cellcentric” to work on fuel cells 
development within its owner companies. Cellcentric’s aims 
to become a leading global manufacturer of fuel cells by 
developing, producing, and commercializing fuel cell 
systems for use in heavy-duty trucks, and other 
applications.  

 
24  Renault Media, Media News, November 2023 Link  
25  Autovista, Hydrogen vehicles in Europe – is there growing support?, September 2022, Link  
26 Daimler Truck, ‘Development milestone: Daimler Truck tests fuel-cell truck with liquid hydrogen’, June 
2022, Link  
27 Hyzon Motors,’ HYZON MOTORS SUCCESSFULLY COMPLETES FIRST CUSTOMER DEMO OF 
LIQUID HYDROGEN FUEL CELL ELECTRIC TRUCK’, August 2023, Link  
28 Hydrogeninsight, ‘Hyzon's first liquid hydrogen-fuelled truck travels 870km without refuelling in 16-hour test 
run’, September 2023, Link  
29  Cummins, ‘Cummins Newsroom: CUMMINS FUEL CELLS TO POWER SCANIA’S FUEL CELL ELECTRIC 
TRUCKS’, Link  
30 Volvo Group, Hydrogen fuel cells and combustion engines, Link  

https://media.renaultgroup.com/during-the-european-hydrogen-week-hyvia-unveils-new-architecture-of-renault-master-van-h2-tech-at-the-solutrans-motor-show/
https://autovista24.autovistagroup.com/news/hydrogen-vehicles-in-europe/
https://www.daimlertruck.com/en/newsroom/pressrelease/development-milestone-daimler-truck-tests-fuel-cell-truck-with-liquid-hydrogen-51975637#:%7E:text=Since%20last%20year%2C%20a%20Mercedes,support%20for%20the%20development%20program%E2%80%A6
https://www.hyzonmotors.com/in-the-news/hyzon-motors-successfully-completes-first-customer-demo-of-liquid-hydrogen-fuel-cell-electric-truck
https://www.hydrogeninsight.com/transport/hyzons-first-liquid-hydrogen-fuelled-truck-travels-870km-without-refuelling-in-16-hour-test-run/2-1-1511791
https://www.cummins.com/news/2022/04/28/cummins-fuel-cells-power-scanias-fuel-cell-electric-trucks
https://www.volvogroup.com/en/sustainable-transportation/sustainable-solutions/hydrogen-fuel-cells.html#:%7E:text=Building%20fuel%20cells%20in%20our%20joint%20venture%20%2D%20cellcentric&text=cellcentric%20is%20a%2050%3A50,cells%20within%20its%20owner%20companies.
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3  Toyota  VDL31  Toyota32,33 
Toyota has been in the development of fuel cell technology 
since last two decades and offers fuel cell modular systems 
for different applications including automotive.  Toyota Fuel 
Cell Business34 established by Toyota Motors Europe 
provides fuel cell module solutions to external partners. 
Some examples of the provided fuel cell technology 
applications include buses, trucks, and boats.  

4  Hyzon  Hyzon  Hyzon delivers leading fuel cell technology for heavy duty 
truck applications to power their fuel cell trucks35 

2.3 HRS Case studies 
2.3.1 Gaseous Hydrogen refuelling stations 

There are multiple examples of HRSs that exist currently. A detailed look at these stations is 
featured in the table below, including Bus/Public transport, truck/logistics, and Public Network 
hydrogen refuelling stations36 

Table 11-7 Gaseous HRS 

Station/Location  Type Solution  Fuelling performance  

EMS / Hyundai, Jeonju, Korea  

  

Truck/Logistics 
 
First station for truck 
refuelling, scalable 
concept 

1 Twin IC 90/60 
compressor (approx. 
1,000 kg/day)  
  
  

Up to 12 trucks or city buses (350 
bar) during the day; up to 12 
passenger cars (700 bar) can be 
refueled back-to-back  
  

MPREIS, Völs, Austria  

  

Truck/Logistics 
 
First HRS with new 
CEP fuelling protocol 
(A-Map with B-Map 
as fallback)  

1 Twin IC 90/60 
compressor (approx. 
1,000 kg/day)  

12 trucks with 30 kg (350 bar) back-
to-back in three hours; corresponding 
to 10 minutes per truck  

First Element Fuels, Fountain Valley, 
USA  

  

Public Network 
 
Retrofitting of existing 
gas station in 
residential area (<40 
m2 footprint incl. 800 
kg LH2 storage), four 
fueling points for 
parallel fuelling 

1 CP 90/100 pump (LH2 
supply approx. 2,000 
kg/day)  

Up to 20 passenger cars (700 bar) in 
one hour; four in parallel  
  

 
31  Toyota UK, ‘VDL Groep reveals hydrogen fuel cell truck for Toyota’s European logistics operations’, 
September 2023, Link  
32  Toyota, Toyota Fuel Cell Technology, Link  
33  Toyota Fuel Cell Modules,  
34  Toyota Europe, Fuel Cell Business, Link  
35  Hyzon Revitalized, May 2023, Link  
36  Linde Engineering, Powering sustainable mobility for generations to come, Link  

https://media.toyota.co.uk/vdl-groep-reveals-hydrogen-fuel-cell-truck-for-toyotas-european-logistics-operations/
https://www.toyota-europe.com/brands-and-services/toyota-fuel-cell/fuel-cell-technology
https://www.toyota-europe.com/brands-and-services/toyota-fuel-cell/fuel-cell-business
https://s28.q4cdn.com/786762755/files/doc_presentations/2023/05/Hyzon-Revitalized_Disclosure-Committee-Reviewed_5-1-23-FINAL-9.pdf
https://www.linde-engineering.com/en/plant-components/hydrogen-refueling-technologies/index.html
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SK Group & LG Korea, Daejeon, 
Korea  

  

Public Network 
 
Refuelling of both 
passenger cars and 
buses (both 700 bar) 

1 IC 90/30 compressor 
(LH2 supply approx. 500 
kg/day)  

Up to 90 passenger cars (700 bar) 
per day, up to six back-to-back, four 
in parallel, refuelling of 700-bar buses 
also possible  

Iwatani Corporation, Tokyo, Japan  
 

  

Public Network 
 
Liquid hydrogen 
supply; energy 
efficiency of <1,6 
kWh/ kg per pump 

2 x CP 90/100 (more than 
3.000 kg/day)  

Potentially more than 50 buses (700 
bar) and passenger cars (700 bar)  

RVK Köln, Cologne, Germany  

  

Bus/Public transport 
 
indoor refuelling 

2 Twin IC 90/60 
compressors (approx. 
2,000 kg/day)  
  
  

20 buses (350 bar) per day;   
  
10 buses can be filled back- to-back  
  

First Bus Aberdeen, UK  

  

Bus/Public transport 
 
on-site production 

1 Twin IC 90/60 
compressor (approx. 
1,000 kg/day)  
  

Up to 15 buses (with pressure of 350 
bar) during the evening time, and 
several garbage trucks and 
passenger cars (both 350 and 700 
bar) during the day  

ESWE, Wiesbaden, Germany  

  

Bus/Public Transport 
 
Green hydrogen 
supplied by Linde-
Energiepark Mainz 

1 Twin IC 50/60 
compressor (approx. 
1,000 kg/day)  

Up to 10 busses (350 bar) in eight 
hours  

 

A hydrogen refuelling station map37 is available, provided by the Clean Hydrogen Partnership 
and CO-funded by the European Union, depicting current HRS in Europe with details on 
specifications, known availability and opening hours. 38HRS Availability Map (h2-map.eu), as 
below: 

 
37 HRS Availability Map (h2-map.eu) 
38 H2-map.eu 

https://h2-map.eu/
https://h2-map.eu/
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Figure 11-6 Operational HRS in Europe 

 

List of Operational HRS in Europe 

For reference, a list of some HRS facilities is presented below.39 

Table 11-8 Operational HRS in Europe 
S. No.  HRS Operator  HRS Owner  Country  
1  Everfuel  Everfuel  Denmark  
2  H2 Mobility  H2 Mobility  Germany  
3  Holthausen Energy Points B.V.  Holthausen Energy Points 

B.V.  
Netherlands  

4  TotalEnergies Marketing 
Deutschland GmbH  

TotalEnergies Marketing 
Deutschland GmbH  

Germany  

5  GNVert  GNVert  France  
6  PitPoint  

  
TotalEnergies Gas Mobility  Netherlands  

7  Air Liquide  Air Liquide  France  
8  Hynion AS  Hynion AS  Sweden  
9  Windpark Ellhöft GmbH & Co.KG  Windpark Ellhöft GmbH & 

Co.KG  
Germany  

10  Motive Fuels  Motive Fuels  United Kingdom  
11  Coop Mineraloel AG  Coop Mineraloel AG  Switzerland  
12  OrangeGas  OrangeGas  Netherlands  
13  Westfalen AG  Westfalen AG  Germany  
15  LANDI Zofingen  LANDI Zofingen  Switzerland  
16  Infraserv  Infraserv  Germany  
17  Schwab-Guillod AG  Schwab-Guillod AG  Switzerland  

 
39 1 European Hydrogen Observatory, Hydrogen Refuelling Stations, May 2023 Link  

https://observatory.clean-hydrogen.europa.eu/hydrogen-landscape/distribution-and-storage/hydrogen-refuelling-stations
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18  Avia  Avia  Switzerland  
19  Tank & Rast  Tank & Rast  Germany  
20  Fraunhofer ISE  Fraunhofer ISE  Germany  
21  eFarming  eFarming  Germany  
22  Air Products  Air Products  United Kingdom  
23  SPIE  Le Havre Seine Metropole  France  
24  LANDI Sempach-Emmen  LANDI Sempach-Emmen  Switzerland  
25  BOC  BOC  United Kingdom  
26  Colruyt DATS 24  Grand Dole  France  
27  ajusa  ajusa  Spain  
28  Norco Energy  Aberdeen City Council  United Kingdom  
29  Engie  SDEC Energie  France  
30  Greenpoint  Hysolar  Netherlands  
31  EASHyMob  Caux Seine Agglomération  France  
32  Shell  Shell  Netherlands  
33  Uno-X  Uno-X  Norway  
34  Aragon Hydrogen Foundation  Aragon Hydrogen 

Foundation  
Spain  

35  VänerEnergi  VänerEnergi  Sweden  
36  Centro Nacional del Hidrógeno  Centro Nacional del 

Hidrógeno  
Spain  

37  HysetCo  HysetCo  France  
38  Conseil Général de la Manche  Conseil Général de la 

Manche  
France  

39  IIT Bolzano  IIT Bolzano  Italy  
40  Green Planet  Green Planet Real Estate 

B.V.  
Netherlands  

41  Skeljungur hf  H2 Iceland  Iceland  
42  Mob'Hy  

  
  
  

Communauté 
d'Agglomération 
Sarreguemines Confluences  

France  

43  CMB.TECH  CMB.TECH  Belgium  
44  Kuster  Kuster  Netherlands  
45  TotalEnergies Gas Mobility  TotalEnergies Gas Mobility  Netherlands  
46  Hympulsion  Hympulsion  France  
47  Osterwalder St. Gallen AG  Avia  Switzerland  

2.3.2 Liquid hydrogen refuelling stations 

Whilst most HRS facilities in Europe focus on gaseous hydrogen, some facilities offer liquid 
hydrogen services. Details for these are presented below. 

Table 11-9 Liquid HRS 

Company Details 
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Linde 
Engineering  Linde covers the entire hydrogen value chain from generation through distribution to 

field-tested fuelling stations for both gaseous and liquid hydrogen40.  

The first fuelling station for liquid hydrogen by Linde has been opened in California. 
The high energy density of liquid hydrogen (LH2) requires only one seventh of the 
storage volume of gaseous hydrogen (GH2). This makes LH2 a particularly interesting 
option for densely populated areas where there is limited space for building or 
expanding fuelling stations. Linde had developed its CP90 and CP50 cryopumps for 
LH2 fuelling stations.  
  
The first CP90 in US is in Oakland, California. The plant has three times more 
capacity than existing hydrogen fuelling stations in California. Twelve other stations 
are expected to open further, which will help in securing the supply of hydrogen.   
These LH2-based CP technology stations can store up to 800 kilograms of hydrogen 
on site. The CP itself can compress up to 40 kilograms per hour, which will be enough 
for around 200 to 300 cars a day.  

 
Air Liquide   

 

Air Liquide’s liquid-series modular hydrogen refuelling station41 is designed for light-
duty fuel cell vehicles. Some of the key benefits included are:  

Optimization of CapEx (over 1,000kg/day) ,Energy-saving, 70MPa  Highly efficient 
liquid hydrogen pump, No-fog vaporizer technology. 

Some of the performance figures as stated by Air Liquide are: Waiting time between 2 
cars - 4 minutes,Max. cars refuelling/hour (5kg fuelling/car) - 12 to 18,Daily 
performance linear refuelling profile - More than 300 cars (1,600kg)  

 

Chart Industries  

 
Chart provides solution expertise to Liquid Hydrogen (HLH2)42 on-board fuelling 
systems with some of its key features as below: 

Chart’s cryogenic vehicle tanks (HLH2 and HLNG) have a similar envelope and 
mounting approach as diesel tanks. •  

HLH2 onboard fuel tanks require less space and weight than using compressed 
hydrogen (H70)  

Liquid hydrogen refuelling operations can be done in the same time frame as fuelling 
traditional diesel vehicles (10 – 15 minutes from empty to full)  

 

2.3.3 Tenders 
Table 11-10 HRS Tenders 

HRS 
bid/tender 
location 

Detail 

 
40  Linde Engineering, ‘Power Boost for Liquid Hydrogen’, Link  
41 42 Air Liquide, Hydrogen Refueling Station, Link  
42 43 Chart Industries, HLH2 Liquid Hydrogen Vehicle Fuelling Systems, Lin 

https://www.linde-engineering.com/en/about-linde-engineering/success-stories/power-boost-for-liquid-hydrogen.html
https://de.airliquide.com/statics/2021-06/Air%20Liquide%20Global%20New%20Energies%20-%20Hydrogen%20Refueling%20Stations%20catalogue%20-%202021.pdf?VersionId=D3W75JTg3dUx7CRSlsJYb31oJ7Fh5RWX
https://files.chartindustries.com/HLH2.pdf
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Finland 
VTT Technical Research Centre of Finland Ltd floated a tender (in 2021) for 
‘Information Request: Hydrogen Refueling Station (HRS)’.  
VTT is a research institute43 which is owned by the Finnish government. VTT 
works towards utilisation and commercialisation of research and technology and 
towards sustainable growth for businesses and society.   

Details as available from the floated tender:44 
‘VTT is planning the procurement of hydrogen refueling station (HRS) to be used 
for refilling fuel cell electric vehicles in VTT’s Bioruukki piloting centre located in 
Espoo, Finland. With this request VTT’s intention is to get additional information 
about potential suppliers and solutions for the delivery of hydrogen refuelling 
station to VTT’  

India 
NTPC Ltd floated online bid45 for ‘Hydrogen Fuelling Station for Green Hydrogen 
Mobility Pilot Project In Leh (Ladakh), India’ –NTPC is India’s government majority 
owned power utility company. Below are some of the details from the scope of 
work as floated in the bid:  

Design, engineering, manufacturing, supply, packing and forwarding, 
transportation, unloading storage, installation, testing, commissioning, trail 
operation and PG test of Hydrogen Fuelling station at Leh, Ladakh   

The equipment/system/documentation required are:   

Containerized-type hydrogen generation system using a bipolar type water 
Electrolyser (2 x 50% rated capacity), operating during sun-hours only (producing 
~ 80 kg/ day) with input electrical energy of 6500 kWh/day.   

Hydrogen Purifier / De-oxo/ Dryer to be installed with an output Hydrogen purity of 
99.97% and to be housed in Container   

Hydrogen Compression system (2 units with 50% rated capacity considered for 
operation) with final discharge pressure of atleast 450 Bar to be installed outside 
of the hydrogen generation container.   

A high-pressure storage facility to store atleast 100 kg of Hydrogen at 450-500 bar 
to be installed. This facility has to approved by PESO and is in the scope of the 
bidder.    

Hydrogen dispenser (dual hose type) required to be installed to deliver gaseous 
hydrogen to the FCEVs. The input to the dispenser would be from the high-
pressure storage system and chiller (-40 ⁰C)   

All safety provisions and precautions to be taken care diligently both at the time of 
design, commissioning, and operation.   

 
43 VTT, ‘About Us’, Link  
44 TendersonTime, ‘Information Request: Hydrogen Refueling Station (Hrs) Tender, Finland – 43961425’, Link  
45 NTPC Ltd., ‘Invitation for Bid’, July 2021, Link  

https://www.vttresearch.com/en/what-vtt
https://www.tendersontime.com/tenders-details/information-request-hydrogen-refueling-station-hrs-29ecc51/
https://ntpctender.ntpc.co.in/Uploads/job_39142.pdf
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Hazard and Operability study (HAZOP)/ HIRA of the whole system (Electrolysers, 
compressor, storage tubes, dispenser etc.) before starting of installation activity. 
Report on analysis of quantitative risk assessment needs to be done as 
recommended in ISO 19880-1:2020. Analysis of hydrogen flow path in case of 
any explosion or leakage shall be done by any CFD package and submitted.      

All PESO requirements for layout and relevant IS/ISO/IEC/OISD/NFPA standards 
must be adhered to.   

Complete civil work for setting up the containerized units, having relevant 
buildings, architectural works, boundary wall, admin room, control room/operator 
cabin etc. The total area considered for the infrastructure development is 0.55 
acres of land at one place.    

Drive-thru type of road upto the dispenser from the main road and again 
connecting the main road are to be done under the contract.   

As stepdown transformer for transforming power from 11 kV to 415 V is required. 
h. Net-metering facility arrangement as well as all associated electrical and civil 
works required for interfacing with the solar substation.   

A three-year O&M would be under the contract and also including all spares and 
consumables.  

Netherlands  
 

The province of South Holland floated a tender which was won by Everfuel on 
hydrogen refuelling station in Hoeksche Waard and Goeree Overflakkee at the 
Connexxion bus depot in Heinenoord46. South Holland has entered into a 
contractual agreement with Everfuel for the supply of hydrogen for 12 years.   

2.3.4 Funding 

Majority of publicly accessible H2 refuelling stations are publicly funded under different 
programmes related to promotion of hydrogen economy.  

Table 11-11 Funding of HRS 

Location Funding 
UK 

UK Government has set aside a sum of GBP 8 million to fund 4 publicly accessible 
H2 refuelling stations. Element 2 will build these stations. 

 
46 Fuel Cells and Hydrogen, ‘Danish company Everfuel wins tender on hydrogen refuelling station 
in Hoeksche Waard and Goeree Overflakkee’, Link  

https://www.fuelcellbuses.eu/sites/default/files/documents/Danish%20company%20Everfuel%20wins%20tender%20on%20hydrogen%20refuelling%20solution%20in%20Hoeksche%20Waard%20and%20Goeree%20Overflakkee_final.pdf
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Germany 
Several funding mechanisms have been established in Germany: 

• In 2021, Germany’s Federal Ministry of Transport and Digital Infrastructure 
earmarked EUR 60 million for building publicly accessible H2 refuelling stations, 
focusing on heavy duty vehicles. 

• In March 2023, German Federal Ministry of Transport and Digital Infrastructure 
issued call for funding for public hydrogen refuelling stations for heavy commercial 
vehicles. Under this programme, the funding is available up to 80% of the eligible 
expenses and is reserved for stations deploying 100% renewably produced 
hydrogen. 

• German state of Bavaria has opened a funding round of EUR 20 million to support 
building of H2 refuelling stations. 

• Companies / consortiums such as H2Mobility which develops H2 refuelling 
stations in Germany are funded by the government. H2Mobility receives funding 
from German Federal Ministry for Digital and Transport (BMDV) as part of the 
National Innovation Programme for Hydrogen and Fuel Cell Technology (NIP) and 
from the European Commission in the Hydrogen Mobility Europe project 

Italy 
In March 2023, Italian Government allocated EUR 100 million for funding 36 new H2 
refuelling stations, to be built by 2026. 

EU 
Currently, the EU commission is funding a research project “ROAD TRHYP” which is 
dedicated to research and innovation in hydrogen delivery infrastructure. The overall 
objective of the project is to develop and validate a trailer that integrates new 
thermoplastic composite tubes (Type V) to maximise the quantity of H2 transported 
while satisfying end-user requirements (safety, ability to be decontaminated) and 
enforced regulations at low cost. By the end of the project, the consortium will design 
a trailer capable of handling a payload of 1.5 tonnes of H2 with 700 bar tubes. This 
will enable the number of transport rotations between the site of production and the 
delivery site to be decreased, hence the reduction of the environmental footprint of 
transporting compressed hydrogen and will also enable the compressor at the 
hydrogen refuelling station to be downsized. In the meantime, the project will 
investigate fire testing methodologies and safety barriers for Type V adoption.47 

2.4 Hydrogen Delivery 

Transportation of hydrogen depends on the form of the transported fuel. The following are 
road delivery options available for hydrogen: 

 
47 Efectis,‘The ROAD TRHYP project’, Link  

https://efectis.com/en/research-innovation-for-hydrogen-partner-of-the-eu-project-road-trhyp/
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2.4.1 Gaseous Hydrogen 

Gaseous hydrogen is mostly delivered either by trucks or through pipelines. Because 
gaseous hydrogen is typically produced at relatively low pressures (20–30 bar), it must be 
compressed prior to transportation in order that meaningful amount can be delivered on a 
standard-sized vehicle.48 

1. Tube Trailers: Trucks that haul gaseous hydrogen are called tube trailers. The tube 
trailers are preferred for shorter distances (up to 130 km). These cylindrical containers 
are typically pressurized (normally around 350 - 450 bars). The gaseous hydrogen from 
supply to onboard tank follows a compression process to either achieve 950 bars (for 700 
bar delivery) in a high-pressure buffer storage or 500 bar (for 350 bar delivery) in a mid-
pressure buffer storage. 49 

A tube trailer cannot store compressed gas as compactly as a tanker for liquid fuels 
(petrol or diesel fuel). This means that the available tank volume for hydrogen per tanker 
is lower. Single tube trailers carry approximately 500 kg of hydrogen, depending on the 
pressure and container material.50 

2. Through conventional Trailers as LOHC: The liquid organic hydrogen carrier (LOHC) 
concept is a promising novel solution for more efficient and safe storage and 
transportation of hydrogen. LOHCs are liquids that can be reversibly hydrogenated and 
dehydrogenated. Hydrogen storage densities of different LOHCs are typically in the 
range of 5–7 wt% [15] and 40 tonne tanker trucks could then carry around 1500–2000 kg 
of hydrogen. 

2.4.2 Liquid Hydrogen 

This the most common transportation method for hydrogen when high-volume transport is 
needed. This process involves cooling the hydrogen to cryogenic temperatures and 
transporting in special trucks known as “liquid tankers”. 

Liquid Tankers: Hydrogen is transported as a liquid for longer distances in super-insulated 
tanker trucks, with subsequent vaporization at distribution sites. Liquid transport is more 
economical for long distances due to higher hydrogen mass capacity. Tube trailers are 
preferred for short distances (<130 km), while LOHC, a novel concept, offers cost savings 
compared to liquefaction but is pricier than liquid hydrogen. Boil-off losses are a challenge in 
liquid hydrogen transportation. 

2.4.3 Filling storage tanks 

With respect to the time it takes to refill storage tanks, rough estimates are as follows: 

Table 11-12 Storage tanks- Filling times 

Mode of supply  LH2 CGH2 Comments 

 
48 US Department of Energy, Office of Energy Efficiency & Renewable Energy, Hydrogen Tube 
Trailers, Link 
49 HyResponder: Hydrogen refuelling stations & infrastructure, Link  
50 Hydrogen Europe, hydrogeneurope.eu, Link 

https://www.energy.gov/eere/fuelcells/hydrogen-tube-trailers
https://hyresponder.eu/wp-content/uploads/2021/06/L12_HyResponder_L4_210622.pdf
https://spo-global.kpmg.com/sites/IE-G_ISector/Shared%20Documents/DoT%20-%20Hydrogen%20Transport%20Corridor/08%20Client%20Deliverables/Link
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Time to fill 4-6 hours ~4 hours Depends on Size 

Typical Capacity 3,000-4,000 kg ~300-900 kg Depends on Size 

Typical Pressure 6-10 bar ~170 bar  

Time to Off load 1-2 hours (Depending on 
tank size at delivery site) 

30-45 minutes (Tube 
Trailer swap) 

Depends on size 

2.4.4 Transport Pressures 
2.4.4.1 Tube trailers – CGH2 

Traditional hydrogen transport in 200 bar steel bottles limits payloads (200–300 kg) due to 
weight and low pressure. Advanced options like glass fibre (up to 350 bar) and carbon fibre 
cylinders (up to 500 bars) allow higher payloads, exceeding 1000 kg with carbon fibre, but 
come with higher investment costs. 

Table 11-13 Tube trailers 

Company Model Pressure values 
Links 

Bayotech Tandem 450 Working pressure: 450 bar 
Link 

Bayotech Quadrum 450 Working pressure: 450 bar 
Link 

Bayotech Tandem 520 Working pressure: 520 bar 
Link 

Linde HTHP 300 
(unloaded tare 
23,378 kg) 

Working pressure: 300 bar 
Link 

Linde HTHP 500 
(unloaded tare 
32,260 kg) 

Working pressure: 500 bar 
Link 

Linde Trailer USA 
(unloaded tare 
17,240 kg) 

Working pressure: 517 bar 
Link 

https://bayotech.us/bulk-hydrogen-transport-trailers/
https://bayotech.us/bulk-hydrogen-transport-trailers/
https://bayotech.us/bulk-hydrogen-transport-trailers/
https://kpmgindia365-my.sharepoint.com/personal/nikhilkaushik_kpmg_com/Documents/%5b05%5d%20Geos/1%20Ireland/Ireland%20H2%20Refueling/2021%20GLC%20Clean%20Hydrogen%20Strategy%20(energyforum.in)
https://kpmgindia365-my.sharepoint.com/personal/nikhilkaushik_kpmg_com/Documents/%5b05%5d%20Geos/1%20Ireland/Ireland%20H2%20Refueling/2021%20GLC%20Clean%20Hydrogen%20Strategy%20(energyforum.in)
https://kpmgindia365-my.sharepoint.com/personal/nikhilkaushik_kpmg_com/Documents/%5b05%5d%20Geos/1%20Ireland/Ireland%20H2%20Refueling/2021%20GLC%20Clean%20Hydrogen%20Strategy%20(energyforum.in)
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2.4.4.2 Liquid Tankers – LH2 

Liquid tankers offer the ability to transport significantly larger quantities of hydrogen 
compared to tube trailers. Since the density even of liquid hydrogen is well below that of 
liquid fuels, at approx. 800 kg/m3, in this case too only relatively moderate masses of 
hydrogen are transported. At a density of 70.8 kg/m3 , around 3,500 kg of liquid hydrogen or 
almost 40,000 Nm3 can be carried at a loading volume of 50 m3. The typical pressure range 
for these vehicles is 3-12 bars. 

Table 11-14 Liquid Tankers 

Company Model Pressure values 
Links 

Cryolor Large trailer US 
LT18-155 PSIG 
(SR68-10.7 BARG)  

Maximum allowable pressure: 10.7 bar 
Link 

Cryolor Urban trailer US BT8-
110 PSIG (SR32-
7.58 BARG)  

Maximum allowable pressure: 7.58 bar 
Link 

Cryolor Large trailer Europe 
TPED 

Maximum allowable pressure: 12 bar  
Link 

Hylium 
Industres 

LH Trailer Maximum allowable pressure: 10 bar  

Working pressure: 3 bar 

Link 

Linde ST-17600H Maximum allowable pressure: 10.7 bar  
Link 

 

2.4.5 Transport Sizes 

The following tables outline capacities for hydrogen delivery transport options. 

Table 11-15 Tube Trailers - CGH2 

Company Model Gross 
Weight (kgs) 

Tare 
Weight 
(kgs) 

Hydrogen 
Capacity (kgs) 

Links 

Bayotech Tandem 450 ~16330  ~15880 366 
Link 

https://www.cryolor.com/sites/cryolor/files/2023-03/cryolor-lh2-brochure-03.23-sd.pdf
https://www.cryolor.com/sites/cryolor/files/2023-03/cryolor-lh2-brochure-03.23-sd.pdf
https://www.cryolor.com/sites/cryolor/files/2023-03/cryolor-lh2-brochure-03.23-sd.pdf
https://hylium-industries.com/lhtrailer
https://files.chartindustries.com/21746492_LH2Trailer.pdf
https://bayotech.us/bulk-hydrogen-transport-trailers/
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Bayotech Quadrum 450 ~25850 -26550 686 
Link 

Bayotech Tandem 520 ~19550 ~21000 501 
Link 

Linde HTHP 300 NA 23378 950 
Link 

Linde HTHP 500  NA 32260 1130 
Link 

Linde Trailer USA NA 17240 500 
Link 

 

Table 11-16 Liquid Tankers- LH2 

Company Model Gross Capacity 
(litres) 

Tare Weight 
(kgs) 

Hydrogen 
Capacity (kgs) 

Links 

Cryolor Large trailer US 
LT18-155 PSIG   

68059 23745 4451 
Link 

Cryolor Urban trailer US 
BT8-110 PSIG  

32130 11595 2100 
Link 

Cryolor Large trailer 
Europe TPED 

56600 23027 3606 
Link 

Hylium 
Industres 

LH Trailer 40000-48000 - 2500-3000 
Link 

Chart 
Industries 

ST-17600H 66623 23780 4340 
Link 

2.4.6 Next Generation Hydrogen Transport 

High-pressure trailers are optimized for capacity and cost, with potential future gains through 
lower G-loading requirements and reducing Type-III metal liners. The EU-funded "ROAD 
TRHYP" project aims to develop a trailer with thermoplastic composite tubes (Type V) for 
efficient hydrogen transport, meeting safety and regulatory standards at a low cost. The goal 
is a trailer handling 1.5 tonnes of hydrogen with 700 bar tubes, reducing environmental 

https://bayotech.us/bulk-hydrogen-transport-trailers/
https://bayotech.us/bulk-hydrogen-transport-trailers/
https://kpmgindia365-my.sharepoint.com/personal/nikhilkaushik_kpmg_com/Documents/%5b05%5d%20Geos/1%20Ireland/Ireland%20H2%20Refueling/2021%20GLC%20Clean%20Hydrogen%20Strategy%20(energyforum.in)
https://kpmgindia365-my.sharepoint.com/personal/nikhilkaushik_kpmg_com/Documents/%5b05%5d%20Geos/1%20Ireland/Ireland%20H2%20Refueling/2021%20GLC%20Clean%20Hydrogen%20Strategy%20(energyforum.in)
https://kpmgindia365-my.sharepoint.com/personal/nikhilkaushik_kpmg_com/Documents/%5b05%5d%20Geos/1%20Ireland/Ireland%20H2%20Refueling/2021%20GLC%20Clean%20Hydrogen%20Strategy%20(energyforum.in)
https://www.cryolor.com/sites/cryolor/files/2023-03/cryolor-lh2-brochure-03.23-sd.pdf
https://www.cryolor.com/sites/cryolor/files/2023-03/cryolor-lh2-brochure-03.23-sd.pdf
https://www.cryolor.com/sites/cryolor/files/2023-03/cryolor-lh2-brochure-03.23-sd.pdf
https://hylium-industries.com/lhtrailer
https://files.chartindustries.com/21746492_LH2Trailer.pdf
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impact and enabling downsizing of refuelling station compressors. The project also explores 
fire testing and safety barriers for Type V adoption. 

2.4.7 Capability Challenges 

Key challenges in hydrogen delivery include cost reduction, energy efficiency increase, purity 
maintenance, and leakage minimization. Further research is necessary to analyse trade-offs 
between hydrogen production and delivery options as an integrated system. 

Establishing a national hydrogen delivery infrastructure is a significant challenge, requiring 
time and a combination of technologies. Infrastructure needs will vary by region and market 
type, evolving with growing hydrogen demand and technological advancements. 

2.5 Hydrogen Storage 

The storage of hydrogen is a key requirement for both hydrogen vehicles and the hydrogen 
refuelling stations themselves. There are two primary approaches for storing hydrogen: 
gaseous or liquid51. 

2.5.1 Gaseous Storage 

Compressed Gas Hydrogen Storage (CGH2), as the name implies, see the hydrogen stored 
in gaseous form at high pressure in the region of 150-1000 Bars. In this form, hydrogen gas 
can be stored in vessel bundles, elevated tanks, or in underground steel tanks. A formal 
classification of storage vessel types is described in the table52 below: 

Table 11-17 Gaseous Storage 

Vessel Type Description Peak Pressure 
Range 

Typical 
Applications 

Type I Full metal construction. Diameters of 
c.25-40cm. Low cost but prone to 
corrosion. 

150-200 Bar Permanent and 
Underground 
Storage 

Type II Metal liner with hoop composite 
wrap. Diameter of c.45cm. Improved 
performance over Type I but still 
prone to corrosion. 

200-800 Bar Permanent and 
Underground 
Storage 

Type III Metal liner with full composite wrap. 
Diameter of c. 68cm. Reduced cost 
over Type IV but heavier. 

350-700 Bar Buffer storage, 
Transportation, and 
Trailers 

 
51 Chemical storage options, e.g. metal hydrides, do exist however they demonstrate low 
technological, and near negligible commercial, maturity. 
52 AST: Hydrogen Storage Tanks – Materials, Types & Uses, Link 

https://astforgetech.com/ast-hydrogen-storage-tanks-materials-types-uses/
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Type IV Plastic liner with full composite wrap. 
Diameter of c.75cm Expensive but 
70% less weight than Type I and 
longer service life than Type III. 

350-1000 Bar Buffer storage, 
Transportation, and 
Trailers 

Type V Full composite (linerless). Diameter 
of c.75cm. 20% less weight than 
Type IV. 

350-1000 Bar Novel technology. 
Fuel Cell Hydrogen 
Vehicles.  

 

2.5.2 Liquid Storage 

Cryogenic liquid storage (LH2) tanks are the most common approach to storing large 
quantities of hydrogen. These are highly insulated low-pressure vessels for storing hydrogen 
at -253°C in the region of 10 Bar. To avoid over pressurisation beyond the structural limits of 
the vessel, gaseous hydrogen vapour is vented from the tank which might be released 
openly or compressed via a boil-off compressor to be stored as gaseous hydrogen. 

2.5.3 Storage Stages 

As hydrogen moves through the refuelling process, from arrival at the station to departure in 
hydrogen vehicles, it passes through various stages of storage. A brief overview of these 
stages and associated storage approaches are described as follows: 

1 Low pressure bulk storage | In either CGH2 or LH2 format, the bulk volume of the 
hydrogen is stored at relatively lower pressure in the station’s main storage tanks (c. 1-45 
Bar of pressure). In some applications, it might the tube trailers supplying the station 
themselves that also serve as the bulk storage. 

2 Medium pressure storage | These are typically bundles of gas storage vessels with 
pressures ranging from 200-500 bar. This might serve as an intermediary buffer storage 
stage or supersede the requirement for low pressure bulk storage all together. 

3 High pressure buffer storage | These are typically composite vessels (Type III or Type IV) 
which serve as a buffer post-compression between the bulk storage and the hydrogen 
vehicle. As such their pressures may range from 700-1000 Bar to provide the necessary 
dispensing pressure. 

2.5.4 Storage Losses 

The loss of hydrogen is mostly associated with LH2 solutions. For gaseous hydrogen the 
loss is minimal and can be managed via leakage detection and monitoring equipment. 

Most of the losses associated with LH2 storage is that which is due to the venting of 
evaporated gas. This is a continuous loss over time known as boil-off losses and is typically 
presented as the percentage of stored hydrogen lost per day. Example boil-off rates as 
reported by OEMs can be found in the table below. 
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Table 11-18 Storage Losses 

OEM Model Pressure Scale of 
storage 

(kgs/litres) 

Boil Off 
rate 

Link 

Chart 
Industries 

Perma-Cyl 5000 
Hydrogen 

Maximum 
– 18 bar 

308 kg 1.50% per 
day Link 

Cryolor 
Horizontal 

storage* RH20 - 
143 PSIG / 9.9 

BARG 

9.9 (up to 
12 bar 

with PED) 

1240 kg <1% per 
day Link 

Cryolor 
Vertical storage* 
C56 - 143 PSIG / 

9.9 BARG 

9.9 (up to 
12 bar 

with PED) 

3527 kg <0.9% per 
day Link 

Hylium 
industries 

HYST 50 L and 
250 L tank 

12 bar 50-250 litres <4% per 
day Link 

Hylium 
industries 

HYBT Liquid 
Hydrogen Bulk 
Storage Tank 

5600 

6 bar 5600 litres <1% per 
day Link 

Linde Liquid H2 tanks 12 bar Upto 26000 
kgs 

0.25-0.95% 
per day Link 

Taking the Perma-Cyl 5000 from Chart Industries as an example. A series of these tanks 
storing 1000 kg of liquid hydrogen with a boil-off rate of 1.5% per day, lose c. 15kg per day. 
As much as 100kg accumulated losses after a week. Given the high cost of producing green 
hydrogen, these loses are highly undesirable and compromise the financial standing of the 
HRS. A boil-off gas capture system featuring a compressor and gaseous storage solution 
might overcome these losses at an increased capital expense. 

2.5.5 Leak Management 

Given the hazards associated with hydrogen and the risk of leaks, it is imperative that the 
HRS site makes use of appropriate leak detection technologies. This review does not seek to 
go into depth on the technical requirements for leak management, but some technologies 
have been identified as follows: 

1. Tracer Gas to air based Micro-Flow Technology53,54 | Tracer gas leak testing is a 
simple and highly efficient method of leak detection that uses escaping tracer gas to 
identify micro-leaks. The tracer gas does risk compromising the purity of the hydrogen 
but this is usually considered in the technical design of stations and vehicles. 

 
53Pfeiffer Vacuum, Leak Detection, Link 
54 Pfeiffer Vacuum, Hydrogen Storage Fuel Cells, Leak Detector, Link 

https://files.chartindustries.com/PermaCylH2PED.pdf
https://www.cryolor.com/sites/cryolor/files/2023-03/cryolor-lh2-brochure-03.23-sd.pdf
https://www.cryolor.com/sites/cryolor/files/2023-03/cryolor-lh2-brochure-03.23-sd.pdf
https://hylium-industries.com/lt
https://hylium-industries.com/lt
https://www.linde-engineering.com/en/images/LE_LH2_Technologies_Brochure_RZ_VIEW_51906_tcm19-646805.pdf
https://leak-detection.pfeiffer-vacuum.com/en/leak-detection-know-how/leak-testing-technologies/tracer-gas-leak-detection-with-helium-and-hydrogen/which-tracer-gas/
https://www.pfeiffer-vacuum.com/en/markets/energy/energy-storage/hydrogen-storage-fuel-cells/#:%7E:text=Pfeiffer%20Vacuum%20offers%20a%20complete,and%20coating%20processes%20under%20vacuum.
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2. Hydrogen Gas Sensors55 | The hydrogen sensors technology helps in sensing of 
extremely trace (parts per billion) level leakage detection of hydrogen gas.  

2.5.6 Relevant Standards 

The following are a list of standards relevant to hydrogen storage systems56. 

Table 11-19 Relevant Standards 

Certification 
Standard 

Description 

ISO 19880-1:2020 This certification standard defines requirements which are 
applicable to fuelling stations for hydrogen applications 

EN 17339  

 

This European Standard specifies minimum requirements for the 
materials, design, construction, prototype testing and routine 
manufacturing inspections of composite gas cylinders and tubes 
for compressed hydrogen. 

EN 17533 This European Standard specifies the requirements for the design, 
manufacture and testing of standalone or cylinders, tubes and 
other pressure vessels of steel, stainless steel, aluminium alloys or 
of non-metallic construction material.  

EIGA Doc 06/19 This European Industrial Gases Association Standard specifies the 
requirements for safety in storage, handling and distribution of 
liquid H2. 

NFPA 55 This standard facilitates and specifies protection from 
physiological, over-pressurization, explosive, and flammability 
hazards associated with compressed gases and cryogenic fluids.  

2.6 Pressure Specifications and Fuelling Protocols 

Pressure is of vital concern for hydrogen vehicles given that hydrogen is generally consumed 
as a gas, even when stored in liquid form it is evaporated before entering the powertrain.  

 
55 International Journal of Hydrogen Energy, ‘Hydrogen gas sensing methods, materials, and 
approach to achieve parts per billion level detection’, October 2019, Link 
56 Best Practices in Green Hydrogen Standards & Regulations Development, ‘Growing Green 
Hydrogen Ecosystem’, Link 

https://www.sciencedirect.com/science/article/abs/pii/S0360319919330034
https://www.energyforum.in/fileadmin/user_upload/india/media_elements/Presentations/20230424_Gap_Analysis_H2/20230424_GH2_Standards_pManifold.pdf
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2.6.1 Hydrogen Vehicle Pressure Specifications 

For gaseous hydrogen vehicles, there are two main standards for the use of pressurised 
hydrogen, H35 and H70, which refer to the Nominal Working Pressure (NWP) of the vehicle’s 
onboard storage of the hydrogen gas. 

• H35, or half-pressure, refers to an NWP of 350 Bar. This is the current norm for HDVs 
which have the capacity for larger onboard storage vessels.  

• H70, or full pressure, refers to an NWP of 700 Bar. This is the current norm for LDVs 
such as hydrogen passenger cars, where storage spaces are smaller, and the gas must 
be compressed further. Some HDVs are starting to use the H70 standard, and it is 
anticipated that larger commercial vehicles might switch to H70 in the long-term to allow 
for greater vehicle ranges and tonnages. 

2.6.2 HRS Pressure Requirements 

HRSs must dispense hydrogen according to the pressure specification of the receiving 
vehicle. In some cases, the HRS intentionally stores hydrogen gas at a pressure greater than 
350 Bar or 700 Bar respectively, to offset the pressure losses due to dispending the gas into 
the vehicle i.e. as molecules move from the station to the vehicle, the pressure in the station 
goes down whilst the vehicle’s goes up.  

2.6.3 Fuelling Protocols 

The EU Commission has found that the lack of standardised fuelling protocols that can be 
used for any medium or heavy-duty vehicle is a significant barrier preventing larger hydrogen 
fuel cell vehicles from progressing past the back-to-base philosophy and is a major hurdle for 
both infrastructure players and vehicle manufacturers to develop and deploy standard 
products. 

The Commission, through ‘Horizon 2020’ examined protocol needs for short-term refuelling 
for Medium and Heavy-Duty Vehicles. Specifically, this project explored protocols for any 
vehicle that stores more than 250 litres (or 10kg) of hydrogen gas, with a focus on H35 and 
H70 but allowing for other possible NWPs. 

Protocol SAE J260157 was developed for Light duty vehicles, but current protocols for HD 
fuelling are too limited or non-existent. Recommended protocol by PRHYDE for HDVs are 
still in the process of being accepted and implemented. The PRHYDE project, running 
between January 2020 and September 2022, had the aim to develop recommendations for a 
non-proprietary heavy duty refuelling protocols used for future standardization activities for 
trucks and other heavy duty transport systems applying hydrogen technologies. 58 

2.7 Cleaning and Purification 

The purity of hydrogen is critical for the proper functioning of fuel cells in vehicles. 
Contaminants like water, oxygen, carbon dioxide, and hydrocarbons must be removed to 
prevent damage to the fuel cell and ensure efficient operation. Various standards exist 

 
57 SAE INTERNATIONAL, Link 
58 PRHYDE, clean-hydrogen-Europa, Link 

https://www.sae.org/standards/content/j2601_202005/
https://www.clean-hydrogen.europa.eu/system/files/2022-11/1-PRHYDE.pdf
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across jurisdictions59 but of primary concern to this project in the context of Ireland and 
Northern Ireland is EN 17124, which recently replaced ISO 14687 in the AFIR requirements. 
The ISO 14687 standard for limit of detection of contaminants is listed below as an 
indication. The EN 17124 sets quality characteristic requirements for hydrogen dispensed by 
hydrogen refuelling stations similar to that of the following table. Indicative limits of detections 
for hydrogen purity measurements are shown below as prepared by NPL60:  

Table 11-20 Cleaning and Purification 

Components  Limit of detection / µmol mol -
1 (ppm)  

Water  3  

Total hydrocarbons  0.01  

Oxygen  0.5  

Helium  20  

Nitrogen  1  

Argon  0.5  

Carbon dioxide  0.02  

Carbon monoxide  0.02  

Total sulphur compounds  0.002  

Methane  0.02  

Formaldehyde  0.1  

Ammonia  0.1  

Formic acid  0.15  

Halogenated compounds (only organic halogenated 
compounds excluding HCl and Cl2)  

0.01  

 
To achieve the necessary purity levels, various filters and purifiers are used within the 
refuelling system to clean the hydrogen before it is dispensed. These can include: 
 
Table 11-21 Components for purity 
 
Component Detail Life expectancy 
Hydrogen purifiers These devices use a variety of 

technologies, such as adsorption, 
membranes, and catalysts, to 
remove impurities from hydrogen 
gas.  
 

Up to 15,000 operating 
hours  

Hydrogen dryers These devices remove water 
vapor from hydrogen gas.  

Up to 35000 operating 
hours  

Hydrogen particle filters These devices remove particulate 
matter from hydrogen gas and are 

8,000 hours or 12 months 
whichever comes first  

 
59 SAE J2719 as developed by SAE in North America parallels ISO 14687 
60 NPL, ‘Hydrogen purity for fuel cell vehicles’  
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used in both vehicles and HRS for 
removal of dirt particles.   
 

 
Table 11-22 Manufacturers of Cleaning components for HRS 

Company Product 
name  

Function  Pressure 
range  

Application  

WEH  Hydrogen Filters  Removes dirt 
particles  

250/350 bar  Hydrogen vehicles and 
HRS  

WEH  Coalescing Filter 
TSF2 H₂ - 
Product family  

Removes dirt 
particles  

350/450 bar  Hydrogen vehicles and 
HRS  

Chase 
Filter 
Company  

51 Series T-Type 
hydraulic filters  

Removes dirt, 
rust, scale and 
more  

350 bar (5k 
psi) Operating 
Aluminium or 
420 bar (6k 
psi) stainless 
steel  

Hydrogen vehicles and 
HRS  

Chase 
Filter 
Company  

43N Series T-
Type filter  

Removes dirt, 
rust, scale and 
more  

Up to 30k psi  Hydrogen vehicles and 
HRS  

2.8 Compression System 

For both gaseous and liquid systems, pressure is an important factor for both monitoring and 
control of the station. Given the H35 and H70 standards used by gaseous vehicles, and that 
hydrogen is typically stored at lower pressures in bulk, some component of compression is 
essential for HRS performance. 

2.8.1 Configurations 

Different HRSs present different compression solutions. The number of compressors 
required depends on factors including the station's design, capacity, expected refuelling 
demand and redundancy requirements. A general view of configurations is presented below: 

• Single-Compressor Configuration: Smaller stations with lower throughput might 
operate with just one compressor, especially if they are in locations with fewer fuel cell 
vehicles. 

• Dual-Compressor Configuration: Many HRS designs opt for a dual-compressor 
configuration. This setup often includes one compressor for the lower-pressure stage 
(e.g., 350 bar) and another for the higher-pressure stage (e.g., 700 bar). This 
configuration allows for efficient operation and flexibility in managing different pressure 
levels. 

• Modular/Expandable Configurations: Some HRS designs incorporate modular or 
expandable configurations. In these cases, the station may initially deploy a single 
compressor and later expand by adding additional compressors to meet growing 
demand. 
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2.8.2 Redundancy 

Backup Compressors are required to enhance reliability and ensure continuous operation. 
These can be activated in case of maintenance, unexpected downtime, or to handle peak 
demand periods. It is a common practice to have at least one backup compressor in larger or 
busier stations or stations located along major highways to ensure continuous operation if a 
primary compressor requires maintenance or fails. 

In critical operations where uptime is essential, redundancy in compressors can be designed 
into the system, allowing one to be taken offline for service without disrupting station 
operation. 

2.8.3 Compressors 

The industry is currently focused on mechanical compressors which use physical pistons or 
membranes to compress the gas. As technology evolves, more novel options include ionic, 
electrochemical, and metal-hydride compressors. The type of compressor is of little concern 
to this project provided performance and cost metrics meet the interests of this study. 

2.8.4 Performance and Losses 

Compression does not exhibit losses with respect to the volume of the product itself i.e. 
hydrogen gas is not lost during compression. 

It may be of value to note however that compression is an energy intensive operation, and as 
much as 10-15% of the energy value of the hydrogen might be used to compress the gas 
into a useable pressure range. Whilst this does not impact its value as a fuel, it does impact 
the electricity requirements of the station itself. Assuming 1 tonne of hydrogen per day and 
hydrogen energy density of 33KWh/kg61, a station might consume as much as 5MWh per 
day to compress the gas for dispensing.   

2.8.5 Manufacturers 

An illustrative list companies providing compressors for hydrogen refuelling applications: 

Table 11-23 Compressor Manufacturers 

Company Country Links 
Linde PLC Germany Link 
Ariel Corporation US Link 
Atlas Copco Sweden Link 
KAJI Technology Corporation Japan Link 
PDC Machines US Link 
Hiperbaric US Link 
Corken Inc. US Link 
Burckhardt Compression AG Switzerland Link 
Hydro-Pac Inc. US Link 
Haug Kompressoren AG Switzerland Link 
Sundyne Corp. US Link 
Howden Group Ltd UK Link 
Indian Compressors Ltd India Link 

 
61 H2data.de - Hydrogen fact sheet 

https://www.linde-engineering.com/en/images/DS_IC%2050_tcm19-523715.pdf
https://www.arielcorp.com/support/application-manual/applications/hydrogen.html
https://www.atlascopco.com/en-in/compressors/products/gas-compressors/h2y-high-pressure-hydrogen-compressor
https://www.kajitech.com/en/product/hydrogen/
https://www.pdcmachines.com/hydrogen-compressors-for-hydrogen-refueling-stations/
https://www.hiperbaric.com/en/h2-compression/
https://www.idexindia.in/corken/corken-compressors/
https://www.burckhardtcompression.com/solution/h2-power-to-x-mobility/h2-fuel-stations/
http://hydropac.com/hydrogen-compression.html
https://www.haug.ch/en/references-applications/h2-hydrogen-and-synthesis-gas.html
https://www.sundyne.com/industries/hydrogen/
https://www.howden.com/en-us/industries/energy-and-renewables/renewable-hydrogen/hydrogen-refueling-stations
https://www.didwania.com/hydrogen-compressors.html
http://www.h2data.de/
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Haskel, Ingersoll Rand Inc. US Link 

An illustrative list of gaseous hydrogen compressor products, and associated maximum 
output pressures are presented below: 

Table 11-24 Gaseous hydrogen compressor products 
Company Model Pressure values Links 
Linde PLC Linde IC90/60 Ionic 

Compressor 
Nominal inlet pressure - 6–201 bar, GH₂ 
Outlet pressure - < 900 bar 

Link 

Linde PLC Linde IC50/60 Ionic 
Compressor 

Nominal inlet pressure - 6–201 bar, GH₂ 
Outlet pressure - < 500 bar 

Link 

Linde PLC Linde IC50-P20 Ionic 
Compressor 

Nominal inlet pressure - 16–201 bar, GH₂ 
Outlet pressure - < 500 bar 

Link 

Haskel Haskel HGD-150 Nominal inlet pressure – 14 bar, GH₂ 
Outlet pressure - 70 bar 

Link 

Haskel Haskel HGD-90 Nominal inlet pressure - 35 bar, GH₂ 
Outlet pressure - 200 bar 

Link 

Haskel Haskel  HGD-150/90 Nominal inlet pressure - 9 bar, GH₂ 
Outlet pressure - 324 bar 

Link 

Kaji Technology 
Corporation 

HyKom340 Nominal inlet pressure - 6 bar, GH₂ 
Outlet pressure -820 bar 

Link 

Kaji Technology 
Corporation 

VD4-75GH-OL Nominal inlet pressure - 6 bar, GH₂ 
Outlet pressure - 400 bar 

Link 

Atlas Copco H2Y for mobility Nominal inlet pressure - 5 bar, GH₂ 
Outlet pressure - 1000 bar 

Link 

2.9 Refrigeration Systems  

Fast dispensing of compressed hydrogen heats up compressed hydrogen due to the Joule 
Thomson effect. Consequently, cooling prior to dispensing is necessary for all refuelling 
stations to ensure that the vehicle’s tank remains below maximum permissible temperature 
(c. 85oC)62.  

2.9.1 Cooling Methods  

Hydrogen cooling generally occurs in a heat exchanger in which the compressed hydrogen is 
chilled. Several methods of cooling are currently in use. These can be separated into active 
cooling, which comprises direct and indirect cooling, as well as passive cooling.  

Direct cooling is the most common method in use today. The process uses a Diffusion 
Bonded Heat Exchanger (DHE), which has several advantages compared to traditional heat 
exchangers such as smaller size, reasonable cost, and low energy consumption. 
Refrigeration capacity is directly delivered to the heat exchanger requiring no intermediary 
medium. Additionally, these heat exchangers have virtually unlimited capacity for back-to-
back refuelling63. Compared to other heat exchangers, the DHE is a newer process requiring 
precise engineering to create microscopic channels for flow. The diffusion bonding 
manufacturing process creates a heat exchanger made in one solid piece, which makes it 
robust and well suited for high-pressure applications. Direct cooling technology is also 
compatible with refuelling of multiple vehicles simultaneously. 

 
62 (Hydrogen Cooling System | Products & Know-how | HYFINDR). 
63 Hydrogen Pre-Cooling Heat Exchangers - Vacuum Process Engineering (vpei.com) 

https://www.haskel.com/en-bz/products/hydrogen-refuelling/hydrogen-compressors
https://www.linde-engineering.com/en/images/DS_IC%2050_tcm19-523715.pdf
https://www.arielcorp.com/support/application-manual/applications/hydrogen.html
https://www.atlascopco.com/en-in/compressors/products/gas-compressors/h2y-high-pressure-hydrogen-compressor
https://www.kajitech.com/en/product/hydrogen/
https://www.pdcmachines.com/hydrogen-compressors-for-hydrogen-refueling-stations/
https://www.hiperbaric.com/en/h2-compression/
https://www.kajitech.com/en/product/hydrogen/#introduce
https://www.kajitech.com/en/product/hydrogen/#introduce
https://www.atlascopco.com/en-in/compressors/products/gas-compressors/h2y-high-pressure-hydrogen-compressor
https://hyfindr.com/hydrogen-cooling-system/#:%7E:text=For%20this%20reason%2C%20the%20hydrogen,is%20possible%20within%205%20minutes.
https://www.vpei.com/hydrogen-pre-cooling-heat-exchangers/
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• Recommended for fuelling stations handing either large vehicles, high rates of back-to-
back refuelling, or multiple vehicles at once. 

Indirect cooling is another type of active cooling, which uses a traditional form of heat 
exchanger. Here, a cooling medium such as water/glycol mixture is used as an intermediary 
to remove heat from the compressed hydrogen, after which the medium is re-cooled in a 
refrigeration unit before looping back to the heat exchanger. The process is adequate for 
cooling hydrogen but is not often used for refuelling stations due to high energy consumption, 
significant CapEx and large size compared to direct cooling64. High rates of back-to-back 
refuelling are possible with indirect cooling, though the size of heat exchanger, energy 
consumption and size of refrigeration system, and flow of refrigerant must be increased to 
enable such rates.  

• Not recommended over its alternatives due to low efficiency of indirect cooling for 
compressed hydrogen. 

Passive cooling allows for a smaller refrigeration system than active cooling taking 
advantage of high thermal mass of the heat exchanger to store cooling capacity. A heat 
exchanger like indirect cooling is used to cool the heat exchanger but functions semi-
continuously to maintain cooling capacity in the thermal mass as opposed to working only 
during refuelling. This approach can be beneficial if low rates of refuelling are required and 
cannot accommodate for multiple back-to-back refuelling activity. Due to the large amount of 
hydrogen required, passive cooling is not recommended for larger vehicles such as HGVs or 
buses.  

• Recommended for stations fuelling one small vehicle at a time with low rates of back-to-
back refuelling.  

2.9.2 Comparison of Cooling Methods 

The performance of the cooling methods is scored below on a scale of 1 (worst) to 5 (best)65. 
Note that the applicability of each method must be considered on a case-by-case basis for 
new hydrogen refuelling stations.  

Table 11-25 Cooling Methods Comparison 

Criterion Direct 
Cooling 

Indirect 
Cooling 

Passive 
Cooling 

Size of Heat 
Exchanger 

4 3 1 

Size of the 
Chiller System 

3 1 5 

 
64 Energies | Free Full-Text | Numerical Improvement Using Flow and Heat Transfer Calculations of 
the Zigzag Geometry for Carbon Dioxide PCHEs (mdpi.com) 
65 https://hyfindr.com/hydrogen-cooling-system/  

https://www.mdpi.com/1996-1073/15/8/2831
https://www.mdpi.com/1996-1073/15/8/2831
https://hyfindr.com/hydrogen-cooling-system/
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Energy 
Consumption 

5 1 2 

Connection 
Load 

3 2 4 

CapEx 2 1 4 

Back-to-back 
filling rate 

5 5 3 

2.10 Dispensers 

Hydrogen fuel dispenser is the connection point between the refuelling station and the 
vehicles it serves. Dispensers have one or several hoses with nozzles specified for either 
350 bar or 700 bar and generally include a data interface, which is responsible for 
communication between the vehicle and refuelling station66.  

Nozzles are produced by a wide range of manufacturers around the world. The nozzles are 
generally made of rust-free stainless steel with polymer sealants and thermal insulation 
protecting users from the low-temperature hydrogen. Ergonomic design, light weight and 
high flow rates often figure in nozzle design67 68, which must also include a gas vent and 
lock-in technology with the vehicle to comply with standards.  

2.10.1 ISO Standards 

ISO standard 17268:202069 covers Gaseous hydrogen land vehicle refuelling connection 
devices and defines design, safety and operation characteristics. This includes the nozzle 
and communication hardware of the refuelling station as well as the receptacle and 
protective cap mounted on vehicle, which is ouy  

2.10.2 Dual Pressure Configuration 

Certain dispensers are configured to handle both the 350 bar and 700 bar pressure 
standards. These come with two separate nozzles and hoses. Several manufacturers offer 
dual pressure dispensers, such as the one listed in the table below. 

Table 11-26 Dual pressure dispensers & manufacturers 
Safety Considerations  Source of Failure  

 
66 https://hyfindr.com/product-category/components/hydrogen-fueling-nozzles  
67 ch1000-ch2000-series-self-service-hydrogen-nozzle.pdf (opwglobal.com) 
68 Find Hydrogen Fueling Nozzles from all Suppliers | HYFINDR 
69 ISO 17268:2020 - Gaseous hydrogen land vehicle refuelling connection devices 

https://hyfindr.com/product-category/components/hydrogen-fueling-nozzles
https://www.opwglobal.com/docs/libraries/retail-fueling/product-catalogs/clean-energy-products/hydrogen-equipment/ch1000-ch2000-series-self-service-hydrogen-nozzle.pdf?sfvrsn=ad17aec4_4
https://hyfindr.com/product-category/components/hydrogen-fueling-nozzles/#:%7E:text=These%20nozzles%20are%20required%20to,bar%20(70%20MPa)%20pressure.
https://www.iso.org/standard/68442.html
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Humble Hydrogen70 Lio Hybrid Dual Hose 350 / 700 bar 
solutions 

Haskel71 HP1000 – dual pressure hydrogen 
refuelling solution 

DFS72 Dover Fueling Solutions (DFS) – a 
leading player in fuel dispensing – 
offers dual pressure 350 bar / 700 bar 
h2 dispensers 

Air Products73 Air Products' retail hydrogen 
dispenser offer dual pressure 
dispensers 

2.10.3 Operating Dispensers 
 

Refuelling at a hydrogen station can vary depending on the station's design and local 
regulations. Generally, there are two scenarios: 

• Self-Service Refuelling: Similar to traditional gasoline stations, many hydrogen 
refuelling stations are designed for self-service. This means that the driver of the vehicle 
can perform the refuelling process. These stations are equipped with user-friendly 
interfaces and safety mechanisms to guide the driver through the refuelling process.74 
 

• Trained Personnel: In some cases, especially in the early stages of hydrogen station 
development or in specialized industrial applications, refuelling might be carried out by 
trained personnel.75 This is more common in situations where the refuelling technology is 
complex or where additional safety protocols are required. 

2.11 Peripheral Equipment: Safety & Monitoring 

Maintenance and Support is essential throughout the HRS lifecycle, including regular 
inspections, servicing of equipment, and remote monitoring. From the point of view of 
improving the safety management system, attention needs to be paid to the systematic 
raising of employees' awareness of risk sources and the training of emergency scenarios. In 
terms of ensuring effective intervention in the event of an accident, conduct tactical exercises 
for the integrated rescue system. 

2.11.1 Key risks 

 Below is a list of the key risks to be considered while operating the HRS76:  

Table 11-27 Key risks of HRS 
Safety Considerations  Source of Failure  Effect  
Fire and Explosion  Ignition in the vicinity of H2 and 

O2 mixture  
Equipment damage and 
possible injuries  

 
70 Humble Hydrogen | Lio-Hybrid 
71 Geno | Hydrogen Refuelling Stations for Large Fleets (haskel.com) 
72 Clean Energy Dispensers | Dover Fueling Solutions 
73 Retail Hydrogen Dispenser (airproducts.com) 
74 WEH, H2 Dispenser components for fuel cell electric vehicles (FCEV) (Self-service fuelling stations), 
Link 
75 U.S. Department of Energy Office of Energy Efficiency & Renewable Energy, NREL, Hydrogen 
Technologies Safety Guide, January 2015, Link 
76 33 Chemical Engineering Transactions, Safety Aspects of Hydrogen Fuelling Stations, 2022, Link  

https://humblehydrogen.com/product/lio-hybrid
https://www.haskel.com/en-in/products/hydrogen-refuelling/geno-hydrogen-refuelling
https://www.doverfuelingsolutions.com/clean-energy-dispensers
https://www.airproducts.com/equipment/retail-hydrogen-dispenser
https://www.weh.com/products/hydrogen-refueling-components/h2-car-dispensers
https://www.nrel.gov/docs/fy15osti/60948.pdf
https://www.cetjournal.it/cet/22/91/009.pdf
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Hydrogen leak in piping  Mechanical failure/improper 
joints and fittings  

Potential fire and explosion  

Hydrogen leak in electrolyser  Overpressure causing rupture 
of membrane  

Potential fire and explosion  

Hydrogen leak in storage tank  Mechanical failure/improper 
joints and fittings  

Potential fire and explosion  

Compressor failure  Equipment failure, worn out 
seals  

Potential H2 leak  

Hose pressure rating 
verification error  

Human Error  Overpressure in vehicle  

Leak at breakaway fitting  Equipment failure at dispense  Potential fire  
Improper fill speed at fuel 
dispenser  

Failure to follow standard 
operating procedures, 
deficiency in procedures, 
software failure  

Overheating on receiving 
fuel tank  

Incorrect check valve 
installation  

Human error, inadequate 
inspections  

Property damage  

Vehicle crashing into refuelling 
system  

External factor  Property damage and 
injuries  

  
Some key risks and steps taken to minimize these risks77:  
 
Table 11-28 Mitigation of Risks 

Risk Detail 
Compressor Unit One of the main dangers associated with hydrogen compressors is the 

possibility of air being sucked in at the inlet, which can lead to internal 
burn or explosion and cause damage to the equipment. To prevent this, 
hydrogen compressors are designed to prevent air intake and use 
temperature and pressure sensors to reduce the risk. Another risk is 
hydrogen leakage, which is reduced by using special high-pressure 
seals.   

High Pressure 
Storage  

High-pressure hydrogen leakage from storage tanks and piping systems 
can result in the formation of a flammable gas cloud, even in outdoor 
open spaces. The direction of the leak plays an important role in the 
formation of the cloud. In enclosed spaces, the flow and low density of 
hydrogen can significantly affect its dispersion, and containers must be 
equipped with ventilation to prevent the accumulation of hydrogen. Gas 
detection systems combined with automatic ventilation are used to 
prevent the accumulation of large amounts of flammable gas inside the 
container.   

Hydrogen leakage 
into the atmosphere 
from safety valves  
 

Hydrogen can also be released into the atmosphere through safety 
valves, which are designed to prevent uncontrolled pressure rise or 
serve for controlled depressurization of piping systems during 
maintenance or service of the equipment. Mitigation steps are taken to 
minimize the risk, such as leading all operating and safety valves to the 
pipeline and designing it with the possibility of possible controlled 
combustion of the mixture or energized to prevent combustion.   

Risks during vehicle 
fuelling.  

During vehicle fuelling, hydrogen leakage can pose a significant risk. To 
minimize the risk, certified components are used, and regular inspections 
and revisions of all parts of the station are conducted. A system of 
detection of sudden pressure drop due to leakage in combination with 
automatic shutdown of the hydrogen source is also used, along with the 
design and construction of the dispenser.  

 
77 34 H2 Hydrogen Safety Panel, Safety Considerations for Hydrogen and Fuel Cell Applications, September 
2015, Link  

https://h2tools.org/sites/default/files/Safety_Considerations_for_Hydrogen_and_Fuel_Cell_Applications.pdf
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From the point of view of improving the safety management system, attention needs to be 
paid to the systematic raising of employees' awareness of risk sources and the training of 
emergency scenarios. In terms of ensuring effective intervention in the event of an accident, 
conduct tactical exercises for the integrated rescue system.   

Monitoring equipment is essential also for leakage detection. The loss of hydrogen is mostly 
associated with liquid hydrogen storage and other metal hydride-based storages. For gaseous 
hydrogen (stored in cylinders Type I-IV) the loss is minimal and is often not considered and not 
reported by OEMs.  

2.11.2 Safety 

Safety must be considered throughout the entire lifecycle of HRS, with regards to transport, cooling, 
storage, connector types, and during manual refuelling.  

The connector types for refuelling hydrogen vehicles are standardized to ensure compatibility 
and safety. The two main types are:  

• CGH2 Connectors 

LH2 Connectors These connector types also often include features such as breakaway mechanisms 
for added safety. The design and operation of these connectors are governed by international 
standards to ensure interoperability between vehicles and refuelling stations across different 
manufacturers and regions.  

Safety restrictions/regulations which exist for refuelling are as below based on the stage of the 
refuelling process:  

Table 11-29 Restrictions/Regulations of HRS 

Stage Restrictions/Regulations 
 
Transport and storage78 
 

• Specially designed hydrogen trailers are used for transporting the 
hydrogen at the pressure levels of ranging from 200 to 500 bar. 
Being a reactive chemical element hydrogen is subject to the 
regulations meant for the transportation of dangerous goods 
(ADR). Being subject to regulations, at every step during the 
transport and storage, there are some specified requirements 
which must be meet including the transport vehicle, driver etc. 
Alternatively, hydrogen can also be transported in cryogenic, 
liquid form in special, highly insulated tank trucks.   

In some parts of Europe such as Germany, there is a network of 
hydrogen pipelines through which large quantities of hydrogen gas 
are transported to the customer.  
• Depending upon the application and capacity at the refuelling 

station, there are various ways of storing hydrogen. Hydrogen 
storage also depends on the design of the hydrogen filling 
station, and the volume dispensed daily. In most of the hydrogen 
refuelling station, hydrogen is stored in the gaseous state at 
pressures of 45 bar or 200 bar. Storage in a cryogenic, liquefied 
state (-253 °C) is also possible.  

 
During refuelling  
 

• An infrared interface is used to communicate the hydrogen fuel 
pump with the vehicle. This communication interface in the 

 
78 22 H2 Live  

https://h2.live/en/
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vehicle is placed directly next to the tank nozzle, which provides 
the filling station with data on pressure and temperature in the 
tank. The collected data is compared with the measurements 
taken at the filling station. On comparison if there are certain 
deviations or abnormality in the data, the service station 
interrupts or stops refuelling in order to investigate and rectify the 
reason for the deviation. In addition, the vehicle can stop the 
refuelling process – an additional safety feature that does not 
exist for any other fuel.  

• A ‘Closed Connection’ is being maintained between the refuelling 
line connection to the car to ensure that no hydrogen escapes 
during the refuelling process – otherwise the vehicle could not be 
refilled. To prevent any kind of leakage at the hydrogen filling 
station, the filling station first checks the fit of the nozzle and the 
tightness of the line.   

If there are any loose checks, then the refuelling process will not 
start. The filling station also uses a control system to ensure that the 
car is full, but not overfilled. As an additional safety measure, 
overpressure valves are installed in the vehicle tank to reliably limit 
the pressure.  
• After refuelling, the nozzle and the tank hose are “depressurised”: 

The hydrogen is fed back to the station. Only a very small and 
therefore harmless amount of hydrogen remains at the nozzle – 
about one third of a shot glass.  

 

There are many standards to regulate safety in HRS, included below79,80,81: 

• EIGA Doc 06/19 This European Industrial Gases Association Standard specifies the requirements 
for safety in storage, handling and distribution of liquid H2.  

• ISO 13850, Safety of machinery — Emergency stop function — Principles for design  

• IEC 60204-1:2005, Safety of machinery — Electrical equipment of machines — Part 1: General 
requirements  

• IEC 62282-3-100, Fuel cell technologies. Stationary fuel cell power systems. Safety  

• EIGA Doc 06/1965 - This European Industrial Gases Association Standard specifies the 
requirements for safety in storage, handling and distribution of liquid H2 

2.11.3 Pressure Monitoring 

Pressure monitoring is considered throughout testing and safety processes, e.g., 
overpressure valves are installed in the vehicle tank to reliably limit the pressure. Pressure is 
virtually guaranteed by the compressor. The loss allows the leakage of hydrogen resulting in 
a pressure drop, but the compressor immediately takes to raise the pressure to the required 
value. A detailed review of compressor types is covered in the main report. 

 
79 61 Best Practices in Green Hydrogen Standards & Regulations Development, ‘Growing 
Green Hydrogen Ecosystem’, Link  
80 65 EUROPEAN INDUSTRIAL GASES ASSOCIATION, SAFETY IN STORAGE, HANDLING AND 
DISTRIBUTION OF LIQUID HYDROGEN, Link  
81 SO 19880-1:2020(en) Gaseous hydrogen — Fuelling stations, Link  

https://www.energyforum.in/fileadmin/user_upload/india/media_elements/Presentations/20230424_Gap_Analysis_H2/20230424_GH2_Standards_pManifold.pdf
https://www.eiga.eu/uploads/documents/DOC006.pdf
https://www.iso.org/obp/ui/en/#iso:std:iso:19880:-1:ed-1:v1:en
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EU standards relating to pressure requirements in HRS are included below. 

• EN 13445-5, Unfired pressure vessels. Inspection and testing  

• EN 17533:2021 - This European Standard specifies the requirements for the design, 
manufacture and testing of standalone or cylinders, tubes and other pressure vessels of 
steel, stainless steel, aluminium alloys or of non-metallic construction material. These are 
intended for the stationary storage of gaseous hydrogen of up to a maximum capacity of 
10000 litres and a maximum allowable working pressure not exceeding 110 MPa, of 
seamless metallic construction (Type 1) or of composite construction (Types 2, 3 and 4) 

2.12 Summary of standards applicable to HRSs under AFIR 

The following table outlines the technical standards with which an HRS must comply as 
required by the EU AFIR policy. This table does not include the standards implicitly required 
for sub-components of an HRS e.g. pressure vessel standards.  

Table 11-30 AFIR standards for HRS 

Standard Reference under AFIR 

EN 17127:2020 

Annex II 3.1 Outdoor hydrogen refuelling points dispensing 
gaseous hydrogen used as fuel on board motor vehicles shall 
comply at least with the interoperability requirements 
described in standard EN 17127:2020. 

Annex II 3.3 The fuelling algorithm shall comply with the 
requirements of standard EN 17127:2020. 

EN 17124:2022 

Annex II 3.2 The quality characteristics of hydrogen 
dispensed by hydrogen refuelling points for motor vehicles 
shall comply with the requirements described in standard 
EN 17124:2022 

EN ISO 17268:2020 
Annex II 3.4 Once the process of certification of standard EN 
ISO 17268:2020 is concluded, connectors for motor vehicles 
for the refuelling of gaseous hydrogen shall comply at least 
with that standard 

EN 16942:2016 + 
A1:2021. 

Annex II 10.1 The ‘Fuels - Identification of vehicle 
compatibility - Graphical expression for consumer information’ 
label shall comply with standard EN 16942:2016+A1:2021. 

Regulation (EU) 
2018/732 

Annex II 10.3 On a common methodology for alternative fuels 
unit price comparison in accordance with Directive 
2014/94/EU of the European Parliament and of the Council 
(OJ L 123, 18.5.2018, p. 85) 

2.12.1 Future Proposals 

The EU’s AFIR policy leaves placeholders for developing hydrogen refuelling standards. It is 
anticipated that new standards, particularly those concerning the refuelling of HDVs, will be 
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released before 2030. It is important that any HRS infrastructure is mindful of these 
developments.  

An example is the EU PrHYDE project which supports the ISO/TC 197 working group 24 to 
develop a HDV refuelling protocol which currently does not exist. 

EU Member States must review AFIR regularly to check for updates, and closely follow 
the outputs of the standards committees, including ISO/TC 19782 for pending 
hydrogen refuelling standards. 

2.13 Refuelling Cycle Analysis 

Stakeholder engagement and desktop research both identified the shorter duration of 
refuelling events as a major benefit of hydrogen vehicle refuelling over electric refuelling, 
particularly for HDVs which store larger volumes of energy. This is an area for which targets 
are not set out by AFIR or wider international policy and definitions for “refuelling time” are 
not consistent across manufacturers/operators.  

Engagement with the industry highlighted the importance of defining functional requirements 
and Key Performance Indicators (KPIs) for the refuelling process. Benefits of a reduced 
refuelling time include throughput rate of vehicles, mitigating the risk of queues, and 
improved consumer experience for an emerging technology. Additional analysis above and 
beyond the outline request has been conducted to support the governments in their 
decisions concerning potential refuelling cycle KPIs.  

Whilst AFIR specifies several functional requirements for HRS procurements, it does not 
always fully specify the technical configuration to meet such requirements. This refuelling 
cycle analysis also supports the supply chain decisions concerning component selection. 

2.13.1 Refuelling Cycle Definition 

As discussed above, there is no consistent or regulated definition for refuelling time. For 
some it refers to the moment that drivers roll into and out of the refuelling bay. For others it is 
the duration for which gas is being dispensed from the station into the vehicle. A suggested 
definition is put forward in the figure below which captures each of these stages and presents 
one option definition for requirements specification. 

 
82 ISO/TC 197 - Hydrogen technologies 

https://www.iso.org/committee/54560.html
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Figure 11-7 Refuelling Cycle 

 

The two primary duration definitions are as follows: 

• Vehicle Event Duration | This user-centric measures captures the time taken between a 
vehicle arriving to the HRS site and departing a refuelling bay.  

• Station Cycle Time | This HRS-centric measure captures the time taken for a station to 
cycle between alternative modes of compression and dispensing. It is primarily a function 
of technical configuration and whether the HRS is designed to be high-flow capable or 
otherwise. 

Each sub-component of the event is defined as follows: 

• Roll On | This is defined as the duration of time between a bay becoming available and 
the vehicle being setup ready to receive hydrogen. It captures the time taken for the 
vehicle to be driven into a refuelling bay, have the dispenser nozzle attached, and 
interface with the station’s IT systems. It also includes the time taken for the driver to 
perform a safety check and interact with the payment system. 

• Roll Off | This is defined as the duration of time between the dispense process 
concluding and the vehicle departing from a refuelling bay. It captures the time taken for 
the vehicle to be disconnected from the station, both the dispenser and IT systems, and 
then depart from the refuelling bay. 

• Pressurise | In order to dispense fuel at an appropriate pressure, the station must 
compress and cool the hydrogen gas, transferring from bulk storage to buffer storage. A 
well-deigned systems can begin this compression process immediately following 
completion of the previous dispense process and in parallel with sequential Roll Off and 
Roll On steps (as shown).  
 
The parallel nature and the duration of the compression step is primarily a function of the 
technical capability of the HRS and it is this window that a more advanced compression 
system and pre-cooling unit seek to reduce. 

• Dispense | The duration of the dispense process is linearly related to the amount of fuel 
being dispensed. Current EU protocols for HDV refuelling centre around a 60 grams per 
second (3.6 kg per minute) refuelling rate. Protocols in development are exploring higher 
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(c.120 grams per second) refuelling rates for larger HDVs. 
 
Example: The dispenser can deliver 28kg of hydrogen in c.8 minutes. This is a fixed 
component of the Station Cycle Time and is largely unaffected by high-level HRS 
configuration decisions. 

• Queue | The Queue duration is defined as the time a vehicle spends awaiting the 
availability of a refuelling bay upon arrival to the HRS site. The queue duration is largely a 
product of whether the Station Cycle Time keeps up with rate of vehicles arriving.  
 
The station should be designed to minimise queuing to avoid time-wasting and a poor 
user experience. 

• Loiter | The Loiter stage is defined as the time spent waiting for the station to be ready to 
begin dispensing after the Roll On process has been completed. It is largely a function of 
residual compression requirements and a requirement to perform system safety checks 
before dispensing. 
 
The station can mitigate the Loiter stage with an appropriate technical configuration which 
minimises the duration of the pressurisation window. 

2.13.2 Analysis Approach 

The model is arranged to explore the interaction between the user-focused Vehicle Event 
Duration and the infrastructure-driven Station Cycle Time. This analysis focuses on HDVs 
given feedback that these are vehicle classes more likely to make the transition to hydrogen 
in the near and long terms. It draws on inputs gathered across the supply chain review as 
identified across Appendices 10.3 to 10.13. 

2.13.2.1 Vehicle Intervals 

Given a station’s maximum daily capacity (1,000kg) and average refuel volumes per vehicle 
(28kg), we can determine the maximum number of refuel events per day (c.35). Practically, 
these refuels are not perfectly distributed across the day and there will be periods of increase 
activity.  

In the absence of hour-by-hour refuel statistics, daily HDV movement profiles83 have been 
applied to inform on a potential distribution of refuelling events across a 24-hour period as 
shown in Figure 11-8 below. 

 
83 Traffic Counter Data; Daily Volume Report NRA 000000001501 2023-01-01 to 2023-02-04; TII 
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Figure 11-8 Refuel events modelled as a function of HDV activity profile 

 

Each vertical bar represents a refuelling event with density of these events matching the 
HDV movement profile i.e. more refuelling events occur when more HDVs are active on the 
motorway. There is some challenge to this approach in that HDVs do not always refuel 
during their operating hours but instead before and after. Data concerning refuelling habits 
was not available and this movement profile approach was deemed appropriate for the scale 
and high-level nature of this analysis. 

Figure 11-9 below shows a frequency distribution of refuelling intervals - the time between 
vehicles arriving to the station looking to be refuelled. Evidently most vehicles are forecasted 
to arrive between 20-minutes and 30-minutes apart in a high-utilisation scenario. 
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Figure 11-9 Frequency of Refuelling Intervals 

 

2.13.2.2 Station Cycle Time 

The subsequent component of this model explored the impact of changing Station Cycle 
Times on the Vehicle Event Duration given the above scenario. In an ideal scenario, a 
vehicle arrives at the station, refuels, and leaves. However, where the station cannot cycle 
through the compression and dispense stages sufficiently quick, vehicles are forced to 
queue, and the overall Vehicle Event Duration increases, and user experience diminishes. 

At a high-level, provided that the Station Cycle Time is equal to or less than the 20-min 
vehicle interval identified above, queueing should be kept at a minimum and user-experience 
at its best. This is demonstrated in the Gantt chart in Figure 11-10 below which outlines the 
35 refuels as sequential events across the 24-hour period. Each blue bar represents the 
window during which a vehicle is refuelling, equivalent to the Vehicle Event Duration minus 
the queue duration.  
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Figure 11-10 Refuelling Events given system and behavioural constraints (Refuelling 
Cycle = 20 mins) 

 

Figure 11-11 below shows the impact where Station Cycle Time increases to 25 minutes. 
Here users during the busiest periods can experience severe delays (shown in pink) due to 
cumulative queues of vehicles. At its peak, the Vehicle Event Duration reaches 105 minutes. 
The case becomes exponentially worse for 30-minute Station Cycle Times with peak Vehicle 
Event Durations of more than 3 hours and queues that are six vehicles deep. 

Figure 11-11 Refuelling Events given system and behavioural constraints (Refuelling 
Cycle = 25 mins) 

 

It is clear from this model the importance of refuelling times where utilisation approaches the 
1,000 kg per day capacity requirement imposed by AFIR. Practically speaking, poor 
performance in this area is likely to halt uptake in vehicle sales and the station may never 
see demand that warrants this capacity capability. 

2.13.2.3 Nozzles 

Important to note that this model is agnostic of the number of nozzles.  

00:00:00 03:00:00 06:00:00 09:00:00 12:00:00 15:00:00 18:00:00 21:00:00 00:00:00
Refuel 1
Refuel 4
Refuel 7

Refuel 10
Refuel 13
Refuel 16
Refuel 19
Refuel 22
Refuel 25
Refuel 28
Refuel 31
Refuel 34

Refuelling Events given system and behavioural constraints (Refuelling 
Cycle=20mins)

Delay Refuel Window

00:00:00 03:00:00 06:00:00 09:00:00 12:00:00 15:00:00 18:00:00 21:00:00 00:00:00
Refuel 1
Refuel 5
Refuel 9

Refuel 13
Refuel 17
Refuel 21
Refuel 25
Refuel 29
Refuel 33

Refuelling Events given system and behavioural constraints (Refuelling 
Cycle=25mins)

Delay Refuel Window



     Dublin-Belfast Green Corridor, Appendices 71 

Whilst having more nozzles provides more outlets for dispensing hydrogen, the greater 
constraints as identified across the Supply Chain Review, are the compression system and 
pre-cooling unit. These are the components that determine a station’s capability to bring 
volumes of hydrogen up to working pressure, irrespective of their being one outlet or 
multiple. Provided an appropriate compression system is in place, having multiple then 
becomes a powerful enabler of reducing Vehicle Event Durations. 

2.13.3 Impact on Configuration 

The above analysis impacts two areas of procurement, the configuration specification and 
refuelling KPIs. 

• Refuelling KPI | AFIR does not outline any refuelling KPIs but in the interests of 
procuring a demonstrator fit for purpose and encouraging a positive user experience, it is 
suggested that any HRS procurement defines and specifies KPIs for refuelling event 
duration. The 20-minute Station Cycle Time target sets a reasonable starting point but 
more in-depth analysis and engagement with industry regarding refuelling habits may 
inspire more appropriate targets. 

• Configuration | The AFIR targets and above refuelling KPI present a design challenge 
as AFIR requires that the HRS can dispense 1,000kg per day across rapid intervals. This 
does not just mean storing 1 tonne of gas on-site but also being able to cyclically deliver it 
to vehicles. Station Cycle Time is a summation of stages for which some are a function of 
the high-level configuration decisions, i.e. pressurisation. For a station to be capable of 
re-compressing hydrogen at this target frequency, stakeholder engagement found that it 
must include high-flow capable components across its compression system and pre-
cooling unit. These add additional expense across both CapEx and OpEx but are both 
essential for delivering a station that meets AFIR’s capacity requirements and a positive 
user experience. 
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3 Appendix C – Detailed Economic 
Approach and Findings 

3.1 Monetary Assessment Approach 
3.1.1 Cost Benefit Analysis Approach 

The Cost Benefit Analysis (CBA) has followed several key steps, set out below. The process 
included assessing a range of academic and market sources to understand impacts and 
provide data inputs, and review of previous studies to learn lessons and test methodologies. 
A bespoke model has been designed and built in order to capture all costs and benefits 
identified in our research. 

3.1.2 Quality Assurance 

KPMG has a robust and reliable process for quality assurance of analysis. We take care 
when developing models to ensure they are functioning correctly, free from errors and use 
the best available data to inform inputs. The following steps have been taken to review and 
provide assurance on this model:  

1. Multiple analysts were involved in developing the model, reviewing formulae as it 
progressed and challenging the approaches involved to identify the best method. 

2. Regular sense checks took place by the project team on key assumptions, impacts being 
assessed and overall flow of the model. 

3. Independent review of the model was conducted by an analyst not previously involved with 
the analysis or project. 

We are confident that the analysis completed for the purpose of performing an economic 
feasibility study of a hydrogen refuelling station is fit for purpose and proportionate to the 
decision being informed. This analysis should not be used for any purpose other than that 
stated in the contractual agreement between KPMG and DoT.  

3.1.3 Defining uptake scenarios  

A list of different uptake scenarios was generated to show different numbers of vehicles and 
therefore different quantities of hydrogen being sold by the refuelling station. Details of the 3 
uptake scenarios can be found in Section 5.2.3, with an additional lower uptake considered 
in the sensitivity tests.   

3.1.4 Calculation Methodology 

A bespoke model was developed using Microsoft Excel to estimate the costs and benefits of 
the HRS. The figure below shows a basic summary of the model development process. 
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Figure 12-1 Model Development Process 

 

For each impact identified, an individual calculation was developed, based on a number of 
sources including appraisal guidance and economic principles. Analysis has drawn on Irish 
Government appraisal guidance, using approaches outlined in the Transport Appraisal 
Framework, Infrastructure Guidelines and the Public Spending Code. Additionally in some 
circumstances where TAF did not provide detailed guidance, the UK HM Treasury Green 
Book Guidance has been used, with values converted into euros and into 2016 price base. 
Whilst this analysis covers impacts across both jurisdictions, for simplicity analysis has been 
carried out following the Irish Department of Transport’s guidance. This is considered 
proportionate for the feasibility stage, but separate appraisal approaches for Ireland and NI 
could be considered as the project progresses. 

Where formulae have been used to estimate impacts, we have applied core economic 
principles, reviewed previous CBAs for their approach and logic to estimate the impact, and 
applied the relevant data available. A summary of the approaches used in the analysis is 
shown in Table 13-1 below.  

Table 12-1: Calculation Approaches 

Impact Inputs Calculation 

Environmental   

Air Quality Km travelled 

External cost of 
emissions per km 

Km travelled multiplied by external cost of 
emissions per kilometre. 

Carbon  Km travelled CO2 per litre of diesel multiplied by number of 
litres not used due to a switch to hydrogen 
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Public Spending 
Code Shadow 
Price of Carbon 
(March 2024 
update) 

Carbon emissions 
of diesel vehicles 

vehicles, multiplied by PSC Shadow Price of 
Carbon. 

Vehicle 
Ownership and 
operation 

  

Total Cost of 
Vehicle 
Ownership 

 
Utilisation of the 
station            
 
 
Volume of 
Hydrogen sold 
Average km/kg for 
H2 HGV’s 
 
 
 
Cost of Vehicle 
Purchase, Road 
Tax and 
Insurance, Diesel 
and H2 

 
The % utilisation of the station multiplied by the 
total capacity gives the quantity of hydrogen 
produced. 
 
The average efficiency of an H2 HGV is multiplied 
by the quantity of hydrogen used to show the 
number of kilometres switching from diesel to H2.  
This is divided by the average distance travelled 
to show the number of vehicles this enables to 
switch from diesel to hydrogen.  
 
This number of vehicles is then multiplied by the 
difference in ownership cost between diesel and 
hydrogen per vehicle per annum.    

Non-Fuel 
Operating 
Costs 

Maintenance costs 
per km 

Km travelled 

The difference in maintenance costs per km 
between diesel and Hydrogen vehicles are 
multiplied by the number of H2 kilometres 
travelled. 

Fuel Operating 
Costs 

Diesel l/km 

H2 Price 

H2 Duty and VAT 

Diesel Price 

Diesel Duty and 
VAT 

The fuel efficiencies are used to calculate the 
number of litres of diesel required to travel the 
previously calculated number of km switching to 
H2. 

The combined diesel price (inc. duty and VAT) is 
then compared to the cost of the number of kg of 
H2. 
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GVA and 
Employment  

  

GVA and 
Employment 

CapEx 

Category 
Allocation 
estimates by 
NACE code. 

Gross Value Added (GVA) is calculated using 
multipliers based on CSO data and a proprietary 
KPMG model to estimate the economic benefits 
of investment across different industrial sectors.  

The investment spend is spread across relevant 
industry categories by NACE Code each with their 
own multiplier to estimate an overall value for 
GVA and labour benefits per € invested. 

 

3.1.5 General Assumptions  

The majority of assumptions are consistent across the appraisal in all utilisation scenarios. 

These are standard assumptions used in economic appraisal and, where relevant, taken 
from or aligned with Transport Assessment Framework guidance. Some assumptions have 
also been made which are specific to the project. These are based on KPMG’s knowledge in 
the sector and detailed research undertaken.  

General assumptions used are shown in the table below.  

Table 12-2 General Assumptions 
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Assumption Value Source 

Appraisal 

Price base 2016 TAF Guidance 

Model start and end date  2025-2050 

This is an estimate of the 
lifespan of the station. 
Any further extension of 
its operation would 
require significant CapEx 
which has not been 
quantified. 

Vehicles 

Diesel HGV Kilometres/litre 2.19km/l ICCT EU Fuel 
consumption factsheet 

H2 HGV km/kg 10.87km/kg ICCT Fuel Cell Factsheet 

HGV average kilometre/day 338km Return distance from 
Dublin to Belfast 

Assumed driving days per year 250 days Number of working days 
per year in Ireland 

Total Cost of Ownership Diesel €90,999 Clean Hydrogen Europe 
TCO Analysis 

Total Cost of Ownership H2 €295,213 Clean Hydrogen Europe 
TCO Analysis 

Diesel and H2 HGV Lifespan 15 years Clean Hydrogen Europe 
TCO Analysis 

H2 Maintenance per km 
€0.185/km 
€0.138/km after 
2030 

ICCT TCO Analysis 

Diesel Maintenance per km €0.185/km 
 

ICCT TCO Analysis 

CapEx and OpEx 

CapEx 
€4.3m for 
1,000kg/day 
€4.0m for 
500kg/day. 

Support Study for AFIR 
and Stakeholder 
feedback. 

OpEx 4% of CapEx 
Support Study for AFIR  
and Stakeholder 
feedback. 

Resource Costs Duty and VAT   

Diesel Resource Costs  TAG Guidance on Diesel 
Resource Cost 

Diesel Duty  
Irish Finance Act 2022 
Current UK Diesel Duty 
assumed constant. 

H2 Resource Cost  

ICCT TCO Analysis H2 
Price Forecast 
Alternative Price track is 
calculated based on a 
recent H2 price in the UK, 
with a % deflator applied 
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3.1.6 Optimism Bias 

TAF recommends taking a ‘comprehensive approach to quantifying optimism bias’. A range 
of scenarios have been considered to account for different outcomes in the analysis, 
including optimism bias in the demand or cost forecasts. Additionally, a sensitivity test is 
presented here which determined a level of optimism bias which has been determined 
following Green Book Guidance.  

The HMT supplementary guidance provides recommended adjustment ranges and 
advocates a five-step approach to adjustment: 

1. Decide which project type(s) to use, for example, is it a building or civil engineering 
project? Is it 'standard' or 'non-standard'? 

2. Always start with the upper bound i.e. select the appropriate upper value from the 
recommended range of adjustments. 

3. Consider whether the optimism bias (OB) factor can be reduced according to the 
extent to which the contributory factors have been managed and mitigated. 

4. Apply the OB factor, i.e. multiply the relevant cost or benefit estimate by the OB factor 
and add the result to the estimate. 

5. Review the OB adjustment and reduce it where this is justified by further mitigation of 
contributory factors. 

every year of the 
appraisal period. 

H2 Duty €0 per litre 

Currently no duty applied 
to the sale of Hydrogen. 
This has been assumed 
constant. 

Subsidy  

No subsidy has been 
applied in Ireland . In the 
UK Hydrogen receives a 
subsidy. Today’s subsidy 
value has been assumed 
constant over the period. 

VAT  Model assumes all values 
exclusive of VAT 

Inflation and Discounting   

Inflation 2% p.a. CSO Inflation Forecast 

Discount Rate 4% TAF Guidance 

Emissions and Air quality   

Carbon  

SEAI data on CO2/litre of 
diesel. This is multiplied 
by the number of litres 
prevented and the PSC 
Shadow Price of Carbon. 

Air Quality €0.013/km 
European Commission 
External costs of 
transport 
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Step 1: Project Type 

Green Book Guidance has six project types, listed below: 

• standard building projects. 

• non-standard building projects. 

• standard civil engineering projects. 

• non-standard civil engineering projects. 

• equipment and development projects; and, 

• outsourcing projects. 

This project falls within the description of non-standard civil engineering. 

Step 2: Upper Bound 

The upper bound optimism bias adjustment for “capital related expenditure” for non-standard 
civil engineering projects is 66%, as demonstrated by the table below (taken from HMT 
Green Book Guidance). 

Table 12-3 Optimism Bias 

Project Type Upper Bound Lower Bound 

Standard Buildings 24 2 

Non-standard buildings 51 4 

Standard civil engineering 44 3 

Non-standard civil engineering 66 6 

Equipment / development 200 10 

Outsourcing (operating 
expenditure) 40 0 

Step 3: Reduction of the OB Factor 

OB mitigation is estimated based on a percentage value as to how a number of “contributory 
factors” have been mitigated, a “Mitigation Factor”, with 0% indicating that no mitigation has 
been applied and 100% implying that the risk has been fully mitigated. Often there are a 
number of contributory factors which are not applicable to a project, these are treated as if 
they have been fully mitigated. 
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In this instance, optimism bias has been reduced to 36% for capital expenditure, 36% for 
operational expenditure and estimated benefits. This is based on mitigating factors such as 
the detailed research on infrastructure costs which provide market prices in 2023.  

Step 4: Application of the OB Factor 

The optimism bias factor derived above has been applied to capital and operating cost 
estimates respectively. Additionally, OB has been applied to show a reduction in realised 
benefits. Changes to the costs overall (reflecting a change in optimism bias levels applied) 
have been tested as sensitivity tests.  

Results following the application of Optimism Bias are as follows: 

Table 12-4 Optimism Bias Results 

Results Scenario 1 

Base Vehicle No. 

Scenario 2 

Low Vehicle No. 

Scenario 3 

High Vehicle No. 

PVC (€m,2016) 27,319,586  23,634,946  30,167,653  

PVB (€m,2016) 18,322,987  14,593,035  20,518,439  

NPV (€m,2016) (8,996,600) (9,041,911) (9,649,213) 

BCR 0.671 0.617 0.680 

 

3.2 Detailed Costs and Benefits Discussion 
3.2.1 Benefits  

Environmental Impacts 

Carbon Impact 

The reduction in carbon is caused by the use of hydrogen fuel cells which do not emit 
carbon, only water and hot air. It is assumed that every km driven by a Hydrogen HGV is a 
direct replacement for a diesel HGV and therefore fully removes the associated carbon 
emissions. 



     Dublin-Belfast Green Corridor, Appendices 80 

The cost of carbon has been monetised in line with the Public Spending Code guidance for 
using estimations of the efficiencies of current diesel HGV’s. Values for non-traded ETS have 
been updated in line with Infrastructure Guidelines circular published on 8th March 2024. 

Air Quality 

The reduction in air pollution is monetised through values provided by the European 
Commission. H2 lorries will not omit any nitrous oxide or particulate matter. When 
considering the air pollution prevented, a benchmark has been taken using values provided 
in the European Commission’s handbook on the external costs of transport and considers a 
17-tonne vehicle that meets the Euro 3 emissions class standards. This is applied directly to 
the km travelled. Additionally, it is assumed that 80% of each journey takes place in Rural 
areas, 15% in Urban Areas and 5% in Metropolitan areas. This influences the value 
attributed to air quality emissions savings.  

Ownership and Operation 

Annual Cost of Ownership 

The annual cost of ownership is considered to be the difference in purchase price less 
residual value between diesel and hydrogen vehicles divided by the expected lifespan of the 
vehicles. Additionally, the annual cost of road tax and insurance is included. All values for the 
above-mentioned factors have been sourced from a detailed TCO analysis undertaken by 
Clean Hydrogen Europe.  

Fuel Operating Costs 

The difference in expenses incurred by HGV’s owners in fuelling their vehicle from H2 
compared to diesel is seen as a benefit when H2 is cheaper and a disbenefit when H2 is 
more expensive. 

The values for diesel price have been sourced from HM Treasury’s Green Book. This 
provides an appraisal cost for diesel resource throughout the appraisal period. Additionally, 
today’s duty per litre for both the UK and Ireland has been applied, remaining constant 
across the appraisal period in line with current policy commitments for the UK and increasing 
in line with values provided in the Finance Act 2022 for Ireland. The Irish values are based 
on the values provided for light oil under Rates of Mineral Oil Tax and are included as a 
weighted average for each year, from the date that the rate is expected to come into effect.  

Non-Fuel Operating Costs 

Values for the maintenance cost of diesel and hydrogen vehicles have been sourced from 
TCO analysis conducted by the ICCT and provides values on a per km basis.  

GVA and Employment 

GVA has been calculated using a proprietary KPMG model to estimate macroeconomic 
impacts of investment. This impact is calculated based on all expected expenditure. The 
multipliers are sourced from Central Statistics Office data, with spend allocated across 
industrial sectors based on NACE sector codes to estimate an overall multiplier for 
expenditure. 
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3.2.2 Costs  

Capital Expenditure (CapEx) 

CapEx estimates for the stations have been sourced from stakeholder engagement, expert 
interviews, including OEM’s in the sector, as well as from the supporting study for the impact 
assessment of AFIR. CapEx estimates have been sourced for both 500kg/day stations and 
1000kg/day stations, across both 350 bar and 700 bar pressures. Changes in CapEx 
between pressures are primarily due to the additional expense on larger compressors and 
buffer storage.  

Additional CapEx of 40% of the initial investment has been profiled in 2040 to extend the 
lifespan of the HRS. The lifespan assumptions are based on the AFIR supporting study 
which assumed that an additional spend of 40% of CapEx would increase the lifespan from 
15 to 25 years.  

These CapEx values serve as conservative estimates by assuming that the station will not be 
collocated with an existing petrol, diesel, or electric recharging station. Efficiencies may be 
achieved in the event of collocation by saving on forecourt infrastructure, electrical 
connections and provide additional benefits such as existing shop facilities for drivers.  

OpEx 

OpEx estimates that include the cost of maintenance, digital systems and insurance have 
been estimated at 4% of CapEx annually for each station configuration. This is in line with 
both stakeholder feedback and the abovementioned supporting study for the impact 
assessment of AFIR. 

Electricity OpEx 

Electricity OpEx is treated as a variable cost of running the compressor for distribution. 
Electricity values from Green Book have been used across the appraisal period. Values from 
the compressor specifications of a reputable manufacturer have been used to determine a 
range of kwh/kg efficiencies across both 350 and 700 bar compression.  

700 bar compressors are assumed to use 3.3kWh/kgH2 for compression and 350 bar 
compressors are assumed to use 2.55kWh/kgH2. 

Loss of Tax Revenue 

The current tax revenue received by government per unit of diesel has been assumed in line 
with Ireland’s Finance Act until 2030 and held constant until the end of the appraisal period. 
Diesel duty in the UK has assumed 2024’s duty remains constant. As more vehicles are 
assumed to switch from diesel to H2, this results in a greater tax loss to the Government.  

Additional Support Spend 

Currently in Ireland, the support for Hydrogen is minimal and data on the current price of 
RFTO certificates is not readily available. As such no supporting outgoings from the 
government to hydrogen at the point of sale have been assumed across the appraisal. In the 
UK, support from the RTFO scheme is more readily available. The current estimate of 
support, based on the January 2024 price of certificates, has been assumed constant across 
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the appraisal period. As use of hydrogen increases, the additional support paid through the 
RTFO scheme will also increase. Therefore, this is an additional cost in the NI appraisal but 
not included in the  appraisal for Ireland.  

Ireland currently have a diesel rebate scheme for qualifying road transport businesses, 
whereby 7.5c per litre can be claimed back by the business. For the purposes of this 
analysis, we have assumed that all diesel purchased would be available for this rebate and 
as such the change in spend by the government is seen as a reduction in costs when they 
switch to hydrogen. Today’s level of 7.5c per litre has been assumed constant over the 
appraisal period. This is reflected in a negative cost under Subsidy Support costs for 
Ireland’s appraisal, but not included in the NI appraisal.  

3.2.3 Configuration Results 
Table 12-5 Configuration Results 

Impact  Configuration 
1 

Configuration 
2 

Configuration 3 Configuration 
4 

 1,000kg/day 

700 bar 

1,000kg/day 

350 bar 

500kg/day 

700 bar 

500kg/day 

350 bar 

CapEx 5,388,062 4,648,524 5,071,117 4,331,579 

OpEx 3,192,196 2,754,051 3,004,419 2,566,275 

Shadow Costs 2,574,077 2,220,773 2,422,661 2,069,356 

Loss of Tax Revenue 7,686,681 7,686,681 4,741,338 4,741,338 

Subsidy Support (745,863) (745,863) (460,184) (460,184) 

Electricity OpEx 1,992,778 1,539,874 1,232,728 952,563 

Total Costs 20,087,931 18,104,040 16,012,079 14,200,926 

Air Quality and 
Emissions 

20,312,388  20,312,388  11,926,600  11,926,600  
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Change in Annual 
Cost of Ownership (21,126) (21,126) (21,126) (21,126) 

Change in Fuel 
Operating Costs 772,468 772,468 5,149 5,149 

Change in Non-Fuel 
Operating Costs 1,348,087 1,348,087 823,927 823,927 

GVA and 
Employment 6,217,849 5,222,819 5,344,672 4,485,995 

Total Benefits  28,629,667 27,634,637 18,079,222 17,220,545 

NPV 8,541,736 
 

9,530,597 
 2,067,143 3,019,619 

 

BCR 1.425 
 1.526 1.129 1.213 

 

3.2.4 Northern Ireland Results 
Table 12-6 Northern Ireland Results 

Impact  Configuration 
1 

Configuration 
2 

Configuration 
3 

Configuration 
4 

 1,000kg/day 

700 bar 

1,000kg/day 

350 bar 

500kg/day 

700 bar 

500kg/day 

350 bar 

CapEx 5,388,062 4,648,524 5,071,117 4,331,579 

OpEx 3,192,196 2,754,051 3,004,419 2,566,275 

Shadow Costs 2,574,077 2,220,773 2,422,661 2,069,356 
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Loss of Tax Revenue 6,208,895 6,208,895 3,830,781 3,830,781 

Subsidy Support 3,784,537 3,784,537 2,334,994 2,334,994 

Electricity OpEx 1,992,778 1,539,874 1,232,728 952,563 

Total Costs 23,140,545 21,156,653 17,896,701 16,085,548 

Air Quality and 
Emissions 20,312,388 20,312,388 11,926,600 11,926,600 

Change in Annual 
Cost of Ownership (21,126) (21,126) (21,126) (21,126) 

Change in Fuel 
Operating Costs 3,825,082 3,825,082 1,889,770 1,889,770 

Change in Non-Fuel 
Operating Costs 1,348,087 1,348,087 823,927 823,927 

GVA and Employment 6,217,849 5,222,819 5,344,672 4,485,995 

Total Benefits  31,682,280 30,687,251 19,963,844 19,105,167 

NPV 8,541,736 
 

9,530,597 
 

2,067,143 
 

3,019,619 
 

BCR 1.369 1.450 1.116 1.188 

 



     Dublin-Belfast Green Corridor, Appendices 85 

3.2.5 Ireland Station and Northern Ireland Station combined 
Table 12-7Ireland Station and Northern Ireland Station combined 

Impact  Stations Combined 

CapEx 10,776,124 

OpEx 6,384,391 

Shadow Costs 5,148,154 

Loss of Tax Revenue 13,359,940 

Subsidy Support 2,921,569 

Electricity OpEx 3,831,172 

Total Costs 42,421,350 

Air Quality and Emissions 39,348,364 

Change in Annual Cost of 
Ownership (41,104) 

Change in Fuel Operating Costs 4,613,206 

Change in Non-Fuel Operating 
Costs 2,590,695 

GVA and Employment 12,313,834 

Total Benefits  58,824,994 
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NPV 16,403,645 
 

BCR 1.387 

 

3.3 Sensitivity Tests Results 
3.3.1 Distance driven per vehicle  

A sensitivity test has been carried out to change the annual km each HGV drives. This has a 
reasonable impact on the BCR where increasing the km driven by each HGV increases the 
BCR and decreasing the km decreases the BCR. This is due to the marginal benefits from 
reducing carbon outweighing the marginal cost of lost tax revenue.  

Table 12-8 Sensitivity Test Results 

Results Base Case 
(84,500km) 

Increase in 
annual distance 
to 120,000km 

Decrease in 
annual distance 
to 50,000km 

CapEx 5,388,062  5,388,062  5,388,062  

OpEx 3,192,196  3,192,196  3,192,196  

Shadow Costs 2,574,077  2,574,077  2,574,077  

Loss of Tax Revenue 7,686,681  8,679,194  5,960,538  

Subsidy Support (745,863) (842,259) (578,313) 

Electricity OpEx 1,992,778  2,253,733  1,542,470  

Total Costs 20,087,931  21,245,003  18,079,029  

Air Quality and Emissions 20,312,388  22,322,889  16,464,658  



     Dublin-Belfast Green Corridor, Appendices 87 

Change in Annual Cost of 
Ownership (21,126) (21,126) (21,126) 

Change in Fuel Operating 
Costs 772,468 413,423 1,080,005 

Change in Non-Fuel 
Operating Costs 1,348,087 1,516,377 1,049,004 

GVA and Employment 6,217,849 6,423,836 5,862,395 

Total Benefits  28,629,667 30,655,400 24,434,937 

NPV 8,541,736 9,410,397 6,355,908 

BCR 1.425 1.443 1.352 

3.3.2 Hydrogen Price 

The price of hydrogen that will be charged at the refuelling station is unknown. Whilst some 
forecasts exist, they are less robust than estimates for fuels currently in regular use. 
Increasing the price of hydrogen in line with current approximate estimates for the UK 
forecourt price significantly reduces the BCR, given that HGV drivers will no longer be saving 
on fuel costs compared to diesel vehicles. A higher hydrogen price may also reduce take-up 
of hydrogen vehicles. A higher price combined with lower take-up has a similar impact on the 
final results compared to only changing the hydrogen price.  

Table 12-9 Hydrogen Price Test: results 

Results Base Case Higher Hydrogen Price- 
Current approximate UK 
forecourt price with annual 
deflator 

Higher Hydrogen Price- 
Lower Number of 
Vehicles 

CapEx 5,388,062  5,388,062  5,388,062  

OpEx 3,192,196  3,192,196  3,192,196  

Shadow 
Costs 

2,574,077  2,574,077  2,574,077  
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Loss of Tax 
Revenue. 7,686,681  7,686,681  5,358,748  

Subsidy 
Support (745,863) (745,863) (519,866) 

Electricity 
OpEx 1,992,778  1,992,778  1,385,420  

Total Costs 20,087,931  20,087,931  17,378,637  

Air Quality 
and 
Emissions 

20,312,388  20,312,388  15,015,900  

Change in 
Annual Cost 
of 
Ownership 

(21,126) (21,126) (8,108) 

Change in 
Fuel 
Operating 
Costs 

772,468  (8,712,560) (5,241,727) 

Change in 
Non-Fuel 
Operating 
Costs 

1,348,087  1,348,087  945,182  

GVA and 
Employment 6,217,849  6,217,849  5,738,426  

Total 
Benefits  28,629,667 19,144,638  16,449,674  

NPV 8,541,736 (943,293) (928,963) 

BCR 1.425 0.953 0.947 
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3.3.3 Capital Expenditure  

Capital expenditure estimates have been tested to increase and decrease by 20% compared 
to the baseline. Given that operating expenditure is an assumed proportion of capital 
expenditure, this also influences the OpEx estimates. In each scenario, there is minimal 
change to the overall BCR, demonstrating that capital expenditure is not significant to the 
overall results.   

Table 12-10 Capital Expenditure Test 

Results Base Case 20% Reduction 
in CapEx 

20% Increase in 
CapEx 

CapEx 5,388,062  4,310,450  6,465,674  

OpEx 3,192,196  2,553,756  3,830,635  

Shadow Costs 2,574,077  2,059,262  3,088,893  

Loss of Tax Revenue. 7,686,681  7,686,681  7,686,681  

Subsidy Support (745,863) (745,863) (745,863) 

Electricity OpEx 1,992,778  1,992,778  1,992,778  

Total Costs 20,087,931  17,857,064  22,318,798  

Air Quality and Emissions 20,312,388  20,312,388  20,312,388  

Change in Annual Cost of 
Ownership (21,126) (21,126) (21,126) 

Change in Fuel Operating 
Costs 772,468  772,468  772,468  

Change in Non-Fuel 
Operating Costs 1,348,087  1,348,087  1,348,087  
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GVA and Employment 6,217,849  5,288,882  7,146,816  

Total Benefits  28,629,667  27,700,700  29,558,633  

NPV 8,541,736 9,843,636 7,239,835 

BCR 1.425 1.551 1.324 

3.3.4 Excluding Wider Economic Impacts  

Investment in infrastructure is expected to have wider economic impacts by contributing to 
GVA and labour impacts. However, the evidence base for this is less robust. As such, a 
sensitivity test has been carried out to remove these benefits. The BCR is lower but remains 
above 1.    

Table 12-11 Test Results (without consideration of wider economic impacts) 

Results Base Case No GVA 
Realised 

CapEx 5,388,062  5,388,062  

OpEx 3,192,196  3,192,196  

Shadow Costs 2,574,077  2,574,077  

Loss of Tax Revenue. 7,686,681  7,686,681  

Subsidy Support (745,863) (745,863) 

Electricity OpEx 1,992,778  1,992,778  

Total Costs 20,087,931  20,087,931  

Air Quality and Emissions 20,312,388  20,312,388  
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Change in Annual Cost of 
Ownership (21,126) (21,126) 

Change in Fuel Operating 
Costs 772,468  772,468  

Change in Non-Fuel 
Operating Costs 1,348,087  1,348,087  

GVA and Employment 6,217,849  - 

Total Benefits  28,629,667  22,411,818  

NPV 8,541,736 2,323,887 

BCR 1.425 1.116 

 

3.3.5 Minimal Utilisation Scenario  

Previously we have tested a vehicle uptake scenario which showed the maximum station 
capacity being reached in 2045 in a low vehicle uptake scenario. Given the uncertainty 
surrounding forecast demand from the market, a sensitivity has been tested to show only one 
additional vehicle switching to hydrogen per year starting in 2027. This means that a 
1000kg/day station never reaches full utilisation in the appraisal period, maxing out at c50% 
utilisation in 2050. In this scenario, the loss of emissions benefits is significant, and the 
estimated costs outweigh the benefits, resulting in a BCR below 1. 
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Figure 12-2 Number of Assumed Hydrogen Vehicles  

 

Table 12-12 Minimal Utilisation Scenario 

Results Base Case Full Utilisation 
never reached. 

CapEx 5,388,062 5,388,062 

OpEx 3,192,196 3,192,196 

Shadow Costs 2,574,077 2,574,077  

Loss of Tax Revenue. 7,686,681 2,863,864  

Subsidy Support (745,863) (278,060) 

Electricity OpEx 1,992,778 743,268  

Total Costs 20,087,931 14,483,406  

Air Quality and Emissions 20,312,388 7,708,549  

Change in Annual Cost of 
Ownership (21,126) (17,339) 
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Change in Fuel Operating 
Costs 772,468 325,402  

Change in Non-Fuel 
Operating Costs 1,348,087 492,612  

GVA and Employment 6,217,849 5,231,538  

Total Benefits  28,629,667 13,740,762  

NPV 8,541,736 (742,645) 

BCR 1.425 0.95 

3.3.6 Increased CAPEX, Low utilisation and Higher Hydrogen Price 

The below sensitivity combines a 20% increase in CapEx assumptions with the higher 
hydrogen price assumption based on UK forecourt values and the utilisation values outlined 
in section 13.1.12. In this scenario, the higher capital and operating costs are offset by a 
lower reduction in fuel duty revenue received compared to the baseline, resulting in the total 
costs being lower compared to the baseline. The lower assumed utilisation and higher 
hydrogen price combine to reduce the benefits compared to the baseline, both through fewer 
km switching from diesel to hydrogen and lower fuel cost savings for those vehicle drivers 
who do switch.  

Table 12-13 Increased CAPEX, Low utilisation and higher hydrogen price 

Results Base Case Higher CAPEX, 
Minimal 
utilisation, Higher 
H2 price. 

CapEx 5,388,062 6,465,674  

OpEx 3,192,196 3,830,635  

Shadow Costs 2,574,077 3,088,893  

Loss of Tax Revenue. 7,686,681 2,863,864  
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Subsidy Support (745,863) (278,060) 

Electricity OpEx 1,992,778 743,268  

Total Costs 20,087,931 16,714,273  

Air Quality and Emissions 20,312,388 7,708,549  

Change in Annual Cost of 
Ownership (21,126) (17,339) 

Change in Fuel Operating Costs 772,468 (3,190,991) 

Change in Non-Fuel Operating 
Costs 1,348,087 492,612  

GVA and Employment 6,217,849 6,160,504  

 Total Benefits   28,629,667  11,153,336  

 NPV  8,541,736 (5,560,937) 

 BCR  1.43 0.67 

 

3.4 Modelling Limitations 

The model for the economic appraisal has been developed using publicly available data, 
guidance from across Ireland and NI, and KPMG's own expertise. The model has been 
developed for the purpose of informing a feasibility study of the potential impacts of a 
hydrogen refuelling station and should only be used for that purpose. As with all models, 
there are limitations to the information it can provide and caveats around the results. Some 
key limitations are discussed below.  

Currency Exchange Rate 

In our analysis, all values that have been sourced in GBP have been converted to Euro using 
a rate of 1 GBP = 1.1791 EUR, the average exchange rate from 2015- 2023. Primarily these 
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are the values that have been sourced from the UK’s Transport Appraisal Guidance 
Databook. 

An alternative approach which could have been adopted is that of a Purchasing Power Parity 
approach which compares the real spending power of the currencies across the period. At 
this stage of analysis, it was deemed that the exchange rate approach adopted was 
appropriate and sufficient, given the uncertainty of Purchase Power between the two 
currencies in the future. Further consideration of the approach to using UK TAG values 
should be taken in any subsequent analysis. 

Vehicle kilometres driven. 

While not necessarily a limitation, the model is sensitive to the assumption of how far each 
vehicle drives in a year. For the purposes of considering businesses that operate in the 
Dublin-Belfast economic corridor, our analysis assumes that each vehicle does a return 
journey between the two cities each working day of the year. When inputting the number of 
vehicles into the model, this directly drives the quantity of hydrogen sold.  

Fleet 

The model compares diesel HGV’s transferring to a H2 vehicle over the appraisal period. 
This is based on information about the current fleet and an assumption that it will remain 
predominantly diesel. However, it is acknowledged that there are other alternatives to diesel 
HGV’s which may develop in the market. If the baseline fleet changes to a different fuel type, 
the benefits of changing a hydrogen fleet would also change.  
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4 Appendix D – Location Assessment 

4.1 Region Analysis Findings 

The following sections contains more details on the outcome of the location selection 
process. This includes additional views on non market and non-market impacts such as local 
potential, growth, and multimodality. 

4.1.1 Dublin 

Based on the analysis of AFIR requirements, land and policy analysis and stakeholder 
consultation, the optimal location of the hydrogen infrastructure in Ireland is north of the M50 
motorway and east of the M1 motorway. The specific area was refined to within a 4km buffer 
from the DCC area (of which the M50 serves as a natural border) and an inner 2km buffer of 
the DCC boundary. The 160km sq focus area is within the administrative areas of Fingal 
County Council (91km sq), Dublin City Council (45km sq), and South Dublin County Council 
(22km sq) and consists of approximately 23km of TEN-T network and 8 key junctions. While 
further investigation and surveys will be needed to determine the specific site selection, the 
proposed hydrogen infrastructure will require compliance with Development Plan land-use 
categories as outlined in Table 14-1. 

Area Profile: Census 2022 shows that the population of County Dublin grew by 110,795 
(8%) to 1,458,154 between 2016 and 2022. Meanwhile, the National Transport Authority 
(NTA) projects an overall population increase from 1.35m in 2022 to 1.67 in 2040 (i.e. an 
additional 317,000 or 8.2%)*. This growth is critical to the various CDP objectives for well-
serviced, well-connected urban settlements and communities, and a low carbon economy. 

In terms of transport infrastructure and services, the area is in proximity to Dublin Airport (e.. 
10.5km to M50 Junction 5). The airport, which served 28.1 million passengers in 2022, is a 
major bus hub and has 6 providers serving 18 routes84.The area is located approximately 
15km from Dublin port (which accounted for 59% of the 12,447 vessel arrivals to Irish ports in 
2022 85 and approx. 30km from the proposed Bremore Deepwater Port in Co. Louth. The 
focus area is also in proximity to the proposed Metrolink project which, once completed, 
could include three nearby stations (Northwood, Dublin Airport, and Dardistown (and Depot)). 
See Figure 13-1 for further details. 

Regarding market growth opportunities, the study area is nearby the Dublin Enterprise Zone 
(DEZ), a 1500+ hectare area of zoned and serviced land with approx. 800 business 
(including in the operating in the High Tech, R&D and Advanced Manufacturing industries). 
The DEZ is well served by public transport with five separate Dublin Bus routes traversing 
the Zone and the wider area includes multiple distribution centres, haulage and logistics 
companies and fuel stations. 

*It should be noted that NTA projections to 2040 were prepared using 2016 as a base year 
and as such do not consider demographic trends observed in the 2016-2022 intercensal 
period. 

 
84 Dublin Airport Welcomed 28.1 million passengers In 2022 
85 Statistics of Port Traffic Q4 and Year 2022 - Central Statistics Office 

https://www.dublinairport.com/latest-news/2023/01/15/dublin-airport-welcomed-28.1-million-passengers-in-2022
https://www.cso.ie/en/releasesandpublications/ep/p-spt/statisticsofporttrafficq4andyear2022/
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4.1.2 Belfast 

Following the application of AFIR criteria (i.e. drivetime from motorway junctions and urban 
node location), land and policy analysis, and stakeholder consultations, it is determined that 
a preferential location of the hydrogen infrastructure is in Belfast Port. Due to the higher HDV 
traffic volumes and freight traffic, this was considered preferable to the other options in 
Warrenpoint and Ballymena. As such, the study considered a road segment approximately 
23km in length and 3 key motorway junctions. While further site investigation and survey will 
determine the site selection, the proposed hydrogen infrastructure will require compliance 
with land-use categories equivalent to those in Ireland. 

Area Profile: According to the Belfast Local Development Plan - Strategy 2035, Belfast has 
a population of approx. 340,000 that is expected to grow to 400,000 by 2035. The city’s key 
growth sectors include digital, ICT, financial services, health & life sciences, and advanced 
manufacturing and the development plan priorities prosperous, connected, resilient and 
green places. The city centre is served by multiple commuter rail services including from 
Great Victoria Street Station and Lanyon Station in the city centre. The 2 airports (Belfast 
City and Belfast International Airports) are within 30 minutes of the city centre and serve 
nearly 8m passengers each year. Meanwhile, in 2017, Belfast Harbour handled almost 24m 
tonnes of goods and 1.5m passengers, representing 70% of NI seaborne trade (2017) and 
1.45m overnight trips (2026). 

According to the strategy, Northern Ireland has 20 Significant Flood Risk Areas and Belfast is 
ranked the highest in terms of the potential adverse consequences of flooding. Key 
environmental considerations include the 760ha Belfast Hills Partnership within Belfast City 
as well as the 4 Air Quality Management Areas (AQMAs) on key arterial routes into the city. 
There are multiple petrol stations and 86 EV charging stations in the drivetime catchment 
areas well as 4 NEI Network substations identified in the immediate vicinity of Belfast Port. 

4.2 Zoning Constraints Approach and Detail 
Table 13-1 Zoning Constraints-Dublin 

Dublin City Development Plan (2022-2028) 

Potentially Suitable Land-uses  Unsuitable Land-uses  

Zone Z6: Employment/Enterprise Zones  Z1: Sustainable Residential Neighbourhoods  

Zone Z7: Employment (Industry) Z2: Residential Neighbourhoods (Conservation 
Areas)  

Zone Z12: Institutional Land (Future 
Development Potential)  

Z3: Neighbourhood centres  
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Zone Z14: Strategic Development and 
Regeneration Areas 

Z4: District centres  

Zone Z15: Community and Institutional 
Resource Lands (Education, Recreation, 
Community, Green Infrastructure and 
Health)')  

Z5: City Centre  

  Z8: Georgian Conservation Areas  

 Zone Z9: Amenity/Open Space Lands/Green Network 

  Z10: Inner Suburban (Sustainable Mixed-Use) 

 Z11: Community and Institutional Resource 
Lands (Education, Recreation, Community, 
Green Infrastructure and Health)  

Fingal County Council Zoning Objective (2023-2029) 

Potentially Suitable Land-uses Unsuitable Land-uses 

GE - General Employment CI - Community Infrastructure  

HI - Heavy Industry FP - Food Park  

HT - High Technology  GB - Green Belt  

MRE - Metro and Rail Economic Corridor  HA - High Amenity  

OS - Open Space LC - Local Centre  

RB - Rural Business  MC - Major Town Centre  
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RU – Rural NSC - National Sports Campus  

UNZ – Unzoned RA - Residential Area  

WD - Warehousing and Distribution') RC - Rural Cluster  

  RD - Road  

  RL - Rail  

  RS - Residential  

  RV - Rural Village  

  RW - Retail Warehousing  

  TC - Town and District Centre  

South Dublin County Council Zoning Objective (2022-2028)  

Potentially Suitable Zoning Objectives  Unsuitable Zoning Objectives   

EE: To provide for enterprise and employment related 
uses. 

RES: To protect and/or improve residential 
amenity. 

REGEN: To facilitate enterprise and/or 
residential-led regeneration subject to a 
development framework or plan for the 
area incorporating phasing and infrastructure 
delivery. 

RES-N: To provide for new residential communities in 
accordance with approved area plans. 

RU: To protect and improve rural amenity 
aid to provide for the development of 
agriculture. 

SDZ: To provide for strategic development in 
accordance with the approved planning schemes. 
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 TC: To protect, improve and provide for the 
future development of town centres. 

 MRC: To protect, improve and provide for the 
future development of a Major Retail Centre. 

 DC: To protect, improve and provide for the future 
development of District Centres. 

 VC: To protect, improve and provide for the 
future development of Village Centres. 

 LC: To protect, improve and provide for the 
future development of Local Centres. 

 RW: To provide for and consolidate retail warehousing. 

 OS: To preserve and provide for open space and recreational 
amenities. 

 HA: To protect and enhance the outstanding natural 
character and amenity of the Liffey Valley, Dodder valley and 
Dublin Mountains areas. 

 

4.3 Additional Supporting Datasets 

The following section includes a summary of key datasets which were used as part of this study and are presented 
in the mapping outputs. 

4.3.1 State Land 

State-Owned Lands - Land Development Agency (LDA) from Q3 2023 

Government-Owned and Occupied Land and Property Assets in NI (May 2023) - 
Government Land and Property Register (GLPR) 

4.3.2 Land-use and Land-cover 

Corine Land Cover 2018 dataset (i.e. an update of the COPERNICUS pan-European 
landcover data series).z 
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Dublin City Development Plan (2016-2022)  

Fingal County Council Zoning Objective (2023-2029) 

South Dublin County Council Zoning Objective (2022-2028) 

 

4.3.3 Distribution Centre, Logistics Hubs and Transport Depots 

Openstreetmap(source in March 2024) 

Google Maps (Sourced in March 2024) 

 

4.3.4 Traffic Count and Transport Data 

NTA Strategic Transport Routes (extract from Fingal County Council webmap) 

Department for Infrastructure (DfI) (October 2022) 

Transport Infrastructure Ireland (2023) 

 

4.3.5 Constraints Data 

Natural Heritage Area (incl. proposed) 

Areas of Outstanding Natural Beauty 

Natura 2000 

National Natura Reserves and Natural Reserves 

Special Protection Area (SPA) 

Special Area of Conservation (SPC) 

Area of Significant Archaeological Interest 

Flood Risk Area: GIM SFRA Flood Zones A and B 

National Indicative Fluvial Mapping (NIFM) River Flood Extents - Current Scenario (Office of 
Public Works) 

 

Belfast Local Nature Reserve Sites 
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Belfast Metropolitan Area Coastal Areas 

Landscape Wedges (NI) 

Special Protection Area (NI) 

Areas of High Scenic Value 

Sites of Local Nature Conservation Importance (NI) 

Local Landscape Policy Areas (NI) 

Indicative Flood Risk Area Belfast (digitised from Belfast Local Development Plan - Strategy 
2035) 

 

SEVESO Sites (upper/lower tier) 

4.3.6 Energy Networks 

Northern Ireland Electricity Networks (digitised from online Capacity Map in March 2024) 

Eirgrid Network Data 
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Figure 13-2 | Map highlighting state-owned lands from the Government Land and 
Property Register and consists of Government-Owned and Occupied Land and 
Property Assets in Northern Ireland (May 2023) 
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Figure 13-3 | Map highlighting state-owned lands from the Land Development Agency 
from Q3 2023 
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Figure 13-4 | Map highlighting Fingal County Council’s Specific Objectives (CDP 2023-
2029), South Dublin County Council’s Strategic Development Zones (CDP 2022-2028) 
and Dublin City Council’s Strategic Regeneration Areas (CDP 2022-2028) 
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Figure 13-5 | Map highlighting a sample of logistics and haulage companies 
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