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Heavy Goods Vehicles
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International Energy Agency

Internal Combustion Engine Vehicle

The Netherlands

Original Equipment Manufacturer

Office for Low Emission Vehicles (UK)
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Range-Extended Electric Vehicles

Second Renewable Energy Directive
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Total Cost of Ownership

Transmission System Operator

Tank to Wheels

The United Kingdom

Well to Tank

Well to Wheels

Zero Emission Fleet Vehicles for European Roll-out
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Ç The H2ME initiative is a flagship European project, deploying hundreds of fuel cell hydrogen cars, vans and the 
associated refuelling infrastructure, across 9 countries in Europe. It created the basis for a first truly pan-
9ǳǊƻǇŜŀƴ ƴŜǘǿƻǊƪ ŀƴŘ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ōǳƛƭŘƛƴƎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ƴŜǘǿƻǊƪ ƻŦ ƘȅŘǊƻƎŜƴ ǊŜŦǳŜƭƭƛƴƎ ǎǘŀǘƛƻƴǎΦ

Ç The project is made up of two phases, H2ME (1), which started in 2015, and H2ME-2, which ended in 2023. Over 
the course of these two phases, more than 1,400 vehicles and 49 hydrogen refuelling stationshave been 
deployed. The deployments are intended to jump start the drive towards fuel cell vehicles and establish the 
conditions in which fuel cell vehicles and the underlying refuelling stations can thrive.

Ç The project is being supported by the European Union through the Clean Hydrogen Partnership (previously,
FCH 2 JU) but is driven by the continuous engagement of the industry.

Ç This document provides an ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŀŎǘƛǾƛǘƛŜǎ, highlights key achievements and reports on 
some of the emerging issues which need to be tackled by the fuel cell vehicle sector as it moves towards a 
commercially viable mass market proposition.

Ç This document has been updated in 2024, after the end of the project. It is intended to:

Á Give first-hand information from real world activities to stakeholders, policy-makers, etc.;

Á Identify and communicate the common themes emerging from these activities;

Á Serve as a basis for further deployments.

This document summarises the results of the 
H2ME initiative to the end of 2023
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ÇH2ME in its two phases has been underway for nearly 9 years. The focus has been on clusters of larger numbers of light duty fuel cell 
vehicles (FCEVs) (over 1,400 deployed) and associated hydrogen refuelling stations (HRS) (49 commissioned) to test and develop business 
models, assess sentiment, prove technologies at scale and apply learning to overcome some of the barriers to more widespread 
application.

ÇH2ME has been successful in 10 key areas:

1. Green mass mobility and logistics solutions have been proven in cities and regions, with ranges and refuelling time similar to
conventional vehicles. The experience gained gives a robust springboard for further roll-outs.

2. The FCEVs have worked reliably, with new models offering increased performance, becoming available on the market.

3. FCEVs are finding niches where battery electric vehicles are challenged, in extreme range and in intensive operation. While this 
applies to some extend to personal cars and commercial vans in intensive applications, it applies even more to heavy-duty trucks, 
long-distance and city buses. Last-mile deliveries (which require a significant overall range) could also emerge as a good fit for FCEVs 
with van models to be launched by key European OEMs from 2024 onwards (Renault, Stellantis, Vauxhall).

4. The feasibility of a hydrogen supply infrastructure at scale has been proven, including green (electrolytic) hydrogen produced from 
renewable energy which can be produced on-site at periods of low electric grid demand. The expansion in HRS numbers and 
learning has improved availability. Learning and sharing best practice in permitting, in failure modes and design workarounds, and in 
servicing is also being applied.

5. As HRS increase in size, and in number, utilisation and more hydrogen is being dispensed, the economies of scale is improving, and it 
is becoming more affordable. However, this is highly dependent on consistent baseload demand and energy market prices. This trend 
will continue and could present a challenge for the sector. 

6. Hydrogen is a flexible energy vector, with cross-over benefits to hard-to-abate sectors, such as industry, shipping and aviation. As 
hydrogen (including from imports) becomes more prevalent across applications, the issues around cost and availability seen inthe early 
roll-out phase will lessen.

7. The roll-out of FCEVs in H2ME has demonstrated safe fuelling with hydrogen without compromise to safe vehicle operation.
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8. End to end life cycle CO2 emissions relating to green hydrogen are similar to those of BEVs.

9. Significant gains in technical know-how have been accrued, with potential gains in green jobs, energy security and CO2 savings.

10. Prior to H2ME, there were few FCEVs in Europe and almost no fuel cell vans were fielded. There are now deployment of light duty 
vehicles, with taxi fleets growing and in the fuel cell van segment, and H2ME has encouraged further activity across in other vehicle 
segments(e.g., FCEVs (ZEFER), heavy duty fuel cell trucks (H2Haul). Prior to H2ME, almost no fuel cell vans were fielded.

ÇH2ME execution has progressed alongside Zero Emission Fleet Vehicles for European Roll-out (ZEFER), with significant data collection 
that have helped further refine the development of models and business cases for FCEV and HRS.

ÇThe H2ME project has demonstrated the viability and practicality of FCEVs of different sizes in meeting the needs of a range of 
existing vehicle users; over two thousand hydrogen light-duty vehicles are now in operation in Europe.

ÁSeveral countries now have hundreds of FCEVs in operation. The largest concentrations are found in taxi and ride-sharing fleets in 
city centres (with over 400 fuel cell taxis in Paris), as well as an increasing number of business users and company cars used by early 
adopters, especially in Germany.

ÁHowever, technological advancements in the BEV sector since the beginning of H2ME and the increase in number of models 
available to customers in Europe means BEV are likely to capture the main market shares for light duty vehicles. 

Á FCEVS are expected to remain a needed solution for these applications which depend on the ability to refuel rapidly and complete
high daily mileages when required. The growth in demand for FCEVs in these intensive applications clearly demonstrates that they
can meet these needs and offer an attractive customer proposition in these areas. 

ÇLocalised networks of public refuelling stations have been developed in numerous European cities

ÁWhere dense concentrations of high-mileage FCEVs exist, there is an attractive business case for the development and operation of 
local networks of HRS, and cities such as Paris and Berlin now have city-wide HRS networks (7 HRS in Paris at the end of 2023), 
ensuring that FCEV fleets can operate flexibly within these locations.
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ÇA nationwide networks has been set up in Germany and the basis for a national network has been set up in Denmark, but 
utilisation is currently low relative to capacity

Á Initial national refuelling networks have been developed to support the adoption of passenger cars, but current levels of demand 
are not sufficient to support the business case. Future development of these networks, will need to link new HRS deployment 
locations to emerging demand, to make HRS operation more investible. 

ÁContinued low levels of utilisation of HRS in the coming years could present challenges for the sector as it impacts negatively the 
economics for existing and future HRS. This could delay investment decisions for new HRS and lead to the closure of existing HRS.  

ÇThe further commercialisation of hydrogen mobility relies on scaling up demand, including demand from heavy vehicles

Á The business case for hydrogen production from renewables and operating refuelling stations is currently challenging due to the 
scale of demand relative to the costs of installing and operating infrastructure. With a higher magnitude of demand, both 
stations and hydrogen production can become more cost-effective, the development of the European supply chain will 
accelerate, and bring improved station reliability and economic opportunities.

Á The focus of many hydrogen mobility initiatives has shifted towards heavy duty applications, where demand per vehicle is much 
higher and where hydrogen is standing out at the main solution over other alternatives. Light duty applications can play an 
important role by supporting the economics for HRS while heavy-duty applications are being rolled-out. Refuelling infrastructure 
for passenger cars and vans can be developed alongside this: a) by ensuring that stations in strategic locations are also capable of 
refuelling light vehicles and b) developing local clusters for applications such as taxis.

ÇTo enable scale-up of the fuel cell vehicle fleet, national subsidies and incentives are needed for all vehicle types

ÁAlthough demand is growing across several applications, production volumes of fuel cell vehicles are still relatively low. Vehicle 
costs will be significantly higher than those of fossil fuel vehicles while the supply chain matures and production volumes 
continue to ramp up. Purchase incentives that bring the on-the-road costs of hydrogen vehicles in line with fossil fuel options are 
needed to unlock demand from vehicle operators and bring market confidence to vehicle suppliers.

Á Incentives to be applied at the national level could include purchase grants and various tax exemptions; policies similar to those 
applied to Battery Electric Vehicles are likely to be appropriate, but subsidy levels should account for the current lower maturity 
of the FCEV market compared to BEVs.
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ÇFuel credits for renewable hydrogen are needed to stimulate demand and production 

Á In the initial phases of scale up, the cost of producing and retailing renewable hydrogen is likely to exceed its value to 
vehicle operators. Fuel credits for renewable hydrogen would help to strengthen the business case for renewable hydrogen 
production and retail in the face of uncertainty around future demand.

ÁThe wording of the second Renewable Energy Directive (RED II) gives member states the freedom to support hydrogen 
produced from renewable sources (biomass and renewable electricity) with higher credit values, either through multiple 
counting of credits or by including hydrogen as an advanced biofuel. 

ÁCǳŜƭ ŎǊŜŘƛǘǎ ǿƛǘƘ ŀ ǾŀƭǳŜ ƻŦ ŀǊƻǳƴŘ ϵпκƪƎ ƻŦ ǊŜƴŜǿŀōƭŜ ƘȅŘǊƻƎŜƴ ǿƻǳƭŘ ŜƴŀōƭŜ ǊŜǘŀƛƭŜǊǎ ǘƻ ƳŀƪŜ ƛǘ ŀǾŀƛƭŀōƭŜ ŀǘ ŀƴ ŀǘǘǊŀŎǘƛǾŜ 
price.

ÇNational governments can remove barriers to hydrogen mobility by ensuring that hydrogen options receive equal treatment 
to other zero emission alternatives within transport strategies and policies

ÁSpecific measures to be adapted will vary for each country, but may include adding hydrogen platforms as an option in call 
for projects for innovation & demonstration projects to decarbonise the mobility sector and transport applications, 
updating regulations for zero-emission vehicles to include specifications for hydrogen vehicles, and ensuring that guidance 
on HRS installation is available to planning authorities. 
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Public resources with results of the H2ME 
initiative

Ç This document provides an overarching summary of the activities undertaken in the project. However, more detailed reports are 
available on the H2ME project website: https://h2me.eu/publications/ 

Ç The key reports that contributed to forming the views in this report were prepared by the H2ME project partners. The publicly-
available reports used are:

Á Summary of solutions adopted to resolve outstanding network and precommercial issues around hydrogen fuel retailing, 
H2ME (1) D2.6, Element Energy

Á Final yearly technical report reviewing the technical progress for FCEVs & HRS in the project, H2ME (1) D5.15-D5.18, Cenex

Á Well to Wheels environmental impact assessment, H2ME (1) D4.19, Cenex 

Á Vehicle user attitudes, driving behaviours and HRS network access trends, H2ME (1) D5.10, Element Energy

Á Summary and lessons learnt from the hydrogen mobility strategies tested in this project, H2ME (1) D5.13, Element Energy

Á Strategic recommendations for supporting the commercialization of fuel cell electric vehicles in Europe, H2ME (1) D5.16, 
Element Energy

Á Technical Performance of Vehicle and Stations in the project Reports (2015-2023), H2ME (2) D5.14-D5.18, Cenex

Á {ǳƳƳŀǊȅ ¢ŜŎƘƴƛŎŀƭ wŜǇƻǊǘ tǊŜǎŜƴǘƛƴƎ tǊƻƧŜŎǘ 5ŀǘŀ ǘƻ 5ŜŎŜƳōŜǊ нлнн, H2ME (2) D5.8 ς D5.13, Cenex

Á HRS Safety, Regulations, Codes and Standards Lessons Learned, H2ME (2) D5.19 ς D5.23, Cenex

Á Technical performance of HRS under high utilisation and recommendationsΣ Iнa9 όнύ 5рΦоп-D5.41, Element Energy

Á Overarching progress beyond the current state of the art and gaps preventing full commercialisation, H2ME (2) D6.11 - 
D6.14, Element Energy

9
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1. Introduction
Section overview

Why is hydrogen 
mobility important? 

Å Overview
Å Perspectives for society and policy makers
Å Perspectives for early adopters
Å Perspectives for energy providers
Å The role of hydrogen in decarbonising transport

Å What is a Fuel Cell Electric Vehicle (FCEV)? 
Å How does the technology work?
Å What is a Hydrogen Refuelling Station (HRS)?

Technology overview

Å Current status of commercialisation
Å Technical advancements
Å Existing barriers to be addressed

Commercialisation 
status
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Ç Environmental improvements ς hydrogen can be generated through a range of low and net 
zero carbon routes. Using hydrogen as a fuel in the transport sector will reduce global 
emissions and improve local air quality, thus addressing both climate change and a major 
public health issue, whilst at the same time, meeting EU legal requirements. 

Ç Energy security ς hydrogen can be produced from a variety of local renewable and other 
energy resources, making it widely available, offering independence from energy imports.

Ç Services for a greener grid ς generating hydrogen from electrolysis can help incorporate 
renewable energy into the energy mix by providing grid balancing services ς the process of 
using excess electricity when energy supply temporarily exceeds demand. 

Ç Energy storage ς hydrogen can be stored in large quantities for long periods. When 
generating hydrogen from electricity it helps further incorporate renewable energy into the 
energy mix compared to batteries.

Ç Economic development ς the expansion of this new sector provides the opportunity to 
create new local businesses and jobs, promote wider economic growth, and maintain 
9ǳǊƻǇŜΩǎ ǘŜŎƘƴƻƭƻƎȅ ƭŜŀŘŜǊǎƘƛǇΦ

Why is hydrogen mobility important? 
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Why is hydrogen mobility important?
Χ ǇŜǊǎǇŜŎǘƛǾŜǎ ŦƻǊ ǎƻŎƛŜǘȅ ŀƴŘ ǇƻƭƛŎȅ ƳŀƪŜǊǎ 

Ç A solution today for cities and regions.
Á Vehicle operation producing zero tailpipe emissions. FCEVs are zero 

emission vehicles (ZEV), and do not release CO2 or harmful materials 
such as nitrogen oxides (NOx), sulphur oxides (SOx) or fine particulate 
matter (PM2.5).

Á Χ ǿƘƛƭŜ offering fast refueling (3-5 minutes) and long driving range 
(600 km+ on a single tank).

Ç A solution making the energy transition feasible.
Á The technology is needed to meet targets for CO2 reduction and 

accommodate increases in renewable energy production.
Á FCEVs have significantly lower GHG emissions (on a life-cycle basis) 

compared to conventional vehicles and can be equal to battery electric 
vehicles(BEV) when hydrogen is generated from renewable energy.

Á FCEVs are complementary toBEVs, allowing a transition to ZEVs today 
for hard to decarbonise applications due to their operational needs. 

Á Generating hydrogen from electrolysis can be used as a grid balancing 
tool, mitigating increased costs for network operators from more 
renewable energy production and electricity demand from BEV sales.

Wopke Hoekstra, European Commissioner for 
Climate Action speaking at European Hydrogen 
Week 2023 @CleanHydrogenPartnership

Local air quality improvements

! Ψswiss ŀǊƳȅ ƪƴƛŦŜΩ ŦƻǊ ƳŜŜǘƛƴƎ ŜƴŜǊƎȅ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇƻƭƛŎƛŜǎ
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Ç A solution today for fleets and private customers.
Á Among ZEV powertrains, FCEVs provide the longest range and shortest 

refuelling times today.
Á FCEVs provide a ZEV emission powertrain option that does not greatly 

limit productivity or operation.
Á FCEVs can refuel in 3-5 minutes and achieve a driving range of 600 km+ on 

a single tank. As the FCEVs mature, ranges approaching 1,000 km are to be 
expected, closer to those of ICEVs.

Ç A solution to contribute to climate change mitigation efforts today while 
preparing for future regulations.
Á FCEVs can support drivers and organisations in demonstrating their 

commitment to addressing air quality and reducing CO2 emissions.
Á Using light duty FCEVs today prepares for future air quality and GHG 

policies introduced by national or city governments, while demonstrating 
leadership in sustainable transport, and provides a common platform with 
HDVs.

Zero emissions, zero compromise

Supporting operation today and in the future

Renault Kangoo Z.E Hydrogen (by 
Symbio), France @Symbio

Mercedes-Benz GLC F-Cell, Hamburg 
Police Service , Germany @Daimler

Toyota Mirai, Hype, France @Toyota
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Why is hydrogen mobility important?
Χ ǇŜǊǎǇŜŎǘƛǾŜǎ ŦƻǊ ŜƴŜǊƎȅ ǇǊƻǾƛŘŜǊǎ 

Ç Hydrogen can be produced by water electrolysis, using electricity from 
renewable energy, and it can be easily stored providing two key benefits 
to the grid:
Á The flexibility to adapt to larger demand fluctuations on energy 

networks.
Á the flexibility to balance demand and supply as there is increasing 

penetration of renewable generation.

Ç The technology is needed to meet targets for CO2 reduction and the 
expected increases in renewable energy generation.

Ç Water electrolysers are able to vary their output (and hence electricity 
demand), so it is possible that the provision of grid balancing services 
such as frequency responses or balancing services can be monetised.

M1 Wind Hydrogen Station, UK 
@ITM power 

Preparing for the future 

A potential new source of revenue 
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Societal challenge: Transport is the only sector 
with rising CO2 emissions

Ç Transport emissions: 27% of all emissions in the EU; +33.5% from 1990 to 2019. (link)
Ç Road transport accounts for 77% of total greenhouse gas emissions of the sector. (link)
Ç Air pollution was responsible for over 350,000 deaths for Europe as a whole in 2020. (link)

GHG emissions from transport are rising but the political ambition to reduce them is too

Policy ambitions: European Green Deal aims to 
make Europe a climate neutral continent by 
2050, with 55% reduction in GHG emissions by 
2030.
Air Quality Directive: sets a maximum air 
pollution limit in each Member State with first 
infringements procedures launched against 
Member States failing to meet these targets.
The Directive on Alternative Fuels Infrastructure 
(2014/94/EU): sets mandatory targets for 
infrastructure deployment to support alternative 
fuels. This was replaced with the Alternative 
Fuels Infrastructure Regulation ǳƴŘŜǊ ǘƘŜ ΨCƛǘ ŦƻǊ 
рр ǇŀŎƪŀƎŜΩ ƛƴ нлннΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ new 
CO2 emission performance standards for cars and 
vans, and targets for BEV and FCEV refuelling 
points along major routes.

17Source graph: European Environment Agency, Greenhouse gas emissions from transport (2023)
https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-from-transport 

https://www.eea.europa.eu/publications/transport-and-environment-report-2022/transport-and-environment-report/view
https://www.eea.europa.eu/ims/greenhouse-gas-emissions-from-transport
https://www.eea.europa.eu/publications/air-quality-in-europe-2022/health-impacts-of-air-pollution
https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-from-transport
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Societal challenge: How does hydrogen fit into 
ǘƻŘŀȅΩǎ ƎǊŜŜƴ Ƴƻōƛƭƛǘȅ ŜŦŦƻǊǘǎΚ

FCEVs are complementary to BEVs, allowing a transition to ZEVs today for applications with longer 
ranges and more weight that remain hard to decarbonise due to their operational needs

BEVs and plug-in hybrid electric vehicles (PHEV) 
have become the leading green mobility solutions 
in recent years in terms of market progression and 
technological advancements.  However, there 
remain some challenges e.g., heavy-duty 
applications, travelling long distances, and in 
continuous use, that today they cannot fully 
address. FCEVs offer a viable solution to better 
meet these challenges.

Historically internal combustion engines have 
dominated, whereas today multiple 
complementary ZEV powertrain solutions are 
now needed. 

The complementary nature of these technologies 
is furthered by BEV, PHEV, and FCEV development 
benefiting one another from commonalities in 
powertrains and components, including applying 
fuel cells as range-extenders.

18Source graph: Hydrogen Roadmap Europe, A sustainable pathway for the European Energy Transition, Clean 
Hydrogen Partnership (2019). Hydrogen%20Roadmap%20Europe_Report.pdf (europa.eu)

https://www.clean-hydrogen.europa.eu/system/files/2019-02/Hydrogen%2520Roadmap%2520Europe_Report.pdf
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Ç FCEVs run on hydrogen gas as a fuel. A highly efficient fuel cell transforms the hydrogen 
directly into electricity to power the electric motor(s).

Ç FCEVs produce zero harmful tailpipe emissions. Water vapour is the only exhaust. No 
CO2 or harmful emissions such as nitrogen oxides (NOx), sulphur oxides (SOx) or fine 
particulate matter (PM2.5) are produced.

Ç FCEVs offer a long-distance driving range and a refuelling experience comparable to 
conventional petrol and diesel cars and vans. They have a range of 600+ km per refill 
today, expected to increase to 1000 km, whilst providing a smoother, quieter and more 
responsive driving experience. The refuelling time is comparable to conventional petrol 
and diesel cars (3 to 5 minutes).

Ç FCEVs also have a batteryfor recapturing braking energy, providing extra power during 
acceleration events, and to smooth out the power delivered from the fuel cell. The 
battery is usually small, with only a few vehicles (like the GLC F-CELL) having a plug-in, 
recharging ability. In contrast, the Kangoo Z.E. Hydrogen has a larger battery and a 
smaller fuel cell, used to continuously charge the battery and deliver range extension to 
the vehicle (REEV).

Ç FCEVs are as safe as, if not safer, than traditional gasoline vehicles                                 
The carbon-fibre hydrogen tanks of the vehicles have withstood highly demanding 
crash, fire, and ballistic testing. Thanks to these high safety standards, FCEVs can meet 
the strict safety and quality regulations of the countries where they are being deployed 
(Europe, Japan, Korea and the USA).

What is a Fuel Cell Electric Vehicle (FCEV)? 

20
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A fuel cell powertrain generally comprises the following components: fuel cell stack, hydrogen tanks, battery and 
power electronics, and electric motor. Various configurations of the fuel cell stack and battery are possible.

In H2ME, two main configurations are used. 

Ç Full FCEVs are fuel cell dominant. All the primary energy comes from the hydrogen fuel cell, such as the Toyota 
Mirai, with a 114 kW stack and 1.6 kWh battery or the GLC F-CELL, with a 135 kW stack and 13.5 kWh battery. 

Ç Fuel Cell Range Extender Electric Vehicles (REEVs) use energy from the battery, which is continuously charged by 
the fuel cell running at its optimum point. The battery in the REEVs can be plugged-in and charged. REEV 
examples are the Kangoo Z.E. Hydrogen (with 5 kWe/10 kW gross output stack and 33 kWh battery) and the new 
Stellantis Ë-JUMPY, e-HYDROGEN and e-EXPERT vans (with a 45 kW gross output stack and 10.5 kWh battery).

How does the technology work?

Step 1 Hydrogen stored in the tank is supplied to the 
fuel cell stack

Step 2 An inflow of air is supplied to the fuel cell stack

Step 3 The reaction of oxygen in the air and hydrogen 
in the fuel cell stack generates electricity and water

Step 4 Generated electricity is supplied to the electric 
motor

Step 5 Water and heat are emitted as the only by-
products, heat produced can be used for cabin heating

21
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What is a Hydrogen Refuelling Station (HRS)?

Ç A hydrogen refuelling station (HRS) provides a way of dispensing hydrogen into vehicles. HRS typically comprise 
hydrogen storage, compression, and dispensing equipment as a minimum.

Ç HRS can be characterised by the source of hydrogen (on site or off site (delivered) hydrogen production).
Ç At the moment there is a limited number of HRS in each of the partner countries. Though most networks are 

growing, not all of them are.
Ç The utilisation (percentage of the total station capacity effectively used) and availability (proportion of time the 

HRS is available for use, i.e., excluding downtime for maintenance) are important performance metrics. 

Hydrogen is delivered to stations by tanker or pipeline, like how conventional fuels are delivered to petrol stations. 
It has the advantage of allowing large scale production at low costs. Currently hydrogen is produced in different 
ways (e.g., from methane or electrolysis (renewable and grid). However, many funding bodies and mobility 
customers insist on the use of green hydrogen. Utilising a larger share of low carbon sources or certificates for 
green hydrogen can be used  to increase the proportion of green hydrogen at the stations as is the case in H2ME.

Off-site production

22

On-site production

Involves installing an electrolyser at the same site as the HRS. When using renewable electricity, very low- or zero-
carbon hydrogen can be produced. This solution removes the need for fuel deliveries (although such stations can be 
designed to accept delivered hydrogen) but requires additional space. Electricity prices can vary and may be high 
relative to sites with co-located renewable electricity generators.
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Ç H2ME commenced in 2015, in what was being claimed to be a 
άǿŀǘŜǊǎƘŜŘ ȅŜŀǊέ ŦƻǊ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŦǳŜƭ ŎŜƭƭǎ ŀƴŘ ƘȅŘǊƻƎŜƴ 
technologies.1 The first commercially available Hyundai fuel cell 
ǾŜƘƛŎƭŜǎ ǿŜǊŜ ǇǊƻŘǳŎŜŘ ŜŀǊƭȅ ƛƴ нлмоΣ ǿƛǘƘ ŦƛǊǎǘ ŘŜƭƛǾŜǊƛŜǎ ƻŦ ¢ƻȅƻǘŀΩǎ 
Mirai in 2015.

Ç There were ambitious announcements by companies including Daimler 
and GM. BMW showcased two FCEVs in 2015, and VW ςbefore the 
exposure of its defeat device software ςpresented several fuel cell 
vehicles at the 2014 LA auto show, and, in a presentation in 2015, 
hinted at a fuel cell Porsche. Nissan promised a commercial FCEV by 
2018, and GM suggested it was renewing interest in FCEVs.

Ç However, fuel cells for use in transport applications were a very small 
part of the total production, with stationary power solutions being the 
main contributor.

Ç California was an early adopter, deploying HRS and offering free fuel to 
customers in the region. However, these had teething problems and 
breakdowns, leading many early users of FCEVs (mostly Mirai) to become 
frustrated with the offer of free, but unavailable hydrogen.

Ç By the end of 2015 there were 92 HRS operational in Europe, with just 
over half being publicly accessible.2 Most of these HRS were in Germany, 
followed by Great Britain. In 2023 there are 244 HRS operational in 
Europe3. Most of these are in Germany, followed by France.
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The FCEV and HRS market was very different at 
Iнa9Ωǎ ƛƴŎŜǇǘƛƻƴ ŎƻƳǇŀǊŜŘ ǘƻ нлно

1 TheFuelCellIndustryReview2015.pdf
2 H2Stations
3 Hydrogen Insights December 2023 (hydrogencouncil.com)
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4 Latvia (1), Poland (2), Czech Republic (3), Slovakia (2), Hungary (1) , 

Slovenia (1), Croatia (1), Portugal (1), Iceland (2), Luxembourg (1), Italy (2)

https://fuelcellindustryreview.com/archive/TheFuelCellIndustryReview2015.pdf
https://www.h2stations.org/statistics/
https://hydrogencouncil.com/wp-content/uploads/2023/12/Hydrogen-Insights-Dec-2023-Update.pdf
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Commercialisation insights
Many more vehicles are available to buy in 2023

Ç A large international effort over the past decades by industry and governments has developed hydrogen vehicle 
technology to the point where they are ready for a commercial roll-out.

Ç FCEVs and HRS are currently in the early stages of market ramp-up. A mature (self-sustaining) market is expected by 
the 2030s, with expected sales of tens of thousands of vehicles/year and a growing HRS network across Europe1. 

Ç Vehicles have been available as demonstrators in Europe since 2014 from OEMs Hyundai and Toyota, with Renault 
& Stellantis (Symbio) building up small fleets of range-extended (RE) vans. Honda and Mercedes have run small 
trials. Other OEMs such as BMW have also run trials. BMW has deployed a pilot fleet of iX5 in 2023, mass 
production for sale of vehicles in 2025 has been announced. While Honda and Mercedes no longer pursue FCEVs, 
they continue to support H2ME to its completion. Renault continues to work on a van platform, using PlugPower 
stacks following the formation of the HYVIA joint venture. Stellantis (PSA) has released its first fuel cell REEV vans 
(HKO), and Audi and Jaguar are poised to field demonstrator cars.

Ç Vehicles from other transport segments are also increasingly coming to market (trucks, trains, boats, aviation).  

ix35 
TucsonFuel 

Cell**
Hyundai

Clarity 
Fuel 
Cell*

Honda

1 In 2030, 1 in 12 cars sold in California, Germany, Japan, & South Korea could be powered by H2, Source: Hydrogen
Council, https://hydrogencouncil.com/wp-content/uploads/2017/11/Hydrogen-scaling-up-Hydrogen-Council.pdf 
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Models previously available in the EU market

Renault 
Kangoo Z.E 
Hydrogen*

Symbio 

Mirai 
FCV

Toyota

HKO
Stellantis & 

Symbio

iX5*
BMW

Models available in the EU market today   Models available in the EU market from 2023

HYVIA
Renault & 
PlugPower

Nexo Fuel 
Cell

Hyundai

B-Class 
Fuel cell*
Mercedes

-Benz

GLC Fuel 
cell*

Mercedes
-Benz

* Small trial   ** new generation now available

Citroen E-Jumpy, Peugeot E-Expert, Opel Vivaro

https://hydrogencouncil.com/wp-content/uploads/2017/11/Hydrogen-scaling-up-Hydrogen-Council.pdf
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Over 5,000 hydrogen vehicles and over 250 HRS have now been deployed in Europe*

Vehicles and HRS in 
Dec 2023
(Data includes but is not 
limited to H2ME)

Germany France UK Nordic BeNeLux Europe

Cars 2,326 635 372 562 771 >5,000

Vans  (including range 
extended vans)

16 273 2 2 15 306

Buses 108 33 98 12 64 >200

Trucks 29 (IPHE**) 1 2 6 28 55

Trains 12 - - - - 12

Active HRS (all 
transport segments)

94
(Hydrogen 
Council)

47
(Hydrogen 
Council)

9 
(UK H2Mobility)

12 
(Hydrogen 
Council)

29 
(Hydrogen 
Council)

244
(Hydrogen 
Council)

Source: EAFO (excludes retirements) unless otherwise stated; IPHE country statements, UK H2Mobility, H2Stations.org (LBST), European Hydrogen 
Observatory, Hydrogen Council

Ç The FCEVs (>1,400) & HRS (>45) deployed in H2ME kick-started this growth and remain a large share of deployments.

Ç These are supplemented by private initiatives such as the HyTruck programme in Austria, the HyTrucks consortium in 
Northern Europe, Hyundai Hydrogen Mobility in Switzerland, and the EU project ZEFER, deploying 180 taxis in Paris, 
London and Copenhagen.

Commercialisation status today
Number of FCEVs and HRS operating in Europe

updated
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*Not all operating as Dec 2023 **IPHE refers to the International Partnership for Hydrogen and Fuel Cells
Source: Overarching progress beyond the current state of the art and gaps preventing full commercialisation - 
Final, 2023, H2ME (2) Deliverable 6.14.Element Energy. Figures updated with January 2024 data



Ç Alongside the Netherlands and Germany, Belgium is part of the HyTrucksinitiative and the 
REVIVE refuse truck demo.

Ç .ŜƭƎƛŀƴ ŎƻƳǇŀƴȅΣ /a.Φ¢9/I ƭŀǳƴŎƘŜŘ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ Řǳŀƭ ǎǘǊŀŘŘƭŜ ǘǊǳŎƪ ƛƴ aŀǊŎƘ нлноΦ 
VanHoolhas presented a new series Fuel Cell Electric Bus (FCEB). Air Products signed an 
agreement in May 2023 to build a multi-fuel HRS for heavy duty vehicles. 

Ç In Italy, Snam4Mobility has partnered with WolftankHydrogen to deploy 5 HRS by 2024. 
The EU-funded LIFEalpsproject also aims to deploy 5 HRS. ENI inaugurated its first HRS in 
Venice in June 2022. Several Hydrogen Valleys projects are planned in the country.

Ç H2 Mobility Austria, a consortium of eleven Austrian companies, aims to put 2,000 
hydrogen trucks on the roads of the country by 2030. Hyzonhas committed to supplying 
70 fuel cell trucks to the Mpreissupermarket chain, the first of these trucks arrived in 
March 2023. 
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H2ME observer country highlights

Ç Iнa9Ωǎ ΨƻōǎŜǊǾŜǊ ŎƻǳƴǘǊƛŜǎΩ ό.ŜƭƎƛǳƳΣ Lǘŀƭȅ ŀƴŘ !ǳǎǘǊƛŀύΣ ŀǊŜ ǳǎƛƴƎ ǘƘŜ ƭŜŀǊƴƛƴƎǎ ŦǊƻƳ ǘƘŜ 
project to inform their own hydrogen mobility strategies. Vehicle deployments in these 
countries are currently low (at the 10s - 100s scale), however, future deployment plans for 
the observer countries aim to increase the scale of vehicle deployment.



Ç Decreased hydrogen production costs, through 
lower cost energy input and reduced cost of system 
components (e.g., water electrolysers). 

Ç Refinement of the customer experience(billing and 
payment methods, user-friendliness of HRS, etc.)

Ç Demonstration of smart trading strategies for 
green electrical power.

Technical advancements (HRS)
Χ ŀƴŘ ǊŜƳŀƛƴƛƴƎ ōŀǊǊƛŜǊǎ ǘƻ ōŜ ƻǾŜǊŎƻƳŜ

Ç Common standards have been agreed.

Ç Safety standards are in place.

Ç Hydrogen can be produced at both large scale, from centralised production (separate location and delivered by 
trailer/pipeline/other(at HRS) or small scale, from decentralised production (at the HRS).

Though HRS can serve the needs of customers today, further development is needed

Improvements achieved to date

Technical advancements required Commercial advancements required

Ç Improvements in supply chain maturity (e.g.,
nearby spare parts availability, number of suppliers)

Ç Further improvements in availability and other 
areas relating to hydrogen fuel retailing (e.g., fuel
quality assurance and accurate fuel metering) ς 
Projects such as HyQuality (commenced in 2023) 
began to address issues such as fuel quality 
assurance.

28Sources:  CH2 JU Review Days 2017 | CH2 JU, A portfolio of power-trains for Europe: a fact-based analysis.
https://www.fch.europa.eu/sites/default/files/Power_trains_for_Europe_0.pdf

The H2ME initiative was designed to demonstrate the technical early phase of roll-out for Europe and address 
commercial barriers ς significant improvements have been made through H2ME in several of these areas: in more 
mature HRS designs, with improved components, materials & software, in preventative maintenance, in training to 
deal with failure events, and in remote monitoring and sharing of operator experiences.

https://www.fch.europa.eu/sites/default/files/Power_trains_for_Europe_0.pdf


Ç The CertifHy project has established a framework for providing Guarantees of Origin (GOs) which document the CO2 intensity of 
different hydrogen pathways. This is a necessary first step in addressing the demand for green hydrogen and, when fully 
implemented, will enable end users to consume certified green or low-carbon hydrogen all over the European Union.

Ç However, as shown in the chart above, renewable hydrogen production is currently a more expensive option, due to a) the price of 
electricity and b) the cost of electrolysers (note that purification costs for fuel cell applications are not accounted for here). 

Ç Options for reducing electricity costs exist, such as directly connecting electrolysers with new renewable generation, and there is the 
potential for electrolyser costs to reduce as technology matures and supply chains develop. However, there is a need for policy to 
address the current cost gap by incentivising HRS operators to sell hydrogen from renewable or low carbon sources. 

ÁElectrolysis using electricity with a low emissions intensity (e.g., from 
renewables or nuclear power)

ÁReforming of biomethane (where the biomethane has a certified overall 
emissions intensity)

Ç Some fleet operators that have trialled low emission routes have expressed 
reservations about FCEVs in the past, due to the limited availability of renewable 
hydrogen; but in the context of recent net-zero commitments, fleets are 
increasingly likely to seek options which are fully aligned with global 
decarbonisation aims. 

Renewable hydrogen is currently expensive, presenting a challenge for the HRS business case

Ref: https://www.certifhy.eu/; https://www.iea.org/reports/the-future-of-hydrogen

Ç Many existing HRS in Europe dispense hydrogen produced via industrial-scale reforming of fossil fuels. This production route is 
currently the most cost-effective way of producing hydrogen, and accounts for most of the existing hydrogen consumption today. 
However, hydrogen can be produced via several routes resulting in lower emissions. The following production routes are already 
used to supply some HRS across Europe, to varying extents:
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Hydrogen production costs in 2023 (USD/kg)
BloombergNEF, 2023
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Source: Summary of solutions adopted to resolve outstanding network and precommercial issues
around hydrogen fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy

Key barriers to the increased supply of low 
carbon hydrogen at refuelling stations

https://www.certifhy.eu/
https://www.iea.org/reports/the-future-of-hydrogen
https://about.bnef.com/blog/green-hydrogen-to-undercut-gray-sibling-by-end-of-decade/#:~:text=Blue%20hydrogen%2C%20or%20hydrogen%20produced,%244.5%2D%2412%20per%20kilo.


Ç Fuel credits for renewable hydrogen are needed to stimulate demand and production.

Á The second Renewable Energy Directive (RED II) gives member states the freedom to support hydrogen produced from 
renewable sources (biomass and renewable electricity) with higher credit values, either through multiple counting of credits or 
by including hydrogen as an advanced biofuel. The recent approval of RED III means that 42% of the hydrogen used by industry 
must be green by 2030 (reaching 60% in 2035), with 1% of all fuel used in transport to be RFNBOs1 by 2030. Targets for transport 
are not very strong, and favour the use of the fuels (including e-fuels) for maritime and aviation.

ÁHydrogen Europe (which represents European industry, national associations and research centres active in the hydrogen and 
fuel cell sector) recommends setting specific targets for renewable and low carbon hydrogen within transport fuels and setting 
incentives to enable these targets to be met (e.g., as part of RED II implementation at national level) 2 .

ÁPolicies implemented at national level should aim to ensure that the dispensed price of low carbon hydrogen is competitive for 
vehicle operators and provide visibility on how long subsidies will be available. Based on the current cost premium of 
renewable hydrogen (relative to fossil hydrogen and fossil fuels), ŦǳŜƭ ŎǊŜŘƛǘǎ ǿƛǘƘ ŀ ǾŀƭǳŜ ƻŦ ŀǊƻǳƴŘ ϵо-4 per kg of renewable 
hydrogen would enable retailers to make it available at a price attractive to operators of heavy vehicle fleets.

ÇFuture HRS business cases will rely on the rapid scale-up of fuel cell vehicle fleets. Incentives for low carbon hydrogen, will be 
required alongside national subsidies and incentives for all vehicle types. 

ÁSupport for low carbon hydrogen can address the fuel cost premiums, but vehicle costs are also a barrier to wider uptake 
(currently, these have been addressed through provision of funding on a project-by-project basis). National purchase incentives 
that bring the on-the-road costs of hydrogen vehicles in line with fossil fuel options are needed to unlock demand from vehicle 
operators. Visibility on the planned duration of vehicle subsidies will help to give vehicle suppliers the confidence to bring FCEVs 
to the European market. But specific government-set targets (as in South Korea) are also important for wider growth.

Á Incentives applied at the national level could include purchase grants or various tax exemptions; policies like those applied to 
BEVs are likely to be appropriate, but subsidy levels should account for the current lower maturity of the FCEV market compared 
to BEVs.

Policy incentives are needed to scale up demand to create a viable business case in the short term

1RFNBOs: Renewable Fuels of Non-Biological Origins 2¢ƘŜ 9¦ IȅŘǊƻƎŜƴ {ǘǊŀǘŜƎȅΥ IȅŘǊƻƎŜƴ 9ǳǊƻǇŜΩǎ ¢ƻǇ мл YŜȅ wŜŎƻƳƳŜƴŘŀǘƛƻƴǎΣ WǳƴŜ нлнл

30
Source: Summary of solutions adopted to resolve outstanding network and precommercial issues around hydrogen fuel 
retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy

Business cases for HRS are dependent FCEV fleet 
scale-up, which rely on greater HRS deployment



Technical advancements required

Ç Improvements in design 
(e.g., number of 
components, reduced stack 
size).

Ç Reduction in raw material 
usage
in fuel cell production (e.g., 
platinum). 

Technical advancements (vehicles)
Χ ŀƴŘ ǊŜƳŀƛƴƛƴƎ ōŀǊǊƛŜǊǎ ǘƻ ōŜ ƻǾŜǊŎƻƳŜ

Though FCEVs are capable of serving the needs of customers today, further development is needed

Improvements achieved to date

Ç Increased hydrogen storage pressure (700 bar) in vehicles has matured ς resulting in increased driving range. 

Ç Safety concerns have been addressed, with no significant hydrogen-related accidents for thousands of FCEVs.

Ç Cold start down to -25°C as the heat management strategy of the fuel cell engines has been optimised.

Ç Durability improvements in fuel cell stacks and systems.

Ç Economies of scale.

Ç Improvement in production 
technology.

Ç Increase in number of FCEV 
models offered by OEMs. 

Ç All of the above leading to 
reduction in vehicle costs. 

Sources:  CH2 JU Review Days 2017 | CH2 JU, A portfolio of power-trains for Europe: a fact-based analysis.
https://www.fch.europa.eu/sites/default/files/Power_trains_for_Europe_0.pdf

Commercial advancements required

31

The H2ME initiative was designed to demonstrate the technical early phase of roll-out for Europe and address 
commercial barriers ς significant improvements have been made through H2ME in several of these areas, including 
demonstrating the range of FCEVs, new generation of stacks with reduced use of raw material, user opinions and 
use cases, and reliability expectations.

https://www.fch.europa.eu/sites/default/files/Power_trains_for_Europe_0.pdf
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Å Vehicles deployment
Å Deployment timeline
Å HRS deployment
Å Cross cutting activities and objectives

Å Project partners
Å Project achievements to date
Å Overview of H2ME (1) & H2ME 2 activities
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H2ME brings together partners with industry 
expertise from across Europe

This project has received funding from theFuel Cells and Hydrogen 2 Joint Undertaking(now the Clean Hydrogen 
Partnership) under grantagreement No 671438 and No 700350. This Joint Undertaking receives support from 
the9¦ΩǎHorizon 2020 research and innovation programme,Hydrogen Europe ResearchandHydrogen Europe.
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HYPE fleet in Paris with >400 
FCEV taxis reached in 2023

H2ME is a major pan-European effort to support 
the commercialisation of hydrogen mobility 

H2ME vehicles travelled 6,000km to celebrate the 
expanding network of refuelling stations 

(video embedded)

www.h2me.eu 
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https://h2me.eu/2019/10/24/hydrogen-vehicles-to-travel-nearly-6000km-to-celebrate-the-expanding-network-of-refuelling-stations/
http://www.h2me.eu/


H2ME Project representation and vehicle display at 
the Connecting Europe Days, June 2022

Project representatives were visited by the European 
Commissioner for Transport and the French 

Minister for Transport

H2ME has been represented at key European 
transport events 
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100 vehicles funded by H2ME2 delivered to taxi firm 
DRIVR, in Copenhagen November 2021



Activities under H2ME and H2ME2 are part of a 
much larger vehicle and HRS rollout in Europe
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Ç The FCH JU, now Clean Hydrogen Partnership (CH2 JU), has funded the majority ofthe R&D and demonstration 
projects, supporting the deployment of light duty fuel cell electric vehicles and the associated infrastructure.

Ç The CH2 JU aims to scale up the development and deployment of the European value chain for safe and 
sustainable clean hydrogen technologies, strengthening its competitiveness to support business.

Ç The successive projects have supported the development and demonstration of hydrogen mobility solutions.

Deployment projects timeline in Europe 
These activities have been supported by CH2 JU



H2ME initiative (2015 ς2023)
Project overview 
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Ç The H2ME initiative has deployed >1.400 FCEVs and 49 HRS across 9 countries by the end of 2023
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Achievements to date
A flagship project for Hydrogen Mobility1/2

Deployment of new fuel cell electric vehicles models 
and hydrogen refueling stations technologies 
Mercedes-Benz GLC, Hyundai Nexo new model of 
Renault Kangoo Z.E. Hydrogen (by Symbio), Stellantis 
HKO and Toyota Mirai

Advancements in 
commercialisation

strategies

Technical 
advancements

Development of new technologies and services

Gather evidences for new 
deployment and business cases

Testing in real work conditions

Product ready for commercialisation 

-> Up to 650 km of driving range ς availability close 
to 100% ς reached 100 km/kg H2

-> max HRS load reaching 47%  - Availability >95% - 
back-to-back refuelling for 6 vehicles  

Industry, SMEs and 
University collaboration  

46 organisations

Building a rich dataset valuable for 
Europe 

-> Focus on co-location of 
demand and HRS usage for 
different vehicles type .
-> For vehicles, small and large 
fleet (>100)

Achieved since 2016 (as of Q4 2023) 
- > 40 million km driven 
- > 917 t of H2 distributed                               
          (361 000 refuelling events)

-> Maintenance strategies for HRS 
-> payment by card and app increasingly common
-> Fleet uses validated for taxi and carsharing
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Achievements to date
A flagship project for Hydrogen Mobility 2/2

High visibility first 
of a kind initiative

Largest European deployment to date for 
hydrogen mobility

49 HRS and 1492 vehicles have been deployed in 9 
countries incl. 20% of German national network

First deployment with European 
vehicles OEMs 
First deployment for Daimler and 
Symbio

Largest fuel cell electric 
vehicles fleet in the world
> 400 Fuel Cell taxis in Paris by 
HYPE and > 226 Fuel Cell taxis 
in Paris by HysetCo

Fostering additional activities in existing regions 
and for partners

Most advanced coalitions in Germany, 
Scandinavia, France and the UK collaborating with 
observer coalitions becoming increasingly active 

(Benelux, Austria and Italy) Cross countries events 
H2ME vehicles took a 6,000km road 
trip through Europe showing  the 

advantages of the technology
Knowledge 

development

Dissemination of results to all 
relevant stakeholders 

To date: > 95 articles and
9 newsletters published, social media 

presence, 4 conferences and 6 
roundtables held in addition to 17 

vehicles hand-over and
         но Iw{ ƻǇŜƴƛƴƎǎ ŀƴŘ άǊƛŘŜ ŀƴŘ 
ŘǊƛǾŜǎέ ŜǾŜƴǘǎΣ Ҕпм ƴŀǘƛƻƴŀƭ ŜǾŜƴǘǎ 
and presentations at conferences 

Analysis and summary 
of key trends and best 

practices for the 
sector 

To date: >95 reports 
produced
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Ç The H2ME initiative has gathered significantly more information about the technology and its performance 
compared to earlier projects while raising visibility on its potential.

Ç To date the project has deployed another 5 models/generations of FCEVs, nearly quadrupled the number of 
vehicles on the road and achieved 10 times more kilometres of data.

Ç Other Key Performance Indicators have been analysed for vehicles, such as availability and time in operation. The 
vehicles have performed very well, achieving an estimated 99% availability in extended operation since 
нлмрκнлмсΦ {ŜŎǘƛƻƴ п ά9ǾƛŘŜƴŎŜ ŦǊƻƳ ǳǘƛƭƛǎŀǘƛƻƴέ ŎƻǾŜǊǎ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ ƻƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜǎ ƻŦ ǘƘŜ ǾŜƘƛŎƭŜǎΦ

Technological development and demonstration
KPIs and other indicators for vehicles

43Source:  CH2 JU, TRUST database. The grey (left hand) bars represent all vehicles fielded in projects prior to H2ME.

Distance driven by fleet 
while collecting data (km)

3,000,000

40,000,000

Early projects H2ME

7

12

Early projects H2ME

Models and generation of 
vehicles deployed

205

1,492

Early projects H2ME

Number of vehicles 
deployed



Technological development and demonstration
KPIs and other indicators for HRS

Ç To date the project has deployed 49 stations in 8 countries, adding key nodes on the European refuelling 
infrastructure and contributing to a pan-European network. 

Ç There has been an increase in the number of pure equipment providers as well as, a significant increase in the 
number of HRS operators on the market.

Ç Other Key Performance Indicators have been analysed for HRS, such as availability, utilisation and time in 
operation. The HRS have achieved җ 95% availability* on average and have been in extended operation since 
2015/2016. {ŜŎǘƛƻƴ пΥ ά9ǾƛŘŜƴŎŜ ŦǊƻƳ ǳǘƛƭƛǎŀǘƛƻƴέΦ  /ƻǾŜǊǎ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ ƻƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜǎ ƻŦ ǘƘŜ Iw{Φ

44
Source:  CH2 JU, TRUST database.
*availability is defined with a focus on the user, as to whether an HRS can dispense hydrogen but 
excludes maintenance periods

15

49

Early projects H2ME

Number of HRS

5

11

Early projects H2ME

Number of suppliers

10,000

361,000

Early projects H2ME

Number of refuelling events



2. Project overview
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Å Vehicles deployment
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Å HRS deployment
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Risk sharing JV - Widespread deployment of 100 HRS by 
2020/2021 and further expansion in line with increase in 
vehicle numbers to provide a national network and allow 
OEM vehicle introduction.

Deployment based on expected sales of OEM vehicles 
(facilitated by tax regime). Aiming at a network of 
stations across the Nordic region to allow transnational 
driving within the region.

Aim to establish viable local networks in 2015-2020, 
followed by accelerated ramp-up (2020-2025) and market 
establishment.

Initial strategy based on 350bar REEVs in captive fleets 
linking hydrogen supply and vehicles, which de-risks early 
hydrogen infrastructure investments across the country 
before OEM vehicles arrive.

Deployment in 3 stages - market preparation (2015-
2020), early market introduction (2020-2025) and full 
market introduction (2025-2030) with a progressive 
introduction.

National Strategy1 HRS in H2ME2

20 x 700 bar HRS in 
Germany

9 x 700 bar HRS in 
Scandinavia

5 x 350/700 bar HRS 
in the UK

14 x 350/700 bar 
HRS in France

1 x 700 bar HRS in 
the Netherlands

Deployment & national refuelling infrastructure 
introduction strategies ςH2ME & broader context

Vehicles in H2ME2

>1,000 FCEVs across 
the Nordics, 
Germany, France, 
the UK and the 
Netherlands

>440 REEV vans and 
trucks initially in 
France and Germany 
then across Europe

461 National Strategies have evolved over time, refer to appendix for detailed National Strategies 
2 Planned deployments throughout lifetime of the H2ME project
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Daimler B-
Class 
F-CELL FCEV

Daimler GLC 
F-CELL 
FCEV/PHEV

Honda Clarity 
FCEV

Hyundai ix35 
FCEV

Hyundai 
Nexo
FCEV

Toyota Mirai 
FCEV

SymbioZE H2
FC REEV

SymbioZE H2
FC REEV

Dates reporting 
data to H2ME

2015-2018 
(retired)

2019-2023 2017-2023 2017-2023 2019-2023 2017-2023 2015-2023 2023

H2ME use-
cases

Passenger and 
fleet car

Passenger and 
fleet car

Passenger and 
fleet car

Passenger and 
fleet car, taxi

Passenger and 
fleet car, taxi

Passenger and 
fleet car, police 

car, taxi

Light van in 
company fleets

Light van in 
company 
fleets, taxi

aŀƴǳŦŀŎǘǳǊŜǊǎΩ 
reported  range

380 km 478 km 650 km 590 km 756 km
605 km Gen 1
647 km Gen 2

300 km 400km

H2 tank 
capacity and 

pressure

3.7 kg 
(700 bar)

4.4 kg 
(700 bar)

5.5 kg 
(700 bar)

5.6 kg 
(700 bar)

6.3 kg 
(700 bar)

5.0 kg Gen 1 
5.6 kg Gen 2

(700 bar)

1.8 kg 
(350 bar 
version)

4.4kg
(700 bar)

Battery 
capacity

1.4 kWh
13.5 kWh 
(9.3kWh 
usable)

1.7 kWh 0.95 kWh 1.6 kWh
1.6 kWh Gen 1
1.2 kWh Gen 2

22 kWh 10.5 kWh

Number 
deployed in 

H2ME
40 157 10 63 58 722 251 191

Vehicles deployed under H2ME initiative

Source: Interim and final summary reports on technical performance of vehicles and stations in the project - Report 5 
(2021-2023), 2023, H2ME (2), Deliverable 5.18, Cenex
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Hydrogen Mobility Europe deployment timeline

2015 2016 2017 2018 2019 2020 2021 2022

Procurement 
of other FCEVs

FC range-
extended 
electric vans

Mercedes-
Benz FCEVs

other vehicle types procured and 
deployed from 2017Q2

B-Class F-Cell
from 2015Q2

HRS

Honda FCEVs 

Renault Kangoo Z.E. RE H2
from 2015Q3

Honda Clarity
from 2017Q1 

Toyota Mirai 
from 2017Q3 

GLC F-Cell
from 2018Q3

40 in operation 157 in operation

10 in operation

620 in operation

Toyota FCEVs

Significant HRS & vehicle deployments are now taking place outside the H2ME projects

223 in operation

Deployment phase
Total vehicles in operation

48

2023

191 in operation

HKO Stellantis &
Symbio from 2021Q4

251 in operation

1 1 2 4 4 5 7 8 10
15

21
26

30
34 35 37 37 37 37 38 39 40 41 41 41 41 41 43 45 45

49
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The H2ME initiative aimed to:

Ç Share best practices and lessons learnt between industry partnersto ensure processes such as HRS 
installation, metering and billing etc. are streamlined and improved across Europe.

Ç Use data collected as part of the project to better understand the status of vehicle and HRS 
technology.

Ç Conduct analysis to ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ŎǳǎǘƻƳŜǊǎΩ ƴŜŜŘǎ ŀƴŘ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅΦ

Ç Conduct economic and strategic analysis to provide recommendations for the rollout of hydrogen 
mobility, with a particular focus on national rollout strategies and business cases for early adopters.

Ç Analyse the impact of hydrogen generation by electrolysis on the efficiency of the energy system 
and demonstrate the ability to monetise the provision of grid balancing services using water 
electrolysers via real world tests of HRS with electrolysers.

The results generated by the project have been shared with industry, politicians, and the wider 
public to support the commercialisation of hydrogen mobility. 

49

In addition to deployment, the H2ME initiative 
conducted valuable cross-cutting activities



50

1. Introduction

2. Project Overview

3. Hydrogen mobility strategies

4. Evidence from utilisation

5. Environmental benefits and routes to low costs green hydrogen

6. Barriers and recommendations

Contents

3. Hydrogen mobility strategies

50



3. Hydrogen mobility strategies
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Ç IȅŘǊƻƎŜƴ 9ǳǊƻǇŜΩǎ ¢ŜŎƘƴƻƭƻƎȅ wƻŀŘƳŀǇ ǎŜǘǎ ŀ ǘŀǊƎŜǘ ƻŦ 
1,000 public HRS across Europe by 2025. 

Ç Significant acceleration in the deployment of new HRS in 
2024 will be required to achieve this: as of January 2024, 
there were 168 public operational (700-bar) HRS in Europe, 
most of which are installed in Germany, the Netherlands, 
and Switzerland. A further 41 stations are currently planned 
or under construction.

Ç While this represents the start of a pan-European refuelling 
network, many of the existing stations currently only have 
the capacity to refuel relatively small numbers of light duty 
vehicles (i.e., cars and vans), with only a few stations having 
the capacity to serve fleets of taxis, buses or other high-
demand vehicles.

Ç Significant further investment is required to provide a 
sufficient network of refuelling stations to meet the 
potential needs of the hydrogen mobility market, especially 
when considering the adoption of heavy-duty hydrogen 
vehicles, such as trucks, which will also require national 
networks of high-capacity refuelling stations.

The hydrogen refuelling network in Europe will need 
to be accelerated to reach 1,000 stations by 2025

Operational public HRS (700-bar) in Europe 
(January 2024)

Map of operational 700-bar hydrogen refuelling stations as of  
January 2024. Source: H2Live 

52Source: Overarching progress beyond the current state of the art and gaps preventing full commercialisation - 
Final, 2023, H2ME (2) Deliverable 6.14.Element Energy. Figures updated to January 2024.
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Different strategies result in many ownership 
models and characteristics for refuelling stations

Region Initial strategy for 
HRS network 
development

Level of risk:
low utilisation

Ownership models Number of HRS* 
in January 2024 
(H2ME)

Germany

Extensivenational 
coverage + major cities

High:first 100 HRS will have 
been installed regardless of 
demand. However, letters of 
intent to deploy vehicles 
increasingly soughtto minimise 
risk of low utilisation. 

H2MOBILITY is a joint venturebetween 
industry partners from hydrogen production 
and retail, as well as some automotive 
involvement:demonstrates commitment 
and shares the risk. Funding is received from 
National and European programs.  

96 (20)

France Local/regional clusters
linked to demand 
(captive fleet 
approach)

Low: demand is secured in 
advance of investment decision

Individual investments, with coordination by 
Mobilité HydrogèneFrance; joint venture in 
Paris (HysetCo)

497(14)

UK
Mainly regional (south-
east)ŦƻŎǳǎ ǘƻ ōǳƛƭŘ ΨH2

ƘǳōǎΩ 

Moderate: stations built with a 
mix of public and private 
investment in projects which 
group vehicles and stations

Individualinvestments with government 
support

9 (5)

Nordic region Develop network to 
allow long distance 
mobility across the 
region.

High:networkcoverage achieved 
in advance of significant vehicle 
deployment.

Predominantlyindividual investments, with 
a joint venture structure in Denmark. Case is 
based on expected increases in vehicle 
deployment.

10 (9)

Benelux
Strategies within this 
region are in 
development.

Moderate: Deployment in 
stages: market preparation, early 
market introduction and full 
market introduction (post 2025) 
with a progressive introduction.

H2Benelux project aims to enable national 
travel across Belgium, Netherlands and 
Luxembourg. Further plans are likely to 
ƛƴǾƻƭǾŜ ŜȄǇŀƴǎƛƻƴ ōŀǎŜŘ ƻƴ ŀ άŎƭǳǎǘŜǊέ 
approach.

29 (1)

53Source: Hydrogen mobility strategies, 2020, H2ME (1) Deliverable 5.13. Element Energy. Figures updated to 
January 2024. * All transport modes. Numbers in brackets are units deployed under the H2ME project
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The characteristics of regional vehicle 
deployments also reflect the different strategies 

Region Initial light 
vehicle types

FCEVs (all vehicle 
types) on the road 
2023 (with H2ME 
units in brackets)

Diversity of 
vehicles 
deployed

Light duty 
vehicle 
applications

Implications for overall hydrogen 
demand and HRS utilization

Germany 2,479 (419) Mainly cars to 
date; growing 
numbers of 
trucks & buses; 
Range-extended 
vans

Car clubs; B2B 
leasing; Ride 
Pooling; local 
authorities

Demand is distributed across several 
cities; very few HRS are seeing high 
levels of utilisation. Upgrading of HRS to 
accommodate 350 bar refuelling for 
heavy duty applications.

France 942 (807) Range-extended 
vans; cars as 
taxis; buses

Utility fleets; 
delivery vans; local 
& national 
agencies; taxis

Adoption of taxis in Parishas led to 
significant increases to the hydrogen 
demand on the local network

UK 474 (62) Passenger cars, 
vans and buses 

Taxis; police 
vehicles; local 
authorities

Adoption of taxis in Londonled to an 
increase in hydrogen demand on the 
local network, but HRS utilisation 
remained low. Discontinuation of taxis 
and HRS at the end of the project

Nordic 
region

582 (154) Passengercars; 
some buses and 
trucks

Local & national 
government 
agency fleets; 
taxis; private 
customers 

Demand is distributed across several 
cities; few HRS are seeing high levels of 
utilization. Programs now being 
established to promote taxi use.

54
Sources: Hydrogen mobility strategies, 2020, H2ME (1) Deliverable 5.13. Element Energy. 
Overarching progress beyond the current state of the art and gaps preventing full commercialisation - Final, 2023, 
H2ME (2) Deliverable 6.14.Element Energy. Figures updated to January 2024
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Large subsidy schemes have emerged in Europe, 
signifying a shift from testing to deployment

Pre-2018:
Early-stage strategies and 
demonstration projects

Proof of concept

Testing of national 
strategies

(Learnings 
facilitated by 

projects such as 
H2ME and ZEFER)

Post-2023:
Dedicated policy mechanisms and long-term 

support schemes

Å National policies have been tested and 
adapted.
Å Efforts to create nationwide network in 

Europe have seen mixed results.
Å Germany is the only EU country with a 

network resembling national coverage.
Å Captive fleets and demand hubs 

appear to be preferred by current 
schemes.

Å Some European nations have implemented 
long-term, larger subsidy schemes:
Å France: Ademe funding programmes 
όΨŜŎƻǎȅǎǘŜƳΩ ƳƻŘŜƭύ

Å Germany: Commercial fleet support  
(6.6Bn Euro pledged, NIP 2 scheme)

Å UK: ZERFD / ZEBRA funding 
programmes (HRS & HD) and testing 
ǘƘŜ ΨŜŎƻǎȅǎǘŜƳΩ ƳƻŘŜƭ ǿƛǘƘ ǘƘŜ ¢ŜŜǎ 
Valley Hydrogen Hub fund.

55

Source: Overarching progress beyond the current state of the 
art and gaps preventing full commercialisation - Final, 2023, 
H2ME (2) Deliverable 6.14.Element Energy. 
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Ç While FCEV and HRS deployment continues to expand, roll-out of public infrastructure and vehicles has been slower than planned. 
¢ƘŜ ƭŜǾŜƭ ƻŦ ŀƳōƛǘƛƻƴ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭ ǎǘǊŀǘŜƎƛŜǎ ŜȄŎŜŜŘŜŘ ǘƘŜ ǎŜŎǘƻǊΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ŘŜƭƛǾŜǊ ƻƴ ǘƘŜǎŜ ŀƛƳǎΦ {ǘǊƻƴƎ ŎƻƳǇŜǘƛǘƛƻƴ Ŧor vehicle 
availability from global markets outside Europe, combined with various challenges in identifying and securing sites for HRS in urban 
centres and issues with poor station performance in some locations delayed the roll-out.

Ç In the absence of high volumes of fuel cell passenger cars in Europe, hydrogen mobility initiatives (both nationally and at the 
European level) are increasingly converging on the following approaches:

Á Continued targeting of end users that require the specific operational advantages that hydrogen mobility can provide, where 
attractive business cases for hydrogen vehicles are now emerging (including taxis and heavy vehicles, particularly in countries 
with high taxes for fossil fuel vehicles).

Á Developing viable clusters of HRS in key locations where the redundancy and convenience of multiple HRS increases the 
attractiveness of FCEVs to fleet operators. Within these clusters, and to justify development of new clusters, demand aggregation 
activities (e.g., via letters of intent or fuel purchase agreements from nearby customers) are used to strengthen the business case 
for new HRS and attract investment. Installing small, low-cost HRS in regions with larger existing stations, and/or on motorways 
ōŜǘǿŜŜƴ ŜȄƛǎǘƛƴƎ άŎƭǳǎǘŜǊǎέ ŎƻǳƭŘ ōŜ ŀ Ŏƻǎǘ-effective way to improve network coverage for passenger cars.

Á Deploying heavy vehicles (e.g., buses, refuse trucks) as well as high demand car applications (e.g., taxis) to help scale up 
hydrogen demand and the development of infrastructure supply chains in advance of mass passenger car roll-out. Achieving 
larger scale hydrogen ecosystems (i.e., involving numerous vehicle types) is seen as key to reaching the scale of demand to 
achieve station utilisation >70% to make the station profitable. As such, some cities and HRS operators are considering the 
potential benefits and requirements of dual-purpose HRS, i.e., allowing cars to make use of facilities for heavy vehicles such as 
buses and refuse trucks. This approach could offer business case advantages for HRS operators while demand increases.

Á Alongside the national and regional approaches, numerous deployment initiatives led by the private sector are emerging, at local 
and national scales (e.g., the taxi deployments in Paris and the Swiss trucks scheme). However, the cost of hydrogen has led to 
delays in some of these projects.

Emerging approaches to developing hydrogen mobility

57

New national and regional level approaches, 
combined with private sector initiatives, are 
driving the development of hydrogen mobility

Source:  Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020, H2ME (1) Deliverable 
5.13, Element Energy. Commercial advancements in the hydrogen fuel retailing, 2023, H2ME (2) Deliverable 6.10, Element Energy
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National and regional strategies

ÇSeveral national hydrogen strategies have been released which have emphasised the role of hydrogen in delivering the transition to 
net-zero energy economy, and the potential benefits of deploying hydrogen technologies at scale for applications such as industrial 
energy, transport applications (including marine and aviation as well as road transport) and heating. 

ÇThe development of hydrogen for mobility is expected to play an important role in scaling up hydrogen production. To support this, 
national strategies set out ambitions and funding commitments to support the development of green hydrogen production and the
refuelling infrastructure needed to enable vehicle uptake. Often these strategies assume hydrogen transport will begin with heavier 
duty transport. Many other countries and regions across the world have released or are developing hydrogen strategies. Further 
information and case studies for each country can be found in the appendix (linked in country names below).

ÁFrance: National Hydrogen Plan (French Government, 2018) ςlink

ÁGermany: National Hydrogen Strategy (German Government, 2020) ςlink

ÁNorway: bƻǊǿŜƎƛŀƴ DƻǾŜǊƴƳŜƴǘΩǎ IȅŘǊƻƎŜƴ {ǘǊŀǘŜƎȅ(Norwegian Government, 2020) ςlink

ÁNetherlands: Government Strategy on Hydrogen (The Netherlands Government, 2020) ςlink

Á Iceland: 2030 vision for H2 in Iceland (Icelandic New Energy Ltd., 2020) ςlink

ÁUnited Kingdom: UK Hydrogen Strategy (UK Department for Business, Energy & Industrial Strategy, 2021) - link

ÇThe European Commission released A hydrogen strategy for a climate-neutral Europe in July 2020, as part of the European Green Deal 
(a policy package intended to deliver net-zero by 2050). The strategy objectives are consistent with the national strategies, setting 
out the investments required to deliver the hydrogen economy, as part of a sustainable economic recovery from COVID-19 impacts. 

ÇWhere previous European funding for hydrogen activities had been largely contained within CH2 JU, support for hydrogen 
technologies will now be integrated within all packages in the Green Deal, with funding to be made available across transport, 
industry, heat and wider energy system applications. Targets for renewable hydrogen in specific end-use sectors are considered in 
European policy measures, which has been seen most recently in the AFIR targeting set numbers of HRS across the EU.

Strategy and funding at European level

Hydrogen strategies for energy system 
decarbonisation are now emerging across 
Europe, and mobility is seen as a key aspect

Source:  Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020,
H2ME (1) Deliverable 5.13, Element Energy
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https://investinfrance.fr/wp-content/uploads/2017/08/2021-05_EN_Digest-Hydrogene_BFInvest.pdf
https://www.bmwk.de/Redaktion/EN/Publikationen/Energie/the-national-hydrogen-strategy.pdf?__blob=publicationFile&v=6
https://www.regjeringen.no/contentassets/8ffd54808d7e42e8bce81340b13b6b7d/hydrogenstrategien-engelsk.pdf
https://www.government.nl/documents/publications/2020/04/06/government-strategy-on-hydrogen
http://newenergy.is/wp-content/uploads/2020/06/A-2030-vision-for-H2-in-Iceland-released.pdf
https://www.gov.uk/government/publications/uk-hydrogen-strategy/uk-hydrogen-strategy-accessible-html-version
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Evidence from utilisation:
Vehicle utilisation and experiences

Deployment activities 
to date

Å Overview of vehicle & HRS deployment in H2ME
Å Specifications and utilisation data for vehicles in the project
Å Specifications and utilisation data for HRS in the project

HRS utilisation and 
experiences

Vehicle utilisation and 
experiences

Å Applications tested in the project
Å Utilisation trends
Å Case studies
Å End user needs for further adoption
Å Safety
Å Conclusions for further uptake of FCEVs 
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H2ME deployment (Q4 2023)
49 HRS and 1 492 vehicles active in 9 countries

722 Toyota Mirai I & II
442 Symbio ZE H2 FC RE 
(Renault Kangoo, Citroen E-
Jumpy, Peugeot E-Expert, Opel 
Vivaro)
157 Mercedes-Benz GLC F-Cell
63   Hyundai ix35
58   Hyundai Nexo
40   Daimler B Class F-CELL
10   Honda Clarity

9 HRS commissioned* 
in Nordics all stations 

receiving H2 from 
decentralised electrolysers

14 HRS commissioned* in 
France including 6 with 
on-site electrolysis

* Some HRS commissioned as part of the H2ME projects are no longer in operation in March 2024

20 HRS commissioned* in 
Germany with green or 

low carbon H2 delivered for 
~ 40% of the stations   

5 HRS commissioned* in 
the UK including 4 with 
on-site electrolysis
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The total distance reported by vehicles monitored by H2ME from Q3 2015 to Q4 2023 was >40 million km,
with asignificant increase in the distance driven since late 2017 due to deployments with end-users including:

Ç Hype taxis in France ς>12 million km driven in H2ME since 2017 (further 5,837,000 km in ZEFER)

Ç Deployments in Germany (Alphabet), Denmark & Norway (Toyota NMSCs) and the Netherlands (Noot taxis)

Overview of vehicle utilisation in H2ME

Data was collected for over 1,400 vehicles

H2ME vehicles cumulative distance driven (million km) Locations and type of vehicles collecting data

62

Source: Interim and final summary reports on technical performance of vehicles and stations in the project - Report 5 (2021-
2023), 2023, H2ME (2), Deliverable 5.18, Cenex
CleverShuttle taxis in Germany demonstrated >4.4 million km driven in H2ME since 2017, but the ride-sharing business model 
was undermined by the COVID-19 shutdowns and the business no longer operates FCEVs
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Overview of HRS reporting data to 
H2ME

49 hydrogen refuelling stations (HRS) 
have been installed as part of the 
project, supplied by project partners Air 
Liquide, ITM Power, Linde (including its 
subsidiaries AGA and BOC), McPhy, and 
NEL Hydrogen Fueling. 

Over 50 HRS provided data to H2ME 
from 2015-2023. 17 of the HRS 
previously reporting data to H2ME no 
longer reported data in December 
2023. 

63Source: Interim and final summary reports on technical performance of vehicles and stations in the project - Report 5 
(2021-2023), 2023, H2ME (2), Deliverable 5.18, Cenex
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To date 49 HRS are in operation, with data provided as they enter and continue operation

Overview of HRS utilisation
H2ME installations and associated stations

Ç 53 stations that report data to 
H2ME have dispensed 916,542 kg 
hydrogen in >361,000 refuelling 
events since March 2016. Prior to 
H2ME there was almost no demand.

Ç Four of the HRS have dispensed 
over 50% of the H2 reported by 
H2ME. These are in locations where 
FC taxis are deployed:
ÁOrly (Paris) 153,000 kg
ÁRoissy (Paris) 140,000 kg
ÁDen Haag (NL) 107,000 kg
ÁCopenhagen (DK) 52,000 kg
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Evidence from utilisation:
Vehicle utilisation and experiences

Deployment activities 
to date

Å Overview of vehicle & HRS deployment in H2ME
Å Specifications and utilisation data for vehicles in the project
Å Specifications and utilisation data for HRS in the project

HRS utilisation and 
experiences

Vehicle utilisation and 
experiences

Å Applications tested in the project
Å Utilisation trends
Å Case studies
Å End user needs for further adoption
Å Safety
Å Conclusions for further uptake of FCEVs 

Å Characteristics of H2ME network
Å Utilisation trends
Å End user needs for further adoption
Å Business cases
Å Case study: National infrastructure implementation 

(Germany)
Å Case study: city-wide implementation (Paris)
Å Safety
Å Conclusions for HRS operation
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Various FCEV applications have been tested in 
the project, with a range of different needs

FCEV applications in the H2ME project

Ç The vehicles deployed as part of the H2ME initiative cover a wide range of end user applications; the main 
examples are listed below. This section of the report explores the specific needs of these end users, and the 
extent to which these needs are being met by FCEVs with the current refuelling infrastructure provision.

ÁPrivate users

ÁTaxi fleets, e.g., HYPE taxis (Paris), Green Tomato Cars (London), DRIVR (Copenhagen)

ÁEmergency services, e.g., London Metropolitan Police Service, La Manche Fire Service

ÁRidesharing fleets, e.g., CleverShuttle (Berlin)

ÁBusiness mobility solutions, e.g., Alphabet (BMW), HYPE, HysetCo (Air Liquide, Idex, & Toyota)

ÁLocal governmental organisations, e.g., City of Copenhagen

ÁDelivery services, e.g., La Poste (Kangoo ZE Hydrogen trials), HYPE/Akuo Energy (last mile delivery)

ÁUtility fleets: water companies, energy companies, e.g., ENGIE Cofely



Attractive business models have emerged 
during the project in some applications

Ç In H2ME, light duty hydrogen vehicles have been used in multiple proof of capability demonstrations, leading to 
refinements of business models:

ÁHYPE: >400 fuel cell taxis in Paris, with plans for additional deployment in France and Europe

ÁGreen Tomato Cars and DRIVR: 50+ fuel cell taxis in London and Copenhagen (Disbanded in 2022 and 2023)

ÁCleverShuttle: 45 FCEVs in ride-sharing fleets in Germany >4.4 million km covered until 2020 (when the fleet 
was disbanded)

ÁDelivery & utility vans: Plans for demonstrations by DHL, La Poste, City Logistics, water & energy companies: 
>150 Kangoo ZE H2 vans in France

ÁLast Mile delivery: By 2024, HYPE, supported by Akuo, will deploy a green hydrogen mobility ecosystem 
dedicated to last-mile, including FCEV fleets and a network of green hydrogen HRS in the Paris region. 

ÁHysetCo: >200 fuel cell taxis in Paris driven by independent taxi drivers.

Ç Currently, specific market conditions (which apply in the cases above) make FCEVs attractive for these 
applications compared to alternative zero emissions solutions:

Á Fleets have high daily mileages or a need for fast refueling to enable flexible operations.

Á Strong regional incentives for zero emission vehicles make the purchase or lease price more attractive or 
increase the financial burden associated with operating fossil fuel vehicles.

Á Operational area aligns with locations of refueling infrastructure. 67

updated

Hundreds of vehicles have been deployed in fleets



Mercedes-Benz GLC F-CELL
(Germany)

Ç Comfortably capable of fulfilling average German 
ŘǊƛǾŜǊΩǎ ƴŜŜŘǎ όŀƴƴǳŀƭ ŀǾŜǊŀƎŜ ŘƛǎǘŀƴŎŜ ǘǊŀǾŜƭƭŜŘ 
~14,000 km, average daily distance ~40 km1).

Ç As a plug-in hybrid FCEV, the GLC can be fuelled 
by hydrogen, electricity or a combination of both, 
which gives them flexibility of usage. In H2ME, 
ур҈ ƻŦ ǘƘŜ ŦƭŜŜǘΩǎ ƪƛƭƻƳŜǘǊŀƎŜ Ƙŀǎ ōŜŜƴ ŦǳŜƭƭŜŘ 
by hydrogen.

Ç Users are not habitually recharging the vehicle. 
This may be due to:

Á Good HRS network in Germany.

Á άLƴŎƻƴǾŜƴƛŜƴŎŜέ ƻŦ ǇƭǳƎƎƛƴƎ ƛƴΦ

Á Limited availability of home charging.

Ç The GLC F-CELL has been discontinued due to 
high costs, and as Daimler now focuses on heavy-
duty FCEV trucks in its joint venture with Volvo.

Hyundai ix35 (Denmark) 

Ç Three H2ME Hyundai ix35 FCEVs are used by the 
Municipality of Copenhagen for varied duties.

Á Average daily distance travelled is 120 km.

Á The vehicles travel <100 km on 50% of the days.

Á The maximum distance travelled in one day was 
~500 km.

Ç The Danish refuelling network has allowed the 
vehicle to travel well beyond Copenhagen during the 
trial. The VejleHRS is >250 km away from the base 
and allowed for much longer daily distances to be 
travelled.

Key findings from FCEV utilisation trends in 
different applications (1/3)

68Source:  Yearly Vehicle and Infrastructure Performance Report 4 (2015-2020), H2ME(2) Deliverable 4.13, Cenex
1 Motor Vehicle Use and Travel Behaviour in Germany, www.diw.de/documents/publikationen/73/diw_01.c.44461.de/dp602.pdf 

http://www.diw.de/documents/publikationen/73/diw_01.c.44461.de/dp602.pdf


Toyota Mirai (comparison driving function)

Comparison of the efficiency of Mirai in different roles:

Ç CleverShuttledrivers (Germany) were incentivised for eco driving, 
resulting in lower maximum speeds and less harsh driving. 

Ç The passenger car vehicle in Norway exhibited the typical fuel 
economy and driving behaviour of a baseline H2ME Mirai. Longer 
trips with medium speed driving facilitate highest range.

Ç Police Incident Response Vehicles in London must get quickly to 
incidents, as they occur, so are inevitably driven relatively harshly, but 
also spend a lot of time idling waiting for dispatch.

Toyota Mirai (France)

Ç HYPE FCEVs have reported >12m km driven since 
2017.

Ç The taxis drive an average of 3,300 km per 
month.

Ç The furthest driven by one of the vehicles in a 
month was 14,200 km.

Ç The mean distance between refuels for the Hype 
taxi fleet is 200 km.

Ç Taxis in Paris refuel 24/7 which, as well as 
increasing overall HRS load, also spreads the load. 

Key findings from FCEV utilisation trends in 
different applications (2/3)

69
Sources: Interim and final summary reports on technical performance of vehicles and stations in the project - Report 5 (2021-
2023), 2023, H2ME (2), Deliverable 5.18, Cenex, Hydrogen Mobility Europe (H2ME) Fuel Cell Electric Vehicles as Taxis, P. Speers 
and R Evans, https://evs36.com/wp-content/uploads/finalpapers/FinalPaper_Evans_Robert.pdf 

https://evs36.com/wp-content/uploads/finalpapers/FinalPaper_Evans_Robert.pdf


Renault KangooZ.E. Hydrogen (Symbio)

Ç 125 Renault KangooZ.E. Hydrogen units were 
deployed in H2ME1 and 126 in H2ME2.

Ç The fleets in France, Germany and the UK reported 
nearly 2 million km driven since 2015. The average 
daily distance travelled by each vehicle the fleet has 
been 54 km with most trips (~95%) less than 100 km. 
The furthest daily distance travelled by a vehicle is 
288 km. 

Ç The data shows that under the demonstrated usage 
patterns the Symbiocan fulfil the daily driving needs 
of most van drivers.

Ç The Renault Kangoo Z.E. RE H2 is a fuel cell range-
extended electric vehicle ςi.e., it can be fuelled by 
H2, electricity or a combination of both, which 
offers flexibility of usage.

Ç Lƴ Iнa9Σ ŀǊƻǳƴŘ рл҈ ƻŦ ǘƘŜ ŦƭŜŜǘΩǎ ǘǊŀǾŜƭƭŜŘ 
distance was fuelled by H2 in 2018, but this fell 
below 30% in 2020. This may be due to the vehicle 
having the largest battery in the H2ME fleet (22 
kWh) and thus using primarily electric power.

Key findings from FCEV utilisation trends in 
different applications (3/3)

70
Sources: Yearly Vehicle and Infrastructure Performance Report 4 (2015-2019), 2021, H2ME(2) Deliverable 5.17, 
Cenex, Interim and final summary reports on technical performance of vehicles and stations in the project - Report 5 
(2021-2023), 2023, H2ME (2), Deliverable 5.18, Cenex



Case study 1: Taxis
Needs & characteristics of taxi fleets

As a long-range, rapid refuelling, zero-emission technology, FCEVs are well suited to taxi service applications

Ç Taxi vehicles are a high mileage application. Critical to their business models is the ability of vehicles to be 
driving around for many hours, and be able to make long journeys at short notice.

Ç Taxi fleets make the vast majority of their journeys within a specific area around the city they operate in, 
meaning that sufficient coverage can be achieved with a relatively small number of refuelling stations.

Ç Within the H2ME projects, FCEVs have been deployed in several taxi fleets, including HYPE based in Paris, 
France and DRIVR, in Copenhagen, Denmark. HYPE is an entirely FCEV fleet, and by December 2023, over 400 
FCEVs were in operation. DRIVR has a range of vehicle types within its fleet, and by November 2021, approx. 100 
FCEVs were delivered under the H2ME and ZEFER projects. 

Ç H2ME has proven the technical viability of FCEV taxis but the increased TCO over fossil fuels and issues with 
availability of the network remain a challenge.

Toyota Mirai, Hype, France Toyota Mirai, DRIVR, Denmark
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The relatively high range of taxies and need for fast refuelling times make FCEVs well suited to this use case.

Source: Vehicle user attitudes driving behaviours and HRS network access trends, 2020, H2ME (1) 
Deliverable 5.9. Element Energy
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Case study 1: Taxis
Utilisation data (comparison with BEV capabilities)

FCEVs offer an operational advantage against other zero-emission mobility solutions in applications such as taxi

Ç Many modern large-battery BEVs have ranges capable of 
meeting the average daily distances travelled by the Hype 
fleet (>150 km, for the  vehicles shown in the chart). 

Ç However, to better understand the operational suitability of 
a vehicle, it is necessary to consider daily distances that fall 
outside, and specifically above, the daily average.

Ç The graph on the right shows the number of days that the 
ǘŀȄƛΩǎ ŘǊƛǾƛƴƎ ŘƛǎǘŀƴŎŜ Ŧŀƭƭǎ ǿƛǘƘƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦΥ 

ÁA 62 kWh BEV: 93% overall, assuming 312 km real-world 
range on a single charge (based on BEV operating data). 

ÁA 40 kWh BEV: 62% overall, assuming 200 km real-world 
range. 

Ç ~93% of daily operation could, in theory, be covered by a modern large-battery BEV without recharging; this 
would increase to 99% for a BEV with an 85 kWh capacity battery. Yet longer journeys would require a recharge.

Ç At present, taxi business models rely on minimal refuelling during operational hours, and when refuelling is 
necessary, quick refuelling times. Further, evidence from H2ME shows that drivers are unwilling to run the vehicle 
energy store to empty, so it is expected that the effective BEV range would be less than the 100% to 0% capacity.

Based on data from Q3 2017 ς Q1 2020

Source: Vehicle user attitudes driving behaviours and HRS network access trends, 2020, H2ME (1) 
Deliverable 5.9. Element Energy

Ref: H2ME D4.14 Technical Performance Report, Cenex, 2020

FCEVs offer an operational advantage against other zero-emission mobility solutions in high mileage 
and high required availability applications, such as taxi fleets.
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Case study 2: Utility service vans
Needs & characteristics of utility fleets

ENGIE Solutionsoperates 50 fuel cell range-extended vans in their fleet in the Paris area

Ç ENGIE Solutions is a utility company focusing on energy efficiency and environmental services. The company has 
adopted 50 FC REEV vans into their wider fleet of vehicles operating in the Paris region, mainly in urban areas. 
Each vehicle is assigned to one driver, who has access to the vehicle 24/7.

Ç For utility fleets, the operational area can be extensive, long journeys may occasionally be required at short 
notice to fulfil services and the ability to refuel quickly and carry out long journeys is important. Fast 
maintenance was important to keep vehicles on the road to guarantee drivers could do their daily jobs. Issues 
that prevented drivers from using the vehicles were a frustration of drivers. For the Symbio vans, the critical use-
cases degrading the availability were identified and technical improvements were made successfully.

Ç Vans are a difficult segment of vehicles to electrify due to their weight, range requirements, potential for 
auxiliary loads, and lack of guaranteed charging at home. 

Location ENGIE 
Solutions, France

Source: Vehicle user attitudes driving behaviours and HRS network access trends, 2020, 
H2ME (1) Deliverable 5.9. Element Energy 

Renault van equipped with Symbio FC 
range extension system, France

FC REEV vans offer a greater range compared to pure electric options. The range of a partially charged 
ōŀǘǘŜǊȅ Ŏŀƴ ōŜ ǉǳƛŎƪƭȅ άǘƻǇǇŜŘ ǳǇέ ōȅ ǊŜŦǳŜƭƭƛƴƎ ǿƛǘƘ ƘȅŘǊƻƎŜƴΣ ǘƻ ŎƻƳǇƭŜǘŜ ƧƻǳǊƴŜȅǎ ŀǘ ǎƘƻǊǘ ƴƻǘƛŎŜΦ
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Case study 2: Utility service vans
Utilisation data

Fuel cell range extended vans in the ENGIE Solutions fleet travel less than 100 km on 75% of days

Ç Based on utilisation data from the ENGIE Solutions fleet, the average daily distance travelled by the FC REEV vans 
is 48 km, with the fleet travelling under 100 km on ~75% of days. Most of these journeys can be met using a BEV.

Ç However, 2% of daily distances were >320 km, showing that occasionally the vehicles are used for much longer 
journeys. Paris is currently relatively well-equipped in terms of refuelling stations, with 4 HRS distributed across 
the Paris area; as with the Hype fleet, this supports the ability to refuel quickly without extensive detours. 

Ç Further work is required to understand to what extent the ENGIE Solutions fleet of fuel cell vans are being used in 
the same way as other vehicles in the widerENGIE Solutionsfleet.

Data collected by Symbio, July 2019

ENGIE Solutionsfleet ς daily distance distribution

Source: Vehicle user attitudes driving behaviours and HRS network access trends, 2020, 
H2ME (1) Deliverable 5.9. Element Energy

A utility vehicle may be less likely to pass an HRS as part of their normal operations. If a long journey is required 
outside the city, it is possible that refuelling would involve a considerable detour ς a limitation of FCEVs.
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Ç The FCEV aspect requiring improvement for the highest number of fleet operators was the purchase/lease price of the vehicle, with 90% 
requesting some improvement. In the September 2020 report, all fleet operators required improving this aspect.

Ç Another aspect requiring improvement was the vehicle reliability; 70% of fleet operators asked for improvement, partly significant 
improvement. This percentage was slightly lower in 2020: nearly 60% asked for an improvement. 

Ç Most fleet operators (>50%) also felt that improvements would be needed to hydrogen price, driving range and the number of FCEV 
model choice. In 2020, significantly more fleet operators asked for an improved choice of FCEV models (>80%).

Ç Most fleet operators (>50%) think that the vehicle performance and the quality of vehicle maintenance are already sufficient.In 2020, the 
latter aspect was not yet perceived as sufficient for half of the fleet operators asked.

N = 41

Significant 
improvement required

Improvement 
required

Already sufficient 5ƻŜǎƴΩǘ ƳŀƪŜ ŀ 
difference to me

5ƻƴΩǘ ƪƴƻǿ

Source: Status and advancements in the customer value proposition offered by the fuel cell 
vehicle technology - Final, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy

Improvements to FCEVs required for future use
Interviews with fleet operators



Ç The FCEV aspect requiring improvement for the highest number of fleet drivers was the vehicle driving range, with 78% requesting 
(significant) improvement, followed by the number of FCEV model choice (70%). In a previous report published in September 2020, the 
main issues reported were the same, with the slight difference that the FCEV model choice and the purchase/lease price of the vehicle 
were perceived as to be slightly less good than today.

Ç Drivers had a more positive outlook on vehicle performance (74% felt that this aspect is already sufficient) and reliability (63%) than 
fleet operators.  This is likely to be because operators are responsible for maintaining vehicles and are more exposed to issues 
although anecdotal feedback suggests the incidence of breakdown was no greater than conventionally-fuelled vehicles.

0% 20% 40% 60% 80% 100%

Purchase/lease price of the Vehicle

Hydrogen price (price per kilometre)

Vehicle performance

Vehicle driving range

Vehicle reliability

Number of FCEV model choice

Quality of vehicle maintenance

Based on your first experience of FCEVs, which of the following do you think have to be improved 
before they would be suitable for your organisation?
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N = 345

Significant 
improvement required

Improvement 
required

Already sufficient 5ƻŜǎƴΩǘ ƳŀƪŜ ŀ 
difference to me

5ƻƴΩǘ ƪƴƻǿ

Improvements to FCEVs required for future use
Interviews with drivers

Source: Status and advancements in the customer value proposition offered by the fuel cell 
vehicle technology - Final, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy



0% 20% 40% 60% 80% 100%

Vehicle driving range

Ç 33% of private users, 36% of fleet operators and 
37% of fleet drivers were dissatisfied with vehicle 
range to some extent after using the vehicle. 

Ç The responses received indicate a range of 
experiences, which corresponds with the diverse 
range of applications (and thus requirements) for 
FCEVs. 

Ç Amongst fleet operators, van operators were 
more likely to be dissatisfied, compared to car 
operators.

Ç Anecdotal feedback from fleet managers and data 
collected by vehicle manufacturers also notes 
some instances of vehicle range being lower than 
expected. There is some evidence that technical 
and behavioural reasons such as low State Of 
Charges (SOC)s being achieved at refuelling 
stations, or inefficient driving, may be 
contributing factors. 

Satisfaction with vehicle range varies between different user groups

0% 20% 40% 60% 80% 100%

Vehicle driving range

Fleet operators 
N = 44 

Fleet drivers 
N = 403 
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0% 20% 40% 60% 80% 100%

Vehicle driving range

How satisfied are you with the vehicle driving range?

Private users
N = 42 

Very 
dissatisfied

Slightly 
dissatisfied

Neither 
satisfied nor 
dissatisfied

Slightly 
satisfied

Very 
satisfied

Source: Status and advancements in the customer value proposition offered by the fuel cell 
vehicle technology - Final, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy

Satisfaction with vehicle driving range
Private users, fleet operators & drivers



French fleet drivers expressed higher satisfaction with range than other groups

Ç French drivers appear to be more satisfied than drivers from 
other countries.  Note that the French driver group is dominated 
by Hype taxi drivers, using exclusively FCEVs. As such, Hype drivers 
do not have co-workers who drive petrol or diesel vehicles, so a 
direct comparison of range is not possible. In addition, the fact 
that these drivers have chosen to work for a company that only 
uses hydrogen vehicles suggests that they are likely to have a 
degree of enthusiasm for the technology (compared to fleet 
drivers who have had FCEVs introduced to their existing fleet).

Ç In general, fleet operators with cars are more satisfied with range 
than fleet operators with range-extended vans (which are mainly 
based in France). This could be due to the following factors:

ÁThe range of the vans is shorter than those of the cars 
(particularly due to refuelling at 350 bar instead of 700 bar in 
some cases and the design of the REEV powertrain).

ÁThe need to travel greater distances than is possible with the 
current refuelling network; vans have been deployed in a 
number of locations in France, including those where HRS 
networks are in earlier stages of development than in Paris.
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78Source: Status and advancements in the customer value proposition offered by the fuel cell 
vehicle technology, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy

Satisfaction with vehicle driving range
Differences between regions and vehicle types
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Before vehicle operation, some FCEV drivers expressed safety concerns

0 20 40 60 80 100 120

UK FR DE DK

0 5 10 15 20

Do you have any concerns about the safety of the 
FCEV compared to a petrol/diesel vehicle?

Ç Prior to vehicle operation, all private users and fleet 
operators stated that they had no concerns about the 
safety of their FCEV relative to a petrol/diesel vehicle. In 
contrast, nearly 50% of fleet drivers had concerns (mainly 
German drivers).

Ç The main type of safety concern expressed by drivers 
related to the high pressure systems in the vehicle and the 
potential of explosion of the hydrogen tank.  This was 
noted as a particular concern in the event of an accident 
or if the tank was used beyond its lifespan or repaired by 
an unqualified person.  

Ç Other safety concerns included:

ÁPedestrian safety at crossings due to lack of noise 
produced by vehicle

ÁHRS non-compliance with standards potentially 
causing tank overheating

ÁHRS nozzles getting stuck in the vehicle (based on 
previous issues experienced by drivers).  

Ç Data was collected during the programme to help disprove 
or reduce these concerns for future deployments.

Pre-operation 
Fleet operators 

N = 17

Pre-operation 
Fleet drivers 

N = 214

Perceived safety of FCEVs before vehicle operation
Driver and fleet operator interviews

Source: Status and advancements in the customer value proposition offered by the fuel cell 
vehicle technology, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy



Vehicle safety: Hype taxis case study 
Utilisation data

Ç The graph on the right captures 
all incidents reported in a single 
quarter for Hype taxis.

Ç The frequency of incidents 
reported is in line with those of 
fossil fuel taxis.

Ç As the graph shows, one vehicle 
was involved in a major impact 
incident in this period. The 
accompanying image shows the 
scale of the major impact 
incident.

Ç None of the incidents, including 
the major impact incident, 
involved any release of hydrogen 
or problems with the fuel cell 
system.

FCEVs have demonstrated they can endure major impact incidences with no release of hydrogen

80Source: Yearly Vehicle and Infrastructure Performance Report 3 (2015-2019), 2020, H2ME (1), Cenex

Communicating the safety results coming out of the H2ME project more 
widely may reduce concerns of safety in hydrogen mobility. Emphasis could 
be made with regards to collisions and the lack of associated explosions, as 
this is a specific worry for some users (as per the interviews).
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Recommendations based on existing sales 
strategies and emerging trends from the H2ME 
deployment (FCEVs)
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Ç Focus on the ZE credentials of FCEVs as well as on financial opportunities when subsidies are available. 
Ç Additional focus on technological performance and maturity of the technology would be beneficial. 
Ç Concentrate efforts where there is a greater interest, based on potential early adopters. Fleet users are thought to provide a good 

opportunity to enter the market as they can provide scalable demands which may reduce the vehicle purchase costs. 
Ç Working collaboratively with local authorities and hydrogen stakeholders is required at this stage of commercialisation to activate 

opportunities.
Ç Secure a sufficient level of demand per location and ensure that there are enough HRS with sufficient capacity and high reliability to 

meet the needs of users.

Ç National, regional and local incentives are needed to ensure continued deployment. This is required to create a level playing field 
with other ZEVs as the price of FCEVs heavily influences access to end-users. 

Ç National, regional and local incentives should not only support deployment of vehicles but also implement strategies for further HRS 
deployment and sustained operation. This can be linked with a staged approach, giving confidence that once sufficient interest is 
generated locally with additional users confirmed, a larger or additional HRS can be deployed locally, with HRS ideally in cities.

Ç Policy makers can attract vehicle OEMs geographically by establishing policies supporting FCEVs or provide financial support. This 
supports sales but also creates confidence in the technology, both of which makes it worthwhile for the vehicle OEMs to invest 
efforts into deploying resources and developing routes to market in these locations. 

Ç Policy makers can develop policies that benefit targeted groups of users in line with their mobility strategies. For example, for fleet 
operation in city centres where there may be constraints on charging, the operational benefits of FCEVs compared to EVs may enable 
a faster transition to ZE fleets. 

Ç Activating projects locally requires significant resources, beyond what may be reasonably expected of vehicle OEMs or HRS 
operators. The local authority can act as a champion liaising with the relevant stakeholders and identifying and facilitating dialogues 
with local users to help initiate a market in the area. 

Recommendations can be drawn on sales strategies for FCEVs

The importance of governmental and local support for FCEVs 

Source: Summary of vehicle sales approach, 2020, H2ME (1) Deliverable 3.5, Element Energy



Evidence from utilisation:
Vehicle utilisation and experiences

Deployment activities 
to date

Å Overview of vehicle & HRS deployment in H2ME
Å Specifications and utilisation data for vehicles in the project
Å Specifications and utilisation data for HRS in the project

HRS utilisation and 
experiences

Vehicle utilisation and 
experiences

Å Applications tested in the project
Å Utilisation trends
Å Case studies
Å End user needs for further adoption
Å Safety
Å Conclusions for further uptake of FCEVs 
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Å Characteristics of H2ME network
Å Utilisation trends
Å End user needs for further adoption
Å Business cases
Å Case study: National infrastructure implementation 

(Germany)
Å Case study: city-wide implementation (Paris)
Å Safety
Å Conclusions for HRS operation
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Characteristics of H2ME network (1/2)
HRS in operation and planned
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Sites characteristics

Ç Most of the HRS in the projects have been commissioned on 
motorways or large intercity roads (~60%) rather than in city 
centres (23%), or in peri-urban locations (21%).

Ç Most HRS (>60%) have been integrated into petrol stations.

Ç The approach to sitting generally reflects the strategy 
employed by each coalition during the course of the project, 
with Germany, the UK and Nordics favouring HRS on major 
transports corridors with HRS integrated into petrol stations 
while location of HRS tends to be more varied in France which 
has followed a more regionalised approach to date. 
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100%

Integrated into petrol
refuelling station

Stand alone Industrial site

Proportion of HRS by location

Peri-urban City center Motorways (or large intercity roads)

Dispensing characteristics

Ç Many of the HRS in the projects have provided refuelling at 700 
bar or both 350 bar and 700 bar.

Ç The 350 bar HRS have been deployed in France to support the 
Symbio fleet. At these HRS, refuelling of 700 bar vehicles is 
possible but not for a full tank.  

Ç aƻǎǘ ƻŦ ǘƘŜ Iw{ όуо҈ύ ƘŀǾŜ ŘƛǎǇŜƴǎƛƴƎ ŎŀǇŀŎƛǘȅ җнлл ƪƎκŘŀȅΦ

Ç HRS with capacity <200 kg/day are HRS designed to cater for the 
Symbio fleet. HRS with the higher daily capacity are typically 
designed as multi-use stations that will cater for different 
vehicles types (I.e., buses and trucks).

Source: data H2ME projects, Element Energy, 2023
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Characteristics of H2ME network (2/2)
Evolution over time
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Approaches and strategies have evolved over time which has been reflected in the characteristics of 
the stations deployed in the project in the first and second phase of the deployment

Payment systems have evolved 
from invoicing users monthly to 

credit card and mobile app 
payments.

The daily capacity of the stations has 
increased over time, reflecting the 
increase in multi-use stations with 

dual pressure options. 

Hydrogen production is increasingly 
based on green or low carbon 

solutions, reflecting the political 
agenda for net-zero solutions.

Source: data H2ME projects, Element Energy, 2023
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During the course of the project 200 kgH2 per day HRS remained popular, and a shift towards 
hydrogen supply by electrolysis was observed.
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Average hydrogen demand per HRS in Europe is currently low for light vehicles

Key findings from utilisation of HRS networks: 
Estimated demand per HRS by country

Nordics
# FCEV light vehicles: 564
# HRS: 13
Estimated hydrogen 
demand per HRS: 
86 kg/day

Germany

# FCEV light vehicles: 2,342

# HRS: 88

Estimated hydrogen 
demand per HRS: 

53 kg/day

France

# FCEV light vehicles: 908

# HRS: 11

Estimated hydrogen 
demand per HRS: 

118 kg/day

UK

# FCEV light vehicles: 374

# HRS: 5

Estimated hydrogen 
demand per HRS: 

 149 kg/day

Estimated average hydrogen demand per HRS in different regions is shown below. For comparison, most HRS serving 
light vehicles today have refuelling capacities of 80 kg/day to 200 kg/day. Overall, based on demand from light 
vehicles alone, HRS utilisation is currently low.

Benelux

# FCEV light vehicles: 786

# HRS: 27

Estimated hydrogen 
demand per HRS: 

57 kg/day

85
Source: Map of operational 700-bar hydrogen refuelling stations as of January 2024 from H2Live Website.
Nordics includes data from Denmark, Norway, Sweden and Iceland.
Approx. HRS demand per day is calculated from an assumed vehicle demand. See appendix for information. 

Map showing number of HRS 
per country 



Ç On average, the current number of dispensing 
events and H2 dispensed remains low over time. 
The graph on the right illustrates the average 
amounts dispensed per month compared to the 
time of operation for the stations.

Ç This is expected to improve over time as business 
cases emerge for FCEV fleet usage to support the 
commercial operationof HRS.Increasingly, a more 
ǾŀǊƛŜŘ ǳǎŜǊ ǘȅǇŜ ƛǎ ŜƳŜǊƎƛƴƎ ŀŎǊƻǎǎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 
HRS. Initially, most were designed to accommodate 
LDVs, whilst today, heavy duty vehicles are expected 
to be increasingly fuelled by hydrogen.

Ç This leads to an increased demand for HRS capacity 
and back-to-back refuelling, which has proved 
successful in the project, with HRS catering for 
taxi vehicles having significantly increased their 
utilisation level during the project.
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Key findings from utilisation of HRS networks:
Analysis of H2ME station deployment

Source: data H2ME projects, Element Energy, 2023

HRS utilisation remains low, with levels <20%. Only 3 HRS in the projects have utilisation >30%. Plans need to 
accommodate future demand.
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In Paris, placing several taxis in a network of multiple HRS increases overall network utilisation.

In Denmark, it was possible to observe the influence of the 
HRS network on distance driven. 
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Key findings from utilisation of HRS networks
Local insights

* Some HRS have been closed or operation has been interrupted.
Source: Yearly Vehicle and Infrastructure Performance Report 3 (2015-2019), 2019, H2ME (1) Deliverable 4.12, Cenex

The map shows the FCEV refuelling behaviour during the trial.

Ç Around two-thirds of hydrogen was refuelled at two Nel 
stations in Copenhagen.

Ç The remaining third was refuelled at three other stations 
in the Danish HRS network.

Ç The Danish refuelling network allowed the vehicle to 
travel considerably beyond Copenhagen during the trial*. 

Ç The load at Orly (H2 dispensed as a % of 
its rated capacity of 200 kg/day) rose 
from 2% in Sep. 2017 to ~45% in Aug. 
2019 but then fell back as less travel 
occurred in the COVID-19 pandemic.

Ç Taxis in Paris refuel 24/7, which also 
spreads the load throughout the day, 
resulting in a similar overall 
refuelling profile to conventional 
refuelling stations.



HRS availability is generally improving over time, 
but sustained efforts are needed to ensure this 
continues as more new suppliers enter the market

Ç To ensure that customers can fully utilise the capabilities of FCEVs, the amount of time that each HRS is fully operational and 
available for customers to refuel (i.e., the availability) should be maximised; the H2ME initiative aimed to achieve an average HRS 
availability of over 98% by 2022 across all the HRS in the project (excluding planned maintenance).

Ç The availability of the public HRS deployed varies and together, they do not currently meet this target. It is common for HRS to 
ŜȄǇŜǊƛŜƴŎŜ ŀ ΨǘŜŜǘƘƛƴƎ ǇŜǊƛƻŘΩ ǿƘŜƴ ǾŀǊƛƻǳǎ ǘŜŎƘƴƛŎŀƭ ƛǎǎǳŜǎ ƴŜŜŘ ǘƻ ōŜ ŀŘŘǊŜǎǎŜŘ ŀŦǘŜǊ ǘƘŜ ƻǇŜƴƛƴƎ ƻŦ ǘƘŜ ǎǘŀǘƛƻƴΣ ŀƴŘ ƛƴ ǎƻƳŜ 
cases after significant upgrades have taken place. Availability tends to improve as the total volume of dispensed hydrogen 
ƛƴŎǊŜŀǎŜǎ ŀƴŘ ƛǎǎǳŜǎ ŀǊƛǎƛƴƎ ŘǳǊƛƴƎ ǘƘŜ ΨǘŜŜǘƘƛƴƎ ǇŜǊƛƻŘΩ ƘŀǾŜ ōŜŜƴ ŀŘŘǊŜǎǎŜŘΦ

Ç Some HRS operators with experience of operating multiple HRS for several years have started to observe improvements in station 
availability for new stations (compared to previous models from the same supplier), suggesting that design and operational 
improvements are being implemented because of the experiences of early stations. Best practices should be shared widely 
wherever possible to ensure that HRS from new suppliers and operators also have high availability.

Ç Some components (compressors and dispensers) are particularly unreliable or prone to damage (including damage by 
mishandling by users), and further development of the supply chain is needed to produce more reliable and robust components.

Overview of availability issues

Source: Summary of solutions adopted to resolve outstanding network and precommercial issues around hydrogen 
fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy
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Vehicle manufacturers have identified improvements to station availability as a high priority and critical to the commercialisation of 
hydrogen mobility. Problems with isolated stations could cause disruption to customers and reputational risks, particularly as in the 
early stages of HRS network development there may be limited alternative locations for customers to refuel nearby, should issues arise.



Data from the selection of HRS monitored in the 
project shows that while many HRS are performing 
well, some still have relatively low availability

Ç The project definition of HRS availability was focused on the end user (i.e. whether the station was open and 
able to dispense H2 at any given time). It excludes time defined as maintenance by the HRS operators.

Ç The graph shows the minimum-maximum and overall project average availability ς to maintain anonymisation 
of the data from individual operators. The black bars show the lowest and highest availability in the quarter.*

The availability of HRS improves as stations mature, but can suffer teething problems in the early stages

Source: Interim and final summary reports on technical performance of vehicles and stations in the project - Report 5 
(2021-2023), 2023, H2ME (2), Deliverable 5.18, Cenex
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* Data presented as recommended by the 2008 Monitoring and Assessment Framework 
issued by the FCH JU-funded HyLights project. Pre-2020 data omitted for clarity. 
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Ç The reported average excludes HRS 

which have exhibited unusually-low 
availability (less than 80%) in a given 
quarter as these are generally down to 
one-off issues or, in 
2020-21, COVID-19 related problems 
(e.g., lack of parts and available 
maintenance staff).

Ç The project-average station availability 
was 93.1%  in 2023Q4 (2022Q4 value 
95.2%). 

Ç Several H2ME HRS were affected in 
2023 by a shortage of hydrogen supply 
ς i.e., some of the overall lower 
availability was not due to HRS 
technical issues.

Number of HRS reporting availability data:
 
  31     32      36         35     34        35      37       38       37       35       34      33        27      28      25  25 

Number of HRS included in availability calculation:

  27     28      30         31     32        30       31      33       31       29       33      29        24      23      21  22



Low HRS utilisation affects longer term availability

HRS availability is related to its utilisation

1Cenex analysis of data reported by refuelling stations across H2ME, H2ME2, and ZEFER projects

Ç As the total utilisation of an HRS increases beyond 100 kg, the downtime per kg dispensed reduces dramatically, 
i.e., availability increases. 

Ç ¢ƘŜ IнΦ[L±9 ƳŀǇ ǎǇŜŎƛŦƛŜǎ ǿƘŜƴ Iw{ ŀǊŜ ƛƴ ǘƘŜ ΨƻǇǘƛƳƛǎŀǘƛƻƴ ǇƘŀǎŜΩ όƛΦŜΦΣ ǿƘŜƴ ǘƘŜ Iw{ Ƙŀǎ Ƨǳǎǘ ƻǇŜƴŜŘ ŀƴŘ 
the volume of H2 dispensed is very low, and issues are more likely to occur) and displays the following message: 
ά!ƭƳƻǎǘ ǘƘŜǊŜΗ ¢Ƙƛǎ ǎǘŀǘƛƻƴ ƛǎ ƛƴ ƻǇǘƛƳƛȊŀǘƛƻƴ ǇƘŀǎŜ ς a standard procedure that we carry out at all stations in 
order to give the plant the final polish. The station is available for refueling. We are looking forward to your 
ŦŜŜŘōŀŎƪΦέ

Ç The reduced frequency of problems as utilisation of 
equipment increases is a well-established effect, known 
as the bathtub curve.

Ç Low levels of utilisation can be detrimental to some HRS 
components which function best when highly utilised. 
For example, compressors are known to have problems 
in repeated stop-start cycles.

Ç HRS with lower utilisation may be given lower a priority 
maintenance or spare parts if there is a bottleneck for 
supply of them, compared to very busy stations. 

Ç The chart shows, for each HRS in the project, the 
downtime days (adjusted for total dispensed hydrogen) 
against the total hydrogen dispensed by the HRS. 

Source: Summary of solutions adopted to resolve outstanding network and precommercial issues around hydrogen fuel retailing, 
2020, H2ME (1) Deliverable 2.6, Element Energy. HRS under High utilisation, 2023, H2ME (2) Deliverable 3.37, Element Energy
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14%

32%

10%
4%

24%

17%

A - Fuelling Dispenser

B - Compressor

C - Hydrogen Storage

E - Electrical Components

F - Other Onsite Equipment

G - Chiller/precooling

Ç Data has been collected on the key causes of downtime for HRSs in 
the H2ME project and is summarised in the chart to the right. Note 
that electrolyser downtime is not included to preserve the 
anonymity of HRS suppliers in the project.

Ç Many downtime events within  the H2ME project can be 
associated with a failure with one piece of equipment. Many 
stations are susceptible to a single point of failure meaning that one 
malfunctioning component can cause the HRS to stop operating. 

Ç Moreover, problems can also vary by vehicle type. For instance, 
larger tanks are more prone to issues related to temperature 
regulation during refuelling. However, the data shown here is only 
for LDV with tanks between 4.4 kg and 6.3 kg.

Ç Data from HRS providers identify compressors, chiller/precooling and fuelling dispensers as the largest cause of HRS downtime, 
accounting for 63% of total HRS downtime in the project. A targeted improvement in these equipment types is therefore important 
to improve HRS availability and will require : research and development to improve reliability and durability, standardisation of 
designs to make maintenance and repairs more efficient, robust supply chains to reduce the period of downtime in case of 
unexpected failures, building redundancy into HRSs (n+1 philosophy) to mitigate the failure rate of high-risk components. This will 
have an associated CAPEX impact which is likely more justifiable for HRS with high utilisation, high availability and high revenues. 
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H2ME and ZEFER HRS Downtime by category 1

Causes of HRS downtime

Compressors, dispensers and chillers have been identified 
ŀǎ ΨƘƛƎƘ-ǊƛǎƪΩ ŎƻƳǇƻƴŜƴǘǎΣ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ со҈ ƻŦ 
downtime across the project

1 ς Internal project data, Cenex (data up to Q1 2023).
Source: HRS under High utilisation, 2023, H2ME (2), Deliverable 3.37, Element Energy

Reliability can be improved by adding redundancy, but this increases CAPEX and footprint. Integrating more components is more 
cost-effective for larger and/or modular HRS. Standardisation of designs can help to make maintenance and repairs more efficient. 
For a small FCEV fleet, using ICEV as a back-up may be more cost-effective to installing and operating an HRS with high availability. 



Implementation of rigorous safety processes and 
checks is an essential part of HRS installation and 
operation

Ç !ǾƻƛŘ ΨƻǾŜǊŘŜǎƛƎƴΩΣ ǿƘŜǊŜ ŜǉǳƛǇƳŜƴǘ ƛǎ ŜȄŎŜǎǎƛǾŜƭȅ ŎƻƳǇƭŜȄΦ 9ǉǳƛǇƳŜƴǘ ǎƘƻǳƭŘ ōŜ ŘŜǎƛƎƴŜŘ ǎƻ ǘƘŀǘ ŀƴȅ failures can be 
detected at the testing stage.

Ç One cause of leakages in Japan and the USA is poorly planned fatigue. Considering these, it is very important to adequately 
consider operational conditions in the design; compressor-induced vibrations are a key example that should be considered.

Ç Some leakage events are caused by screw joints and inappropriate sealings. If welded joints are to be used instead, do 
careful statistical checks of weldings and control certificates and capabilities of suppliers. Obtain data on the strength of 
welded parts and develop technology and techniques for improving quality of welding of hydrogen compatible material and 
reducing the pipe thickness. 

Ç Be aware of differences between specifications and standards between different markets (e.g., North America / Europe) ς 
this can cause issues if not identified early.

Further detail on HRS safety best practice: Component design

Source: Summary of solutions adopted to resolve outstanding network and precommercial issues around
hydrogen fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy 
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Further detail on HRS safety best practice: HRS installation and operation

Ç Insist on fully documented quality control, appropriate checks and prompt documentation of installation (and upgrade) 
procedures.

Ç Develop and implement thorough quality control processes and checks (e.g. regular leak tests).

Ç Training procedures should include appropriate trainee testing to ensure their capability.

Ç Implement a Safety Alarm Plan in response to sensor conditions and ensure that this is kept up to date following any 
changes.

Ç Carry out Emergency Response training for first responders (both internally and with local Emergency Services).

Ç Ensure that contingency plans are in place setting out clear actions in the event of an incident.
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Ç Numbers of stations in local areas and along major roads were identified as the two areas requiring most improvement amongst 
fleet operators and drivers, with over 85% of operators stating these aspects need to improve. Van operators disproportionately felt 
that significant improvements to numbers of HRS were required; the van operating area is typically more dispersed, so it suggest
that a more comprehensive level of HRS coverage is needed for van fleet operators, compared to e.g., taxi operators in city centres.

Ç There is no difference between geographies or users: fleet operators and drivers in all countries think that improvement is needed 
(87.5% of fleet operators and 97% drivers the UK; 94% of fleet operators and 82% of drivers in Germany; 73% of fleet operators in 
France and 92% of drivers, 100% of fleet operators in Denmark and 94% of drivers). 

Ç HRS reliability was also frequently considered to be an area where improvement is needed, although to a lesser extent compared to 
number of HRS. 70% of drivers and 76% of operators felt that the reliability of HRS required improvement for them to be suitable.
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Improvements to HRS required for future use
Fleet driver and operator interviews

Significant 

improvement required

Improvement 

required

Already sufficient 5ƻŜǎƴΩǘ ƳŀƪŜ ŀ 

difference to me

5ƻƴΩǘ ƪƴƻǿ

Source: Status and advancements in the customer value proposition offered by the fuel cell vehicle technology,
2023, H2ME (2) D6.3/6.6, Element Energy

Based on your first experience of Hydrogen Refueling Stations, which of the following do you think have to be improved before 
they would be suitable for your organisation?

Fleet drivers Fleet operators
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To create sustainable networks, growth and 
performance criteria must be balanced with the 
need to operate cost-effectively

Ç To support the continued commercialisation of hydrogen mobility in Europe, HRS operators need to balance the 
following key objectives for refuelling stations:

ÁInstalling enough HRS to provide sufficient coverage of the operating area for their target market;

ÁProviding a high-quality service to customers: crucially, this means providing high HRS availability to ensure 
that customers have access to hydrogen when required, and communicating HRS availability to customers;

ÁEnsuring that fixed and variable operating costs are not prohibitive to the long-term business case, e.g., by 
JVs between equipment suppliers and operators, growing the network and demand in parallel, and growing 
demand from HDV fleets.

Ç In the absence of demand commitments from customers, investment in new HRS is risky due to the uncertainty of 
future demand growth and the high current HRS CAPEX and OPEX; 

Áaŀƴȅ Iw{ ƻǇŜǊŀǘƻǊǎ ǘŀƪŜ ŀ ΨŘŜƳŀƴŘ-ƭŜŘΩ ŀǇǇǊƻŀŎƘ ǘƻ ƴŜǘǿƻǊƪ ƎǊƻǿǘƘΤ

ÁUncertainty over the future supply of vehicles, and value of hydrogen (low carbon hydrogen in particular) 
contributes to the risk;

ÁPolicy setting out clearly defined cost support for low carbon hydrogen and vehicles can help to address this.

Overview of issues for HRS business cases

The business case for public HRS operators can be challenging for several reasons
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HRS operators face challenges in the security of 
future demand, and access to low cost, low 
carbon hydrogen

Ç Overall utilisation of public refuelling networks is low compared to installed capacity during the early years of 
deployment: even in areas of relatively high FCEV deployment (e.g., Paris, London, Hamburg) average levels of 
HRS utilisation only recently exceeded ~30% of capacity.

Ç As overall FCEV deployment starts to ramp up, the need for high availability and customer support increases, and 
so do the associated HRS operator costs. Initially these costs may be high relative to the overall revenue, but as 
the total number of customers and HRS increases, these processes become more efficient, and the associated 
operating costs become less significant to the overall cashflow. However, the costs of high HRS availability and 
customer support should be minimised going forwards.

Ç Access to low cost, low carbon, fuel-cell quality hydrogen is currently limited. Some HRS operators and suppliers 
focus on the provision of electrolytic hydrogen from renewable electricity; this is generally more costly than 
hydrogen produced as a by-product of chemical processes, or from reformation of methane, due to the relatively 
high cost of electricity compared to methane. However, new approaches to cost-effectively supply low carbon 
hydrogen are now starting to be investigated in Europe.

The business case for public HRS operators can be challenging for several reasons (continued)

The following pages set out emerging business case approaches and remaining issues to 
be addressed.  
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Two emerging trends for business case: 
emphasis on larger HRS that can refuel heavy 
vehicles and on renewable hydrogen

Ç A shift towards higher capacity refuelling stations serving heavy-duty vehicles

ÁThe Hydrogen Mobility Europe partners have refined their business cases for HRS deployment based on the 
lessons learned over the course of the project, and on the development of the FCEV market in Europe. For many 
of the national hydrogen mobility initiatives, the focus in the past decade has been on installing as many 
individual public HRS as possible. However, the next phase of European HRS deployment in the early 2020s is 
shifting to the development of fewer, higher capacity HRS (as opposed to many smaller stations focused on 
LDVs), targeting HDVs as the main users of these stations.

ÁLarger stations can offer economies of scale compared to smaller stations, providing a stronger business case 
to the HRS operators1. However, gathering sufficient demand for such stations is critical. 

Ç Increased ambitions for supply of renewable hydrogen

ÁIn parallel, national governments in Europe increasingly see a key role for hydrogen technologies as part of a 
net-zero future. Many have published hydrogen strategies emphasising their ambitions to increase the 
capacity of renewable hydrogen production, and its use for transport. Currently, hydrogen from low-carbon 
production routes (including renewable hydrogen) is more costly than hydrogen produced from fossil fuels, 
and many refuelling stations in Europe still dispense fossil fuel-derived hydrogen. 

ÁTo maximise the potential benefits of hydrogen mobility there is therefore a need for a stronger business 
case for refuelling stations to supply renewable hydrogen; in the short term, national policy support is 
needed to help achieve this.

Emerging trends that will have implications on future HRS business cases

1 Further details : Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 
2020, H2ME (1) Deliverable 5.13, Element Energy.
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High-capacity stations have the potential to be 
more profitable, but confidence in future 
demand is critical

ÇRefuelling station costs do not scale with hydrogen output when the costs of hydrogen production and distribution are excluded. The 
implications of this on the cost of dispensed hydrogen are illustrated by the graph below (adapted from the Hydrogen Mobility 
Ireland public report), which shows HRS with high capacity and utilisation have significantly lower costs per kg of hydrogen sold 
than small under-utilised HRS as less hydrogen is sold.

Ç This is well-recognised across the industry (e.g., as discussed in the New Bus Fuel final report, p25 and in previous H2ME reports); 
combined with the relatively slow roll-out of hydrogen cars and vans in Europe, this has led to hydrogen mobility strategies seeking 
to focus more on heavy-duty fleets (trucks and buses) to provide the anchor demand for new HRS.

ÇAdditionally, this suggests that stations delivering greater than 200 kg/day may see diminishing returns, with annual costs not 
decreasing significantly beyond 400 kg/day delivery.

Business case impacts of HRS capacity and utilisation
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One way to achieve utilisation is through positioning HRS adjacent to fleets. However, the fleet will need both high capacity, and high 
availability, adding cost. High confidence in sufficiently high HRS utilisation and revenues will be essential to attract investment.

http://hydrogenireland.org/wp-content/uploads/2019/10/HMI_report_final_Oct3rd2019-2.pdf
http://hydrogenireland.org/wp-content/uploads/2019/10/HMI_report_final_Oct3rd2019-2.pdf
https://fuelcellbuses.eu/sites/default/files/documents/NewBusFuel_D4.2_High-level-techno-economic-summary-report_final.pdf
https://h2me.eu/wp-content/uploads/2020/07/D5.14-Commercialisation-strategies-FV.pdf
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Siting, permitting and building
Analysis of H2ME stations deployment

98

HRS siting and permitting remains time consuming, while commissioning is a more streamlined process 

Ç Finding a suitable site can be complex. 
The main cited reasons for long lead time 
for confirming sites are:
Á Contractual discussions for land usage.
Á Discussion with DNO for grid 

connection upgrade (electrolyser).
Á Additional studies required due to 

surroundings.
Á Change of sites after initial selection 

due to unforeseen complications (e.g., 
change of plan for land usage, issues 
with permits etc.).

Ç Lead time for permits can vary 
significantly. On average, permits are 
obtained after 8 months in most locations 
except for France with an average time of 
12 months for obtaining permits.

Ç While it is expected lead time for 
permitting might decrease as the 
technology is more widely understood by 
authorities providing the permits, sites 
might require increasingly complex 
applications as options for easier sites are 
reduced and while the footprint of stations 
is increasing to support mixed usage.

Ç Permitting of the HRS is on average the 
shortest phase of the installation process 
(7.4 months), closely followed by building 
and commissioning of the HRS (7.6 
months). 

Ç On site electrolyser HRS typically require 
25-50% more time to be built compared 
to HRS with hydrogen supplied by trucks. 
This is due to more complex equipment 
and civil works.

Source: data H2ME projects, Element Energy, 2023
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Ç Several challenges makes reducing the total time difficult:

ÁLocation: various criteria for network planning; the number of 
different stakeholders involved; constructional constraints (space, 
noise, etc.)

ÁPermitting: lack of standardised permitting process with 
authorities ςregional differences in Germany lead to unpredictable 
lead times

ÁDelivery time of HRS: immaturity in the supply chain results in 
delivery time of 9-10 months from HRS suppliers as well as limited 
capacities.  This was exacerbated in the second half of the project 
due to the lack of material following the Covid-19 pandemic.

ÁResource bottlenecks: Requirement for OEM approval and vehicle 
testing at each station can delay commissioning process.

Case study 1: Experiences and lessons learnt 
from a national HRS network implementation in 
Germany (H2 Mobility Deutschland) (1/2)

Hydrogen refuelling station installation process 

Ç Since its inception in 2015, H2 
Mobility Deutschland has decreased 
the total time to deliver an HRS from 
24 months down to 16, with an end 
target of 12 months.

99Source:  Summary and lessons learnt from the hydrogen mobility strategies tested in this project interim 2020,
H2ME (1) Deliverable 5.12, CONFIDENTIAL, Element Energy



Case study 1: Experiences and lessons learnt 
from a national HRS network implementation in 
Germany (H2 Mobility Deutschland) (2/2)
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1 Smart dispenser: the quick, low-cost H2 MOBILITY solution for 350-ōŀǊ ǊŜŦǳŜƭƭƛƴƎ ǿƛǘƘ ŀ ǎƛƳǇƭŜ ŀǇǇǊƻǾŀƭ ǎȅǎǘŜƳΦ LǘΩǎ ŀ 
solution that does not require the installation of a 350-bar storage tank. 
Source:  Summary of German Case study. HRS under High utilisation, 2023, H2ME (2), Deliverable 3.37, Element Energy

Ç In Germany, close to 100 HRSs are deployed at the national level. This 
reflects the German strategy of having an extensive coverage with 
ƳŀƧƻǊ ŎƛǘƛŜǎ όIŀƳōǳǊƎΣ aǳƴƛŎƘΣ .ŜǊƭƛƴ ŀƴŘ CǊŀƴƪŦǳǊǘύ ŀǎ άƘǳōǎέΦ ¢ƘŜ 
priority is to create a minimum viable network ahead of increasing 
deployment of FCEVs and growth of hydrogen demand. 

Ç Most of the original stations were 700-bar only, refuelling mainly 
passenger vehicles. Nevertheless, to increase the utilisation level of 
HRS, new 350-bar HRS will need to be built and existing 700-bar 
stations will need to be upgraded to accommodate HD vehicles. 
These can be small upgrades with the installation of an additional 350-
bar dispenser (a smart dispenser1) or can require bigger changes with 
the installation of additional storage capacity and dispenser(s). 

Ç Stations which will be/have been upgraded must adhere to several 
criteria:be economical viable (CAPEX and OPEX), have high expected 
utilisationlevels when compared to current fossil fuel stations, be 
strategically located (i.e., linked to the TEN-T network) and be fit for an 
upgrade (i.e., technically feasible with minimal operational and 
practical constraints). 

Upgrade of the 700-bar refuelling German network for HDVs to drive an increase in utilisation

Iнaƻōƛƭƛǘȅ 5ŜǳǘǎŎƘƭŀƴŘΩǎ ǎǘǊŀǘŜƎƛŎ ǇƻǎƛǘƛƻƴƛƴƎ

Ç This strategy has been devised based on forecasted demand per customer/vehicle segments : 

ÁBuses, medium duty (3.5t ς 15t) and HDVs (>15t) are expected to account for 83% and 88% of the total hydrogen demand in 
mobility by 2025 and 2030 respectively. 

Á In 2030, HDVs alone are expected to represent 80% of the total demand. As these vehicles have bigger sized tanks (>30 kg vs. 
average 4 kg for passenger vehicles), the load factor is expected to increase. 



Case study 2: Experiences and lessons learnt from 
a city-wide HRS network implementation in Paris

Ç The Roissy and Orly HRS have been in operation the longest in Paris in the H2ME project : since Q4 2018 and Q3 2017 respectively. 
Ç Orly is one of the most utilised light-duty HRS in the project and across Europe more generally, with utilisation level of 82% in Q1 

2023 (averaging 50 refuelling events per day with 2.5kg dispensed per event (50% of a FCEV tank capacity)). 
Ç Upgrades to increase the capacity of these HRS have been considered but there is currently a preference to add new HRS sites :

Á due to challenges related to space constraints and redesign of the station to allow for increased capacity.
Á such improvements could be less beneficial in the long term than a new station, with a scalable design.
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The Paris Network and evolution of demand patterns across the network

Volumes of H2 dispensed per station 
over the course of the project

Volumes of H2 dispensed 
per station during the Q1 

2023

Ç There was a change in the demand pattern 
across the network following the opening of 
the Porte de la Chapelle HRS in Q3 2021. The 
HRS has dispensed 61.6t of hydrogen. This 
represents ~25% of the total dispensed 
across all HRSs over the course of the trial 

(~43% for Orly,~28% for Roissy and ~4% in 
Versailles). The HRS is centrally located and 
is near to the depot / base for many of the 
Parisian hydrogen taxis. 

Ç As of Q1 2023, the distribution of hydrogen 
was evenly spread across the 3 main Paris 
stations: 30% in Orly, 37% in Roissy and 32% 
in Porte de la Chapelle. The stations are 
located in the city center or near airports 
which fits well with the business model of 
taxi operators in Paris.

Source:  Summary of Paris Case study. HRS under High utilisation, 2023, H2ME 
(2), Deliverable 3.37, Element Energy



Minimising the frequency and impact of safety 
incidents at HRS is vital for the successful 
commercialisation of hydrogen mobility 

Ç Successful commercialisation of hydrogen mobility will rely on achieving a certain level of public confidence 
in the technology, including safety aspects. 

Ç As such, the frequency of incidents should be minimised, and when they do occur (however rare), it is 
important that HRS operators and suppliers are prepared, both in terms of taking all necessary steps to contain 
and address issues, and in terms of how incidents (and the measures taken) are communicated externally.

Ç Currently, at the European regulatory level, only sites with over 5 tonnes of hydrogen are required to report 
safety incidents.

Ç LƴŎƛŘŜƴǘǎ όƛƴŎƭǳŘƛƴƎ ΨƴŜŀǊ ƳƛǎǎŜǎΩ ŀƴŘ ŎŀǎŜǎ ǿƘŜǊŜ ƴƻ ƘȅŘǊƻƎŜƴ ƛǎ ǊŜƭŜŀǎŜŘύ Ŏŀƴ ŀƭǎƻ ōŜ ǊŜǇƻǊǘŜŘ ǘƻ ǘƘŜ 
Hydrogen Incidents and Accidents Database (HIAD) on a voluntary basis. 

Ç The European Hydrogen Safety Panel extracted the following findings based on incidents reported to HIAD:

ÁOverall, the overarching lesson learnt is that accidents might consist of several causal events that, if 
occurring separately, might have little consequence; but if these minor events occurred simultaneously, 
they could still result in extremely serious consequences. Fault analysis allows for safe designs.

ÁAccidents are often initiated under special conditions, like maintenance, revision or restart after changing 
the system. Most cases are attributed to the human factor (wrong design, wrong operation).

ÁBy recording and conveying lessons learned, the industry can adapt its processes.

Overview of HRS safety 
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Source: Summary of solutions adopted to resolve outstanding network and precommercial issues
around hydrogen fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy



Ç In June 2019 a NEL station in Kjörbo, Norway experienced a hydrogen leak 
which led to a fire. NEL responded rapidly to ensure that all appropriate 
measures were taken to avoid escalation or further safety incidents.

Ç Following the incident, all HRS with the same design were closed so that 
inspections and verifications could be carried out. This impacted stations 
across Scandinavia, including the only three stations in Iceland, leaving no way 
for customers to refuel their FCEVs over a long period of time.  

Ç Some Everfuel H2ME HRS were temporarily out of operation in Q2 and Q3 
2023 due to a safety issue linked to the trailers supplying the HRS with 
hydrogen. The fleet of 9ǾŜǊŦǳŜƭΩǎ trailers was grounded following a malfunction 
and leak on one of the hydrogen trailer. The root cause for leaking hydrogen 
trailer was identified and a solution campaign was initiated. 

Everfuel station in Denmark
Source: everfuel.com

Uno-X and NEL station in Norway
Source: adressa.no
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Nordic region: the incident at Kjörbo and with 
9ǾŜǊŦǳŜƭΩǎ trailer fleet emphasise the importance 
of safety processes and redundancy

Source:  Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020,
H2ME (1) Deliverable 5.13, Element Energy. Summary of Copenhagen Case study. HRS under High utilisation, 2023, 
H2ME2, Deliverable 3.37, Element Energy

Reasons for HRS shutdown in Nordic regions

Lessons learned

Ç Redundancy in station design in HRS networks is important to minimise the 
impact of financial or technical issues on network availability, and the resulting 
damage to the reputation for the sector in these regions.

Ç By having different HRS suppliers, systemic errors are less likely.

Ç In addition, this emphasises the need for rigorous training and safety processes 
that encompass the design, assembly, and operation of HRS, as well as well-
established procedures for responding in the event of a safety incident. 



While progress has been made on HRS commercialisation, 
there is a clear need for further development of the 
supply chain and harmonisation across the network 

Conclusions on HRS issues (1/2)

Based on the information in this report, high-level conclusions on HRS issues are summarised below. 

Siting and 
permitting

Continued efforts are needed to identify sites and gain planning approvals. Future HRS may require 
more space, to enable higher capacities, meaning that partnerships with existing fuel providers will 
have increasing strategic importance. Early planning for grid connections with DNOs will be more 
important as the preference towards green hydrogen increases.

Communication 
with customers

Technical 
performance

Safety

Widespread provision of data to create consistent maps and apps will be the key to providing 
network visibility, such as the EU HRS availability system. Alongside this, harmonisation of access, 
billing and services such as 24/7 helplines at HRS help to optimise the customer experience.

Following significant efforts by HRS operators to optimise maintenance and functionality, further 
work is needed to ensure wider adoption of best practices and to ensure that components are 
reliable, user-friendly and cost-effective. The development of the supply chain of spare parts is also 
important to minimise HRS downtime. Continued work is needed to understand fully the causes 
and potential solutions of station downtime and incomplete refuelling events, however complete   
refuelling events (where the tank is filled to >92% of capacity) is increasing over time.

Best practices on HRS safety (including quality assurance processes and contingency measures) 
must be widely disseminated and adopted to minimise the risks associated with hydrogen as a 
transport technology. Many funded projects have produced such reports in recent years, which 
should be considered for any future deployments. A key learning is to future-proof systems and 
components, and redundancy allows for maintenance without impacting on availability.
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Source: Summary of solutions adopted to resolve outstanding network and precommercial issues around
hydrogen fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy
See more in appendix.

https://h2-map.eu/


As business cases shift towards targeting fleet vehicles & 
heavy-duty applications, there are further opportunities 
to learn from the experiences of HRS operation for buses 

Conclusions on HRS issues (2/2)

Business cases The next phase of European HRS deployment is shifting to installing fewer, higher capacity 
refuelling stations targeting heavy-duty vehicles as the main users. Larger stations can offer 
economies of scale and therefore can provide a stronger business case to HRS operators. 
However, gathering sufficient demand for such stations is critical. HRS deployments based on local 
demand aggregation will be needed to support the continued roll-out (and operation) of public 
HRS networks. In addition, improvements to component supply and reliability could help to 
reduce the costs associated with HRS operation (with high technical performance) at low demand.

Cross-cutting 
considerations 
for future HRS 

Some of the refuelling requirements of heavy-duty fleets will reflect the aims of the public HRS 
deployed to date, but there are some differences (e.g., refuelling schedules, user groups, use 
cases) that will impact the specifications and design for HRS focusing on these fleets. Comparisons 
of light vehicles with bus fleets can provide examples of some key similarities and differences. As 
such, HRS suppliers and operators for future stations can draw from experiences of hydrogen bus 
projects such as NewBusFuel, JIVE and MEHRLIN, combined with the solutions adopted in H2ME, 
to ensure that the most relevant best practices and insights are applied to future HRS.

Future HRS business cases will rely on the accelerated scale-up of fuel cell vehicle fleets, especially 
in heavy-duty applications. This will require national subsidies and incentives for all vehicle types 
alongside incentives for low carbon hydrogen and disincentives for fossil fuel vehicles. Local 
governments and transport authorities can play a role in reducing risk, especially for public fleets 
such as buses and refuse trucks, by acting as a financial intermediary between the fleet operator 
and the hydrogen retailer.

The role of policy

106Source: Summary of solutions adopted to resolve outstanding network and precommercial issues around
hydrogen fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy
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5. Environmental benefits and routes to low 
costs green hydrogen
Section overview

Evidence from the 
project

Å Source of H2 production for H2ME HRS
Å FCEV Well-to-Wheel emissions
Å Perceived FCEV Well-to-Wheel emissions before and after use
Å Benefits of electrolysers in grid operation
Å Routes to low cost green hydrogen
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Approximately 60% of the HRS deployed as part 
of the H2ME initiative delivered green hydrogen

Ç In most HRS in H2ME supplied with green hydrogen, it is produced via 
electrolysis on site, rather than off-site production with decentralised 
electrolysers, via biomass or reforming of biomethane. 

Ç The hydrogen production sources tend to differ for each coalition, because of 
national strategies and CO2 intensity for the electricity grid.

Ç In Scandinavia and the Netherlands, electrolysis off-site is currently preferred, 
whereas electrolysis on-site is preferred in the UK and France.  Both options 
have advantages and disadvantages and may be preferred based on local 
context. 

Á Hydrogen may be transported economically to HRS locations across short 
distances. In addition, centralised production offsite allows economies of 
scale and can make the permitting process more straightforward at the 
HRS site. 

Á Production at the site means supply is not reliant on hydrogen 
production, transportation is not necessary, and it can enable stations to 
provide grid balancing services.

Ç The German HRS in the project use hydrogen from steam methane reforming 
(SMR). Options for green or low carbon hydrogen are being developed. This is 
due to a high percentage of coal-fired electricity in the country compared to 
other European countries, which makes electrolysis without dedicated 
renewables power generation less attractive to achieve environmental goals.

Ç The proportion of green hydrogen dispensed at H2ME HRS has grown over the 
duration of the project, demonstrating a motivation and an ability to move 
towards greener production methods.

Source: data H2ME projects, Element Energy, 2023
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Well-to-Wheels emissions for FCEVs
Country by country analysis ςGermany
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Ç Each country uses a different mix of electricity 
generation sources, renewables and low carbon as 
well as emitting. Germany has a grid emission factor 
of 474 gCO2e/kWh.

Ç For the FCEVs in Germany, a mix of 50% SMR and 50% 
wind electrolysis-derived H2 was assumed.*

Ç WTW emissions from the FCEVs in Germany were 
found to be 81 gCO2e/km, compared to 77 gCO2e/km 
for a battery electric saloon, 108 gCO2e/km for a 
battery electric sport utility vehicle (SUV) and 220 
gCO2e/km for a diesel-fuelled comparator. 

In 2020 a Well-to-Wheels (WTW) emissions analysis for FCEVs was conducted for Germany, Denmark and France 
with BEV and diesel vehicles

*Iнaƻōƛƭƛǘȅ DŜǊƳŀƴȅΩǎ ŀƳōƛǘƛƻƴ ŦƻǊ ǘƘŜ I2 mix at its stations.
Source: Well-to-Wheels analysis, 2020, H2ME (1) Deliverable 4.18, Cenex

Ç FCEVs provide significant benefits today compared to the average diesel vehicle in Germany.

Ç They also provide comparable emissions benefits to BEV today in Germany and higher emissions benefits for 
larger vehicles such as SUVs.

Ç The analysis conducted in 2020 shows the importance of renewable hydrogen for Germany in achieving 
comparable or lower WTW emissions than battery electric vehicles (BEVs).

Ç Increasing green hydrogen supply from renewable sources will further improve the FCEV emission benefits.



Well-to-Wheels emissions for FCEVs
Country by country analysis ςDenmark and France
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Ç Each country uses a different mix of electricity 
generation sources. Denmark has a grid emission factor 
of 206 gCO2e/kWh and France 60 gCO2e/kWh.

Ç FCEVs provide significant benefits today compared to 
the average diesel vehicle in Denmark and achieved 
greater CO2 emissions reduction than BEVs (if 100% 
hydrogen derived from wind electrolysis is assumed)

Ç WTW emissions from the FCEVs in Denmark were found 
to be 20 gCO2e/km, compared to 34 gCO2e/km for a BEV, 
47 gCO2e/km for a battery electric SUV and 217 
gCO2e/km for a diesel comparator.

Ç FCEVs provide significant benefits today compared to 
the average diesel or gasoline vehicle in France and 
achieved comparable reduction than BEVs.

Ç WTW emissions from the Symbio FC range extended vans 
in France were found to be 11 gCO2e/km, compared to 9 
gCO2e/km and 203 gCO2e/km respectively for a BEV and 
diesel equivalent. The low carbon footprint of electrolytic 
hydrogen in France means the FC vans achieve much 
lower emissions than conventional vehicles whether 
driven on hydrogen, or electricity, or both.

Source: Well-to-Wheels analysis, 2020, H2ME (1) Deliverable 4.18, Cenex
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After using the vehicles, fewer fleet operators expected their WTW emissions to be much lower thanpetrol/diesel 
vehicles (compared to before using the vehicles)

0% 20% 40% 60% 80% 100%

During operation

Pre-operation

0% 20% 40% 60% 80% 100%

During operation

Pre-operation

Do you expect the Well to Wheel emission of the FCEV (which takes 
account of the production, transport and storage of the hydrogen) 

to be higher or lower than for a petrol/diesel vehicle?

Ç Overall, most private users, fleet operators and drivers 
expected the WTW emissions of the FCEV to be either 
slightly lower or much lower than petrol/diesel vehicles, 
both before and after using the vehicles.

Ç Prior to operation, 73% of private users* and 53% of fleet 
operators and drivers said they believed that FCEVs have 
lower WTW emissions than FCEVs. However, following the 
use of the vehicles, this reduced slightly to 45% for fleet 
operators, but increasedto 70% for fleet drivers and 
nearly80% for privateusers.

Ç A decrease in perceptions of fleet operators may reflect 
increased customer awareness on hydrogen supply and 
production following more exposure to the technology. 
Although many HRS operators are aiming to transition to 
zero-emission hydrogen, to date, some are still supplied 
with grey hydrogen (from SMR) and hence have emissions 
associated with their lifecycle.

Ç Private users and fleet drivers have a more positive 
perception of WTW emissions, with 70-80% of 
respondents reporting that they expected FCEVs had less 
WTW emissions than petrol or diesel vehicles. 

Fleet operators

Fleet drivers

Much 
higher

Slightly 
higher

About 
the same

Slightly 
lower

Much 
lower

N = 262

N = 401

N = 17

N = 42

*only 11 responses in total.
Source: Status and advancements in the customer value proposition offered by the fuel cell vehicle 
technology, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy

Perceived FCEV Well to Wheel (WTW) emissions 
before andafter use
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Electrolysers integrated with the grid, can have 
benefits, but it relies on certain design choices

Electrolysers running with grid electricity can have some economic and environmental benefits

Ç It is possible to improve the business case for electrolysers that are producing green hydrogen using 
electricity from grid. This can also bring environmental benefits by increasing the level of green electricity 
that can be stored and managed flexibly. 

Ç By choosing a more flexible operating profile of the electrolyser, it can vary its demand of electricity. It can 
turn up when electricity is cheaper, and down when electricity is more expensive. This can reduce the 
production cost of hydrogen.

Ç By being able to adjust demand, an electrolyser operator may also be able to participate in grid balancing 
services such as:

ÁFrequency response, to correct small imbalances in the electricity system with <1 minute response.

ÁBalancing mechanism, to correct mismatches in supply and demand of energy.

For electrolysers to be more flexible, certain electrolyser design choices are required

Ç The electrolyser would need to be oversized for the HRS hydrogen demand, and have larger high-pressure 
hydrogen storage tanks. This will give it the ability to supply enough hydrogen to meet transport demand, 
whilst playing a role in the grid services.

Ç Instead of operating at its most efficient setpoint, continuously, the electrolyser operation would be 
variable adjusting the time at which it runs, and the set point.

Ç PEM electrolysers offer more flexibility than alkaline, due to faster ramp rates and lower minimum setpoint.
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Role of grid services in improving the business 
models for electrolysers (frequency response)

Ç Analysis undertaken as part of the H2ME2 project suggests that balancing revenues can reduce the cost of 
hydrogen by 1-10% across different countries.

Ç Revenues increase if a lower load factor is used, which offers more capacity for balancing services. This is likely 
to be the case in Great Britain and Germany in 2030, as marginal electricity costs will become more volatile.

Ç The Balancing Services market by electrolysis is in strong competition with other storage technologies (mainly 
batteries). They can help to improve the business case, but they should not be a main pillar of it. 

Ç Production of hydrogen by electrolysis can 
help the energy transition to variable 
renewable energy such as wind and solar 
power by balancing the grid in hours of 
low electricity demand and high variable 
renewable energy production.

Ç Contracts with Transmission System 
Operators (TSOs) are rewarded with 
availability payments (in £/MW/h), which 
are also paid if the service is not utilised.

Ç Contracted Balancing services have to be 
committed ahead of delivery for fixed time 
windows set by the TSO.

Electrolysers can support the integration of renewable electricity as well as provide green hydrogen for mobility

Source: Desirable design changes and operating regimes for electrolyser-HRS for 2020-2030, 2020,
H2ME (2) Deliverable 4.17, Element Energy



Ç The Balancing Energy Market (BEM), is a short-term energy market operated an hour ahead of real time by the 
Electricity System Operator (ESO). The BEM is operated to manage short term imbalances of supply and demand 
on the system. Electrolysers can participate in the BEM by offering to increase or reduce their consumption.

Ç Prices in the BEM are more volatile than in wholesale markets. Higher volatility brings an increase in profit, as 
shown in the graph for GB and DE.

Ç This graph shows the maximum theoretical profit,as the analysis considers that the pricing profile of the 
balancing market is known beforehand, whereas in reality, revenues would depend on trading strategy.
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8.32 8.11 7.26

10.42 10.12 9.23-13%

-11%

Cost of H2 without revenue

Maximum Balancing revenues

Inputs Optimised

Year
Min set 
point

Max set 
point

Util. Rate Storage

2020 5% (PEM) 90% 79%
2/3rd daily 
demand

Source:Desirable design changes and operatingregimes for electrolyser-HRS for 2020-
2030, 2023, H2ME(2) Deliverable 4.10, Element Energy

Balancing mechanism participation improves 
the business case, but revenues are uncertain

Electrolysers can support the mismatch between supply and demand participating in the balancing mechanism



Ç Policy levies comprise more than 40% of industrial electricity prices in Great Britain. 80% of these levies are for green policies such 
as the Renewable Obligation and Contracts for Difference. 

Ç Energy intensive industry (EII), can have levies reduced by up to 85%. Similar reductions are available in Germany. In France, 
electrolysis is already exempted from levies; EII status only reduces grid fees, so the difference between is less.

Ç In a 2030 scenario, such a levy reduction would have a much higher impacton the hydrogen cost than operational optimisationof 
the electrolyser to utilise low price periods.

Ç Achieving EII status (at 100% load factor) would enable a 34% cost reduction, whereas choosing operational optimisation 
(minimising electricity costs and increased revenue for balancing services) achieves only a 7% cost reduction, andhas a higher 
CAPEX electrolyser.

Ç However, caution should be used when relying only on being exempted from fees and levies for an economically viable business 
case. 

Grid fees and green levies are a significant 
component of the cost of green hydrogen
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The cost components of hydrogen produce by grid connected electrolysers



Ç      In order to reduce these costs, the following needs to occur:

Á Electricity prices need to decrease from their current peak and remain low through long term offtake arrangements with 
renewable assets. In a fully decarbonised world, as the levelized cost of electricity production from renewables continues to 
fall, so should the input price for hydrogen production.

Á The cost for producing and installing an electrolyser needs to decrease, and the efficiency of electrolysers needs to increase.

Á Regulatory barriers need to be addressed: energy charges & tariffs need to be removed for renewable assets which power 
electrolysers

More efficient hydrogen distribution

Ç Centralised production with distribution to HRS is a promising, scalable model for supplying hydrogen to the transport sector. To 
minimise hydrogen distribution costs distances between production sites and HRS should be limited (maximum of low hundreds of 
km) and opportunities to maximise the use of assets should be taken. 

Ç Industrial clusters and regions with access to offshore renewables are ideal locations to start to build out the hydrogen refuelling 
station network.
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Routes to low cost hydrogen (1/2)

Contributions to the LCOH, Gigastack1

New

Routes to low cost hydrogen: production and distribution 

Ç In order to achieve diesel parity or better than 
diesel parity hydrogen prices, there are four key 
factors which need to align:

Lower hydrogen production costs

Ç Hydrogen production costs are currently around 
ϵуκƪƎ ŦƻǊ ƭŀǊƎŜ ǎŎŀƭŜ ƎǊŜŜƴ ƘȅŘǊƻƎŜƴ ǇǊƻŘǳŎǘƛƻƴΣ 
linked primarily to the capital cost of the 
electrolyser and the cost of electricity.

1 Gigastack | Phase 2 Public Report
Source: Overarching progress beyond the current state of the art and gaps preventing full 
commercialisation  - Final, 2023, H2ME (2) Deliverable 6.14, Element Energy

https://gigastack.co.uk/content/uploads/2021/11/Gigastack-Phase-2-Public-Report_FINAL_.pdf
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Routes to low cost hydrogen (2/2)
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Aggregated offtake demand

Ç Achieving large hydrogen refuelling station demand 
is critical to achieving low hydrogen prices. This is 
because the economics of installing the capital 
equipment for a permanent hydrogen station do not 
scale down well.

Ç A scale of below 1 tonne per day station capacity 
ŀƭƭƻǿǎ ŦƻǊ ǎǘŀǘƛƻƴ ŀƳƻǊǘƛǎŀǘƛƻƴ Ŏƻǎǘǎ ōŜƭƻǿ ϵмκƪƎ ƛŦ 
it is fully utilised. A 500 kg/day capacity station 
cannot achieve these prices, see right.

Ç ϵмκƪƎ Iw{ ŎƻƴǘǊƛōǳǘƛƻƴ ƛǎ ŀ ƎƻƻŘ ŦƛƎǳǊŜ ǘƻ ŀƛƳ ŦƻǊ ƛƴ 
future deployment projects. 

Ç To achieve this cost, a refuelling station needs to serve an average of 50 heavy duty vehicles per day. Given these economics, 
refuelling station providers are looking to develop projects in tandem with large scale potential offtakers (bus & truck operators), 
with contracts to secure demand over the long term. Furthermore, stations should be located not too far from the hydrogen 
production source.

Continued subsidy support

Ç There is subsidy support available for green hydrogen that is used in transport, as outlined by the Renewable Energy Directive (RED 
нύΦ ¢Ƙƛǎ ǎǳǇǇƻǊǘ ƛǎ ŜǎǎŜƴǘƛŀƭ ǘƻ ŜƴŎƻǳǊŀƎŜ ƎǊŜŜƴ ƘȅŘǊƻƎŜƴΩǎ ǳǎŜ ƛƴ ǘǊŀƴǎǇƻǊǘΣ ŀƴŘ ǘƘŜ ōǳǎƛƴŜǎǎ ŎŀǎŜ ŦƻǊ ƎǊŜŜƴ ƘȅŘǊƻƎŜƴ ƛƴ ǘǊŀnsport 
would currently not work without the support.

Ç Other countries also have policy support schemes, e.g. the RTFO (UK, up to £7.33/kg current value) and through the inflation 
reduction act (US, up to $3/kg).

Source:

Routes to low cost hydrogen: demand and subsidy support

Source: Overarching progress beyond the current state of the art and gaps preventing full 
commercialisation  - Final, 2023, H2ME (2) Deliverable 6.14, Element Energy
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Although significant progress has been made, 
the number of refuelling stations is still a major 
barrier to further adoption of FCEVs

ÇbǳƳōŜǊ ƻŦ ƭƻŎŀƭ Iw{ όƛΦŜΦΣ ƛƴ ƘȅŘǊƻƎŜƴ ŘŜƳŀƴŘ άŎƭǳǎǘŜǊǎέύ 

Á A minimum of two HRS per cluster is required to support demand from light duty fleet applications; this 
provides redundancy (allowing HRS maintenance to take place) as well as better geographic coverage. 

Á Some high-mileage light duty fleets need more operational flexibility; to support a higher vehicle 
turnover in these fleets, more local HRS are required to provide a greater degree of city-wide coverage.

ÇWider HRS coverage (to enable long distance journeys)

Á In the early stages of HRS deployment, stations are often in urban centres. This is likely to restrict the 
ŀŎŎŜǎǎƛōƭŜ ƳŀǊƪŜǘ ŦƻǊ ŎŀǊǎ ŀƴŘ Ǿŀƴǎ ǘƻ άŎŀǇǘƛǾŜέ ŦƭŜŜǘǎ ƻǇŜǊŀǘƛƴƎ ǿƛǘƘƛƴ ŀ ǊŜƎƛƻƴ ǿŜƭƭ ǎŜǊǾŜŘ ōȅ Iw{Φ 

Á Funding for HRS to be deployed on the Ten-T corridors will support long distance journeys.

ÇSome HRS have limited capacity, performance or interoperability

Á Some HRS deployed several years ago were not designed to meet the level of demand from recently 
deployed local fleets, and some relatively recent HRS can only refuel at 350 bar.

Á For some vehicles, the available public infrastructure does not enable the full capabilities of the 
technology to be realised (insufficient HRS capacity to meet fleet demand, or vehicles that can refuel up 
to 700 bar only obtaining a partial refuel, or in some cases being unable to use a 350 bar HRS). 

Á This further restricts the locations where FCEVs can be deployed with an optimal user experience, and 
risks lowering user confidence in hydrogen as a fuel.

Á To accommodate new fleets in these locations, stations would need to be replaced or upgraded.

HRS deployment barriers to FCEV adoption
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Siting and permitting is a bottleneck in the HRS 
installation process, and the high risk associated 
with investment also needs to be addressed

ÇSiting and permitting challenges

Á The time taken to identify sites for HRS and to a lesser extend delays at the permitting stage are critical factors that have 
contributed to the deployment of new HRS being slower than envisaged by national strategies. Sharing of best practices 
between authorities responsible for consenting and approving new HRS is required to improve lead times.

ÇHigh investment risk for HRS operators and green hydrogen producers

Á Uncertainty around long-term demand creates risk for investors in new HRS and green hydrogen production. 

Á For existing sites, when utilisation is low, the cost of maintaining and operating HRS is high, highlighting the risk for new HRS.

Á Low carbon, or green hydrogen is increasingly popular, but smaller scale production is often more costly than large-scale 
centralised hydrogen production (e.g., at the scale envisaged for the use of hydrogen in heat and industrial applications). 
Uncertainty around the timing for low-cost hydrogen make the business case for small-scale production challenging.

Á For trucks, lack of certainty around refuelling technology choices (refuelling pressure at 350 bar vs 700 bar, and gaseous vs 
liquid) is also holding up progress. The PRHYDE project, which concluded in September 2022, has provided valuable guidance 
for HRS design through results on recommendations for standardised heavy duty refuelling protocols.

Issues to be addressed to accelerate HRS deployment

HRS permitting guidance 
document from the US National 
Renewable Energy Laboratory 
(2016) and a  blueprint for 
approvals from the Carbon 
Neutral Cities Alliance (2016)

124Source:  Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020,
H2ME (1) Deliverable 5.13, Element Energy



Limited vehicle availability and high ownership 
costs are also barriers to wider adoption of FCEVs

ÇModel choice is limited, and suitable hydrogen vehicles are not available for all potential customers

Á To enable wider adoption in different markets, significant increases to the available model choices are needed, including 
more options for cars and in particular vans, as well as heavy trucks (note that fuel cell trucks are not yet readily available 
in Europe outside of specific demonstration project initiatives).

ÇThe cost of FCEVs and hydrogen can be prohibitively high for many potential end users

Á In specific use cases the TCO for FCEVs can be close to that of petrol or diesel, after subsidies. In the absence of funding, 
current cost premiums for FCEVs (relative to the cost of petrol and diesel vehicles as well as BEV) are prohibitively high.

Á At the low levels of demand currently seen at public HRS in Europe (<200 kg/day) the cost of producing and supplying 
ƘȅŘǊƻƎŜƴ ŀǘ ŀƴ Iw{ Ŏŀƴ ōŜ ǾŜǊȅ ƘƛƎƘΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ Ŏƻǎǘǎ ƻŦ ƳŀƛƴǘŜƴŀƴŎŜ άǇŜǊ ƪƎ ƻŦ ŘƛǎǇŜƴǎŜŘ ƘȅŘǊƻƎŜƴέ ŦƻǊ Iw{ ǘƻ 
achieve high availability are significant at low levels of demand. These costs can be passed onto the end users leading to 
significant fuel cost premium compared to fossil fuels. 

Á Achieving fuel cost parity per km with fossil fuel equivalent operations is necessary to enable adoption of FCEVs by end 
users. Together with the vehicle cost, the fuel price is limiting the scale-up of FCEV production and HRS rollout.

Product cost and lacking availability creates barriers to FCEV adoption

Examples of popular 
petrol and diesel vans and 
trucks used across 
Europe; a wider range of 
hydrogen models would 
increase the accessible 
market size.

125Source:  Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020,
H2ME (1) Deliverable 5.13, Element Energy



Demand uncertainty contributes to the lack of model 
choices and high costs; national policy-makers can 
provide clear market signals to help address this

Issues to be addressed to bring costs down and improve availability

ÇManufacturers have insufficient certainty around sales volumes needed to produce attractively priced vehicles for some 
market segments.

Á Production volumes in the low tens of thousands are needed to bring FCEV car prices nearer to those of ICEVs1. The 
ǎŜŎƻƴŘ ƎŜƴŜǊŀǘƛƻƴ aƛǊŀƛ Ƙŀǎ ǎƘƻǿƴ ŀ Ŧŀƭƭ ƛƴ ǳƴǎǳōǎƛŘƛǎŜŘ ǇǊƛŎŜ ŦǊƻƳ ϵтпΣллл ǘƻ ϵспΣлллΦ ¢ƘŜ IȅǳƴŘŀƛ Nexo (with 60 
trialled in H2ME and deployed mostly in South Korea) reached these volumes in 2022 for the first time. Prices are falling 
but FCEVs are still expensive to produce and buy compared to alternative low- and zero-emission options.

Á Particularly in the heavy vehicle market, vehicle costs with low production volumes are too high to justify selling 
hydrogen models available at attractive prices, and OEMs are reluctant to produce more vehicles at risk. Demand 
aggregation (e.g., supported by pre-orders) for each model or type is needed to demonstrate the demand and unlock 
economies of scale.

Á Combined with other changes to the market conditions that make FCEVs more attractive e.g., high taxes or restrictions 
for diesel will reduce risk and improve demand.

Á Long-term policy mechanisms (e.g., per vehicle subsidies maintained over a certain period) are needed to increase 
market confidence (for manufacturers and customers) and reduce risk. This also applies to hydrogen production & HRS 
operation; hydrogen fuel subsidies or other mechanisms that can provide more certainty around long-term demand and 
revenues will make the investment case much more attractive for HRS operators.

Hyundai is not currently a major supplier to the European truck market but has 
responded to the demand for zero emission trucks in Switzerland and other 
European countries: the Hyundai Hydrogen Mobility project plans to deploy over 
1,600 fuel cell trucks in Europe by 2025. This project has been made possible by 
aggregating demand from numerous transport and logistics fleets in Switzerland, 
combined with high taxes for fossil fuel Heavy Good Vehicles (HGVs).
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Source:  Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020,
H2ME (1) Deliverable 5.13, Element Energy 1 2018 ςUS Department of Energy, doi.org/10.1016/j.trc.2018.01.005

https://doi.org/10.1016/j.trc.2018.01.005


Regulatory issues for FCEV adoption

ÇSome users have expressed concerns around the safety of the technology

ÁWhilst most FCEV users in the H2ME project did not express concerns about the safety of the vehicles, some did, most 
commonly relating to the high-pressure systems in the vehicles and the perceived risk of potential explosions.

ÁaƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ƎǳƛŘŀƴŎŜ ƛǎ ƴŜŜŘŜŘ ǘƻ ǊŜŀǎǎǳǊŜ ŘǊƛǾŜǊǎ ŀƴŘ ƻǇŜǊŀǘƻǊǎ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅΩǎ ŀŘƻǇǘƛƻƴ 

ÇSafety incidents at hydrogen stations could impact availability of hydrogen for customers

Á In June 2019, there was a fire and a pressure wave at an HRS in Norway due to a hydrogen leakage. The immediate 
incident was managed quickly. However, the investigation of the root causes took several months. During this time, all 
HRS with the same design were closed. The risk of reduced utility for hydrogen vehicles because of this could be a barrier 
to wider adoption, if not suitably mitigated.

Safety-related issues for FCEV adoption

ÇFCEV users across several countries have experienced access restrictions for hydrogen vehicles 

ÁSeveral users in the H2ME project reported that they were prevented from using underground parking, tunnels or ferries 
with their FCEV. This is a significant barrier for the wider adoption of the technology. 

ÇNew research leading to guidance and/or regulations relating specifically to hydrogen mobility still needs to be 
developed or revisited for several key areas:

ÁUsing FCEVs in enclosed spaces such as underground parking, tunnels and ferries.

ÁOnsite storage of hydrogen at refuelling stations (safety requirements currently relate mainly to industrial sites).

ÁTransport of hydrogen by tube trailer.

ÇThere is currently a lack of the knowledge & skills required to ensure that regulations are implemented appropriately.

ÁThere is a need for further research and education within the supply chain and regulatory bodies, to address the lack of 
understanding around hydrogen safety. The interpretation and implementation of HRS standards by local planning 
authorities is just one example of where this is required.
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A fully integrated regulatory framework that addresses 
the safety of hydrogen in mobility applications is needed 
to avoid restrictions to future adoption of the technology

Source:  Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020,
H2ME (1) Deliverable 5.13, Element Energy
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The following slides set out recommendations to address the issues identified above in terms of three key 
aspects of delivering hydrogen mobility:  

The recommendations are based on lessons learned from hydrogen industry stakeholders and the analysis 
carried out as part of the H2ME project, including customer surveys, workshops, interviews, and techno-
economic analysis (the results of which can be found in various other public reports). 

1) Business case for FCEV 
operations

2) FCEV market availability
3) HRS deployment 

strategies and performance

Overview of barriers

To make a business case for 
FCEVs in fleet applications the 
cost of owning and operating 
vehicles has to reach parity 

with incumbent technologies 
such as petrol hybrids and 
plug-in hybrid vehicles on a 

total cost of ownership (TCO) 
basis.  

To reach commercialisation, 
FCEVs need to be readily 

available for the fleet market 
in large volumes. OEMs also 
need to be prepared to cater 
to all demands of the fleet 
use case, providing a variety 
of vehicle models to cater to 

all market segments (e.g. 
executive travel, seven seaters 

and minibuses). 

Sufficient infrastructure 
needs to be installed to 
support the hydrogen 

demands created by fleet use 
cases. Equipment also needs 

to perform to a high standard 
to minimise disruption to 

fleet services and ensure the 
optimum business case for 

operations. 

Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy 

The following slides set out recommendations to 
support the further commercialisation of hydrogen 
mobility from three different perspectives

https://h2me.eu/reports/


Accessing reductions in FCEV and hydrogen costs will 
require scale - demand aggregation activities for captive 
fleets are therefore vital

1. Business case - Recommendations (1/4)

FCEV capital cost 
reductions

Reductions in 
hydrogen price 

ÁFor existing stations in operation focus on maximizing the utilisation of the facility to increase 
revenues and reduce maintenance issues associated with low demand.

ÁWhen establishing new stations, prioritise securing large hydrogen commitments by combining 
heavy-duty and light-duty demands with dispensers catering to various duty demands (350 bar and 
700 bar) to ensure cost-effective fuel production.

ÁGovernments should continue to subsidise HRS deployment to support the capital cost of HRS and 
ǇƻǘŜƴǘƛŀƭƭȅ ƛƴǘǊƻŘǳŎŜ ŀŘŘƛǘƛƻƴŀƭ ǎǳǇǇƻǊǘ ƻƴ ŀ ϵκƪƎ ōŀǎƛǎΦ aƻǊŜ ŘŜǘŀƛƭǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƻƴ ǘƘŜ ƴŜȄǘ ǎƭƛŘŜΦ

ÁIȅŘǊƻƎŜƴ ǇǊƛŎŜ Ƙŀǎ ōŜƎǳƴ ǘƻ ŘŜŎǊŜŀǎŜΣ ŀƭǘƘƻǳƎƘ ƛǘ ƛǎ ǎǘƛƭƭ ŀ ǿŀȅ ŀǿŀȅ ŦǊƻƳ ǘƘŜ ŜȄǇŜŎǘŜŘ ƻŦ ϵр-7/kg by 
2030. Energy prices peaked in 2022, briefly elevating hydrogen prices before reverting to mid-2021 
levels (in 2023), however, issues with HRS deployment and maintenance increase the end-user 
hydrogen price.

Key requirements Recommended approaches

ÁAggregate demand orders for fleets to provide OEMs with investment certainty due to large numbers 
and access economies of scale in equipment procurement.

ÁNotify OEMs of interest in the market from large fleet operators (or a group of smaller operators) via 
letters of commitment, target deployment numbers or conditional pre-orders. 

ÁOutline requirements for vehicle types needed in the short- and long-term to allow time for OEMs to 
develop a solution and create a clear strategy for how production lines could be constructed.

ÁGovernments signal to OEMs that there will be sustained demand for hydrogen vehicles going 
forward, including publishing FCEV deployment targets, continued subsidies and incentives for ZEVs.

ÁContinue OEM R&D to reduce the cost of fuel cell and hydrogen components for future vehicles. 

ÁMore OEMs have announced passenger car FCEV models, although deployment is still slow and in 
small quantities.
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Financial support for FCEVs needs to remain a key 
priority for policy makers but other innovative benefits 
could also improve the business case for fleet operations 

1. Business case - Recommendations (2/4)

Continuation of 
subsidy support 
and incentives ς 
FCEVs 

ÁSubsidy support for FCEVs will need to continue in the near-term until the cost premium of the 
technology can be reduced close to parity with hybrids and plug-in hybrids. Based on the electric 
vehicle market, the most effective ZEV subsidies are: available close to the point of sale; locked into 
place for at least several years; relatively simple for consumers/dealers to understand their value, and 
widely accessible.1

ÁPolicy makers should investigate whether further cost exemptions could be accessed by ZEV operators 
(low emission zones, congestion charge discounts etc.), as well as restrictions on fossil fuel vehicles.

ÁNational and regional policies could provide more qualitative benefits for ZEVs which support the 
business case for vehicles in fleet procurements. This could involve: 1) privileged access to licenses 
required for fleet applications (e.g. taxi licenses); 2) free parking within cities.

ÁTo achieve zero-emission mobility, governments should consider regulating and incentivising on a 
technology-neutral basis, allowing the market to determine the optimal technology mix.

Á In cases where a region or country prioritises FCEVs for specific reasons, there may be a rationale for 
developing FCEV-specific policies, such as generating new economic opportunities at local or national 
levels.

ÁHowever, it's worth noting that the majority of FCEVs deployed in Europe to date have originated from 
Asian OEMs, making it less likely that region-specific FCEV policies will be applicable.

Á In recent years, policies to incentivise OEMs to manufacture ZEV models have been announced with 
stricter timelines (e.g. UK and EU ban on new ICE vehicles from 2035) and subsidy schemes and low 
emission zones have become widespread in major cities around Europe.

Recommended approaches

1 ICCT, Principles for effective electric vehicle incentive design, 2016. 

Key requirements

Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy 

https://theicct.org/sites/default/files/publications/ICCT_IZEV-incentives-comp_201606.pdf
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Subsidy support for HRS will need to continue ςMember 
States need to act on RED II and ensure that hydrogen is 
fairly considered and supported in national frameworks

1. Business case - Recommendations (3/4)

Continuation of 
subsidy support 
and incentives ς 
HRS  

Á Implement policy at a national level that de-risks the business case for HRS operators to produce low 
cost, low carbon hydrogen and invest in new HRS. This could involve: 1) Continued availability of grants 
or cheap finance for initial infrastructure investments; 2) In the longer term, a move to support 
ƘȅŘǊƻƎŜƴ ƻƴ ŀ άǇŜǊ ǳƴƛǘ ǎƻƭŘέ ōŀǎƛǎ. 

ÁSubsidies or certificate schemes to incentivise green hydrogen sales over a given period can provide 
some revenue certainty to make investment attractive.

ÅThe implementation of the Renewable Energy Directive II (which includes the use of renewable 
hydrogen for mobility) offers a pathway for the introduction of support schemes for hydrogen at 
a Member State level. This (or other bespoke hydrogen subsidy schemes) can help unlock the 
market for hydrogen deployment.

ÅhǾŜǊƭȅ ǊŜǎǘǊƛŎǘƛǾŜ ǊŜǉǳƛǊŜƳŜƴǘǎ όŜΦƎΦ ǎǘƛǇǳƭŀǘƛƴƎ млл҈ ŀŘŘƛǘƛƻƴŀƭ άƴŜǿέ ŜƭŜŎǘǊƛŎƛǘȅύ ŎƻǳƭŘ ƭƛƳƛǘ ǘƘŜ 
potential for such schemes to support hydrogen roll-out. The European-level definitions of 
renewable hydrogen should be designed with sufficient flexibility to enable support for 
affordable hydrogen production from a range of renewable resources.

ÅNational implementation should: a) guarantee access to support for early investors for a 
reasonable period; b) consider volume caps on renewable hydrogen to ensure that it does not 
dominate the RED II targets.

ÁEncourage collaborations between vehicle providers and HRS investors which can increase the scale 
of deployment: for example, the taxi initiative in Paris (Hype). Where possible, provide specific 
incentives aimed at catalyzing the progression to such larger scale initiatives.

Recommended approachesKey requirements

Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy 
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HRS policy support has been inconsistent across regions, 
with some countries benefiting from additional funding 
while others struggling to make business case

1. Business case - Recommendations (4/4) (Continued) 

Continuation of 
subsidy support 
and incentives ς 
HRS  

Á In recent years, HRS policy support has varied in different regions, with some countries struggling to 
make the business case for opening new HRS locations due to low utilization.

ÁHowever, the market has witnessed some development in the past couple of years, such as:

ÅOngoing availability of CEF funding for HRS along the TEN-T corridor.

Å Introduction of the ZEFES project encompassing cross-border demonstrations involving battery 
electric and fuel cell electric trucks.1

ÅThe UK Government's commitment to providing £140 million to showcase hydrogen fuel cell 
trucks and HRS by 2025.2

Recommended approachesKey requirements

1 Project - ZEFES

2 Competition overview - Zero emission road freight hydrogen fuel cell truck demonstration - Innovation Funding Service

Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy 

https://zefes.eu/project/
https://apply-for-innovation-funding.service.gov.uk/competition/1240/overview/21154276-86f4-46ea-9202-92e0543188b4
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Clear market and policy signals are needed to provide 
OEMs with confidence to scale up production volumes of 
FCEVs

2. Market availability - Recommendations

Create confidence 
in demand for 
OEMs supplying 
FCEVs

Develop new 
model types and 
decrease delivery 
lead times

ÁOEMs need to build up their supply chains to support larger annual production volumes and hence respond 
to the market with less delay.

ÁMore detailed cooperations or partnership could be put in place between hydrogen drivetrain component 
suppliers and OEMs. This could allow for earlier notification of large order volumes and could provide 
component suppliers with greater confidence to develop their supply chains accordingly.

ÁMarket requests could target maximum lead times between the order and delivery of vehicles. This would 
provide an incentive to accelerate production.

ÁNew FCEV models have been announced by European OEMs (e.g. BMW i5), but these are yet to enter the 
market.

Recommended approaches 

ÁFleet operators to engage in hydrogen councils and advocacy groups to ensure that captive fleet models 
ŀǊŜ ŀ ǇǊƛƻǊƛǘȅ ŦƻǊ ǘƘŜ ǎŜŎǘƻǊ ŀƴŘ ŀǊŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ǎǘǊŀǘŜƎƛŎ ƻōƧŜŎǘƛǾŜǎ ŦƻǊ ǘƘŜ 9¦Ωǎ ƘȅŘǊƻƎŜƴ Ǉƭŀƴǎϝ

ÁContinue demand aggregation work and present market requests to OEMs for FCEV deployment of 
different vehicles, as well as the announcement of deployment targets for FCEVs and large pre-orders.

ÁGovernments could provide clear market signalling that ZEVs, and specifically FCEVs, will continue to play 
an increasing role via dedicated targets, policies or subsidies/incentives. In the near-term, this could focus 
on specific vehicle types (trucks, taxis etc.) which are known to provide an early business case for FCEVs.

ÁThe ZEV credit market1 in California has played an important role in the development of ZEV technology 
amongst numerous car manufacturers; to improve on this approach, future credit markets could target (or 
provide extra credits) for ZEV sales within specific market segments where emissions reductions and new 
vehicle technology development are most needed (including those well-suited for FCEV use).

*In June 2023, Stellantis and Hype have announced a partnership for hydrogen-powered vehicles, beginning with the delivery of 50 
zero-emission wheelchair accessible taxis in Paris from 2023

Key requirements

1: wCCΣ /ŀƭƛŦƻǊƴƛŀΩǎ ŜǾƻƭǾƛƴƎ ȊŜǊƻ ŜƳƛǎǎƛƻƴ ǾŜƘƛŎƭŜ ǇǊƻƎǊŀƳΣ нлмфΦ 

Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy 

https://www.rff.org/publications/working-papers/californias-evolving-zero-emission-vehicle-program/
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HRS operators should focus on building larger scale and 
highly reliable stations in clusters on the main 
geographical axis of cities

3. HRS deployment strategies and performance ς Recommendations (1/4)

Increase the 
number and 
coverage of HRS 

Recommended approaches

ÁFocus on securing large commitments to a rapid scale-up of hydrogen demand at a local scale. This 
will involve various demand aggregation activities for fleets, light and heavy duty vehicles.

ÁSecure commitment (e.g. letters of intent, pre-orders etc.) for vehicle deployment and work with key 
anchor demand users to ensure station siting is suitable to support fleets and individual users. Key 
feedback from operators within the H2ME and ZEFER projects indicates that HRS are needed on all key 
axis of the city (north, east, south, west and central) and in clusters of at least two stations to ensure 
that there is redundancy nearby in the network in case of station downtime.

ÁClusters can largely be focussed on the outskirts of cities, with one or two in city centres, to allow 
access to larger sites and avoid issues with planning authorities in built up and residential areas. 

ÁWhere appropriate, ensure that HRS that are built for multiple vehicle types, considering:

ÅSuitable refuelling protocols and dispensers

ÅRefuelling capacity

Å Interoperability with other public HRS

Key requirements

Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy 
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Including redundancy into station process lines will be 
key to ensuring high availability at captive fleet HRS

3. HRS deployment strategies and performance ς Recommendations (2/4)

Improve HRS 
performance ς 
design and 
technical 
improvements

Recommended approaches 

ÁHRS operators should focus on high-capacity stations which include redundancy to allow isolated 
failures to occur without the HRS experiencing downtime. 

ÁSufficient high-pressure hydrogen storage should be installed on site to account for at least one full 
day of hydrogen demand from the fleets using the station should there be disruption to hydrogen 
supply (e.g. electrolyser failure or transport disruption). As the scale of demand increases at HRS sites, 
many HRS operators are increasing storage capacities to account for 2 to 3 days of hydrogen demand.

ÁA back-up hydrogen supply chain should be secured for HRS clusters with large demands. This can be 
through tube trailer delivery from a production plant or from pipeline distribution as this infrastructure 
starts to be more widespread. 

ÁStandardised, modular designs for HRS could lead to improved availability as best practices can be 
employed for installing and operating the station. Efficiencies can also be achieved in the management 
of stations as spare parts could be easily sourced and technicians could be trained to maintain a 
network of HRS to reduce response times.

ÁEstablish an independent regulatory body for HRS at the national level to test and certify new 
refuelling stations for safety and performance, and to maximise the interoperability of the growing 
networks of public HRS. This may require support from vehicle suppliers & existing HRS operators and 
is likely to require funding either from government, and/or from within the sector.

ÁThe industry should seek funding for projects to bring improvements to the quality and supply of 
specific HRS components that frequently need repairing or replacing.

ÁEase of use should also be considered in aspects such as nozzle design to reduce periods of downtime 
caused by user error.

Key requirements

Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy 
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Improving management of HRS can help reduce the 
instances of major equipment failure and minimise 
downtime when failures do occur

3. HRS deployment strategies and performance ς Recommendations (3/4)

Improve HRS 
performance ς 
station 
management

Recommended approaches 

Á Ensure local (in-country) availability of replacement parts ŦƻǊ ΨƘƛƎƘ-ǊƛǎƪΩ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ train local 
technicians to address a range of issues at the HRS. 

Á Conduct rigorous testing of stations off-site and on-site. This could entail operators being certified to 
do their own testing or include third party testing of the HRS before commissioning.

Á Ensure robust, centralised, and constant, data monitoring systems are in place with dedicated 
employees for analysis of data.

Á Provide training to ensure that common technical issues can be addressed remotely or by local 
maintenance staff.

Á Establish formalised maintenance procedures and contracts with clearly defined responsibilities and 
timescales which reflect targeted availability (>98%). 

Á Use data (cross-checking downtime with video surveillance) and customer feedback to improve user-
friendliness of stations to help decrease user error as a cause of downtime.

Á Ensure that end users can access the live availability status of stations and that 24/7 customer 
helplines are available at HRS (this can help ensure that any technical issues are identified quickly).

Á Fleet operators request performance contracts/guarantees from HRS operators to ensure that 
minimising downtime is a high business priority. This can also help improve fleet operator (and 
driver) confidence in the technology. 

Key requirements

Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy 
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HRS should be designed specifically to cater to high 
utilisation to ensure the technology meets fleet 
expectations

3. HRS deployment strategies and performance ς Recommendations (4/4)

Á Continue to improve the customer experience of existing HRS by ensuring live data is available on 
the status of the station. This data should also be provided to third party mapping.

Á HRS operators need to provide transparent feedback to key demand fleets or users as to why the 
station is out of operation and how long it will take to re-enter operation. This can boost technology 
confidence and enable focused mitigation for reduced driver disruption.

Recommended approaches 

ÁNew HRS should be modularly designed to ensure that the technology is built to cater to current 
demand and refuelling patterns and future-proofed for high utilisation.

ÁFleet operators and station providers should work together to assist planning for an optimised HRS 
design and compatible with the fleet refuelling profile.

Á If high demands are identified, station design should take into account:

ÅDaily demand profiles ς the ability of a HRS to meet daily demand fluctuations will depend on the 
installed compressor capacity on-site and the volume of high-pressure storage available. The 
approach taken by HRS operators will depend on the sise of the site and careful consideration of 
the costs of each upgrading equipment.

ÅHourly demand profiles ς meeting hourly demand variations will depend on the back-to-back 
refuelling specification of the station and the waiting time required to refill high-pressure buffer 
storage. Increasing compressor capacity allows for an increase in back-to-back refuelling events 
and would facilitate shorter wait times in comparison to upgrades in high-pressure storage.

ÅActions to reduce downtime ς three key strategies have been recommended by HRS operators 
including: increasing high-pressure storage on site, introducing redundancy into process lines at 
stations and ensuring a back-up supply of hydrogen is in place in case of production failures. 

Design stations 
for high 
utilisation

Develop end user 
communication

Key requirements

Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy 
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Appendix



Supplier/ 
operator

Site(s) Type of HRS Source of H2 Project Image

Germany 

Air Liquide / 
H2Mobility 
Deutschland

Laatzen, 
Leverkusen, 

Magdeburg, Erfurt, 
Dortmund, 
Bayreuth, 

Mönchengladbach, 
Furth, Passau, 
Schnelldorf

10 HRS җ 
200kg/day @700 bar

All HRS are integrated into 
petrol refuelling station 

operated by Shell, Total or 
OMV

Authorization/payment via 
fuel card

Supplied with 
ǘǊǳŎƪŜŘ ƛƴ Iі 

H2ME-1

Linde / 
H2Mobility 
Deutschland

Leipzig, Potsdam, 
Berlin, Berg bei hof, 
Frankfurt, Aachen, 
Essen,  Meerane, 

Halle, Herten 

10 HRS җ мрлƪƎκŘŀȅ Ϫтлл 
bar

8 HRS are integrated into 
petrol refuelling statiosn 

operated by Shell and Total
Authorization/payment via 

fuel card

Supplied with 
ǘǊǳŎƪŜŘ ƛƴ Iі

H2ME-1

HRS deployed under H2ME initiative (1/7)
Germany
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Supplier/ 
operator

Site(s) Type of HRS Source of H2 Project Image

United Kingdom

BOC (Linde) Aberdeen 1 HRS җ онлƪƎκŘŀȅ ϪŘǳŀƭ ǇǊŜǎǎǳǊŜ

On- site water 
electrolyser fed 

by 100% 
renewable 

electricity tariff

H2ME-1

ITM Power/
Motive Fuels 

Beaconsfield, 
Gatwick

2 HRS җ мллƪƎκŘŀȅΣ ϪŘǳŀƭ ǇǊŜǎǎǳǊŜ
HRS are integrated into petrol 

refuelling station operated by Shell
Payment by Fuel card/Credit Card 

On- site water 
electrolyser fed 

by 100% 
renewable 

electricity tariff

H2ME-1

ITM Power/
Motive Fuels 

Swindon, 
Birmingham

2 HRS җ мллƪƎκŘŀȅ ϪŘǳŀƭ ǇǊŜǎǎǳǊŜ
1 HRS integrated into petrol refuelling 

stations operated by Shell
Payment by Fuel card/Credit Card

On- site water 
electrolyser fed 

by 100% 
renewable 

electricity tariff

H2ME-2

HRS deployed under H2ME initiative (2/7)
The UK
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Supplier/ 
operator

Site(s) Type of HRS Source of H2 Project Image

France

Air Liquide
Orly, Pont de 

l'Alma, 
Versailles

1 HRS <200kg/day @ dual pressure
2 HRSҗ нллƪƎκŘŀȅ Ϫ Řǳŀƭ ǇǊŜǎǎǳǊŜ

Supplied with 
trucked in low 

carbon H2

H2ME-1
&

H2ME-2

Air Liquide/
HysetCo

Roissy 1 HRS җ нллƪƎκŘŀȅ Ϫ Řǳŀƭ ǇǊŜǎǎǳǊŜ
Supplied with 
trucked in low 

carbon H2

H2ME-2

Elogen/ 
EIFER

Rodez 1 HRSҗ мслƪƎκŘŀȅ ϪорлōŀǊ

On-site water 
electrolysis fed by 
100% renewable 
electricity tariff

H2ME-1

Elogen
/SEMITAN

Nantes 1 HRS җ улƪƎκŘŀȅ ϪорлōŀǊ

On-site water 
electrolyser
fed by 100% 

renewable electricity

H2ME-2

McPhy/ CASC Sarreguemines
1 HRS җ плƪƎκŘŀȅ Ϫорл ōŀǊ

Free dispensing

On-site water 
electrolyser fed by 
100% renewable 
electricity tariff

H2ME-1

HRS deployed under H2ME initiative (3/7)
France (1/3)
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Supplier/ 
operator

Site(s) Type of HRS Source of H2 Project Image

France

McPhy/ 
GNVERT / CNR

Lyon
1 HRS җ мллƪƎκŘŀȅ Ϫорл ōŀǊ

Payment by Mobile App

On- site water 
electrolyser fed by 
100% renewable 
electricity tariff

H2ME-2

ITM / GNVERT Vannes
1 HRS җ нллƪƎκŘŀȅ ϪŘǳŀƭ 

pressure
On- site water 
electrolyser

H2ME-2

Nel & Nel 
Proton / 
HysetCo

Porte de St Cloud,
Le Bourget

1 HRS җ нллƪƎκŘŀȅ ϪŘǳŀƭ 
pressure

1 HRSҗ флллƪƎκŘŀȅ Ϫ Řǳŀƭ 
pressure

Payment by Mobile App

On- site water 
electrolyser fed by 
100% renewable 
electricity tariff

H2ME-2

McPhy/ R-GDS 
/ R-HYNOCA

Strasbourg

1 HRSҗ трлƪƎκŘŀȅ Ϫ Řǳŀƭ 
pressure

Payment by Fuel card/Credit 
Card 

Supplied with on 
site production of 
green hydrogen 

produced by 
thermolysis of 

biomass

H2ME-2

HRS deployed under H2ME initiative (4/7)
France (2/3)
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