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▪ Numerous governments across Europe have committed to limiting increases in global temperatures by achieving
carbon neutrality by 2050. As part of this, there is a focus on reducing emissions in the transport sector which is
estimated to be responsible for over 20% of Europe’s greenhouse gas emissions1.

▪ Road transport is the largest emitter in the transport sector, with all European countries still heavily reliant on petrol
and diesel vehicles. Transitioning to zero-emission alternatives such as battery-electric (BEV) and fuel cell electric
vehicles (FCEV) is therefore vital in achieving Europe’s climate targets.

▪ There is a growing consensus that FCEVs will play a significant role in the future transport sector as they can provide
similar operational flexibility to petrol and diesel vehicles, with long ranges and quick refuelling times. The hydrogen
used to power the vehicle can also be produced in large volumes through zero or low carbon production methods.
When electrolysis is used, local or national energy systems can also benefit as hydrogen can be used to provide
flexibility services for energy markets struggling with the variability of renewable energy supply.

▪ However, hydrogen mobility is not yet fully commercialised. To date, around 2,900 light FCEV (passenger cars and vans)
are operational on roads in Europe. There is an increase in the number of heavy-duty vehicles and buses as well:
currently around 200. These vehicles utilize a limited network of 213 hydrogen refuelling stations* (HRS). Most
deployments have required support from funded demonstration projects to overcome initial market barriers. This has
helped evidence the readiness of the technology for further scale-up, but further technology and market improvements
are required before wide-scale commercial roll-out.

▪ One key area requiring improvement is hydrogen refuelling infrastructure. An extensive network of hydrogen refuelling
stations (HRS) will be required to allow unfettered movement of vehicles across Europe, and improvements in the
performance of HRS need to be achieved to ensure infrastructure is well-equipped for increasing demand and can
satisfy the needs of end users with limited additional effort or compromise.

If hydrogen is expected to play a significant role in 
transport, extensive and reliable networks of hydrogen 
refuelling stations are required

1 - EEA (2020) Greenhouse gas emissions from transport in Europe. https://www.eea.europa.eu/data-and-
maps/indicators/transport-emissions-of-greenhouse-gases-7/assessment
* 700 bar and 350 bar HRS for cars 

Context of this report
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▪ The Hydrogen Mobility Europe (H2ME) initiative has been a first important step in increasing FCEV deployment numbers
and developing a pan-European network of hydrogen refuelling stations.

▪ Consisting of two projects – H2ME and H2ME 2 – the initiative will deploy over 1,300 FCEV cars and vans and 49
hydrogen refuelling stations to test the feasibility of the technology and confirm its readiness for commercial roll-out.

▪ The project collates a vast array of qualitative and quantitative data from vehicles, hydrogen refuelling stations,
public/private stakeholders and end users. This allows the consortium to analyse the performance of the technology,
investigate areas for improvements, discuss barriers to uptake and propose recommendations on how to scale up the
future roll-out of FCEVs and HRS.

▪ Previous H2ME reports have identified a variety of barriers to roll-out, but a consistent challenge has been the
deployment and operation of the HRS networks. This has led to project calls for:

▪ Increased rate of deployment of new HRS across Europe.

▪ Improved availability and performance of existing and future HRS.

H2ME lays the foundations for the first truly pan-
European network of hydrogen refuelling stations

Hydrogen Mobility Europe

1000

1.300
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▪ This report aims to give an overview of the performance and utilisation of HRS in the H2ME project, providing
insights into the specific challenges stations are facing with increasing demand.

▪ Within the H2ME project, few stations are experiencing high utilisation as FCEV deployment in Europe has not
developed as fast as forecasted when the project was commissioned. Most stations are therefore relying on hydrogen
demand created by the FCEVs deployed directly by H2ME, or other similar European or national projects.

▪ This report is therefore not able to undertake a detailed analysis on the performance of stations under high
utilisation. Until a greater number of stations are exposed to high usage, there is not sufficient data to draw clear
conclusions on the relationship between utilisation and station performance, or to anonymise commercially sensitive
data from HRS operators.

▪ Instead, the report will outline some of the key performance and utilisation trends seen across the project. Case
studies will also be presented on cities where HRS have begun to encounter moderate levels of utilisation (~20% to
40% of station capacity) due to the deployment of high-mileage fleet applications. Interviews with the associated
stations operators will be used to outline some of the common issues faced when utilisation at a station is
increased and key learnings will be used to form recommendations on the design and management of future HRS
for high-utilisation.

▪ This is the second iteration of this report and will be updated numerous times throughout the H2ME initiative. Until
more data on highly utilised stations becomes available, it is suggested that future iterations investigate approaches
to improve the performance and the readiness of the technology for commercial roll-out.

Overview of this report

This report provides an update on the technical 
performance of HRS, with case studies on stations 
experiencing higher than average demands
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Data is collected from 43 HRS, supplied by 9 different HRS 
suppliers

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

▪ Detailed data has been
gathered from a majority
of these stations*, with
some datasets stretching
from 2015 to December
2021.

▪ The following slides will
provide a summary of key
performance trends
(availability and
utilisation) derived from
project data.

Source:  H2ME 2 Yearly Vehicle and Infrastructure Performance Report 4 (2015-2021) – D5.17, Cenex
* Some stations are no longer providing data as they have been operating for quite some time and no longer have the obligation to  
provide data (mainly H2ME stations). 
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Concept and definition for the analysis of availability of 
HRS

H2ME project definition Other indicatorsHylight definition

▪ There are different definitions of availability.

▪ The analysis on availability to date in the H2ME project is based on the H2ME project definition.

▪ Beyond the commonly used
availability indicator, the project
partners have increasingly been
looking at other indicators to
evaluate the progress of their HRS
network performance such as an
Availability Performance Index.

▪ The performance indicator is an
event-based indicator that looks at
the percentage of refuelling that
were successful on the first try and
differentiate between:

- High availability - the station has a
higher up-time

- High performance - more customers
are able to get a full tank on the first
try

▪ An HRS will be categorised as available
when the dispenser is open and
available for users to refuel their
vehicles. Station availability
excludes planned maintenance.

▪ In the H2ME project, experience has
shown that for a large dataset of HRS
operating under a wide range of
circumstances, a number of HRS will
have one off issues leading to low
availability levels, typically below 80%
for a given month or period.

▪ As this is not representative of HRS
operating under expected
circumstances, data excluding these
HRS is also provided.

▪ The availability of the stations is calculated

on a 24/7 basis. For a 98% availability, no

more than 175.2 downtime hours may

occur per year.

▪ Periods during which the station is not in

service due to scheduled preventive

maintenance do not count as downtime.

▪ Downtime happens when the station is not

available for refuelling a vehicle. If several

dispensers or nozzles are in place and the

vehicle can refuel, downtime occurs when

none of them is available for refuelling.

Otherwise an outage of one of several

nozzles/dispenser merely results in a

reduced dispensing capacity if the station

is designed to operate them in parallel.

Source: H2ME D4.1, Data Collection and Storage Protocol, Cenex
https://www.fch.europa.eu/sites/default/files/HyLights_D3_3_MAF-Handbook-II_Final%20%28ID%202875010%29.pdf

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.fch.europa.eu%2Fsites%2Fdefault%2Ffiles%2FHyLights_D3_3_MAF-Handbook-II_Final%2520%2528ID%25202875010%2529.pdf&data=05%7C01%7Clisa.ruf%40element-energy.eu%7C38eb8d98c0344bccdd7008da7f613bcd%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637962353027038217%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=DkBh7sPJJVvSwo4BdTZHVMMQJHznu0lS2kQXd9SGqqE%3D&reserved=0
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H2ME data evidences high average availability of HRS, but 
one-off failures and teething issues have led to poor 
performance at certain stations

▪ HRS availability is defined as the percentage of time a HRS is fully operational and able to dispense fuel, excluding
planned maintenance. In order to facilitate commercial roll-out of FCEVs, high HRS availability is essential to foster
confidence in the technology and ensure that customers can operate FCEVs without compromise.

▪ Previous deployment projects have demonstrated high availability for small clusters of HRS. However, the H2ME
initiative aims to achieve availability improvements across a pan-European network, targeting an average HRS
availability of over 98% by 2023 across all HRS in the project.

▪ As of December 2021, 37 HRSs were reporting availability data to the H2ME projects, but only 31 had availability
levels above 80%. The average availability was of 94.1% across project HRSs (as shown by the blue line in the figure
below*).

HRS availability across the H2ME1

▪ The availability level in Q4 2021 experienced a slight decrease. In
order to have FCEV deployment thrive against the internal
combustion engine vehicles, availability levels close to 100% will
be required to match that of a petrol/diesel station and to
mitigate the risk of fewer stations being accessible.

▪ Range bars on the graph (right) also highlight the variable
performance of HRS across the project, with some stations only
achieving ~20% availability in Q2 and Q3 2021. This can mainly
be explained by the ‘teething phase’ experienced by newer
stations and some consequences from the Covid-crisis.

▪ The following slides provide an insight into the main issues operators have faced in achieving high availability and the 
key learnings taken from the project.

1 – Cenex analysis of data reported by refuelling stations across H2ME and H2ME2 projects up to end of December 2021. 
*Note HRS average availability excludes HRS with availability <80% in one quarter, as this is generally due to one off issues. 
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▪ It is well known that HRS have lower availability in the early
weeks/months after commissioning when the cumulative hydrogen
dispensed is low. This is also known as the ‘teething period’ when issues
with the equipment, such as sensor failures, software malfunctions or
equipment breaks, are frequent.

▪ As more hydrogen is dispensed, the number of failures often decreases
as initial problems are addressed and learnings are implemented into the
station design or operation.

▪ Data from the H2ME projects has indicated that above a threshold of
100kg dispensed, the number of downtime events per kilogram reduces
dramatically. After which, fewer critical failures are reported and less
technician intervention is required.

▪ Issues with the teething phase are increasingly being recognised by the
sector and actions are being put in place to reduce instances of
downtime. For example, HRS operators are now undertaking more testing
on HRS before finalising commissioning and opening HRS to the public.

▪ Availability apps such as H2.LIVE are also highlighting possible issues with
the HRS to end users ahead of time to manage expectations, noting
when HRS are in an ‘optimisation phase’ for a short period after the
stations are commissioned and when the cumulative volume of hydrogen
dispensed is low.

Presentation of HRS in the 
‘optimisation phase’ on H2.LIVE1
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Utilisation and availability

‘Teething issues’ shortly after the commissioning of a 
station are a common cause of low availability

1 – H2.Live (https://h2.live/en/tankstellen) 



▪ Due to the early stage of market development, many HRS
commissioned as part of H2ME have relatively low levels of
utilisation, supporting small numbers of FCEVs with limited daily
demands.

▪ Utilisation of a station is noted to have an impact on the availability
of the HRS. This is commonly illustrated in a ‘bathtub curve’ whereby
the frequency of downtime decreases as greater volumes of
hydrogen are dispensed by an HRS. The graph (right) illustrates this
trend by plotting downtime days (adjusted for total dispensed
hydrogen) against the total hydrogen dispensed by HRS across the
H2ME project.

▪ Key reasons for reduced downtime vary between HRS in the project.
However, many operators have noted the value of equipment being
regularly used, highlighting that many components within an HRS
operate more reliably with regular operation. This is because long
periods of idle operation can cause key mechanical parts in the
station to seize or degrade (e.g. compressors or dispenser nozzles).

▪ However, reductions in downtime may also be the result of the
management approach of HRS operators as highly utilised stations
will likely be fixed as a priority. This is because these stations
generate more revenue for the operator and will likely impact more
customers when out of service.
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Downtime per kg of hydrogen dispensed 
for H2ME HRS1

Utilisation and availability

High throughput of hydrogen at HRS reduces downtime at 
stations
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1 – Internal project data, Cenex (data up to Q4 2021).



▪ Many downtime events within the H2ME project
can be associated with a failure with one piece of
equipment. This is because many stations are built
with one process line meaning that if one
component fails, the whole station is forced out of
operation.

▪ Data has been collected on the key causes of
downtime for HRS 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.

▪ Data from HRS providers identify compressors, chiller/precooling and fuelling dispensers as the largest cause of HRS
downtime, accounting for more than 70% 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 into compressors, dispensers and chillers to improve reliability and durability.

▪ Better supply chains for equipment, including local reserves to reduce the period of downtime in case of
unexpected failures.

▪ Building redundancy into HRS (n+1 philosophy) to allow high risk components to fail without causing downtime to
the station (this will require higher capacity, better utilised stations which can bear the higher capital cost of an n+1
redundant solution).
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H2ME and ZEFER HRS Downtime by category 1

20%

31%

7%

7%

12%

23% A - Fuelling Dispenser

B - Compressor

C - Hydrogen Storage

E - Electrical Components

F - Other Onsite Equipment

G - Chiller/precooling

Causes of HRS downtime

Compressors, dispensers and chillers have been identified 
as ‘high-risk’ components, responsible for more than 70% 
of downtime across the project

1 – Internal project data, Cenex (data up to Q4 2021).



Availability statistics in H2ME have shown a significant 
improvement as a result of technical and managerial 
developments

▪ H2ME has led to significant improvements in HRS availability, setting new ‘state-of-the-art’ records for performance in
comparison to previous demonstration projects. Key improvements can be attributed to:
▪ Deployment of ‘state-of-the-art’ technology – H2ME has helped to trigger the deployment of a new

generation of HRS, using equipment that has been rigorously tested and developed over multiple prototypes
and deployments.

▪ Improvements in station design – HRS operators have made improvements to the design of stations to avoid
high risk components, materials and software. For example, many operators have changed the placement of
HRS sensors on equipment to reduce instances of faulty readings or end user damage.

▪ Improved management of the station to reduce response times – HRS operators have been able to reduce the
response time to emergency maintenance calls by:

▪ Training local staff to maintain the HRS and quickly respond to unexpected failures.

▪ Storing spare parts at, or near, refuelling stations to avoid delays in the supply chain.

▪ Introducing preventative maintenance protocols which trigger upgrades of equipment/technology
which is identified as ‘high-risk’.

▪ Increased remote monitoring of HRS performance to allow quick identification of issues.

▪ Sharing of HRS operator experiences – HRS operators share best practices and lessons learnt from operating
and maintaining stations to avoid the repetition of preventable technical or management issues.

▪ Maturing of the HRS supply chain – H2ME has led to a significant scale-up in HRS demand and has matured the
supply market to make the access to parts less complicated, costly and time consuming. The project has also
facilitated suppliers in scaling up their operations. For example, Nel Hydrogen opened a large-scale production
facility in 2018 which can produce up to 300 HRS per year.

14

Recent progress on availability issues



The current average availability rate is of 94.1%; some 
quarters experience lower averages due to the 
introduction of new HRSs and other factors

H2ME HRS Availability for all HRS reporting data▪ The definition of availability is focused on the
user – an HRS will be categorised as available
when the dispenser is open and available for
users to refuel their vehicles. Station availability
excludes (planned) maintenance.

▪ In Q4 2021, one third of the project HRS
exceeded 98% availability. The average of all HRS
(excluding those with availability levels <80%) is
currently 94.1%. The average when including all
the HRSs reporting data drops to 89.1%.

▪ The lower availability levels observed during
some quarters can be explained by the
introduction of new HRSs in their “teething
phase” in operation for 9 months or less. It is
also expected that Covid restrictions have
impacted availability (see next slide). Other
factors may contribute to the availability level
experienced, such as low utilisation level leading
to components degradation, aging stations and
reduced maintenance support. This will be
investigated in future iterations of the report.
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Covid-19 has had some impact on HRS availability for 
some sites

▪ The Covid-19 crisis has had some impact on HRS availability, leading to unusually low availability levels in the more
recent project periods, with unusual low levels (less than 80%) reached at the time of lockdown and travel restrictions.

▪ Lack of available maintenance staff: given the restrictions for international travels, some sites were unable to
receive the necessary maintenance required to maintain the availability level of their station. This type of issue was
detected for instance in the HRSs in Iceland which require the technical support of teams based in Denmark who
was not able to travel to the site.

▪ Lack of parts due to the global supply chain disruption and problem with the supply of specific materials.

▪ The analysis of the factors leading to low availability levels experienced is complex and while there are some indications
that the Covid-19 pandemic has impacted HRS availability, it is likely other factors have also played a role. However,
anecdotical evidences from partners strongly suggest there was a correlation in a high number of cases. This observation
was particularly visible for stations which had critical components coming from other countries and which relied on the
maintenance expertise of staff located in another country.

▪ It is worth noting that this has not been the case for all sites. For example, there was no correlation found between the
change in demand or lower than usual availability of staff due to the Covid-19 pandemic and the level of availability and
performance of HRSs in Germany. This may be the results of the scaling effect of the network combined with a well
established value chain at the national level.

▪ Germany has adopted a national coverage strategy and is among the most advanced European countries in terms
of HRS network deployment. The HRS are primarily operated by one entity (H2Mobility Deutschland), which has
developed in house expertise and was able to increase the rapidity of responses to events.

▪ Moreover, compared to what has been mentioned above, the German HRS network’s value chain is mainly
contained within its borders, hence mitigating the supply chain issues that can arise in times of crisis.
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Covid-19 and HRS availability 



Additional improvements to HRS availability are required 
to satisfy end user expectations and to facilitate further 
roll-out

▪ Drivers of FCEVs funded by the H2ME projects are required to answer
pre- and during-operation questionnaires on their expectations and
experiences using FCEVs and the supporting refuelling infrastructure.

▪ Data collated from surveys has shown an overall positive experience of
the FCEVs with 90% of drivers noting having had a positive experience.
However, experiences with HRS have been more mixed, with only
around 58% of respondents noting a positive experience with the
technology.
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▪ Two issues continue to be pointed out as needing improvements:

1. More HRS are needed on major roads for long distance
journeys and in operators local areas – the former was
especially pointed out by van operators.

2. Improvements in HRS reliability are required to be more
suitable for drivers.

▪ However, some customers have noted that progress has been made
in those two areas.

▪ Driver experience satisfaction for FCEVs and HRSs was very high in
areas where large FCEV taxi fleets were deployed alongside a
network of HRS (for instance, in France with the Hype taxi fleet in
Paris). This shows that the deployment of vehicles in areas where
there is a high concentration of existing HRS is clearly a strategy to
support positive customer experience.
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Customer perceptions of HRS

UK (n=38) FR (n=117) DE (n=55) DK (n=8)

Neither positive 
nor negative

Very
negative

Slightly
negative

Very 
positive

Slightly 
positive

1- H2ME D6.21/D6.24 – Status and advancements in the customer value proposition offered by the  fuel cell 
vehicle technology (Nov. 2021)
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• Hydrogen demand of up to 
1.7kg/day per vehicle (based on 
average mileage of 150km/day 
observed in STEP fleet).

• Usually requires 700 bar 
refuelling.

19
Assumptions behind demand estimates are provided in the Appendix

• Hydrogen demand of ~ 
0.1 kg/day (based on 
average mileage of 
54km/day as observed 
in Symbio fleet).

• Either 350 bar or 700 
bar refuelling.

Taxis

Range extended vans

• Hydrogen demand of ~ 15 -
20kg/day (based on an 
average mileage of 
200km/day).

• 350 bar refuelling.

• Refuels at set times in the 
morning and evening.

Buses

Note that daily demand per vehicle, and time of refuelling varies significantly  between specific applications.

• Hydrogen demand of ~ 
1kg/day (based on average 
mileage of 96km/day as 
observed in GLC fleet).

• Usually requires 700 bar 
refuelling.

Cars for private users

• Hydrogen demand of  
~ 18 – 32 kg/day.

• Either 350 bar or 700 
bar refuelling.

Heavy duty vehicles

Demand characteristics for FCEV applications currently deployed in Europe

Daily hydrogen demand seen at refuelling stations varies 
with the types of vehicles using the HRS 
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NB: Scandinavia includes data from Denmark, Norway, Sweden and Finland

Scandinavia
# FCEV light vehicles: 401
# HRS: 12
Estimated hydrogen 
demand per HRS: 
67 kg/day

Germany

# FCEV light vehicles: 883

# HRS: 90

Estimated hydrogen 
demand per HRS: 

19 kg/day

France

# FCEV light vehicles: 662

# HRS: 22

Estimated hydrogen 
demand per HRS: 

37 kg/day

UK

# FCEV light vehicles: 236

# HRS: 13

Estimated hydrogen 
demand per HRS: 

35 kg/day

▪ The “average” utilisation of HRS for light vehicles in Germany, France, the UK and Scandinavia can be estimated
based on the number and type of fuel cell cars and vans deployed and the number of HRS in each country.
Further details and key assumptions can be found in the Appendix.

▪ Estimates for the daily demand of hydrogen per HRS across the 4 H2ME regions can be found below.

Estimated hydrogen demand at HRS by country

Demand at light duty HRS is expected to be low based on 
the limited number of FCEV deployments to date



▪ The utilisation, or loading, of a station is a function of the average daily demand for hydrogen against the total daily
dispensing capacity of a station. It therefore provides a standard figure for usage across stations of different capacities.

▪ Across the H2ME project, utilisation of HRS varies dramatically from <2% at stations which have no ‘linked demand’ (e.g.
motorway services between cities), up to 45% pre-Covid in locations where high mileage captive fleets have been
introduced to provide ‘anchor demands’ at stations.

▪ When considering all stations within the project, average utilisation was approximately 7.4% in Q4 2021. Whilst this is
low, it is important to note that:

Utilisation levels vary significantly between HRS in the 
project but the project average remains low

Region Strategy for HRS network development1

Germany Extensive national coverage with major cities as ‘hubs’. 
Unconditional plans to deploy 100 HRS by 2021, 
irrespective of the number of vehicles or demand in the 
area.

France Local/regional clusters of HRS linked to FCEV demand 
(captive fleet approach) to guarantee station utilisation 
and de-risk early HRS investments. 

UK Regional (south-east) focus to build ‘H2 hubs’ around 
emerging demand hotspots in, and around, London. 

Nordic region Network to allow long distance mobility across the 
region. Deployments linked to vehicles sales which leads 
to a city focus. 

- Many stations have been designed with higher
capacities than originally required to support future
deployments; many are currently capable of
dispensing 200kg of hydrogen per day, equivalent to
over 40 full FCEV refuels from empty*.

- The uptake of FCEVs outside the H2ME project has
been slower than expected. Most HRS have yet to
cater to significant demands from FCEV deployments
outside of the H2ME project.

- Utilisation of the stations has been influenced by
early national roll-out strategies for hydrogen (see
table (right) for more detail).

21*Based on a standard FCEV tank size of 5kg
1 – Hydrogen mobility strategies, 2020, H2ME (1) Deliverable 5.13. Element Energy

Utilisation across the project
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Overview of HRS utilisation trends in the project 

Station capacity (kg/day) by 
project

Type of vehicle using the HRSs Utilisation of HRS near taxi fleets

▪ Overall, the utilisation of the stations remains lower than expected. The majority of stations remain at a utilisation rate 
well below 20%.

▪ However, interesting trends and evolutions have been observed across the HRS deployed in the project which indicate 
operators’ strategies to maximise utilisation are evolving based on insights from the market. 

The daily capacity of stations has 
increased over time. This reflects the 

increase in multi-use stations (co-location 
of different vehicles types benefitting 

from economies of scale

Taxis have become or are expected to 
become the main vehicle type to use 

stations deployed in H2ME 2

The stations with higher levels of utilisation 
and H2 dispensed are those located where 
FCEV taxis are deployed: Orly (FR), Roissy

(FR), Rainham (UK), Teddington (UK) 

France: Orly and Roissy HRS 
usage example
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The Covid-19 crisis has had an impact on the HRS loads; 
but the various sites are recovering 
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H2ME HRS load1

Paris taxi deployment and HRS load (Roissy and Orly)1

▪ Due to the various restrictions and lockdowns that
were enacted in several countries involved in the
H2ME project, taxi activities were drastically cut down
and private FCEV owners no longer had use of their
vehicles.

▪ The impact of this was clearly observed in the two
Parisian HRSs, Roissy and Orly, as shown on the
bottom right graph. These two sites were further
impacted by the reduction in airport traffic. From the
end of Q1 2020 to the end of Q1 2021, taxi activities
were stopped, leading to the HRS load fluttering
around 0% and 3%.

▪ London’s HRSs were also affected as the GTC fleet
reduced operations in March 2020 by approx. 50%.

▪ Nevertheless, with the increasing level of normality
being restored, the number of FCEVs (and mainly taxis)
back on the roads rose again, leading HRS loads to
slowly follow an upward trend. This was observed in
the Parisian HRSs, with the taxi restart in Q2 2021,
enabling the station to recover load levels in Q4 2021
similar to those when the Roissy HRS opened (Q1
2019). Pre-Covid levels are still to be met.
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▪ Although average utilisation across the H2ME regions is low, some stations are beginning to see moderate levels of
utilisation as a result of fleet demands.

▪ Fleet applications, such as taxi, private hire and emergency services, are increasingly being recognised as an early
opportunity for commercial operation of FCEVs as the use case requires high range vehicles and quick refuelling times
which cannot yet be fully satisfied by battery-electric vehicles.

▪ Due to their high daily mileages, FCEV fleets can consume large quantities of hydrogen and can operate effectively
using only a small cluster of stations due to their predictable patterns of operations. The use case can therefore
provide a significant anchor demand at HRS and can help stabilise the business case for HRS operators.

▪ Three fleets can be identified in Europe, with operations centring on major cities and clusters of HRS:

London, UK – Green Tomato Cars are a green private hire service, operating a variety of low emission
vehicles. 50 FCEVs are deployed in the company’s ‘zero-emission’ service in collaboration with H2ME’s
successor project ZEFER. An additional 14 vehicles were deployed in H2ME in 2021.

Paris, France – Hype has deployed a fleet of over 160 FCEVs to become the largest fuel cell taxi fleet in the
world. Plans are on-going to scale up deployments to over 600 vehicles through collaborations with HysetCo
and more recently HRS and McPhy to created a package for vehicles, which includes fuel (hydrogen) and taxi
licenses within affordable lease price.

The Hague, The Netherlands – 17 H2ME-2 FCEVs were deployed in NOOT taxi fleet in The Hague. The overall
NOOT taxi fleet comprises a total of 40 FCEVs.

Other significant deployments have occurred, such as the deployment of 100 hydrogen taxis in Copenhagen by
DRIVR and Toyota Denmark.

A subset of stations have encountered high demands as a 
result of the deployment of high mileage fleet 
applications
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Fleet deployment and HRS utilisation



▪ The deployment of high mileage fleets have had a
significant impact on the volume of hydrogen
dispensed across HRS in H2ME.

▪ The graph (right) shows the cumulative hydrogen
dispensed across the 43 stations installed in the
project (37 of which were still reporting data as of
December 2021).

▪ Of the 287,121kg of hydrogen dispensed as of
December 2021, approx. 60% has been distributed by
5 stations which are frequently used by the fleets:

• Orly (Paris, FR)

• Roissy/Charles de Gaulle (Paris, FR)

• Rainham (London, UK)

• Teddington (London, UK)

• Den Haag (NL)

▪ The utilisation of these stations are therefore some of
the highest seen in the project, with maximum
utilisation reaching nearly 45% at Orly.

▪ The following slides will provide an insight into the
utilisation trends across HRS networks in Paris and
London.

Fleets have had a significant impact on the volume of 
hydrogen dispensed in the project and have begun to test 
the performance of HRS at moderate utilisation
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H2ME HRS cumulative hydrogen dispensed

Taxis deployed in Paris (Orly
and Roissy/Charles de Gaulle)

Taxis deployed in the 
Hague (Den Haag)

Taxis deployed in London 
(Rainham and Teddington)

Cases of higher utilised stations

Source: Internal project data, Cenex (data up to Q4 2021).



Planning utilisation to increase performance of HRS
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Sources: 
H2ME 2 Yearly Vehicle and Infrastructure Performance Report 4 (2015-2021) – D5.17, Cenex; European Hydrogen Week 2021  
Emerging conclusions (2021), Element Energy.

▪ Utilisation profile can impact the performance of HRS due to two main factors:

- Daily throughput – this determines the amount of hydrogen a HRS can dispense per day and is dependent on the
low-pressure onsite storage or onsite generation.

- Back-to-back (B2B) refuelling capacity – this determines the number of consecutive refuelling events (within 10
minutes) a station can handle and is dependent on the high-pressure storage / compressor capacity at the site.

▪ These two factors can impact the capacity of users to refuel or refuel a full tank on the first try.

Dispensing characteristics of HRS in H2ME 
project – station daily refuelling capacity 

based on dispensing pressure

▪ The large majority of the HRS in the projects are or will provide
refuelling at 700 bar or both at 700 bar and 350 bar. The 350 bar HRSs
deployed have been in France to support the Symbio fleet which
operates on 350 bar. At these HRSs, refuelling of 700 bar vehicles is
possible but not for a full tank.

▪ The large majority of the HRSs (84%) have daily dispensing capacity
≥200kg/day.

▪ HRSs with capacity <200kg/day are designed to cater for the Symbio
fleet. HRSs with higher daily capacity are typically designed as multi-use
stations that will cater for different vehicles types (currently: buses,
refuse trucks, etc.).

▪ The majority of the H2ME stations have back-to-back capacity for 6
consecutive vehicles refuelling events.

Factors affecting HRS performances?
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The Monte Carlo Simulation of Increased HRS Load: 
understanding the back-to-back refuelling probabilities
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Source: H2ME 2 Yearly Vehicle and Infrastructure 
Performance Report 4 (2015-2021) – D5.17, Cenex. ; 
European Hydrogen Week 2021  

Objectives of the simulation

▪ Definition of B2B refuelling:
refuelling event that occurs
within 10 minutes of a previous
event.

▪ HRS back-to-back (B2B)
refuelling capability as the
number of vehicles deployed
and the station load increases is
one of the key learning aims of
H2ME projects.

▪ The simulation aims to
understand the usage point at
which HRS operational issues
may become problematic.

▪ B2B refuelling events are not yet
common (e.g.: only 9% at
Teddington).

The results

▪ The simulation has shown that beyond 70 refuels per day, there is a 40%
probability of two B2B refuels and 10% probability of three B2B refuels.

▪ Hence, the lower the station load, the lower the probability of having B2B
refuelling and vice versa.

▪ This has an impact on the design of HRSs.
- There is a need to precisely understand the refuelling needs of the HRS

end users to have a good estimation of the B2B refuelling probability.
- The daily station throughput limit (typically 200kg/day) will be reached

the same time that the probability of three B2B refuels reaches 10%, a
level which is likely to cause issues (incl. lack of sufficient hydrogen
available for immediate refuelling and therefore increased waiting time).
This usage level is reached when 100 taxis or 300 cars use the station daily.
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▪ In London, six HRS support the operation of over 70 vehicles in fleet applications.

▪ HRS are owned and operated by Motive* (excluding Hatton Cross) and use on-site electrolysis to produce hydrogen for the
vehicles. Stations are focussed in the East, South and West linked to major roads in, and out, of the city.

▪ Utilisation of the London stations has increased dramatically since 2018 as a result of large fleet services being deployed by:
▪ Green Tomato Cars (GTC) – 50 FCEVs deployed in private hire services as part of H2ME’s successor project ‘ZEFER’.

Vehicles average over 44,000km per annum and have consumed 33,800 kg of hydrogen between April 2018 and
September 2021 (latest data available).

▪ The Metropolitan Police Service (MPS) –21 FCEVs deployed in emergency service applications. 11 vehicles are used as
emergency response (H2ME) and 10 are placed in ‘general purpose’ services (ZEFER)**. Mileage depends on service
calls and, as such, annual mileages can vary dramatically. Overall, the fleet have amassed over 780,000km and
consumed over 11,500kg of hydrogen cumulatively.

A cluster of 6 HRS are available in London, UK and 
support over 70 high mileage FCEVs

Station Operator Capacity

Air Products 80 kg/day

Motive 80 kg/day

Motive 80 kg/day

Motive 80 kg/day

Motive 80 kg/day

Motive 80 kg/day
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*Motive is a joint-venture established in March 2022 between ITM Motive and Vitol. Motive owns all the UK HRS constructed by ITM
Power. In the following report, ITM Power will be used when referring to the equipment used at the HRS and Motive for all topics
related to the ownership and operation of the station. 
**First 11 vehicles entered operation in April 2018, followed by the ZEFER (11) vehicles in February 2019

The London network 



▪ Before the deployment of the GTC and MPS fleet, utilisation of the HRS in the London network was low. However, as a result of fleet
deployment, hydrogen demand has increased dramatically so that between April 2018 (when the vehicles were deployed) and
December 2021 over 62,000 kg of hydrogen was dispensed across the London network.

Stations which are more centrally located are more highly 
utilised by fleet drivers in London

Volume of hydrogen (kg) dispensed across 
the London HRS network to GTC FCEVs (as of 
September 2021).

The following slides will take a more detailed look at utilisation patterns at Teddington and Rainham as these 
stations are expected to provide the best insights into HRS under ‘high’ utilisation. 30

▪ The map (right) shows the cumulative volume of hydrogen dispensed across
the stations in the network to GTC FCEVs. Note that some stations have not
been open for the full period and hence have lower dispensed volumes (Q4
2019 for Gatwick).

▪ Teddington and Rainham have received the most demand to date,
responsible for around 75% of the hydrogen dispensed across the London
network. Concentration of demand at these stations is likely due to their
proximity to the city centre, offering the shortest distance travel for drivers to
refuel.

▪ Reducing the distance travelled to refuel is critical to the business case of
fleet operation, especially taxi and private hire services, where revenues are
determined by the availability of the vehicle for customer service. Reducing
‘wasted mileage’ is also important for the economic efficiency of the service
as any fuel used to commute to a station impacts the ‘profits’ taken from daily
services.

▪ Outer-city HRS such as Beaconsfield, Cobham and Gatwick are used less
frequently by drivers in London. However, Beaconsfield and Cobham still
attract ~10% demand each as a result of GTC recruiting drivers who live in, or
around, the Western cluster of HRS.

Demand patterns across the London network



20 additional Mirai
added (10 in GTC and 
10 in MPS)

▪ The graph (right) illustrates how utilisation at Teddington and
Rainham changes over time in response to FCEV deployment.

▪ Before the launch of FCEV fleet activities in London, the HRS
network was used by private users who refuelled infrequently
and in small volumes. This led to a utilisation levels of less than
4% at Teddington and Rainham.

▪ As vehicles began to be deployed by GTC and MPS, the
utilisation of the stations increased.

▪ Clear increases in utilisation can be seen in response to GTC’s
deployment (graph), with station utilisation increasing by nearly
15 percentage points when 25 vehicles were introduced. A
similar pattern was seen in Q3/Q4 2019 when the second batch
of private hire vehicles were introduced.

▪ The introduction of the MPS fleet had a less pronounced
impact on utilisation likely due to the lower daily mileage of the
fleet and availability issues encountered during their launch into
operation (see next slide).

▪ Other than in Q3 2019, there has been a relatively clear
correlation between FCEV deployment and HRS utilisation. This
can be used to evidence that the HRS have responded well to
increases in utilisation, with few periods of downtime
encountered.

▪ Despite the slightly fluctuating number of GTC vehicles between
Q3 2020 and Q3 2021, the HRS load steadily followed an upward
trend.
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Additional 13 FCEVs 
added in Q2 2018.

Initial deployment 
of 12 GTC vehicles 
in Q1 2018.

FCEV Deployment

50% of GTC 
vehicles taken 
off the road 
due to COVID 
and 
operational 
issues with 
HRS
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Opening of 
Gatwick 
station

▪ Although the graph (right) shows a relatively consistent
correlation between FCEV deployment and HRS utilisation, there
have been periods of divergence.

▪ Notably in Q3 2019, utilisation decreased by 6 percentage
points across the Teddington and Rainham stations despite the
addition of 20 FCEVs throughout the year.

▪ This drop came shortly after the introduction of the MPS fleet
and was caused by a period of downtime at one station. During
this time, no FCEV could refuel at the station and drivers had to
use other HRSs in the network to refuel (for which data is not
included in the graph).

▪ In this instance, downtime was caused by user damage to the
station. This is a frequent trend seen at HRSs when new drivers
are introduced to fleets as station equipment is mishandled or
dropped (e.g. dispenser nozzles, etc.). This often leads to
extended periods of downtime until a replacement part can be
sourced.

▪ A sharp decrease in utilisation was also seen in utilisation from
Q2 2020 onward as a result of the COVID pandemic and its
impact on the taxi market (50% of vehicles were taken off the
road and fewer services were carried out by those remaining in
service). Governmental restrictions also limited ITM Power /
Motive’s ability to attend maintenance call outs at the stations
which has also led to periods of downtime at the stations and
thus reduced utilisation.
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Poor market 
activity during 
the COVID 
pandemic means 
that FCEVs on the 
road are driving 
less

FCEV user 
damages 
station 
causing 
downtime

4 HRS 
stations 
available in 
London

Events on the HRS network
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HRS utilisation 
increased as the 
Covid situation 
and associated 
restrictions were 
eased.

▪ As restrictions were eased, the HRS utilisation steadily increased,
reaching a combined load of 33% in Q4 2021, above the pre-Covid levels.

Impact of fleet deployments on the utilisation of HRS in central London

Isolated periods of HRS downtime and the impact of the 
COVID pandemic has led to sharp decreases in average 
network utilisation

Source: Internal project data, Cenex (data up to Q4 2021).



▪ Fuel demand varies on a daily basis depending on when and where drivers are operating their vehicles and require a
refuel. This causes significant peaks and troughs in the utilisation of a station.

▪ The graph below shows the daily utilisation of the Teddington station between February 2018 and December 2021,
excluding periods of station downtime.

▪ Although the station average is 27% (see orange line), there are a significant number of days when utilisation is markedly
above this level. For example, when all GTC and MPS vehicles were on the road in Q4 2019 and Q1 2020, the station
encountered a number of days when the dispensed volume of hydrogen was over 70% of the station capacity. The same
observation can be done at the end of Q4 2021 when the load also reached more than 90% on certain days. This
highlights that stations are capable of coping with high demands and significant variances in the hydrogen dispensed on
a daily basis.

Despite moderate average levels of utilisation, Teddington 
has encountered high one-off daily loads of over 90% 
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▪ Fuel demand at a HRS also varies over the course of a day depending on the schedules of drivers and opening times for
the station. This variance needs to be carefully considered by HRS operators and integrated into station design and
technical performance specifications.

▪ The National Energy Research Laboratory (NREL) compiled the ‘Chevron demand profile’ below which represents the
typical demand profile of a 24-hour US petrol/diesel station1. Data shows a peak of ~8% daily fuel demand between
16:00 and 17:00 when drivers commute home from work. Much lower utilisation is then seen during the night time,
between midnight and 04:00.

▪ The chart is commonly used to inform benchmarks for HRS designs. This will be explored in more detail in the next
chapter of this report. However, the following slides will focus on comparing demand profiles at the London HRS to the
Chevron profile.

Demand also varies on a hourly basis depending on the 
schedules of drivers

Source: H2FIRST 
Reference Station Design 
Task, p11. Sandia 
National Laboratories, 
National Renewable 
Energy Laboratory & 
Argonne National 
Laboratory, 2015
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Daily utilisation profile

https://www.nrel.gov/docs/fy15osti/64107.pdf


▪ The hourly demand at Teddington is displayed in the graph (right) in
comparison to the Chevron demand profile (orange line).

▪ Demands are loosely correlated with the Chevron curve. However, peak
demands are experienced in the morning (between 10am to 12pm) instead
of the late afternoon. This is likely because GTC drivers are beginning their
shifts, entering the city from their homes further out in the suburbs.

▪ Late morning refuelling is also expected to be attractive to GTC drivers as less
congestion is expected on the roads outside of key commuting times. This
highlights again the importance of minimising wasted time/mileage for the
business case of private hire operations.

▪ A small peak in refuelling is seen in the early hours of the morning between
1am to 2am when GTC drivers are finishing their night shifts.

▪ Utilisation patterns and correlations with GTC daily consumption figures
indicates that GTC drivers aim to refuel their vehicles at least once a day.

Demands at Teddington loosely correlate with the 
Chevron demand but peak demands are focussed in the 
early and late morning hours

*Based on GTC’s average refuelling amount of 2.2kg
Source: Internal project data, Cenex (data up to Q4 2021).

▪ Peak utilisation levels are slightly higher than NREL demands at nearly 9% of total capacity of the station, equivalent to ~3 cars
per hour*. To accommodate this, ITM Power have installed 42kg of variable high-pressure storage on-site which can allow several
back-to-back refuels.

▪ Whilst the volume of high-pressure storage is over-specified for the existing demand at the station, it ensures that drivers do not
encounter waiting time at the station (often caused by the time needed to compress hydrogen) and that temporary disruptions to
hydrogen production (~24 hours) would not impact the ability of drivers to refuel.

▪ High volumes of storage have been noted as critical by ITM Power to reduce the risk of downtime at stations. This is
because the operator needs to account for periods of electrolyser maintenance and failure which can temporarily pause
the production of hydrogen at the station.
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Teddington HRS: refuelling time of day 
distribution
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▪ The Rainham station has a flatter profile than
Teddington, with minimum demands of ~2% during the
early hours of the morning (3am to 7am) and
maximum demands of ~6% at 3pm to 4pm.

▪ Peaks in demand in the early morning (1am to 3pm) are
likely to be GTC drivers doing night shifts and refuelling
before returning home.

▪ Demand throughout the day is relatively stable, with ~4
to 5 kg refuelled per hour. Based on an average
refuelling amount for GTC of 2.2kg, this is likely to be
two separate refuels.

▪ The reasoning behind the flat demand profile at
Rainham is unclear. However, it is expected to be linked
to driver tendencies to avoid travelling to the HRS
during ‘rush hour’ when traffic is bad and customer
services are in high demand. Trips throughout the day
to the station are therefore likely to be preferable to
reduce wasted time/mileage and to maximise the
economic efficiency of the FCEV operations.

▪ The flatter profile could also indicate confidence in the
station, with drivers willing to refuel at any time of day
without any additional concern about its availability.

Demand at Rainham has a flatter profile, with refuels 
taking place throughout the day and night
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Periods of low HRS availability have caused ‘range 
anxiety’ in GTC drivers which can impact refuelling 
behaviour

▪ The graph (right) shows the average amount GTC drivers have
refuelled over the course of the project.

▪ Data shows that the average refuel for the GTC fleet is slightly
below 2.3kg, representing only 46% of tank capacity of 5 kg. Drivers
tend to drive 240km on average between refuels.

▪ Periods of reduced availability in London have been seen to
change utilisation patterns at HRSs as drivers experience increased
‘range anxiety’. This often results in drivers refuelling their FCEVs
more frequently than required to mitigate the risk of the HRS not
being available and having to travel to the next nearest station
(which is often far away). This can be evidenced in HRS refuelling
data as drivers frequently refuel small volumes to ‘top-up’ their
tank when they reach ~50% of their stated range (see Arrow 1).

Source: Internal ZEFER project data up to Q3 2021, Cenex.

Average volume of hydrogen refuelled by GTC drivers (kg)
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Please note that the vertical axis does not start at zero. 

▪ Increases in refuelling amounts correlate closely with periods of improved HRS performance. This can be seen in 2019 (see arrow
2) when a period of high and stable HRS availability increased the average refuelling amount by GTC drivers by nearly 25%.
▪ Improvements in refuelling amounts are also linked to the introduction of the ITM Availability App which allowed drivers to

check the live status of stations during their shifts. This provided greater visibility of the network and allowed drivers to plan
more effectively their routes and refuels.

▪ Other variables (such as the introduction of new drivers or Covid) may influence the refuelling behaviours and patterns of FCEV
drivers hence increasing or decreasing the refuelling efficiencies (Arrow 3 and 4).

▪ HRS performance can therefore have a significant impact on the utilisation patterns seen at HRS. As confidence increases, HRS
operators will have to prepare for larger peaks in daily/hourly utilisation as drivers are willing to deplete their tank capacity to
lower levels and will thus require more hydrogen when they refuel.

1 32
4

Impact of HRS availability on driving/refuelling patterns

Source: ZEFER D3.4 Bi-Annual Technical Report on Vehicle and Refuelling Station Operation



▪ Overall, the London network has responded well to increased utilisation, but
there have been some incidents of lower availability when new FCEVs are
deployed. Common reasons for this include:
▪ User error and equipment breakages are frequent due to customer

handling and false triggering of safety alarms. The picture (right) shows
damage to a refuelling nozzle after just 6 weeks of commissioning.

▪ High utilisation provides a significant stress test on equipment. In many
cases, downtime has been caused by the replacement of a part which was
nearing the end of its useful lifetime.

▪ As HRS are exposed to higher utilisation and drivers gain experience and
knowledge of using HRS, availability has been seen to increase. ITM Power have
also taken action to mitigate against common risks by:
▪ Storing ‘high-risk’ components which are prone to user damage or

technical failure at, or nearby, the HRS. This aims to avoid delays in the
supply chain and ensure that parts can be quickly replaced as, and when,
required.

▪ ITM Power have discussed design improvements for parts prone to user
damage with suppliers. For example, ITM Power are providing Linde with
inputs into designs for a more robust refuelling nozzle.

▪ Increasing remote monitoring of stations and improving technician
response times to undertake emergency maintenance work.

▪ Undertaking more preventative maintenance at stations to replace parts
before they fail in order to avoid downtime.

London HRS have responded well to high utilisation, but 
downtime is common when new FCEV fleets are 
introduced due to user error

Picture of a HRS dispenser nozzle 
damaged by users (Credit: ITM 
Power)
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Impact of utilisation on HRS performance



▪ It is important to note that the London HRS have also encountered technical difficulties, with critical components
failing more frequently than expected causing periods of downtime. This has led to a series of learnings to take
forward into the design of highly utilised stations, including:

▪ Accounting for more redundancy in HRS designs (n+1 philosophy), with separate process lines between the
electrolyser and dispenser to ensure that one component failure does not lead to full station downtime. An
increase in the number of dispensers was noted as very important to avoid repeating issues with user damage.

▪ Increased volumes of high-pressure storage to support high peak demands and to act as a back-up in case of a
system failure. It is expected that new station designs involving on-site production need to account for between
two to three days average demand in order to support periods where electrolyser maintenance is required or
downtime is encountered.

▪ Aside from the technical design, ITM Power / Motive have also noted the value of improved management of HRS for
higher utilisation. This has led to the a series of learnings, including:

▪ Clear communication with end users regarding the availability of stations helps manage expectations. This led
ITM Power to devise a live availability app which gives the status of stations and notifies drivers if any are
unavailable due to maintenance or downtime.

▪ 24/7 customer support is required to ensure that any failures or incidents are quickly addressed and to
increase the value of remote monitoring.

▪ Remote monitoring and maintenance of the station is essential. There have been many instances where
drivers have triggered false alarms which can be quickly addressed by resetting the system software.

▪ Personnel and companies in charge of HRS operation need to be separated from suppliers. This ensures that
sufficient resource is appointed to the HRS operation and customer response.

For future high utilisation stations, ITM Power/Motive 
would recommend new station designs to ensure higher 
HRS performance
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Station Operator Capacity

Air Liquide 40 kg/day

Hysetco 200 kg/day

Air Liquide 200 kg/day

Porte de la Chapelle Hysetco 560 kg/day

Hysetco 200kg/day

▪ Paris hosts one of the largest fleets of FCEV taxi fleets in the world, with over 160 vehicles operated by HYPE or
Hysetcoeach driving an average of 40,000km per year. Small fleets of Symbio range-extender vans are also in
operation in the city but their demand is comparatively small.

▪ Taxi operations are supported by 5 key stations which are placed strategically in the city, either close to major airports
(Orly and Charles de Gaulle) or in the city centre (Alma*and Porte de la Chapelle**). This aligns well with business
models for HYPE or Hysetco’s taxi operations which rely on identifying demand in the street (i.e. customer hailing).

▪ Most stations in the city (excluding Alma and Les Loges) are operated by HysetCo and utilise trucked-in low carbon
hydrogen. The stations were previously operated by Air Liquide. Air Liquide remains in charge of the maintenance from
level 2 onwards of these sites.

41* The HRS in Alma was set in operation for the COP21 and is currently out of operation.
**HRS outside of the H2ME project.

The Paris Network

5 HRS have been deployed in conjunction with FCEV taxis 
in Paris, France



▪ The vehicle heatmap (bottom left) shows the area in Paris where FCEV taxis are most active. Red areas highlight
intense activity of FCEVs, reducing to few activities in blue. The map shows that the majority of FCEV taxi operations
are focussed within the Paris Périphérique (ring road) and that frequent trips are made to the H2ME HRS at Orly and
Charles de Gaulle.

▪ This finding is supported by the demands seen at the HRS (see bottom right), with the two stations dispensing over
95% of the hydrogen dispensed to ZEFER Hype fuel cell vehicles across the Paris network. Since March 2016 up until
December 2021, the Roissy and Orly HRSs have dispensed 26,000kg and 64,600 kg of hydrogen respectively.

▪ Orly is of specific interest as the station has become the most utilised light-duty HRS in the project, and across Europe
more generally, with average utilisation of 36% (pre-COVID). Data from the station indicates that an average of 36
refuels are completed at the station per day (prior to COVID-19), with the average amount dispensed being 2.1kg (42%
of the tank capacity (5kg)).

Hydrogen demand is largely centred on HRS at airport 
locations where the FCEV taxis operate

Heatmap showing FCEV activity in Paris 20201.
Map showing the volumes of H2 dispensed per station 

(to ZEFER vehicle) between Aug. 2018 and March 20202.

1: Cenex (2020) H2ME D4.14: Vehicles and Infrastructure Performance Report 4. 
2: Cenex (2021) ZEFER D3.4 Bi-Annual Technical Report on Vehicle and Refuelling Station Operation. 
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▪ The graph (right) shows how the load of the HRS (i.e.,
utilisation) has increased as more FCEVs have been
deployed into operation.

▪ Sharp increases in utilisation can be seen
throughout 2018, with peak demands of nearly
45% reached in December (before Charles de
Gaulle was commissioned).

▪ Significant peaks in demand prior to December
2018 highlight that Orly can respond to sudden
increases in utilisation without encountering
significant technical issues. Short periods of
downtime were encountered, but once remedial
works were complete, the station was able to cater
to high demands immediately.

▪ The Charles de Gaulle station has also responded
well after its commissioning, with utilisation
steadily increasing from 12% in January 2018 to
30% in January 2020 with no significant periods of
downtime.

▪ The Covid period between Q1 2020 and Q1 2021
significantly affected the HRS load. After Q1 2021,
the FCEV taxis and HRS activities restarted,
enabling the number of FCEVs back on the road
and reporting data to reach 91 as of Q4 2021 and
bringing the average HRS load back up to 29%.

12 FCEV in 
operation

30 FCEVs in 
operation

60 FCEVs in 
operation

131 FCEVs in 
operation. 
All vehicles taken off 
the road in March 20 
as a result of the 
pandemic. 

Commissioning of 
Charles de Gaulle 
HRS – lower 
utilisation of new 
station brings 
down average

Covid situation and 
restrictions eased. 
FCEVs gradually are 
put back into 
operation
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HRS have responded well to sharp increases in demand as 
new FCEV fleets are introduced and began recovering 
from the impactful Covid-19 period

Source: Internal project data, Cenex (data up to Q4 2021).



▪ The graphs (right) show the average daily utilisation of the
Orly HRS, located close to the city airport.

▪ Orly shows a more important demand for refuelling in
the early hours of the morning (6am to 9am) and at the
end of the day around 8pm. Throughout the rest of the
day, the frequency remains quite stable at about 5%.

▪ This closely mirrors the times the airport is busy and thus
when customers are likely to need taxi transport in/out of
Paris. Refuelling during driver shifts could be a result of
the proximity of the HRS to the airport. However, this is
also thought to be a reflection of driver confidence in the
technology, with few having concerns about their ability
to refuel at any given time. This is reflected in survey
results where French drivers overwhelmingly described
their experience of HRS as ‘positive’ or ‘very positive’.

▪ Good perceptions of HRS may be linked to the archetype
of stations in Paris, with all Air Liquide models based on
hydrogen delivered to site. This often means that there
are fewer instances of downtime due to the production
chain (in comparison to on-site electrolyser production)
and high volumes of hydrogen stored on site.

Daily refuelling profiles at Orly indicate that drivers utilise 
the HRS mainly in the morning and at the end of their day

Orly HRS: refuelling time of day distribution
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▪ Demand at the Charles de Gaulle HRS is quite similar to Orly, with
utilisation increasing rapidly from 5am onwards. After 10am, the
frequency of refuelling slowing decreases for the rest of the day.

▪ The demand at the station follows closely the most popular times
at Charles de Gaulle airport (see below). Drivers therefore likely
refuel before starting their “airport shuttle” shifts into/out of
Paris.

▪ However, relatively steady demands throughout the day indicate
that drivers are willing to refuel during their shift. This is likely
because the station is close to the airport, meaning that drivers
do not have to travel out of their way to refuel. However, this
could also reflect the operational model of FCEV taxis, with the
business focussing on shuttle services throughout the day.

Peak demands at Charles de Gaulle closely mirrors 
customer demand at the nearby airport, with many drivers 
refuelling before their shift to reduce wasted mileage/time

Popular times at Charles de Gaulle airport (Monday) Popular times at Charles de Gaulle airport (Saturday) 
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▪ Whilst the HRS in Paris have responded well to increasing utilisation, Air Liquide has noted a series of design improvements which

will be implemented into the new stations, including:

▪ Building redundancy into the system – going forward, Air Liquide will install at least 2 to 3 dispensers in highly utilised

stations. This will allow one process line to fail without the full station being forced into downtime. Redundancy can also

facilitate better management of the station as maintenance can be isolated to a certain process line or dispenser, without

impacting the ability of drivers to refuel.

▪ Improving the supply chain – as Air Liquide use trucked-in hydrogen to supply their stations, a key concern is the security of

the supply to the site. To improve this, Air Liquide are working on the optimisation of the logistics chain in the city, replacing

conventional tube trailers with larger capacity ones. This will allow higher volumes of hydrogen to be transported into the city

in one go to optimise the logistics costs and reduce the greenhouse gas emissions per kilogram of hydrogen. The approach

also aims to improve the performance of the station, with the higher inlet pressure of the hydrogen reducing the compression

ratio required for cascade filling. The time taken to compress the hydrogen is therefore reduced, meaning more back-to-back

refuelling can be accommodated.

▪ Increasing the hydrogen storage on-site – by increasing the capacity of tube trailers, Air Liquide are also increasing the

volume of hydrogen stored on site as the equipment can be used as ‘temporary storage’. This can provide the station with

greater autonomy, especially on weekends when large trucks are forbidden on the roads. Air Liquide are also investigating

increasing the volume of high pressure hydrogen stored on-site at new stations to cater to the higher number of dispensers

and to improve back-to-back performance of the station.

▪ Improvements in the management of the station were also noted as critical to a positive experience with the HRS. To facilitate this,

Air Liquide has increased their communication with drivers using apps such as FillnDrive and launching a 24/7 support line.

Response times to failures have also been a key area of improvement, with Air Liquide introducing a graded system for faults, with

maximum response times enforced.

Air Liquide are already implementing learnings from the 
project into future station design
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Station Operator Capacity

The Hague Kerkhof – Orange gas 480 kg/day

▪ The Hague’s HRS was commissioned in January 2020. All the 19 FCEVs planned under H2ME-2 are operational: 17
were deployed in Noot’s taxi fleet in the Hague between October and December 2020 and Jan-Paul Kerkhof and
Orange gas own one FCEV each. As of May 2022, the FCEVs have driven approximately 839,000 km. The taxis that
refuel at the station run to other cities within a radius of approximately 50km.

▪ The HRS is located just outside the inner city of the Hague, near the busy business district and near the Dutch
ministries. It is integrated into a bp petrol station forecourt using Resato’s HRS technology. Around 100 FCEVs are
active in the area and the location is very convenient for taxi companies.

▪ The HRS has a capacity of 480 kg/day with 300 kg of onsite storage and this first Resato HRS was designed to cope
with 3 full tank back-to-back refuelling events.

▪ The HRS uses green hydrogen supplied by Air Liquide in Antwerp which is CertifHy-certified. The hydrogen is
produced with green electricity via electrolysis of a sodium chloride solution which results in chlorine and hydrogen.
Future supply will come from Oosterwolde green hydrogen production electrolyser which uses renewable energy.
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A new HRS opened in 2020 and accommodates the 
refuelling of 19 H2ME-2 FCEVs in the centre of the Hague, 
in the Netherlands

Source: Map: h2stations.org/stations-map

The Hague HRS in the Netherlands

The Hague HRS



▪ Resato is the supplier and technology owner of the HRS used at the refuelling station in the Hague, the 1st of its public
refuelling station FSS series (FSS1.0) to be deployed. Deployment of its successor FSS2.0 series has already started.

▪ Resato aims to be in the top 3 hydrogen refuelling technology players worldwide and will be pursuing this mission by
deploying more public and fleet owner HRS across Europe and later worldwide.

▪ The HRS in the Hague is the busiest in Europe to date, making it a perfect case study for a HRS under high utilisation.
▪ The amount of daily users refuelling at the station has been superior to what had originally been anticipated,

with between 30 and 50 vehicles per day. This led Resato to experience a very steep learning curve in 2019 and
2020. Indeed, quick reactivity was required when the station faced downtime, availability and performance
issues, especially at the beginning of the deployment, to ensure the operator and the customers were satisfied
and confident about the capability of the infrastructure to meet their expectations.

▪ Resato was able to fix the initial start-up issues accordingly and implement continuous improvements and
innovations to its station in the Hague and to its new HRS, through, for instance, software updates and a better
supply chain overall. (Further lessons learned can be found on slide 52).

▪ Despite the higher than expected level of traffic at the station, no safety incidents have occurred.
▪ Today, the HRS has reached a high and stable level of availability which reflect the progress the supplier has

made in managing its station in the context of being highly used.
▪ Beyond ensuring high levels of availability and performance of its stations, Resato aims to make its HRSs attractive

business tools for operators. This is a key element in its strategy to offer successful high utilisation HRSs. This vision
entails:
▪ A flawless user experience.
▪ Large hydrogen capacities to meet the required daily throughput.
▪ The ability to meet high demand for back-to-back refuelling.
▪ An optimised supply chain with a good “Well-to-wheel” knowledge.
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The Hague’s HRS is Resato’s 1st public HRS to be deployed: 
a benchmark for its future strategy

Source: Resato

The Hague HRS



▪ The HRS of the Hague dispensed 34,790 kg of hydrogen as of December 2021. The average availability in 2021 was
around 98.1%. The HRS is SAE J2601 compliant which should guarantee a fill time of approximately 1kg per minute at 700
bar.

▪ The number of refuelling events gradually increased, as did the average hydrogen amount per refuelling. For Q4 2021, the
average hydrogen per refuelling event was of 3.31 kg, giving an overall average for the station of 2.95 kg. The progressive
increase in refuelling efficiencies is understood to reflect the growing confidence of drivers towards the stations
availability and the improved station software ensuring more successful full tank refuellings.

▪ The average daily load as of December 2021 was of 38%. Periods of relatively low utilisation in 2020 and 2021 can be in
part explained by the Covid-19 pandemic.

The Hague’s HRS approaches levels of utilisation close to 
40% and the increased average hydrogen dispensed per 
refuelling event reflects improved confidence in the 
station from the drivers
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The Hague’s HRS: average hydrogen per refuelling event
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▪ The graph (right) shows the average daily utilisation of the
Hague’s HRS, which supports the refuelling of approximately
60 Mirais (1st & 2nd gen) and Nexos (mainly taxis).

▪ The HRS is closed between midnight and 5:00 AM.
Therefore, refuellings are compressed into a smaller
timeframe and the peak is longer than what can be
observed in other locations (e.g., in Teddington).

▪ Findings from the Monte Carlo simulation conducted show
that the smaller the refuelling window, the higher the
chance of back-to-back refuelling (approx. 19% probability).
This seems to confirm that the station is performing well
even with relatively frequent back-to-back events.

The demand in the Hague is concentrated between 9am 
and 5pm, generating a higher chance of B2B refuelling 

The Hague’s HRS: refuelling time of day distribution

51

0%

2%

4%

6%

8%

10%

0
-1

1
-2

2
-3

3
-4

4
-5

5
-6

6
-7

7
-8

8
-9

9
-1

0
1

0
-1

1
1

1
-1

2
1

2
-1

3
1

3
-1

4
1

4
-1

5
1

5
-1

6
1

6
-1

7
1

7
-1

8
1

8
-1

9
1

9
-2

0
2

0
-2

1
2

1
-2

2
2

2
-2

3
2

3
-2

4Fr
eq

u
en

cy
 o

f 
re

fu
el

lin
g

Refuelling time of day (24 hr clock)

Refuelling time of day US gasoline profile

▪ In Q4 2021, 2,487 refuelling events occurred, which gives an average of 27 refuelling per day. As most refuellings are done
during the week, the average between Monday and Friday is above 35.

▪ However, this number can increase quite significantly (x2) if the nearest station (i.e., Rotterdam) is unavailable. Indeed,
drivers which would ordinarily refuel in Rotterdam would need to drive to the HRS in the Hague (~40km) hence increasing
the traffic at the station.

▪ Users of the refuelling station can get access to HRS availability information through the public H2Live application or via
the private Dutch Whatsapp group. This enables users to be aware of issues at the different stations and therefore the
consequences this may have on waiting times to enable them to plan for their day and trips accordingly.

▪ Currently, the station at the Hague can allow for 3 full back-to-back refuelling and maximum 8 back-to-back refuelling if
the tanks are not fully refuelled thanks to the 350 bar 2nd dispenser. (The use of the 350 bar dispenser to carry out
additional back-to-back refuelling is mainly applied when other stations are down).

Daily utilisation profiles   

Source: Internal project data, Cenex (data up to Q4 2021).



▪ Lessons learned on the strategy behind the location and deployment of the HRS

▪ The HRS is in a very central location in the Hague, close to very busy districts. Thanks to the presence of the
HRS, the number of non-subsidized cars in the area has increased.

▪ However, the car deployment (especially of taxis) and the realisation of the HRS could have been more aligned.

▪ Reliability and efficiency key learnings and best practices

▪ The HRS had some initial start-up problems. This is the first full-size HRS to be commissioned and operated for
both BP Kerkhof and Resato. It is therefore a continuous learning process to make the HRS more stable and
develop innovations to make the station more reliable.

▪ Problems faced at the start of the project included equipment-related issues (I.e., software issues, cooling, and
fuelling-nozzle). Initially, communication with the suppliers to resolved these issues was intermittent. However,
as the suppliers and Resato learned to work together and as the station began to see its utilisation rate
increase, the communication with the suppliers improved consequently leading to better overall performance
of the HRS.

▪ As the number of vehicles using the station increased, measures were implemented to mitigate the risk of high
waiting times at the station during peak periods. A software was installed in mid-2021 to give drivers the option
between refuelling a full tank of hydrogen (and having to wait) or only half a tank (and having little to no
waiting). This followed a previous HRS upgrade which led to the improvement of communication between the
vehicles and the stations to optimise the overall refuelling process. The refuelling time was fine tuned thanks
to this enhanced communication, supporting the improvement of the state-of-charge and consequently the
overall hydrogen dispensed at the station. These software updates aim to continue reducing the time required
for a successful full tank refuelling.

The strategic location of the HRS and the continuous 
learning process are enabling the station’s to experience 
growth in its utilisation rate
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▪ Reliability and efficiency key learnings and best practices (continued)

▪ The Resato lessons learned from the FSS1.0 series have been implemented into the successor FSS2.0 series
(e.g., increased capacity allowing for continuous back-to-back for H70 refuelling to meet todays’ fuelling
requirements combined with better adaptation towards HDV H35 high fuelling demands).

▪ How drivers use the equipment impacts the reliability of the station. Improving the performance and the user
experience of a HRS will consequently reduce the risk of drivers damaging the equipment due to abrupt
handling of the material.

▪ Lessons learned on the importance of the support from local authorities in the ensuring the long-term success of a
HRS

▪ As of today, the Hague’s HRS can be categorised as a high utilisation HRS and is performing very well with high
levels of availability and a continuously increasing number of refuels. However, with the recent announcement
from the Hague’s municipality regarding the ban of FCEV in the next zero-emission tenders for target group
transport, questions arise on the future hydrogen demand landscape for the station as taxis currently
represent the majority of the demand. Therefore, liaising with local authorities early on to inform them on the
various benefits hydrogen-fuelled passenger vehicles bring is key to ensure a stable and growing long-term
utilisation of the HRS.

Ensuring the long-term support of local authorities 
regarding hydrogen mobility is key to secure lasting high 
levels of HRS utilisation
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▪ During HRS operation, pieces of equipment upstream from the high pressure storage, such as the electrolyser or
compressor, may break down and require maintenance.

▪ During the time this equipment is being fixed, hydrogen can still be dispensed from the high pressure storage. This helps
the station to serve customers even during equipment break downs.

▪ However, often the volume of high-pressure hydrogen stored on site is limited to a day’s supply, meaning that any failures
or maintenance work that stretch beyond this time period will result in station downtime.

▪ Increasing the volume of high-pressure storage available on-site is therefore often viewed as a simple way to reduce
downtime caused by production (if on-site electrolyser are used) or delivery (if hydrogen is trucked-in to the station) and
to ensure that end user demands can be met.

ITM Power Shell Hydrogen Station. Credit: 
ITM Power

Designing HRS to minimise downtime

High-pressure hydrogen storage tanks can be used to 
reduce downtime



▪ Increasing the volume of hydrogen stored on-site does however often pose a challenge to operators and its feasibility will
depend on:

▪ The size of the site – hydrogen at HRS is often stored in large metal or composite tanks or tubes. These can be
designed to minimise the footprint of storage on the HRS (i.e. standing vertically, rather than horizontally) but will
still require significant space at the station (especially when safety distances are included).

▪ Relevant safety distances – due to the pressure at which hydrogen is stored, tanks or tubes often require a
significant distance surrounding them to mitigate the impact of damage if an incident/failure occurred with the
station (i.e. gas release, gas explosion, fire, etc.). Safety distances are determined by codes and standards which
may vary between countries, but these are often based on standards defined by the International Organisation for
Standardization (ISO 19880-1), the European Industrial Gases Association and the National Fire Protection
Association.

▪ Approval from local authorities – increasing hydrogen storage on site may require approval from local authorities.
This can often be a long process as local authorities are often inexperienced in dealing with hydrogen and therefore
have to be convinced of the safety of the technology.

▪ Approval from landlords – HRS operators will need to seek landlord approval for the installation of additional high-
pressure storage on-site. This can be a long process and can be hard to secure.

▪ High pressure hydrogen storage also comes at a significant cost to HRS operators. In order to justify this, high and
consistent utilisation will need to be encountered at the station to allow revenues to cover the cost premium.

Achieving approvals for upgrading high pressure storage 
on-site could pose a challenge to operators 
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▪ As noted in the availability section, many of the HRS within H2ME are designed with one process line meaning that any
failure in the system will cause downtime of the station.

▪ A key learning from the project has been to design HRS with an ‘n+1’ philosophy whereby all equipment (especially high-
risk components) has a back-up on a separate process line. This means that if a failure is encountered, the station can
remain open just with fewer dispensers.

▪ Redundancy is also important in helping HRS operators minimise disruption caused by maintenance as one process line
can be ‘switched off’ to allow isolated technical works. The other system can remain operational and open to the public
to reduce the impact on station availability.

Introducing redundancy into the system is key to improve 
performance with increasing utilisation

Simplified example of station designed with n+1 redundancy

Hydrogen inputted into 
system (via electrolyser 

or trucked-in)
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▪ In order to minimise downtime, HRS operators need to prepare for disruptions to hydrogen production caused by
electrolyser malfunctions/maintenance or failed deliveries to site.

▪ Due to the immaturity of the hydrogen market at current, many HRS operators do not have significant ‘back-up’ hydrogen
production facilities. This often means that the downtime of a HRS is extended until equipment can be fixed or supply
chains can be re-established.

▪ Ensuring that there is a back-up supply of hydrogen is therefore a good approach to minimise downtime at the station.
Common approaches of HRS operators today include:

▪ Hydrogen produced for local industrial purposes can be trucked to the station as an emergency back-up.

▪ HRS operators with large on-site electrolysers can use surplus capacity to provide emergency back-up. However,
this is often not transported to the HRS experiencing downtime due to high costs and logistical difficulty of the
process. Drivers are instead diverted to the station directly.

▪ Overall, these back-solutions come at a price. This is why HRS operators agree that it is essential to reach and maintain
high levels of utilisation and of reliability of the stations to ensure that such downtime issues are avoided.

Ensuring back-up hydrogen supply chains are in place is a 
key mitigation strategy

Air Liquide hydrogen tube trailer.  
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▪ Overall, hydrogen refuelling stations within the H2ME project are performing well, with average availability of
94.1% across 43 HRS. HRS performance has been evidenced to improve with increasing utilisation across the
project as all stations have encountered fewer periods of downtime as the cumulative volume of hydrogen
dispensed increases.

▪ Increased utilisation can be evidenced to have both a short- and long-term impact on HRS performance. For
example, on a short timescale, it is commonly known that HRS experience a ‘teething period’ when the station is
newly commissioned and the hydrogen dispensed is low (<100kg). After this milestone is reached, the availability
of HRS is often seen to increase as initial parts failures and software malfunctions are addressed by the operator
and learnings are factored into station design and operation.

▪ Cumulative hydrogen dispensed over a longer time period is also seen to have an impact and this is attributed to
a) individual components performing better in regular use and b) more service support and attention being given
to better utilised (and hence higher revenue) stations. HRS now need to not only be high performing but also be
interesting business tools for the operator.

▪ Common reasons for downtime can be identified in the project, with 74% of the downtime which has been
experienced due to failures with compressors, chillers/precooling and fuelling dispensers. Whilst these parts
undergo further technical development, many HRS operators have marked them as ‘high-risk’ components and
keep stores of spare parts at, or local to, the HRS in case of failure and to reduce the downtime encountered.

▪ Despite the significant improvements made in HRS performance in H2ME, end user feedback highlights that
increases in the number of HRS available and improvement in the reliability of stations are critical to achieving
the commercialisation of FCEVs.

HRS within H2ME have performed well, but improvements 
will be required to reach commercialisation

60



▪ Due to the lower uptake of FCEVs than forecasted at the beginning of H2ME, many HRS within the H2ME project
experience low levels of utilisation. This leads to a low project average of ~7.4% utilisation.

▪ However, due to the deployment of high-mileage fleets, some HRS in London, Paris and the Hague are beginning
to experience ‘moderate’ levels of utilisation.

▪ In London, case studies on the most utilised station have highlighted that HRS are capable of coping with
significant increases in average demand. This is emphasised by an analysis of the peak daily loading at the station,
with many daily instances of >80% utilisation encountered with no significant impact on the availability of the
station.

▪ Utilisation patterns seen at the London stations showed loose correlation with the Chevron demand profile, with
drivers refuelling throughout the day. However, the volume of hydrogen drivers refuel per station visit is lower
than expected and can be linked to driver ‘range anxiety’ surrounding a period of poor HRS performance.

▪ HRS performance can have a clear impact on usage patterns of FCEVs. In the UK, a period of high availability led
drivers to travel greater distances between refuels and deplete their hydrogen tanks to lower levels due to higher
confidence in the stations being available as, and when, required. This can be seen by the average amount
refuelled per station visit increasing over time.

▪ In Paris, HRS have responded very well to increased utilisation even as the Orly HRS experienced some of the
highest average loading seen across passenger car HRS in Europe. This has led to high driver confidence in the
technology which can be evidence through project survey results and refuelling patterns which closely mirror the
Chevron demand profile.

Some HRS within the project are beginning to experience 
‘moderate’ levels of utilisation as a result of high mileage 
fleet deployments
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▪ At the Hague’s HRS, the utilisation level has been higher than expected and gradually increased to reach 38% daily
average load at the end of 2021. The deployment of high mileage taxi vehicles has played a key role. This situation
has given the opportunity the HRS equipment supplier to experience a very steep learning curve enabling them to
implement their lessons learned into the next generation of their equipment.

▪ This increase in daily average load combined with the increase in the average refuelling amount per event reflects
the growth in confidence drivers have in the FC technology for their vehicles and day-to-day use.

▪ However, recent news regarding future taxi tenders in the city has shown that having all the favourable conditions
gathered to have a high performing HRS is not sufficient if there is not a strong willingness from local authorities
to encourage the deployment of FCEVs.

Some HRS within the project are beginning to experience 
‘moderate’ levels of utilisation as a result of high mileage 
fleet deployments
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Management improvements

▪ Ensure local (in-country) availability of replacement parts
for ‘high-risk’ components and train local technicians to
address a range of issues at the HRS.

▪ Conduct rigorous testing of stations off-site and on-site.
This could include third party testing of the HRS before
commissioning.

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

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

▪ Establish formalised maintenance procedures and
contracts with clearly defined responsibilities and
timescales which reflect targeted availability (>98%).

▪ Use data (cross-checking downtime with video
surveillance) and/or customer feedback to improve user-
friendliness of stations to help decrease user error as a
cause of downtime.

▪ 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).

Design and technical improvements to HRS need to be a 
priority for HRS operators in order to increase driver 
confidence in the technology and commercialise the sector

Design and technical improvements

▪ Future HRS designs should include redundancy into process
systems to allow isolated failures to occur without the HRS
experiencing downtime.

▪ Sufficient 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.

▪ The B2B refuelling performance of the station is also a key
technical aspect to consider.

▪ A back-up hydrogen supply chain is essential in securing high
availability of stations. This can be a centralised production
plant or using local on-site electrolysers at nearby HRS to
support temporary periods of supply disruption.

▪ Standardised, 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.

Designing HRS to minimise downtime
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▪ As highlighted above, many HRS operators are advising that HRS are specially designed for high utilisation use
cases to ensure that the technology can meet the high demands and expectations of customers.

▪ Designing a HRS for high utilisation needs to take into account average, daily and hourly demand profiles which
are often complex to model, especially when considering private FCEV users.

▪ 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 size
of the site and careful consideration of the costs of upgrading each equipment piece.

▪ 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 (as the compressors work faster to refill the high-pressure storage). Currently, B2B
refuellings are not frequent within the observed H2ME HRS. However, the Monte Carlo simulation study showed
that with increased loads, the probability of B2B refuellings also rises. The throughput limit of many HRS today
(200kg/day) will be reached when around 100 taxis or 300 passenger cars refuel daily at such sites. At that point,
back to back refuelling performances of HRS will become increasingly important.

▪ Another key option to prepare HRS for high utilisation is to instigate mitigations measures that can reduce
downtime. 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. However, as previously mentioned, these come at a high cost, hence the
importance of scaling.

▪ A good user experience at the stations is also essential to ensure the success of a high demand HRS. This passes
through an adapted design of the station and good communication with the customers who are going to refuel
their vehicles at the station to provide them with the latest information regarding the station. This can be
achieved through the use of dedicated apps, 24/7 support lines, or dedicated Whatsapp groups.

▪ Availability, performance and user experience are critical aspects that need to be given particular attention when
designing a HRS which will be highly utilised.

To improve performance, HRS should be designed with high 
utilisation in mind and mitigation measures need to be put 
in place to reduce the impact of periods of downtime
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These assumptions are informed by data from the H2ME project, unless otherwise specified.
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Metric Toyota Mirai
in STEP fleet

GLC, private 
users

Symbio
Range-

Extended 
Vans

Buses Heavy duty 
vehicles

Average daily distance (km) 150 961 54 2002 200 – 6005

% of mileage operated in ‘hydrogen 
mode’

100 85 50 100 100

Average daily distance driven in 
‘hydrogen mode’ (km)

150 82 27 200 200 - 600

Efficiency (km/kg H2) 86 803 Confidential 114 136

Average daily demand (kg) 1.7 1 0.1 18 15-46

1 H2ME Annual Technical Report 4. The daily average of the GTC fleet is 96km which is above the average daily distance for petrol/diesel vehicles estimated in the 
Motor Vehicle Use and Travel Behaviour in Germany, http://www.diw.de/documents/publikationen/73/diw_01.c.44461.de/dp602.pdf
2 Based on “typical” routes for fuel cell buses. Note that average daily distance can vary significantly between operators. 
3 Estimated efficiency (actual figure is confidential)
4 8-9kg per 100km: https://www.hydrogeneurope.eu/hydrogen-buses
5 Distance varies depending on the use case of the truck: varies between 100km to 800km. A mean range was taken: 200 – 600km. https://s3.production.france-
hydrogene.org/uploads/sites/4/2022/02/France-Hydrogene-Mobilite_Livre-blanc-Camion-H2_web-final.pdf
6 7-8kg per 100km: https://s3.production.france-hydrogene.org/uploads/sites/4/2022/02/France-Hydrogene-Mobilite_Livre-blanc-Camion-H2_web-final.pdf

Assumptions behind average daily demand figures for different vehicles (slide 9)
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▪ The “average” utilisation of HRS for light vehicles in Germany, France, the UK and Scandinavia can be estimated
based on the number and type of fuel cell cars and vans deployed and the number of HRS deployed in each
country.

▪ Based on this methodology, estimates for the daily demand of hydrogen per HRS can be found below. Note that
these estimates are likely to be high, as the assumed demand is based on typical demand from highly utilised
fleets.

▪ Whilst Scandinavia and France are expected to have the highest levels of utilisation, cumulative demand per
station is still very low. With most stations within H2ME having a capacity of between 80kg/day to 200kg/day,
utilisation levels are expected to only reach a maximum of 40% utilisation.
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Region Germany France UK Scandinavia*

Number of FCEV cars 867 389 229 401

Assumed demand per FCEV car (kg/day) 2.0 2.0 2.0 2.0

Number of FCEV vans 16 273 7 -

Assumed demand per FCEV van (kg/day) 0.1 0.1 0.1 -

Total demand per day (kg) 1736 805 459 802

# of HRS for cars and vans 90 22 13 12

Average daily demand per HRS (kg) 19 37 35 67

*Scandinavia includes data from Denmark, Norway, Sweden and Finland

Deployment figures have been used to estimate the 
average daily hydrogen demand per station

Estimated hydrogen demand in Europe for light vehicles


