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Disclaimer

Despite the care that was taken while preparing this document, the following disclaimer applies: The
information in this document is provided as it is, and no guarantee or warranty is given that the
information is fit for any particular purpose. The user thereof employs the information at his/her sole
risk and liability. The report reflects only the authors’ views. The Clean Hydrogen Partnership and the
European Union are not liable for any use that may be made of the information contained herein.
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1.1 Purpose of this document

This report explores lessons learnt and best practices for heavy-duty hydrogen refuelling station (HRS)
deployment.

This report was compiled by ERM (formerly Element Energy) based on inputs (written correspondence
and interviews with stakeholders involved in the delivery of the funded HRS) from the HRS deployment
partners: Air Liquide, H2 Energy, Colruyt Group and BMW (with support from their infrastructure
supplier Total). Additional information and useful recommendations for H2Haul have been taken from
other related hydrogen mobility projects.

Following an overview of the H2Haul project (section 1.2), the remainder of the document is structured
as follows:

HRS installation process — an overview of the typical steps needed to install hydrogen refuelling
stations (with specifics for trucks).

Site overview —an overview of the sites constructed under the H2Haul funding programme.

Best practice recommendations —recommended actions for each of the seven main steps in planning,
installing, and operating hydrogen refuelling stations.

1.2 H2Haul overview and objectives

H2Haul is a flagship European project that seeks to develop, build, and test fleets of heavy-duty fuel
cell trucks and the associated refuelling infrastructure. The project partners and main objectives are
summarised in the figure below.

Objectives
= Develop long-haul heavy-duty (26-44t) fuel cell trucks that meet
customers’ requirements in a range of operating environments

= Homologate three fuel cell truck types

= Install hydrogen refuelling infrastructure at each site and provide high

reliability hydrogen supplies that maximise environmental benefits

= Achieve >2 million kilometres of day-to-day driving, proving the viability
of the technology

= Monitor the performance of the vehicles and infrastructure to provide
evidence on the availability, efficiency, and environmental benefits

Rigid truck  Tracter unit = Develop the business case to prepare the European market for further

roll-out of fuel cell trucks

Vehicle, component, and infrastructure suppliers Coordination, dissemination & analysis — Observer Grouﬁ
ﬁ Wilee, = \ antram il Mobiity {poL) s Geupe BLONEL BMW
r&nergy m % E R M ' Hydrogen rsarn . L GROUP .
TotalEnergies Puasnc ouna %w‘ g Europe %:m CaGly chnans Cy i JR— L(*I’ %&
f =PT P e et sl e Carrefour
e ) BOSCH @ﬂlrllqwde m @S hera —H 15 Rine NGES.: matnenee@ MIGROS o m'um
d wotisTics
(d POWERCELL IVECO PROJECTS p 2a e AreEL = STEFAD M. m]fl WA INRR Lol28

Figure 1: H2Haul overview and partners
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1.3 Sites overview
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The following table summarises the characteristics of the three funded HRS evaluated in the report.

Main features of the HRS

Country

France

Belgium

Switzerland

Town

Fos-sur-Mer

Ollignies

Rothenburg

Location type

Outer city/industrial
area —Close to a
motorway junction

Outer city - close to a
motorway junction

Outer city - close to a
motorway junction

Station settings

Stand alone

Integrated into a petrol
refuelling station

Integrated into a petrol
refuelling station

Pre-registered users
(any user can register

T f Publi Publi
ype of access N ublic ublic
owner)

S Maximator Advanced
Manufacturer Air Liquide Haskel Technology GmbH
Operator Air Liquide Colruyt group AGROLA+ H2 Energy
Number of dispensers 2 1 1
Number of nozzles 4 2 2
Storage capacity (kg) 400 325 470
Dispensing pressure 350 (with capacity to
(bar) 350 + 700 upgrade to 700) 350 + 700

. 80 kg/h 80 kg/h 132 kg/h

Capacity 1000 kg/day 400 kg/day 800 kg/day

Vehicle refuelling
protocol

- Light Duty vehicles
(700 bar): SAE J2601

- Heavy Duty vehicles
(350 bar): SAE J2601-2
- Heavy Duty vehicles
(700 bar): protocol in
development

Heavy Duty vehicles
(350 bar): SAE J2601-2,
implementation in
collaboration with
Haskel

- Light Duty vehicles
(700 bar): SAE J2601

- Heavy Duty vehicles
(350 bar): SAE J2601-2

Hydrogen purity

EN 17124, 1SO 14687-2

ISO 14687-2

ISO 14687-2, SAE J2719

via tube trailers

protocol
Number of trucks per
R 2/hour — 14/day 2/hour — 8/day 4/hour — 24/day
ff-si h ff-site el lysis —
Hydrogen supply Off-site electrolysis — Off-site green Ydrogen © '5|te € ef:tro ysis
.. . L production - delivered delivered via swap
logistics delivered via pipeline

containers

Energy source for
dispensed hydrogen

French grid

Renewable (details TBC)

Hydroelectric

Actual timeline

First refuelling April
2023

Commissioned
November 2022

Operational January
2021

H2Haul D2.5 — HRS best practice report 5
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2 Hydrogen refuelling station installation process

There are several steps typically involved in the installation of hydrogen refuelling

. . L Secure budget and
stations which are common across most areas and jurisdictions.

management approval

Some tasks (see right) are dependent on the successful completion of previous

tasks; for example, the civil and electrical engineering design cannot begin before
the site has been selected. Other tasks can be run concurrently, particularly given Identify suitable sites
the time which can be required to receive the formal permits to progress on-site \_

(see Design and planning). p
Agree lease/purchase

The relatively small number of HRS across Europe and the range of developers o
with site owner

involved (although with a small number of capable suppliers) means it is

challenging to give a confident duration for the entire process. However,

discussions with the key stakeholders involved in the H2Haul project suggests an

18-month timescale is typical (from site selection to completion), with this likely to Design work for HRS

decrease as permitting bodies, suppliers, and installers become more experienced

in the process. e
Civil and electrical

The safety requirements of HRS have few differences to their fossil fuel engineering design
counterparts, although the inexperience of local permitting bodies with hydrogen

and hydrogen refuelling stations led to longer permitting timescales than many

project stakeholders envisaged. Develop safety case

This risk can be alleviated by continuous dialogue with local stakeholders and the -

relevant authorities in a region. However, in all cases studied for this report, there
were unexpected requirements from e.g., the local fire department, which can be Prepare and submit
noted and taken forward in the future designs and engagements. planning application

Indeed, the research undertaken as part of this study suggested the key lesson
learned to ensure successful implementation of heavy-duty HRS is simply to gain

. . - i X . Procure components
experience from undertaking similar projects. Project partners with several P

successful HRS deployments over a number of years conveyed fewer issues and

challenges than those with comparatively little experience in locations with less (
hydrogen experience. HRS build (off-site)

Appoint contractors

(civils, electrical, and other works)

.
p
Site preparation
.
p
HRS installation and
commissioning
.

H2Haul D2.5 — HRS best practice report 6
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3 Best practice recommendations

3.1 Siting

The first stage in the design process for H2Haul-
funded HRS was to select the site on which the
refuelling station was to be built. The site
selected can fall under two broad categories:
standalone HRS which are installed at locations
with limited or no current facilities which are
typically unmanned, and hosted HRS which are
installed on or next to existing forecourts.
These are also normally self-service, but are
close to other business operators and as such
are not unmanned in the same way as
standalone HRS.

Two of the three HRS funded under the H2Haul
project are on existing, or next to, fossil fuel
sites. A key learning point is the potential risk of
opposition from these sites either due to the
perceived increased competition, or concerns
relating to the perceived dangers of hydrogen
as a fuel.

Checklist for HRS siting

v’ Strategic site — well located for major
routes and other (existing or planned) HRS.

v Sufficient space for all elements of the HRS
and possible future capacity increases.

v'  Ease of installation (e.g., access for
construction equipment).

v'  Good access for FCEVs, fuel delivery, and
maintenance requirements.

v'  Adequate utilities (water, electricity,
drainage).

v' Safety and security case considerations
(e.g., separations between storage and
users).

v" Requirements of fuel retailer (for
integrated HRS).

v Integration with other users particularly on
less greenfield projects.

3.2 Design and planning

There is increasing standardisation in the design of hydrogen refuelling stations, with most HRS based
on a modular arrangement of three principal elements:

a) The main skid housing any on-site production equipment, the hydrogen compressor, control
equipment, and a small amount of high-pressure storage.

b) Bulk hydrogen storage — this may either be on site fixed tanks, or an area for tube trailer
storage (normally space is left for two or more tube trailers to simplify removal and
replacement procedures).

c) Hydrogen dispenser (possibly including pre-cooling equipment depending on the distance
from the main skid). This is generally the only part of the station which is accessible to the
public.

There are also shifts towards incorporating as much “build off-site” componentry to avoid time
consuming and potentially less reliable on-site fabrication which can lead to increased risk of failure
modes (e.g., failure of welds and joints).

Despite this increased standardisation, site-specific design is still required due to the necessity to
develop, plan, approve, and install a layout within the site constraints and to relevant safety distances.
There may also be specific design requirements depending on the jurisdiction in which the HRS is to
be installed.

The refuelling protocol is also of critical importance. As the hydrogen fuel cell vehicle sector is still in
the early phases of development, there are likely to be changes in a variety of standards, protocols,
and other criteria from initial project inception to the final commissioning, particularly the question
around the deployment of 350 bar vs. 700 bar refuelling solutions. Thus, is it important to ensure the

H2Haul D2.5 — HRS best practice report 7
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design of components is aligned with the highest and most recent standards possible, to reduce the
likelihood of obsolescence before operation commences.
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Checklist for HRS design and planning

v Customer focused design — pay sufficient attention to the ergonomics of the station and
ease of access and use.

v" Vehicle movements — consider how customers will navigate the station and the scope to
refuel vehicles with the filler cap on either side.

v" Hydrogen deliveries — scope for increased/more frequent tube trailer deliveries should
demand increase. Delivery vehicles need safe access and a secure area to refuel the station
(if the trailer is used to refill rather than being left on site). This should have minimal
disruption to other operations at the station or in the vicinity.

v Access for station maintenance — ensure components at the HRS have adequate access for
both planned and unplanned maintenance.

v" Planning application documentation — ensure all requirements to obtain planning
permission for the site are satisfied, depending on the local context. This is likely to include
elevation drawings, station layout, safety distance plan, design and access statement,
assessment of traffic impacts, noise assessments, environmental impact assessment, and
other supporting information.

/ 2 compresseurs HP s
2 compresseurs MP P

1 bufter M2 (10001)

Figure 2. Air Liquide design for Fos-sur-Mer HRS

Finally, the design of today’s HRS (for any kind of vehicle) should be scalable — should the number of
FCEVs increase, demands for hydrogen fuel may be higher than the HRS was originally designed to
accommodate. Thus, consideration should be given to the scope for expansion, e.g., by replacing
components with higher capacity items, or increasing the site size to adapt to the demand.

H2Haul D2.5 — HRS best practice report 8
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action in the event of failures or leaks.

implemented over the lifetime of the HRS.

the risk of unexpected requirements.

Recommendations and best practice for design and planning

> Involvement from multiple parties — Ensure key stakeholders (e.g., main contractors,
vehicle owners/operators etc) are involved at the design stage to ensure all proposals are
feasible within the given constraints (e.g., location, cost).

> Design with expansion in mind — Allow for expansion opportunities within the station
design, for example including more medium pressure storage in future developments.

> Utilise modular solutions — Design modular systems where possible with minimal on-site
fabrication needed; stackable, unitised systems where this is feasible.

» Consider redundancy — HRS are a critical part of the hydrogen transportation ecosystem;
thus, downtime is detrimental to both the users and the wider deployment of hydrogen for
transport. Sufficient redundancy should be designed to ensure near-100% availability,
accounting for planned and unplanned maintenance (i.e., component failures).

> Ensure accessibility for all users — Ensure the station is easily accessible for users and
maintenance, for example avoid one way-systems, or ensure these are clearly marked. A
key maintenance improvement may be to locate the piping for hydrogen transport from the
storage to the dispenser in a trench rather than underground to allow for easier remedial

» Consider future proofing — Design components that are likely to be future proofed/perform
better than current standards given the likelihood for more rigorous standards to be

> Initiate close liaison with local authorities — Planning and consenting authorities do not yet
have significant experience with HRS; thus, it is critical to begin engagement early to reduce

3.3 Safety case and approvals

In all HRS there is a need to provide a user-
friendly, accessible, and aesthetically pleasing
design that satisfies all current (and ideally future)
safety and security requirements. These criteria
are informed by the HRS supplier, the site
operator, and national and regional guidance
relating to fuel delivery forecourts (not
necessarily specific to hydrogen fuelling). There
are also specific challenges for multi-fuel stations
(i.e., those delivering hydrogen alongside other
fuels such as diesel, petrol, and natural gas).

Some European countries have not vyet
introduced HRS-specific guidelines, despite the
deployment of some HRS in these countries
(Austria, Belgium, Finland, Norway, Sweden,
Spain, the UK). Indeed, only Italy, Germany,
France, and the Netherlands have HRS-specific
guidelines. There are also regulations for stations
including on-site hydrogen production — for
example in Belgium, an electrolyser would be
represented as a combination of standardised
components and guidelines are based on non-

H2Haul D2.5 — HRS best practice report 9

Checklist for HRS safety case and approvals

The safety case for publicly accessible HRS will
generally require input/sign off from several
representatives:

v" HRS provider’s safety team — design must
comply with the equipment suppliers’
guidelines.

v/ Siting partner’s safety team — organisation
hosting the station may have its own safety
requirements.

v Local authority’s health and safety
representative — local authorities are
generally responsible for enforcing health
and safety regulations and should be
consulted during the planning process.

v Other key stakeholders — local bodies/
organisations, such as the fire department,
may have specific requirements which must
be satisfied during the approval process.
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hydrogen-specific industrial data. Many locations also have specific requirements depending on the
guantity of hydrogen to be stored, or the size of the station. For example, in France, safety distances

depend on the flow rate of the hydrogen dispenser.

National regulations often introduce specific requirements and procedures to be followed when an
HRS is planned and commissioned. In countries with no national regulations for HRS, EU-wide
regulation, and similar guidelines for conventional fuels (e.g., CNG) are likely to apply. This may result
in different safety distances depending on the local interpretation of conventional fuel regulations into
what would happen with hydrogen. Where specific procedures are not known, it is recommended that
potential HRS operators contact the site owners, local authorities, emergency services and other
relevant stakeholders as early as possible, to understand any restrictions and requirements to be

considered during HRS development.

France

Table 1: Consenting steps for HRS in France; reproduced from “Guidance for HRS consenting phase” — JIVE 2 project!

Process steps /

Bodies to be

Further information

approvals needed
Detailed plans for
the site and
installation

Contact involved
bodies

Station provider is
commissioned

Document relative
to the Prevention
against explosions
(DRCPE)

Building permit

ICPE

consulted

Site owner (landlord)

Directions Régionales
de I'Environnement,
de

I’Aménagement et du
Logement (DREAL),
Local Fire Brigade

Control office

Local building
authorities

Directions Régionales
de I'Environnement,
de

I’Aménagement et du

Location and plans for the site discussed.
Installation details and mapping of the area is
finalised. ATEX zoning must be considered at this
stage although the final analysis will be conducted
by the selected equipment manufacturers.

Inform relevant bodies of plans for the project.
Enquire about documents required and potential
objections. Fire brigade will need time to get ready
and provide training.

DRCPE prepared based on the ATEX zoning of the
station.

The document is to be certified by a control office.

Civil installations (e.g. bitumen zone / concrete
pads to deploy station, access to road, security
fences / walls, firewalls etc.) need building permits
from the local regulatory authorities.

The local development plan may also require
special additional accommodations.

Hydrogen is subject to ICPE regulation items 4715
for storage and 3420 for production.

L https://www.fuelcellbuses.eu/public-transport-hydrogen/guidance-hrs-consenting-phase-sept-2018

H2Haul D2.5 — HRS best practice report
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Logement (DREAL)

Station is built

Germany

Clean Hydrogen Co-funded by
Partnership the European Union

A new section specific to hydrogen distribution
stations is being prepared for publication in early
2019. The new regulation will specify:

e Safety distances between the station and
surrounding properties.

» Safety distances from the station to other energy
stored on site (e.g. petrol)

e Establishment of hydrogen and fire detectors in
closed rooms, a degassing vent and at least one
entrance to always allow for the intervention of
fire and rescue services.

» Site security (signage, cameras, management of
access, alarms, emergency stop etc.).

At the moment, depending on the quantity of
hydrogen stored on site, either a declaration must
be completed, or authorisation must be granted
from DREAL.

Note: you may need to comply with other
regulation, for example when removing trees or
handling waste water.

Equipment must comply with European PED and
ATEX regulations.

CE marking should be applied, and a certificate of
conformity signed by the manufacturer.

Equipment must meet SAE J refill standards.

Table 2: Consenting requirements for HRS in Germany; reproduced from “Guidance for HRS consenting phase” — JIVE 2

project?

Process steps / Bodies to be

approvals needed consulted

Further information

Identify licensing Licensing authority
authority

Study of the
approval process

Preliminary meeting Licensing authority

Location and plans for the site discussed. Installation
details and mapping of the area is finalised. ATEX
zoning must be considered at this stage although the
final analysis will be conducted by the selected
equipment manufacturers.

Distinguish between hydrogen delivered fuelling
station and a hydrogen fuelling station with on-site
production — there are different governing
regulations.

Understand scope, duration, and cost implications of
process.

Inform authority on location and its specific features.

2 https://www.fuelcellbuses.eu/public-transport-hydrogen/guidance-hrs-consenting-phase-sept-2018

H2Haul D2.5 — HRS best practice report
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Detailed concept of
the facility

Approval by
customs office

Obtain a ZUS report
(expert opinion)

Building approval

Submit licensing
application

Acceptance of the
licensing
application

Granting of the
permit for
construction and
operation

Station is built

Local groups

Governmental
bodies

Industrial
stakeholders

Customs office

ZUS expert

Local building
authority or the
building
supervisory
authority
(“Bauamt”)

Licensing authority

Licensing authority

Licensing authority

H2Haul D2.5 — HRS best practice report
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Inform authority on objective and approach.
Receive feedback.

Discussion of the draft based on feedback from
licensing authority meeting.

Site viewing.

Determine the next steps (with reference to the
licensing application).

Apply for permission for the distribution of hydrogen
as a fuel by the petroleum company.

List of ZUS experts.

Approval according to the building laws by the lower
building inspection. The building permit is granted if
the project complies with the planning and building
regulation law as well as with all other applicable
laws (such as environmental laws). (Already included
in BImSch procedure)

The application must include a detailed plan of the
project, accompanied by necessary supporting
documentation such as site plan, construction
drawings, building specifications, and documentation
regarding heating, noise prevention, and fire
protection plans. The documentation required for the
application must also be presented to adjacent
property owners. The processing time for the
building permit — once all documents have been
completely handed in — is usually six weeks.

Exact details vary with licensing authority and fuelling
station type (BImSch or BetrSichV).

The ZUS report forms the basis for the application.
Further details for the application are found here.

The applicant should be told how long it may take to
examine the application.

Processing period starts upon acceptance of licensing
application.

Equipment must comply with European PED and
ATEX regulations.

CE marking should be applied, and a certificate of
conformity signed by the manufacturer.

12
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Further
documentation
prepared

ZUS preliminary
inspection / official
inspection

Post commissioning
inspections

Vehicle
manufacturer
inspection

Switzerland

ZUS expert

ZUS expert

Licensing authority

Vehicle
manufacturer

Co-funded by
the European Union

Hazard assessment, explosion protection document,
emergency plan, alarm and fire brigade notification
plan, pressure equipment document and electrical
wiring diagram are generally required.

It is advised there is a preliminary informal inspection
prior to the official inspection so that remaining
problems can be identified.

The official inspection will:

¢ Check documentation is complete

¢ Check the facility abides by the approved plan
e Check for proper installation and assembly

¢ Check electrical safety and function

¢ Check explosion protection

ZUS acceptance certificate are sent to the licensing
authority.

Repeat safety inspections are generally specified by
the equipment supplier maintenance plans. This is
checked by ZUS and sent to the licensing authority.

It is generally necessary for the vehicle manufacturer
to inspect the hydrogen quality and filing.

Swiss specific requirements on the procedure of planning and commissioning of an HRS are
summarised in a guideline issued by the SNV (Swiss Association for Standardization, reference SNG
10000:2019) which is available free of charge here.

Belgium

For the H2Haul site installed in Belgium, the consenting and permitting process took around six
months. Until the date of approval, there is no clarity on whether the application will be approved. The
submission is derived from an in-house or supplier study that leads into the permit details. A third-
party safety study is also required. Should changes be made to the design after the permit is granted,
a further safety study is required to be approved. Additionally, the local fire department must be
consulted as there are specific requirements for the location of fire hydrants, among other criteria.

H2Haul D2.5 — HRS best practice report
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Recommendations and best practice for safety case and approvals

> Standardise the safety case for HRS as much as possible — use a consistent method for the
safety evaluation and permitting process to reduce the administrative burden and give the
best chance of rapid approval. However, this consistent method can only be developed with
significant experience in the jurisdiction of the installation.

> Develop HRS solutions that consider the needs, expectations, and experiences of the
users whilst satisfying all safety and security criteria — safety is a critical factor to ensure
the HRS is approved by local bodies, although if this significantly compromises user
experience, the station will not achieve its expected financial and operational metrics.

> Consider involvement of other stakeholders beyond permitting bodies — other local
organisations (public and private) may have influence over the permitting decision. A list of
key parties should be developed and engaged with prior to submitting for approvals.

3.4 Component procurement

Despite significant progress in hydrogen vehicle and refuelling station deployment, HRS remain a
relatively niche product, with 254 stations operational in Europe, and 814 globally, at the end of 2022.3
This means the supply chains for certain products are not well developed leading to greater than
expected lead times, limited supplier choice, and potentially elevated costs. A key limiting factor in the
deployment of greater HRS (and led to challenges in the deployment of H2Haul stations) is the
availability of hydrogen compressors. These are complex products with few manufacturers, requiring
a high degree of engineering to reduce the likelihood of introducing impurities to the delivered
hydrogen.

Recommendations and best practice for component procurement

> Procure prefabricated components — as much off-site fabrication of components (e.g.,
piping) as possible to reduce the risk of leaks during operation.

> Engage with suppliers well in advance — the demand for components, particularly
compressors, requires longer lead times than may be expected. This also ensures any
difficulty with the proposed design is identified as soon as possible in the process.

> Ensure a comprehensive understanding of standards and regulations — ensure all
components used are functional to the required specifications and/or current regulations.
Additionally, endeavour to use components that go beyond current standards and
performance requirements to reduce the risk of non-conformity and ensure the station is
up to date for the longest time possible.

> Use contractors/suppliers experienced with HRS — it is beneficial to use organisations
experienced with hydrogen and HRS to reduce the risk of unexpected issues.

» Select components which can be easily repaired/replaced/expanded — in the event of
maintenance or expansion it is useful to easily repair or replace components for improved
items.

3 Record 45 New Hydrogen Filling Stations Open In Europe In 2022 (fuelcellsworks.com)

H2Haul D2.5 — HRS best practice report 14
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3.5 Installation and commissioning

This phase includes on-site construction work, installation of the HRS, and final commissioning work.
Construction typically involves the appointment and management of contractors (some of whom may
have been engaged earlier in the process), creating a level of complexity particularly if involving
organisations with little to no experience in hydrogen. It is therefore critical to ensure good
communication channels are in place at the outset.

Some necessary work may be outside of the
core project team’s control, for example the
connection of a new power supply and tasks
to be carried out by third parties. The project
team has limited ability to influence the
timescales of these types of activities, and
thus they can put the programme at risk.
Furthermore, at locations with existing
infrastructure already in place (e.g., an HRS
being installed at an existing forecourt), there
is a need to carefully plan and manage the Figure 3. Air Liquide HRS in Fos-sur-Mer, France
construction and installation phase to minimise disruption to operations.

Significant on-site time and disruption can be minimised using as many off-site assembly and modular
installation processes. This also reduces the likelihood of remedial actions being required post-
installation due to the reduction of lengthy in-situ processes, such as welding and piping. This is more
likely to be feasible for smaller capacity HRS as the heavy-duty installations conducted as part of
H2Haul require larger components.

Recommendations and best practice for installation and commissioning

> Off-site testing and commissioning — as much of the component testing should be
conducted before delivery and installation on site, to reduce the risk of lengthy
replacement or repair. For example, work to check compliance with fuelling protocol can be
completed before delivery to site. Note this is also required once installation is complete to
confirm performance, but pre-installation tests reduce the risk of faulty or incompatible
systems being installed.

> Agree roles and responsibilities for the entire construction phase — the client (i.e., the
organisation commissioning the construction) is responsible for appointing the
construction, design, and management coordinator and main contractor.

> Increased modularisation and standardisation — reduce the on-site works, saving time and
reducing disruption to neighbouring operations.

> Review any restrictions on when work can be carried out on site — there may be periods
(usually set out in the permit) during which on site works cannot be conducted. This should
be reviewed and confirmed prior to installation commencing.

> Ensure to monitor all civil and engineering work — this ensures the construction matches
the design and any deviations can be picked up and notified if required.

» Compensation may be required — consider budget for compensation if the installation
blocks access to existing retail facilities.

> Addition of components (e.g., noise cancelling) may cause delays — events such as this
should be picked up earlier in the process, but only through experience will this happen.
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3.6 Operation

Operation of HRS is increasingly moving away from equipment suppliers towards more forecourt-
integrated solutions, requiring agreements with suppliers for ongoing maintenance and operations.

Given the still nascent stage of the global hydrogen transport network in which reIat|ver few HRS are
deployed, high reliability of HRS is
critical to reduce real or perceived
user challenges. Additionally, it is
critical to communicate the status
of stations to FCEV users in real-
time to avoid situations where
customers may be unable to refuel
upon arriving at a station.

Figure 4. H2Energy HRS in Rothenburg, Switzerland

Recommendations and best practice for operations

> Ensure commonly required spare components are stored on or near the site — the
procurement and supply of spare parts can cause significant downtime at HRS; thus, it is
prudent to keep some components (e.g., spare nozzles, seals, etc.) on site or at a nearby
storage facility.

> Attempt to align the HRS operation with the deployment of FCEVs — in the event of delays
to deployment of FCEV fleets, limited operation of a station may lead to faults once larger
scale operation commences. O&M procedures should continue even if the HRS has limited
operation.

> Ensure rigorous purity checks for all elements of the hydrogen production process — this
can lead to significant operational downtime for checks if the hydrogen is already on site.
This is easier to control with at-HRS electrolysis or a controlled hydrogen production
process. Additionally the components required for hydrogen metering must be certified as
required by local rules.

> Consider how the hydrogen is delivered and removed from site — certain regions may
present challenges when delivering/collecting hydrogen trailers. For example, in
Switzerland there is often snow in colder months, which settles on top of the hydrogen
trailer. This must be removed (brushed off) prior to the removal of the trailer by the
hydrogen supplier.

> Increased hydrogen costs may lead to challenges with card payments — card payments are
commonly used at HRS. However, these often come with maximum payments. For example,
if refuelling a truck costs €200, issues may be encountered if the maximum card payment
limit is €150.

> Consider the reliability of hydrogen supply — how reliable is the hydrogen supply, and what
happens in the event of hydrogen shortages? Ideally, HRS should have at least two sources
of hydrogen supply (primary and back-up).

4 About the project

The H2Haul project (Hydrogen fuel cell trucks for heavy-duty, zero emission logistics) is a Fuel Cells and
Hydrogen Joint Undertaking (FCH JU) grant funded (€12million) project deploying 16 zero emission fuel
cell trucks in four demonstration sites. The project will run for five years from 2019 and is co-financed
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by the FCH 2 JU under the European Union - Horizon 2020 framework programme for research and
innovation under the project number 826236.

The following organisations are participating in the H2Haul project: Air Liquide, BMW, Bosch, Element
Energy Limited, Plastic Omnium, Colruyt Group, FPT Industrial, H2 Energy, Hydrogen Europe, IRU,
IVECO, Powercell Sweden, Sphera Solutions, VDL Enabling Transport Solutions, WaterstofNet. The
trucks will be operated by BMW (DHL), G Leclerc, Colruyt, Carrefour, and Air Liquide.

5 Similar projects

PRHYDE — development of recommendations for a non-proprietary heavy duty refuelling protocol used
for future standardization activities for trucks and other heavy duty transport systems applying
hydrogen technologies.

NewBusFuel — assessment of the central technology and engineering solutions required for the
refuelling of a large number of hydrogen fuel cell buses at a single bus depot.

HRS-AS — European hydrogen refuelling station availability system provides reliable data on European
HRS. The system monitors a growing number of stations in real-time, so end-users can always know
where they can refuel at any time.

HyQuality Europe — aims to increase hydrogen quality assurance in Europe to increase the reliability of
hydrogen refuelling stations (HRS), and the confidence of investors, operators and consumers.

JIVE — deployed 139 new zero emission fuel cell buses and associated refuelling infrastructure across
five countries.

JIVE2 - deployed 152 new zero emission fuel cell buses and associated refuelling infrastructure across
14 European cities throughout France, Germany, Iceland, Norway, Sweden, the Netherlands and the
UK.

MEHRLIN — deployed seven hydrogen refuelling stations serving bus fleets in cities across Europe, in
the UK, the Netherlands, Italy and Germany. MEHRLIN began in July 2016 until the end of 2022.

6 About the FCHJU

The Fuel Cells and Hydrogen Joint Undertaking (FCH JU) is a unique public private partnership
supporting research, technological development, and demonstration (RTD) activities in fuel cell and
hydrogen energy technologies in Europe. Its aim is to accelerate the market introduction of these
technologies, realising their potential as an instrument in achieving a carbon-lean energy system.
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