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Frequently used abbreviations

BEV
BeNelLux
CAPEX
CCS
DK
EHSP
EU
FCEV
FCH JU
CH2 Ju
FCEV
GHG
GTC
H2
H2ME
HDV
HGV
HIAD
HRS

Battery Electric Vehicles IEA
Belgium, The Netherlands, Luxembourg ICEV

Capital Expenditure NL
Carbon Capture Storage OEM
Denmark OLEV
European Hydrogen Safety Panel OPEX
European Union R&D
Fuel Cell Electric Vehicle REEV

Fuel Cells & Hydrogen Joint UndertakingRED I

The Clean Hydrogen Partnership SMR
Fuel Cell Electric Vehicle SOC
Greenhouse Gas TCO
Green Tomato Cars TSO
Hydrogen TTW
Hydrogen Mobility Europe (project) UK
Heavy Duty Vehicle WTT
Heavy Goods Vehicles WTW

Hydrogen Incidents & Accidents DatabasgEFER
Hydrogen Refuelling Station ZEV
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International Energy Agency

Internal Combustion Engine Vehicle
The Netherlands

Original Equipment Manufacturer
Office for Low Emission Vehicles (UK)
Operational Expenditure

Research and Development
RangeExtended Electric Vehicles
Second Renewable Energy Directive
Steam Methane Reforming

State of Charge

Total Cost of Ownership

Transmission System Operator

Tank to Wheels

The United Kingdom

Well to Tank

Well to Wheels

Zero Emission Fleet Vehicles for Europeandrall
Zero Emission vehicle
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H2ME initiative to the end of 2023 N 4N Mobility Europe

The H2ME initiative isféagship European projecideploying hundreds of fuel cell hydrogen cars, vans and the
associated refuelling infrastructure, across 9 countries in Eulbpesated the basis for a first truly pan
QdzNRB LISHY ySGé2N] YR O2yGNROGdzIS&a (2 o0daAf RAY3I (K.

The project is made up of two phases, H2ME (1), which started in 2015, andZ2Wieh ended in 2023. Over
the course of these two phasesore than 1,400 vehicles and 49 hydrogen refuelling statitvase been
deployed. The deployments are intended to jump start the drive towards fuel cell vehicles and establish the
conditions in which fuel cell vehicles and the underlying refuelling stations can thrive.

The project is being supported by the European Union through the Clean Hydrogen Partnership (previously
FCH 2 JU) but is driven by #t@ntinuous engagement of the industry.

This document provides W @S NIBA S ¢ 2 F {1 K S highliy®sdkey @ahi€vamehtaindirgparts dnS &
some of the emerging issueghich need to be tackled by the fuel cell vehicle sector as it moves towards a
commercially viable mass market proposition.

This document has been updated2@24, after the end of the project. It is intended to:
Give firsthand information from real world activities to stakeholders, pehagkers, etc.;
Identify and communicate the common themes emerging from these activities;
Serve as a basis for further deployments.
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Executive Summary (1/4)

H2ME in its two phases has been underway for nearly 9 years. The focus has been on clusters of larger numbers ofuétuediuty
vehicles (FCEVs) (over 1,400 deployed) and associated hydrogen refuelling stations (HRS) (49 commissioned) to tegi bunslrtesgelo
models, assessentiment, prove technologies at scale and apply learning to overcome some of the barriers to more widespread
application.

H2ME has been successful in 10 key areas:

Greenmass mobility and logistics solutiortsave been proven in cities and regions, with ranges and refuellingsimitar to
conventional vehicles. The experience gained gives a robust springboard for furtivertsoll

TheFCEVs have worked reliabhyith new models offering increased performance, becoming available on the market.

FCEVs are findimgches where battery electric vehicles are challengead extreme range and in intensive operation. While this
applies to some extend to personal cars and commercial vans in intensive applications, it applies even moredathi¢awks
long-distance and city buses. Lasile deliveries (which require a significant overall range) could also emerge as a goo&@EVs
with van models to be launched by key European OEMs from 2024 onwards (Renault, Stellantis, Vauxhall).

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

As HRS increase in size, and in number, utilisatiomame hydrogen is being dispensethe economies of scale is improvingnd it
is becomingnore affordable However, this is highly dependent on consistent baseload demand and energy market prices. This tr
will continue and could present a challenge for the sector.

Hydrogen is #lexible energy vectorwith crossover benefits tchard-to-abate sectorssuch as industry, shipping and aviation. As
hydrogen (including from imports) becomes more prevalent across applications, the issues around cost and availabilityesearlyin
roll-out phase will lessen.

The roltout of FCEVs in H2ME has demonstraiafe fuelling with hydrogerwithout compromise to safe vehicle operation.
5
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End to end life cycl€Q emissionsrelating to green hydrogen asmilar tothose of BEVs.
Significant gains itechnical knowhow have been accrued, with potential gaingieen jobs, energy security andQ savings

Prior to H2ME, there were few FCEVs in Europe and almost no fuel cell vans were fielded. There are now deploymentyof light du
vehicles, with taxi fleets growing and in the fuel cell van segment, and H2Miad@msaged further activity across in other vehicle
segmentge.g., FCEVs (ZEFER), heavy duty fuel cell trucks (H2Haul). Prior to H2ME, almost no fuel cell vans were fielded.

H2ME execution has progressed alongside Zero Emission Fleet Vehicles for EuropmanBeRER), with significant data caitec
that have helped further refine the development of models and business cases for FCEV and HRS.

The H2ME project has demonstrated tiability and practicality of FCEVs of different sizes in meeting the needs of a range of
existing vehicle usersover two thousand hydrogen ligliluty vehicles are now in operation in Europe.

Several countries now have hundreds of FCEVs in operation. The largest concentrations are found in taxshadnigfeetsn
city centres (with over 400 fuel cell taxis in Paris), as well as an increasing number of business users and compamhycaexlyse
adopters, especially in Germany.

However, technological advancements in the BEV sector since the beginning of H2ZME and the increase in number of models
available to customers in Europe means BEV are likely to capture the main market shares for light duty vehicles.

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

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

Where dense concentrations of highileage FCEVs exist, there is an attractive business case for the development and opératio!
local networks of HRS, and cities such as Paris and Berlin now hawedeity RS networks (7 HRS in Paris at the end of 2023),

ensuring that FCEV fleets can operate flexibly within these locations.
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A nationwide networks has been set up in Germany and the basis for a national network has been set up in Denmark, but

utilisation is currently low relative to capacity

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

Continued low levels of utilisation of HRS in the coming years could present challenges for the sector as it impactly tregyative
economics for existing and future HRS. This could delay investment decisions for new HRS and lead to the closureHiR8xisting

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

The business case for hydrogen production from renewables and operating refuelling stations is currently challenginigedue to t
scale of demand relative to the costs of installing and operating infrastructure. With a higher magnitude of demand, both
stations and hydrogen production can become more @dfdctive, the development of the European supply chain will

accelerate, and bring improved station reliability and economic opportunities.

The focus of many hydrogen mobility initiatives has shifted towards heavy duty applications, where demand per vehicle is muc
higher and where hydrogen is standing out at the main solution over other alternatiiggg.duty applications can play an

important role by supporting the economics for HRS while hehty applications are being rolleaut. Refuelling infrastructure

for passenger cars and vans can be developed alongside this: a) by ensuring that stations in strategic locations ablalsb cap
refuelling light vehicles and b) developing local clusters for applications such as taxis.

To enable scaleip of the fuel cell vehicle fleet, national subsidies and incentives are needed for all vehicle types

Although demand is growing across several applications, production volumes of fuel cell vehicles are still relativdiydew. Ve
costs will be significantly higher than those of fossil fuel vehicles while the supplynshairesand production volumes

continue to ramp up. Purchase incentives that bring thettoerroad costs of hydrogen vehicles in line with fossil fuel optames
needed to unlock demand from vehicle operators and bring market confidence to vehicle suppliers.

Incentives to be applied at the national level could include purchase grants and various tax exemptions;spuiieie®those

applied to Battery Electric Vehicles are likely to be appropriate, but subsidy levels should account for the current towigg ma
ofithe FCEV market compared to BEVS.
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Fuel credits for renewable hydrogen are needed to stimulate demand and production

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

The wording of the second Renewable Energy Directive (RED 1) gives member states the freedom to support hydrogen
produced from renewable sources (biomass and renewable electricity) with higher credit values, either through multiple
counting of credits or by including hydrogen as an advanced biofuel.
CdzStf ONBRAGA 6AGK | @I fdzS 2F | NRPdzyR enkl13 2F NBYySslofS F
price.

National governments can remove barriers to hydrogen mobility by ensuring that hydrogen options receive equal treatment

to other zero emission alternatives within transport strategies and policies

Specific measures to be adapted will vary for eemtntry, butmay include adding hydrogen platforms as an option in call
for projects for innovation & demonstration projects to decarbonise the mobility sector and transport applications,
updating regulations for zeremission vehicles to include specifications for hydrogen vehicles, and ensuring that guidance
on HRS installation is available to planning authorities.
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This document provides an overarching summary of the activities undertaken in the project. However, more detailed reports ¢
available on the H2ME project websitgtps://h2me.eu/publications/

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

Summary of solutions adopted to resolve outstanding network and precommercial issues around hydrogen fuel retailin
H2ME (1) D2.&lement Energy

Final yearly technical report reviewing the technical progress for FCEVs & HRS in the pHB&UE (1) B.15D5.18,Cenex
Well to Wheels environmental impact assessmeht2ME (1) D4.1%enex

Vehicle user attitudes, driving behaviours and HRS network access trdd@§E (1) D5.1&lement Energy

Summary and lessons learnt from the hydrogen mobility strategies tested in this proje@ME (1) D5.1Element Energy

Strategic recommendations for supporting the commercialization of fuel cell electric vehicles in Eutép®IE (1) D5.16,
Element Energy

Technical Performance of Vehicle and Stations in the project Reports (ZDZ3) H2ME (2)05.14D5.18,Cenex

{dzYYlF NBE ¢SOKYyAOFf w$SLR2 NI t NB aHIVHI(ADE.Bc DE.NREG&O G 51 G (2
HRS Safety, Regulations, Codes and Standards Lessons Lebi2Mdé& (2) D5.19D5.23,Cenex

Technical performance of HRS under high utilisation and recommendatioBs | H a 9 -Db.44 flentept Bremyy

Overarching progress beyond the current state of the art and gaps preventing full commercialisgdaNE (2) D6.11
D6.14 Element Energy
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{' Why is hydrogen Overview

mobility important’? Perspectives for society and policy makers
' Perspectives for early adopters

Perspectives for energy providers
The role of hydrogen in decarbonising transport
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Technology overview What is a Fuel Cell Electric Vehicle (FCEV)?
How does the technology work?
What is a Hydrogen Refuelling Station (HRS)?

Commercialisation Current statuof commercialisation
status Technical advancements
Existing barriers to be addressed
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C Environmental improvementg hydrogen can be generated through a range of low and net

zero carbon routes. Using hydrogen as a fuel in the transport sectaeduite global
emissions and improve local air qualityhus addressing both climate change and a major
public health issue, whilst at the same time, meeting EU legal requirements.

Energy securitg hydrogen can be produced from a variety of local renewable and other
energy resourcesnaking it widely availableofferingindependence from energy imports.

Economic development the expansion of this new sector provides the opportunity to
create new local businesses and jobs, promote wider economic growth, and maintain
9dzNRP LISQa GSOKy2ft 238 €SIFRSNBRKALID

Services for a greener grigigenerating hydrogen from electrolysis can hglporporate
renewable energy into the energy mity providing grid balancing servicethe process of
using excess electricity when energy supply temporarily exceeds demand.

Energy storage hydrogen can be stored in large quantities for long periods. When
generating hydrogen from electricity it helfpsther incorporate renewable energy into the
energy mixcompared to batteries.

13
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Local air quality improvements

A solution today for cities and regions.
Vehicle operation producing zero tailpipe emissidfiSEVs are zero
emission vehicles (ZE\Gnd do not release COr harmful materials
such as nitrogen oxides (NOx), sulphur oxi@&€3) or fine particulate
matter (PM2.5).
X ¢ foffefing fastrefueling (3-5 minutes) andong driving range
(600 km+ on a single tank).

| swissk NYé (1YyAFSQ F2N) YSSGAy3a Sy

A solution making the energy transition feasible.
The technology iseeded to meet targets for C{eduction and
accommodate increases in renewable energy production.
FCEVs hawagnificantly lower GHG emissiorien a lifecycle basis)
compared to conventional vehiclesd can be equal tbattery electric
vehicles BEV)when hydrogen is generated from renewable energy.
FCEVs are complementary BEVsallowing a transition to ZEVs today
o for hard to decarbonise applications due to their operational needs.
WopkeHoekstra, European Commissioner for Generating hydrogen from electrolysis can be used as a grid balanci
Climate Action speaking at European Hydrogen . oL
Week 2023 @CleanHydrogenPartnership tool, mitigating increased costs for network operatofsom more

renewable energy production and electricity demand from BEV sale:
14
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MercedesBenz GLC-Eell, Hamburg A
Police Service , Germany @Daimler

-

A

Zero emissions, zero compromise

¢ A solution today for fleets and private customers.
A Among ZEV powertrainBCEVs provide the longest range and shortest

refuelling times today.

FCEVs provide a ZEV emission powertrain optiondib@s not greatly

limit productivity or operation.

FCEVs carefuel in 35 minutes and achieve a driving range of 600 km+ on
a single tank. As the FCEVs mature, ranges approaching 1,000 km are to
expected, closer to those of ICEVs.

Supporting operation today and in the future

Toyota Mirai, Hype, France @Toyota- A solution to contribute to climate change mitigation efforts today while
preparing for future regulations.

,
A

A

RenaultkangooZ.E Hydrogen (by
Symbio), France @Symbio

Partnership

FCEVs can support drivers and organisations in demonstrating their
commitment to addressing air quality and reducing Cémissions.

Using light duty FCEVs todargpares for future air quality and GHG
policies introduced by national or city governmentwhile demonstrating
leadership in sustainable transport, and provides a common platform with
HDVs.

15
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Preparing for the future

C Hydrogen can be produced by water electrolygsng electricity from
renewable energy, and it can be easily storptbviding two key benefits
to the grid:

A Theflexibility to adapt to larger demand fluctuationsn energy
networks.

A the flexibility to balance demand and supplgs there is increasing
penetration of renewable generation.

C The technology iseeded to meet targets for C{eduction and the
expected increases in renewable energy generation.

A potential new source of revenue

C Water electrolysersire able tovary their output (and hence electricity
demand), so it is possible that tipeovision of grid balancing services
such as frequency responses or balancing services can be monetised.

M1 Wind Hydrogen Station, UK
@ITM power

16
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Transport emissions: 27% of all emissions in the EU; +33.5% from 1990 to @akp
Road transport accounts for 7%of total greenhouse gas emissions of the sectwk)
Air pollution was responsible for over 350,000 deaths for Eur@sea whole ire020. (link)

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

Policy ambitions European Green Deal aims to
make Europe a climate neutral continent by

o o 2050, with 55% reduction in GHG emissions by
§ = ~—_ 2030.
I Air Quality Directive sets a maximum air
| pollution limit in each Member State with first
infringements procedures launched against
Member States failing to meet these targets.
The Directive on Alternative Fuels Infrastructure
(2014/94/EU):sets mandatory targets for
e mewe e mw me aw wmewwwewe INfrastructure deployment to support alternative

fuels. This was replaced withe Alternative

Fuels Infrastructure Regulatiatzy R S NJ (i K ¢
prjectons wih exating measures pp LI O1I3SQ Ay newHHZ
Projections ‘with additional measures’ CQ emission performance standards for cars an

vans, and targets for BEV and FCEYV refuelling

points along major routes.

Source graph: European Environment Agency, Greenhouse gas emissions from transport (2023) 17
https://www.eea.europa.eu/en/analysis/indicators/greenhousgsemissionsfrom-transport
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https://www.eea.europa.eu/ims/greenhouse-gas-emissions-from-transport
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FCEVs are complementary to BEVs, allowing a transition to ZEVs today for applications with longe
ranges and more weight that remain hard to decarbonise due to their operational needs

BEVs angblug-in hybrid electric vehicle$PHEV)
have become the leading green mobility solutions

in recent yearsn terms of market progression and
ww o e Lo technological advancements. However, there
‘ avers (&) — i remain some challenges e.g., healuyty
: Heavy-duty R pmemee e applications, travelling long distances, and in
. i/ T t”km = N = o snd e continuous use, that today they cannot fully
g | addressFCEVs offer a viable solution to better
@”‘“ e i oui . meet these challenges.
@25 neaer e s Historically internal combustion engines have
"o 300+ 600+ 5,000+ A-C sorient b priets e dominated, whereas todasnultiple
complementary ZEV powertrain solutions are
B ke color apreventing FORY or syniualapplcaenci H now needed

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

Source graph: Hydrogen Roadmap Europe, A sustainable pathway for the European Energy Transition, Clearl8
Hydrogen Partnership (2019ydrogen%20Roadmap%20Europe Report.pdf (europa.eu)
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What is a Fuel Cell Electric Vehicle (FCEV)?

FCEVs run on hydrogen gas as a.fAghighly efficient fuel cell transforms the hydrogen
directly into electricity to power the electric motor(s).

FCEVs producero harmful tailpipe emissions. Wer vapour is the only exhausiNo
CQ or harmful emissions such as nitrogen oxides jN€dlphur oxides3Q) or fine
particulate matter (PM2.5) are produced.

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

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

FCEVs are as safe as, if not safer, than traditional gasoline vehicles

The carboribre hydrogen tanks of the vehicles have withstood highly demanding

crash, fire, and ballistic testing. Thanks to these high safety standards, FCEVs can mee
the strict safety and quality regulations of the countries where they are being deployed
(Europe, Japan, Korea and the USA). 20
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How does the technology work?

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

Step 1 Hydrogen stored in the tank is supplied to the

fuel cell stack @)
Step 2 An inflow of air is supplied to the fuel cell stack 5\;\\?\_\
W ‘\\\-\\
Step 3 The reaction of oxygen in the air and hydrogen : \\:\\;\
in the fuel cell stack generates electricity and water R,

Step 4 Generated electricity is supplied to the electric
motor

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

In H2ME, two main configurations are used

Full FCEVs are fuel cell dominaall the primary energy comes from the hydrogen fuel cell, such as the Toyot:
Mirai, with al114 kWstack and 1.6 kWh battery or the GLLCELL, with 435 kWstack and 13.5 kWh battery.

Fuel CelRange Extender Electric Vehicl@8EEVsS) use energy from the battery, which is continuously charged
the fuel cell running at its optimum point. The battery in the REEVs can be pluggad charged. REEV
examples are the Kangoo Z.E. Hydrogen (WKiV&'10 kW gross output stack and 33 kWh battery) and the new
Stellantis JUMPY, ¢1YDROGEN ane=XPERT vans (witlda kWgross output stack and 10.5 kWh battery).

21
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A hydrogen refuelling statiorHRSprovides a way of dispensing hydrogen into vehicles. HRS typically comprise
hydrogen storage, compression, and dispensing equipment as a minimum

HRS can be characterised by the source of hydragesite or off site (delivered) hydrogen production).

At the momentthere is a limited number of HRi® each of the partner countries. Though most networks are
growing, not all of them are.

Theutilisation (percentage of the total station capacity effectively usaddavailability (proportion of time the
HRS is available for use, i.e., excluding downtime for maintenance) are important performance metrics.

. - . H tion sit -

Off-site generation and delivery yerogen generation site HRS site
Off-site production [ s WU mCup,  pewewy e
plant (off-site) equipment Pl B Tgulry storage equipment

H, delivery
Hydrogen is delivered to stations by tanker or pipeline, like how conventional fuels are delivered to petrol station:

It has the advantage @illowing large scale production at low cost€urrently hydrogen is produced in different
ways (e.g., from methane or electrolysis (renewable and grid). However, many funding bodies and mobility
customers insist on the use of green hydrogen. Utilising a larger share of low carbon sources or certificates for

green hydrogen can be used to increase the proportion of green hydaigle stations as is the case in H2ME.
On-site generation HRS site

Onsite production )
Hydrogen production plant . . . . \ .
(on-site) Compression equipment Static hydrogen storage Dispensing equipment

Involves installing an electrolyser at the same site as the HRS. When using renewable electricity - e rzelmy
carbon hydrogen can be produced. This solution removes the need for fuel deliveries (although such stations car
designed to accept delivered hydrogen) but requires additional space. Electricity prices can vary and may be|higt
relative to sites with céocated renewable electricity generators.

22



1. Introduction

Section overview

E4tech
E R M elementenergy

4 ——— ERM G
N <N\ Hydrogen
B Mobility Europe

roup companies ———

/

[
I
I
I
I
I
I
\

Why is hydrogen
mobility important?
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The FCEV and HRS market was very differentat << .° - i
| Ha9Qa AyOSLIiAzy O2VYLI, mmﬁ.u.tﬁ@ope

C  H2ME commenced in 2015, in what was being claimed to be a Pmportiog OfSHl?SCm Opergg?n in
Gt GSNEKSR 28SFNE T2NJ GKS RSLX 28 vsyde ”%qusﬁzé?ggdf/ A%k ¢

ium

technologies. The first commercially available Hyundai fuel cell Sweden 'taly
BSKAOf S&a 6SNB LINERAZOSR SENI & Ay Netminos3offl, GEFmRNNE (]
Mirai in 2015. Austria

C  There were ambitious announcements by companies including Daimler
and GMBMW showcased two FCEVs in 2015, and §/N¢éfore the
exposure of its defeat device softwargepresented several fuel cell
vehicles at the 2014 LA auto showand, in a presentation in 2015,
hinted at a fuel cell Porsche. Nissan promised a commercial FCEV by
2018, and GM suggested it was renewing interest in FCEVSs. Great Britain

Norway [z N

France

C  However, fuel cells for use in transport applications were a very small : _ o
. . . . . Proportion of HRS in operation in
part of the total production, with stationary power solutions being the Europe in 2023 by country (total 244)

main contributor. Sweden

. . . . S’pa"nNorway
C California was an early adopter, deploying HRS and offering free fuel to Belgium

customers in the regionHowever, these had teething problems and Austria
breakdowns, leading many early users of FCEVs (mostly Mirai) to becGig! Britaing

frustrated with the offer of free, but unavailable hydrogen. Others (<2)1 %

C By the end of 2015 there were 92 HRS operational in Europe, with just
over half being publicly accessiblslost of these HRS were in Germany,SW|tzerIand
followed by Great Britain. In 2023 there are 244 HRS operational in

Europed. Most of these are in Germany, followed by France. Netherlands
1 TheFuelCellindustryReview2015.pdf , A , France 24
Pa rtnership 2H2Stations 4 Latvia (1), Poland (2), Czech Republic (3), Slovakia (2), Hungary (1) ,

. ) Slovenia (1), Croatia (1), Portugal (1), Iceland (2), Luxembourg (1), Italy (2)
3Hydrogen Insights December 2023 (hydrogencouncil.com)



https://fuelcellindustryreview.com/archive/TheFuelCellIndustryReview2015.pdf
https://www.h2stations.org/statistics/
https://hydrogencouncil.com/wp-content/uploads/2023/12/Hydrogen-Insights-Dec-2023-Update.pdf
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Commercialisation insights 4
Hydrogen
Many more vehicles are available to buy in 202@ Mobility Europe

A large international effort over the past decades by industry and governments has developed hydrogen vehic
technology to the point where they are ready for a commercialoatl

FCEVs and HRS are currently inghdy stages of market ramqoip. A mature (selsustaining) market is expectdyy
the 2030s, with expected sales of tens of thousands of vehicles/year and a growing HRS network across Europ

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

Vehicles from other transport segments are also increasingly coming to maftketks, trains, boats, aviation).

Models available in the EU market today Models available in the EU market from 2023
>, Mirai HYVIA 1} | HKO
gy FCV Renault & # == | Stellantis&
“ Toyota PIugPowe@ —@® symbio

Models previously available in the EU market  Citroen EJumpy, PeugeotExpert, OpeVivaro

== GLC Fuel Renault
= cell* E‘ KangooZ.E
e i \ o iy Mercede T‘~_ Hydrogen*
@ Hyundai <Y | -Benz Symbio

* Small trial ** new generation now available
Partnership 11n 2030, 1 in 12 cars sold in California, Germany, Japan, & South Korea could be power&bhycH: Hydrogen

Council https://hydrogencouncil.com/wgontent/uploads/2017/11/Hydrogescalingup-HydrogerCouncil.pdf



https://hydrogencouncil.com/wp-content/uploads/2017/11/Hydrogen-scaling-up-Hydrogen-Council.pdf
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Commercialisation status today Pg j“\*d fementeneray
ro en

Number of FCEVs and HRS operating In Europe! < ' M’éb."?y Europe

Over 5,000 hydrogen vehicles and over 250 HRS have now been deployed in Europe*

Vehicles and HRi& Germany France
Dec 2023

(Data includes but is not |
limited to H2ME)

Cars 2,326 635 372 562 771 >5,000
Vans (including range 16 273 5 5 15 306
extended vans)
Buses 108 33 98 12 64 >200
Trucks 29 (IPHE**) 1 2 6 28 55
Trains 12 - - - - 12
Active HRS (all “ 34 . 37 9 “ %2 . 59 (H2d44
ydrogen ydrogen - ydrogen ydrogen ydrogen
transport segments) Council) Council) IR e i) Council) Council) Council)

Source:EAFO (excludes retirements) unless otherwise stated; IPHE country statemenis/aliflity, H2Stations.org (LBST), European Hydrogen
Observatory, Hydrogen Council

C The FCEVs (>1,400) & HRS (>45) deployed in H2Mitakie# this growth and remain a large share of deployment:

C These are supplemented by private initiatives such astyieruckorogramme in Austria, thelyTrucksonsortium in
Northern Europe, Hyundai Hydrogen Mobility in Switzerland, and the EU project ZEFER, deploying 180 taxis

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

H2ME observer country highlights

C IHa9Qa W20aSNWSNI O2dzyiNASaQ o. St IAdzys V' F
project to inform their own hydrogen mobility strategies. Vehicle deployments in these
countries are currently low (at the 16400s scale), however, future deployment plans f

the observer countries aim to increase the scale of vehicle deployment.

C Alongside the Netherlands and Germany, Belgium is part dffffieucksnitiative and the
REVIVE refuse truck demo.

C .St3aAlLYy O2YLIyes /a. ®c9/ 1 I dzyOKSR GKS
VanHoohas presented a new series Fuel Cell Electric Bus (FCEB). Air Products sign
agreement in May 2023 to build a muitiel HRS for heavy duty vehicles.

C In Italy, Snam4Mobility has partnered wikiolftank Hydrogen to deploy 5 HRS by 2024.
The EfundedLIFEalpproject also aims to deploy 5 HRS. ENI inaugurated its first HRS in
Venice in June 2022. Several Hydrogen Valleys projects are planned in the country.

C  H2 Mobility Austria, a consortium of eleven Austrian companies, aims to put 2,000
hydrogen trucks on the roads of the country by 2089zonhas committed to supplying
70 fuel cell trucks to thépreissupermarket chain, the first of these trucks arrived in
March 2023.

27
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Technical advancements (HRS)  hisoan
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Improvements achieved to date

Common standardbave been agreed.
Safetystandards are in place.

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

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

Technical advancements required Commercial advancements required
Improvements irsupply chain maturity (e.g., Decreased hydrogen production costirough
nearby spare parts availability, number of suppliers) lower cost energy input and reduced cost of system
Further improvements imvailability and other components (e.g., water electrolysers).
areas relating to hydrogen fuel retailin¢g.g., fuel Refinement of the customer experiend®illing and
quality assurance and accurate fuel meterigg) payment methods, useifriendliness of HRS, etc.)
Projects such adyQuality(commenced in 2023) Demonstration of smart trading strategies for
began to address issues such as fuel quality green electrical power.
assurance.

The H2ME initiative was designed to demonstrate the technical early phase oonlifor Europe and address
commercial barrierg; significant improvements have been made through H2ZME in several of these areas: in mol
mature HRS designs, with improved components, materials & software, in preventative maintenance, in trairfing
deal with failure events, and in remote monitoring and sharing of operator experiences.

Sources: CH2 JU Review Days 2017 | CH2 JU, A portfolio oftpminefor Europe: a fadbased analysis. 28
https://www.fch.europa.eu/sites/default/files/Power_trains_for_Europe_0.pdf



https://www.fch.europa.eu/sites/default/files/Power_trains_for_Europe_0.pdf
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Key barriers to the mcreas_ed supply of low 0* B yarogen
carbon hydrogen at refuelling stations %% Mobility Europe

Renewable hydrogen is currently expensive, presenting a challenge foHR&business case

Many existing HRS in Europe dispense hydrogen produced via indas#di@lreforming of fossil fuels. This production route is
currently the most coseffective way of producing hydrogen, and accounts for most of the existing hydrogen consumption toda:
However, hydrogen can be produced via several routes resulting in lower emissions. The following production routes gre alre:

used to supply some HRS across Europe, to varying extents: Hydrogen production costs in 2023 (USD/kg)
BloombergNEF, 2023

Electrolysis using electricity with a low emissions intensity (e.g., from 12
renewables or nuclear power) 10

Reforming of biomethane (where the biomethane has a certified overall8 ————————————1 = —
emissions intensity) P—— e

Some fleet operators that have trialled low emission routes have expressed 4
reservations about FCEVs in the past, due to the limited availability of renewaBle—¢ | ————
hydrogen but in the context of recent netero commitments, fleets are 0
increasingly likely to seek options which are fully aligned with global Natural gas Naturalgas ~ Renewables
decarbonisation aims. +CCUS

TheCertifHyproject has established a framework for providing Guarantees of Origin (GOs) which documenfititerS@®y of
different hydrogen pathways. This is a necessary first step in addressing the demand for green hydrogen and, when fully
implemented, will enable end users to consume certified green ordakkon hydrogen all over the European Union.

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

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

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

Source: Summary of solutions adopted to resolve outstanding network and precommercial issues
around hydrogen fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy
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https://www.certifhy.eu/
https://www.iea.org/reports/the-future-of-hydrogen
https://about.bnef.com/blog/green-hydrogen-to-undercut-gray-sibling-by-end-of-decade/#:~:text=Blue%20hydrogen%2C%20or%20hydrogen%20produced,%244.5%2D%2412%20per%20kilo.

Edtech
elementenergy

Business cases for HRS are dependent FCEV fleet < Hy drogenm

scaleup, which rely on greater HRS deployment_____—\, ¥ Mobility Europe

Policyincentives are needed to scalgp demand to create a viable business case in the short term

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

The second Renewable Energy Directive (RED Il) gives member states the freedom to support hydrogen produced from
renewable sources (biomass and renewable electricity) with higher credit values, either through multiple counting obcredits
by including hydrogen as an advanced biofuel. The recent approval of RED Il means that 42% of the hydrogen used by ind
must be green by 2030 (reaching 60% in 2035), with 1% of all fuel used in transport to be RINBGB. Targets for transport
are not verystrong, andavour the use of the fuels (includingfeels) for maritime and aviation.

Hydrogen Europe (which represents European industry, national associations and research centres active in the hydrogen ¢
fuel cell sector) recommends settisgecific targets for renewable and low carbon hydrogen within transport fuatsd setting
incentives to enable these targets to be mét.g., as part of RED Il implementation at national lével)

Policies implemented at national level should aim to ensure thatliepensed price of low carbon hydrogen is competitive for
vehicle operators angrovide visibility on how long subsidies will be availablBased on the current cost premium of
renewable hydrogen (relative to fossil hydrogen and fossil fulslgSf ONB RA 0 & ¢ A (-Kpertkg dbilerfewable 2 F
hydrogenwould enable retailers to make it available at a price attractive to operators of heavy vehicle fleets.

Future HRS business cases will rely on the rapid soglef fuel cell vehicle fleets. Incentives for low carbon hydrogen, \oii
required alongside national subsidies and incentives for all vehicle types.

Support for low carbon hydrogen can address the fuel cost premiums, but vehicle costs are also a barrier to wider uptake

(currently, these have been addressed through provision of funding on a piwyemject basis). National purchase incentives

that bring the onthe-road costs of hydrogen vehicles in line with fossil fuel opticer® needed to unlock demand from vehicle
operators.Visibility on the planned duration of vehicle subsidi@gll help to give vehicle suppliers the confidencéoting FCEVs
to the European market. But specific governmsat targets (as in South Korea) are also important for wider growth.

Incentives applied at the national level could include purchase grants or various tax exemptions; policies like thoswapplied
BEVs are likely to be appropriate, but subsidy levels should account for the current lower maturity of the FCEV marketicomy
to BEVs.
Source: Summary of solutions adopted to resolve outstanding network and precommercial issues around hydrogen fue
retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy
IRFNBOs: Renewable Fuels of slogical Origind¢ KS 9 ! | @RNR23ISY { (NI GS3Iey | @8RNRIASY 9 dz
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Improvements achieved to date
Increased hydrogen storage pressure (700 bar) in vehicles has matwgedlting inincreased driving range
Safetyconcerns have been addressed, with no significant hydrogleted accidents for thousands of FCEVSs.
Cold startdown t0-25°C as théheat management strategpf the fuel cell engines has been optimised.
Durability improvements in fuel cell stacks and systems.

Though FCE\&e capable of servinthe needs of customers today, further development is needed

Technical advancements required Commercial advancements required

Improvements in design o ﬁp_ Economies of scale.

(e.g., number of ﬁ? Improvement inproduction

components, reduced stac ~v technology

size). -

Red)uction in raw material i e ieciorod by OEMS.
Ripnas platas ~ ”]

“® mrm o ox b

in fuel cell production (e.g.| o reduction in vehicle cog']s,ts

platinum). R sl Lean snd il A RO .

wolLme

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

Sources: CH2 JU Review Days 2017 | CH2 JU, A portfolio oftpainefor Europe: a fadbased analysis. 31
https://www.fch.europa.eu/sites/default/files/Power_trains_for_Europe_0.pdf
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H2ME brings together partners with industry ——

expertise from across Europe ' ' Mobility Europe

Edtech

%ﬁ\? L“ERM elementereray O AirlLiquide AGA ALPHABET elog’en \ Brintbranchen

creative oxygen Hydrogen Denmark

ZRC Qb

Danish Hydrogen == S clid<]s % < . /\
MO TENET  cOMEX  crryor ey  =Fvel i Q. !,-Orwm 1 [ r— HE)D
ISLENSE - di . MCPhy MANCHESTER
ﬂ“ K Ao hy SOLUTIONS % SYMEID THE LINDE GROUP Elggwr\:?gergy " roe

A ZMOBILI
STEDIN" R
. / The infrastructure
Inte[llgent g pe company
Energy wronscanten
WaterstofNet Sarreguemines
Confluences R ‘ G natre
Sirasbourg

Honoa (D €AV &S Hysetce e

Vetnisfélagio ehf. R-HYNOCA
/”E "'“f\ e
RE@LT @ HYUNDAI O M V fnﬂ T;)YOTA

This project has received funding from thael Cells and Hydrogen 2 Joint Undertak{ngw the Clean Hydrogen
Partnership) under grardagreement No 671438 and No 700350. This Joint Undertaking receives support from
the9 | BRatizon 2020 research and innovation programidgdrogen Europe ReseareimdHydrogen Europe

Clean Hydrogen 34
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H2ME is a major pafturopean effort to support «

T . o 5 ‘ . Hydrogen
the commercialisation of hydrogen mobility Mobility Europe

pa ”

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

HYPE fleet in Paris with >400

FCEV taxis reached in 2023

({10 (100 ==

eﬁllh - ll' ££ :

. 'li'"l'r AprEs—

Partnership


https://h2me.eu/2019/10/24/hydrogen-vehicles-to-travel-nearly-6000km-to-celebrate-the-expanding-network-of-refuelling-stations/
http://www.h2me.eu/
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4
N < . Hydrogen
- Mobility Europe

H2ME has been represented at key European
transport events

100 vehicles funded by H2ME2 delivered to taxi fir
DRIVR, in Copenhagen November 2021

H2ME Project representation and vehicle display a_ g2
the Connecting Europe Days, June 2022 '

Project representatives were visited by the Europes
Commissioner for Transport and the French
Minister for Transport

| Mmbmly projects

iasihE k]

i s =
— - e

36
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Activities under H2ME and H2ME2 are part of a < < e

much larger vehicle and HRS rollout in Europe :4 4, Mobility Europe

Yol >45 1400 €160M H2ME 2

20 stations
>1100 cars, vans and

. REFUELLING CARS, AND VANS TOTAL COST
29 stations STATIONS

>300 cars and vans

€60m total cost trucks
€32m funding €100m total cost

Started June 2015 €6' 7M ~50 €35m funding
Started May 2016

FUNDING ORGANISATIONS

Clean Hydrogen e

Pa rtnership Co-funded by

the European Union

m A e - > 1.400 cars, and vans 49 HRS m

1st commercial
generation FCEVs 2nd commercial
generation FCEVs

- HRS deployment E E -
Increased number of suppliers,
3rd generation FCEVs, EU wide HRS network

' Clean Hydrogen 38




4 E4tech
P{ E ERM elementenergy

Deployment projects timeline in Europe e

These activities have been supported by CH2 JQ A ' Mobility Europe

C The FCH JU, now Clean Hydrogen Partnership (CH2 JU), hastiienohegority ofthe R&D and demonstration
projects, supporting the deployment of light duty fuel cell electric vehicles and the associated infrastructure.

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

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

En 05

Pre-commercial demonstration Transition to commercial
projects — early TRL deployment
a8 ’4
ST Hydrogen
SWARM . A . Mobility Europe
(HyTEC hg/:lve EFE

e e % ~ J\é
G H IG IlllillQ OcITY m

&

P o]
TR > FH2HAUL | P
Hylransit NewBusFuel ) '.‘

. : Pre-commercial deployment with hundreds of HRS,
ECEV: Fuel Cell Electric Vehi First small scale demo projects for HRS, &b
: Fuel Cell E ectrlcl Ve |c|§=s passenger cars & buses ' passenger cars ] uses
HRS: Hydrogen Refuelling Stations First small scale demo projects for trucks
TRL: Technology Readiness Levels




H2ME initiative (201% 2023)
Project overview
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ERM Group compani

. . Hydrogen
Mobility Europe

C The H2MHEnitiative has deployed >1.400 FCEVs and 49 HRS across 9 countries by the end of 2023

Endorsers:

P -} =
Mobité Hydrogene France

H, Mobility -

==
KH, M

Scandinavian Hydrogen
Highway Partnership

W Hydrogen
R mobility grouping

B inoencux

W Hydrogen mobility
W Srouping in Austria

Hydrogen

l l mobility
grouping in haly

“Clean Hydrogen
Partnership

= Jointinitiative from the most ambitious European hydrogen mobility initiatives

toslend Concept:
o
Norway
to:
O
® .

A countries

United L\!..m

wir gdo
feland WO/, g Fwa® 0O P

-~ i

0% Gen®.9®

baloiny @ ‘Q
50 O Y U REREW
° tria ERRRR

|
France - RBERER
e TIYY
Italy
ERRER
&3 @  H2ME STATIONS H2ME2 STATIONS i i ," i -
Hydrogen RREEBEBR
. 4 . S
Mobility Europe PERRR

Performance and market analysis conducted during the project:

* Data performance analysis
* Marketreadiness and customervalue proposition

* Electrolyserin grid operation

RE-EV : Range-Extended

ge-t

HRS: Hydrogen Refuelling Station

FCEV: Fuel Ce

ectric Vehicle

New hydrogen refuelling stations:

N 2
7| NN

inn

%
Vi

Electric Vehicle

OEM: Original Equipment Manufacturer

* One ‘working framework’ linking these initiatives, which provide the opportunity
1) identify optimal commercialisation strategies and synergies between

2) develop European strategies for commercialisation

Fuel cell vehicles:

ERRER

RRER @.‘ > 1000 OEM cars
RRRRD & >440 fuel cell RE-EV
iﬂ vans

weli

| - (=T "

ke E4tech
%}E\; ERM elementenergy

ERM Group companies
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Achievements to date J8 eneray

Hyd
A flagship project for Hydrogen Mobility?2 I M%brlcl)ltgyegurope

Industry, SMEs and
University collaboratio

Gather evidences for new
deployment and business cases
-> Focus on ctiocation of
IO\ ale - aicmlsR  demand and HRS usage for

eI R different vehicles type .
strategies -> For vehicles, small and large g

fleet (>100)

Testing in real work conditions
Product ready for commercialisation
-> Up to 650 km of driving rangeavailability close
to 100%c reached 100 km/kg Hl
-> max HRS load reaching 479%wvailability >95%
backto-back refuelling for 6 vehicles

Building a rich dataset valuable for
Europe
Achieved since 2016 (as of Q4 2(Q

-> 40 million km driven Technical
~> 917 t of Hdistributed advancements

(361 000 refuelling events)

Deployment of new fuel cell electric vehicles models
and hydrogenrefuelingstationstechnologies
MercedesBenz GLC, Hyundai Nexo new model of
Renault Kangoo ZE Hydrogen (by Symbio), Stellantis
HKOand ToyotaMirai

Developmentof newtechnologiesand services
-> Maintenance strategies for HRS

-> payment by card and app increasingly commo
-> Fleet uses validated for taxi and carsharing
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Achievements to date Pg mieneros

Hyd
A flagship project for Hydrogen Mobili#y2 I Mobility Europe

Largest European deployment to date for
hydrogen mobility

49 HRS and 1492 vehicles have been deployed in

countries incl. 20% of German national network

Largest fuel cell electric
vehicles fleet in the world

> 400 Fuel Cell taxis in Paris by
HYPE and > 226 Fuel Cell taxis
in Paris byHysetCo

First deployment with European
vehicles OEMs
First deployment for Daimler and

High visibility first

Fostering additional activities in existing regio of a kind initiative
and for partners

Most advanced coalitions in Germany,

Scandinavia, France and the UK collaborating with

observer coalitions becoming increasingly actlr\se . I '
(Benelux, Austria and Italy) Issemination of results to a

relevant stakeholders Cross countries events
Analysis and summary To date: > 95 articles and H2_ME vehicles took a 6,0Q0km roe
of key trends and best 9 newsletters published, social media (1P through Europe showing the
practices for thefS =S i alel (1o (o] presence, 4 conferences and 6 dntages ot the technology

ML development roundtables held in addition to 17

To date: >95 report vehicles haneover and
produced o Ho Tw{ 2LISyAy3da B
RNA@ZSaé SOSyuaz bHrg
and presentations at conferences
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Technological development and demonstration <« < Bodgoan

KPIs and other indicators for vehicles ' ' Mobility Europe

C TheH2ME initiative has gathered significantly more information about the technology and its performance
compared to earlier projects while raising visibility on its potential.

C To date the project has deployed another 5 models/generations of FCEVs, nearly quadrupled the number G
vehicles on the road and achieved 10 times more kilomedfetata

Number of vehicles Models and generation of Distance driven by fleet
deployed vehicles deployed while collecting data (km)
1,492 12 40,000,000

205 3,000,000

Early projects H2ME Early projects H2ME Early projects H2ME

C Other Key Performance Indicators have been analysed for vehicles, such as availability and time in operatis
vehicles have performed very well, achieving an estimated 99% availability in extended operation since
HAMPKHAMCc® { SOGA2Y n G9GDARSYOS FTNRY dziAft Adl GAZ2Y

o Clean Hydrogen

., Partnership Source: CH2 JU, TRUST database. The grey (left hand) bars represent all vehicles fielded in projects priof% H2ME.
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Technological development and demonstration <« < Hodesoan e
KPIs and other indicators for HRS ' LN Mobility Europe

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

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

Number of HRS Number of suppliers Number of refuelling events
361,000
Early projects H2ME Early projects H2ME Early projects H2ME

C Other Key Performance Indicators have been analysed for HRS, such as availability, utilisation and time in

operation. The HRS have achiew@5% availability* on average and have been in extended operation since
2015/2016{ SOUA2Y nY AG9OARSYOS FTNRY dziAft Adl GA2YyED /

Source: CH2 JU, TRUST database.

:T;':f"':"mean Hydrogen *availability is defined with a focus on the user, as to whethed&$ can dispense hydrogen but 44

i Partnership

excludes maintenance periods
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2. Project overview N ’ § Hydrogen
Section overview Y MeblityElwops

Project partners
Deployment projects timeline in Europe

Project participants and

objectives Overview of H2ME (1) & H2ME 2 activities

Project achievements to date

Technological development and demonstration
£ ——————— ",
! Deployment overview & Dep-loyment objectives by country or group of countries :
| targets Vehicles deployment :
: Deployment timeline :
: HRS deployment :
. Cross cutting activities and objectives !
e e e e e e e R4

45
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Deployment & national refuelling infrastructure e_-—
n ot n g
Introduction strategies¢ H2ZME & broader context Moblllty Europe

National Strategy HRS in H2ME Vehicles in H2ME

Risk sharing J¥Widespread deployment of 100 HRS by 20 x 700 bar HRS in
- 2020/2021 and further expansion in line with increase inGermany

vehicle numbers to provide a national network and allow

OEM vehicle introduction.

>1,000 FCEVs across
the Nordics,
Germany, France,

I BNl Deployment based oexpected sales of OEM vehicles 9 x 700 bar HRS in  the UK and the

l - . (facilitated by tax regime) Aiming at a network of Scandinavia Netherlands
L

stations across the Nordic region to allow transnational
BRI driving within the region.

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

NWJP%  Aim to establislviable local networksn 20152020, 5 x 350/700 bar HRS
vl foIIowc_ad by accelerated rampp (20202025) and market in the UK
establishment.

Initial strategy based on 350bar REEVs in captive fleets 14 x 350/700 bar
I I linking hydrogen supply and vehicles, whichri&s early HRS in France

hydrogen infrastructure investments across the country

before OEM vehicles arrive.

EIN W peployment in 3 stagesmarket preparation (2015 1 x 700 bar HRS in
2020), early market introduction (2022025) and full the Netherlands
I I market introduction (202582030) with a progressive

introduction.
1 National Strategies have evolved over time, refer to appendix for detailed National Strategi@s
2Planned deployments throughout lifetime of the H2ME project

Partnership
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. . Hydrogen
Mobility Europe

Vehicles deployed under H2ME initiative

Daimler B Daimler GLC Honda Clarity Hyundai ix35 Hyundai Toyota Mirai SymbioZE H SymbioZE H
Class FCELL FCEV FCEV Nexo FCEV FC REEV FC REEV

FCELL FCEWWCEV/PHEV

Dates reporting 20152018
data to H2ME (retired)

20192023 20172023 20172023 20192023 20172023 20152023 2023

ab ydzFt ¢ aghym 478 km 650 km 590 km 756 km S0P KMGeNn: 4541m 400km
reported range 647 km Gen :
H, tank 5.0 kg Gen 1 1.8k
capacity and (7?65 I|;g|r) (7%3 il;gr) (7%(5) Egr) (7%3 lt;gr) (7%3 ll;gl’) S6kgGon2 (350 bar (733@%0
pressure (700 bar) version)
13.5 kWh
EElifE 14kWh  (9.3kWh  17kwWh  095kwh  16kwh ~OKWhGen oo wh 105 kwh
capacity 1.2 kWh Gen
usable)
Number
deployed in 40 157 10 63 58 722 251 191
H2ME

Sfﬁ'}', grvsdr:?ge" Source: Interim and final summary reports on technical performance of vehicles and stations in the-{Rejectt 5 47
(2021:2023), 2023, H2ME (2), Deliverable 5.@8nex
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Hydrogen Mobility Europe deployment timeline < < I?fdrogen °

Deiloiment ihase :44». M Obl'lty Europe

2015 2016 2017 2018 2019 2020 2021 2022 2023

roup compani

Mercedes “ B-Class ell GLC Kell ~a) m
Benz FCEVs . fied from 2015Q2 from 2018Q3 [N
- 40inoperation
Honda Clarity
Honda FCEVs from 201701
Toyota FCEVs Toyota Mirai
from 2017Q3
~ 223in operation
Procurement other vehicle types procured and N ﬁ
of other FCEVs deployed from 2017Q2 D=2
-~ 620inoperaton
FC range _/&WA  RenaultkangooZ.E. RE H _ «® - HKO Stellantis &
extended w from 2015Q3 ¥® — @ Symbiofrom 2021Q4
electric vans 251 in operation - 19linoperation
49

45 45
a5 37 37 37 37 38 39 40 4l 4l 4l 4l 4l v
4

3
55 30
21

15
HRS 7 g 10

11 2 4 453 I
__-IIIIII

48

55":'cfﬁzsr,,sdﬁ?€en Significant HR& vehicle deployments are now taking place outside the H2ZME projecig
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4
. . Hydrogen
Mobility Europe

In addition to deployment, the H2ME initiative
conducted valuable crossutting activities

The H2ME Iinitiative aimed to:

C Share best practices and lessons learnt between industry partriersnsure processes such as HIi
installation, metering and billing etc. are streamlined and improved across Europe.

C Use data collected as part of the projectltetter understand the status of vehicle and HRS
technology.

~ A~

C Conductanalysisto S 0SNJ dzy RSNE Gl YR Odzai2YSNBRQ ySSRa

(0p)

C Conduct economic and strategic analysis to provemmmendations for the rollout of hydrogen
mobility, with a particular focus on national rollout strategies and business cases for early adopte

C Analyse thampact of hydrogen generation by electrolysis on the efficiency of the energy syste
and demonstrate the ability to monetise the provision of grid balancing serviaesg water
electrolysers via real world tests of HRS with electrolysers.

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

49

Partnership
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4. Evidence from utilisation
5. Environmental benefits and routes to low costs green hydrogen

6. Barriers and recommendations
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Section overview <> Mobility Europe

Overview of strategies

Overview H Mobility Strategies

Ownership models and characteristics for refuelling stations
Vehicle deployment in each region

o

-

National, regional and
local case studies Details of national strategies

Case studies for regional strategies
Emerging trends

lean Hydrogen 51
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The hydrogen refuelling network in Europe will need < < 4 oo

to be accelerated to reach 1,000 stations by 2025 %" Mobility Europe

. R R . Operational public HRS (76dgar) in Europe
| e RN2ISY 9dzNB2LISQa ¢SOKy2ft 2 (January 2024) NH

1,000 public HRS across Europe by 2025

Significant acceleration in the deployment of new HRS in 0

2024 will be required to achieve this: as of January 2024, L

there were 168 public operational (74&ar) HRS in Europe, g2 415

most of which are installed in Germany, the Netherlands, w o

and Switzerland. A further 41 stations are currently planned :‘
. )

or under construction. :L'_ —

While this represents the start of a p&turopean refuelling
network, many of the existing stations currently only have %‘% -0 O
the capacity to refuel relatively small numbers of light duty ;v
vehicles(i.e., cars and vans), with only a few stations having ‘ 40 ‘0
the capacity to serve fleets of taxis, buses or other high
demand vehicles.

Significant further investment is requiretb provide a

sufficient network of refuelling stations to meet the a0
potential needs of the hydrogen mobility market, especially -
when considering the adoption of heaaduty hydrogen

vehicles, such as trucks, which will also require national

networks of highcapacity refuelling stations.

Map of operational 70&ar hydrogen refuelling stations as of
January 2024. Source: H2Live

SourceOverarching progress beyond the current state of the art and gaps preventing full commerciatisation 52
Final 2023, H2ME (2) Deliverable 6.14.Element Energy. Figures updated to January 2024.
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Different strategies result in many ownership . . Hkaen

models and characteristics for refuelling stations

Initial strategy for

HRS network
development

Level of risk:
low utilisation

Mobility Europe

Ownership models Number ofHRS*
in January 2024
(H2ME)

Germany

France

UK
N 2]
7 | [N\

Nordic region
Il-l-
1 1 1
II-- ||
min .-

Benelux

% Clean Hydrogen
Partnership

Extensivenational
coverage + major cities

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

Mainly regional (south
east)F 2 Odza H,2
Kdzo a Q

Develop network to
allow long distance
mobility across the
region.

Strategies within this
region are in
development.

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

Low: demand is secured in
advance of investment decision

Moderate: stations built with a
m|x 9{ k'x_Jelc aﬁu)d private
mvestment in projects which
group vehicles and stations

High:network coverage achievec
in advance of significant vehicle
deployment.

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

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

96 (20)

Individual investments, with coordination by
Mobilité HydrogeneFrance; joint venture in - 497 (14)
Paris HysetC9d

Individualinvestments with government

support 1)
Predominantlyindividual investments, with
a joint venture structure in Denmark. Case 10 (9)

based on expected increases in vehicle
deployment.

H2Benelux project aims to enable national

travel across Belgium, Netherlands and

Luxembourg. Further plans are likely to 29(1)
Ayoz2t oS SELNl yaAazy ol asSR 2y |
approach.

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

deployments also reflect the different strategies _ N ‘ Mobility Europe

Initial light FCEVs (all vehicle | Diversity of Light duty Implications for overall hydrogen
vehicle types | types) on the road | vehicles vehicle demand and HRS utilization
2023(with H2ME | deployed applications
units in brackets)

Germany 2,479 (419) Mainly cars to Car clubs; B2B Demand iglistributed across several
date; growing leasing; Ride cities; very few HRS are seeing high
numbers of Pooling; local levels ofutilisation. Upgrading of HRS to
trucks & buses; authorities accommodate 350 bar refuelling for
Rangeextended heavy duty applications.
vans

France 942 (807) Rangeextended  Ultility fleets; Adoption of taxis ifParishas led to
vans; cars as delivery vans; local significant increases to the hydrogen
taxis; buses & national demand on the local network

agencies; taxis

UK 474 (62) Passenger cars, Taxis; police Adoption of taxis inLondonled to an
vans and bses vehicles; local increase in hydrogen demand on the

N 2 authorities local network pbut HRS utilisation

71 NN remained low. Discontinuation of taxis

and HRS at the end of the project

582 (154) Passengecars; Local & national Demand iglistributed across several
somebuses and  government cities, few HRS are seeing high levels of
trucks agency fleets; utilization. Programs now being

taxis; private established to promote taxi use.
customers

& Sources: Hydrogen mobility strategies, 2020, H2ME (1) Deliverable 5.13. Element Energy.
g[:ratr;l] grysdr:?gen Overarching progress beyond the current state of the art and gaps preventing full commercialigatiah2023, 54
’ H2ME (2) Deliverable 6.14.Element Enefgyures updated to January 2024
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‘5\ s,
»

Large subsidy schemes have emerged in Europe,« <

. e . : _ - Hydrogen
signifying a shift from testing to deployment S %% Mobility Europe
Pre-2018: Post2023:
Earlystage strategies and Dedicated policy mechanisms and letegm
demonstration projects FTTTTTTITTTmm Ty ! support schemes
: (Learnings |
. facilitated by : A National policies have been tested and
' projects such as ! adapted.
| H2ME and ZEFER) A Efforts to create nationwide network in
: Europe have seen mixed results.
- Risk sharing JV - Widespread deployment of 100 HRS . .
by 2020/2021 and further expansion in line with A Gel’many IS the Only EU Country W|th a
increase in vehicle numbers to provide a national . .
N . network and allow OEM \fehiclepintroduction. network resembllng natlonal Coverage
I - . Deployment based on expected sales of OEM vehicles A Captlve ﬂeetS and demand hUbS
(facilitated by tax regime). Aiming at a network of
I . |- stations across the Nordic region to allow appear tO be preferred by Current
transnational driving within the region. h
mes.
P L1 Aim to establish viable local networks in 2015-2020, PrOOf Of Concept Saiciiss
L~ N followed by accelerated ramp-up (2020-2025) and
e Testing of national A Some European nations have implemented
nitial strategy based on ar RE-EVs in captive .
B oot i e strategies O 0, e SVl seinsmes:
cou:tr::befire OEM vehicles arrive. A France Ademefundlng progl’ammeS

4

I Dep.foymentini'sta.ges-mar_ket preparation (2015- () LIJ S O 2 é é é u é Y Q Y 2 ﬁ S f
2020), early market introduction (2020-2025) and full A Germany CommerC|aI ﬂeet Support

I
I I market introduction (2025-2030) with a progressive

introduction. (6.6Bn Euro pledged, NIP 2 scheme)
A UK: ZERFD / ZEBRA funding
programmes (HRS & HD) amdting

0KS wSO02aeaidsSyQ Yz
Source: Overarching progress beyond the current state of the Valley Hydrogen Hub fund.
art and gaps preventing full commercialisatiofinal 2023,

H2ME (2) Deliverable 6.14.Element Energy. 55
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N Hydrogen .
‘, Mobility Europe

Overview of strategies Overview H Mobility Strategies

Ownership models and characteristics for refuelling stations
Vehicle deployment in each region

'/‘ ----------------------------------------------------------------------------- N\‘
I . .

1 National, regional and i
I . . . . 1
I local case studies Details of national strategies !
: Case studies for regional strategies :
. Emerging trends 1
- ]
\ ;
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New national and regional level approaches, 3¢ % ERMeemencrcr,
combined with private sector initiatives, are N < § Hydrogen
driving the development of hydrogen mobility < » Mobility Europe

Emerging approaches to developing hydrogen mobility

While FCEV and HRS deployment continues to expalftaut of public infrastructure and vehicles has been slower than planned
¢tKS tS0St 2F IYoAalAzzy 2F GKS AyAldGAlIf adN)IGS3IASa SHASKRIRSR
availability from global markets outside Europe, combined with various challenges in identifying and securing sitesfarlddRS i

centres and issues with poor station performance in some locations delayed theaitoll

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

Continued targeting of end users that require the specific operational advantages that hydrogen mobility can provide, where
attractive business cases for hydrogen vehicles are now emerging (inctadis@nd heavy vehicles, particularly in countries
with high taxes for fossil fuel vehiclgs

Developingriable clusters of HRS in key locatiowkere the redundancy and convenience of multiple HRS increases the
attractiveness of FCEVs to fleet operators. Within these clusters, and to justify development of new destersg aggregation
activities (e.g., via letters of intent or fuel purchase agreements from nearby customers) are used to strengthen the business
for new HRS and attract investment. Installing small-éost HRS in regions with larger existing stations, and/or on motorways
0SG6S8SSy SEAalGAYT Gaféciimvinbtdlifngrovértdairkcoverae for padsergér cars.

Deploying heavy vehicles (e.g., buses, refuse trucks) as well as high demand car applications (e.go fagig)scale up
hydrogen demand and the development of infrastructure supply chains in advance of mass passengeoutAciieving

larger scale hydrogen ecosyster(ie., involving numerous vehicle types) is seen as key to reaching the scale of demand to
achieve station utilisation >70% to make the station profitable. As such, some cities and HRS operators are considering the
potential benefits and requirements of duplrpose HRS, i.e., allowing cars to make use of facilities for heavy vehicles such a
buses and refuse trucks. This approach could offer business case advantages for HRS operators while demand increases.

Alongside the national and regional approaches, numed®moyment initiatives led by the private sectare emerging, at local
and national scales (e.g., the taxi deployments in Paris and the Swiss trucks scheme). However, the cost of hydrodgen has le
delays in some of these projects.

Source: Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020, H2ME581) Delive
5.13, Element Energy. Commercial advancements in the hydrogen fuel retailing, 2023, H2ME (2) Deliverable 6.10, Elem
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Hydrogen strategies for energy system %" ERM sementeneroy
decarbonisation are now emerging across y < § Hydrogen
Europe, and mobility is seen as a key aspect < » MobilityEurope

National and regional strategies

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

The development of hydrogen for mobility is expected to play an important role in scaling up hydrogen production. Tothigport
national strategies set out ambitions and funding commitments to support the development of green hydrogen production and tt
refuelling infrastructure needed to enable vehicle uptake. Often these strategies assume hydrogen transport will begéawath h
duty transport. Many other countries and regions across the world have released or are developing hydrogen strategi@s. Furthe
information and case studies for each country can be found in the appendix (linked in country names below).

France National Hydrogen Plan (French Government, 2@18)k

Germany. National Hydrogen Strategy (German Government, 2Q20K

Norway:b 2 N3 SAA Y D2 @SNYYS y(Nofnvégiah Gdvexddnang 902@)link NI ( S 3 &
Netherlands Government Strategy on Hydrogen (The Netherlands Government, 202®)

Iceland 2030 vision for Klin Iceland (Icelandic New Energy Ltd., 2020k

United Kingdom UK Hydrogen Strategy (UK Department for Business, Energy & Industrial Strategy)igR21)

Strategy and funding at European level

The European Commission releagetlydrogen strategy for a climateeutral Europen July 2020, as part of the European Green Deal
(a policy package intended to deliver redro by 2050). The strategy objectives are consistent with the national stratedigsg se
out the investments required to deliver the hydrogen economy, as part of a sustainable economic recovery frorl T@\arts.

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

Source: Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020, o8
H2ME (1) Deliverable 5.13, Element Energy


https://investinfrance.fr/wp-content/uploads/2017/08/2021-05_EN_Digest-Hydrogene_BFInvest.pdf
https://www.bmwk.de/Redaktion/EN/Publikationen/Energie/the-national-hydrogen-strategy.pdf?__blob=publicationFile&v=6
https://www.regjeringen.no/contentassets/8ffd54808d7e42e8bce81340b13b6b7d/hydrogenstrategien-engelsk.pdf
https://www.government.nl/documents/publications/2020/04/06/government-strategy-on-hydrogen
http://newenergy.is/wp-content/uploads/2020/06/A-2030-vision-for-H2-in-Iceland-released.pdf
https://www.gov.uk/government/publications/uk-hydrogen-strategy/uk-hydrogen-strategy-accessible-html-version
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5. Environmental benefits and routes to low costs green hydrogen
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i Clean Hydrogen 59
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Vehicle utilisation and experiences »< > Mobility Europe
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i Deployment activities Overview of vehicle & HRS deployment in HZME : i
I Specifications and utilisation data for vehicles in the project i
1 to date o S : : i
) Specifications and utilisation data for HRS in the project I
e A
Vehicle utilisation and A Applications tested in the project
experiences A Utilisation trends
A Case studies
A End user needs for further adoption
A Safety
A Conclusions for further uptake of FCEVs
HRS utilisation and Characteristics of H2ZME network

End user needs for further adoption
Business cases
Case study: National infrastructure implementation

(Germany)

Case study: cityide implementation (Paris)
Safety

Conclusions for HRS operation
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H2ME deployment (Q4 2023) 4 [r—
49 HRS and 1 492 vehicles active in 9 countries: < N Mobility Europe

722Toyota Mirai | & I
442 Symbio ZE H-C RE a4
(Renault Kangoo, Citroen E

Jumpy, PeugeotExpert, Opel ~ Iceland
Vivarg ®

9 HRS commissioned*
in Nordicsall stations
receivingH, from
decentralised electrolysers

Norw.
157MercedesBenz GLC-Eell i °
63 Hyundai ix35
58 HyundaiNexo
40 Daimler B Class@ELL ®
10 Honda Clarity 8
% © 20 HRS commissioned* in
5 HRS commissioned* in ‘Unlx Ly v Germany with green or
the UK including 4 with — bl ) low carbon Hdelivered for
on-site electrolysis Ireland S ne- P e . e , ~ 40% of the stations
A
-9
@ Gem..,’
bolginy @ 9
. . @ @' 0% ~zechia
14 HRS commissioned* in @ e

France including 6 with — @ ~ astria
i ' France

on-site electrolysis

Crostia @  i2mE sTATIONS
Italy HzME2 STATIONS
* Some HRS commissioned as part of the H2ME projects are no longer in operation in March 2024 61

Partnership
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Overview of vehicle utilisation in H2ZME

ke
Data was collected for over 1,400 vehicles
H2ME vehicles cumulative distance driven (million km) Locations and type of vehicles collecting data
40
35 Wi
30
25 B8 orv 2]
20
15 o
e kingiom 33
10 Netherlands 20
i e e
0 J @==
201520162017201820192020202120222023

The total distance reported by vehicles monitored by H2ME from Q3 2015 to Q4 2023 was >40 million km
with asignificant increase in the distance driven since late 2017 due to deployments wiirserslincluding:

C Hype taxis in Franag>12 million km driven in H2ZME since 2017 (further 5,837,000 km in ZEFER)
C Deployments in Germany (Alphabet), Denmark & Norway (Toyota NMSCs) and the Netherlands (Noot ta

Source: Interim and final summary reports on technical performance of vehicles and stations in the{iRejectt 5 (2021
2023), 2023, H2ME (2), Deliverable 5@8nex 62

parmersmp CleverShuttl¢axis in Germany demonstrated >4.4 million km driven in H2ME since 2017, but thehedag business model
was undermined by the COVID shutdowns and the business no longer operates FCEVs
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ERM Group compa

H 2 M E Q 700 & 350 bar station iy 4 . thng?tgeE

® 350 bar station }4 ODility Europe
49 hydrogen refuelling stations (HRS) ,
have been installeds part of the ’. s " P Norge
project, supplied by project partners A ey
Liquide, ITM Power, Linde (including 1
subsidiaries AGA and BOC), McPhy, i i
NEL HydrogeRueling R, T o , s

J:’/ P $ :;:‘. safcen /,‘,—er:? * @

Over 50 HRS provided data to H2ME =~ | g QNI 3 Hir s
from 20152023, 17 of the HRS N “'ffq:,:“" \// Lk $ o
previously reporting data to H2ME no s ‘ : Stogd

longer reported data in December
2023.

Yo
..%
Yem 38
uuuuuuuuu i ‘m
-.-..,‘, " ‘m

i, Partnership

7“ 3 \.Boulogne -Bl

7
ww///v ﬂn
1Y, -

>

ingdom

¢ ¥

'”'?%
o

Da v_r\k Q

Hamb

2

Slc

Source: Interim and final summary reports on technical performance of vehicles and stations in thefRejectt 5 63
(2021-2023), 2023, H2ME (2), Deliverable 5.a8nex
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Overview of HRS utilisation
H2ME installations and associated stations

To date 49 HRS are in operation, with data provided as they enter and continue operation

H2ME cumulative hydrogen dispensed

o 916,542

£ 900 C 53 stations that report data to

2 800 H2ME have dispense&dl6,542kg

2 hydrogen in>361,000refuelling

g 700 eventssince March 2016. Prior to

% 600 H2ME there was almost no demand.
& 500 Four of the HRS have dispensed

2 over 50% of the kreported by

] 400 H2ME. These are in locations where
= 300 EC taxis are deployed:

3 200 A Orly (Paris) 153,000 kg

Q A Roissy(Paris) 140,000 kg

S 100 0.8 l I A Den Haag (NL) 107,000 kg
S — = A Copenhagen (DK) 52,000 kg

2016 2017 2018 2019 2020 2021 2022 2023 2024

Clean Hydrogen
i, Partnership
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Deployment activities Overview of vehicle & HRS deployment in HZME
Specifications and utilisation data for vehicles in the project
Specifications and utilisation data for HRS in the project

to date

4
[ Vehicle utilisation and A Applications tested in the project ‘:
i experiences A Utilisation trends :
: A Case studies :
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Various FCEV applications have been tested in < « Hockaan
the project, with a range of different needs ' . Mobility Europe

FCEV applications in the H2ME project

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

A Private users

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

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

A Ridesharing fleets, e.dgCleverShuttlgBerlin)

A Business mobility solutions, e.g., Alphabet (BMW), HYPE, HysetCo (Air Ligxjdk Toyota)

A Local governmental organisations, e.g., City of Copenhagen

A Delivery services, e.g., La Poste (Kangoo ZE Hydrogen trials)AkixBErgy (last mile delivery)
A Utility fleets: water companies, energy companies, e.g., ENGIE Cofely

66
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Attractive business models have emerged Hydrogen
during the project in some applications Y 5™ Mobility Europe

<«

Hundreds of vehicles have been deployed in fleets
In H2ME, light duty hydrogen vehicleave been used in multiple proof of capability demonstrations, leading
refinements of business models
HYPE: >400 fuel cell taxis in Pasth plans for additional deployment in France and Europe
Green Tomato Cars and DRIVR: 50+ fuel cell taxis in London and Copern(Besjmmdedin 2022 and 2023)

CleverShuttle 45 FCEVs in ridgharing fleets in Germany4.4 million km covered until 2020 (when the fleet
was disbanded)

Delivery & utility vans Plans for demonstrations by DHL, La Poste, City Logistics, water & energy compe
>150KangoaZE Hvans in France

Last Mile delivery By 2024, HYPE, supportedAiluq will deploy a green hydrogen mobility ecosystem
dedicated to lasimile, including FCEYV fleets and a network of green hydrogen HRS in the Paris region.

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

N -
[ hype @green cars Hysetcc =7 (© CleverShuttle -==-

LA POSTE
Currently, specific market conditions (which apply in the cases above) make FCEVs attractive for these
applications compared to alternative zero emissions solutions:
Fleets have high daily mileages or a need for fast refueling to enable flexible operations.

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

Operational area aligns with locations of refueling infrastructure. 67



S, E4tech
B 4 %m\\ ERM elementenergy

Key findings from FCEV utilisation trends In P < ‘ HiGGen

different applications (/3) > S Mobility Europe

MercedesBenz GLC-EELL

(Germany) Hyundai ix35 (Denmark)

Comfortably capable of fulfilling average German Three H2ME Hyundai ix35 FCEVs are used by the
RNAGSNXRaA ySSRa ol yydz f | @6nitibaitdof Gopenhndey fOrSaried Miiti€sS £ £

~14,000 km, average daily distance ~40)km Average daily distance travelled is 120 km.

As a plugin hybrid FCEV, the GLC can be fuelled The vehicles travel <100 km on 50% of the days.
by hydrogen, electricity or a combination of both, The maximum distance travelled in one day was
which gives them flexibility of usage. In H2ME, ~500 km.

ypz 2F 0KS FtSS0Qa 1 Af 2Y $HeBInBrorefeling nefvsrichas afiodai the S R
by hydrogen. vehicle totravel well beyond Copenhagen during the

, : : trial. TheVejleHRS is >250 km away from the base
Users are not habitually recharging the vehicle. and allowed for much longer daily distances to be

This may be due to:
_ travelled
Good HRS network in Germany, CoC FCEV daily distance distribution
GLYO2y@BSyASyO0Sé 2F L dAIAYIL Ayod
Limited availability of home charging. "
The GLC-EELL has been discontinued due to

high costs, and as Daimler now focuses on heavy
duty FCEV trucks in its joint venture with Volvo. e s e e e os s o 5 o6 o

A, D L p
IS A N ] & S
§ & F F P F WS

% of days

Daily distar

_ Source:Yearly Vehicle and Infrastructure Performance Report 4 (20P0), H2ME(2) Dellverable 4.L3nex 68
7 Partnershie 1 Motor Vehicle Use and Travel Behaviour in Germamyy.diw.de/documents/publikationen/73/diw_01.c.44461.de/dp602.p
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Key findings from FCEV utilisation trends in [’ 4 . r——

different applications @/3) 55" Mobility Europe
Toyota Mirai (comparison driving function) Toyota Mirai (France)
Vehicle id H2ME1 H2ZME®& H2MEZ . .
HYPE FCEVs have reported >12m km drlven sin
ey | W SN g i
untry '
el b LS C  The taxis drive an average of 3,300 km per
Vehicle role Passenger car Police IRV month.
| efficiency _ . . .
F::am speed C  The furthest driven by one of the vehicles in a
Avg. speed month was 14,200 km.
% time idling C  The mean distance between refuels for the Hype
Avg. dist. per trip - . .
Eco driving Aggressive driving taxi fleet is 200 km.
Comments High idling Low idling High idling C  Taxis in Paris refuel 24/7 which, as well as

Longer trips Short trips mcreasmg overall HRS load, also spreads the loz

. - NV \ =Sl N

Comparison of the efficiency of Mirai in different roles:

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

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

C  Police Incident Response Vehicles in London must get quickly to

incidents, as they occur, so are inevitably driven relatively harshly, bt 2
also spend a lot of time idling waiting for dispatch.

;f-x o i 2 s Gt S Samen Do, thas CEUY 39, ot by W opeSSegHRS, srder OO |
& Sources: Interim and final summary reports on technical performance of vehicles and stations in the-Rejsmit 021
partnership ~ 2023), 2023, H2ZME (2), Deliverable 5.C8nex Hydrogen Mobility Europe (H2ZME) Fuel Cell Electric Vehicles as Taxis, P. .
S and R Evanéitps://evs36.com/wpcontent/uploads/finalpapers/FinalPaper Evans Robert.pdf
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Key findings from FCEV utilisation trends In

different applications @/3)

RenaultkangooZ.E. HydrogenSymbig

C 125 RenaulKangodZ.E. Hydrogen units were
deployed in H2ME1 and 126 in H2MEZ2.

>
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Mobility Europe

C The Renault Kangoo Z.E. RE HZ Is a Tuelcerange
extended electric vehiclei.e., it can be fuelled by

C The fleets in France, Germany and the UK reported H2, electricity or a combination of both, which
nearly 2 million km driven since 2015. The average Offers flexibility of usage.

daily distance travelled by each vehicle the fleethiasLy | Ha 9 =

I NPdzy R prms>r 27F

z

been 54 km with most trips (~95%) less than 100 kmdistance was fuelled by H2 in 2018, but this fell
The furthest daily distance travelled by a vehicle is  below 30% in 2020. This may be due to the vehicle

288 km.

having the largest battery in the H2ME fleet (22

C  The data shows that under the demonstrated usage kWh) and thus using primarily electric power.

patterns theSymbiocan fulfil the daily driving needs

of most van drivers.

Symbio daily distance distribution

35% Average daily: 45km
30% Max daily: 350+ km

PELL S PP PP PSP
> DGR MR A PR

Daily distance (km)

Sources: Yearly Vehicle and Infrastructure Performance Report 4-g2085, 2021, H2ME(2) Deliverable 5.17,
CenexInterim and final summary reports on technical performance of vehicles and stations in the pfegazirt 5
(2021-:2023), 2023, H2ME (2), Deliverable 5.C8nex
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Case study 1: Taxis
Needs & characteristics of taxi fleets

As a longrange, rapid refuelling, zer@mission technology, FCEVs are well suited to taxi service applications

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

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

C Within the H2ME projects, FCEVs have been deployed in several taxi fleets, inelM&Hgased in Paris,
France andRIVRin Copenhagen, DenmaikYPHs an entirely FCEV fleet, and by December 26@&; 400
FCEVs were in operatiddRIVRhas a range of vehicle types within its fleet, and by November 24#ipx. 100
FCEVs were delivered under the H2ME and ZEFER projects.

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

Toyota Mirai, Hype, France Toyota Mirai, DRIVR, Denmark

The relatively high range of taxies and need for fast refuelling times make FCEVs well suited to this u%e case

Source: Vehicle user attitudes driving behaviours and HRS network access trends, 2020, H2ME (1) 71
Deliverable 5.9. Element Energy

Partnership
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Utilisation data (comparison with BEV capabllltles) Y Mobility Europe

FCEVs offer an operational advantage against other zemussion mobility solutions in applications such as taxi

Many modern largébattery BEVs have ranges capable of Hype/STEP taxis
meeting the average daily distances travelled by the Hype  operation days within range of BEV comparator
fleet (>150 km, for the vehicles shown in the chart). 1w Based on data from Q3 20£Q1 2020

However, to better understand the operational suitability gf 80

a vehicle, it is necessary to consider daily distances thatFalp
outside, and specifically above, the daily average. £ 4

The graph on the right shows the number of days that thé %

UI E}\Qa RN‘P\QAYH RA Ul yos :F-$totlB%dlS%}\]lIJS%g}J%EEHK§26JN482Y3§3§32
A 62 kWh BE®3% overallassuming 312 km realorld = Vehicle_id
range on a single charge (based on BEV operating data).

A 40 kWh BE62% overallassuming 200 km realorld rver | | |
= = = Average 62kWh range = = = Average 40kWh range
range. Ref: H2ME D4.14 Technical Performance Ref@mex 2020

~93% of daily operation could, in theory, be covered by a modern-tzatiery BEV without recharging; this
would increase to 99% for a BEV with&mkWhcapacity battery. Yet longer journeys would require a recharge.

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

Days within 62kWh BEV range Days within 40kWh BEV range

FCEVs offer an operational advantage against othereiiesion mobility solutions in high mileage
and high required availability applications, such as taxi fleets.

Source: Vehicle user attitudes driving behaviours and HRS network access trends, 2020, H2ME (1) 72
Deliverable 5.9. Element Energy
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Case study 2: Utility service vans U3 Hydrogen

Needs & characteristics of utility fleets ¥ Mobility Europe

ENGIE Solutiongperates 50 fuel cell rangextended vans in their fleet in the Paris area

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

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

Vans are a difficult segment of vehicles to electrdye to their weight, range reqwrements potential for

auxiliary loads, and lack of guaranteed charging at home. : & i
Belgi :; '''''''' rl"
= S 9 e LocationENGIE
@ " Solutions France
- = Py
France s'""
Renault van equipped with Symbio FC o ke

range extension systepFrance
FC REEV vans offer a greater range compared to pure electric options. The range of a partially charged
OFUUSNE OFYy 0S ljdzZAOlfe dau2LIJISR dzZLJ o0e NBFdzSt fjJAy:
Source: Vehicle user attitudes driving behaviours and HRS network access trends, 2020, /3
H2ME (1) Deliverable 5.9. Element Energy
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Case study 2: Utility service vans
Utilisation data

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

C Based on utilisation data from the ENGIE Solutions fleet, the average daily distance travelled by the FC REE!
Is 48 km, with the fleet travelling under 100 km on ~75% of days. Most of these journeys can be met using a |

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

C Further work is required to understand to what extent the ENGIE Solutions fleet of fuel cell vans are being us:
the same way as other vehicles in the wiENGIE Solutiorieet.
ENGIE Solutionfieet ¢ daily distance distribution

S 20%
#
15%
10%
5%
0% — o —

40-20 30120 120160 160-200 200-240 240-230 280-320 =320
Daily distance (km) Data collected bgymbig July 2019

A utility vehicle may be less likely to pass an HRS as part of their normal operations. If a long journey is require
outside the city, it is possible that refuelling would involve a considerable detadimitation of FCEVs.

Source: Vehicle user attitudes driving behaviours and HRS network access trends, 2020, 74
i1, Partnership H2ME (1) Deliverable 5.9. Element Energy
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Improvements to FCEVs required for future use <« « Hy drogenm

Interviews with fleet operators ' ,¥ Mobility Europe

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

Quality of vehicle maintenanc<lj| | | | [ |GGG e
Number of FCEV model choic_ -
veticte etaoiy —

Vetide diving range [ 0

Vehicle performance [ D I

Hydrogen price (price per kilometre ||| | GG -
purchase/lease price of the Vehic! (| | G [

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

B Sionificant I 'mprovement Already sufficient EE SayQi Y‘S 2y Qi 1Y+

improvement required required difference to me

The FCE¥spectrequiring improvement for the highest number of fleet operators wasphechase/lease price of the vehiclevith 90%
requesting some improvement. In tf&eptember 2020 reporgll fleet operators required improving this aspect.

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

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

Most fleet operators (>50%) think that the vehicle performance and the quality of vehicle maintenance are already suff@id2(t, the
latter aspect was not yet perceived as sufficient for half of the fleet operators asked.

O 0 0 0

_.;.;-."C|ean ydrogen Source: Status and advancements in the customer value proposition offered by the fuel cell 75
Partnership vehicle technology Final, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy
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Improvements to FCEVs required for future use <« « i

: . . . . Hydrogen
Interviews with drivers Mobility Europe

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

Quality of vehicle maintenance_

N = 345
Number of FCEV model choic S
vehicle reliability ||| B
verice aning ranoe n
Vehicle performance _ -
rycrogen prie (orice per kiomevs [
purchase/lease price of the Vehicl (| | G - P
0% 20% 40% 60% 80% 100%
B Sionificant I 'mprovement Already sufficient B :: SayQi Y-§5 2y Qi 1Y

improvement required required difference to me

C The FCE¥spectrequiring improvement for the highest number of fleet drivers was\hhicle driving rangewith 78% requesting
(significant) improvement, followed by the number of FCEV model choice (7Q2grduious report published in September 2020, the
main issues reported were the same, with the slight difference that the FCEV modelahdite purchase/lease price of the vehicle
were perceived as to be slightly legsod than today.

C Drivers had anore positive outlook on vehicle performance (74% felt that this aspect is already sufficient) and reliability (63%) th:
fleet operators This is likely to be because operators are responsible for maintaining vehicles and are more exposed to issues
~althoughanecdotal feedback suggests the incidence of breakdown was no greater than conventiehalled vehicles

Clean Hydrogen  SOUICE: Status and advancements in the customer value proposition offered by the fuel cell 76
‘_f_’?”"erShiP vehicle technology Final, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy
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Satisfaction with vehicle driving range v

. _ . . Hydrogen
Private users, fleet operators & drivers Mobility Europe

Satisfaction with vehicle range varies between different user groups

C  33% of private users, 36% of fleet operators and
37% of fleet drivers were dissatisfied with vehicle

How satisfied are you with the vehicle driving range?
range to some extent after using the vehicle.
Vehicle driving range-
C The responses receivéadicate a range of

Private users
N =42
experienceswhich corresponds with the diverse

range of applications (and thus requirements) for 0%  20%  40%  60%  80%  100%
FCEVs.

C  Amongst fleet operatorsjan operators were Vehicle driving range- - Fleet operﬁtors
more likely to be dissatisfiedcompared to car N =44

operators.

0% 20%  40%  60%  80%  100%
C  Anecdotal feedback from fleet managers and data

collected by vehicle manufacturers also notes leet dri
some instances of vehicle range being lower than Vehicle driving range- - Fleet rivers
expected. There is some evidence ttethnical N =403

and behavioural reasonsuch as low State Of
Charges (SOC)s being achieved at refuelling
stations, or inefficient driving, may be

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

contributing factors. Very Slightly l;l;iig}%rd no- slightly . Very
dissatisfied dissatisfiec dissatisfied satisfied satisfied
o Source: Status and advancements in the customer value proposition offered by the fuel cell
ean Hydrogen 77

-, Partnership vehicle technology Final, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy
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Satisfaction with vehicle driving range Hva
. . ydrogen
Differences between regions and vehicle types | Mobility Europe

French fleet drivers expressed higher satisfaction with range than other groups

C  French drivers appear to be more satisfied than drivers from  How satisfied or dissatisfied are you with the following
other countries Note that the French driver group is dominated ~ @SPects of your FCE\Driving range of the vehicle
by Hype taxi drivers, using exclusively FCEVs. As such, Hype drivepgximum distance between recharging/refuelling)
do not have ceworkers who drive petrol or diesel vehicles, so a 100 Fleet drivers
direct comparison of range is not possible. In addition, the fact 8o N = 403
that these drivers have chosen to work for a company that only 60
uses hydrogen vehicles suggests that they are likely to have a 40

' 2
degree of enthusiasm for the technology (compared to fleet 0 B = . B PR o

drivers who have had FCEVs introduced to their existing fleet). ©
Very Slightly Neither Slightly Very

C In generalfleet operators with cars are more satisfied with range  dissatisfied dissatisfied satisfied or satisfied  satisfied

than fleet operators with rangeextended vangwhich are mainly dissatisfied
based in France). This could be due to the following factors: m UK = FRm DEm DK
A Therange of the vans is shortehan those of the cars 1(2)
(particularly due to refuelling at 350 bar instead of 700 bar ing Fleet operators
some cases and the design of the REEV powertrain). 6 N = 31
A Theneed to travel greater distancethan is possible with the 3
current refuelling network; vans have been deployeéin 0 I . H =
number oflocations in France, including those where HRS Very Slightty ~ Neither  Slightly Very
networks are in earlier stages of development than in Paris. dissatisfied dissatisfied satisfied or satisfied satisfied
dissatisfied
m Cars Vans
Source: Status and advancements in the customer value proposition offered by the fuel cell 78

'35?'.:-@:{??‘”"9r5hip vehicle technology, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy
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Driver and fleet operator interviews Mobility Europe

Before vehicle operation, some FCEV drivers expressed safety concerns

C  Prior to vehicle operatiorall private users and fleet
operators stated that they had no concerrabout the
safety of their FCEV relative to a petrol/diesel vehicle. In

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

contrast, nearly 50% of fleet drivers had concerns (mai Preoperation
German drivers). v Fleet operators
C The main type of safety concern expressed by drivers N=17
related to thehigh pressure systemi the vehicle and the
potential of explosion of the hydrogen tank This was
noted as a particular concern in the event of an accidel m - _
or if the tank was used beyond its lifespan or repaired by
an unqualified person.
C Other safety concerns included: 0 > 10 15 Preoperat?gn
A Pedestrian safetyat crossings due to lack of noise Fleet drivers

e oy venee - I

A HRS norcompliance with standardgotentially
causing tank overheating

A HRS nozzles getting stugkthe vehicle (based on _—
previous issues experienced by drivers). -

C Data was collected during the programme to help dispruve 0

20 40 60 80 100 120
or reduce these concerns for future deployments.

mUK FRmDE mDK

: Source: Status and advancements in the customer value proposition offered by the fuel cell 79
"-;'i-.;g;.'f?”“ers"'P vehicle technology, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy
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Vehicle safety: Hype taxis case study
Utilisation data

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

C The graph on the right captures
all incidents reported in a single Hype taxi incident reports for one quarter
guarter for Hype taxis.

=
B oo

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

il
(=

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

Number of incidents

o N B o

Major impact Minor impact Puncture Windscreen

C None of the incidents, including

the major impact incident, — - .
involved any release of hydrogen [ Communicating the safety results coming out of the H2ME project mor

or problems with the fuel cell widely may reduce concerns of safety in hydrogen mobility. Emphasis cpulc
system. be made with regards to collisions and the lack of associated explosion§, a
this is a specific worry for some users (as per the interviews).

Source: Yearly Vehicle and Infrastructure Performance Report 3-@l%, 2020, H2ME (1§enex 80

Partnership
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Recommendations based on existing sales Ja T dereteew
strategies and energing trends from the H2ME . § fvdrogen

deployment(FCEVS)

Recommendations can be drawn on sales strategies for FCEVs

Focus on theZE credential®f FCEVs as well as famancial opportunitieswhen subsidies are available.

Additional focus ortechnological performance and maturitgf the technology would be beneficial.

Concentrateefforts where there is a greater interestoased on potential early adopteisleet users are thought to provide a good
opportunity to enter the market as they can provide scalable demands which may reduce the vehicle purchase costs.

Working collaboratively with local authorities and hydrogen stakeholders is requisgdhis stage of commercialisation to activate
opportunities.

Secure aufficient level of demand per locatioand ensure that there are enough HRS with sufficient capacity and high reliability
meet the needs of users.

The importance of governmental and local support for FCEVs

National, regional and local incentives are needemlensure continued deployment. This is requitectreate a level playing field
with other ZEVs as the price of FCEVs heavily influences accessuseesd

National, regional and local incentives should not only support deployment of vehicles bunhalsment strategies for further HRS
deployment and sustained operationThis can be linked with a staged approagifiing confidencdahat once sufficient interest is
generated locally with additional users confirmed, a larger or additional HRS can be ddptaldwith HRS ideally in cities.

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

Policy makers can develop policies that benefit targeted groups of users in line with their mobility strategGmsexample, fofleet
operation in city centres where there may be constraints on charging, the operational benefits of FCEVs comparethjodi¥ble

a faster transition to ZE fleets

Activating projects locally requires significant resourcdgeyond what may be reasonably expected of vehicle OEMs or HRS
operators.The local authority can act as a champibaising with the relevant stakeholders and identifying and facilitating dialogue
with local users to help initiate a market in the area.

Source: Summary of vehicle sales approach, 2020, H2ME (1) Deliverable 3.5, Element Energy 81
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Characteristics of HZME network (1/2)

HRS in operation and planned

Sites characteristics

¢

NQ)

Most of the HRS in the projects have been commissioned on .
motorways or large intercity roads (~60%) rather than in C|ty
centres (23%), or in peurban locations (21%).

0%

60%
Most HRS (>60%) have been integrated into petrol stations. 0%
The approach to sitting generally reflects the strategy 20%
employed by each coalitioturing the course athe project, 0%
with Germany, the UK and Nordics favouring HRS on major

transports corridors with HRS integrated into petrol stations

E4tech
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N < . Hydrogen

P Mobility Europe

Proportion of HRS by location

Integrated into petrol Stand alone Industrial site
refuelling station

while location of HRS tends to be more varied in France which = Peri-urban = City center m Motorways (or large intercity roads)

has followed a more regionalised approach to date.

Dispensing characteristics

Station daily refuelling capacity (kg/day of C  Many of the HRS in the projects have provided refuelling at 700
based on dispensing pressure bar or both 350 bar and 700 bar.

C The 350 bar HRS have been deployed in France to support the
Symbio fleet. At these HRS, refuelling of 700 bar vehicles is

possible but not for a full tank.
I C az2al 0 K S

Under 100from 100 to 200 from 201 tofrom 401 to 10000r & HRS with capacity <200 kg/day are HRS designed to cater for th

100%
80%
60%
40%
20%

0%

Partnership

2F GKS I w{ 6yocx:z0 KI @S RA

below 200 below 400 below 750 above Symbio fleet. HRS with the higher daily capacity are typically
m 350 bar W 700 bar m Dual pressure designed as muliise stations that will cater for different
vehicles types (l.e., buses and trucks). 83

Source: data H2ME projects, Element Energy, 2023
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Characteristics of HZME network (2/2) Hydrogen

Evolution over time : 5 ' Mobility Europe

Approaches and strategies have evolved over time which has been reflected in the characteristics
the stations deployed in the project in the first and second phase of the deployment

M H2MEL H2ME2

Payment system Number of stations at differentcapacitiegkg H2/day)
100% 20 20
80%
15 15
wy
60% =
10 10
40% 2
N l 5 1 5 I I
v R , s [l - ; -
H2ME H2ME 2 Under 100from 100to 200  from 201 tofrom 401 to 1000 or Mixed Electrolysi€lectrolysis SMR + Biomass
below 200 below 400 below 750 above source  onsite  off site  Carbon
Other Monthly invoice SMR green capture
m Mobile app m Credit card or low
m Yearly invoice  m Fuel card carbon

Payment systems have evolved The daily capacity of the stations has Hydrogen production is increasingly

from invoicingusers monthly @ increased over time, reflecting the based on green or low carbon
credit card and mobile app increase in multuse stations with solutions, reflecting the political
payments. dual pressure options. agenda for netzero solutions.

During the course dhe project 200 kgkper day HRS remained popular, and a shift towards
hydrogen supply by electrolysis was observed.

Source: data H2ME projects, Element Energy, 2023 84
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Key findings from utilisation of HRS networks: o
Estimated demand per HRS by country %% Mobility Europe

Average hydrogen demand per HRS in Europe is currently low for light vehicles

Estimated average hydrogen demand per HRS in different regions is shown below. For comparison, most HRS s

light vehicles today have refuelling capacities of 80 kg/day to 200 kg/day. Olasst] on demand from light
vehicles alone, HRS utilisation is currently low.

: Nordics
Map showing number of HRS
perpcountry d 9 # FCEV light vehicles: 564
g # HRS13
: 5 :L'i (I]:_Istima&ed hydrogen
UK ' o emand per HRS:
[
# FCEV light vehicles: 4 =0 86 kg/day
# HRS: 4L - Benelux
. ' NS # FCEV light vehicles: 7¢
Estimated hydroge A5
demand per HRS: oy care '0, # H_R51 27
149 ka/da: W Estimated hydrogen
ey “"o ‘0 demand per HRS:
: 3
France { “'9 Y - Germany 57 kglday
# FCEV light vehicles: 908 # FCEV light vehicles: 2,342
# HRS: 11 o P # HRS: 88
Estimated hydrogen — Estimated hydrogen
demand per HRS: demand per HRS:
118 kg/day 53 kg/day

Source Map of operational 70ébar hydrogen refuelling stations as of January 2024 from H2Live Website.
Nordics includes data from Denmark, Norway, Sweden and Iceland.

Approx. HRS demand per day is calculated from an assumed vehicle demand. See appendix for information.
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_ _ Hydrogenm
Analysis of H2ME station deployment N 4. Mobility Europe

The HRS are increasing in dispensing and Haekack capacity to prepare for higher and more
demanding operation

On average, the current number of dispensing
events and Hdispensed remains low over time. Average kg Bidispensed per month for HRS in
The graph on the right illustrates the average operation

amounts dispensed per month compared to the
time of operation for the stations.

This is expected to improve over time as business

cases emerge for FCEV fleet usagsupport the

commercial operatiomf HRSlncreasingly, a more < 0 10 20 30 40 50 60

@ NASR dzaSNJ GeLlS Aa SYSMNJEI )\hyla I ONR 8 &HRIKS LINE 2SO ¢
" : ain vehicle type using stations )

HRS. Inltlglly, most were designed _to accommodate%[ olanned for stations of H2ME Back to Back Refuelling

LDVs, whilst today, heavy duty vehicles are expected " 1 554 H2MmE 2 projects -

to be increasingly fuelled by hydrogen. 100% 25

[ ]

This leads to an increased demand for HRS capacity ig
and backto-back refuelling, which hgsroved 50% 0
successful in the project, with HRS catering for . 5

: : . o _ : . -
taxi vehicles having significantly increased their %% o - -
utilisation level during the project.

1,000

erage kg kiper month
N
o
o
(@]
)

H2ME H2ME 2 Below From 6 8or >

ELDV mLDV + HDm Taxis mAll 4 4-5

HRS utilisation remains low, with levels <20%. Only 3 HRS in the projects have utilisation >30%. Plang nee
accommodate future demand.

partnership Source: data H2ME projects, Element Energy, 2023 86
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Key findings from utilisation of HRS networks
Local insights

In Denmark, it was possible to observe the influence of the * = \ A
HRS network on distance driven.

The map shows the FCEV refuelling behaviour during the t

C Around twothirds of hydrogen was refuelled at two Nel _ “'m._, .‘
stations in Copenhagen.

C The remaining third was refuelled at three other stations \
in the Danish HRS network.
C The Danish refuelling network allowed the vehicleto |~ = S
travel considerably beyond Copenhagen during the triaf*=—— I ' ‘

' numlum@n -
\
//

In Paris, placing several taxis in a network of multiple HRS increases overall network utilisation.

o - C The load at Orly ¢tlispensed as a &b
Orly:’RHSz:‘:T ::;::::2& ) Orly HRS: refuelling time of day distribution ItS ra.ted Capacity Of 200 kg/day) rose
from 2% in Sep. 2017 to ~45&Aug.

8 ZEFER FCEV taxis

3 3 2019 but then fell back as less travel
X o X |n ‘ | ‘ ‘ | occurred in the COVAL® pandemic.
% o I | | C Taxis in Paris refuel 24/7, which also
1,,,;,,:: TR PSS 22233 313 : Ii11Z238000 spreads the load throughout the day,
v TS S e resulting in a similar overall

refuelling profile to conventional
refuelling stations.

& * Some HRS have been closed or operation has been interrupted. 87
‘*?-.‘.g:”_Pa"nershiP Source: Yearly Vehicle and Infrastructure Performance Report 3-@%, 2019, H2ME (1) Deliverable 4.C2nex
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HRS availability is generally improving over time, >4 % ERM e,
but sustained efforts are needed to ensure this y _ aydr?geg
continues as more new suppliers enter the markep< > Mobility Europe

Overview of availability issues

To ensure that customers can fully utilise the capabilities of FCEVs, the amount of time that each HRS is fully opedational a
available for customers to refuel (i.e., thgailability) should be maximised; the H2ME initiataiened to achieve an average HRS
availability of over 98% by 202&cross all the HRS in the project (excluding planned maintenance).

The availability of the public HRS deployed varies and together, they do not currently meet this targemitisn for HRS to
SELINASYOS | QVBESYK DY MARISNR IR OKYy A0t A&aadsSa ySSR (G2 0S8 |
cases after significant upgrades have taken place. Availability tends to improve as the total volume of dispensed hydrogen
AYONBIlIaSa YR AdadzSa FINRAAY3I RdAdz2NAyYy3I (KS WGSSGKAYy3I LISNR 2F
Some HRS operators with experience of operating multiple HRS for several years have started to observe improvememts in ste
availability for new stations (compared to previous models from the same supplier), suggesting that design and operational
improvements are being implemented because of the experiences of early stdBiesispractices should be shared widely
wherever possiblgo ensure that HRS from new suppliers and operators also have high availability.

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

Vehicle manufacturers have identifigdprovements to station availability as a high priority and critical to the commercialisation o
hydrogen mobility.Problems with isolated stations could cause disruption to customers and reputational risks, particularly as in fhe
early stages of HRS network development there may be limited alternative locations for customers to refuel nearby, slemadses

Source: Summary of solutions adopted to resolve outstanding network and precommercial issues around hg8rogen
fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy



Data from the selection of HRS monitored in the
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project shows that while many HRS are performing y [\ aydbr_?geg
well, some still have relatively low availability Y Meblity Europe

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

Availability percentage

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

The graph shows the minimumaximum and overall project average availabititp maintain anonymisation
of the data from individual operators. The black bars show the lowest and highest availability in the quarter.*

lva9 | w{ F@FrAflIOAfAD
Wi T T T3 T T T T T T T J
@
yip
TiA

Cif

pi

Number jof HRS reporting avallability data:
na

oA 31 32 36 35 34 3 37 38 37 35 B4 33 27| 2528

HA Number of HRS included-in a__ailab"lity calculation:
VA
27 28 30 31 32 30 31 33 31 29 33 29 24 2223
1z
v (MNJ (HNJ (DNJ (NNG (VNG (HNG (DN (NG (VNG (HING (o N (nNJ NG (HING (DN (N

HNOHN HTHM HNTHH HNMTHO

Time recorded

The reported average excludes HRS
which have exhibited unusuailgw
availability (less than 80%&) a given
quarter as these are generally down to
one-off issues or, in

202021, COVIEL9 related problems
(e.g., lack of parts and available
maintenance staff).

*The projectaverage station availability
was93.1% in 2023Q&0220Q4 value
,,95.2%).

Several H2ME HRS were affected in
2023 by a shortage of hydrogen supply
¢ i.e., some of the overall lower

* Data presented as recommended by the 2008 Monitoring and Assessment Framework availability was not due to HRS

issued by the FCH Juhded HyLights project. P#2020 data omitted for clarity.

Source: Interim and final summary reports on technical performance of vehicles and stations in the{RRejeoctt 5

(20212023), 2023, H2ME (2), Deliverable 5a8nex

technical issues.
89
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Low HRS utilisation affects longer term availability N o & Hydrogen
« Mobility Europe

HRS availability is related to its utilisation

The reduced frequency Of pl’0b|emS as ut'l'Sat|on Of Downtime per kg of hydrogen dispensed for H2ME |—FRSS
equipment increases is a wastablished effect, known

as thebathtub curve °

Frequency of
downtime events (blue

Low levels of utilisation can be detrimental to some HRS

T .
components which function best when highly utilised. 5 n?:rtes)Hdzegz?:'”egnsaes |
For example, compressors are known to have problems %‘ P
in repeated stopstart cycles. gc
HRS with lower utilisation may be given lower a priority §
maintenance or spare parts if there is a bottleneck for
supply of them, compared to very busy stations.
The chart shows, for each HRS in the project, the e e e
downtime days (adjusted for total dispensed hydrogen) H, dispensed (kg)

against the total hydrogen dispensed by the HRS.

As the total utilisation of an HRS increases beyond 100 kg, the downtime per kg dispensed reduces dramatic
l.e., availability increases.

CKS I H®P[ L+9 YILI AaLISOAFASE 6KSY I w{ FINBE Ay (KS W2
the volume of Hdispensed is very low, and issues are more likely to occur) and displays the following messac
G!fy2aald GKSNBH ¢KAa ada-siadd@d/prosedureihat we daliiy’of at bll-statirsy  LJ
order togive the plant the final polish. The station is availabledfweling We are looking forward to your

FSSRoL O] @ . . .
1&ene>1anaﬁ/3|s of data reported by refuelling stations across H2ME, H2ME2, and ZEFER projects
Source: Summary of solutions adopted to resolve outstanding network and precommercial issues around hydrogen fuel 1
2020, H2ME (1) Deliverable 2.6, Element Energy. HRS under High utilisation, 2023, H2ME (2) Deliverable 3.37, Element
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Compressors, dispensers and chillers have been identified 4’1 b
Fa YNRATIKQ O2YLRYySyuaszr NBa 33/ @opes T ;
downtime across the project > Moblllty Europe

Causes of HRS downtime

C  Datahasbeencollectedon the key causesof downtime for HRSs$n H2ME and ZEFER HRS Downtime by catefory
the H2ME project andis summarisedn the chartto the right. Note
that electrolyser downtime is not included to preserve the
anonymityof HRSsuppliersin the project

C  Many downtime events within the H2ME project can be
associatedwith a failure with one piece of equipment Many
stationsare susceptibleo a singlepoint of failure meaningthat one
malfunctioningcomponentcancausethe HRSo stop operating

C  Moreover, problems can also vary by vehicle type. For instance,
larger tanks are more prone to issuesrelated to temperature
regulationduring refuelling However,the data shownhere is only
for LDWwith tanksbetween4.4 kgand6.3 kg.

m A - Fuelling Dispenser

17%
m B - Compressor

C - Hydrogen Storage
m E - Electrical Components

= F - Other Onsite Equipmer

» 10% G - Chiller/precooling

C Datafrom HRSprovidersidentify compressorschiller/precooling and fuelling dispensersas the largestcauseof HRSdowntime,
accountingfor 63% of total HRSJlowntime in the project A targetedimprovementin these equipmenttypesis therefore important
to improve HRSavailability and will require : researchand developmentto improve reliability and durability, standardisationof
designsto make maintenanceand repairs more efficient, robust supply chainsto reduce the period of downtime in case of
unexpectedfailures, building redundancyinto HRSgn+1 philosophy)to mitigate the failure rate of highrisk components Thiswill
haveanassociatedCAPEXnpactwhichis likely more justifiablefor HRSwith highutilisation, highavailabilityandhighrevenues

Reliability can be improved ladding redundancybut this increases CAPEX and footprint. Integrating more components is mor
costeffective for larger and/or modular HRStandardisation of designean help to make maintenance and repairs more efficient.
For a small FCEV fleet, usi@V as a baakp may be more coseffectiveto installing and operating an HRS with high availability.

G 1 ¢ Internal project dataCenexdata up to Q1 2023). 91
1y Partnership Source: HRS under High utilisation, 2023, H2ME (2), Deliverable 3.37, Element Energy
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Implementation of rigorous safety processes and »

checks is an essential part of HRS installation and . & rnvdr.?geg
operation %" Mobility Europe

E4tech
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Further detail on HRS safety best practice: Component design
| §2AR W2OSNRSaAIAY QT gKSNB SldaALIYSyd Aa SEOSaluies@adtied O2 Y LI
detected at the testing stage

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

Some leakage events are causedsbrew joints and inappropriate sealing$f welded joints are to be used instead, do

careful statistical checks ofeldingsand control certificates and capabilities of suppliers. Obtain data on the strength of
welded parts and develop technology and techniques for improving quality of welding of hydrogen compatible material and
reducing the pipe thickness.

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

Further detail on HRS safety best practi¢¢RRS installation and operation

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

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

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

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

Carry out Emergency Response training for first responders (both internally and with local Emergency Services).
Ensure that contingency plans are in place setting out clear actions in the event of an incident.

Source: Summary of solutions adopted to resolve outstanding network and precommercial issues around 92
hydrogen fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy
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Improvements to HRS required for future use 4

Fleet driver and operator interviews ' ' Mobility Europe

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

Fleet drivers Fleet operators

Ability of stations to fully refuel
Time to refuel vehicle - I vehicle

Number of HRS on Ease of refuelling

major roads for lon . .

distance journeys

Number of HRS in m Number of HRS on major roads f
long distance journeys
local area

Number of HRS in my local are

0% 20% 40% 60% 80%  100% 0% 20% 40% 60% 80% 100%
B significant B improvement Already sufficient M s28ayaoid vy sz2yod 1y2s
improvement required required difference to me

C  Numbers of stations in local areas and along major roadse identified as the two areas requiring most improvement amongst
fleet operators and drivers, with over 85% of operators stating these aspects need to improve. Van operators disproplyradinate
that significant improvements to numbers of HRS were required; the van operating area is typically more dispersed, est it sugg
that a more comprehensive level of HRS coverage is needed for van fleet operators, compared to e.g., taxi operataestiesity ¢

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

C HRS reliability was also frequently considered to be an area where improvement is needed, although to a lesser extend tompare
number of HRS. 70% of drivers and 76% of operators felt thaetfability of HRS required improvemerfor them to be suitable.

Efﬁ’,}g}’sdﬁ?,?e” Source: Status and advancements in the customer value proposition offered by the fuel cell vehicle technoPo%y,

2023, H2ME (2) D6.3/6.6, Element Energy
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To create sustainable networks, growth and 24 P ERMaurennery
performance criteria must be balanced with the § . y Hydrogen
need to operate coseffectively »< > Mobility Europe

Overview of issues for HRS business cases

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

Installing enough HRS to provide sufficieaverageof the operating area for their target market;

Providing a higlguality service to customers: crucially, this means providing highaki&bility to ensure
that customers have access to hydrogen when required,cmmimunicating HRS availabilitp customers;

Ensuring thafixed and variable operating costs are not prohibitite the longterm business case, e.g., by
JVs between equipment suppliers and operators, growing the network and demand in parallel, and growir
demand from HDV fleets.

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

In the absence of demand commitments from customers, investment in new HRS isdigkyo the uncertainty of
future demand growth and the high current HRS CAPEX and OPEX;

alye |1 w{ 2LISN}IGIR28SRQUIIBINRI ORSYRYRS(I62N] 3IAINBGUKT
Uncertainty over thduture supply of vehicles, and value of hydrogéiow carbon hydrogen in particular)
contributes to the risk;

Policy setting outlearly defined cost support for low carbon hydrogen and vehiates help to address this.

94
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HRS operators face challenges in the security of >4 % ERMaemenicrers,
future demand, and access to low cost, low % . § Hydrogen
carbon hydrogen Y Monliity Eirape

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

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

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

Access to low cost, low carbon, fuekll quality hydrogen is currently limitedSome HRS operators and suppliers
focus on the provision of electrolytic hydrogen from renewable electricity; this is generally more costly than
hydrogen produced as a fproduct of chemical processes, or from reformation of methane, due to the relativel
high cost of electricity compared to methane. However, new approaches teetfestively supply low carbon
hydrogen are now starting to be investigated in Europe.

The following pages set out emerging business case approaches and remaining issues to
be addressed.

95



E4tech

Two emerging trends for business case: . ERM ctementereroy
emphasis on larger HRS that can refuel heavy I\Hﬂydrogen
vehicles and on renewable hydrogen .4 > Mobility Europe

Emerging trends thatwill have implications on future HRS business cases

A shift towards higher capacity refuelling stations serving healyty vehicles

The Hydrogen Mobility Europe partners have refined their business cases for HRS deployment Iliased on
lessons learned over the course of the project, and on the development of the FCEV market infEurogny

of the national hydrogen mobility initiatives, the focus in the past decade has been on instalimgny

individual public HRS as possible. However, the next phase of European HRS deployment in the early 20
shifting to the development dewer, higher capacity HR@s opposed to many smaller stations focused on
LDVs), targeting HDVs as the main users of these stations.

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

Increased ambitions for supply of renewable hydrogen

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

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

LFurther details : Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 96
2020, H2ME (1) Deliverable 5.13, Element Energy.
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Highcapa_citg stations have the potential to be g & ERMeemennes
more profitable, but confidence In future § < § Hydrogen
demand is critical L/ Monility Eurape

Business case impacts of HRfpacityand utilisation

Refuelling station costs do not scale with hydrogen output when the costs of hydrogen production and distribution aredeXtlede
implications of this on the cost of dispensed hydrogen are illustrated by the graph below (adapted frétyditogien Mobility

Ireland public repor, which show$1RS with high capacity andgtilisation have significantly lower costs per kg of hydrogen sold
than small undetutilised HRS as less hydrogen is sold.

This is wellecognised across the industry (e.g., as discussed iN¢weBus Fuel final report, p2ihd inprevious H2ME reporj}s
combined with the relatively slow retiut of hydrogen cars and vans in Europe, this has led to hydrogen mobility strategiesysee
to focus more on heavguty fleets (trucks and buses) to provide the anchor demand for new HRS.

Additionally, this suggests that stations delivering greater than 200 kg/day may see diminishing returns, with annuat costs n
decreasing significantly beyond 400 kg/day delivery.

6ek] IV

w{

2 F

40 1 36.5 Size and utilisation rate
Annualised CAPEX | OPEX (3% of CAPEX)

| 2ai

30 1 Note: The cost presented here is the component df

19.6 the total cost of hydrogen that is due to the HRS,
20 1 excluding production and distribution costs

11.1 12.3 98

10 1 5.9 6.0 7.2
3.2 3.8 21 3.0 1.7 2.3

1.3

| VY dzt

0
15% 50% 95% 15% 50% 95% 15% 50% 95% 15% 50% 95%

X Small Small Medium Large
80kgH2/day 200kgH2/day 400kgH2/day 1,000kgH2/day

15% 50% 95%
Industrial
5,000kgH2/day

One way to achieve utilisation is through positioning HRS adjacent to fleets. However, the fleet will need both high aagdwgh
availability, adding cosHigh confidence in sufficiently high HRS utilisation and revenues will be essential to attract investment
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Siting, permitting and building o

: . N < . Hydrogen
Analysis of H2ME stations deployment Mobility Europe

pa ”

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

Time required for site identification Time required for obtaining permits Time required for building
14 14 " commissioning
12 12 12
10 10 10
S 6 6 6
2 2 2
0 - . | 0 I . [ | . 0
0-3 4-7 8-11 12-1516-1920-2324-2728-3132-35 0-3 4-7 8-11 12-1516-1920-2324-2728-3132-35 0-3 4-7 8-11 12-1516-1920-2324-2728-3132-35
Lead time in months Lead time in months Lead time in months
C Finding a suitable site can be complex. C Lead time for permits can vary C Permitting of the HRS is on average the
The main cited reasons for long lead time significantly.On average, permits are shortest phase of the installation process
_for confirming sites are: obtained after 8 months in most locations (7.4 months), closely followed by building
A Contractual discussions for land usage. except for France with an average time of and commissioning of the HRS (7.6
A Discussion with DNO for grid 12 months for obtaining permits. months).
_connection upgrade (electrolyser). ¢ whijle it is expected lead time for C On site electrolyser HRS typically require
A~ Additional studies required due to permitting might decrease as the 25-50% more time to be built compared
_ surroundings. o _ technology is more widely understood by ~ to HRS with hydrogen supplied by trucks
A Change of sites after initial selection  5thorities providing the permits, sites This is due to more complex equipment
due to unforeseen complications (€.9.,  might require increasingly complex and civil works.
change of plan for land usage, issues  gpplications as options for easier sites are
with permits etc.). reduced and while the footprint of stations

is increasing to support mixed usage.

98

Source: data H2ME projects, Element Energy, 2023
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Case study 1Experiences and lessons learnt =~ J»3 ™ ™ cemenerew
from a national HRS network implementation in § . § Hydrogen

Germany (KHMobility Deutschland) (1/2) Y Monliity Eurape

Hydrogen refuelling station installation process

~

Prepare and submit planning
application

mir?ac;;;zunctlga?parg?/al (; Slnce ItS inception in 20152H H2MOBILITY
(o —— Mobility Deutschland has decreased R »
[ reamee the total time to deliver an HRS from = 'cnorra:;‘;r#;t“re
f Agreeleasewith landlord i ”~ 24 months dOWn to 16, With a.n end #FortschrittTanken
e —— — target of 12 months.
HRS designwork ‘ v o
—— _— L] C  Several challenges makes reducing the total time difficult:
CIVIA| and‘elactm‘:al s R . . ] ] )
O il A B o 8 A Location various criteria for network planning; the number of
— ) 1 p : ; i i
Develop safety case SN different stakeholders involved; constructional constraints (space,
> 1 z & noise, etc.)

A Permitting: lack of standardised permitting process with
authorities¢ regional differences in Germany lead to unpredictable
lead times

A Delivery time of HRSmmaturity in the supply chain results in
delivery time of 910 months from HRS suppliers as well as limited
capacities. This was exacerbated in the second half of the project
due to the lack of material following the Coxi® pandemic.

A Resource bottlenecksRequirement for OEM approval and vehicle
testing at each station can delay commissioning process.

Component procurement

o v
-

HRS build

z A
Appoint contractors (for cuil ¢
elecincal engineernng and other works

as required)

Site preparation

Y4

HRS installation and
commissioning

Source: Summary and lessons learnt from the hydrogen mobility strategies tested in this project interim 2028,
H2ME (1) Deliverable 5.12, CONFIDENTIAL, Element Energy
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Case study 1Experiences and lessons learnt 2 ™ lementeneray
from a national HRS network implementation in y 4 § JYerogen -
Germany (KMobility Deutschland) (2/2) B Tonmrirons

Upgrade of the 70ebar refuelling German network for HDVs to drive an increaseutilisation

C  In Germanyglose to 100 HRSs are deployed at the national leVélis

reflects the German strategy of having extensive coveragevith | Ha20Af A& 5SdziaOKfl yRC
YF22NJ OAGASE 611 YOdzZNAE adzyAOKI . SNIAY YR CNIyYylFdzNIiv | a
priority is to create a minimum viable network ahead of increasing COVERAGE .

deployment of FCEVs and growth of hydrogen demand. @ Ba e Eg;fj;:j;g;g;ﬂ icles I:"{]l'.f

s LIV s

C  Most of the original stations were 70@ar only, refuelling mainly
passenger vehicledleverthelessto increase theutilisation level of
. . .. UPGRADE & BUILD PILOT
HRS, new 35@ar HRS will need to be built and existing 70@ar Regional network for First stations
stations will need to be upgraded to accommodate HD vehicles. MLCYsand PYs forHbvs

These can be small upgrades with the installation of an additional P =t
. ) o : Y= =
bar dispenser (a smart dispen&eor can require bigger changes witt
the installation of additional storage capacity and dispenser(s).
C  Stations which will be/have been upgraded must adhere to several
criteria: be economical viable (CAPEX and OPEX), have high expe ;:U?‘;ﬁ::fle gf“:y'i"::g‘;:”—" f:::‘;;‘:gi‘”— CASE
utilisationlevels when compared to current fossil fuel stations, be o sizes from Electricity  of stations
strategically located (i.e., linked to the THNetwork) and be fit for ar ANy = Al | 3 & !
. . . . .. . ~— = = —\ £k o .-\_,Ll et 12 :
upgrade (i.e., technically feasible with minimal operational and e EEREY TR uTE e i b ol ®

practical constraints).
C  Thisstrategyhasbeendevisedbasedon forecasteddemandper customer/vehiclesegments

A Busesmedium duty (3.5t ¢ 15t) and HDVs(>15t) are expectedto accountfor 83% and 88% of the total hydrogendemandin
mobility by 2025and 2030respectively

A In 2030 HDVsalone are expectedto represent80% of the total demand Asthese vehicleshave bigger sizedtanks (>30 kg vs
averages kg for passengevwehicles)the load factor is expectedto increase

1 Smart dispensetthe quick, lowcost H2 MOBILITY solutionfor 380 NJ NBFdzSf t Ay3 GgAGK | &aAY
solution that does not require the installation of a 3bar storage tank. 100
Source: Summary of German Case study. HRS under High utilisation, 2023, H2ME (2), Deliverable 3.37, Element Ener
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Case study ZExperiences and lessons learnt from« <

Hydrogen

a citywide HRS network implementation in Paris:‘ ;‘3 Mobility Europe

The Paris Network and evolution of demand patterns across the network

TheRoissyand Orly HRS have been in operation the longest in Paris in the H2ME progaace Q4 2018 and @B17respectively.
Orly is one of the mostitilised light-duty HRSn the project and across Europe more generally, withsation level of 82% in Q1
2023(averaging 50efuellingevents per day with 2.5kg dispensed per event (50% of a FCEV tank capacity)).
Upgrades to increase the capacity of these HRS have been considetbdreuts currently a preference to add new HRS sites :
due to challenges related to space constraints and redesign of the station to allow for increased capacity.
such improvements could be less beneficial in the long term than a new station, with a scalable design.

Volumes of H2 dispensed per station  Volumes of H2 dispensed

over the course of the project per station during the Q1
i 0361 _-.-n I 0361 "':
ainte-Honorine Roissy-en-Fyasce ‘ainte-Honorine R“’g-‘;""‘""
- — Roissy P 0 Trembla ance
e Porte de la 68.3t 184 Porte de la .
Foret Argentetil  Chapelle .\ Foret Argenteui  Chapelle T\ Roissy
jgagie ae 61.6t S eall ke gile de 12t o 14t
I-Germain . Germain
: Agbervilliers Al illiers A
main-en-Laye N#ntema 2 ‘ majr-en:Laye Nanterre g
L Paris * =™ N lid 3y o Paris . ity 4
Boulogne-Billancourt o B P Boulogne=gillancourt ¢ BH
i Issy-les-Moulineaux '\\'5,\“\ Whole trial § i lssy NOMUMM{AM ‘:,\ﬁ Q12023
Versgilles 4 ) (N1 Versailles ) [N1g
Vit iliansy il ay A3 ] Créteil Viktimdd Vilinnty bl ay = Créteil
. Versailles &3 . Versailles 3
8.2t 8 i 2106 | 0.5t .  A106|
Massy. i/ Orly Massy. i Orly
[N118] [ AT0) 104.8t [N118] A0} 11.2t
| A5 . A5 &
[N6 | N6
s i Go gle oy bés Ui Go gle oy
domaniale domaniaie

Source: Summary of Paris Case study. HRS under High utilisation, 2023, H2ME

(2), Deliverable 3.37, Element Energy

There was a change in the demand pattern
across the network following the opening of
the Porte de la Chapelle HRS in Q3 2021. The
HRS hadispensed 61.6t of hydrogen. This
represents ~25% of the total dispensed
across all HRSs over the course of the trial
~43% for Orly,~28% f&oissyand ~4% in
Versailles). The HRSentrally locatedand
isnear to the depot / base for many of the
Parisian hydrogen taxis

As of Q1 2023, thdistribution of hydrogen
was evenly spread across the 3 main Paris
stations: 30% in Orly, 37% Roissyand 32%
in Porte de la Chapelle. Th&tionsare
located inthe city centeror near airports
which fits well with the business model of
taxi operators in Paris.
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Minimising the frequency and impact of safety ~ pq & ERMaementcrers
Incidents at HRS is vital for the successful y < § Hydrogen
commercialisation of hydrogen mobility » Mobility Europe

Overview of HRS safety

Successful commercialisation of hydrogen mobility will rely on achieving a certain Ipudllicfconfidence
in the technology, including safety aspects.

As such, thérequency of incidents should be minimisednd when they do occur (however rare), it is
important that HRS operators and suppliers are prepared, both in terms of taking all necessary steps to cont
and address issues, and in terms of how incidents (and the measures takenjrareinicated externally

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

LYOARSY (& O6AYyOfdzRAY3I WySIFEN YAaaSaQ FyR OFaSa 4K
Hydrogen Incidents and Accidents Database (HIAD) on a voluntary basis.

The European Hydrogen Safety Panel extracted the following findings based on incidents reported to HIAL

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

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

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

Source: Summary of solutions adopted to resolve outstanding network and precommercial issues

around hydrogen fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy 103
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Nordic regionihe incident atkjérboand with >4 P ERMaemerteery
9 ¥ S NJtrales fie&@ @mphasise the importance . L nydr?geg
of safety processes and redundancy obility Europe

Reasons for HRS shutdown in Nordic regions

C InJune 2019 a NEL statiorkjdrbg Norway experienced a hydrogen leak
which led to a fire. NEL responded rapidly to ensure that all appropriate
measures were taken to avoid escalation or further safety incidents.

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

C Some Everfuel H2ZME HRS were temporarily out of operation in Q2 and Q3
2023 due to a safety issue linked to the trailers supplying the HRS with
hydrogen. The fleet @ @ S NJFralkesstw@sigrounded following a malfunction
and leak on one of the hydrogen trailer. The root cause for leaking hydrogen
trailer was identified and a solution campaign was initiated.

Uno-X and NEL station in Norway
Source: adressa.no

Lessons learned

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

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

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

) O
40 19NJ13N3

Everfuel station in Denmark

. . . . Source: everfuel.com
Source: Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020, 0

H2ME (1) Deliverable 5.13, Element Energy. Summary of Copenhagen Case study. HRS under High utilisation, 2023,
H2ME2, Deliverable 3.37, Element Energy

Partnership
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While progress has been made on HRS commercialisation, * 5 ERM iementencray
there is a clear need for further development of the N . Hydrogen

' isati Mobility E
supply chain and harmonisation across the network IR OR0

Conclusions on HRS issues (1/2)

Based on the information in this report, hidgvel conclusions on HRS issues are summarised below.

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

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

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

Best practices on HRS safety (including quality assurance processes and contingency measures)
must be widely disseminated and adopted to minimise the risks associated with hydrogen as a
transport technology. Many funded projects have produced such reports in recent years, which
should be considered for any future deployments. A key learning is to fpiref systems and
components, and redundancy allows for maintenance without impacting on availability.

Source: Summary of solutions adopted to resolve outstanding network and precommercial issues aroun(i 05
hydrogen fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy
See more in appendix.
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As business cases shift towards targeting fleet vehicles & _ " ERM ctementeneray
heavy-duty applications, there are further opportunities 1§ . Hydrogen

: . Mobility E
to learn from the experiences of HRS operation for buses ORI

Conclusions on HRS issues (2/2)

The next phase of European HRS deployment is shifting to installing fewer, higher capacity
refuelling stations targeting heaxjuty vehicles as the main users. Larger stations can offer
economies of scale and therefore can provide a stronger business case to HRS operators.
However, gathering sufficient demand for such stations is crititRS deployments based on local
demand aggregation will be needed to support the continuedaatl (and operation) of public

HRS networks. In addition, improvements to component supply and reliability could help to

reduce the costs associated with HRS operation (with high technical performance) at low demand.

Future HRS business cases will rely on the acceleratedwgralefuel cell vehicle fleets, especially

in heavyduty applications. This will require national subsidies and incentives for all vehicle types
alongside incentives for low carbon hydrogen and disincentives for fossil fuel vehatas.
governments and transport authorities can play a role in reducing risk, especially for public fleets
such as buses and refuse trucks, by acting as a financial intermediary between the fleet operator
and the hydrogen retailer.

Some of the refuelling requirements of heaayty fleets will reflect the aims of the public HRS
deployed to date, but there are some differences (e.qg., refuelling schedules, user groups, use
cases) that will impact the specifications and design for HRS focusing on these fleets. Comparisons
of light vehicles with bus fleets can provide examples of some key similarities and differences. As
such, HRS suppliers and operators for future stations can draw from experiences of hydrogen bus
projects such ablewBusFuelUIVE and MEHRLIN, combined with the solutions adopted in H2ME,

to ensure that the most relevant best practices and insights are applied to future HRS.

Source: Summary of solutions adopted to resolve outstanding network and precommercial issues around 106
hydrogen fuel retailing, 2020, H2ME (1) Deliverable 2.6, Element Energy
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5. Environmental benefits and routes to low Y ¥ ERMaementenersy
costs green hydrogen N < § Hydrogen
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Approximately 60% of the HRS deployed as par: : : ——

of the HZME initiative delivered green hydrogen %~ Mobility Europe
C In most HRS in H2ME supplied with green hydrogen, it is produced via Source of hydrogen at HZME HR8y

electrolysis on siterather than offsite production with decentralised SMR + production

electrolysers, via biomass or reforming of biomethane. Carbon

) ) . ture Biomass

C The hydrogen production sources tend to differ for each coalition, because of Casp(; 204

national strategies and G@tensity for the electricity grid. °

. . . . El lysi

C In Scandinavia and the Netherlands, electrolysis-site is currently preferred Efcft;?tZS's ‘

whereaselectrolysis onsite is preferred inthe UK and FranceBoth options 18%

have advantages and disadvantages and may be preferred based on local
context.

Electrolysis
on site
29%

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

A Production at the site means supply is not reliant on hydrogen
production, transportation is not necessary, and it can enable stations toH2 at the station- per project
provide grid balancing services.

100%

C TheGerman HR® the project use hydrogen from steam metharefarming . .
(SMR)Options for green or low carbon hydrogen are being develop&tisis  50% I
due to a high percentage of cefidled electricity in the country compared to
other European countries, which makes electrolysis without dedicated 0% o
renewables power generation less attractive to achieve environmental goals. '\Q,z,i\’b &@@ &o& NS ,\\@*\&
C  The proportion of green hydrogen dispensed at HZME HRS has grown over the(_)@‘\6 ¢ Q;‘@e
duration of the project, demonstrating a motivation and an ability to move :'gﬂii(;(riissgurce SMR green or low carbon
towards greener production methods. m SMR + Carbon capture
o _ m Electrolysis off site 109
i Partnership  Source: data H2ME projects, Element Energy, 2023 Electrolysis on site

m SMR
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Well-to-Wheels emissions for FCEVs
Country by country analysgsGermany

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

Each country uses a different mix of electricity WTW emissions of FCEVs and
generation sources, renewables and low carbon as comparators in Germany
well as emitting. Germany has a grid emission factor
of 474 gCge/kWh.

For theFCEVs in Germany, a mix of 50% SMR and 5
wind electrolysisderived H was assumed.

\ 'km)

gc

WTW emissions from the FCEVs in Germany were

found to be 81 §Qe/km, compared to 77 gC&km . . I

for a battery electric saloon, 10&§e/km for a -
battery electric sport utility vehicle (SUV) and 220 Average FCEV BEV saloon BEV SUV ge diese
gCQe/km for a diesefuelled comparator. | =TT e R

Emissions [

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

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

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

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

*lHa20Af AG& DSNYI yaixatisswatorsi A 2y F2NJ 6§ KS | 110
Source: Welto-Wheels analysis, 2020, H2ME (1) Deliverable £&&ex



Well-to-Wheels emissions for FCEVs

Country by country analysgsDenmark and France' S ‘

C Each country uses a different mix of electricity
generation sources. Denmark has a grid emission factor
of 206 gCge/kWh and France 60 gG&xkWh.

C FCEVs provide significant benefits today compared to
the average diesel vehicle in Denmaakd achieved
greater CQemissions reduction than BEVs (if 100%
hydrogen derived from wind electrolysis is assumed)

C  WTW emissions from the FCEVs in Denmark were found
to be 20 €Qe/km, compared to 34 @Qe/km for a BEV,
47 LCQe/km for a battery electric SUV and 217
gCQe/km for a diesel comparator.

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

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

Partnership
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Hydrogen

Emissions (gCO-e/km)

250

150

8

WTW emissions of FCEVs and
comparators in Denmark

Average FCEV BEV saloon BEV SUV Average diesel
BWTT RTTW comparator

250

/km)

Emissions (gCO.e

150

100

WTW emissions of Symbio vans and
comparators in France

10.5 9.4 I I
—— —

Kangoo ZE H2 Kangoo ZE (BEV) Kangoo Diesel Kangoo Gasoline

EWIT mTTW

Source: Welto-Wheels analysis, 2020, H2ME (1) Deliverable £&&ex 111
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Perceived FCEV Well to Wheel (WTW) emissions< <

. . Hydrogen
before and after use Mobility Europe

After using the vehicles, fewer fleet operators expected their WTW emissions to be much lower ple&iol/diesel
vehicles (compared to before using the vehicles)

C Overall, most private users, fleet operators and drivers Do you expect the Well to Wheel emission of the FCEV (which tak
expected the WTW emissions of the FCEV to be either account of the production, transport and storage of the hydrogen)
slightly lower or much lower than petrol/dieselehicles, to be higher or lower than for a petrol/diesel vehicle?
both before and after using the vehicles. Fleet operators

0%  20% 40% 60% 80% 100% _
C A decrease in perceptions of fleet operators may reflect Fleet drivers

increased customer awareness hydrogen supply and

production following more exposure to the technology. Pre-operation - _ N =262
Although many HRS operators are aiming to transition to

zeroemission hydrogen, to date, some are still supplied

with grey hydrogen (from SMR) and hence have emissionsring operation I _ N =401

associated with their lifecycle.

C  Prior to operation, 73% of private users* and 53% of fleet Pre-operation
operators and drivers said they believed that FCEVs have
lower WTW emissions than FCEVs. However, following the
use of the vehicles, this reduced slightly to 45% for fleet During operation
operators butincreasedo 70% forfleet drivers and
nearly80% forprivateusers

C  Private users and fleefrivers have a more positive 0%  20% 40% 60% 80% 100%
perception of WTW emissionsyith 70-80% of
respondents reporting that they expected FCEVs had les Much Slightly About . Slightly Much
WTW emissions than petrol or diesel vehicles. higher % the same lower lower

*only 11 responses in total.
Source: Status and advancements in the customer value proposition offered by the fuel cell vehicle 112
technology, 2023, H2ME (2) Deliverable 6.3/6.6.Element Energy

i Partnership



S E4tech
%@\ E R M elementenergy

Electrolysers integrated with the grid, can have <« < '
. . ; . . . q . ydrogen
benefits, but it relies on certain design choices %" Mobility Europe

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

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

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

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

Frequency response, to correct small imbalances in the electricity system with <1 minute response.
Balancing mechanism, to correct mismatches in supply and demand of energy.

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

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

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

PEM electrolysers offer more flexibility than alkaline, due to faster ramp rates and lower minimum setpoint.
113
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Role of grid services in improving the business p & ~ o
models for electrolysers (frequency response) " Mobility Europe

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

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

15 - - 10
10.9

=
o
1

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

o
1

Revenue / cost [%]

o
L
I
N

GB 2020 GB 2030 DE 2020 DE 2030 FR 2020 FR 2030

Hydrogen cost and revenue [€/kg]
(¥a]

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

C Analysis undertaken as part of the H2MEZ2 project suggests that balancing revenuedwaethe costof
hydrogen byl-10%across different countries.

- H2 gross cost - Balancing revenue Revenue/cost

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

C The Balancing Services market by electrolysis is in strong competition with other storage technologies (mainl
batteries). They can help improve the business caséut they should not be a main pillar of it.

Source: Desirable design changes and operating regimes for electrbligfor 2022030, 2020, 114
i, Partnership H2ME (2) Deliverable 4.17, Element Energy
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Balancmg mechanism participation improves &

Hydrogen
the business case, but revenues are uncertain : :,' Mobility Europe
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Electrolysers can support the mismatch between supply and demand participating in the balancing mechanism

N

12 - ‘
5‘ @ 10.42 10.12 9.23 I Cost of H2 without revenue
m ) ) . I Maximum Balancing revenues
Ay
Z
Ne Inputs Optimised
’;;’ Year Min set | Max set Util. Rate Storage
point point
+ 2/3rd dail
0 2020 5% (PEM 90%  79% ‘o X dy
GB 2020 GB 2020 GB 2020 DE 2020 DE 2020 DE 2020

- low - high - low - high
volatility  volatility volatility  volatility
BM BM BM BM

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

C Prices in the BEM are more volatile than in wholesale markitgher volatility brings amcrease in profit as
shown in the graph for GB and DE.

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

SourceDesirable design changes and operatiagimes for electrolyseHRS for 2020 115
iy Partnership 2030, 2023, H2MR) Deliverable 4.10, Element Energy
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Gmd fees and green levies are a significant 4 (T
cognponent of the cost of green hydrogen : ! ' Mobility Europe
The cost components of hydrogen produce by grid connected electrolysers
10 1 A Total Sl E4tech
:)' g | _ Y Bl HRS %ERM elementenerg_y
= 5 | [ ] Balancing service revenues
: [ ] Policy (green + other) levies
0 4 - [ ] Grid fees
S o B Wholesale electricity
T
_— [ Electrolyser
~ Ell= Energy Intensive Industry
2 LF= Load Factor
Non-Ell, Ell, Non-Ell,
100% LF 100% LF optimised

O 0 0O O

¢

Policy levies comprise more than 40% of industrial electricity prices in Great Britain. 80% of these levies are forigeesyobl

as the Renewable Obligation and Contracts for Difference.

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

In a 2030 scenario, such a levy reduction would have a migtter impacton the hydrogen coghan operational optimisationof

the electrolyser to utilise low price periods.

Achieving Ell status (at 100% load factor) would enable a 34% cost reduction, whereas choosing operational optimisation
(minimising electricity costs and increased revenue for balancing services) achieves only aré#ucteh, andhas a higher

CAPEX electrolyser.

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

case.
SourceDesirable design changaadoperatingregimes for electrolyseHRS for 2022030, 2023 H2ME 119
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Routes to low cost hydrogen (1/2)

Routes to low cost hydrogen: production and distribution

In order to achieve diesel parity or better than
diesel parity hydrogen prices, there are four key

factors which need to align: 1

Lower hydrogen production costs

Hydrogen production costs are currently around 2

Edtech

, ‘ %fﬁ& ERM elementenergy

ERM Group companie:

Hydrogen
* Mobility Europe

eyk13 F2NIfINBS ao0FLtS INBSyY
linked primarily to the capital cost of the
electrolyser and the cost of electricity.

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

fall, so should the input price for hydrogen production.

Wind Power
Grid Fees

Exemption

Equipment Bl Energy Energy Charges Price Range of
Costs Costs & Tariffs Benchmark (€/kg H,)
7.93
175
| 203 0
05| o2 _on
0.02
. 555 vt 250 [N
247 » ~ S Natura
KERNPISY LINERAOGAZYS Natur
Base Case 85% Ell Minimising Arbitrage Final Carbon

Above Price

£100/MWh

Contributions to the LCOH, Gigastdck

Electricity prices need to decrease from their current peak and remain low through long term offtake arrangements with
renewable assetdn a fully decarbonised worldsdhe levelized cost of electricity production from renewables continues to

The cost for producing and installing an electrolyser needs to decrease, and the efficiency of electrolysers needseo incre
Regulatory barriers need to be addressed: energy charges & tariffs need to be removed for renewable assets which pow

electrolysers
More efficient hydrogen distribution

Centralised production with distribution to HRS is a promising, scalable model for supplying hydrogen to the transpofibsector
minimise hydrogen distribution costs distances between production sites and HRS should be limited (maximum of low hundrec

km) and opportunities to maximise the use of assets should be taken.
Industrial clusters and regions with access to offshore renewables are ideal locations to start to build out the hydraergref

station network.
1 Gigastack Phase 2 Public Report

SourceOverarching progress beyond the current state of the art and gaps preventing full

commercialisation- Final,2023, H2ME (2) Deliverable 6.14, Element Energy
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https://gigastack.co.uk/content/uploads/2021/11/Gigastack-Phase-2-Public-Report_FINAL_.pdf

Routes to low cost hydrogen (2/2)

Routes to low cost hydrogen: demand and subsidy support

Aggregated offtake demand

E4tech
E R M elementenergy
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£
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Hydrogen
* Mobility Europe

Hydrogen refuelling station capex

Achieving large hydrogen refuelling station demand €exkl3 contribution to dispensed Hprice
is critical to achieving low hydrogen prices. This is 0 ®n € Source: <RERMENN
because the economics of installing the capital H®p € -
equipment for a permanent hydrogen station do not |, « ¢
scale down well.

) ) M®p €
A scale of below 1 tonne per day station capacity
!- _f f 2 é_é F2NJ auol oA 2 y I-_ Y2 NI AMEP fraczyOzah TOSTZETEMKET RE AN wme
it is fully utilised. A 500 kg/day capacity station nop €
cannot achieve these prices, see right. ndn A—e . Average
emMk]13 | w{ O2yG(GNAROGdziAZ2Yy A& b0 322 R00T A 3 aNE ulzoolmgooaszsttoquRS
future deployment projects. _ _ : usage

2 tpd capacity ——1 tpd capacity 0.5 tpd capacity ~ (kg/day)

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

production source.
Continued subsidy support

There is subsidy support available for green hydrogen that is used in transport, as outlined by the Renewable EnergyfRriectiv

HO® C¢KAA &dzLILI2 NI A a
would currently not work without the support.

SAaaSYyGAlt

G2 SyO2dzN}y 3S 3INBSYy KaspNR IS

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

reduction act (US, up to $3/kg).

SourceOverarching progress beyond the current state of the art and gaps preventing full

121

commercialisation- Final,2023, H2ME (2) Deliverable 6.14, Element Energy
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Although significant progress has been made, ¢ & ERMeenertcres,
the number of refuelling stations is still a major y, _  Hydrogen
barrier to further adoption of FCEVs < > Mobility Europe

HRS deployment barriers to FCEV adoption
bdzYo SNJ 2F f20Ff | w{ O0APSPI Ay KERNRISY RSYlIYR aO
A minimum of two HRS per cluster is required to support demand from light duty fleet applications; this
provides redundancy (allowing HRS maintenance to take place) as well as better geographic coverage.

Some highmileage light duty fleets need more operational flexibility; to support a higher vehicle
turnover in these fleets, more local HRS are required to provide a greater degreewfdgtgoverage.

Wider HRS coverage (to enable long distance journeys)
In tvhev eAarIy stages ofAHRS deploynje,nt, stations are often in urbanvcent,res. This isllikely to [estrict’the o
F OO0OSaaAoftsS YINJSU ¥T2NJOFINBR YR dlya 02 aOl LWUAGS
Funding for HRS to be deployed on the-Tecorridors will support long distance journeys.

Some HRS have limited capacity, performance or interoperability

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

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

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

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

123



E4tech
Siting and permitting is a bottleneck in the HRS  »q % ERMeenencrers
Installation process, and the high risk associated _ nvdr_clzgeg
with investment also needs to be addressed < » Mobility Europe

Issuego be addressed to acceleratdRS deployment

C Siting and permitting challenges

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

C High investment risk for HRS operators and green hydrogen producers
A Uncertainty around longerm demand creates risk for investors in new HRS and green hydrogen production.
A For existing sites, when utilisation is low, the cost of maintaining and operating HRS is high, highlighting the riskif&.new

A Low carbon, or green hydrogen is increasingly popular, but smaller scale production is often more costly thstalarge
centralised hydrogen production (e.g., at the scale envisaged for the use of hydrogen in heat and industrial applications).
Uncertainty around the timing for loweost hydrogen make the business case for ssdle production challenging.

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

HRS permitting guidance LINREL y4 DEVELOPMENT APPROVAL OF
document from the US National ':;p Pg}éﬂir' ’h HYDROGEN REFUELLING STATIONS
Renewable Energy Laboratory ) B4 2 b w 'Y ¢ ' A BLUEPRINT FOR PROJECT DEVELOPERS AND LOCAL AUTHORITIES
(2016) and a blueprint for FINAL REPORT- MAY 2016
approva|5 from the Carbon Guide to Permitting Hydrogen

. . Motor Fuel Dispensing Facilities
NeUtral Cltles Alllance (2016) Carl Rivkin, William Buttner, and Robert Burgess

National Renewable Energy Laboratory

i Source: Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020, 194
-i:?-..:{‘_”Partnership H2ME (1) Deliverable 5.13, Element Energy
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Limited vehicle availability and high ownership R viieaan

costs are also barriers to wider adoption of FCE\Zs‘ N Mobility Europe

Product costand lacking availability creates barriers to FCEV adoption

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

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

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

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

A At the low levels of demand currently seen at public HRS in Europe (<200 kg/day) the cost of producing and supplying
KERNRISY |G Fy ITw{ Oy 06S @OSNE KAIK® LY FTRRAGAZ2YZ (GKS C
achieve high availability are significant at low levels of demand. These costs can be passed onto the end users leading to
significant fuel cost premium compared to fossil fuels.

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

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

: Source: Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020, 125
y, Partnership H2ME (1) Deliverable 5.13, Element Energy
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Demand uncertainty contributes to the lack of model 2 W ERM ciementeneray
choices and high costs; national policyakers can  y  y Hydrogen

provide clear market signals to help address this Mobility Europe

Issuedo be addressed to bring costs down and improve availability

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

Production volumes in the low tens of thousands are needed to bring FCEV car prices nearer to thosé. GHEEVs
dSO02yR 3ASYSNIGA2Y aANIA KIFa aKz2gy I Flff ANExo@dh®®zo & A RA & ¢
trialled in H2ZME and deployed mostly in South Korea) reached these volumes in 2022 for the first time. Prices are falling
but FCEVs are still expensive to produce and buy compared to alternativaridvzereemission options.

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

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

Longterm policy mechanisms (e.g., per vehicle subsidies maintained over a certain period) are needed to increase
market confidence (for manufacturers and customers) and reduceTigk.also applies to hydrogen production & HRS
operation; hydrogen fuel subsidies or other mechanisms that can provide more cedamiyd longterm demand and
revenues will make the investment case much more attractive for HRS operators.

Hyundai is not currently a major supplier to the European truck market but hag
responded to the demand for zero emission trucks in Switzerland and other

European countries: the Hyundai Hydrogen Mobility project plans to deploy o
1,600 fuel cell trucks in Europe by 2025. This project has been made possible
aggregating demand from numerous transport and logistics fleets in Switzerlat
combined with high taxes for fossil fuel Heavy Good Vehicles (HGVs).

Source: Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020, 126
H2ME (1) Deliverable 5.13, Element Energy  12018cUS Department of Energgoi.org/10.1016/j.trc.2018.01.005
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A fully integrated regulatory framework that addresses 5 ERM ctementeneray
the safety of hydrogen in mobility applications is needed § Hydrogen

to avoid restrictions to future adoption of the technology Mobility Europe

Safetyrelated issues for FCEV adoption

Some users have expressed concerns around the safety of the technology

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

a2NB AYF2NNIGA2Y YR FdzZARFYOS A& ySSRSR (2 NBI &aaddzZNBE RN
Safety incidents at hydrogen stations could impact availability of hydrogen for customers

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

Regulatory issues for FCEV adoption

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

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

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

Using FCEVs in enclosed spaces such as underground parking, tunnels and ferries.
Onsite storage of hydrogen at refuelling stations (safety requirements currently relate mainly to industrial sites).
Transport of hydrogen by tube trailer.

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

There is a need for further research and education within the supply chain and regulatory bodies, to address the lack of
understanding around hydrogen safety. The interpretation and implementation of HRS standards by local planning
authorities is just one example of where this is required.

Source: Summary and lessons learnt from the hydrogen mobility strategies tested in this project, 2020,127
H2ME (1) Deliverable 5.13, Element Energy
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The following slides set out recommendations to % ERM ciementeneray
support the further commercialisation of hydrogen | . deg_?geg
mobility from three different perspectives < » Mobility Europe

Overview of barriers

The following slides set out recommendations to address the issues identified above in terms of three key
aspects of delivering hydrogen mobility:

To reachcommercialisation

To make a business case for FCEVs need to beadily SN mfr_astructure
. . ) needs to be installedo
FCEVs in fleet applications the availablefor the fleet market
: : : support the hydrogen
cost of owning and operating in large volumes. OEMs also
) : demands created by fleet use
vehicles has toeach parity need to be prepared tocater )
. : cases. Equipment also needs
with incumbent technologies to all demands of the fleet :
: . : to perform to a high standard
such as petrol hybrids and use caseproviding a variety L :
: . : . to minimisedisruption to
plug-in hybrid vehicles on a of vehicle models to cater to :
) fleet services and ensure the
total cost of ownership (TCO) all market segments (e.g. : .
: : optimum business case for
basis. executive travel, seven seaters :
. operations.
and minibuses).

The recommendations are based on lessons learned from hydrodastmy stakeholders and the analysis

carried out as part of the H2ME project, including customer surveys, workshops, interviews, and techno
economic analysis (the results of which can be found in vaothes public reports.
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Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy
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Accessing reductions in FCEV and hydrogen costs will 4 ERM elementereray
require scale- demand aggregation activities for captive . Hydrogen
fleets are therefore vital >« > Mobility Europe

1. Business caseRecommendations (1/4)

Key requirements

FCEV capital cost
reductions

Reductions in
hydrogen price

Recommended approaches

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

Notify OEMs of interest in the markdrom large fleet operators (or a group of smaller operators) via
letters of commitment, target deployment numbers or conditionaljorelers.

Outline requirements for vehicle typeseeded in the shortand longterm to allow time for OEMs to
develop a solution and create a clear strategy for how production lines could be constructed.
Governments signal to OEMbat there will be sustained demand for hydrogen vehicles going

forward, including publishing FCEV deployment targets, continued subsidies and incentives for ZEVs.

Continue OEM R&Mb reduce the cost of fuel cell and hydrogen components for future vehicles.

More OEMs have announced passenger car FCEV models, although deployment is still slow and in
small quantities.

For existing stations in operatidacus on maximizing theitilisation of the facility to increase
revenues and reduce maintenance issues associated with low demand.
When establishing new stations, prioritise securing large hydrogen commitments by combining
heavy-duty and lightduty demands with dispensers catering to various duty demands (350 bar and
700 bar) to ensure costffective fuel production.
Governments should continue teubsidiseHRS deploymento support the capital cost of HRS and
LR GSYydArfte AYOUNRBRdzOS FTRRAGAZ2Y L &dzLIR2 NI 2y | €
| @RN2IASY LINAOS Kl a 0S3dzy G2 RSONBI aSsz {7/kgbK 2 dza K
2030.Energy prices peaked in 2022, briefly elevating hydrogen prices before reverting-2021d
levels (in 2023), howeveagsues with HRS deployment and maintenance increase the-eser
hydrogen price.
129
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Financial support for FCEVs needs to remain a key % ERM elementencray
priority for policy makers but other innovative benefits f‘f ' Hydrogen
could also improve the business case for fleet operations, , » Mobility Europe

1. Business caseRecommendations (2/4)

Key requirements Recommended approaches

Continuation of Subsidy support for FCEVs will need to continnghe nearterm until the cost premium of the

subsidy support technology can be reduced close to parity with hybrids and-piug/brids. Based on the electric

and incentivesg vehicle market, the most effective ZEV subsidies are: available close to the point of sale; locked into
FCEVs place for at least several years; relatively simple for consumers/dealers to understand their value; and

widely accessiblé.

Policy makers should investigate whettierther cost exemptions could be accessbeg ZEV operators
(low emission zones, congestion charge discounts etc.), as well as restrictions on fossil fuel vehicles.

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

To achieve zeremission mobilitygovernments should consider regulating and incentivising on a
technologyneutral basis allowing the market to determine the optimal technology mix.

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

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

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

1|CCT, Principlder effective electric vehicle incentive design, 2016.
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Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy
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Subsidy support for HRS will need to contingéMember

States need to act on RED Il and ensure that hydrogen is,

fairly considered and supported in national frameworks

1. Business caseRecommendations (3/4)

Key requirements Recommended approaches

S E4tech
%@\ E R M elementenergy

Hydrogenw
Mobility Europe

Continuation of Implement policy at a national level thde-risks the business case for HRS operatirgroduce low
subsidy support cost, low carbon hydrogen and invest in new HRS. This could involve: 1) Continued availgjaitysof
and incentivesg or cheap financdor initial infrastructure investments; 2) In the longer term, a movsupport

HRS KERNRISY 2y | GLISNJ dzyAl a2t RéE ol ara

Subsidies or certificate schemes acentivisegreen hydrogen salesver a given period can provide

some revenue certainty to make investment attractive.

The implementation of the Renewable Energy Directive Il (which includes the use of renewable
hydrogen for mobility) offers a pathway for the introduction of support schemes for hydrogen at
a MemberSate level. This (or other bespoke hydrogen subsidy schemes) can help unlock the

market for hydrogen deployment.

h@dSNI & NBAIGNAROGAGDS NBIdzZANBYSyla

0SdId &G A LIdz

potential for such schemes to support hydrogen-mit. The Europeateveldefinitions of
renewable hydrogen should be designed with sufficient flexibility enable support for

affordable hydrogen production from a range of renewable resources.

National implementation should: @uarantee access to suppofor early investors for a
reasonable period; onsider volume caps on renewable hydrogemensure that it does not

dominate the RED Il targets

Encourageollaborations between vehicle providers and HRS investotdgch can increase the scale
of deployment: for example, the taxi initiative in Paris (Hype). Where possible, provide specific

incentives aimed at catalyzing the progression to such larger scale initiatives.
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HRS policy support has been inconsistent across regions, »< % ERM elementeneray
with some countries benefiting from additional funding | _ \ Hydrogen
while others struggling to make business case »4 » Mobility Europe

1. Business caseRecommendations (4/4)Gontinued

Key requirements Recommended approaches

Continuation of In recent yearsHRS policy support has varied in different regions, with some countries struggling to
subsidy support make the business case for opening new HRS locations due to low utilization.
and incentivesg

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

Ongoing availability of CEF funding for HRS along thel'Tdeiidor.

Introduction of theZEFEBroject encompassing crosmrder demonstrations involving battery
electric and fuel cell electric trucks.

The UK Government's commitment to providing £140 million to showcase hydrogen fuel cell
trucks and HRS by 2025.

1 Project- ZEFES
2 Competitionoverview- Zero emission road freight hydrogen fuel cell truck demonstratimmovation Funding Service 132

Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy
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Clear market and policy signals are needed to provide > % ERM elementereray
OEMs with confidence to scale up production volumes of,  _ Hydrogen

FCEVs
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2. Market availability- Recommendations

Key requirements

Create confidence
in demand for
OEMs supplying
FCEVs

Develop new
model types and
decrease delivery
lead times

Recommended approaches

Fleet operators tengage in hydrogen councils and advocacy grotgsnsure that captive fleet models

FNB F LINA2NARGE F2NJ G6KS aSOG2NJ YR FNB AyaGSaINI:GSF
Continue demand aggregation worknd present market requests to OEMs for FCEV deployment of

different vehicles, as well as the announcement of deployment targets for FCEVs and langaepse

Governments could provide clear markstgnallingthat ZEVs, and specifically FCEVs, will continue to play
an increasing role via dedicated targets, policies or subsidies/incentives. In théen@athis could focus
on specific vehicle types (trucks, taxis etc.) which are known to provide an early business case for FCEVs.

TheZEV credit markétin California has played an important role in the development of ZEV technology
amongst numerous car manufacturers; to improve on this approach, future credit marketstaoygd (or
provide extra credits) for ZEV sales within specific market segmeviiere emissions reductions and new
vehicle technology development are most needed (including thosesuéid for FCEV use).

OEMs need tduild up their supply chainso support larger annual production volumes and hence respond
to the market with less delay.

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

Market requests could targehaximum lead timedetween the order and delivery of vehicles. This would
provide an incentive to accelerate production.

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

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

1:wCCzX
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Source: Strategic recommendations for captive fleet business models, 2023, ZEFER Deliverable 3.8, Element Energy
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HRS operators should focus on building larger scale and < % ERM ciementencray
highly reliable stations in clusters on the main . © ° Hydrogen
geographical axis of cities »< » Mobility Europe

3. HRS deployment strategies and performangecommendations (1/4)

Key requirements Recommended approaches

Increase the Focus orsecuring large commitment® a rapid scalaip ofhydrogen demand at a local scal&his

number and will involve variouslemand aggregatioractivities for fleets, light and heavy duty vehicles.

SOVEITE OF =R Secure commitment (e.g. letters of intent, poeders etc.) for vehicle deployment and work with key

anchor demand users tensure station siting is suitable to support fleets and individual usefsy
feedback from operators within the H2ZME and ZEFER projects indicatddRISasire needed on all key
axis of the city(north, east, south, west and central) andcinsters of at least two stationso ensure
that there is redundancy nearby in the network in case of station downtime.

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

Where appropriate, ensure th&dRS that are built for multiple vehicle typespnsidering

Suitable refuelling protocols and dispensers
Refuelling capacity
Interoperability with other public HRS
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Including redundancy into station process lines will be
key to ensuring high availability at captive fleet HRS
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3. HRS deployment strategies and performangecommendations (2/4)

Key requirements

Improve HRS
performanceg
design and
technical
improvements

Recommended approaches

HRS operators should focus leigh-capacity stations which include redundandy allow isolated
failures to occur without the HRS experiencing downtime.

Sufficienthigh-pressure hydrogen storage should be installed on site to account for at least one full

day of hydrogen demand from the fleets using the statishould there be disruption to hydrogen

supply (e.gelectrolyserfailure 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.

Abackup hydrogen supply chaishould be secured for HRS clusters with large demands. This can be
through tube trailer delivery from a production plant or from pipeline distribution as this infrastructure
starts to be more widespread.

Standardised modular designs for HR®uld 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 respasmes.

Establish an independenégulatory bodyfor HRS at the national level test and certify new

refuelling stationsfor safety and performance, and thaximisethe interoperability of the growing

networks of public HRS. This may require support from vehicle suppliers & existing HRS operators and
is likely to require funding either from government, and/or from within the sector.

The industry should seek funding for projects to bimgrovements to the quality and supply of
specific HRS componentat frequently need repairing or replacing.

Ease of use should also be considered in aspects such as nozzle design to reduce periods of downtime
caused by user error.
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Improving management of HRS can help reduce the % ERM elementereray
instances of major equipment failure and minimise % _ » Hydrogen
downtime when failures do occur _« > Mobility Europe

3. HRS deployment strategies and performangecommendations (3/4)

Key requirements

Improve HRS
performanceg
station

management

Recommended approaches

Ensure local (iountry)availability of replacement partdF 2 NJ-NIKA 3&E O2 Y tahyo&ay 6 &4 |
techniciansto address a range of issues at the HRS.

Conductrigorous testing of station®ff-site and onsite. This could entail operators being certified to
do their own testing or include third party testing of the HRS before commissioning.

Ensurerobust, centralised and constant, data monitoring systenase in place with dedicated
employees for analysis of data.

Providetraining to ensure that common technical issues can be addressed remotely or by local
maintenance staff

EstablisHormalisedmaintenance procedures and contractgth clearly defined responsibilities and
timescales which reflect targeted availability (>98%).

Use data (crosshecking downtime with video surveillance) and customer feedbaakpoove user
friendliness of stationdo help decrease user error as a cause of downtime.

Ensure that end users catcess the live availability status of statiomsd that24/7 customer
helplines are availablat HRS (this can help ensure that any technical issues are identified quickly).

Fleet operatorsequest performance contracts/guaranteefsom HRS operators to ensure that
minimisingdowntime is a high business priority. This can also help improve fleet operator (and
driver) confidence in the technology.
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HRS should be designed specifically to cater to high % ERM elementeneray
utilisation to ensure the technology meets fleet % . » Hydrogen

3. HRS deployment strategies and performangecommendations (4/4)

Key requirements Recommended approaches

Design stations New HRS should eodularly designedo ensure that the technology is built to cater to current
for high demand andefuellingpatterns and futureproofed for highutilisation.
utilisation Fleet operators and station providers should work together to assist planning foptamisedHRS

design and compatible with the fleegfuellingprofile.

If high demands are identified, station design should take into account:
Daily demand profileg; the ability of a HRS to meet daily demand fluctuations will depend on:the
installed compressor capacity @ite and the volume of highressure storage available. The
approach taken by HRS operators will depend onsikeof the site and careful consideration of
the costs of each upgrading equipment.
Hourly demand profile; meeting hourly demand variations will depend on the bémlback
refuellingspecification of the station and the waiting time required to refill hfglessure buffer
storage. Increasing compressor capacity allows for an increase irtdyhelckrefuellingevents
and would facilitate shorter wait times in comparison to upgrades in-pigissure storage.
Actions to reduce downtime; three key strategies have been recommended by HRS operators
including: increasing highressure storage on site, introducing redundancy into process lines at
stations and ensuring a bacikp supply of hydrogen is in place in case of production failures.

Develop end user Continue toimprove the customer experience of existing HB$ensurindive data is availablen
communication the status of the station. This data should also be provided to third party mapping.

HRS operators need to provide transparent feedbdokkey demand fleets or users as to why the
station is out of operation and how long it will take toe@ater operation.This can boost technology:
confidence and enable focused mitigation for reduced driver disruption.
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HRS deployed under H2ME initiative (1/7) . 4 : o
Germany Mobility Europe
Supplier/ : .
operator Site(s) Type of HRS ‘ Source of H ‘ Project Image
Germany
Laatzen 10 HR3K
Leverkusen, 200kg/day @700 bar
o Magdeburg, Erfurt, All HRS are integrated into
Air Liquide / Dortmund. petrol refuelling station Supplied with
H2Mobility Bayreuth, operated by Shell, Total or  §§ NHzO 1 S R H%{\/I)I?:.l
Deutschland Moénchengladbach oMV
Furth, Passau, Authorization/payment via
Schnelldorf fuel card
10HRS mMpn]l IkRIFEE& XTnan
. Leipzig, Potsdam, bar
Linde / Berlin, Bergei hof, 8 HRS are integrated into _ _
H2Mobility | "o vfurt Aachen,  petrol refuelling statiosn ~ Supplied with HaME1
Deutschland | £ocon Meerane ~ operated by Shell and Total i N1z01 R TRV |
Halle, Herten Authorization/payment via
fuel card
£ The infra)ztructure

D Air Liquide

creative oxygen

THE LINDE GROUP

company
#FortschrittTanken
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HRS deployed under H2ME initiative (2/7) e I

Hydrogen
The UK . . Mobility Europe

Supplier/
operator
United Kingdom

Site(s) Type of HRS ‘ Source of H ‘ Project Image

On- site water L .
. electrolyser fed == ) == |
BOC (Linde) Aberdeen 1HRSK oHANn]l Ik RI & X R dzby1000dNB &H2MELS ﬂ— e T
renewable ;

electricity tariff

SHRSK mMnn] 3IkRI&s xeer;?rgl?;”e"’:\rjyﬁéédzNB
ITM Power/ Beaconsfield, HRS are integrated into petrol b 1%00/ HOMEL
Motive Fuels Gatwick refuelling station operated by Shell y °

renewable

Payment by Fuel card/Credit Card electricity tariff

2HRSK mMnnil3IkRI & tevﬁ&@éédzN\B
Swindon 1 HRS integrated into petrol refuelllng ectrolyser
I'TM Power/ . ; el by 100% H2ME2
Motive Fuels Birmingham stations operated by She renewable

Payment by Fuel card/Credit Card

electricity tariff

vy Boc L M (OITM

ALlinde company THE LINDE GROUP  MOTIVE POWER 141
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HRS deployed under H2ME initiative (3/7)
France (1/3)

Supplier/

Site(s Type of HRS Source of Project
operator ( ) yp I§| J
France
Air Liquide Orlﬁ/A::?gt L5 1 HRS 200kg/day @ dugl pressure vtzr;f“;?nv;mg A HZME%
Versailles ZEIReS B alal sl & e IR Zcér%onl-ll; 54 %ﬂ%@
L Supplied with
Alr Liquide/ Roissy 1HRSk Hnnl 3IkRI& X Rtdzekéd inloWNE a FHEAMER
HysetCo
carbonH,
Onsite water
Elogerd < electroly5| fed by
EIFER Rodez 1HRSKk, Mcnl IkKRIe f080/1renﬁew H2ME1
electricity tarn‘f
Onsite water
Elogen < electr
ISEMITAN Nantes 1HRSKk ynil3IkKRI e o pJi9 Plsﬁgo/ H2ME2
renewable electricity
Onsite water
. 1HRSKk nnl 3IkRI& ¥ electrolyseteNby
AR CASE) SRiRguelie: Free dispensing 100% renewable HZ2MEL
electricity tariff

.::;-Clean Hydroge elooen D ﬂlr LIqUIde Huset“ elrer MCPhy % j 942

by EDF and KIT Driving
Partnershlp v L T [
e, Forward Sarreguemines




HRS deployed under H2ME Iinitiative (4/7)

France (2/3)

Supplier/

J E4tech
>4 %‘{“\\ ERM elementenergy

4 <
. . Hydrogen
Mobility Europe

Type of HRS Source of Project Image
operator yp ‘ IEI J g
France
On- site water
McPhy Lyon 1HRSk mnnl 3k RI @ elektmlpsarfedibyy N‘1—I2MEZ
GNVERT /CN Payment by Mobile App 100% renewable
electricity tariff
ITM / GNVERT Vannes 1HRSK Hnnl3kRI e ORadaer -\,
pressure electrolyser
Nel & Nel RS preHsgu?e‘1 KRS Orr sﬁed\%\llater
Proton / Porte de StCloud, |4 g “nnny 3k R eleCt yseﬂeod H2ME2
Le Bourget OO0 renewa
HysetCo pressure electricit tanff
Payment by Mobile App y
Supplied with on
1HRSKk T pnl 3k RI &iteProdatizin bof
McPhy/ R-GDS pressure green hydrogen
/ R-HYNOCA SEEHRUITE Payment by Fuel card/Credit produced by H2ME2
Card thermolysis of
biomass

POWER

i:_;ﬁfﬁ%?ﬁ’sdﬁ?ﬁe"nel Hysetcc CAJ (+)ITM Mcphy R-GDS|= R-HYNOCA - 1*®
















