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About LCP Delta

Founded in 2004 and based across the UK, France, Norway, the Netherlands
and beyond, LCP Delta provide data-driven research, consultancy, technology
products and training services to companies investing in and navigating the
energy transition.

We are a diverse team from a variety of backgrounds including engineers, data
analysts, environmentalists and more.

LCP Delta is a mission driven organisation - all of us want to make a difference
to the energy transition and accelerate the path to a low carbon future.

The energy market is becoming increasingly complex. As consumers become
more empowered and as energy systems around the world decarbonise, there
is a need to understand both the generation and demand side to effectively
navigate the rapid changes occurring.

We know it’s a complicated topic, and we’re here to
help.

Andy Bradly, Partner, LCP Delta

LCP Delta Hydrogen Intelligence Service

LCP Delta was formed through the merger of Delta-EE
and LCP Energy to bring together deep generation
and consumer-side expertise, to provide our clients
with a single partner to help them on their journey and
provide them with a 360° view across the energy
spectrum.
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LCP Delta prouvides the best advice, support and tools to enable LCPDelta

the energy sector to drive the energy transition

Our portfolio of subscription research services We provide support across the full energy value

offer in-depth insights across the energy transition chain with bespoke research, insight, forecasts and

landscape. We have been undertaking primary advice tailored to them. Our consultancy offerings l I | I
research with organisations active in the energy draws on expertise and data from across LCP Delta, !
transition since 2004 — we have an unparalleled from strategic market entry analysis through to - J
international network of contacts we can draw on. detailed half-hourly revenue forecasting. j \

Each service focuses on a particular aspect of the
energy transition.

We support our clients in four ways

Data integration and analysis is at the heart of the Our training helps professionals quickly develop '_
energy transition. However, sourcing and navigating their new energy knowledge, accelerating their

complex, wide-ranging datasets is challenging. At impact for organisations who want to capture r%
LCP Delta, we combine and curate proprietary and opportunities. We provide meaningful, concise

public datasets to provide you with a single source and easy to understand short courses.

of truth across the energy spectrum and make this
data interactive using our cutting-edge technology.
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Subscription Research Services

Use a combination of our subscription research services, bespoke consultancy projects and training
services to gather the information you need to ensure your business’s success in the energy transition.

Decarbonisation

of Heat

Gain a holistic
understanding of the future
of the heating sector from
a product and policy point-
of-view

Heating

Business

How to evolve from selling
individual products and
commodities to become a
successful home energy
solution provider

Distributed
Power

How to succeed in
the global distributed
power market

LCP Delta Hydrogen Intelligence Service

Energy Storage
Research
Capturing the best
opportunities for
distributed energy
storage

Connected
Home

The opportunities in the growing

connected home market and
how to capture them

Flexibility
Research

Capturing opportunities
in the growing demand
side flexibility market

Energy Insights+

How can we best use
energy insights to enhance
residential customer
engagement and create
value for us and our
customers?

Global Hydrogen
Intelligence

How the global hydrogen
sector is developing

Home Energy

Management

What's happening in the
HEM space and what
opportunities are there for
all the companies
potentially involved?

‘LCPDelta

EV Charging

How to best develop
position and activities to
succeed in the rapidly
growing eMobility market

New Energy Business
Model

Understand, identify and
implement the most
promising commercial
opportunities from the
increasing disruption in the
energy sector

Solar PV
Understanding the
growth of solar PV
across Europe

© LCP Delta 2024
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.
Hydrogen has become a headliner in the energy transition LCPDelta

Why is this? Will this last?

Why has hydrogen become a headliner in the energy Why will hydrogen continue to play an important
transition debate? role in the energy transition?

There are no good alternatives to using clean
hydrogen in steel, petrochemical refining,

This is not possible without hydrogen T < cii 9
fertiliser manufacturing shipping and aviation

There is huge uncertainty as to where direct
electrification is feasible and desirable — and
where hydrogen is a better answer than
electrification

Clean hydrogen can smooth out some of the
peaks and troughs in energy networks

Falling costs of renewable electricity and
Commercial viability electrolysers will combine with new incentives
to improve competitiveness

The onl th indust | o . . . _
Sigﬁiﬁggnﬁ%ﬁg_fe?rﬁs}éﬁ'e pr el This is the battlefield which will determine the future

role for hydrogen.
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We cover the full clean hydrogen value chain

From production through distribution storage and end-use

\_

Production
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Policy & Regulation
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Market data @base

LCP Delta Hydrogen Intelligence Service

LCPDelta

© LCP Delta 2024



Understand the key markets for green hydrogen LCPDelta

We offer realistic, no-hype analyses and views on the whole of the developing clean hydrogen value chain
in Europe and across key global markets.

Understanding and providing
depth of knowledge on the
demand side of clean hydrogen.

Providing expertise in market
activity around green hydrogen
solutions — not just electrolysis.

We bring clarity to policy and
regulatory developments helping
you to understand the incentives
at play.

LCP Delta Hydrogen Intelligence Service © LCP Delta 2024



Data and reports offer breadth and depth of research LCPDelta

Our projects database underpins our qualitative reports

Offering breadth of knowledge through our Clean Hydrogen Projects Database, as
well as depth on specific topics through viewpoints, reports and profiles.

{Reports =9 1

More
difficult
to find
data

|

.‘.I.
[Viewpoints g’% J
3
[Project Profiles J

Llalo

Easier
to find
data

[Clean Hydrogen Projects Database / HYbase

Micro trends

Macro trends

LCP Delta Hydrogen Intelligence Service
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Immediate access to existing content
January 2024

o -
) -
o -
o -

Excel model to breakdown
hydrogen project cost components
with built in multi-year forecast

Global H2 strategy tracker, with review
and summary of H2 policy ambitions.
Recurring update.

o9
P\
Project Profiles 4

Detailed take-aways from strategic hydrogen projects across the globe,
unpicking project investment, stakeholder involvement and key learning for
next of a kind projects.

European Green H2 project database
Portal includes over 800 up to date projects, with in-depth

information on a project level basis to support business
base development roles (including details on stakeholders,

planning stage, and investment).

The tool also provides market trends based on the
announced project pipeline, including an offtaker analysis.

LCP Delta Hydrogen Intelligence Service

LCPDelta

Reports & Viewpoints A

The EU Electrolyser Market: What now and what next?

How will electrolysers secure their green power?

Hydrogen Blending in Natural Gas Networks - How will a market develop?

How are gas DSOs influencing the transition from natural gas to hydrogen
in networks?

Hydrogen long-duration energy storage: how much capacity will there be
across Europe by 2030, and will this be enough?

Clean Hydrogen Demand in Industry — Fundamentals & Outlook to 2030
Clean Hydrogen for Power Generation

Will hydrogen trucks scale in Europe, and to what degree by 20307
Near-term opportunities for hydrogen in aviation

What is driving developers of green hydrogen projects?

What support mechanisms are emerging for hydrogen, and what will their
impact be?

Hydrogen market development: new players on the block

© LCP Delta 2024



How our research helps your business

LCPDelta

The service allows you to make the best-informed decisions by providing data, analysis, insights and
realism on how the global clean hydrogen sector is developing.

Cuts through the hype around hydrogen to give a
realistic view of the sector

A user-friendly, intuitive way to find out who is doing
what, where how and why

A reliable source of up-to-date information on
developments in clean hydrogen

Deep dives into demand for hydrogen across key
applications, exploring economics and business cases

Learn from projects, both existing and planned

Insights into key aspects of the hydrogen value chain

LCP Delta Hydrogen Intelligence Service

Energy suppliers

Oil majors

Gas network companies
Policymakers

TSOs

DSOs

Equipment OEMs

LCP Delta provides us with ongoing, first-class insight
and advice to support our low carbon investment
activities.

Leading Investment Company
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HYbase: European Green Hydrogen projects database

Published January 2024 (Quarterly updates)

Synopsis

Portal includes over 800 up to date projects, with in-depth information on
a project level basis to support business development roles (including
details on stakeholders, planning stage, and investment).

The tool also provides market trends based on the announced project
pipeline, including an offtaker analysis.

@base

IS
ﬁ Home Page

Project Explorer

BENORTH2

Project Outline

@ Back to Projects Overview

2. Demand Sectors

Investment Size (US $)

This project will see five companies develop a 20 MW green hydrogen plant, which will be pq
existing gas and electricity infrastructure of the Amorebieta-Boroa CCGT plant. A portion of the
the CCGT plant, The hydrogen will also be injected into Nortegas' current distribution network,
A H2 refuelling station will be instalied to fulfil the requirements of local public-private fleets

0 n Start Date Project Focus Electrolyser Capacity
Mw)
Power
20.00

(,Hf)base

.

ﬂ Home Page

Filter by Country
ch

M Sslect all
W Austria
M Bslgium
M Denmark
M Estonia
M Finland
W France
W Germany
W Hungary
W lceland
W Ireland
M italy

M Lithuania
M Netherlands
W Norway
M Poland
M Portugal
M Russia

Qverview of European Green Hydrogen Market to 2027

Electrolyser Cumulative Installed Capacity (MW)

Austria » Belg Denm... @Esto

e}

Operational Year

Norway Poland

Portuga

LCPDelta

LCPDelta

reen hydragen production (tannes)

14,760

2022 Green hydrogen demand by end-use sector (tonnes!

LCP Delta Hydrogen Intelligence Service

Hydrogen Intelligence Service
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2. Production
Electrolyser owner

3. Storage & Distribution
Clean H2 supplier name
Gas network operator
Gas network owner

4. Demand, Transport
HRS operator

1. General

Tachnical sunnart (21

White Summit Capital

White Summit Capital

Nortegas

Nortegas

NA

Sener

B Soovakia Building heating » Indusiry
W Spain
W Sweden e
OISOV W Switzerand
5 W United Kingdom
Electricity Syste:
BRI  Hydrogen Intelligence Service "
©LCP Delta 2023
Electrolysis
Model Type Total El Production
Installed Capacity (MW)  Volume (tonnes)
S T 15000

Storage & Distribution
Storage Type Storage Capaclty (tonnes) Average Pressure (Bar) H2 State Distribution Type

P | — | S 01| PO —

Gas Networks

Network Type  Location H2 Injection  Injection Max. %vol

oints. Pressure (Bar) blend

[Dsstouton_|Putncrenortl | | sox] |

Injected Capacity
(tonnes/year)

Networks @Power @ Transport

).1K (0.8

p—

2027 Green hydrogen production (tonnes) 2027 Total Publicly announced investment (US 1
2,113,429 47bn

2027 Green hydrogen demand by end-use sector (tonnes)

Building heating ® Industry

Networks @Power @ Transport

Publicly announced investment by 2027

t Public Funds (

S §) @ Private Funds (US ) « Unaliocated (US §)
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Green Hydrogen Market Report
Executive Summary (1/2)

PUinShed Apl’ll 2023 (annual UpdateS) 10.8 GW of electrolyser capacity in the pipeline for Europe by 2026

ationa e apac 202
Opsrutional electrolysie capanity: by 2028 Operational electrolysis capacity in Europe 2026

with publicly assigned OEM

Synopsis

This report explores the current and future electrolysis market across _ O‘:ﬁgg;:&"?ﬁﬁi W et
Europe, analysing data from our HYbase database of electrolyser " wwin 2021 e :

projects, focusing on the ‘new wave’ of clean hydrogen project activity. It
covers the current picture from 2011 through to the end of 2022 and im

2.2 GW have
assigned an OEM.
8.7 GW remains

unspecified.

looks forward to 2027. The report:
*  Summarises how the electrolyser market has changed in 2022 % M

Systems

* Identifies the electrolysis capacity pipeline in Europe to 2027, m

Nel Hydrogen

IT™ Power

highlighting the leading markets where projects will emerge

Electrolyser OEMs Siemens Energy, McPhy, Nel Hydrogen, Cummins and
ITM Power account for >70% of the live electrolyser capacity in Europe.
Market shares will see large changes to 2026 as capacity rapidly increases.

° Provides insights into the electrolyser manufacturers supplying the
market and the public funding awarded for projects

* Analyses the green hydrogen demand by end-use sector to provide . LCPDelt
an understanding of what is driving clean hydrogen demand Executive Summary (2/2) o
g g y 9 Industry is already the largest end-user of green hydrogen in Europe
+LCPDeIta Green hydrogen demand by end-use sector Pub'ic'yh;:?:;en:;‘:;j’;zi:tge;;;:r green

CO n ten ts Power- Heat Q Industrial demand for green S
hydrogen surpassed demand from Live [N >s1bn = Total investment

transport applications at the end of " = Public Funds
2021. By 2026, demand from Gonsidicn NN 252
multiple end-use sectors will be the Planned - firm [ >s2bn >$9bn

Key findings 02 Electrolyser details 29-31 fastest to grow.
Electrolyser technology and sizes Planned - risked I —
Introduction 03 Provision of ancillary services ~10,000 Feasibilty [ >s5bn
tonnes per Power Heat
Executive summary 05-06 Annex 33-38 year

Scope and Methodology Electrolyser pipeline by project status

Definitions and acronyms
Technology characteristics

Report update 07-10 = Construction ®Live ®Planned-firm ®Planned - risked = Feasibility

What has changed in our data since our last Q
78% of the electrolyser

update in February 2022? 2026 %‘
What has changed in the market over the last >500,000 & capacity due to be live in 2026
12 months? tonnes per ? = is awaiting FID, mainly pending
i 2 (;, on public funding awards.
2L
5
European electrolyser market:
By country 11-14 base E = I l
By OEM 15-18
By demand sector 19-23 HYbase platform includes live and interactive data on Transport 2021 2022 2023 2024 2025 2026
By project status 24-30 green hydrogen projects across Europe.

Access HYbase here.

DROGEN IN {2y LIGE!
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https://research.lcpdelta.com/reportaction/HIS_clean_hydrogen_PowerBI_1/Toc

National Hydrogen Strategies

Published July 2023 (quarterly updates)

Synopsis

The National Hydrogen Strategies Viewpoint should be read in
conjunction with its Excel database. The database provides specific
insights into the strategy details by value chain stage along with
information on available subsidies and funding. This viewpoint aims to
highlight and compare the focus of each national strategy reviewed and
provides LCP Delta’s view on what is unique (and therefore could mark a
difference) about each country’s plan.

01/07/2023

Hydrogen Strategy Tracker

LCPDelta

France

‘LCPDelta

LCPDelta

Plan Hydrogéne (2018)

“Germany Is planning to
increase their target above
France’s, but this revision is
still pending. Moreaver, France
Is planning to release their own
revised sirategy in the first half
of 2023, therefore it is yet to be
seen who will hold the highest
production target in the EU.

France has pledged the highest hydrogen production target by 2030 in Europe with
an aim of supplying local demand and exporting to other markets.

Hz2 Utilisation focus What makes this strategy different?

France’s Plan Hydrogene has the highest production target in the EU*, with 6.5
GW electrolyser capacity by 2030. France wants to build its production capabilities
to supply the domestic hydrogen demand and also export any excess hydrogen.
The production focus is on decarbonised hydrogen, which will include hydrogen
produced using nuclear energy. This is in contrast to some other European
countries (namely Germany) which reject nuclear-powered hydrogen as ‘clean’.

Heating

Power Industry

From a utilisation standpoint, France has pledged a strong focus on transport (in
particular for light commercial vehicles) and industrial applications.
Transport

So what?

" France's hydrogen production targets are the most ambitious in Europe, but the

Value chain focus country has a long way to go to meet its goals. Overall, France's hydrogen strategy

Production m follows closely the goals and direction set in the European Hydrogen Strategy.
Page description " Two nuclear hydrogen megafactories have been announced to be constructed before
Storage & Distribution Low 2030, adding scale to France’s production capabilities and drawing upon its low cost
= nuclear electricity. The country has also announced funding for four electrolysis
No H2 interest to ':::;‘ f Month of ""*";’;t" LCP Chan Status: Utilisation m gigafactories, further entrenching its position as a leading producer.
pul of - a - o ) . .
date 2 strategyld """ gatabase2Bd Strategy under review W Planned underwater pipeline between Spain and France (H2MED) signals France's
increasing focus on hydrogen distribution, with France a potential strategic link to the
Iberian peninsula.
1 United States North America Y N N N 2022 September Signifi , HYDROGEN INTLIGENCE SERVICE
US. The LK luction ional ambi b
i et o |
for duction.
r 14 H
Plan (2021-20251 The plan includ hased h o bl di d
d
2 China Asia i A i il 2022 Warch ¥ 1ONMICANtINCIEASE |y enis also merioned a5 2 key energy ueotor in Chins's Mtk Fuevear D5 o
i -, with major
! = hanahai. Gy i i thand:
| | J the fi b ld late 2 national
017, However,
i d blue hydrogen, and for
3 Japan Asia Y N N N 2017 December Y Moderate Increase  lacking af ion. G twas hup
revisedin June 2023, The revision includes s subsidy scheme for the clean
the sector over the nest 19 years,
R pending ditwil
4 Germany Eurape ¥ N N N 2020 June v Moderate increase (242 <M uategyin 20 o et s s b delFlcl
framework. Revised isdt be ad dinth half of 2023.
| i ) The LK Hydh
blished in 20271, b two
Updates tothe Market" in July and December 2022, The UK doubled its
5 United Kingdom Europs ¥ N N N 2021 August ¥ Moderale increase ﬁvuducuumalgle;mTUG‘»I/UIIW carban hydiagen pradustion -apasit by 2030 b <enas o
Uk's H in O ber 2022 which will
gap benreen low-carban hyd d bigh sarb !
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Hydrogen long-duration energy storage

Published September 2023

Synopsis

Hydrogen storage is key to realising an integrated energy system in
Europe. Although operational H2 storage projects today are limited, 8
TWh of hydrogen storage projects are planned across Europe out to
2030.

Planned storage capacity would only provide storage for 1% of expected
hydrogen availability (under set targets). This would not be enough
volumes to meet peak demand. More notably, flexibility requirements of
storage sites are likely to fall short, and multiple well developments per
site should be considered to maximise injection and withdrawal rates.

Large risks such as demand, price and regulator risks remain
unaddressed, hindering project development. Initial commercial
arrangements are starting to be drafted; however, the UK and Europe
are taking significantly different approaches.

Contents

Key Findings 03
Executive Summary 05-07
Storage technologies 08-10
European Hydrogen Storage Market Landscape out to 2030 11-19
Market sizing: UK case study 20-26
Commercial arrangements: Risks & Value 27-30

LCP Delta Hydrogen Intelligence Service

Natural gas storage owners/operators are main lead developers

~80% of planned H2 storage capacity proje

count make up 84

LCPDelta

LCPDelta

irrent natural gas storage operators

f the pipel

\ y capacity and projec p 84% ¢ 1e capacity
Lead hydrogen storage developers

By capacity, 6

developers are Storengv
aiming for 2500 GWh

hydrogen storage

capacity by 2030.

These are: Storag

Etzel. Inovvn. Enaaas.

M) &reréca RWE  énages

Other players

2ormore i Inovyn\@ $2 ot Yequinor

projects

LCPDelta
8 TWh underground hydrogen storage planned to 2030
= Il natural gas
A 1y Sat <50 Depletedgas A Linedrock | new players
2030 Hydrogen storage . IRWE © GasuHe @ uni, & W cvems B s 5. cavems il s
W 2w 0 Sy 1) yatock Ziddaendn o Salt cavem Green Hydrogen Hub Denmark, Lilo Torup © Commercial scale (202 TWh)  'pportunity to
1-2TWh 015 Twh 3020 g : W7 Krummhom m 025 TWh, 2095 z ydrogen
0.0006 TWh, 2024 € .
_ b P ] verage their
0.§2-1n‘:/\:)vn RWE o STORAGE SSAB {1 Westkoste 100 o ng hydrogen.
< H2 Storage Xanten A WYJ 0.003 TWh, 2023 (¥} UGS Damaslawek
{03 o34 205051 $0 53 2o 9,3 e W 2022 W} 7e0, 2030
024)
@sse oM, saunor g serz @ storengy @ —
Aldbrough Hydrof = ’\"Y SaitHy, Harsafold ¥, HyCAVmobil, Rudorsdort DLCPDelta2023
‘\““ pathfin any 002 TWn, 202 () Teesside Xj :ssmtrv-y:zi(i;;“um g {3 o205 7w, 0% 00002 TWn, 2023
- Stor: 0.32 TWh, 2028 \¥a , 1972 :
rage, 0.027 TWh, 1972 p RWE o
Inovyn [+] '\, W2 Storage Statturt

{0 Pt Keuger G storge Inovyn o
WYZ Cheshire, 1.38 TWh, 2025 ( storengy k Bipeicher
s (¥} Bad Lau
of
HySecure, Crowo /
&7 Teréca @ dj 0,04 TWh, TBD % . . Y4 Tep, 2026
o - 0, Car ber .

0.21 TWh, 2030-31

chstédt Energy Park

¥ HyGeo, Carresse-Cassaber A l,.__.m.‘,h_
Ny 0.002 TWh,
) o 50 UGS Velke Kapu
HySoW, 0.5 TWh, 2030 — & B 0.01 TWh (est)
was ot blend in NG u h), 201
,{‘ HZ 5| g je North-1, . MFGT'f)
=) Aquamarine
0338w, 202 e B 0.01 TWh, 2023
9 @ REN @ ® Geostock stcrengyo storengy storengy i in
lergrot
(12 storage oy Carico /N, GEOGAZH2 Lavera  (}) GeoHz, Man () HYPSTER Bourg-enBresse () Cerville, Nos E Storage,
WYJ North-2, Bilba W7 0.2 TWh ( 5 <——=-0.04 TWh, 2028 WY/ 0.24 TWh, /[1C WY7 0.002 TWh, 2023 ‘;_Y_; "BD?Z s OOUlVWh/)':
024 TWh, 2029 ' sk
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How are gas DSOs preparing for hydrogen? LCPDelta

Published June 2023

Synopsis
. o LCPDelta

As the clean hydrogen market grows, projects will move from collocating Hz infrastructure regulation in key markets

production near demand centres to transporting hydrogen through networks.

The regulatory framework to support these networks is only starting to be

defined in some markets, and gas DSOs have a key role in shaping these.

This report explores:

No national Not firmly set, but a
intercannection \
1 Blending limit points, nona sot at Government fo hydrogen blending 10% limitis being
Covered distribution level decide an H2 blend limit is set discussed
i ) ambition in 2023 : g

or somewhat

What different strategies gas DSOs are following to decarbonise their L) com oo and ok unndng | ___ o sttve

networks, and their approach to hydrogen b D
. . . . Strategies transition towards dedicated H2 networks et a5
How hydrogen network projects are supporting emerging regulation

jurisdictions.

Consumer

What regulation exists for hydrogen networks today, and how these 2 "°"”°"‘"°’°°"‘“"" s"'°9“ . e
Group 1: 2 observers
compare

Hydrogen is secondary to ;”““1 “I’"l‘:da‘m“
network’s strategy Group 2: H2 blenders Group 3: H2 blending today, Group 4: 100% H2 focus hz;';g;; assats
Hydrogen blending focus, 100% H2 tomorrow The network is not interested under NGL.
W h H h k t h th b t d t f h d t k t d | Typical strategy features: not firmly committed to Hydrogen blending today, with in (or moving away from)
I C m ar e S ave e eS CO n I I 0 nS 0 r y rog e n n e WO r S 0 eve 0 p 0-2 projects future 100% hydrogen first steps towards developing blending hydrogen in the
No specific H2 target network operator role. dedicated H2 networks. existing gas network and
Projects cover H2 blends at wants to transition directly to ©ILCP Delta 2023
I;gmi:,::': Tﬁéﬁ:"lgb Typical strategy features: Typical strategy features: 100% hydrogen pipelines
trials No specific H2 targets H2 targets set for network
O n en S Strategy only mentions H2 at Projects cover H2 blends Projects cover H2 blends Typical strategy features:
a high level (2-10%) (>10%) Projects focus on dedicated
Alternative decarbonisation Strategy involves blending Strategy involves blending H2 H2 networks (not blends)
foute is strongly preferred H2 Strategy plans for dedicated H2 Strategy involves building
pipelines dedicated H2 pipelines

Key Findings 03

lowever, some gas s have jumped straight from being hydrogen observers directly to focusing on dedicated hydrogen pipelines given
H DSOs hi traight fi being hyd b di i e dedicated hyd |

H the nature of their markets. Most European gas DSOs fall under Group 3, with the majority planning to move towards 100% hydrogen
Executive Summary 05-08 networks but with none or limited projects trialling this, operational focus remains around blending. Group 2 mainly includes overseas
DSOs, which are only just starting to consider hydrogen or where the hydrogen availability is more limited. In Group 1. actors are strongly

pursuing alternative decarbonisation routes, mainly biomethane and synthetic methane.
Gas DSOs and the H2 economy 09-12
() LIGENC ! ©LCP Delta 2023
Gas DSOs: Hydrogen strategies 13-20
Gas DSOs: Project activities 21-26
Regulation 27-35
Market benchmarking 36-44
Appendix 45-60

Additional DSO strategies
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Will Hydrogen trucks scale in Europe by 20307

Published March 2023

Synopsis

Fuel cell electric trucks are emerging as an alternative to decarbonise heavy-
duty vehicles which account for 6% of total greenhouse gas emissions in the
EU. LCP Delta forecasts there will be ~32,000 hydrogen fuel cell electric
rucks on European roads by 2030.

The major challenges this decade will be increasing the limited availability of
FCEV trucks commercially available, scaling up the refuelling network and
improving the investment case for fleet operators to invest in the technology.
This report addresses how the market is progressing against these
roadblocks and the expected deployment of FCEV trucks in Europe.

‘LCPDelta

Contents

Key Findings 03
Executive Summary 05-08
State of the market 09-14

15-23

How quickly will H2 Trucks become commercially available?

How will the infrastructure develop to support the roll out of H2 trucks? 22
30-36

Will the business case for hydrogen trucks evolve sufficiently to drive the market?

2030 Outlook 37-42

Annex 43-45
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Executive Summary (3/4) LCPDelta

TCO parity will be the largest factor affecting uptake, with niche applications short-term

Pockets of opportunities exist for FCEV in short-term niche applications and through
applications and markets which improve TCO ahead of wider TCO parity with diesel.

Niche Applications
TCO improving factors
Demand for hydrogen trucks is _

currently limited to niche
applications, with customers Some pockets of opportunities
having to be willing fo pay a will emerge where the TCO

ifi premium over diesel is We expect FCEV will reach TCO
;“?hn”é%?d?nrg_mmm o aceess minimised, such as: parity with diesel trucks ~2030.
Mntivatinne for thaza inclida: ® Trucks operating long- B‘ls,“”f'l‘,E?,‘.!,,s“f’,'-‘g,q'.'v,e[!{fr,.,,., matals tha ram:
]
7 LCPDelta
Key Findings
32,000 FCEV trucks on European roads by 2030, as three main roadblocks are alleviated

Limited availability of FCEV trucks
u
By 2030, hydrogen-powered fuel cell electric truck production will reach
1,000s of vehicles annually, offering customers a range of vehicles. New
truck will build lines mid-decade, with
OEMs ialising their H2 lines towards 2030.

2023
100 H2 trucks

HRS network at early stage of
deve it

Currently, there are 315 hydrogen
refuelling stations (HRS) across Europe,
with dedicated HRS providers having led
installations. Out to 2030, we expect
energy majors to heavily invest in refuelling
infrastructure, accelerating first the number
of HRS stations available through the main

ion routes and ultii ly i
the volume dispensed in each.

Higher total cost of ownership of FCEV
versus diesel trucks

Today, FCEVs represent an increase of ~60% in the
total cost of ownership (TCO) compared with diesel 2030

trucks. Opportunities are limited to a handful of niche

applications. We expect TCO parity to be reached by 32,000 H2 trucks
2030 with opportunities before then emerging where -

the TCO gap is bridged through operational profiles or

national subsidies.
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Clean H2 demand in Industry: Outlook to 2030

Published July 2022

Synopsis

The industrial sector has seen increasing attention as the primary sector
for the application of clean hydrogen across Europe. The difficulty in
decarbonising the industrial sector coupled with the widespread, large-
scale use of hydrogen in refining and chemicals production means many
of the most ambitious green and blue hydrogen projects are targeting
these industrial applications.

This report identifies the industrial sectors and countries which have the
best conditions for generating demand for clean hydrogen across
existing sectors using grey hydrogen today, as well as emerging sectors
where clean hydrogen can play a new role in decarbonisation. It also
provides forecasts for clean hydrogen demand across six countries and
nine sectors.

CELTA-EE
Contents

Key findings 02 Country readiness for clean hydrogen 30-41

uptake

What sectors and countries will drive demand for clean H,?
Attractiveness Index for clean hydrogen by sector & country

Industrial
sector index

Ratings Key
The bar indicator
shows the level of

Country index

support towards clean Refining ‘ 00000 Sty ERgt ‘
hydrogen in each -

country / for each Ammonia ‘ X)) Very High Very High
industrial sector. i

00000 Other chemicals ‘ 00000
Low — High
Methanol

‘ 99000 |

ooooo|

High

‘LCPDelta

LCPDelta

LCPDelta

Industrial clean hydrogen demand could hit 74 TWh by 2030

Refining, ammonia and steel are expected to power demand

Clean hydrogen demand for 2030 was calculated using
an Attractiveness Index for countries and sectors.

Projected clean hydrogen demand in high and
low scenarios across sectors & countries in

Introduction 03 What factors will determine a country’s
- readiness to uptake clean hydrogen in
Executive $ 05-10 industry?
xecutive Summary How do countries rank according to these
factors?
Scope, methodology and report structure 11-14
Industrial sector readiness for clean 15-29 Clean hydrogen demand in 2030 42:59

hydrogen uptake

What factors will affect the uptake of clean
hydrogen in industry?

How do industrial sectors rank according to
these factors?

LCP Delta Hydrogen Intelligence Service

How did we construct our forecast?

Clean hydrogen demand in 2030 by country
and sector

Conclusions and industry insight

2030
EN INT3 LIGENCE SERVICE This index allowed us to roadmap the sectors and countries where
conditions are best suited to demand clean hydrogen before 2030 40
-
35
n Ammonia Ellstmg hydrogen using
industries like ammonia and a0
F‘ R fini refining have the best conditions
efining for clean hydrogen demand to 25
ARk 2030 3
x:z Other chemicals g0
However emerging uses for 15
’ Steel 4™ clean hydrogen in industries like
y steel could offer a greater 10 -
Methanol patential for demand beyond - - ' [
g AB 2030, 5 i I = i |
<iix Shipping fuel ~ & s the stand out market 0 mEl=-=n .
ermany i the stand out marke Low ngh Low ngh Low ngn Low ng Low ng Low High
# Aviati fuel for clean hydrogen demand in
wiation fuel 2030 due to suppartive policy il
“‘ High arade heat and large existing and emerging =Refining = Ammonia = Ghemicals
gh grade hea ::Z:O?MW"’QE"'"‘"E industrial = Methanol Steel High grade heat (>500C)
ﬁ Cement w = Cement = Shipping fuel w Aviation fuel
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Levelised cost of hydrogen (LCOH) calculator tool

Published April 2022

Synopsis

This Excel calculator is
designed to be a flexible
tool for estimating an
average delivered
LCOH, including
production, storage and
distribution costs based
on the user's input
parameters.

‘LCPDelta

CcLTA-EE

LCOH Summary Outputs

Levelised Cost of Clean Hydrogen Calculator

Levelised Cost of Production:
£146.9/MWh

B CAPEX Equity (17%)

1 OPEX Electricity (76%)

OPEX Other (0%)

= OPEX Fixed (7%)

Average LCOH: £279.5/MWh

® Production ™ Storage contribution

200

Distribution

250

300

Output Summary GBP/EUR 0.89

MWh of million £/ % H2

H2/year EIMWh{HRV) year production
Preduced, Stored & Distributed 70,000 £358 19.8 56%
Preduced & Distributed 55,412 £181 12.7 44%
Total preduced / Average Costs 125,412 £259 325

. £/MWh

LCOH - Nominal (HHV) £/kg €/MWh €/kg
Preduction 146.9 5.8 130.7 5.1
Storage 176.9 7.0 157.4 6.2
Storage contribution 98.8 3.9 87.9 3.5
Distribution 33.9 1.3 30.2 1.2
Production Cost Breakdown ﬁ(IITHV\vI? £/Kkg €/MWh €/kg
CAPEX Equity 243 1.0 216 0.9
QPEX Electricity 111.8 4.4 99.4 3.9
OPEX Other 0.4 0.0 0.3 0.0
OPEX Fixed 10.5 0.4 9.3 0.4

Input
parameters
Include:

LCP Delta Hydrogen Intelligence Service

Hydrogen production technology
* Green- PEM, ALK & SOE

° Blue- SMR & ATR
Production size (MW)
Year of installation (2020-2050)

Energy prices
Storage asset type
Storage sizing

Distribution route and distribution
distances among others

© LCP Delta 2024



Project Profiles

Ongoing

Synopsis

Detailed take-aways from strategic hydrogen projects across the globe,
unpicking project investment, stakeholder involvement and key learning
for next of a kind projects. Project profiles are based on direct feedback

from project developers and other stakeholders.

Existing project profile library includes:

MultiPLHY
HyPSTER
H2Pioneer
HySynergy
Windgas Hassfurt
HYGRO
BenortH2
REFHYNE

H2 Future
Green Hysland
Jupiter 1000

LCP Delta Hydrogen Intelligence Service

HyDeploy - Phase 2
Energiepark Mainz
Hydrospider

Haeolus

Dolphyn

H&R Oelwerke
HanseWerk H2 engine
HECTOR

H2Share

Hydrogen Park SA

Next steps...

~100
trucks

2023
European H2
truck market

!

10,000
trucks

2030
H2 truck fieet target
for Northwest
Eurcpe

Vehicle technology is proven but still
immature. Various technical difficulties

appeared during the demonstration, with the fuel
cell, battery, and even refuelling components
requiring servicing. These flaws must be

resolved by manufacturers.
High hydrogen fuel prices wer
addressed by the project, but thi
overarching barrier to further dej
trucks.

Knowledge gaps for fleet opers
H2-Share's logistics partners hig
upfront cost of FCEV frucks as
their adoption of the solution.
The WyRefueler is a good tool ¢
to develop a wider network of K
trucks are to operate in Europe.

LCP Delta view

- -
- - 1) H2-Share identified key technical areas for
’ 5 Pl in hydrogen truck y and
design. As these details are publicly available, all
manufacturers can benefit from this knowledge

2) The single truck design could not meet
expectations of all end-users, highlighting the need

LCPDelta

For project participants, next steps include
publishing the Northwest Europe (NWE)
hydrogen truck roadmap and transferring the
truck to the H2Haul project

Target identified technology flaws. DHL
partners conclude that the reliability of the

Project details (1/2)

m Rotterdam (NL)

Breda (NL)

e

Disseldorf (DE)

Halle (BE) Y™___Q Dole (FR)

LCPDelta

LCPDelta

Project snapshot

Commencing in March 2017 and

completed in May 2022, this project

created a 'transnational living lab’ in

which one 27t hydrogen truck and one 8613
flexible low energy mobile refueler km
were demonstrated in 5 locations by 4

logistics operators.

52m project was coordinated
srstofNet and principally funded
NTERREG Northwest Europe

127
me. e
ject focuses on hydrogen
lion and utilisation by
ing and expanding the
ige base on hydrogen fuel cell
ind mobile refuelling solutions. 75
lideally enable the large-scale tonnes
n of these technologies in CO,

35t Europe

€ LCP Delta 2023

LCPDelta

The project's original timeline was planned for March
2017 to May 2020, with two years of operational
experience as a minimum

The project was delayed due to the COVID-19
pandemic, and thus its end-date had 1o be extended
One leg of the project was cancelled (Colruyt
Brussels) due to travel restrictions, but all other
locations were successful in their demonstrations.
The project has now come to an end. with a closing
conference in March 2022 at Wystrach in Weeze,
Germany.

Project timeline

Breytner, Rolnardam (NL)

| 1
March 2017: splen
Project start Nassau Transport/DHL,

Breda (NL)

mber 2020

oc 021
Colruyt, Halle (BE) and

Closing Clanierence

I |
ije.:t cnrﬁplele
Dole (FR)

€ LCP Delta 2023
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Contact us

Leon Gielen

Head of Business Development Asia
+31 (0) 617935006
leon.gielen@lcp.com

About LCP Delta

LCP Delta is a trading name of Delta Energy & Environment Limited and Lane Clark & Peacock LLP. References in
this document to LCP Delta may mean Delta Energy & Environment Limited, or Lane Clark & Peacock LLP, or both,
as the context shall require.

Delta Energy & Environment Limited is a company registered in Scotland with registered number SC259964 and
with its registered office at Argyle House, Lady Lawson Street, Edinburgh, EH3 9DR, UK.

Lane Clark & Peacock LLP is a limited liability partnership registered in England and Wales with registered number
0C301436. All partners are members of Lane Clark & Peacock LLP. A list of members’ names is available for
inspection at 95 Wigmore Street, London, W1U 1DQ, the firm’s principal place of business and registered office.
Lane Clark & Peacock LLP is authorised and regulated by the Financial Conduct Authority and is licensed by the
Institute and Faculty of Actuaries for a range of investment business activities.

LCP and LCP Delta are registered trademarks in the UK and in the EU. Locations in Cambridge, Edinburgh,
London, Paris, Winchester and Ireland.

Copyright © 2023 LCP Delta.

https://www.lcp.uk.com/emails-important-information contains important information about this communication from
LCP Delta, including limitations as to its use.

Disclaimer and use of our work

This work has been produced by LCP Delta under the terms of our written agreement with «ClientName>» (Client) for
the Client's sole use and benefit, subject to agreed confidentiality provisions, and for no other purpose. To the
greatest extent permitted by law, unless otherwise expressly agreed by us in writing, LCP Delta accepts no duty of
care and/or liability to any third party for any use of, and/or reliance upon, our work. This document contains
confidential and commercially sensitive information. Should any requests for disclosure of information contained in
this document be received, LCP Delta request that we be notified in writing of the details of such request and that
we be consulted and our comments taken into account before any action is taken.

Where this report contains projections, these are based on assumptions that are subject to uncertainties and
contingencies. Because of the subjective judgements and inherent uncertainties of projections, and because events
frequently do not occur as expected, there can be no assurance that the projections contained in this report will be
realised and actual events may be difference from projected results. The projections supplied are not to be
regarded as firm predictions of the future, but rather as illustrations of what might happen. Parties are advised to
base their actions on an awareness of the range of such projections, and to note that the range necessarily
broadens in the latter years of the projections.
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