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Workshop timeline

10 h

11 h

Overview

* Fuel Cell and Hydrogen — Joint Undertaking, Bart Biebuyck

* WaterstofNet, Isabel Francois

Rail pilot projects and state of art

* Arup, Robert Davies

* ProRail, Michiel Deerenberg

* Alstom, Andreas Frixen
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Strong public-private partnership with a focused objective @

A combined private-public of more than 2 billion Euro has been invested to bring products to market readiness by 2020

-

481 million euros

FUEL CELLS AND HYDROGEN JOINT UNDERTAKING

IEyt‘lrc:;s‘-]en ™ Hydrogen Europe
Y Europe = .. = )

Research

153 projects

Industry grouping Lxnpean - Research grouping

250 members 83 members 41.4 % %
50% SME
285 projects 443 million euros
supported /7 projects
D
p 63% °C
Energy Transport Cross-cuttind 1.07B €
H, production  Road vehicles standards, safety, 67 million euros
and distribution Non-road vehicles gy cation, 48 projects
H, storage Refueling infra consumer
F/C for CHP Maritime, railand  jwareness .
aviation applications '

79 million euros

Similar leverage of other sources of funding: 1.08 B € / projects 5



Besides CO, abatement, deployment of the hydrogen
roadmap also cuts local emissions, creates new
markets and secures sustainable employment in EU
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~24%% ~560 Mt ~EUR 820bn D ~5.4m

of final energy annual CO, annual revenue reduction of local jobs (hydrogen,
demand’ abatement? (hydrogen and emissions (NO,) equipment, supplier
equipment) relative to road transport industries)?

ncluding feedstock 2 Compared fo the reference technology scenane 3 Excluding indirect effects




Opportunities from the inclusion of Hydrogen in NECPs

EU27+UK NECPs were analyzed on the national opportunities for hydrogen deployment by 2030.

Onshore Wind Main results and impacts of renewable hydrogen deployment FU2/7+UK
18 280 - 75 850 MW in EU28 by 2030 in two scenarios

44 680 - 184 390 GWh/a
Electrolysers

Offshore Wind 12970 - 56 010 MW

1730-7710 MW 42 540 - 182 830 GWn Ja
6 430 - 28 600 G\Wh/a

Solar Photovoltaic
16 750 - 76 740 MW

16 570 - 77 380 GWh/a

Opportunities for

Hydrogen Energy Techn

“;Co idering the National Energy
s ‘Climate Plans

1 466 - 13 928 GWh/a

Into Synthetic Fuels
3 230 - 11 630 kt/a
of Steel
J— AN
=y 0-152kva Commercial-scale
) ) ] 12010-20870GWhJa - f # — P
https://www.fch.europa.eu/publications/o W I Refnetes T; 0,
) ) ) (c)
ortunities-hydrogen-energy- S ' T 120%-97 12008
PP : : V. 5 : Y 7590 - 29 330 | Value Added P o ethana '
technologies-considering-national-energy- MEUR/a | inthe domestic ecanomy a‘éj“w .
-7 a aY
climate-plans | Value Added as Share of Annual Costs Y of Ammonia 1 104 0
L= | [ | 3 Emissions avoided

20 - 67 Mt C0./a

In EU27+UK by 2030 depending on the scenario, 13-56 GW of electrolysers (4800HTrs full load) are
needed reducing 20-67MtC0O2/a, creating 7.5-29 bn € added value and 104k-358k jobs. £



https://www.fch.europa.eu/publications/opportunities-hydrogen-energy-technologies-considering-national-energy-climate-plans

EU Hydrogen Strategy of 8t" July 2020

Objectives in 3 phases with the Hydrogen Alliance to support the investment agenda

Phase 1: 2020-2024

- 6GW of renewable H, electrolysers
- 1 million tonnes renewable H,

- Replace existing H, production

- Regulation for liquid H, markets

- Planning H, infrastructure

Phase 2: 2025-2030

- 40GW renewable H, electrolyser

- 10 million tonnes renewable H,

- New applications in steel & transport
- H2 for electricity balancing purposes
- Creation of “Hydrogen Valleys”

- Cross-border logistical infrastructure

Phase 3: 2030-2050

- H, technologies matured and
deployed at large scale in hard to
abate sectors.

- Expansion of hydrogen-derived
synthetic fuels

- EU-wide infrastructure network
- An open international market

Clean Hydrogen Alliance to support the EU investment agenda




European Clean

Hydrogen Alliance | * g“—'— What is it?

https://www.ech2a.eu

» Launch on 8t July 2020 Hydrogen Production

» Mission to create a project pipeline for a
massive role-out of EU Clean Hydrogen

technology
Mobility Applications
» Involving all active stakeholders in the

Transmission & Distribution

clean hydrogen ecosystem, bringing : .

together supply and demand Industrial Applications
The blueprint estimates investments of €430 Enerev Applications
billion by 2030 SY APE

Residential Applications



https://www.ech2a.eu/

FCH-JU region initiative was key to boost the hydrogen awareness in EU

The regions initiative led to the H2 Valley partnership, PDA and a call topic on H2 Valleys

https://www.fch.europa.eu/page/about-initiative

European Hydrogen Valleys Partnership
launched May ‘19 at EVS 32 in Lyon
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EUROPEAN HYDROGEN
IALLEYS PARTHERSHIP

i Partnership led by:
North of Netherlands (NL)

Supporting regions and cities in assessing

various FCH applications

EE Belgium =8 United Kingdom
Flanders  >Swindon and Wiltshire

p "
>Puertollano
>Valladolid

“I want NextGenerationEU

to create newEuropean
Hydrogen Valleys to
modernise our industries,
power our vehicles and
bring new life to rural
areas.”

Project Development Assistance (PDA)

launched Jan 20 (38 applications / 19 countries)

Texel, Netherlands Mariestad, Sweden

\
\ 4 Gdynia, Poland
Limburg, Belgium \ \\ " .'., v 5

» Mocenok, Slovakia
Bourgogne-Franche-Comté,
France

AR, Suel ™ \' s : ‘ .j Ruse, Bulgaria
® ' ; ' : _
S e o SF - —— Sofia, Bulgaria
Medio Téjo, Portugal Sl < 3 S
‘ ~ \ Zagreb, Croatia

Great opportunity to bring on-board and share learnings

with ‘less FCH ready’ but higly interested EU13regions

https://www.fch-regions.eu/

11


https://www.fch.europa.eu/page/about-initiative
http://s3platform.jrc.ec.europa.eu/hydrogen-valleys
https://www.fch-regions.eu/

Examples of Hydrogen valleys in Europe today

Its scope is system integration: Production of renewable H2, storage, distribution and end use (transport, stationary & industry)

H2 production by wind on Islands
Storage and transportation by
truck

Use: heat (school), power (ferries)
& mobility (municipality cars)

sisectorallintegrationiisirarely seenty

T

Grieon

; -
W
K.

31 partners (public + private) HYDROGEN
Electrolysis for green H2 production,

H2 Mobility: buses, passenger cars and trucks
H2 Refueling stations

E-Kerosene for aviation

H2 for an inland water transport barge
Domestic Heat applications

Underground H2 storage (Hystock)

Hydrogen Island (Spain)*
H2 production from solar
H2 injection in gas-grid
Use: heat (hotel,
municipality buildings),
power (port of Palma),
mobility (buses)

(*) Subject of successful signing the grant by Dec 2020

Future Possible (cross boarder) H2 valleys: Ports, Airports, Industrial hubs, Logistical hubs, A H2 city (or area) [P



Hydrogen Valleys to accelerate the energy transition

Renewable and Clean Hydrogen Challenge (1C8) under @ mlrig\?EHON

=l I NS

Mission Innovation

Hyd rogen VaIIeys have become a global phenomenon, y
with integrated projects emerging all around the world Saeﬁ;;?'peer exchange among H2

A fast-growing landscape of globally leading projects ... >> ... featured on a new v’ Raise awareness among policy
e Netherlands SN EU IPCEI B Germany Bl China = platform makers

> HEAVENN > Blue Danube > Green Crane > H2Rivers/ > Norddeutsches > Pearl River Delta {Fnshan}

> Hydrogen Delta > Black Horse > New Green Flamingo HZRhein-  Reallabor > Beijing-Zhangjiakou ! ‘/ Advance Clean energy tra nSition
£ United Kingdom i ke }ﬂ;f;‘;;m el e > 30 valleys from

> HyNet Morth West England - . .

}EEHIT%ME:TEIHI:EE" future | @ | Japan 18 C‘U‘Untrles ‘/ EU (EC'l'FCH JU) INn the Iead aISO In
e Chile i’ > FHZR Fukushima . .

> Hydrogen - 1 terms of gathering and sharing

Facility w’ ~ France

- s, >3,000 datz lessons learnt
~ >ACES, Utah FAGTY o oints

> Portof LA, Shors to Sor D ko, P

Project, California

Bourgogne Franche
= Spain Comté g
> Green Hysland K “ > CEOG, French Guiana g 1 U | n- d e pth b e St"

Mallorca

\ :
== Denmark m=== Thailand B B italy — Austria il Australia ractice I'ﬂﬂ'BS o
> HyBalance > Phi Suea House > South Tyrolean > WIVA > Neoen Crystal Brook p p tt S o WWW. V. e u
hydrogen valley P&G Energy Park
> Eyre Peninsula

B Countries with hydrogen valleys on the initial platform Gateway

Additional countries with major hydrogen valley activity where outreach is ongoing



https://www.h2v.eu/

Electrolysis projects: increase capacity & lowering cost

Europe is world-leader in electrolysis systems (EU has the most patents and publications vs other parts of the world)

Project: Don Quichot Project: Haeolus Project: H2future Project: Djewels

Place: Belgium Place: Norway Place: Austria Place: The Netherlands NEXT:
Date: 2011 Date: 2017 Date: 2016 Date: 2018 -
Electrolyser: Hydrogenics (PEM) Electrolyser: Hydrogenics (PEM) Electrolyser: Siemens (PEM) Electrolyser: McPhy (ALK)

Funding: 5.0 m€ Funding: 5.0 m€ Funding: 12 m€ Funding: 11 m€ ~2025:

several 100 MW'’s

Y N2 B -2030: 6w scale
HYDROGEN

Jjewels

20 MW - 60MW
3.4 MW 10 MW 100 MW

Project: Demod4grid Project: Refhyne

Place: Austria Place: Germany

Date: 2016 Date: 2017
Electrolyser: IHT (ALK) Electrolyser: ITM (PEM)
Funding: 2.9 m€ Funding: 10 m€

The European Green Deal
call for proposals includes a
topic to install a 100MW
Electrolyser.

Project: Hybalance

Place: Denmark

Date: 2014

Electrolyser: Hydrogenics (PEM)
Funding: 8.0 m€

Call closed:

16 proposals
received




Developing an EU wide Guarantees of Origin (GO) Scheme for Hydrogen

Two definitions: one for Green and one for Low-Carbon Hydrogen — more than 70,000 GOs issued already

Four production plants included in the pilot scheme which have been already audited
Air Products, Rotterdam (by product

Uniper, Flakenhagen (Electrolysis +

Air Liquide, Port Jerome (SMR +CCS) Colruyt Group, Halle (Electrolysis +RE) RE and methanation

https://cmo.grexel.com/Lists/
PublicPages/Statistics.aspx

On-going actions:

(1) Certifhy3: Setup of a platform for piloting a GO PRI cx
scheme for hydrogen across Europe. -

Service public
de Wallonie

(2) IPHE taskforce on Hydrogen Production Analysis methodology.

. ) &rlognb
=> important to unlock future cross boarder trading. SReelTRIEl



https://cmo.grexel.com/Lists/PublicPages/Statistics.aspx
https://www.certifhy.eu/

FCH-JU has projects related to many different modes of transport

Heavy duty transportation is looking seriously to hydrogen due to the huge performance improvements of fuel cells




Rail accelerates Hydrogen and Fuel Cells technology

€5hift2RaiZ

Joint study with great consensus from the stakeholders

Advisory Board composition

System integrators / OEMs | Infrastructure/H, suppliers
ol TRACTEBE
ALST@‘M THE LINDE GROUP E:E"e '
SIEMENS O
e PITPOINT HEXAGON
w AIH LIQUIDE
BOMBARDIER enGiC nel:
ALPHATRANS BEEZISBBCFFFFS PrgRail H YE}R{]GElNICS B A“_ A R D

v

4
A PM
d POWERCELL Nedstack P v o
OF FUEL CELLS T
AND HYDROGEN renfe ENey O stagecoacn ﬁ  p——

IN THE RAILWAY
Operators | FCH technology providers

ZILLERTALBAHN
-I DB| BAHN ag tus-daret
STUDY ON THE USE OBB

ENVIRONMENT

https://fch.europa.eu/publications/use-fuel-cells-and-hydrogen-railway-environment 17



https://fch.europa.eu/publications/use-fuel-cells-and-hydrogen-railway-environment

FCH technology can become a viable alternative to replace diesel

Three main applications explored

|\/|u|tip|e ,"’ Passenger operation in regional transport

> \We analysed the units al

potential of fuel cell

First FCH trains in operations since September

Q° up to 1,000 km"

and hydrogen @ up to 140 km/h
technology for rail "
transport for three - Oyears
application areas Shunters SR Shunting and short distance operation

> Most activity visible in b ;

multiple unit QY 200-1,000 km?
application area @ up to 50 km/h
(products already = 35 years
being launched)

Lo inli > Med. + long distance freight + passenger service
> First insights suggest Mainline X ) oft ™ PASSENY

attractive use cases Loco- ?
and good market motives Qs 500-1,100 km
potential @ up to 120 km/h
B 30 years

Market entry

Source: Alstom, OBB, Roland Berger



Depending on the use and distance, hydrogen can compete with diesel

Hydrogen can be the most economic zero emission solution

Uverview

Track length
Rolling stock

Hs consumption
Charactenistics
Diesel o
FCH A
Catenary B
Battery B

CO, saving potential in one year

Source: Expert interviews, Roland Berger

Multiple Unit

Aragon,
Spain

2x 4 car trains (bi-mode)
0.31 kg/km

Cross border connectivity and
long rout without electrification

9.3
I 12.4

22.5
13.7

767t

Shunter

Riga Node,
Latvia

100 km

15 Shunters
0.49 kg/km
Shunting operation between
several port terminals
20.9
I 20.4
218

(3350t

Mainline Locomotive

Kalmar - Linkoping,
Sweden

o=
€« s
¢

230 km
5 Locomotives

0.48 kg/km

Passenger and freight transport
between two cities

0.7

I 6.7
22.0

4,980t




Market potential study shows Multiple Units will be the first to enter

This entry could be accelerated by policy or incentives

Overview of FCH train markets outlook for 2030 [standard units"]

Comments

> The Market potental
will depend on the
projected diesel
purchasing volumes

> Substitution of diesel
trains 13 dnven by
the Multiple Units in
the Frontrunner
markets

> (On the other hand,
shunters dnve the
substitubion in the
Newcomer and Later
Adopter markets

{hﬁ Market share of FCH in 2030

1} According to definiion of UNIFE World Rasl Market Report
Source: Market research. Expert mtermews, Roland Berger




No barriers are show-stoppers for FCH rail technology

R&I projects are required to realize a broader commercial potential

Barriers for FCH trains

> No principle show-stoppers to the deployment of FCH technology In
the rail environment exist

> High priority barriers are related to financing FCH train deployment,
lack of standard scalable design and H, storage optimisation

Suggested Research and Innovation (R&I)

> R&lI projects can bring FCH technology significantly closer to
commercialisation by addressing high priority barriers

> Three key project topics
— Large-scale demonstration of Multiple Units fleets
— Prototype level. and testing of Shunters or Mainline Locomotives
— Research and tech. dev. of optimised H, storage system

> Medium, low priority barriers can integrated in the same R&| project




Rail accelerates Hydrogen and Fuel Cells technology

€5hift2Raiz

The first business models are appearing

FCH trains make economic sense above all on longer non-electrified routes
>100 km

FCH trains esp. for last mile delivery & main routes with very low utilisation
(<10 trains/day)

Low electricity costs (<EUR 50 /MWh) & high infra utilisation (HRS...) favour
FCH technology;

FCH trains has downtimes <20 minutes (due to fast refuelling) and withstand
long operating hours >18 hours w/o refuelling;

FCH trains are economically feasible clean alternative to diesel trains in many _
cases; | | STUDY ON THE USE
In some cases, battery trains may appear as more cost-effective option but i ::;55;:5;’;
come with operational constraints resulting from highly route-specific tailored B  INTHERAILWAY
battery configurations. @ Tt R

Py v AN WA

- https://fch.europa.eu/publications/use-fuel-cells-and-hydrogen-railway-environment 22



https://fch.europa.eu/publications/use-fuel-cells-and-hydrogen-railway-environment

Fuel Cell Hybrid PowerPack for Rail Applications <
Demonstrate the system in a bi-mode train to be homologated in three MS (E._g.Hz RA IL

/- Start date: 01/01/2021 h /_#7
 Total cost: 13,341,609.93 € DLR q‘
* @Grant amount: 10,000,000.00 €
* Main Objective: TOYOTA renf e

 Develop, build, test, demonstrate and homologate a scalable, modular and multi-
purpose Fuel Cell Hybrid PowerPack (FCHPP) applicable for different rail applications
(multiple unit, mainline and shunting locomotives) also suitable to for retrofit existing
electric and diesel trains, to reach TRL7.

* The train demonstrator tests to be carried out cross-border in Portugal and Spain and
homologation to be sought for three EU countries.

» adif e}_/}ljlidrégeno

Infraestruturas O Fa:veley -

de Portugal

g Methodology

f Railway use cases \ ﬂnalyis of applicationm ( Derivation of FCHPP\

and service profiles requirements

l Range / autonomy I

Power & energy dimensioning

N
."
o s w
PN T
& ([S—.

23




What is the current situation in the rest of Europe

Market is accelerating

—==9 Railway-News

Four French regions have signed an order for
dual mode electric-hydrogen trains, making this
the first order for hydrogen trains Alstom has
received in France.

Europe funds hydrogen trainin the
Netherlands with 25,million

Publshed on 26-04-2021 5 1033

The European Investmant Bank (EIB) will fund 25 million sures for the purchase of four hydrogen trains and the
construction of a hydrogen filling station in Groningen In the Netherlands. The amount is part of a 3.4 billlon
euro investment package in sustainable development. Of this, 700 million euros are spent on sustainadle
mobllity.

Alstom to supply ltaly’s first hydrogen trains

The board of FNM, Lombardy’s leading public transport group, approves
major investment in green railway transportation

Coradia Stream for FNM. For illustrative purposes

only_ ® Alstom / Design & Styling

Scotland's first hydrogen-powered
train will run by the end of 2021

LAUREN KETH

in Austria

26 November 2020 — Alstom will supply six hydrogen fuel cell trains, with the
option for eight more, to FNM (Ferrovie Nord Milano), the main transportand B & H ﬂ "l - .-' L 3
mobility group in the Italian region of Lombardy, for a total amount of N ‘, . . .m' . ."' .
approximately €160 million. The first train delivery is expected within 36 q [ .

months of the date of the order.

The new hydrogen trains will be based on Alstom’s Coradia Stream regional
train platform, which is dedicated to the European market and already being
produced for Italy by Alstom’s main Italian sites. The hydrogen powered
Coradia Stream for FNM, will be equipped with the same fuel cell propulsion
technology that was introduced to the world by the Coradia iLint. The hydrogen
Coradia Stream will maintain the high standards of comfort already
appreciated by passengers of its electric version. The hydrogen version will
match the operational performance of diesel trains, including their range.

< . .Asiz_‘m
a0y 0

" ’

l \‘ m ‘g P,‘m Sl
= e
- . Trials of a hydrogen-powered train are underway in the UK, with an initial

journey successfully completed berween the locations of Long Marston and

Evesham in the West Midlands region of England.

The HydroFLEX train — which has been developed by a team from the

cell which combines hydrogen and o0Xygen o generate electtscity, heat and

water.

University of Birmingham and Porterbroaok, a rolling stock firm — uses a fuel-

Alstom's hydrogen train successfully completes three months of testing The first Portuguese hydrogen train

will replace Vouguinha

The Coradia iLint is fully approved for the Austrian network and has
successfully completed passenger operation tests with OBB

- The project for the devedopment of the fiest Portuguese hydrogen train has
already started. The Inltlative alms to transform the diesel cars that run on the
Vouga Line - the train called Vougquinha - by hydrogen fuel cells that produce
electricity,

Pesa to unveil hydrogen locomotive
by year end

The Polish manufacturer has been working on the vehicle since December 2019.

A Pesa Gama locomotive



Fuel Cells and Hydrogen Observatory (aunched 1s sept 20

One stop shop to understand where the FCH sector is at and how it is evolving

Fuel cell market

» Go to resource for all things on fuel
cells and hydrogen

» User friendly and reliable output [
= charts, graphs and data downloads

- reports IIIIII _III
> It CO\IerS : . .H'-'E'G-'l-enEanl-,-

e Technology & Market

e Policies & regulation

e (Codes & Standards

e Patents & Publications

e Funding

e Education & Training
» Global resource

» www.fchobservatory.eu
info@fchobservatory.eu

‘ -
FUEL CELLS AND HYDROGEN
, @FCHObservatory uasenwum The Fuel Ceits and Hydrogen Observatory has been prepared for the FCH 2 1L

@@E®

N

JIF |

Net Number of FCEVs in Europe & Fj. !"".

company directory



http://www.fchobservatory.eu/

European Hydrogen Safety Panel (EHSP) initiative

Expert group on hydrogen safety assisting the FCH 2 JU at project and programme level

EHSP Launched and running!

The EHSP released the first 2 reports on:
- Safety planning in FCH projects

FUEL CELLS AND HYDROGEN (i) - Lessons learnt from HIAD

Foh | JOINT UNDERTAKING =

ABOUT US PROIECTS ~ STAKEHOLDER FORUM  PROGRAMME REVIEW g;gufgmiﬁmw & NEWS, EVENTS & MEDIA ~ AWARDS 2018

Home # Initiaties

YIS EUROPEAN HYDROGEN SAFETY PANEL

e FUEL CELLS and HYDROGEN 2 JOINT UNDERTAKING FUEL CELLS and HYDROGEN 2 JOINT UNDERTAKING
@) e | (FCH 2JU) (FCH 2 JU)

SAFETY PLANNING FOR HYDROGEN AND FUEL CELL PRU]ECTS Assessment and lessons learnt from HIAD 2.0 =
'ull A . | | . Hydrogen Incidents and Accidents Database

\'\" > ~

M ' o 05 July 2019

(A

ull
v }
% y
‘ y ') ‘ y 20 September 2015
h'
NOTICE MOTICE

This document is prepared by the European Hydrogen Safety Panel [EHSP) with the mandate and support of the Fuel Thiz docum=nt = grepared by the Eurcpesn Hydrogen Safety Fanel [EHSP) weth the mandate and
Cell and Hydrogen Joint Undertaking (FCH 2 JU). Neither the FCH 2 JU nor the EHSP makes any warranty, express o Sipport of the Fuet Call and Hydr ogen Joint Lindertaking [FOH 2 FU) Ne@her the FCH 2 U porthe EHEP
implied, or assumes any legal liability or respansibility for the accuracy, completeness, or usefulness of any information, mskes any warmanty, sdpress o implied, or sssemes any legal linbility or responsibdity for the
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. ancurACy '-'I:"I‘P"E'Tﬂﬁz-ss o umefulnecs of any Information. apparatus preduct. or process disclosed

Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or or remresents that fs e would nl:'.'lr!fr\-"n{_'e- priuztehy cwmesd rights. Rk il i b arsy cpesife

otherwise does not necessarily constitute ar imply its endorsement, recommendation, or favouring by the FCH 2 JU or
the EHSP.

conmemercisl product, process, or s=rvice by trade name, rademeark, manufaciurer, or octherwise do=s
mort necessarily constrbate or smply iks endorsemert, recommendiation, or fevourng by the FCH 2 20U
The views and opinions of authors expressed herein do not necessarily state or reflect thase of the FCH 2 U or the or the EREE.

EHSP. Additionally, the document does not provide any approval or endorsement by the FCH 2 IU or the EHSP of any
systemn|s), material{s), equipment or infrastructure discussed in the document.

The views and opinions of authors expressed henein oo e l.'-’ mecessarity state o reflact those of the
FCH 2 U or the EHEP. AcdRionaly, e document does mot grosdide anyg appioval of endarsement by
Eha BEH 3 U ar tha EHIP of ame syetemd &y, matarialc], equipmant or Infractructunre diccucad In tha

Assuring that H2 safety is adequately handled ; e

Promoting and disseminating H2 safety culture

26




Funding instruments
at EU level




Future European Funding opportunities for hydrogen

Depending on the project seize and goal, the right funding instrument should be chosen, FCH can help you

New partnership: CLEAN HYDROGEN

7,
/

| ) nELERZEEUE : H,divided in 7 partnerships in EU:
SO1 Low carbon H2 production SO3 i:gz%:l e&s :::L\leery of H2 : : < _
e S e B : : Clean Hydrogen
-  Processes4Planet

6. Liquid carriers

ale-u

7. Non-pipeline transport
8.  Key technos for distribution

SO2 Integration of renewables

3. Role of electrolysis in the energy S04 Refuelling infrastructure
9. HRS for multiple applications

S09 Supply Chain

Manufacturing &

- 2ZERO

: + - Zero Emission Waterborn
| | Clean Steel

T - : Clean Aviation

Integrated H2 ecosystems combining muttiple applications (ports, industrial hubs, cities, etc.)

$10 Cross-Cutting EUI"Ope’S Ra||: 600 m EUR

Regulations, Codes, Standards, Training, Safety, social, etc.

Start expected end 2021 with an increased budget of 1 billion EUR

INNOVATION FUND

Driving clean innovative technologies towards the market

4 -*':‘-
| | | 4 @ <
. ! ’:‘. 'r" \ ¥ €
" S e
Aﬂ - g $ DDUD E$ : , .
- ' First call for €10 billion to invest up to 2030 Avoid emissions and | 11 P P
projects in 2020 in EU’s climate neutral future boost competitiveness . y ro g e n
| 1 ) N

o4 % Faclll froc
Wi avesting'in Europe’s grow " o for Climate Action

| = '_ N dastrics
a ¥ !
@@ .‘Q“if ".
. Energy intensive : A e Carbon capture,
! industries Renewables Energy storage use and storage

-
.-
—

Important Project for Common European Interest

Coordinated calls on:

BN e

Shunter demonstrators
Hydrogen storage
Refueling protocols
Hydrogen logistics by
train

Gen

eration




The 15t European Hydrogen Week

A huge success with many high level speakers

More than 10.000 people from 63 countries joined

Bart Biebuyck

Execulive Direclor

Frans Timmermans  Thierry Breton
Execelive Vice-President Europear Commissiceer for

Egropean Commission fniernat Market

Andreas Scheuer Bertrand Piccard
Federa? Minister initialor-and Chasman
Transporl and Digita

Infrastructure (GER)

-\ 3 -

Aziz Rabbah Jens Geier Klaus Bonhoff

Minister of Energy, Mines and  Meinber of the European Director Geperal, Policy lssues Dires

D& Reszarch and insovalion

Erviropment (MAR) Federal Ministry of Trapsport
and Digital Infrastructura

(GER)

Valerie Bouitlon- Patrick Child
DBI{JDRE Direg or Bener , D:'e.:icr-sere-a I
Hydrogen Ecesystem Director Mobitdy and Transportinthe  Depuly Dieclor Ganeral in

Michelin European Conmmission DG Reseacch and Inpovalion

Mariy

e h e oy £
CEECpSil LOTINTI ner

f ihe Ewropean

Jean-Eric Paquet
los General

Managing Direclor
Salvador Caelano Inddsina
SGPS

Kadri Simson

European Cemmmsssioner for

European Commission

Juan Carlos Jobet
Eluchans

Kurt-Christoph von
Knobelsdorff

Managng Divecle

Head of Dension mnovalice
Fimance Advisery

European ivestmeni Bank

Adina Valean
European Comimissiorer for
Transport

European Commission

Joao Galamba

Ditte Juul Jergensen
Director Gepera
DG ENER

Slawomir Tokarski
Disectar for Incustrial Peficy

and Imnovalicn

The 2" European
Hydrogen Week +
Launch of Clean H, JU

~ European

droge

29th Nov. — 3@ Dec. 2021

.
— -

#Clean Hydr&ge__a -
#EUHydrogenWeek

Brussels, Belgium

Commission



FUEL CELLS AND HYDROGEN
JOINT UNDERTAKING

Bart Biebuyck

Executive Director
Bart.Biebuyck@fch.europa.eu

v @bart.biebuyck
in  Bart Biebuyck ‘( ,

"v

For further information

www.fch.europa.eu
www.hydrogeneurope.eu
www.hydrogeneurope.eu/research

Q @fch_ju
@ Fch-ju@fch.europa.eu
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Bart Biebuyck
Executive Director Thank you for your attention.




HYDROGEN STATUS
BELGIUM (BENELUX)

WaterstofNet

HYDROGEN TRAINS
BEST PRACTICE WORKSHOP

\

Isabel Francois
Project manager WaterstofNet

12 May 2021 f;/
ONLINE ‘(I :

May 12, 2021



Outline

e|ntroduction WaterstofNet
eActivities in road transport BE/NL

ePlanned hydrogen infrastructure — large scale production — import

eHydrogen trains in our region?




WaterstofNet: more than 10 years of H2 experience

The four pillars supporting WaterstofNet

°2009, 13 persons

Based in Turnhout (BE) en Helmond (NL) . Q-:i}
4 pillars

v Network: Industrial cluster

v Project organisation ,@'... .g
v Advice to policy makers ’

Projects Advisor to
Government

v'Knowledge: studies, advice to companies, ...

Hands-on experience: HRS Helmond, driving a H2 ca,
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Activities In road transport

H2 refuelling stations — buses — heavy duty



First Hydrogen refueling station Halle -B

- N

Wiaandcaren

MNededand
SRR R ¥ Qf%ﬂmﬂnm \““‘\@
Realisation hydrogen station at Expansion hydrogen station to public
Colruyt Group (Halle, near Brussels) station 700 bar

Hydrogen regio Flanders - South of the Don Quichote Hydrogen region 2.0
Netherlands

Electrolysis  2()1 2. 2012-2017 2017-2019

aﬁ!ffs

interreg H

EURCPESE UNIE

Vlaanderen-Nederland

Europees Fonds voor Regionale Ontwikkeling




First Hydrogen refueling station in Helmond (NL)

WaterstofNet

H.

Operation of the hydrogen station at

the Automotive Campus in Helmond
(NL)

Hydrogen region

B

| :
S
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fetnfr10an?
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Creating a HRS-network...

I 3\
8 hydrogen stations in the BeNeLux Development and construction of 2
hydrogen filling stations in Wilrijk
H2Benelux and Breda (NL)
Hydrogen region 2.0
READ MORE READ MORE

’
0 N ’: = > 2 i S T3
i '\?;— .i i‘ £ Bl ',:,'_ 2 T Q" - -.ij

EUROCPESE UNIE

Vlaanderen-Nederland

Europees Fonds voor Regionale Ontwikkeling

Co-financad by the Europaan Linicn
B Connecting Europe Facility

 Netherlards

Ma

Sharleville-

~\\ LuxLQOl:;.g
,«v(} M

Qin planning Qapproval Qexecution Qtrialoperation °open

@ public © non public @ under construction @ funded @ initiative () permit received

Current status @ https://h2benelux.eu/
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Hydrogen

buses, built (and driving) in our region

5 buses driving in BE: Antwerp
Tram-bus built by Van Hool,

https://www.fuelcellbuses.eu/
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Hydrogen garbage trucks, built & demonstrated in our

Driving in Groningen, Amsterdam, Best (NL),
Being tested in Breda,
To be demonstrated on short term in Antwerp (BE)
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Hytrucks Air Liquide and Port of <& port of
oroject Rotterdam Avuthority: hydrogen

road transport Port of

Antwerp

Air Liquide and the Port of Rotterdam Authority announce the launch of a
jointly created initiative, which aims at enabling 1,000 hydrogen-powered

—
—
li——

zero-emission trucks on the roads connecting the Netherlands, Belgium, duisport =
and West Germany by 2025; Several partners representing the whole

Hydrogen trucks, built & demonstrated in our region

Being tested by
Colruyt (BE),




Planned H2-infrastructure - large
scale production - import
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Will there be sufficient hydrogen in BE/Europe?

Domestic production but also large scale import

0

'0
Sun ﬂ Electrolysis Synthesis
Electricity

hydrogen hydrogen-carrier
| » N »
: PUIS D I Renewable hydrogen
wind
% f Renewable methane
Renewable methanol

Renewable ammonia
Liquid organic hydrogen carrier (LOHC)

l
S S, g, W nan, W S W o W [y
B 000000

Storage & Liquefaction Transport Storage Pipelines End use

Import technically and economically feasible from 2030
(Hydrogen Import Coalition)

SDEME cnce Kid fluxysd AR,

EXMAR
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Transport of hydrogen in EU/BE

ZEEBRUGGE GENT ol 2@ le ANTWERPEN
Energiehub : wows » €28 ][]

e PN

— e 0 als .

R

[ 2 4 Mederland
ﬂ' Toegang tot het
B Foens o s 7z L Ruhrgebied
: ~r,;. :;-7-1' , s ‘ ". .n = L GRAVENVOEREN

ﬁ' ..;_3. Mederland

]

ﬁ —> Cuitsiand

S Duinkerke

W ischy | N Frankrijk o—7

L]
ALVERINGEM

ETMATIEN

CHARLEROI
2O | 4
L o
BLAREGMIES f h _. ARAS
I i
Verbinding Luxemiburg
Haut de France
""" D CH.-opslag (vioeibaar/gas) &an CO.-uitvoer remmE Onfes
o Hz-invoer [verschillende
E COoterminalling = d;‘;gemﬁ [ Aﬁm Power-to-gas
Bufferopslag (viceilbaar)
_ — H-leiding i Plaatselijk CO.-
D Bufferopslag productie blauvwe COshiding gebruik
waterstof

Egropeon Hgdrogen Backtone instidtive 2021,
supported by Guidehouse

Bron: Fluxys
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Connection with neighbouring countries

Expected Plant Capacity

Project Title
2020 2025 2030

: - 20 100
Djewels, Delfzijl i i
HyMetherlands, 100 1000
Eemshaven MW MW
“ ,, = g W =
reen Octopus?” initiative e —— .
Antwerp MW MW
: a5
Hyoffwind, Zeebrugge e
feeland Refinery,Yara, 2°100 630 1000
Viissingen, Sluiskil MW MW MW
VoltH?, Viissi 15 100
! Il . (1] lS!i-II'IE!I'I H!'ﬂ' m
Morth-C-Methanol, B3 B0
Rodenhuize MW MW
250
H2.50, Rotterdam e
H2 Plant (Shell), Rotterdam jﬁ
50 300
HyPort, Qostende M Ci
H-Vision, Ratterdam 430

AT
NOrtHZ, Groningen 3000
nge -

H2ermes, Ijmuiden 100
MW
Green hydrogen 50° 500
production, Emsland MW MW
Coal to green hydrogen, 100
Port of Hamburg MW
Westkistel100, 30 F00
Hemmingstedt L MW
Hybridge, Emsland i
ybridge, Emslan R
Element Eins, Lower 100
Saxony s
H , Brunshiitte| 30
ySynGas, Brunsbitte MW
Power-to-Gas, BW
Birgerwindpark Fehndorf =
{ lindloh GmbH & Co. KG
HydrOxy Hub, Wal B
ydrOxy Hub, Walsum i
. ; & MW |started
Energiepark, Mainz in 2018)
Emergy Park, Bad 20
Lauchstadt i

Figure 4.1. Announced large-scale electrolyser plants in the region®




Hydrogen trains?



H2-trains as alternative for Diesel trains in BE? ©

* Two regions in BE without electrification

Charleroi-Couvin

Cluster Gent

« Study TML for Belgium (commissioned by fed. Gov.)

https://www.railjournal.com/fleet/full-electrification-best-suited-to-replace-diesel-traction-on-
belglan-network-study-finds/ (complete study only in Dutch)

 Comparison of
» Electrification (overhead catenary) - Battery-electric (with partial electrification) - Hydrogen train



https://www.railjournal.com/fleet/full-electrification-best-suited-to-replace-diesel-traction-on-belgian-network-study-finds/

A Hydrogen (now)

Total exploitation
cost

H2-trains as alternative for Diesel trains in BE?(2) ¢

l-"'""r-

Investment In
trajectory

_______

Specific BE lines

Diesel now/ hydrogen future ® Ba|anCe between

 |nvestment costs of the train

 |nvestment costs infrastructure
* Energy cost 1
. Maintenance costs utilisation rate!

—

Llektrificatie

» Electrification best choice for BE
trajectories (cfr TML study) ?
=>under discussion (Input par.?)

»
Utilisation rate

arain ki raiectkm © DYy NErgy with H2 ecosystems for

affordable H2 supply




H2 trains in Gent region?
Synergy with H2 ambltlons IN North Sea port

Cluste Gent

Available:
Studies

Examples/test results/BC calculations
DE and NL

Reqguired:
Political engagement

Orsted North Sea Port to develop one of the world's

largest sustainable hydrogen plants for Dutch and —
Belgian industry

SWECO DESIGNS FIRST GREEN
e HYDROGEN PLANTS IN NORTH

On Wednesday 31 March, @rsted presented 'SeaH2Land’, their ambitious vision for a Gigawatt-scale S E A P 0 RT
sustainable hydrogen plant. In other words, how a North Sea Port cross-border pipeline will connect the large
industrial demand for hydrogen with the sustainable production of hydrogen.




Technologies

e Fuel cells

» Dual fuel as a transition technology?
» Retrofit of existing engines

BeHydro is developing hydrogen engines and
storage solutions for marine and power
applications!

STATE OF THE ART = Hydrogen-Diesel co-combustion: ability to combine fuel
TECHNOLOGY — 4 flexibility and gﬁlcne?cy “rnfh em-/‘crom_ﬁentalfperformance

: - ¢
- F 4 ]
o <\ '-_'\.‘ - ,':"l -4 5 .
N .‘\, N 1‘. 1_4 » -
- . SR
. - : ‘

:ir:i'-;','-‘»_'},.'"ix-‘ ! a— Intercooler
| S+ 3 . >

/] v 2 In order
' | a' / J
,/ '/.’ ; Reduce CO2 emissions at sea, at land
htg‘ E] Investment in R&D

@ Development hydrogen dual fuel or spark ignited
engine!

s
e
. R R - P

(b Storage of Hydrogen

:g E A\ Different applications




Conclusions
» Technology for refuelling of road applications available
» Large scale Infrastructure & import of hydrogen are planned

» Hydrogen backbone connecting ports & industry clusters
=> Hydrogen will be available In large volumes and reasonable cost

» Different technologies: fuel cells versus combustion (dual fuel)
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Restarting at 11n00

Online workshops coming up next:

19 May 2021 — 10:00-12:00

S rains B BATTERY TRAINS
https://uic.org/events/battery-trains ZBESIE

BEST PRACTICE WORKSHOP

Call for speakers on static energy storage,
workshop in September 2021, contact stefanos@uic.org

o .- THE END o ' Best Practice Workshop
s'l 'c/ Warkshop on 1T/ Workshop on YIS iarishon on FOSSIL FUELS // DECARBONISATION
: NERGY EFFICIENT ENERGY EFFICIENCY ANt / AN OF WORK TRAINS

T LE OF IMs L

P \ '
! \20 February 2018
/<7 Brussels, Belgium

12 May 2021 19 May 2021
ONLINE ONLINE

Rotterdam
The Netheriands

IIIIIIIIIII

,,,,,,,,,,
«hy DYOFECHLANU

THE R
IN TRACTION ENERGY f ‘ '
TRANSITION e 0\ .
11 February 2018 < :
|
:»i—"";‘i"\ "



https://uic.org/events/battery-trains
https://uic.org/events/decarbonisation-of-work-trains
https://uic.org/events/energy-efficient-time-tabling-workshop-20-february-2018-brussels
https://uic.org/events/workshop-on-energy-efficient-infrastructures
https://uic.org/events/the-role-of-infrastructure-managers-in-traction-energy-transition
https://uic.org/events/the-end-of-fossil-fuels-in-the-railway-sector
https://uic.org/events/battery-trains

Break

Rallways and UIC members are invited to join the

In partnership with the IE

HYDROGEN TRAINS
BEST PRACTICE WORKSHOP

If Interested, please reach out to stefanos@uic.org

Restarting at 11h09

12 May 2021
ONLINE




ROLLING STOCK

Is hydrogen the answer?

HYDROGEN TRAINS
- BEST PRACTICE WORKSHOP

»
T

Robert DAVIES
Global Rolling Stock Leader - Arup

12 May 2021
ONLINE

UIC Hydrogen trains - 12 May 2021 Online Workshop



Rolling Stock

Welcome to Arup

IS hydrogen the answer

Why hydrogen

Infrastructure

Supply network

Hydrogen potential

Whole life costs

Entry Into service

Future proofing

Conclusions




Welcome to Arup

Arup Is an independent firm of designers, planners, engineers, consultants and
technical specialists, working across every aspect of the built environment.

Together we help our clients solve their most complex challenges — turning

exciting ideas Into tangible reality as we strive to find a better way and shape a
better world.

We

* Design guality infrastructure and experiences for people and communities
» Deliver major programmes and develop high performing organisations

* [ntegrate complex new technologies and systems

* Unlock financial value for investors, asset owners and operators

* Optimise performance and value from existing and new assets




Rolling Stock - Is Hydrogen the answer

Why hydrogen glrew Build
» Sustainable S etrofit
* Emission neutral
* Autonomous power
* GO anywhere
» Suppliers ready
* Business case

- Specification
* Performance
* Range
» Capacity
* Design life

 Future proofing
* Infrastructure
 Whole life cost




Hydrogen infrastructure - what do we need

Servicing hydrogen trains
Network fuel point locations
Dedicated or shared supply
EXisting update or renew

Maintaining hydrogen trains
Depot plus

Fuel cell "engine”

Battery conditioning

High pressure storage vessels
Fuel connections




Hydrogen network - how do we feed

ONSHORE
RENEWABLES

POWER GENERATION
E.G. GAS TURBINES
AND FUEL CELLS

HYDROGEN FOR INDUSTRY/
HYDROGEN FROM INDUSTRY

Network supply
Green, Blue or Grey
Surge capacity
Grid

Local distribution s

SMALL MODULAR
NUCLEAR REACTORS

SUBSTATION

HYDROGEN FOR
HEATING

«

GAS PEAKING PLANT/

PRESSURE POWER GENERATION

REDUCTION
STATION

HYDROGEN FOR

/ COOKING

e —

ELECTROLYSERS

-

TRANSMISSION
NETWORK

LOW PRESSURE
DISTRIBUTION
NETWORK

OTHER SOURCES OF HYDROGEN
(E.G. COAL GASIFICATION)

HYDROGEN FOR
POWER

~

EXISTING MEIHANE\ SHORT TERM

TRANSMISSION NETWORK e O STORAGE

METHANE REFORMER

! = : / INTER-SEASONAL STORAGE

CARBON -
SEQUESTRATION HYDROGEN FOR HYDROGEN FOR

TRANSPORT MATERIAL HANDLING

(UNDERGROUND CAVERNS)

CCS TRANSPORT
INFRASTRUCTURE

HYDROGEN FOR
EXPORT

Sustainability
Driven by supply credentials




Hydrogen potential - what can we achieve

Fuel cell performance today
New build or retrofit packaging
120 to 140 km/h passenger trains Wlth 500 800km
100 to 120 km/h heavy haul with 200-300km

Technology watch
Fuel cell potential Fuel cell sub-system

160 to 200 km/h Energy density

R

p asSsen g er tral n Wi t h 8 O O km B b Projected Battery Performance Improvements

Limited capacity impact . 5
e < s
S 5
= =
n e
2 -
= ks

.... Batteries (2-3 years) (8-12 years) (20-25years)

(Today)

w“"‘“"ﬁw mm Battery Cell Mass mmBattery System Mass —Wh/kg




Hydrogen costs - whole life view

Comparison with a diesel service I I I I I
Direct costs o
Capital i tment ey “ 0] o B m = =
aP' al investmet Rural = low frequency ™ wu e coom  mensees v some
Maintenance Urban = mass transit o
Enerav consumotion Regional = intercity
gy. P High speed = very fast ** 5 B l I I
Operatlons Frelght - heavy haUI . Rural Urban Regional High speed Freight Shunting
Shunting = local haul
Indirect costs | o
L. High sensitivity to
Carbon emissions train utilisation I . |
Alr quallty Rural Urban Regional High speed Freight Shuntin g
Potential incentivisation

100%
50% I
0%

D I r eCt C O St eX a_m p I e 0 Rural Urban Regional High speed Freight Shunting




Hydrogen - entry into service

Emerging regulatory approach Commercial investment

Interoperability Technical

Component regulation Performance

Common safety method e Service agreements
=N \ K Z Whole life costs

Rail Sub-syst -
ugti]rclgty Countryside | | Conurbation :':d ;eozs:-z::;s Stations s V&V
% \ Fuel cell sub-system
Humdy nd, |o [ oo '
= Rolling stock system
factors

Rall systems integration

crossing

Integration matrix example




Future proofing - investment risks o

Modular design

Life cycle | Can sub-systems be replaced by
Technical maintenance maturity emerging technology

Obsolescence management

Mode

Single or hybrid Long life asset

Trains ordered today
potentially in service to 2060




Hydrogen Transport -
Fuelling The Future
The Future of Energy

This repart takes into account the partscular instroctions and
requirements of pur client It is not miended for apd should mot be
relied upan by any third party and no responsibility is underfaken to my
third party.

Job mumber  079000-79

Arup Mibendislik ve Mizavirlik Ltd St
LM Plaza

Mizpetive Mah.

Bazlik 5ok Mo 3 Eat: 1

34340 Levent

Istanbal

Turkey

WV, Arp. Com

Thank you from the Aru

Arup University

Research on hydrogen trains and
possible applications

Research Report

079000-79 Report

Final | 26 hdarch 2021

ARUP

WE SHAPE A BETTER WORLD

Establishing a Hydrogen Economy
The Future of Energy 2035

wiwWw.arup_comlenergy
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INTERNATIONAL UNION
OF RAILWAYS

INTRODUCTION OF HYDROGEN TRAINS
IN THE NORTHERN NETHERLANDS

In the context of Emission Free Rall transport

HYDROGEN TRAINS
BEST PRACTICE WORKSHOP

.
L
Q0 .

12 May 2021 i/
ONLINE 9

Michiel Deerenberg
ProRalil Innovation

UIC Webinar Hydrogen Train, May 12th, 2021
B



Introduction

Michiel Deerenberg
michiel.deerenberg@yprorail.nl
+31619132311

ProRall - Project Manager Innovation

* Test Hydrogen Passenger Train

* Test Pantograph-Battery Passenger Train

* Pilot Pantograph-Battery Freight Locomotive

Experience

* Working in the Dutch railway sector for
almost 30 years



mailto:Michiel.Deerenberg@prorail.nl
mailto:eerenberg@prorail.nl

Main message for this webinar

* To demonstrate that it Is
possible to run a hydrogen
train in the Netherlands we
could suffice with a temporary
test dispensation.

 We didn't need a full
admission of a homologated
hydrogen train.

* Applicable in your country?




-----

PARISZ2015

UN CLIMATE CHANGE CONFERENCE

COP21-CMP11

i

Toether we achlev a Dutch

carbon free rail sector
Vision 2050




Dutch rail infrastructure: 20% is not electrified

Total length of the rail network : 3434km

Electrification (80%)
» Large part 1,5kV DC (red lines);

* Non-mixed part High Speed Line and Freight Line Betuweroute Is
25kV AC (blue lines).

Not electrified (20%)

* |n the North, East and South of the Netherlands, 572km of track
IS not electrified (black lines);

* Port areas of Amsterdam, Rotterdam, Moerdijk and Sloe are not
electrified,

CO, emissions

a
N\ \ %\
' L \
) \ !
& S
. W P \r
4‘! (‘ -) .'l "v
)

» Since 2017 all electrical trains run on renewable wind energy ¢ ?‘xdm w
* Annually about 85 ktons of CO,, eq. (= 4.2 Million trees); g S el M :
* About 2/3 by passenger and 1/3 by freight transport; e

 Roughly 30% of the CO, emissions of the rail sector. VA&




From vision to action plan* through building
a knowledge (network) and cooperation

*Focus is primarily on passenger transport
In 2021, analyses for freight transport will follow

provinsje fryslan rovincie
provincie fryslan .%fi 313., Ig)l'oningen
o '\Q . = provincie

rovinde \verijssel

Gelderland

AAIVO QD

233 KEeoLlSs

connexxion

Working Group

Regional Train

State I TR i -
>roRe Operating
Government - _ =5

SOy SIEMENS
ALSTOM
STADLER

Environmental Assessment Agency

;@{ Ministry of Economic Affairsand
el Climate Policy

In’Fer~ Grid Train
‘m. national Operator Manufacture
ic/ DB
l(“;/ INFRABEL
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ENEXIS .'.Eneco
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SBB CFF FFS (—_',-; VIVENS -

Y

aLuiander 14




First concrete cooperation: Proof of Concept H, train

TEST DISPENSATION
o T

jg\@:ﬁii € provincie
ALY S groningen THE TRIAL RUNS

THE REFUELING PROCESS

PRESS- AND PUBLIC
INFORMATION DAY

MAIN RESULTS
TEST WITH HYDROGEN TRAIN IN GRONINGEN

L

Excellent cooperation with our partners
* Each with its own responsibility and role

< €y 2

D

TR mromingen 2 0rriva ALSTOM CNGi@ s PYORE1]

Various business units ProRail involved, each with its

own responsibility and role
* Traffic control

* Incident management
 Asset management
 (Capacity management

Mindset: ‘How can it be done?’

Approach: Learning by doing

Keys: Cross Acceptance and
Temporary Local Test Permit

* Environmental Management

* Projects

* Relationship management/Communication

* |nnovation




Original plan (July 2018)

* |n the context of European Capital of Culture 2018
* Borrow a hydrogen train (Coradia iLint) from Alstom
 Make use of the German admission of the train

» Get temporary Dutch admission for driving and

refuelling W Loouwarder ,,, h |
» Install Dutch Automated Train Control System in the W W \|
train ' o M
» [nstall a temporary mobile refuelling station

 Run the hydrogen train, with passengers,
during two ‘emission free’ weeks

Obstacles
* German admission not ready

* [nstallation Automated Dutch Train Control System -
German admission invalid 2 German re-admission




Reboot: New plan (March 2020)

» Borrow a hydrogen train (Coradia iLint) from Alstom
» Make use of the German admission of the train

* Describe and implement safety measures and procedures (like ‘Non
Detecting Rolling Stock’ and ‘Railway Crossing Failure’)

» Obtain a temporary testing permit (instead of admission)
» Get atemporary admission for refuelling
» |nstall a temporary mobile refuelling station

* Run the hydrogen train, without passengers, during night times for a
period of two weeks

* |n train free periods (nights)
»  With strict shunting procedures
* With second driver that replaces Dutch Automated Train Control System




Testplan

v Towing Coradia iLint — GTW DMU
v Correct detection

v" Vehicle stability in relation to rail-installation inclination (risk of derailment)
v Feasibility of current timetables

v" Ambient noise in a comparative measurement study Coradia iLint — GTW
DMU.




Feasibility of current timetables

Local- and intercity train services were tested multiple times

Intercity train Groningen-Leeuwarden

m1-3-2020 w=2-3-2020 3-3-2020 w4-3-2020 m=m8-3-2020

Local trzin Leeuwarden-Groningen
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Conclusion: the hydrogen train is

— capable of operating according to the
planned timetable of the GTW DMU.




Mobile refuelling

Safety measures (like
earthening the rall,
concrete blocks, 24x7
security) and procedures
(like ‘No tresspassing
while refuelling’)

, »
»



Press and Public Information Day
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Press and Public Information Day
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Next steps

"N\ RailTechr "\ RailTechr
. .com .com

HOME INFRASTRUCTURE DIGITALISATION ROLLING STOCK POLICY CORONAVIRUS

HOME INFRASTRUCTURE DIGITALISATION ROLLING STOCK POLICY CORONAVIRUS

Europe funds h;drogen trainin the
Netherlands with 25 million

Published on 26-04-2021 at 10:38

Hydrogen trains'will replace diesel
units in Groningen

Published on 01-10-2020 at 09:10

The Dutch province of Groningen will deploy hydrogen trains on its tracks in the year 2024. The Wunderline to
) P 9 i e ) e = 4 The European Investment Bank (EIB) will fund 25 million euros for the purchase of four hydrogen trains and the
Germany is one of the tracks on which the train can be deployed. A feasibility study showed that a hydrogen ) ) o 5. y ; . .
g ) . ) ) i S construction of a hydrogen filling station in Groningen in the Netherlands. The amount is part of a 3.4 billion
train is a viable alternative for the current diesel train. It will be the first time in the Netherlands that a hydrogen : . ! < e )
euro investment package in sustainable development. Of this, 700 million euros are spent on sustainable

train will be used in passenger service. 5
mobility.
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Questions
Discussion

Michiel Deerenberg
ProRall Innovation Thank you for your attention.
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Alstom’s Coradia ILint — Accomplishments so far

2014 2015 09/2016

Prestudies Production & Commissioning Testing & Validation

First Train @ Innotrans

Passenger Service
Austria Sep - Nov
20

Homologation by EBA Passenger Service Test Operation NL
July 2018 Ger Sep 18 — Feb 20 27.02.20 — 11.03.20

© ALSTOM SA, 2019. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is . A LST ]M . 87
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Coradia ILint Operational Experience — Passenger operation in Germany

_l:;g:_-:haven
. -{\‘-‘V\.»"‘i"#%”{; “b = :@ ! - EI"EITIE'TI'IH"I’EH L\. PR
S ’ i _ . uxtehude
Summary and conclusion e 1 | AN geeiaiscit

P |
" Wty 8
-. .
- & -
~ : =
r -
\

o 2 Coradia ILint in dally regular revenue service

o Drivers from local operator evb

o Validation of train and system performance in all kinds of operation
IN passenger service

o Adjustments and improvements of hydrogen storage, fuel cell
composition and energy management system

o Validation and improvement of the hydrogen consumption

o Reliable and safe supply of hydrogen via mobile refuelling station

Coradia iLint has proven to be reliable and fit for purpose

© ALSTOM SA, 2019. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is . A LST ]M . 88
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Coradia ILint Operational Experience — Test operation in the Netherlands

Summary and conclusion

o Infra compatibility confirmed

o Timetable perfectly adhered to

o Drivers very satisfied:

“‘comfortable and easy to drive”

o Coradia ILint range fits the needs of NL

o Coradia ILint perfectly fit for operation instead of the

current Diesel Fleet

o Lower noise emissions In operation and at platforms

© ALSTOM SA, 2019. All rights reserved. Information contained in this document is indicative only. No representation or warranty is gi

provided without liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authorisation,




Coradia ILint Operational Experience — Passenger service In Austria

Summary and conclusion

e Passenger Service 09-11/20

o Coradia iLint operated on all lines
without limitation (slopes up to
4.4%)

o Timetable was perfectly adhered to

y & oot _§ %
900 06000040 109000000 0 O

HA HOHM - 6000000 ¢ 99

o Drivers very happy with easy
operation and accoustic comfort

o Easy refueling very similar to Diesel
trains

Coradia iLint - Reliable and comfortable operation in challenging topography

© ALSTOM SA, 2019. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is . A LST ]M
provided without liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authorisation, is strictly prohibited.
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The New Coradia ILint

Passenger Experience

o Lighter and more spacious interior design
o Upgraded LED lighting concept
o Improved thermal and acoustic insulation

o Optimised air distribution for increased climatic comfort
- Additional air ducts in door pillars
- New alir ducts

2. Newairducts,
connectedto climate
composition

ducts

3. New lateral
airductdesign

4. New door
pillar airducts

| LpAindB

- Increased air volume with reduced air speed

leve

o Latest developments for better connectivity

Sound pressure

o Significantly reduced interior and exterior noise level

New Coradia iLint

The New Coradia iLint — Increased comfort with zero

© ALSTOM SA, 2019. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circu

provided without liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authorisation, is strictly prohibited.
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The New Coradia ILint

Operational Range

o Optimised hydrogen tank arrangement on the roof

e 4x4 cylinders per car for maximum H., capacity

o Range of Coradia ILint increased to =21.000km*

o Maximum flexibility in operation

e Reduced hydrogen consumption

*) Under challenging conditions: demanding topography + time-table; high load for air-conditioning or heating

© ALSTOM SA, 2019. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circ
provided without liability and is subject to change without notice. Reproduction, use or
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Operational range increased by 25%
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The New Coradia ILint

1 ﬂ

Efficiency & Reliability fm\‘w“v ‘Eu = i

» Simplified architecture of fuel cell composition \, ’- B, Ngtee
- 30% reduction of active components
- Optimised arrangement of components
- Next generation Membrane Electrode Assembly (MEA)

o Improved operational strategy of fuel cells
o Higher system efficiency

e Reduction of maintenance needs

© ALSTOM SA, 2019. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is . A LST ]M .
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The New Coradia ILint

Benefits for the Operator

o Service-proven product and technology

o Unrivalled range of 1000 km

o High avalilability and reliability proven over more
than 2 years In passenger service

o Higher acceleration for operational flexibility

o Reduced maintenance and cleaning costs
o Zero emissions

o AIr conditioning unit using refrigerant with
extremely low GWP

The New Coradia iLint — Making the difference

© ALSTOM SA, 2019. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is . A LST ]M .
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Next steps — The New Coradia ILint In Germany

Taunusnetz (rmv)
LNVG

e 14 Coradia iLint

e 27 Coradia iLint

o Start of operation 2022/23
o Start of operation 2022

o 30 years of maintenance and hydrogen supply 5

Liniennetzplan
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e 29 years of maintenance and hydrogen supply

ALSTOM
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HRS: Components and preparation on-site in Bremervorde
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Next steps - Alstom’s Coradia Stream In Italy

Coradia Coradia
Stream Stream

EMU FCMU

{ Press releases and news 26N

Alstom to sui:)h];jly Italy’s first hydrogen trains

26 November 2020 — Alstom will supply six
hydrogen fuel cell trains, with the option for
eight more, to FNM (Ferrovie Nord Milano),
the main transport and mobility group in the
Italian region of Lombardy. The first train
delivery is expected within 36 months of the
date of the order.

Coradia Stream: the family expands

© ALSTOM SA, 2019. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is . A LSTG] M .
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Coradia Polyvalent FCEMU for SNCF

Main Characteristics

e Bi-mode train (Hydrogen + Pantograph)
e Max Speed: 160 km/h
e Range (only H,): 600 km

o Capacity: 218 seats

First Contract

e 12 trains
e Train Validation 2023

o Start of operation 2025

1 ALSTOM SA 2018, DesigaBStyfing | CORADIA POLYVALENT POUR REGIBUS™

© ALSTOM SA, 2019. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is . A LST ]M . 98
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Alstom’s Coradia iLint — General Overview

eBased on successful Coradia Lint 54 DMU
o Lowfloor entrance (620 or 810 mm)

eMax. speed 140 km/h
1000 km range

oNoO technical components in the passenger area sl RN
«150 seats / 1 toilet / Flex Area M”}W{
e/€ro emissions

WO 0 RO RN W

CORADIA ILINT
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THANK YOU! www.alstom.com
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https://www.facebook.com/ALSTOM/
https://www.linkedin.com/company/alstom/
https://www.instagram.com/alstom
https://twitter.com/Alstom
http://www.alstom.com/
https://www.facebook.com/ALSTOM/
https://www.linkedin.com/company/alstom/
https://www.instagram.com/alstom
https://twitter.com/Alstom
http://www.alstom.com/
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HYDROGEN TRAINS % y

' BEST PRACTICE WORKSHOP INTERNATIONAL UNION

. | ' OF RAILWAYS
| Stay in touch with UIC:

ONLINE ‘ WWW. ui c ® org

i [ [2] [©] Youl B

#UICrail

Online workshops coming up next:

« 19 May 2021 — 10:00-12:00
Battery trains

https://uic.org/events/battery-trains

Call for speakers is open for a workshop on stationary energy storage systems, please

contact stefanos@uic.org Thank you for youl' attention-
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