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Jan 14, 2020

Extending the use cases for FC trains through innovative designs and
streamlined administrative framework

ID: FCH-01-7-2020

Type of action:

e FCH2-1A Innovation action

Deadline Model : single-stage Opening: 14 January 2020 Deadline: 29 April 2020 17:00:00 Brussels time

Open

Main Objectives:

1. Develop, build, test and homologate a miptirpose Fuel Cell HybrikbwerPack
Demonstrate FCHPP in arBode Civiamultiple unit

Propose a normative framework for hydrogen in railway vehicles

Demonstrate competitiveness of fuel cell traction against existing diesel solutions
Identify and benchmark innovative solutions to improve energy efficiency
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Technical Project Background

AWhat is arFuel Cell Hybrid PowerPagk

A EmissiorAfree power generation system,

A Combines energy provided by Hydrogen Fuel Cel
and Batteries

AWhy this idnnovative?
A Bi-mode

A Powered by Fuel Cells and Batteries in non electrified
infrastructure

A Powered from Catenay in electrified sections

A Batteries can be charged from catenary, saving H2 an
increasing the autonomy

A Modular and Scalable
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Fuel Cell Hybrid PowerPack for Rail Applications

H2 Pipework
HT Coolant Inlet
HT Coolant Outlet

High Voltage interface

LT Coolant Inlet
LT Coolant Outlet
Control interface ‘

A Suitable for very different power and energy
requirements

A tSu_itable for new trains but also tetrofit existing
rains

Clean Hydrogen
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A2 demonstrators have been produced:
Fuel Cell Hybrid PowerPack -modga train demonstrator

i Partnership M
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AAuthorization of the train demostrator for tests three Member States
of the EU
ASpain
APortugal
AGermany

AResults and achievements:

ANew technology works well

A Long demonstration campaign
AFirst H2 train in Spai» commercial service in 6 lines has been demonstrated
AFirst H2 train in Portuga> testing in 1 additional line

ATesting campaign of the train demonstrator has required refuelling in different
locations
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Analysis of Operator Specifics
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ATechnical analysis of
currently used
vehicles in diesel
services:

A Locomotives+coache
A DMUs Metric gauge
A DMUs Iberian gauge

APrecise
understanding of
requirements of
Spanish services.

AStudy of H2 |
technology potential
application.

Clean Hydrogen
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Vehicle requirements:

ren [e CH /?A/L

Fuel Cell Hybrid PowerPackfor Ra//App//cahons

from Civia EMU to H2 demonstrator

wDperational SRACS (Safety Related
Application Conditions)

aDriver Manual and Operational
Safety procedures update.

oPower and performance

Vehic_:le Weight
technical wAutonomy

ol imited impact to passenger space

Specifications [PyArE

uRefuelling
; uDriving experience
Operatlonal uFleet scalability
as pects uReliability and availability

wOverall vehicle cost
uH2 cost

LCC 0=y k) uMaintenance
wWorkshop compatibility

Original Civia vehicle 463.199

FCHZ2Rail demonstrator .+
%% Clean Hydrogen
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Analysis of Operator Specifics
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A Yield and discuss data inputs to use in two different A Other experiences are not extrapolable to Spanish
simulators (Powerpack and demonstrator railways:

dimensioning). A Vehicles designed to operate through the whole network.

A Reac,ults analysis oriented to feasibility in terms of power A Orography is esential in vehicle dimensioning.
and energy.
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Fuel Cell Hybrid PowerPack for Rail Applications
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Middle range services
Rolling stock Traffic volume

ual use cases and test line

Line

e series (trains/day)
: Granada Algeciras S598 2
S598 2 Agreed by all partners:
Sevilla Almeria S599 2
Sevilla Malaga S598 Middle range test services
Sevilla Malaga S599 4 Rolling stock
“ SalamancaMadrid S599 12 series
S504 5 S504
B S594 6 Valencia Teruel Zaragoza S599
S594 2 S596
5599 10 JaragczaCanfianc o299
S594 7 ; .
5599 4 5598
S599 5 = Madrid- Soria B0
S592 8 Madrid¢ Talavera (*) S599
S596 . S594
S599 S594
5599 g $599
S598 - Santiago Carballifio Ourense S594
S599 S594
5599 1 ETaT ==
S594 6 o
S594 (*) Extended to Madrid Caceres
S599 29
S594 3
S594 4
S599 9
S592 -

(*) Spanish network is in constant evolution. Hence, some of the lines have evolved to
== electrified services.

Clean Hydrogen
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Fuel Cell Hybrid PowerPack for Rail Applications

Conclusions

Vehicle Related Refuelling Other Operational Factors
Indicator Status 2024 Indicator Status 2024 Indicator Status 2024
. . . . SN
Vehicle requisites: Satisfactory H2 cost Further researc Fleet scalability Further research
Performance needed needed
Vehicle requisites: : : sufficient for
Power at wheel Satisfactory H2 supply chain demonstration
Vehicle requisites: : : Further research : sufficient for
Autonomy Satisfactory H2 Refuelling needed Safety / Security demonstration
5NRA OGS NOE_ . Homologation
. Satisfactory _
experience Indicator Status 2024
Hybridization : Standardization  Further research : sufficient for
) Satisfactory ) Maintenance )
behavior Homologation needed demonstration

:':‘5';1:;.. Clean Hydrogen
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Head of R&D Sustainability Projects
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Authorization experience In
hydrogen test train iAdIf

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrog{a:ifi"?"'
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Adif Authorization process adif Lt

Climbing our mountain:
A Spain: complex orography
A Several tunnels

A Ramps up t@0::
i# Clean Hydrogen L
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Adif experience

1) Tardientag CanfrancJune2023 D adif = =

2) Torralbac Soria November
2023

3) Zaragoza Teruel DedJan 2023
4) Madrid¢ Mérida_March2024

5) Tui¢ Nune (Portugal)April —— " "

2024 === /1 ~ C T -' g S

6) Ourense; Santiago de =EE R N A . |
CompostelaApril 2024 e

_ HRS Base
P ElectrifiedTransfer
! B - | ~ =mmm HydrogenTest
% Clean Hydrogen [EHEN
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Emergency management

AProtective measures and emergency protocol.
AContingency plarwith operator.

ARIsk control and emergencgsponse
measures

hodiF

e
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Fuel Cell Hybrid PowerPack for Rail Applications

AManagement Risks in stops, parking | s«

AEVaC u atl on I Nneme rg en Cy cases. EMERGENCY PLAN FOR HYDROGEN

TRAIN TRACK TESTING

R ROTECTIVE MEASURES

ATunnel Emergencilan.
ACommunication protocols revision.
ATraining

06/2024

Directorate-General for Stratogic and Project Planning
BUSINESS STRATEGY DIRECTORATE
novat

D oJdif

COORDINATION PROTOCOL FOR
PROTECTIVE MEASURES AND TESTING
EMERGENCIES ON FCH2RAIL TRAIN
TRACKS

zzzzzz

BUSINESS STRATESY DIRECTORMTE

o
o

oo

o
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Authorizations<Consignas =~ 2%  <EL

AODbject: Conducbi-modetrain
tests withhydrogen fuel cell.

ADelivery of Specific Blocked
Rules.

AScopeRFGby AdIf. “
ASamespeed aghe original train. -
A2 drivers + test driver |
+ Safety Operational Rules

-> 4 Authorizations + 4 SOR

20 Grant Agreement Number: 101006633 -.,.'-i_':_}:.;ﬁ‘_l':“’?rtnershlp
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AJanuary2021 ANovember 2024

ULO Aad 1ljdzA 0S & A Y L)t aokshle tSauthofiz2 aniN@ityeh |
train in RFGI. train in Spain.

U There are no protocols for V 1st Authorization gets just about 3 moths
emergencies in case of an trin. after presented to Adi§ corporative

i H. train. HRS 4 oth _ t safety department in 2023.
u H, train, , and other equipment , , | newemergenc .
: y documenivas issued
need to be adapted to safety rall to ensure emergencies and tunnels.
regulations (RD 402).

U A 10.000km test in 10 different Iines\{s}\,(i)tﬁg& Err?yt?nsé{ggﬁtds‘_‘””g 10 months
not possible due to the dalily . i
operation, maintenance, renovation,VTRL 7 Train Authorizatidullfilt.
and electrification works. V Decarbonization is possible.

21
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Train Demo In Portugal
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Tests in Portugal Semire L5

AOnly one ling; Minho line

ATheCiviatrain is not operated / homologated
In Portugal

ANeedCiviatrain drivers for Portugal

ASpeed limitations due the track possession
conditions

APrevious knowledge of the tests in Spain

#7 Clean Hydrogen

24
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Summary & Outlook crbsl sl

Summary
- Authorization process (for TRL7 tests) completed in due time
- Tests done with no incidents

- Coordination between IP, Portuguese regulator (IMT) and saf
authorities

- Tests done with the full possession of the line
=> done by night, reduce period for tests

- First H2 train demonstrator with TRaudthorisationin Portugal!

Outlook

C For commercial services more tests and more complex
validation process needed

C No experience with HRS systems in Portuguese network

25
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Train Manufacturer perspective
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DEVELOPMENT OF THE FCH POWERPACK

Fuel Cell Hybrid PowerPack Component

A Fuel CelldModules- TOYOTA
A OES$Battery)c CAF

A HV DC/DC ConverterCAF
A DASEM; CAF

A H2 Storagenodulesc CAF/ext. Supplier
A FC Colling Syste(HT+LTY} CAF/ext. Supplier

##% Clean Hydrogen ox
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INTEGRATION OF THE FCHPP COMPONENTS ™
INTO THE TRAIN DEMONSTRATOR

A An existing CIVIAGrEMUhas beertransformed |

into a Brmode Fuel Cell Hybrid Multiple Unit

A Two FCH Powerpackss been integrated into the
CIVIA original traction and control architecture

A Safety analysisvas carried out to consider all
hazards and mitigation measures to be implementec

Train transformation

)
/ \\

A Thetransformation of the trainto be reversible to |
roll back the train to its original state and return back
to commercial servie

https://youtu.be/bFBR6nhyEVI

0000
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