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Project Background

Main Objectives:

1. Develop, build, test and homologate a multi-purpose Fuel Cell Hybrid PowerPack

2. Demonstrate FCHPP in a Bi-mode Civiamultiple unit

3. Propose a normative framework for hydrogen in railway vehicles

4. Demonstrate competitiveness of fuel cell traction against existing diesel solutions

5. Identify and benchmark innovative solutions to improve energy efficiency
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Project Consortium

Č FCH2RAIL consortiumwell-suitedto achievethe givenobjectives.
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Technical Project Background

ÅWhat is an Fuel Cell Hybrid PowerPack?
ÅEmission-free power generation system, 
ÅCombines energy provided by Hydrogen Fuel Cells 

and Batteries

ÅWhy this is Innovative?
ÅBi-mode

ÅPowered by Fuel Cells and Batteries in non electrified 
infrastructure

ÅPowered from Catenay in electrified sections
ÅBatteries can be charged from catenary, saving H2 and 

increasing the autonomy
ÅModular and Scalable

ÅSuitable for very different power and energy 
requirements

ÅSuitable for new trains but also to retrofit existing 
trains
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Technical Project Background

Å2 demonstrators have been produced: 

Fuel Cell Hybrid PowerPack                               Bi-mode train demonstrator
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Technical Project Background 

ÅAuthorization of the train demostrator for tests in three Member States 
of the EU
ÅSpain
ÅPortugal
ÅGermany

ÅResults and achievements:
ÅNew technology works well
ÅLong demonstration campaign

ÅFirst H2 train in Spain -> commercial service in 6 lines has been demonstrated
ÅFirst H2 train in Portugal  -> testing in 1 additional line
ÅTesting campaign of the train demonstrator has required refuelling in different 

locations
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Analysis of Operator Specifics
ÅTechnical analysis of 

currently used 
vehicles in diesel 
services:
ÅLocomotives+coaches
ÅDMUs Metric gauge
ÅDMUs Iberian gauge

ÅPrecise 
understanding of 
requirements of 
Spanish services.
ÅStudy of H2 

technology potential 
application.
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Vehicle requirements: 
from Civia EMU to H2 demonstrator

12

ωOperational SRACS (Safety Related 
Application Conditions)

ωDriver Manual and Operational 
procedures update.

Safety

ωPower and performance

ωWeight

ωAutonomy

ωLimited impact to passenger space 
available

Vehicle 
technical 

specifications

ωRefuelling 

ωDriving experience

ωFleet scalability

ωReliability and availability

Operational 
aspects

ωOverall vehicle cost

ωH2 cost

ωMaintenance

ωWorkshop compatibility 
LCC costs

Original Civia vehicle 463.199 FCH2Rail demonstrator
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Analysis of Operator Specifics

ÅYield and discuss data inputs to use in two different 
simulators (Powerpack and demonstrator 
dimensioning).

ÅResults analysis oriented to feasibility in terms of power 
and energy.

ÅOther experiences are not extrapolable to Spanish 
railways:
ÅVehicles designed to operate through the whole network.
ÅOrography is esential in vehicle dimensioning.
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Actual use cases and test lines

14

Middle range services

Line
Rolling stock 

series

Traffic volume 

(trains/day)

Granada - Algeciras S598 2

Huelva - Jabugo S598 2

Sevilla - Almería S599 2

Sevilla - Málaga S598
4

Sevilla - Málaga S599

Salamanca - Madrid S599 12

Salamanca - Valladolid - Palencia S594 5

Valladolid - Palencia - León S594 6

Valladolid - Puebla Sanabria S594 2

Murcia - Cartagena S599 10

Teruel- Zaragoza S594 7

Valencia - Alicante - Murcia - Cartagena S599 4

Valencia - Teruel - Zaragoza S599 5

Valencia - Xativa - Alcoi S592 8

Zaragoza - Canfranc S596
4

Zaragoza - Canfranc S599

Madrid - Puertollano - Badajoz S599 8

Madrid - Soria S598
5

Madrid - Soria S599

Madrid - Talavera S599 11

A Coruña - Ferrol S594 6

A Coruña - Lugo - Monforte S594 4

A Coruña - Vigo S599 29

Santiago - Carballiño - Ourense S594 3

Vigo - Ourense - Ponferrada S594 4

Madrid - Siguenza S599 9

Vigo - Oporto S592 -

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

Source: Oscar López Herrero (Powell 333).

Middle range test services

Line
Rolling stock 

series

Teruel- Zaragoza S594

Valencia - Teruel - Zaragoza S599

Zaragoza - Canfranc S596

Zaragoza - Canfranc S599

Madrid - Soria S598

Madrid - Soria S599

Madrid ςTalavera (*) S599

A Coruña - Ferrol S594

A Coruña - Lugo - Monforte S594

A Coruña - Vigo S599

Santiago - Carballiño - Ourense S594

Vigo - Ourense - Ponferrada S594

Vigo - Oporto S592

Agreed by all partners:

(*) Extended to Madrid - Cáceres
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Conclusions
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Vehicle Related Refuelling Other Operational Factors

Indicator Status 2024 Indicator Status 2024 Indicator Status 2024

Vehicle requisites: 
Performance

Satisfactory H2 cost
Further research 

needed
Fleet scalability

Further research 
needed

Vehicle requisites:
Power at wheel

Satisfactory H2 supply chain
sufficient for 

demonstration

Vehicle requisites:
Autonomy

Satisfactory H2 Refuelling
Further research 

needed
Safety / Security

sufficient for 
demonstration

5ǊƛǾŜǊΩǎ 
experience

Satisfactory
Homologation

Indicator Status 2024

Hybridization 
behavior

Satisfactory
Standardization
Homologation

Further research 
needed

Maintenance
sufficient for 

demonstration



Grant Agreement Number: 101006633

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen 
Partnership) under Grant Agreement No 101006633. This Joint Undertaking receives support from the European 
¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл wŜǎŜŀǊŎƘ ŀƴŘ LƴƴƻǾŀǘƛƻƴ ǇǊƻƎǊŀƳΣ IȅŘǊƻƎŜƴ 9ǳǊƻǇŜ ŀƴŘ IȅŘǊƻƎŜƴ 9ǳǊƻǇŜ wŜǎŜŀǊŎƘΦ

Inés VadilloCortázar
Head of R&D Sustainability Projects

Authorization experience in 
hydrogen test train in Adif
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Adif Authorization process
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Climbing our mountain: 

ÁSpain: complex orography

ÁSeveral tunnels

ÁRamps up to 30 ҉
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Adif experience
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1

2

4

3

5

6

Hydrogentests in Spain

1) Tardienta ςCanfranc_June2023

2) Torralba ςSoria_November. 
2023

3) Zaragoza ςTeruel_Dec/Jan 2023

4) Madrid ςMérida_March 2024

5) Tui ςNune (Portugal)_April 
2024

6) Ourense ςSantiago de 
Compostela April 2024

HRS Base

ElectrifiedTransfer

HydrogenTest
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Emergency management

ÁProtective measures and emergency protocol.

ÁContingency plan with operator.

ÁRisk control and emergency response 
measures.

ÁManagement Risks in stops, parking 

ÁEvacuation in emergency cases.

ÁTunnel Emergency Plan.

ÁCommunication protocols revision.

ÁTraining

19
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Authorizations= Consignas
ÁObject: Conduct bi-mode train 
tests with hydrogen fuel cell.

ÁDelivery of Specific Blocked 
Rules.

ÁScope RFGI by Adif.

ÁSame speed as the original train. 

Á2 drivers + test driver

+ Safety Operational Rules

-> 4 Authorizations + 4 SOR
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Lessons learned
ÅJanuary2021

üLǘ ƛǎ ǉǳƛǘŜ άƛƳǇƻǎǎƛōƭŜέ ǘƻ Ǌǳƴ ŀ I2
train in RFGI.

üThere are no protocols for  
emergencies in case of an H2 train.

üH2 train, HRS, and other equipment 
need to be adapted to safety rail 
regulations (RD 402).

üA 10.000km test in 10 different lines is 
not possible due to the daily 
operation, maintenance, renovation, 
and electrification works.
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ÅNovember 2024

VIt is possible to authorize and test an H2
train in Spain.

V1st Authorization gets  just about 3 moths 
after presented to Adif́s corporative 
safety department in 2023.

VA new emergency documentwas issued 
to ensure emergencies and tunnels.

V10.000 km test in H2 during 10 months 
without any incidents.

VTRL 7 Train Authorization fullfilt .

VDecarbonization is possible.
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Conclusions
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Francisco Ganhão
Innovation Project Manager

Train Demo in Portugal
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Tests in Portugal

ÅOnly one line ςMinho line

ÅThe Civiatrain is not operated / homologated 
in Portugal 

ÅNeed Civiatrain drivers for Portugal

ÅSpeed limitations due the track possession 
conditions

ÅPrevious knowledge of the tests in Spain
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Valença

Nine
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Summary & Outlook
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Summary

- Authorization process (for TRL7 tests) completed in due time

- Tests done with no incidents

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

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

- First H2 train demonstrator with TRL7 authorisationin Portugal!

Outlook

ČFor commercial services more tests and more complex 
validation process needed

ČNo experience with HRS systems in Portuguese network



Grant Agreement Number: 101006633

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen 
Partnership) under Grant Agreement No 101006633. This Joint Undertaking receives support from the European 
¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл wŜǎŜŀǊŎƘ ŀƴŘ LƴƴƻǾŀǘƛƻƴ ǇǊƻƎǊŀƳΣ IȅŘǊƻƎŜƴ 9ǳǊƻǇŜ ŀƴŘ IȅŘǊƻƎŜƴ 9ǳǊƻǇŜ wŜǎŜŀǊŎƘΦ

Sergio Gascon
Technical Project Manager FCH2RAIL

Train Manufacturer perspective
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DEVELOPMENT OF THE FCH POWERPACK

Fuel Cell Hybrid PowerPack Components:

ÅFuel Cells Modules - TOYOTA

ÅOESS(Battery) ςCAF

ÅHV DC/DC Converter ςCAF

ÅDASEMςCAF

ÅH2 Storage modules ςCAF/ext. Supplier

ÅFC Colling System (HT+LT) ςCAF/ext. Supplier

27



Grant Agreement Number: 101006633

INTEGRATION OF THE FCHPP COMPONENTS 
INTO THE TRAIN DEMONSTRATOR

ÅAn existing CIVIA 3-car EMU has been transformed 
into a Bi-mode Fuel Cell Hybrid Multiple Unit

ÅTwo FCH Powerpacks has been integrated into the 
CIVIA original traction and control architecture

ÅSafety analysis was carried out to consider all 
hazards and mitigation measures to be implemented

ÅThe transformationof the train to be reversible, to 
roll back the train to its original state and return back 
to commercial servie
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https://youtu.be/bFBR6nhyEVI

Train transformation

https://youtu.be/bFBR6nhyEVI

