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Project Overview

• Project dates: 1 January 2021 - 31 December 2024

• Total budget: 13,4 M€, max. contribution: 10 M€

• Stage of implementation 26.11.2024: 98 %

• Consortium:

Main Objectives:

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

2. Demonstrate FCHPP in a Bi-mode Civia multiple 
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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Focus of the project:
1. Develop, build, test and homologate a multi-purpose Fuel Cell Hybrid PowerPack
2. Demonstrate FCHPP in a Bi-mode Civia multiple unit 

Project Overview
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Developing the Fuel Cell Hybrid PowerPack
Fuel cell characteristics and operating behaviour

Fuel cell systems...

• ...are energy converters (H2 → electrical)

• ...cannot store energy 

• ...should not be operated at low load 

• ...has its maximum efficiency in the lower 
and medium partial load range 

• … typically degrade through...
• …frequent on / off switching

• ...operation in unfavorable load ranges 

• ...frequent load jumps, dynamic operation

Current, voltage and power characteristics of the Hydrogenics HD30 fuel cell[1].

[1] Kammerer,M.: “HyPMTM Fuel Cell Power Modules & Systems“. In: International Hydrail Conference, 2014.

→ FC is always used in combination 

with battery as a hybrid
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Energy management

Challenges in FCHPP development and operation: 

1) Design and dimensioning of fuel cell and energy storage systems 

2) Optimisation of power requirements and power distribution between fuel cells and energy storage 
systems

Tractive effort? Wheel 

power? Train speed? 

Auxiliaries and HVAC:

Tambient? npassenger? 
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Language MATLAB

Energy management Heuristic hysteresis with power 
tracking

Modelling approach
Functional programming: Reverse 
component models with power flow 
and iterative steps for dimensioning

Goal, specific features • Component dimensioning
• Energy consumption calculation

Developing the Fuel Cell Hybrid PowerPack
Energy management: Hybridisation Tool

➔ The hybridisation tool supports 
the FCHPP design and dimensioning
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Developing the Fuel Cell Hybrid PowerPack
Smart Energy and Speed Optimizer Rail SEnSOR

Language MATLAB + IPOPT Toolbox

Energy management Numerical optimization

Modelling approach
Functional programming: Train in specified 
environment, including track description, 
timetable, train and component models.

Goal, specific features

• Optimized energy consumption
• Optimized speed profile
• Simultaneous optimisation of energy 

consumption and speed profile

Kühlkamp, F. et. Al. (2022) Applicability and development of a direct method algorithm for
simultaneous optimization of trajectories and energy minimizing control for hybrid fuel cell
railway vehicles.Journal of Rail and Rapid Transit JRRT

➔ SEnSOR combines optimisation of driving 
profile and power distribution in the FCHPP
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HyPAC: 
Hydrogen Powered Air Conditioning
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Waste Energy Analysis

• Hydrogen compression work and 
FC waste heat is currently unused 
in rolling stock

• HVAC consumption is significant

Energy in H2 storage

Hydrogen 
compression work

FC waste heat

Auxiliary load (inc. HVAC)

Traction losses

Motion resistance

Braking losses

15 %

42.5 %

42.5 %

12.8 %

8 %
11 %

11 %

Electrical
power

100 %

Energy flow in urban FC rail systems (modified [1, 2])
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H2 Compression work utilization:
Hydrogen Powered Air-Conditioning HyPAC
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Reaktor R1 desorbs H2 
towards the fuel cell (FC). 

Reaktor R2 absorbs H2 
from the tank

• Temperature level is pressure dependent

• Cooling power is hydrogen mass flow dependent
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A_Window = 24 m²
kWindow = 1.83W/(m²*K)

A_Wall = 96 m²
kWall = 1.62 W/(m²*K)

A_Roof = 55 m²
kRoof = 1.32 W/(m²*K)

A_Floor = 60 m²
kFloor = 1.23 W/(m²*K)

125 passengers

Schindler (2020), Fine 2: D4.1, State-of-the-art of HVAC Technologies
Donner et al. (2021), Validation of a BEMU Thermal Car Body Model for the Shift2Rail Project FINE-2
EN 14750-2:20006 Apendix A Max Speed

Car Body Model
Generic Thermal Car Body
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Results
Summary

HyPAC 1 car electrical energy demand
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• HyPAC can reduce the HVAC energy demand significantly→more autonomy!

• Current TRL5, further work to increase TRL is required:
• Design, weight, costs, validation with a prototype
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Publications

Project Results – FCH2RAIL
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https://fch2rail.eu/project-results/
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Thank you for your attention

Fuel Cell Hybrid PowerPack for Rail Applications

www.fch2rail.eu
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http://www.fch2rail.eu/

