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System Level

Hydrogen supply
• Hydrogen tank

• Choke valve

• Anode recirculation

• Active / passive recirculation pump

• Purge valve

• Condensate separator

Air supply
• Air compression

• Turbo compressor

• Air humidification

• Membrane humidifier

• Air purification

• Air filter

Thermal management
• Coolant supply

• Coolant pump

• Heat exchanger

• Heat supply

• Heating elements

Power electronics
• Voltage converter

• Battery system

• Control and 

regulation technology

Legend: Levels, subsystems & sub-subsystems

PEMFC test bench

Stack Level

Fuel cell stack
• Sealing concept

• Compression concept

• Insulation

• Current collector

• Media modules

PEMFC 

Single Cell

Cell Level

Fuel cell
• Bipolar plates

• Polymer 

membrane

• Subgasket

• Gas diffusion 

layer
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→ Research objectives – state of research

Performance improvement Extension of service life Reduction of costs

→ Research gap: Research tends to focus on one of these areas

Holistic view often falls by the wayside

Interactions between balance of plant components are often not considered

No consistent external framework

→ Research requirements:

A validation environment is required that emulates all balance-of-plant components relevant to the operation of the 
PEMFC, allowing the analysis of a complete PEMFC system with all its subsystems.

Long-term value

Analysis of interactions between subsystems and their impact on the system-in-development

Research focus across subsystems and levels

Material research [1-24] System integration and 
optimization [26-43]

Operating strategies and 
management [51-62]
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Addition and 
extension of 

the base

Base

Cross-system and 
cross-level research 

priorities

Validation environment for 
PEMFC Systems

Validation configuration 
A

Validation configuration 
B

Validation configuration 
C

Research 
requirement B

Research 
requirement A

Research 
requirement C
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Connected SystemsSystem in Development

v
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tu

a
l

p
h
y
s
ic

a
l

PEMFC – Single Cell

EnvironmentDriver

Power 

electronics

Battery

Motor

KSvp

Communication 

interface

KSvp

Communication 

interface

KSvp

Communication 

interface

Thermal management

[3]

Air supply – cathode

[1]

Hydrogen supply – anode [2]

KSvp

Communication 

interface
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PEMFC – Single Cell

EnvironmentDriver

Power 

electronics

Battery

Motor

KSvp

Heating elements

KSvp

Communication 

interface

KSvp

Communication 

interface

KSvp

Communication 

interface

PEMFC – Stack

Thermal management

[3]

Air supply – cathode

[1]

Hydrogen supply – anode [2]
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Thank you for your attention!
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