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AVL H2 & Fuel Cell 
Testing Technologies

The common 
denominator across 
various applications

Applications Hydrogen 
ICE & Fuel Cell systems 

Risk mitigation 
strategies and safety 
assessment measures



We Owe It to the Planet 
It is our duty as an organization to contribute to the 

resolution of social, cultural and global issues – especially 

with regards to environmental protection, sustainability and 

global emission reduction.
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ENGINEERING SERVICES (PTE) INSTRUMENTATION AND TEST 
SYSTEMS (ITS)

ADVANCED SIMULATION 
TECHNOLOGIES (AST)

360° Hydrogen competence

Locations PatentsExperts >2006 600
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Hydrogen - the Common Denominator across Industries
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HVO 

Alternative Fuel Scenario

NOW 2030 20502040

LNG CH4 Hydrogen

HVO 

> 16t

< 16t
CNG CH4 Hydrogen

CNG CH4 Hydrogen

Battery electric

< 7 t

E-Fuels

E-Fuels
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H2 – Physical properties

Substance
Substance

Name

Relative 
density gas
[AIR = 1]

LEL 
Vol(%)

UEL 
Vol(%)

Ignition 
temp.
(°C)

Temp. 
class

Min. Ignition 
Energy
[mJ]

Gas class
Calorific 
energy 

[kWh/kg]

H2 Hydrogen
0,0695 
(1/14)

4 77 560 T1 0,016 IIC 33

C3H8 Propane 1,55 1,7 10,8 470 T1 0,24 IIA 13

NH3 Ammonia 0,55 14 32,5 630 T1 14 IIA 5,2

Values: GESTIS; TRGS 727
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Danger potential hydrogen

Potential sources of danger when handling hydrogen:
• Pressure
• Fire
• Explosion
• Embrittlement
• Temperature

GESTIS-Stoffdatenbank (dguv.de)

KEYTECH4EV – AVL FC Car AVL FC Truck

https://gestis.dguv.de/data?name=007010&lang=en
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Diffusion

Buoyance

Explosion

Others

Hydrogen Properties and Impact on the Test Cell

• High diffusion

• Risk of H2 concentration in enclosures

• Mixture of hydrogen lighter than the air

• Hydrogen rises up

• Highly Combustible  

• Hydrogen alone cannot explode 

• Needs oxidizer (air) and ignition source

• Keep H2 concentration under LEL (< 4%)

• Embrittlement

• H2 is not smelly

• Can be displaced by other gases as N2

• Need Certification
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H2-Trailer

200 bar
4.000 Nm3

H2-buffer tank

40 bar
1.900 Nm3

Liquid-H2-Storage
extension

H2 Engine Testbed

4 transient H2-ICE testbeds
up to 660 kW / 4.400 Nm

H2 Fuel Cell Testbed
PEM Stack

SOFC System
10+testbeds up to 400 kW

AVL H2 & Fuel Cell test center

3 Exhaust 
Chimneys
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Simulation of Hydrogen Cloud

Large pipe
20 kg/h H2 mass flow
Wind: 1 m/s

Large pipe
440 kg/h H2 mass flow (3s)
Wind: 5 m/s

Black colour 
indicates H2 ignition 
limit and above 

Break of a valve
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H2 Applications

H2 Supply 

Test Cell & 
Facility Safety

Air Handling, Exhaust 
& ATEX Ventilation

Adaptation of 
Instrumentation 

H2 Consumption 
Measurement



Ulla Krusch; Maria Santos; Harald Pongratz | H2 & Fuel Cell testing technologies |/ 15Public

• NOx emissions control at low λ

• High H2O Concentration in Exhaust

• H2 Slip in Blowby and Exhaust

• High diffusion

• Risk of H2 concentration in enclosuresDiffusion

Explosion
• Needs air and ignition source

• Keep H2 concentration under LEL (< 4%)  

Application H2 ICE Testbed  Safety Challenges

H2 ICE
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• High diffusion

• Risk of H2 concentration in enclosuresDiffusion

Explosion
• Needs air and ignition source

• Keep H2 concentration under LEL (< 4%)  

Application H2 ICE

• NOx emissions control

• High H2O Concentration in Exhaust

• H2 Slip in Blowby and Exhaust

Testbed  Safety Challenges

10-20 bar 40-100 bar >200 bar

Multipoint
Injection

LPDirect
Injection

HPDirect
Injection

H2

Pressure

H2 ICE
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Back- Pressure

Adjustment

Combustion air  Meas. & 
Conditioning

Test cell Ventilation / ATEX

Air Handling 

Unit ATEX Fan

Fuel

Exhaust 

Extraction

Engine 

Lubricant (T)
Engine 

Coolant (T)

Fuel

Consumption

Fuel Supply

Application H2 ICE

Facility
Safety System

Cable Boom with Front-End 

I/O & Sensors (P,T,Rh)

Automation 

Emission 

Automation 

Calibration

Automation System / Safety PLC

Control

IndiCom

BlowBy

Exhaust

Dilution

Particulate 

Sampling

Smoke 

Number

Soot 

Concentration

FTIR Gas 

Analyzer
Gas 

Analyzer

Particulate 

Number

Emission Measurement

Opacity 

Mass 

Spectrometer

Diesel ICE Test Cell

01_Dynamometer_HDETB.ppt


Ulla Krusch; Maria Santos; Harald Pongratz | H2 & Fuel Cell testing technologies |/ 18Public

Back- Pressure

Adjustment

Combustion air  Meas. & 
Conditioning

Testcell Ventilation / ATEX

Air Handling 

Unit ATEX Fan
Exhaust 

Extraction

Engine 

Lubricant (T)
Engine 

Coolant (T)

Fuel

Consumption

Application H2 ICE

Facility
Safety System

Cable Boom with Front-End 

I/O & Sensors (P,T,Rh)

Automation 

Emission 

Automation 

Calibration

Automation System / Safety PLC

Control

IndiCom

H2 ICE Test cell

BlowBy

Exhaust

Dilution

Particulate 

Sampling

Smoke 

Number

Soot 

Concentration

FTIR Gas 

Analyzer
Gas 

Analyzer

Particulate 

Number

Emission Measurement

Opacity 

Mass 

Spectrometer

H2

H2 Supply

AVL HyTron

H2 Measurement 

and conditioning

H2 Releases

Check capability

01_Dynamometer_HDETB.ppt
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Back- Pressure

Adjustment

Combustion air  Meas. & 
Conditioning

Test cell Ventilation / ATEX

Air Handling 

Unit ATEX Fan
Exhaust 

Extraction

Engine 

Lubricant (T)
Engine 

Coolant (T)

Fuel

Consumption

Application H2 ICE

Facility
Safety System

Cable Boom with Front-End 

I/O & Sensors (P,T,Rh)

Automation 

Emission 

Automation 

Calibration

Automation System / Safety PLC

Control

IndiCom

H2 ICE Test cell

BlowBy

Exhaust

Dilution

Particulate 

Sampling

Smoke 

Number

Soot 

Concentration

FTIR Gas 

Analyzer
Gas 

Analyzer

Particulate 

Number

Emission Measurement

Opacity 

Mass 

Spectrometer

H2

H2 Supply

AVL HyTron

H2 Measurement 

and conditioning

H2 Releases

Check capability

AVL X-ionTM

Pressure Transducer
e.g.AVL GF11D

Combustion Analysis

H2 specific functionAdaptation Safety

01_Dynamometer_HDETB.ppt
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Application Fuel Cell - Hazardous Zones

Air Meas. & Conditioning Test cell Ventilation / ATEX

ATEX Fan

H2

Exhaust 

Extraction

Coolant Conditioning

H2 Supply

AVL HyTron

H2 Measurement 

and conditioning

Facility
Safety System

Wall Box with FEM I/O & 

Sensors (P,T,Rh)

Automation 

Calibration

Automation System / Safety PLC

IndiCom

Fuel Cell Test cell

Exhaust

Dilution

Mass 

Spectrometer

Air Handling Unit
AVL E-STORAGE 

HV DC sink/source

AVL exhaust 
module

Fuel CellPower E

Cathode Conditioning

xCU

Restbus

Cooling water 
supply chiller

H2 Releases
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Exhaust

Safety relevant Modules

H2
Hydrogen supply and flow 

measurement
AVL HyTronTM

Removal of condensate 
to avoid hydrogen in 
the drainage system
AVL Exhaust Module

TÜV certified safety 
system

AVL SG3 safety 
topology
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References
Fuel Cell and H2 ICE R&D Testbeds

800 kW Multifuel 
H2/NH3 Japan 

400 kW H2/CNG 
Testbed China

H2 ICE TBs

VL FCS TBs > 40

250 kW FC TB 
Climatic Chamber 

Chinese OEM

160 kW FC TB 
Climatic Chamber
Austria HyCentA
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Risk reduction process

How do we minimize the risk?
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Risk reduction process acc. ISO 12100

Step 1: inherent
safe design 
measures

Step 2: safeguarding
and complementary
protective measuresS
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total risk

residual risk

acceptable residual risk min. required risk reduction

achieved risk reduction

lower greaterR I S K
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Safety Engineering @AVL

Basic Engineering:

▪ Risk assessment

▪ Safety concept

▪ Selection of safety related components

▪ Interface engineering subsystems 

▪ Interface engineering facilities

Detailed Engineering 

▪ Calculation of functional safety

▪ Detailed schematics

▪ Safety matrix

▪ Validation of safety system 

▪ System documentation
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EXPLOSION PROTECTION
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Substance
Substance

Name

Relative density 
gas

[AIR = 1]

LEL 
Vol(%)

UEL 
Vol(%)

Ignition 
temp.
(°C)

Temp. 
class

Min. Ignition 
Energy
[mJ]

Gas class
Calorific energy 

[kWh/kg]

H2 Hydrogen 0,0695 (1/14) 4 77 560 T1 0,016 IIC 33

H2 – Physical properties – Explosive limits

0% vol% 100% vol%
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Overview explosion protection Regulations

EU Directives

2014/34/EU
ATEX 114

Equipment and protective 
systems intended for use in 
potentially explosive 
atmospheres.

1999/92/EU
ATEX 153

Minimum requirements for 
improving the safety and 
health protection of workers 
potentially at risk from 
explosive atmospheres.

International Standards / Rules

National laws, regulations and provisions

Manufacturer Operator

• Are advantageous as aids in addition to the nationally 
applicable technical regulations. 

• Not legally binding but their presumption of 
conformity creates a legal certainty for manufacturers 
and operators.

EN 60079-10-1
Classification of areas. 
Explosive gas atmospheres

EN 60079-14
Electrical installations design, 
selection and erection

EN 60079-17
Electrical installations inspection 
and maintenance

LAW State of the art

EN 1127-1
Explosion prevention and 
protection

TRGS, TRBS, NFPA 
xxx

Technical Rules 
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Explosion protection measures

• Tightness

• Ventilation

• Inertisation

• Evacuation

• Gas detection system

Primary
Explosion 
Protection

Avoid EXPLOSIVE 
ATMOSHPHER

If not sufficient

Secondary
Explosion 
Protection

AVOID IGNITION 
SOURCES

• Hot surfaces

• Flames and hot gases (including hot particles) 

• Mechanically generated impact, friction and abrasion

• Electrical equipment and components  

• etc.

If not sufficient

Tertiary
Explosion 
Protection

Mitigate damage due 
to explosions

In case of accidental explosion

• Explosion-resistant design

• Explosion relief

• Explosion suppression

• etc



Ulla Krusch; Maria Santos; Harald Pongratz | H2 & Fuel Cell testing technologies |/ 31Public

H2 ICE / FUEL CELL
Explosion protection concept

Partner
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Primary Explosion Protection (ventilation requirements )

Leakage size selection / leak rate determination / Ventilation requirements  
(acc. to IEC 60079 )

Total 
volume

Explosive 
gases
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Safety and control architecture

Simplified layout of the 
safety and control 
system architecture. 
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AVL Safety Safety Generation III - System Topology

Extended Safety Matrix
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Conclusion

Test bed transformations are 

possible with approved modules for 

fuel cell & hydrogen ICE applications

Evolving standards and 

regulations require expertise and 

experience to plan the 

infrastructure changes efficiently

AVL as partner on your side can 

support from the risk assessment 

to complete test bed solutions to 

support your transformation 

Hydrogen is becoming the common 

denominator across various 

mobility applications and therefore 

needs to be considered in new 

testing infrastructures
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Contact

EMAIL

ulla-
valentina.krusch@avl.com

PHONE

+43 316 787 - 4681

LOCATION

AVL List GmbH
Hans-List-Platz 1

8020 Graz
Austria

WEBSITE

www.avl.com



Let’s transform the future together
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