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Hydrogen behaviour and properties 
 



Hydrogen properties 

Low density: a safety attribute 

Combustibles Density Stagnation 

Hydrogen 0.07 No 

Methane 0.65 No 

Propane 1.88 Yes 

Gasoline (vapors) 4.4 Yes 

Low activation energy - at high 
concentration 

Outdoor, no stagnation 

Indoor, risk of accumulation 



Combustion characteristics in confined geometry 

Insignificant pressure effects for combustion of  lean H2-air 

mixtures  (<10 % H2 in air) 

Combustibles 
LFL 

% vol in air  

UFL  

% vol in air  

Hydrogen 4.0 75.0 

Methane 5.3 17.0 

Propane 1.7 10.9 

Gasoline (vapors) 1.0 6.0 

A large flammability range 

Deflagration of homogeneous mixture:  
  

10,5 % H2  

16,5 % H2  

28.7 % H2  

7,3 % H2  



Ignition of hydrogen jets 

Flammable 

cloud 
 

 

 

 

 

 

Non flammable area 

 

Î 

10 % 

Flame propagation 

Ignition of a hydrogen jet may produce pressure 

effects in surroundings 

Tank 

More experiments required to adjust classical blast 

model to better estimate overpressure effects 



Fuel Cell and hydrogen stationary applications 



Back up system coupled with a data center  



Example of hydrogen generator : 
10-20 Nm3 H2 / h HP PEM Electrolyser 

Production flow rates 10-20 Nm3 H2 / h  ƅ5-10 Nm3 O2 / h 

Working pressure 
(without additional mechanical 

compression) 

35 barg 

Specific consumption 5,0 kWh/Nm3 

Operating Range 10 .. 100 % 

H2 dewpoint < - 70°C 

O2 in H2 < 5 ppmv 

O2 dewpoint < - 70°C 

H2 in O2 < 5 ppmv 

Increased capacity 

Lowering specific consumption 

through power conversion higher efficiency and system 

optimization 

Extended operating range (RES coupling) at high 

pressure  35 barg 

Fabrication costs breakdown 

through design to cost conception 

Optimized footprint (SKID integration) 

Optional low consumption purification 



Hydrogen-based energy storage system 



Integrated hydrogen storage solution 

Increased building autonomy when coupled with 
RES 

Cogeneration: electricity + heat (water 
temperature 70-90°C) 

A backup solution 

Modularity:  

 from 50 kW to several MW 

Electrical energy stored:  > 2 MWh  

Thermal energy available:  

 up to 2.5 MWth/h /day @ 70-90°C  

CERTIFIED  



Basic safety design 



CE certification for FCH stationary installations 

CE certification required for commercialisation of FCH systems throughout 
Europe  

 

Mainly five directives to be compliant with: 
 Machinery Directive - 2006/42/CE   

 Pressure Equipment Directive (PED) - 97/23/CE 

 Low Voltage Directive - 2006/95/CE  

 Electromagnetic Compatibility Directive - 2004/108/EC  

ATEX directive 

 

 

 



Overall safety strategy 

Safety taken into conception stage :  
Gas leak prevention 
Prevention of H2 accumulation in containment 
Reduction/limitation of ignition sources (e.g. EX zone) 
Overpressure process prevention  
 

Secured installation: 
Rules of installation  
Limited access to authorized and trained employees 
 

Ensure an instantaneous and automatic continous : 
Instantaneous measure of process parameters 
In case of deviation above the defined threshold, the system stops automatically to reach a safe 
state 
 

Maintaining the system in safe operational conditions: 
Periodic maintenance and inspections 

 



Natural ventilation  Mechanical ventilation  

Activated at max speed if H2 is detected 
above 0,4-1 % H2 in air (vol.) 

Avoiding hydrogen accumulation in containers/enclosures 

hi 



Containment issues 

Context: 

If failure of high-pressure pipes, fittings  or components 
in confined and obstructed enclosures, may lead to the 
rapid formation of a turbulent flammable hydrogen-air 
mixture 

If ignited, risk from deflagration and DDT 

 

ü Challenges: minimize the amount of H2 potentially 
releasable in the container 

Passive safety barriers such as 

Restrictors, excess flow valves, etc. 

Instrumented safety barriers 

Dedicated safety control command  

Fast response time 

High reliability components to achieve SIL classification (Safety Integrity Level) 

AREVA PROPRIETARY & CONFIDENTIAL  

t=0.1 s  

t=0.4 s  

t=0.8 s  



Example of automatic sequence in case of hydrogen leak 
detection in a container 

Automatic activation of several safety barriers : 

Detection of P drop in the hydrogen line 

Detection Delta P between the hydrogen and air/oxygen lines e.g. for electrolysers, 
fuel cell systems 

Hydrogen detection in enclosure/container 

 

Typical safety sequence : 

Process, power conditioning stopped 

Mitigation of the leak by isolating the hydrogen storage 

Activation of the mechanical ventilation of the container 

Major safety event triggered transmitted to the plant manager, project and safety 
managers and safety intervention teams 



Example of safety devices for a FCH system 



Example of safety devices for a FC system 

External Vent 

Hydrogen sensors 
Natural ventilation 

Manual 

emergency 

switching 

device 

Isolation 

valves 

Smoke 

detectors 

Mechanical ventilation Segregation 



Hazard identification and typical scenarios 



Hazardous phenomena for FC stationary application 

Products Equipment of hazards Potential hazard 

Hydrogen Container 
Container explosion 

Jet fire 

Hydrogen Gas separators (electrolyser systems) Burst 

Hydrogen Pipes 

UVCE 

VCE 

Jet Fire 

Electricity Cable/cabinets Electrocution 

Products Equipment of hazards Potential of Hazard 

Hydrogen Container 
Container explosion 

Jet fire 

Hydrogen Pipes 

UVCE 

VCE 

Jet Fire 

Electricity Cable Electrocution 

Hazardous phenomena for FC systems 

Hazardous phenomena for electrolysers 



Typical scenario inside a container 


