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What is Risk Assessment?
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 A systematic process of evaluating the potential risk that may be involved in a 
projected activity

 A combined effort of
• Identifying and analyzing potentially undesirable events (risk analysis)
• Judging tolerability while considering influencing factors (risk evaluation)

• A risk assessment determines possible mishaps, their likelihood and 
consequences, and the tolerances for such events

• RA part of broader Risk Management strategy where control measures are 
introduced to reduce or eliminate risks

• Qualitative and quantitative assessments



HSE: RA

 How to assess the risks in your workplace?

1. Identify hazards
2. Decide how might be harmed 
3. Evaluate risks and decide on precautions
4. Record your significant findings
5. Review your assessment and update if necessary
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Qualitative Risk Assessment

 Risk is the product of
• Probability of occurrence
• Impact of event

• Verbal evaluation (e.g. very unlikely, 
major injury)
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R = P * I



Semi-quantitative risk assessment

 Translate verbal scale into numbers
 Avoid ambiguities (resolution)
 From ISO 19880-8:
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Occurrence class Class name Frequency
0 Very unlikely 0 (Never)
1 Very rare 1 in 1 M fuellings
2 Rare 1 in 100K fuellings
3 Possible 1 in 10K fuellings
4 Frequent Often



Quantitative risk assessment

 Mathematical modelling of probability and impact
 Population statistics
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Hazard function

PEM Stack voltage distibution



Quantitative RA: HyCoRA

 CO concentration in hydrogen produced
from NG-SMR-PSA

 ANL simulation model
 Lognormal probability distribution
 RA model further developed in HYDRAITE
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 Objective:
For each H2 source : Evaluation of the risk if there are impurities above their 

threshold value 
 Risk assessment methodology according to ISO:IEC Guide 73
 3 fundamental questions:

What might go wrong: which event can cause the impurities to be above the 
threshold value? 

What is the likelihood (probability of occurrence) that impurities can be above the 
threshold value? 

What are the consequences (severity) for the fuel cell car? 

Quality Risk Assessment



RA examples: P of impurities in Steam Methane Reforming
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Bacquart IJHE 43 (2018) 11872-11883 



RA examples: P of impurities in Water Electrolysis
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RA examples: P of impurities in Chlor-alkali process
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Impact classification (ISO 19880-8)
Severity class FCV impact Performance

impact
Hardware 
temporary

Hardware 
permanent

0 None No No No
1 Minor impact

Temporary power loss
Still in operation

Yes No No

2 Reversible damage
Requires specific light maintenance
Still in operation

Yes or No Yes No

3 Reversible damage
Requires specific immediate 
maintenance
Gradual power loss that does not 
compromise safety

Yes Yes No

4 Power loss or vehicle stop that
compromises safety
Irreversible damage
Requires major repair procedure

Yes Yes No

No Yes
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Combined RA (ISO 19880-8)
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Impact on powertrain (ISO 19880-8)
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Combined RA SMR supply chain (19880-8)
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Combined RA SMR supply chain (19880-8)
17



HYDRAITE RA

 Extend existing RA
• Chlor-alkali: non-membrane process (chlorate)
• Water electrolysis: water feed from desalination

• New hydrogen production methods
• Biomass/pyrolysis (Linde process)
• Biological hydrogen production
• Other?

 RA Quantitative modeling
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