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Prevention of hydrogen-related accidents

Hydrogen has the potential to become the energy 
carrier of the future

Safety is the major bottleneck for a widespread 
rollout of hydrogen technologies

Hydrogen is:
• Highly flammable and explosible
• Capable of permeating and embrittling metallic 

materials

Safety issues need specific preventive approaches
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• Inspection and maintenance are vital to ensure the physical integrity of equipment in a 
hydrogen environment

• Lessons learned from past accidents are beneficial to improve safety for specific 
technologies

• Past accidents could be used as a basis to develop mitigation strategies in the future
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Risk-based Inspection

• Risk is not equally distributed among the individual pieces of process equipment

• A large percentage of the total risk of the plant unit is concentrated in a small 
percentage of equipment items

RBI aims at prioritizing the 
inspection and the maintenance of 
high-risk components to minimize 

the overall risk
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• Risk assessment is based on damage 
mechanisms likely to occur
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• Risk of failure of each component:
𝑅 𝑡, 𝐼𝐸 = 𝑃𝑓(𝑡, 𝐼𝐸) ∙ 𝐶𝑓

• Risk-based inspection planning has never
been adopted for equipment operating in 
pure hydrogen environment

• Probability of failure of each component:
𝑃𝑓 𝑡, 𝐼𝐸 = 𝑔𝑓𝑓 ∙ 𝐷𝑓(𝑡, 𝐼𝐸) ∙ 𝐹𝑀𝑆
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Hydrogen Embrittlement

• HE is a material degradation resulting
from the combined action of hydrogen
and tensile stress

• HE occurs as a synergistic effect of three
factors

• HE results in a reduction in the
mechanical properties to an extent that
could result in catastrophic failure of
equipment
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How does hydrogen degrade material's mechanical performances?

Loss of ductility Reduction of toughness Accelerated fatigue 
crack growth rate
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Practically important HE influencing factors

Material strength 
dependence

Load “speed” 
dependence

Temperature 
dependence

NASA, Safety Standard for Hydrogen and Hydrogen Systems - Guidelines for Hydrogen 
System Design, Material selection, Operation, Storage and Transportation, 2005
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Hydrogen Incidents and Accidents Database 2.0

• HIAD 2.0 is a public repository developed 
by the Joint Research Center of the 
European Commission

• HIAD 2.0 includes report of industrial 
accidents related to hydrogen and its 
derivates

• The purpose is to facilitate the exchange 
of lessons learned to prevent similar 
accidents in the future
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Business Intelligence for data mining

BI is based on the extraction-transformation-loading
process:

1. Selecting the source

2. Transforming the source

3. Selecting the target

4. Mapping source attributes to target attributes

5. Loading the data

BI can boost the ability to manage information access, 
identify data sources, and handle the information flow 
within an appropriate architecture to assess user needs
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Reported undesired events over time

• What are the expected future trends?

• Is this trend representing the rollout of hydrogen technologies?



Geographical distribution of the events

• Is Europe the least safe continent for hydrogen technologies?

• Do every country follow the same rules regarding hydrogen accident reporting?



Fatalities and injuries per continent

• Europe and America have the highest number of events reported

• Accidents reported in Asia and Africa have the most severe consequences

• There are dissimilar regulations across continents regarding industrial incident reporting

• In some countries, it is not mandatory to report hydrogen accidents unless they result in 
severe consequences



Accidents distribution by release type per country

• The main sources of information for HIAD 2.0 are European and American databases

• There is a different magnitude of adoption of hydrogen technologies around the world



Distribution of events by field of application

• Chemical and petrochemical industries have been historically the biggest consumers of 
hydrogen

• Hydrogen transportation is challenging due to its tendency to permeate and embrittle 
most metallic materials



Distribution of events by cause category

• Technically-caused events are 
frequent, but have limited 
consequences

• Operational causes are related to 
lack of inspection or inspections 
not tailored toward hydrogen-
induced degradations

• Improvements in the existing RBI 
standards are needed



Classification of events by release phase

• Most of the accidents are 
caused by gaseous releases

• Less than 1% of the total 
share of hydrogen is used in 
liquid form

• LH2 is used for rocket 
propulsion, automotive, and 
specific industrial 
applications

• Hydrogen is stored outdoor,
whenever possible, to 
reduce the risk of explosions
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Conclusions

• Roughly 10% of the accidents in HIAD 

2.0 are caused by material failures

• 33% of those are unambiguously caused 

by hydrogen embrittlement

• These event reports has been collected 

and analyzed

• Most of these events could have been 

prevented through proper inspection 

and maintenance

Steam methane 
reformers

LH2 cryogenic
vessels

Electrolyzers

Hydrogen 
pipelines

GH2 cylinders
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Thank you for your attention

Contact
Alessandro Campari: alessandro.campari@ntnu.no


