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Understanding the risks of Hydrogen

A small molecule with a big potential
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Understanding the risks of Hydrogen

A small molecule with a big potential

Industry 
capacity 
additions 

low-
emission

Total 13 Gt 
CO2 

emission

50% 
heavy 
truck 

electric 
sales
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captured 
by CCUS

6% of 
energy from 

Hydrogen 
fuels

No new 
internal 

combustion 
engine

2035

50% less 
Oil 

demand

Total 6.3 
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emission

Net-zero 
electricity
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GW 

green H2
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2040
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Industry 

low 
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Net 
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zero-
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Understanding the risks of Hydrogen 

Hydrogen reputation

False starts prejudiced our confidence …and still influence people opinion 

YouTube  - Incompatible Chemicals: Explosion at AB Specialty Silicones

Hastings, Australia, 2022

Hydrogen gas combustion system fire

https://www.youtube.com/watch?v=8j8EprZP4IE
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Understanding the risks of Hydrogen 

A safety moment

Notes
cm/s = centimetre per second, kg/m3 = kilograms per cubic metre, 
LHV = Lower heating value, MJ = Megajoule, MJ/kg = Megajoule per kilogram, 
MJ/L = Megajoule per litre

Property

Density (gaseous)

Density (liquid)

Boiling point

Energy per unit of mass (LHV)

Energy density  (ambient cond. LHV)

Specific energy (liquefied, LHV)

Flame velocity 

Ignition range

Autoignition temperature

Ignition energy

Hydrogen

0.089 kg/m3 (0°C, 1 bar)

70.79 kg/m3 (-253°C, 1 bar)

-252.76°C (1 bar)

120.1 MJ/kg

0.01 MJ/L

8.5 MJ/L

346 cm/s

4-77% in air by volume

585°C

0.02 MJ

→ Hydrogen is unforgiving
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Understanding the risks of Hydrogen 

Risk exposures and engineering considerations from well-to-end-use

Source of energy and production technologies

Distribution and storage

End users
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Understanding the risks of Hydrogen

Mobility: a well to wheel risk

Tank                                        WheelsWell                                                               Tank
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Understanding the risks of Hydrogen 

Hydrogen storage: risks against efficiency, security and resilience 

• Seasonality

• Capacity

• Deliverability

• Cost per unit stored

• Time to market

• Discharge duration

• Energy intensity

• Transportation

• Buoyancy

• Cooling down 

• Boil off

• Ignition mechanisms
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• Almost consisting of steel pipelines

• Larger size with DN from 4-6 in up 
to 48 in

• Normal operating pressures in the 
range of 40-80 barg up to (in some 
cases) 140 barg

• Loss scenarios dominated by the 
rupture of the pipeline

• Low alloy steel and polyethylene 
are the dominant materials

• Distribution and service lines are 
typically 1.5 – 4 in

• Normal operating pressures in the 
range of 1 - 5 barg up in some 
cases to 10 barg

• Distribution pipeline incidents 
typically result in leaks
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Understanding the risks of Hydrogen 

Infrastructure is the «heart»
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Understanding the risks of Hydrogen 

Hydrogen embrittlement: not only a material compatibility issue

• Hydrogen degradation is directly connected to its 
capability to be easily absorbed by metals coupled 
with the high mobility it has on the microstructural 
level

• Hydrogen can be a silent assassin, weakening the 
material slowly and without any clear signs of 
damage, often leading to critical failure
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Understanding the risks of Hydrogen 

Hydrogen re-fuelling: key bridgehead in commercializing FCEVs

• Hydrogen buffer/storage

• Hydrogen compression

• Hydrogen pre-cooling

• Hydrogen dispenser

Mechanical 
failure of 

joints/fittings

Compressor 
breakdown/seal 

worn out

Human error or 
inadequacy of 

practices & 
procedures

Fires

Explosions
-H2 leaks

-Overpressure
-Overheating

A
B

C

D

E

Preventive 
Safeguards
(Barriers)

Mitigating 
Safeguards
(Barriers)

BEFORE AFTER
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Understanding the risks of Hydrogen 

Business continuity & Mode of operations

Capacity factor

Capacity factor

% utilisation BOL/EOL

% of total 
Power

Compression 
configuration

Baseline 
storage

Ammonia process 
operations

Design Constraints
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Understanding the risks of Hydrogen 

Knowns and Unknowns 

• Hydrogen production processes 
from fossils fuels (reforming and 
gasification)

• Carbon capture & storage

• Traditional electrolyzing technology

• HP (up to 300 bar) storage

Known knowns

• Rotating equipment conversions 
and repurposing

• Upscaling of capacity – R&D in new 
electrolyzing technology

• Infrastructure retrofitting and high-
high pressure storage (700 bar)

Known unknowns

Risk

• Cryogenic hydrogen

• Business continuity exposures for 
largest integrated projects

Unknown unknowns
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“Leading in a new economy means 
patterning our future on the 
understanding and management of 
unknown risks. Acting knowingly is 
better than reacting boldly."

Massimo Giachino, 
Manager Risk Engineering OPC 



Thank you!

Massimo Giachino

Contact us

Manager Risk Engineering OPC
Massimo_Giachino@swissre.com

Follow us

1515

https://www.linkedin.com/company/swiss-re-corporate-solutions/
https://twitter.com/swissre_CS
https://www.youtube.com/channel/UCLmZ0dog85dBH3AkrXRB6Qw

