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Hydrogen utilisa tion

• Known in industry for more  tha n a  century

• Ma ny a ctors a re  new to hydrogen, but 
fa milia r with hydroca rbons like  na tura l ga s 
(NG)

• Hydrogen is different to na tura l ga s. These  
differences must be  reflected in the  design 
a nd opera tion of fa cilities
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Industrial electrolysis of water, early 20th century
(https://www.gutenberg.org/files/14990/14990-h/14990-h.htm)
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Hydrogen cha ra cte ristics

Containment (sma ll molecule  + fa ilure  mecha nism)

Source : Dini, J .W. (1993) Electrodeposition: The  Ma teria ls Science  of Coa tings a nd Substra tes. Noyes Publica tions

Flammability (fla mma ble  concentra tion in a ir - wide ra nge)

Source : https://www.linde-gas.se/en/sa fety_ hea lth_ ren/ga s_ risks/fla mmable_ ga s/index.html

Ignitability (low energies)

Source : https://h2tools.org/bestpractices/hydrogen-compared-other-fue ls

Reactivity (fa st fla me a ccelera tion a nd DDT)
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Source :  M. Ilba s e t.a l.: La mina r-
burning ve locities of hydrogen–a ir 
a nd hydrogen–metha ne–a ir 
mixtures: An experimenta l study. Int. 
J ourna l of Hydrogen Energy, vol. 31, 
issue  12.
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Other hydrogen cha ra cte ristics

• High buoya ncy a nd high diffusivity of ga s
• If re lea sed in open a ir the  ga s will rise  a nd dilute  ra pidly, unless determined by a  je t

• Note: Eva pora tion from liquid hydrogen ma y beha ve like  a  hea vy ga s

• Hydrogen burns with a  light blue  fla me, pra ctica lly invisible  in da ylight

• Very low boiling point (20  K, -253°C.)
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https://twitter.com/RISEFR/sta tus/10 68457127851761665/photo/1
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Two hydrogen a ccident ca se  studies

Both occurred a t Herøya industria l site , 
Porsgrunn, Norwa y

1. Explosion in a n a mmonia  pla nt, 1985

2. Explosion of a  hydrogen-a ir mixture  in a  
pipeline  for CO2 tra nsporta tion, 1997 
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Explosion in a mmonia  pla nt, 1985 
(presented in ICHS 20 0 5*)

• Two fa ta lities, extensive  da ma ge
• A combina tion of opera tiona l error, technica l fa ilures 

a nd wea kness in the  design
• 10 -20  kg of hydrogen lea ked inside  the  building
• Most like ly tha t a  hot bea ring ignited the  ga s cloud
• 3.5-7 kg of hydrogen involved in the  explosion
• From the  da ma ge observed, detona tion seems most 

like ly
• The explosion ca used la rge  number of fra gments 

representing a  severe  ha za rd
• Gla ss windows were  broken up to 70 0  m from the  

centre  of the  explosion. 
• Within a  ra dius of 10 0  m a ll ordina ry windows were  

broken. 

* Bjerketvedt, D a nd Mja a va tten, A (20 0 5), A Hydrogen Explosion in a  Process Pla nt - A 
Ca se History, Conference pa per, ICHS 
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Explosion of a  hydrogen-a ir mixture  in a  pipe line , 1997
(Published in Process sa fe ty progress, Vol. 20 , Issue  1, 20 0 1*)
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Pa nde , J .O a nd Tonhe im, J : Ammonia  pla nt NII: Explosion of hydrogen in a  pipe line  for CO2. Process sa fe ty progress, Vol 20 , Issue  1, 20 0 1
Pa nde ,J .O., Stokke , R.G., Tonhe im, J ., Explosion of hydrogen in a  pipe line  for CO2 , Loss Prevention Bulle tin of IChemE 156(1):11-13, 20 0 0

• No injuries (Sunda y a fternoon), but extensive  
da ma ge

• A combina tion of opera tiona l error, technica l 
fa ilures a nd wea kness in the  design (a ga in)

• CO2 pipeline  ha d been out of service  for six da ys
• Hydrogen lea ked into pipeline
• Ineffective  purging, a ir lea king into pipeline
• Possibly ignited by externa l hot work
• 10  kg of hydrogen involved in explosion
• 850  meters of the  pipeline  wa s tota lly destroyed
• Combustion front a ccelera ted in pipeline , ca using 

rupture  a t interva ls of 1-20  m
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Sa fe ty stra tegy a nd its role  in sa fe ty a nd risk ma na gement
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Bow-tie , fla mma ble  ga s re lea se
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Structura l loa ds
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Layout & explosion barriers
• Avoid enclosed a nd confined a rea s
• “Open box” design to direct lea ks a wa y from confined a nd congested a rea s
• H2 piping on top of buildings/structures, outdoors
• Sa fe  loca tion of vent system outle ts
• Restricted flow of hydrogen 
• Explosion re lief pa nels
• Design for explosion loa ds
• Design to a void detona tion
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Ensure  conta inment
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Process Control 
• Pressure , tempera ture  a nd level control
• Pressure  re lief systems
• H2 vent system

Containment
• H2-suita ble  ma teria ls of construction
• Fully welded systems
• «Pipe- in-Pipe» solutions
• ESD va lves 
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Detection a nd shutdown
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Gas and fire detection
• Specific H2 ga s & fla me detectors, sonic detection
• Close  to typica l lea k points
• Ea rly detection in «pipe- in-pipe» in confined a rea s

Emergency shutdown
• Va lves a utoma tica lly to sa fe  position in ca se  of a n a ccident/lea k 
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Prevent ignition 
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Ignition control

Natural and mechanical ventilation
• H2-conta ining equipment  a nd potentia l lea k points loca ted 

in open, na tura lly ventila ted a rea s, high level
• High ventila tion ra te  in confined a rea s

Ignition source control
• Equipment Group IIC in H2 ha za rdous a rea s
• Prevent sta tic e lectricity forma tion
• Shutdown of ignition sources if confirmed ga s detection
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Mitiga ting consequences
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Venting and emergency depressurisation 
• Vents to be  loca ted a nd designed for ignited scena rios
• Blowdown to sa fe  loca tion
• N2 purging & pilot fla me in fla res

Active and passive fire protection
• Protect structures a ga inst hea t exposure
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Emergency prepa redness a nd response

• Follow genera l principles for fa cilities conta ining fla mma ble  substa nces
• Emergency response  re la ted to liquid hydrogen must be  considered further
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Summing up

• The sa fe ty stra tegy a pproa ch used in our oil a nd ga s fa cilities is va lid a lso for H2

• Fa cility design a nd sa fe ty ba rrier requirements must be  a da pted to H2 cha llenges
• More work needed on sa fe  utilisa tion of liquid hydrogen
• Sa fety ba rriers in design, a da pted to the  properties a nd risk cha ra cteristics of hydrogen, a re  being implemented in 

Equinor hydrogen va lue  cha in projects
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Unni Nord Sa mda l, usa m@equinor.com

Hydrogen sa fe ty stra tegies a nd risk ma na gement in Equinor

Tha nk you!
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