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How to store H2? And why going underground?
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Who needs high H2 storage capacities?

Industry

Mobility

Power

Power-to-….

P2P (PtP)

P2G (PtG)

P2X (PtX)



Hydrogen production forecast for 2030

France 
6,5 GW of electrolysers
(French Government, 2020) 

20 to 40 Caverns

Europe

40 GW of electrolysers
(European Commission, 2020)
10 million tons of green H2

125 to 250 Caverns

World
90 GW of electrolysers
(Hydrogen Council, 2021) 200 to 600 Caverns

Assumption :

5% 
Storage 

Capacity
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Underground storage techniques
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Salt Caverns
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Salt caverns
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Salt caverns – Leaching and operation
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Salt caverns – General settings during operation



| 11

Salt caverns – Operating principles
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Salt caverns

Already 6 H2 salt caverns 

in the USA and in the UK.

Since 1972 for the eldest!
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Salt caverns

No showstopper.

For new projects, some aspects to be studied on a case-by-case basis:

• Adaptation of nitrogen testing (MIT)

• Salt integrity in case of fast cycling

• Biochemical reactions in cavern (at brine interface)

• Material compatibility (steels, elastomers)

High pressure, high flowrate.
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Salt caverns - Costs
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Salt is not available everywhere

Source: SMRI RR2017-5 / KBB 7035-881211
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Salt is not available everywhere

Source: SMRI RR2017-5 / KBB 7035-881211
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Porous Media
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Porous media storage (depleted fields or aquifers)

Name Storage Type Owner Status

Engelbostel (Germany) Aquifer Formerly Ruhrgas Decommissioned

Bad Lauchstadt (Germany) Porous rock VNG Now used for natural gas

Hähnlein (Germany) Aquifer MND Storage Now used for natural gas

Eschenfelden (Germany) Aquifer Uniper Now used for natural gas

Kirchheiligen (Germany) Depleted field VNG Now used for natural gas

Ketzin (Germany) Aquifer Formerly VNG Decommissioned

Lobodice (Czech Republic) Aquifer RWE Now used for natural gas

Beynes (France) Aquifer Storengy (formerly 
Gaz de France)

Now used for natural gas

Not new. Has been done for Town Gas in the past (until mid XXth century)
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Porous media storage (depleted fields or aquifers)

No showstopper.

Some aspects to be studied on case-by-case:

• H2 physical behavior in reservoir (digitation, diffusion, etc.)

• Chemical and biochemical reactions in reservoir

• Caprock tightness

• Material compatibility (steels, elastomers)

High pressure, high storage capacity.
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Porous media storage (depleted fields or aquifers)

Currently studied through EU cofinanced project: HYSTORIES
https://hystories.eu/
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Mined Caverns
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Mined caverns are alternatives for intermediate capacities 
that would not be suitable for porous media

Lined Mined Cavern
Source: Thermie B, OG./270/97/SE/FR

Unlined Mined Cavern

OK for low 
pressure storage 
(< 10 bar) 
(hydrodynamic 
containment)

OK for high 
pressure storage 

(up to 250 bar)
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Lined Mined Cavern for Hydrogen – Principles

1. Steel liner
2. Sliding layer
3. Concrete
4. Reinforcement
5. Shotcrete
6. Drainage pipe
7. Rock



| 24

Hydrogen can be transported and stored as a liquid carrier

LOHC = Liquid Organic Hydrogen Carrier

Various patented LOHC (e.g. HySiLabs)

Ammonia (NH3) is likely to be used as a long-distance hydrogen carrier 

tomorrow.

• Liquid at 10 bar / 30°C

• Liquid at atmospheric pressure / -40°C

• But not compatible with water

-> can be stored in rock cavern with a liner to prevent NH3-H20 contact
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Projects and Conclusion
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A few H2 underground storage in Europe (Public data)

UK
• HyStorPor

• H21 North of England

• HyNet

• HySecure

• Zero Carbon Humber

Ireland
• Green Hydrogen @ Kinsale

Spain
• HyDeal

France
• Storhy Cerville Storage

• Hypster

• Hygreen Provence 

• HyGéo

Sweden
• Hybrit

Netherland
• HyStock

Denmark
• Green Hydrogen Hub Denmark

Germany
• Westküste 100

• SaltHy

• HyCAVmobil

• GET H2

Spain
• Yela

Austria
• Underground Sun Conversion / Storage

• H2 Vienne Basin

Hungary
• Aquamarine
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Take-away messages

Underground storage will be needed to cope with large capacity storage 

that are foreseen

Hydrogen can be stored underground using various techniques

Some of these techniques are not new: e.g. hydrogen has been stored in 

salt caverns for 50 years

No showstopper. However, case-by-case studies are needed

All techniques will play a role to adapt to transportation logistics and to 

adapt to local geology



Thank you for your attention


