
HYDROGEN STORAGE IN CAVERNS 2022

14th Marth 2022



as at Mar 2021 *19/2020 financial year

turnover

people

of profitable
trading debt free

offices

countriesLondon
Head office



Rock Mechanics Leader

Engineering Rock Mechanics Centres of Excellence

London

New York

Sydney

Hong Kong



Capability & Experience



Capability & Experience



Our thought leadership

Catalysing Hydrogen Investment

Establishing a Hydrogen Economy

Hydrogen Transport

The Future of Energy



Establishing a Hydrogen Economy







Geoscience and the hydrogen economy
(The Geological Society of London, 2021)

Where can hydrogen be stored?



Hydrogen Storage

• UK - Teeside
• US Texas - Clemens Dome, Moss Bluff, Spindletop

Existing Underground Hydrogen Storage projects:

• EWE - HyCAVmobil (Rudersdorf, Germany)
• Gasunie - HyStock (Netherlands, Zuidwending)
• Storengy - HyPster (France, Etrez)

Pilot & Demonstration Projects:

• Very high safety (salt caverns are naturally very gas tight)
• Lower capital costs at large scales
• Flexibility of storage at high volumes and pressures for inter-seasonal storage

Key Benefits:

• Specific specific geological conditions
• Salt deposits of suitable thickness, extent, quality (halite purity) and depth

Constraints:

Salt cavern integrity assessment.
(Bosq et al., 2020)



Establishing a Hydrogen Economy

Proposed UK electrolytic and CCUS-
enabled hydrogen production projects.
UK Hydrogen Strategy (BEIS, 2021)

Location of UK Local Distribution Zones
storage needs compared to depleted oil
and gas reservoir storage capacity.
(Mouli-Castillo et al., 2021)

Distribution of the main halite basins
onshore in Britain and the location of
underground gas storage sites.
(Evans and Holloway, 2009)
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Establishing a Hydrogen Economy









Comparison of geological storage options.
(modified after Crotogino et al., 2018)



Concept Overview
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 sealing layer (to ensure tightness)

 pressure-distributing part (to transmit loads)

 rock mass (to carry the pressure)

The principal components of the LRC concept.
(Johansson et al., 2018)



Existing Facility

 First LRC for natural gas storage

 Excavation with drilling and blasting

 Bottom-up construction of liner

 51 m high and 35 m diameter cavern

 115 m rock cover

 Geometric volume of 40,000m3

 Pressure range 20-200 bar

 Total gas volume of ~10 MNm3

 90% working gas capacity

Construction of the Skallen facility
(Johansson et al., 2018)



Under Construction

 Proven technology from the Skallen facility

 First LRC for underground hydrogen storage

 Joint venture initiative planned for a fossil fuel-
free steelmaking process (hydrogen storage)

 100 m3 storage cavern, 30m rock cover

 Pressures up to 250 bar

 Construction started in 2021, due to begin
operation in 2022, tests will continue until 2024 Construction of the rock cavern storage facility for fossil-free

hydrogen in Luleå has reached the halfway point
(HYBRIT, 2022: www.hybritdevelopment.se/en/)



Concept Overview

Concept sketch for creation of gas containment in drilled shaft.
(Lavine et al., 2016)



The individual components of the Lined
Rock Shaft concept are all relatively
mature technologies on their own.

Surrounding ground carries the load
from the gas pressure, reducing the
material cost of the lining.

The design can be transferred in
different locations with minimal
adjustments dependent on ground
conditions and site requirements

All phases of construction can be safely
undertaken from the surface. Reduced
risk of leak or explosion.

Larger diameter and deeper shafts offer
larger storage capacity. A shaft “farm”
can be built in the same location for
larger storage requirements.

The surface footprint is very small and
the visual intrusion is virtually zero.

Concept Overview



Rock Mass Failure Uplift Failure of the Overlying Rock Failure of the Lining System

Hydrogen Storage in Lined Rock Shafts

The load from the pressurised vessel is
passed through the lining system to the
rock mass. Shear plasticity or brittle
fracturing may develop depending on the
internal pressure, rock mass strength and
the in-situ stress conditions.
(Johansson, 2003)

The cap system design will have to
provide uplift resistance against the
internal vessel pressure. Placing the cap
underground allows for the overburden to
provide this resistance and the plug to
engage with the rock mass.
(Damasceno et al., 2020)

Rupture of the steel lining may develop
by large rock mass deformation
(expansion) as it is loaded by the gas
pressure. Steel hydrogen embrittlement
and fatigue due to cyclic loading are
important design aspect.
(Johansson et al., 2018)

Lined rock
shaft

Overburden
rock mass



Arup Deep Shaft Experience

BHP Jansen Project | Canada

Arup was appointed for the rock excavation and design of the
permanent shaft linings to a depth of 1,000m.

Anglo American Woodsmith Project | UK

Arup is currently undertaking the detailed Engineering Design of
the permanent linings for the 1600m deep mineshafts.

https://uk.angloamerican.com/the-woodsmith-project
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