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Abstract

This study investigates current technology on large-scale underground hydrogen storage, a clean
carbon neutral energy source to prevent the rapid increase of greenhouse gases, and to secure the
sustainability of the Earth and mankind. Underground storage technology, which is used for natural
gas storage, is widely accepted as the only technology suitable for large-scale hydrogen storage. Many
countries have initiated underground hydrogen storage projects by exploiting geological structures
such as salt caverns, depleted reservoirs, and aquifers. In Korea, an excavated rock cavern is a unique
alternative for hydrogen storage because the other geological structures do not exist. In addition, rock
cavern storage can be used for high-pressure gas or cryogenic liquid, and has an advantageous position
in the land use, security, and safety aspects. Therefore, it will become an essential infrastructure for
the stable and sustainable future hydrogen economy.
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Fig. 1. Global hydrogen production by technology in the Sustainable Development Scenario, 2019 —70 (IEA, 2020).
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Future
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— Electricity grid

Liquid and gaseous fuels and feed-stocks T&D

— Hydrogen

KEY POINT: Hydrogen can link different energy sectors and energy T&D networks and thus increase
the operational flexibility of future low-carbon energy systems.

Fig. 2. The current energy system and that of the future (IEA, 2015).
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Fig. 3. The core value chain of a hydrogen economy society (Markus et al., 2019).
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Non-Reversible
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Adsorbents | Chemical Hydrogen Carriers
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Ex. NaAIH, Ex. MOF-5 | Ex. NH, Ex. CHyCHyy

Fig. 4. Classification of hydrogen storage technology (U.S.DOE, 2020).
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Key Data

— Inner volume: 71 m3 (references up to 270m3)
— Design pressure: 12 bar(g)

— Storage capacity: 4,600 kg LH, (1bar, 5% ullage)
— Vacuum-perlite insulation

— Integrated cryogenic valves

— Designed for industrial applications with high
demand (electronics, chemical, etc.)

— Horizontal & vertical design

Performance
— Boil-off ratio: <44 kg/day (<0.95%/d)

Applications

— Typical industrial applications with high Hydrogen
demand

(a) Liquid hydrogen storage tank of Linde, Germany
(Decker, 2019)

(b) Cryogenic spherical vessel of NASA, USA
(NASA website)

Fig. 5. Liquid hydrogen storage using (a) cryogenic storage
tank and (b) spherical vessel.

Table 1. Development direction of hydrogen storage and transportation technology (MOTIE, 2019)

Type Government policy
Gas hydrogen storage and * Increased efficiency of high-pressure containers, tube trailers.
transportation * Pipeline development and deployment review.

Liquid hydrogen storage and * Development of local technology for liquid hydrogen storage containers.
transportation * Hydrogen liquefaction technology and plant development.

Chemical hydrogen storage and * Conversion of substances such as methane, liquid ammonia, and MCH.
transportation * Development of hydrogen compound storage technology.
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A Salt caverns

B Mines

C Aquifers

D Depleted reservoirs
E Hard-rock caverns

Fig. 6. Types of underground natural gas storage facilities (EIA, 2015).
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Table 2. Major projects related to hydrogen underground storage technology

. . . Depth Pressure Volume Geological
Project/Region Country Materials (m) (bar) (m’) method Status
Tesside UK GH, 365 45 210,000 Saltcavern  Operating
Clemens USA GH, 1,000 70~137 580,000 Saltcavern  Operating
Moss Bluft USA GH, 1,200 55~152 566,000 Saltcavern ~ Operating
Spindletop USA GH, 1,340 68~202 906,000 Saltcavern  Operating
Kiel Germany GH,, NG - 80~100 32,000 Salt cavern Operating
Ketzin Germany GH,, NG 220 500~ - - Aquifer Operating
Beynes France GH,, NG 430 - 330,000,000 Aquifer Operating
. Czech . .
Lobodice Regﬁglic GH,, NG 430 90 - Aquifer Operating
Sun storage Austria GH,, CO, 1,000 78 - Depleted field Operating
HYBRIT Sweden GH, 120(?(; 200 ?%)’886 Salt cavern Operating
Haje Rggﬁlc)lllic GH,, NG 950 - - Rock cavern ~ Operating
HyStock Netherlands ~ GH,, NG - - - Salt cavern  Operating
Advanced Clean .
Energy Storage USA GH» - - - Salt cavern Operating
. . Preparing/
San Pedro belt Spain GH, - - - Aquifer Potential
Rough gas storage UK GH, 2,743 50~100 48,000,000 Depleted field Lreparing/
Potential
Northern Nordrhein . Preparing/
Westfalen Romania GH, - - - Salt cavern Potential
. Preparing/
Salina B Canada GH, 400 - 64,000,000  Salt cavern Potential
Salina A2 Canada GH, 525 - 95,000,000 Saltcavern ~ Lreparing/
Potential
Preparing/
Gora Poland GH, - - - Salt cavern Potential
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