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An international Group

A key player for Underground Storage of
Liquid, Liquefied and Gaseous Hydrocarbons

Consulting, Engineering,
Construction management
Operation & Maintenance

All Underground Storage Techniques



How to store H,? And why going underground? -EGEOSTOCK
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Who needs high H, storage capacities? éGEOSTOCK
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Hydrogen production forecast for 2030

<= GEOSTOCK

Assumption :

5%
Storage
Capacity

France

Europe

World

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

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

90 GW of electrolysers
(Hydrogen Council, 2021)

20 to 40 Caverns

125 to 250 Caverns

200 to 600 Caverns




Underground storage techniques éGEOSTOCK

H2 UNDERGROUND STORAGE

e Liquid & Liquefied Hydrocarbons

e Natural Gas ® No Technical Show Stopper

. e 1900 Existing Salt Caverns Worldwide (France : 80)

® 6 Existing Hydrogen Caverns

® Compressed Air & Effluents

DEPLETED FIELDS & AQUIFERS

e Natural Gas

® Lliquid Hydrocarbons

e Compressed Air; CO, e Liquefied Hydrocarbons

L] HYDROGEN

(with/without Natural Gas)

® LNG (Liquefied Natural Gas)
® CNG (Compressed Natural Gas)

o [[BEEN co.l

e Effluents
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Salt Caverns
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Salt caverns ~~ GEOSTOCK

General Settings

Brine pound

Well Head

Overburden Well

(sedimentary rocks)

Salt formation Cavern

(various depths)




Salt caverns — Leaching and operation -EGEOSTOCK

Operation:
Gas Cycling




Salt caverns — General settings during operation é GEOSTOCK
Wellhead

Main features
during operation
Downhole safety valve

Cemented casings, operating tubing,
controlled annulus

Salt
Insoluble layer

Gas (under pressure)

Insoluble pocket




Salt caverns — Operating principles -E~ GEOSTOCK

Operating principles

By hydraulic By gas pressure
compensation variation

Pressure almost ! - (Lung type)

constant '

No large brine pound
Large brine pound .: required

required '

Common for UGS

Not common for UGS
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Salt caverns

-

GEOSTOCK

<= GEOSTOCK._

Sl

Already 6 H, salt caverns
in the USA and in the UK.

CELTIC SEA

Since 1972 for the eldest!

SPINDLETOP

(Air liquide)
MOSS BLUFF Q
(Praxair)
GULF OF MEXICO Jyarogen ()
o CLEMIEENS DOME : ENGLISH CHANNEL
Conoco Phillips _ g
( 0 55) 25 50 SALT DOME = 0 75 150 300
i I X : 1:6666666, 6667 "
1:1000000 UNITED STATES UNITED KINGDOM : '
CLEMENS DOME CLEMEN ME
LOCATION (us) MOSS ELUFF (US) | SPINDLETOP (US) | TEESSIDE (UK) LOCATION (tl:)w MOSS BLUFF (US) | SPINDLETOP (US) | TEESSIDE (UK)
Operator Conoco Phillips Praxair Air Liquide Sahic Mean C’{"n:)'" Depth 1000 1200 1340 265
Start 1986 2007 2014 1972
Mean Cavern Depth
CLT 580 000 566 000 580 000 370000 iy = i b o
>
Volume (m?) Net energy stored
: 92 120 >120 25
Geametrical 3648 000 3560 000 3560 000 3°441 000 ]
Volume (bbl) = Net energy stored 5 5 5 5
MMBtu) 310 410 >4 10 0810
Pressure range ) ( u)
(ban 70-135 55-152 Confidential 45
H ; mass (t) 2400 3690 8230 810
Pressure range a
| 12 (psi) 1015-1360 800-2200 Confidential 650 Net Volume (std m 3) 273 Mm’ 41.5 Mm? 92,6 Mm® 912 Mm’




Salt caverns ~~ GEOSTOCK

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 -E~ GEOSTOCK
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Salt is not available everywhere
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Salt Deposits (geological ages)
Quaternary

0 Tertiary

I Cretaceous s

I Jurassic '
Triassic-Jurassic

Triassic
B Permian-Triassic ﬂg
I Permian
I Carboniferous
B Devonian-Carboniferous
" Devonian
B Silurian-Devonian
| Ordovician-Carboniferous
B Ordovician-Silurian
I Precambrian-Cambrian

r’-

Topographic data by Natural Earth (naturalearthdata.com)
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Salt is not available everywhere —EGEOSTOCK

[ Tertiary Salt Deposits (partly with salt domes)
[ Jurassic Salt Deposits

[ Triassic Salt Deposits

[T Triassic-Jurassic Salt Deposits

|7 Permian-Triassic Salt Deposits

| Permian Salt Deposits (with salt domes)

[ Devonian Salt Deposits (partly with salt domes)

Brine Production Cavern Field
Salt Mine
Potash Mine
| Natural Gas Cavern Storage

Liquid Hydrocarbons Cavern Storage

LPG Cavem Storage

Hydrogen, Nitrogen, Helium, CAES Cavern Storage
Salt Mine Storage

Countries with salt deposits 2 L 2
tshown in white
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Porous Media
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Porous media storage (depleted fields or aquifers) éGEOSTOCK

Not new. Has been done for Town Gas in the past (until mid XXt century)

Engelbostel (Germany) Aquifer Formerly Ruhrgas Decommissioned

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

Gaz de France)
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Porous media storage (depleted fields or aquifers) éGEOSTOCK

No showstopper.
Some aspects to be studied on case-by-case:

H, 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) éGEOSTOCK

2]
Currently studied through EU cofinanced project: HYSTORIES ' h t
https://hystories.eu/ ys °r1es

Subsurface technology development Techno-economic feasibility
© Nk
N A
I >

WP2 Reservoir engineering and geochemistry ~
[ 4
D) <

WP3 Microbiology

WP4 Material and corrosion
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Mined Caverns
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Mined caverns are alternatives for intermediate capacities

oA GEOSTOCK
that would not be suitable for porous media _—

v OK for low

Ll pressure storage
A (< 10 bar)
(hydrodynamic
- containment)

OK for high

pressure storage

(up to 250 bar)
ﬁ

-
Unlined Mined Cavern

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



Lined Mined Cavern for Hydrogen — Principles -EGEOSTOCK

Steel liner
Sliding layer
Concrete
Reinforcement
Shotcrete
Drainage pipe
Rock

NounhkwNR
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Hydrogen can be transported and stored as a liquid carrier éGEOSTOCK
e

LOHC = Liquid Organic Hydrogen Carrier
Various patented LOHC (e.g. HySiLabs)

Ammonia (NH,) 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 NH;-H,0 contact
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Projects and Conclusion
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A few H, underground storage in Europe (Public data)

Netherland
. HyStock

Denmark

. Green Hydrogen Hub Denmark

Germany

. Westkiste 100
. SaltHy

. HyCAVmobil

o GET H2
Spain

. Yela
Austria

. Underground Sun Conversion / Storage
. H2 Vienne Basin

Hungary

. Aquamarine | 26

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

o= GEOSTOCK



Take-away messages é GEOSTOCK

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

| 27



o= GEOSTOCK

Thank you for your attention



