@ Geostock storengy

Technical lessons learnt
from European pilots

€ ‘hystoﬁes

Hydrogen Storage in European Subsurface

Arnaud REVEILLERE', Grégoire HEVINZ, Stephan BAUERS3,
Myriam PANOFEN#4, Annette LENZE*4, Eddy KUPERUS?

1: Geostock, France
2: Storengy, France

3: RAG, Austria
4. Unipel‘, Germany : ean Hydrogen

i Partnership

Acknowledgment

5: Gasunie, Netherlands
26/05/2023



Current status of pure H2 underground storages €@ nystories

* Industrial projects built/under construction

* 6 salt caverns have stored H,, starting 50
years ago

e 2 industrial caverns beeing leaching in
Utah (USA). ACES project

* Pilot projects under construction/testing:

* 5insalt caverns (HyStock, HyPSTER,
H2CAST, HyCAVMobil, HPC Krummhorn)

 1in depleted field (Sun Storage 2030)
e 1inlined mined cavern (HyBrit)

From Fernandez, 2023

* 4 are beeing presented today




Why these pilots ? What achievements/goals ? €@ hystories

Convince . .

- Hydrogen is different
Investors :

New technical /

scientific questions

Internaly
Regulators
Public & society

Gain maturity
Build skills, develop

ecosytem




Y :
Cm
O -
)
V)
-
i -




sssss ing borders in energy \ Groningen, 2022 #1

Gasunie: Crossing borders in energy

HyStock: large scale underground hydrogen storage in salt caverns




crossing borders in energy #2

ﬁsunie: a European energy infrastructure company

Gasunie’s Activities

We are a connecting factor in the energy value chain

Hydrogen is an essential component to achieve a CO,-neutral

energy SuPply 4 Themes
» Gasunie ambition is to be driver of the hydrogen market in The Netherlands

p ,
and Germany. fr*vf t@
& g &
)

o ™
« Our system is based on principles of open access and non-discriminatoir g

Transport Storage

4

Import Offshore

« Our role is to develop and to manage the required hydrogen infrastructure
fully owned or in partnerships.

» Four focus themes onshore and offshore pipeline transport, underground
storage and import terminals.




crossing borders in energy

Underground Hydrogen Storage

Ambition
Develop and manage large-scale modular T
Underground Hydrogen Storage facilities in The

Netherlands and Germany that are connected to the
hydrogen networks.

« HyStock project (The Netherlands)

* First salt cavern storage facility (= 200 GWh)
operational in 2028.

(2¢; Testing Ha-well completion

P for hydrogen storage cavern

« Development of (at least) four salt caverns in

Zuidwending (NL) for large-scale storage of
hydrogen soon after 2030.

« H2Cast pilot project (Germany)

website www.hystock.nl




nystock
Hystock project — Demonstration project A8 (1/2) S

Demonstration project A8

to demonstrate safety, integrity and
operational procedures of hydrogen storage
making use of an existing borehole.

Started in Q1 2021 and completed in Q4
2022.

Work package 1

« Development of a generic risk
identification methodology for hydrogen
storage in salt caverns

« Development of a generic workflow to
quantify risks associated with hydrogen
leakage from salt cavern storage well

Copyright 2021 - HyStock 4




NystocK
Hystock project — Demonstration project A8 (2/2)

Work package 2
« Design and execute an integrity test to assess integrity of
last cemented casing, casing shoe, wellhead and Xmas-tree.

 Verify suitability and technical tightness of the hydrogen
storage system under operational hydrogen storage
conditions, including:

« Materials (steel, cement)

« Components (casing, tubing, wellhead, SSSV)

« Well intervention equipment (wireline, snubbing)

» Operational procedures

» Collect samples to support further research and gain

insights on the effect and impact of stored hydrogen,
including:

« Geochemical and bacterial

« Impact on materials

Copyright 2021 - HyStock 5
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AUSTRIA AG

RAG Austria AG . .
Among leading technical

Company Profile and Underground Gas Storage
Vision

operators

State of the art facilities
Innovation in energy storage
Storage volume 66 TWh (6 bcm)
Unload capacity 30 GW

Follow the vision to serve the
renewables with our existing
assets

RAG Austria AG - Stephan Bauer — 2023-05-25 8
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AUSTRIA AG

Storage options for Hydrogen

Salt caverns Aquifers Hydrocarbon reservoirs

At

19% 6% 75%
Share at EU total volume of existing UGS

RAG Austria AG - Stephan Bauer — 2023-05-25 9
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AUSTRIA AG

RAG - Hydrogen Storage Project overview

USS Underground Sun Storage 07/2013 - 06/2017
USS2030 Underground Sun Storage 2030 03/2021 -02/2025
USC Underground Sun Conversion 03/2017 —02/2021
USC-FlexStore  Underground Sun Conversion — Flexible Storage 12/2020 — 05/2023
C-CED Carbon — Cycle Economy Demonstration 07/2021 - 06/2025
HyStorlES Hydrogen Storage in European Subsurface 01/2021-12/2022
HyUsPRe Hydrogen Underground Storage in Porous 10/2021 - 01/2023
Reservoirs
SERVARE Seasonal storage in an optimal regulatory 10/2022 - 09/2023

framework by assessing various opportunities

RAG Austria AG - Stephan Bauer — 2023-05-25 10




gHRIEg_IGSgREE. Demonstration Project £00

 Depleted natural gas reservoir

o TOV: 1.2 Mio Nm3

electrolysis r— admixture ]y m gas grid
o o < 50 bar he o ~1000 m depth, sandstone
~ (
0y e s conioning | IcHon —y O tgna o 75 bar hydrogen pressure
(R } « 2 MW water-electrolysis (PEM)

* Integration into RAG plants in 2023
o hewly built 8 km Hydrogen Pipeline

(PN70 operating pressure < 50 bar)

reservoir

o Hydrogen CHP

ENERGIE Neen .
Partner: =dem m ENERGIEAG @msmm EVN @ceree o Green Heat & Power for RAG winter
e P i
T e e < Verbund VoeStilﬁf)sﬂ.? VVVVVVV WWAP &G demand powered by+
fond

RAG Austria AG - Stephan Bauer — 2023-05-25 11



Underground Sun Storage - Impressions

AUSTRIA AG

e e

UNDERGROUND o
SUN.STORAGE ¢

RAG Austria AG - Stephan Bauer — 2023-05-25




Plant Overview

RUBE-002A

\

01

02

03

04

05

06

07

08

09

Trafostation
Transformer station

Elektrolyseanlage
Electrolysis

Verdichteranlage
Compressor unit

Sonde
Well

Sandstein-Poren-Lagerstatte
Sandstone-Gas-Reservoir

Gastrocknung
Drying unit

Gasqualitatsmessung
Gas quality measuring

Wasserstoffaufreinigung
Hydrogen Purification @
Wasserstoffleitung

Hydrogen pipline

RAG Austria AG - Stephan Bauer — 2023-05-25
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WIVAPSG Q)

Objectives UNDERGROUND 20
SUN.STORAGE e 30

 Interseasonal energy storage solution

. ey g VORZEIGEREGION
 Proof of technical feasibility @ ENERGIE
« Alignment between results from lab experiments powered by+
and field test fond

* Development and demonstration of hydrogen — Bundesminicterium
purlflcatlon Klimaschutz, Umwelt,

Energie, Mobilitat,
° MOdelllng Of the Austrlan energy SyStem _ Innovation und Technologie
storage demand

- - FFG
» Use case consideration and development of ,5
associated services

waxiom eencess  @Rist  EWYN  @centa

nken an morgen aroe

AUSTRIA AG

857 @0)%A  Verbund vosstopne  EEIIVISEE WIVAPSG

RAG Austria AG - Stephan Bauer — 2023-05-25 14




RAG Austria AG

Stephan Bauer
Head of Green Gas Technology

T +43 (0) 50724-5377

RAG Austria AG
Schwarzenbergplatz 16
A-1015 Wien

www.rag-austria.at

(o

AUSTRIA AG
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hupster O

Consortium Partners
HyPSTER Hy Pilot ST
E R H2 & Subsurface expertise
N
| S_toren gy AS BRO%ARD
: ESK ’_ CONSULTING
= Project start date: January 2021 = Total budget: 13 M€ (5M€ funding)
= Location : Etrez (Ain 01) | France = End of the Pilot Phase: 2024 INERIS
* H, Production: Electrolyzer (1 MW) » Perspective Phase Il: 44 tons H2 (2025) . | |
torage replication potentia

» Storing capacity: 3 tons H, (exp. phase) .
Inovyn storengy

Technical and economic assessments

Description: Test industrial-scale renewable hydrogen production and storage in salt caverns

supported by technical and economic reproducibility of the process to other sites throughout elementenergy
Europe. c 4 5 ——— Bacteriology Purification

equinor %~
Communication

s aXeLera

Coordination

storengy elementenergy

9 partners, 4 countries

TR = 2 Strategic partnerships
rah™ HIEE
o -
Schneider Y TechnipFMC
a Electric
“ /7 clean Hydrogen Hypster is a project co-funded by the European Union’s Horizon 2020 Programme through the Fuel Cells Hydrogen Joint Undertaking (FCH-JU), now Clean Hydrogen Partnership, under grant 1
Sl agrement number 101006751



hupster O

HyPSTER project is divided into two parts

Renewable Hydrogen Production

* Electrolyzer 1MW
 Water
* Electricity

 Hydrogen transportation by
tubes trailers

17 Clean Hydroger Hypster is a project co-funded by the European Union’s Horizon 2020 Programme through the Fuel Cells Hydrogen Joint Undertaking (FCH-JU), now Clean Hydrogen Partnership, under grant 12
Vel agrement number 101006751



Etrez NG Storage facilities

Planned H, Production Platform

- Hypster is a project funded by the European Commission - Project Number : 101006751

Pl © IGN 2019 - Tous droits réserves - Géoportail” pu




Detailed Design — 3D layout hupster &

Electrical substation
(including General PLC)

Electrolyzer package

Supervision

Buffer tank

Compressor

SN

m & _ Hypster is a project co-funded by the European Union’s Horizon 2020 Programme through the Fuel Cells Hydrogen Joint Undertaking (FCH-JU), now Cl
Vel agrement number 101006751
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n _ Hypster is a project co-funded by the European Union’s Horizon 2020 Programme through the Fuel Cells Hydrogen Joint Undertaking (FCH-JU), now Clean Hydrogen Partnership, under grant
Sogaais agrement number 101006751



hupster O

Water storage
70 m3

Water pump for dilution

!

Brine (at wellhead)
Pmax: 65 bar
Pmin: O bar

o

(End of experiment)

Brine skid (pump,
valves, sensors...)

Brine storage

Hydrogen
280 m3

Pmax : 150 bar

Pmin : 60 bar
“:J

Hydrogen o_o o) 0

Excess brine
discharge

“ :::""C';m,,Hyd,Pge,‘ Hypster is a project co-funded by the European Union’s Horizon 2020 Programme through the Fuel Cells Hydrogen Joint Undertaking (FCH-JU), now Clean Hydrogen Partnership, under grant 16
i Poinerng agrement number 101006751



Cycling tests

Hypster is a project co-funded by the Europe
agrement number 101006751

#7 Clean Hydrogen
i, Partnership

Approximate pressure evolution at brine

Approximate pressure evolution at

wellhead (static) [barg]

hydrogen wellhead (static) [barg]

70

60

50

40

30

20

10

160
150
140
130
120
110
100

~ 0
o O

Cyclic test program

15 30 45 60 75 a0
Test duration [days]

Cyclic test program
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Test duration [days]
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HPC- Hydrogen‘Pilot Cayern .

(Krummhoérn, GER) L. N ;

Myriam Panofen & Annette Lenze
Hystories — final conference, :
Paris, 251" May 2023 j




Uniper Energy Storage — at a glance

uni -
per

Energy Storage

Market leader:

We are the largest

gas storage operator

in Germany and one
of the most efficient in
Europe.

Gas Storage facilities in
GER, UK & AUT

Energy transition:

We are essential for
the energy transition
because we
guarantee the
necessary flexibility
for the renewable
energy system.

Ax TS D 80T\?I'h i !

Total gas storage capacity

Connected Market areas

Hydrogen:

Uniper Energy

Storage has a great
potential for storing
hydrogen in Europe.

Security of supply:

Natural gas storage
facilities are an
indispensable
component for
security of supply -
today and in the
future.

Climate neutrality:

We are proactively
developing our
operations, our
systems and our
products towards
climate neutrality.



HPC- Hydrogen Pilot Cavern

[ R

Uniper Energy Storage GmbH will build an H2 pilot cavern at
its site Krummhaorn until 2024 to demonstrate and investigate
hydrogen storage in a salt cavern.

Motivation for Uniper Energy Storage GmbH

e Testing of H2 storage operation and technology in a real
environment at a demonstration plant

* Understanding of permitting process and requirements

* Investigation of materials, subsurface and surface installations and
the functionality of individual components in H2 storage operation

* Development of a storage solution for green hydrogen on a
commercial scale.



H2 pilot cavern — project key data

2022 2023 2024
1234567 891011121112 3 456 7 8 91011121 2 3 4 5 6 7 89101112
Permitting I 05/2023
e Design Phase I 06/2023
Kliir;;e:m @) Falkenhagen Procurement I 002023
Construction I 00023
H2 First Fill
Test peration —

Project Key Data

e Geom. Cavern Volume: 1 000 m3

* Pressure Regime: 70 — 270 bar

e H2 Capacity: 200 000 nm3 =700 MWh

* H2 Working Gas Capacity: 150 000 nm3 = 500 MWh
e Max. Flow Rate: 1 200 nm3/h




Technical project phases

Existing Borewell Leaching Phase Cavern H2 Completion H2 First Fill
Brine
HydrcgenJ

Hydrogen
production —— Subsurface
string safety valve

Master valve

20" Conductor Pipe A
18 5/8" ng)nr Brine removal
£ ¢ . string

Overburden QOverburden

| — Cemented casing

Overburden Overburden

13:3/87 Nitrogen

Cemented Hydrogen
Eeit Hydrogen-
brine
Brine interface
Brine
Cavern
Salt Lol s scalel Salt inal Lo szale! inat te sealel Salt {10l L scaled



Investigation of existing well — cased hole

Cased hole section

* Inspection / exchange of wellhead components

* Caliper Log: investigate casing geometry

e USIT Log: investigate casing / cement quality

e Laboratory investigation*: H2 readiness of cement
* Laboratory investigation*: H2 readiness of casing

* Procedure and test performance verified by third party

Investigation of the suitability of the last
cemented casing as second barrier.

ongoing
ongoing

DNV

32" Cemented Casing
30 m MD

Overburden

18 "," Cemented Casing (Big Omeg
6572 mMD G <

Salt
Top Sakt 1,282.0 m MD

137, Last Cemented Casing
1,479.0 m MD

1411.2m TVD

Offset 67.8 m

i

———— Open-Hole Section

—

Brine

Final Depth
1.815m MD



Investigation of existing well —open hole

Open hole section

e Re-drilling of open hole section to:
* Re-access of the borehole
e Obtain a uniform borehole width.
Borehole survey.
Install test* / leaching wellhead.
e Install test* / leaching tubings.
* H2 readiness of test equipment proven.

NHNNNIE




Two-stage gas tightness test

Gas tightness test

* Tightness test with In-situ-Balance method with test medium nitrogen to;
* Verify integrity of second barrier

* Verify integrity of casing shoe area v/
* Provide basic requirements for leaching phase. D

* Analog tightness test with test medium hydrogen* to;
* Verify H2 readiness of second barrier
* Verify H2 integrity of casing shoe area
* Provide first indication for cavern’s suitability for hydrogen storage.

ongoing

* Test Procedure and criteria verified by third party. —_—

DNV

* Previous HAZOP / operational training for handling hydrogen. I\/|

uni
per

Pressure Lubdcator

Owverburden

Salt
Tap Salf 1,262 0m MD

Te MBine Interface

ING-Taxal

Measuring
Cable

Do)

Digital and Ansag Pressure
and Ternperstim Measurement

Test Gas (N2 or H2)

327 Cemenied Casi
30 m MD —L

18 " Cornen ted Casing

Test Gas

137" Last Camented Casing
14750 m MD
14112 m TVD
Oifsei 67.8m

Open-Hale Section

Bine

4" Duter Leaching Sting
27" kmner Leaching Sting

Firual Depth
1,815m MD



H2 test operation, investigation program

Master valve

Hydrogen
production
string

— Subsurface
safety valve

— Cemented casing
Overburden

Cavern
(not to scale)

uni
per

Material tests for hydrogen readiness

Investigation of subsurface installations.

Investigation of casings / tubings, plastics, polymers (laboratory tests, tests in situ).
Investigation of special subsurface components (Packer, SCSSSV, etc.).

Services
Application of typical E&P Services under hydrogen-atmosphere.
Investigation of feasibility to perform services like surveys, snubbing-works, integrity

tests, etc. in hydrogen caverns.

Quality of withdrawn hydrogen
Determination of H2 quality during injection / after withdrawal.
Investigation of chemical / microbial alternating effects of the hydrogen.

Thermodynamics, simulation of process parameters
Determination of the cavern temperature behavior in different operating scenarios.
Checking / calibrating the operating simulation software.

Rock Mechanics
Testing of different pressure regimes and injection -/ withdrawal cycles.

Cavern contour control by sonar survey.



Surface installations

Hydrogen injection
*  Supply of liquid hydrogen via truck,
evaporation on site. Hydrogen Cavern *-

- Supply of gaseous hydrogen by — oﬁ;’;’—* Hydrogen Injection with trailers (gaseous/liquid)
pr
~ / e

electrolyzer (partnership), compression
on site.
Field Piping Electrolysis

Hydrogen treatment

*  On site hydrogen treatment to supply
various end users.

e Testand comparison of different hydrogen
drying technologies (partnership). Hydrogen Injection into Transmission Gri

Hydrogen Treatment

—>

Hydrogen use cases

N e . Hydrogen Trailer Filling
e Injection into transmission grid, “
I|quefac_t|on and filling, fuel_qell power — ‘ -
generation and hydrogen filling station J ;
(partnership). J
. . Fuel Cell Power Generation l j}
Field piping Hydrogen Filling Station

e Existing field pipeline must be qualified for
the use of hydrogen.

per 10



Thank you!

For further questions, please contact:

Uniper Energy Storage GmbH
Myriam Panofen myriam.panofen@uniper.energy or
Dr. Annette Lenze annette.lenze@uniper.energy

https://www.uniper.energy/energy-storage-uniper

OO0OMvo

This presentation may contain forward-looking statements based on current assumptions and forecasts made by Uniper

u Energy Storage GmbH and other informaton currently available to Uniper. Various known and unknown risks, uncertainties
unl and other factors could lead to material differences betrween the actual future results, financial situation, development or
r performance of the company and the estimates give here. Uniper Energy Storage GmbH does not intend, and does not
pe assume any liability whatsoever, to update these forward-looking statements or modify them to conform with future events or

developments.
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Technical lessons
learnt from pilot
projects
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Hystories project consortium
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