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RAG Austria AG Among leading technical

Company Profile and Underground Gas Storage
vicion operators

o State of the art facilities

* Innovation in energy storage

e Storage volume 66 TWh (6bcm)
« Unload capacity 30 GW

 Follow the vision to serve the
renewables with our existing
assets
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Working principle of Underground Gas Storage (UGS)
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Demand in seasonal energy storage
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Ny How can we assure a reliable power
o | i supply during winter months?
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Weekly total values of a modified Swiss electricity
system (basis 2010) displaying generation (columns)
and demand (red lines)
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Seasonal Storage Concepts
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RAG — Project overview

Abb.____ Fulltitel ______________________timeframe

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 Reservoirs 10/2021 —01/2023
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UNDERGROUND o {Q

Underground Sun Storage SUN.STORAGE @ :uswinn:
2013-2017

e Seasonal storage of renewable energy
» First of its kind, globally

 Hydrogen compatibility of geological reservoir
structures up to 10%

» Assessment of typical UGS materials
» Laboratory and field experiments
» Final report available here:

powered nke“r?l
fond
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UNDERGROUND rQ

| SUN.STORAGE @ Zsmax
Results relevant for follow up projects

Studies on storage integrity (reservoir, cap rock, cementation) executed with
75-100% H,

Steel grades tested at 100 % / 100 bar H,, partial pressure (wet gas system)
No curtailment of integrity detected so far
Field experiments without any anomalies

-> even 100 % / 100 bar H, partial pressure technically feasible
-> Evidence for Geo-Methanation — Basis for USC-Projects
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USS 2030 1Y El AUSTRIA AG

Demo project — 100% H , storage UNDERGROUND < 20
SUN.STORAGE @ 30

Water electrolysis r— Injection — m Gas grid

1
\O Compressor Gas conditioning — Lo
7 . ] }
1
|

« 2 MW Electrolysis

1.6 Mio Nm?3 working gas volume
e 400 - 600 Nm3/h

e 56 -76 bar

Power grid
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\Hz-lnjection H,-Withdrawa
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USS 2030 Iy El AUSTRIA AG

Objectives UNDERGROUND 20
SUN.STORAGE e 30

» Interseasonal energy storage solution
« Proof of technical feasibility @ ENERGIE
« Alignment between results from lab experiments powered by (TR +
and field test fond
» Development and demonstration of hydrogen — Bundesministerium
ifi i Klimaschutz, Umwelt,
purlflcatlon Energiei Mtobilitét, t _
« Modelling of the Austrian energy system — nnovation und Technologie
storage demand
- - FFG
« Use case consideration and developmentof ~ @® =

associated services

e waxiom  ENERGIEAG NSTITUT E VN @centa

AUSTRIAAG Wir denken an morgen

B @) %A Verbund vosstapme

RIYISRE WIVAPSG
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] SUNCONVERSK’N @ AUSTRIAAG
Underground Sun Conversion

e 03/2017 — 03/2021
Renewable natural gas » Field tests at a specific reservoir
» Final report in Q4/2021 available

Water utilization

o) R

i Electricity generated by solar

| and wind power will be converted
to hydrogen by electrolysis.

; & ENERGIE
{Q? *axiom INSTITUT
AUSTRIA AG ar de oswnees Beptee oo .

]

i iFA m acib
isms convert injected TN MONTAN

ject UNIVERSITAT
hydrogen (H;) and carbon dioxide - M LEOBEN B biotechnology

(C0,) into renewable natural gas
(CH,) and water (H0)

Using existing natural gas reservoirs

for conversion and storage of renewable energy "= Bundesministerium 2
Klimaschutz, Umwelt, powered nkellrrgnl
Energie, Mobilitat, fond

Innovation und Technologie
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Underground Sun Conversion
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Microbiology - Batch Reactors — Results SUN.CONVERSION @  susrmiasc

conversion process at increasing H , initial pp

..FA Gasmix 3: 2.5% CO,+ 10% H, + 87.5% CH,
L Gasmix4: 5% CO,+20% H,+75% CH,
: 7.5% CO,+30% H,+62.5% CH,

Gasmix 5:
10_20_30_40 % H2 Gasmix 7: 10% CO,+ 40% H,+ 50% CH,
- 10% H,
—— 20% H,
-+ 30% H,
- 40% H,
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Underground Sun Conversion —

Field Experiments
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SUN.CONVERSION o fQ

Conversion process perfectly established in
laboratory experiments

Geo-methanation also works in field
experiments

Several lines of evidence
Course of the gas composition
Genetic proof of methanogenic metabolism
Shifts in the microbiological consortium

Changes in the composition of
C-isotopes
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Carbon — Cycle Economy Demonstration fccoo B & AUSTRIA AG
Underground Sun Conversion as part of a sustainable and closed carbon cycle

L Mobility, End-user
applications
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WIVAP&G

 Integration of different CO, sources
 Demonstration of a closed Carbon cycle
* Flagship project within WIVA P&G

* Project duration: 07/2021 — 06/2025

. . VORZEIGEREGION
"= Bundesministerium ENERGIE
Klimaschutz, Umwelt,

Energie, Mobilitat, powered by 4k +
Innovation und Technologie nfg;%e '5 FFG
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Conclusion AUSTRIA AG

« State of the art underground gas storage facilities are
essential for Europe’s security of energy supply

* Increase of erratic renewable energy generation and the
Integration of gas and electricity markets in turn will
generate additional demand in seasonal and high-
capacity large scale storage options

« Underground Sun Storage as well as Underground
Sun Conversion technology can solve the problem of
Inter-seasonal energy storage
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Dipl.-Ing. Stephan Bauer
Head of Green Gas Technology
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RAG Austria AG
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A-1015 Wien
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Copyrights

Die RAG Austria AG ist bei der Recherche der in dieser Unterlage
dargestellten Informationen, wie auch bei der Auswahl der von ihr
verwendeten Informationsquellen um gro3tmogliche Sorgfalt bemiiht.
Dennoch kann RAG keinerlei Haftung fur die Richtigkeit, Vollstandigkeit
und/oder Aktualitét der in dieser Unterlage zur Verfigung gestellten
Informationen bzw. Informationsquellen tbernehmen. Die in dieser Unterlage
dargestellten Informationen basieren auf dem Wissenstand und der
Einschatzung zum entsprechenden, in der jeweiligen Unterlage angegebenen
Zeitpunkt. Die RAG Austria AG behalt sich das Recht vor, Anderungen
(Erganzungen, Einschrankungen udgl) der bereitgestellten Informationen
vorzunehmen.

RAG haftet in keinem Fall fir Verluste oder Schaden gleich welcher Art
(einschliel3lich Folge- oder indirekter Schaden oder entgangenem Gewinn),
die durch oder im Zusammenhang mit der Verwendung der in dieser
Unterlage dargestellten Informationen entstehen kénnten.

Samtliche Texte, Grafiken, Bilder, Logos udgl in dieser Unterlage sind
urheberrechtlich geschutzt. Jegliche, Uber den eigenen Gebrauch
hinausreichende, Verwendung wie auch Vervielféltigung (Abspeichern,
Ausdrucken, Versenden udgl) von Informationen (Texten, Grafiken, Bildern,
Logos udgl), die in dieser Unterlage enthalten sind, ist nur mit ausdricklicher
Genehmigung der RAG Austria AG zul&ssig.
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