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Declarations fAR!SC

RISC is a reputable and truly independent international advisory firm, providing impartial advice for nearly 30 years t
a broad range of clients involved in the exploration, exploitation and commercialization of subsurface primary energy
and storage resources, and enabling them to make their business decisions with confidence.

The statements and opinions attributable to the author and/or RISC in this
presentation are given in good faith and in the belief that such statements
are neither false nor misleading.

In preparing this presentation the author has considered and relied solely
upon information in the public domain. This information has been
O2yaAARSNBR Ay GKS fA3IKOG 2F wL{/ Q&
oil and gas industry and, in some instances, our perspectives differ from
many of our highly valued clients.

In some cases, the views and opinions of the author may differ from thosej,
held by others within RISC.

be regarded as affecting our ability to give an unbiased view.

—

RISC headquarter in Perth
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Carbon Capture Storage in APAC



CO2 Capture and Storage (CCS) AR!SC

High expectations on CCS to realize short term abatement; although sector growth is out pacing the industry
experience, CCS project pipeline remains small compared with requirements for Net Zero targets.

A CCSupplychain
1. CapturingCQ beforeit entersthe atmosphere,
2. TransportingCQ to storagesite,
3. StoringCQ undergroundfor centuriesor millennia.
A Achievementdgo date
I 37 Mtpa CQ capturedgloballyin 2021 (decarbconnectJar2023
I 1/3 stored permanently(Sleipner Gorgon,etcX); 2/ 3 storedasCQ EOR
A Nearterm
I Aproject pipeline to capture150-200Mtpa CQ underdev/construction
I Totalspendingto reach7.4 BUSONn 2023 (+136% Yoy, RystadJar2023),

I Most new projects are for permanent storage in depleted O&G fields
and salineaquifers

A REMINDEREANet ZeroscenarioassumesCC®f 8,000 Mtpa by 2050!!!
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Storage Business Models AR!SC

G AayA U dz 3 SEOt-dza NRS K daaONBRa ali2N}3IS aridsa
A Twomain businessmodels
1. G Lsitu& S E Ot daheredirilérgroundstoragesitesare near CQ source(ex. Gorgon)
¢ Largeplants: LNG Hydrogen,CoalPower, HighCQ Gasdevelopments(includesCQO EORand EGR)
¢ CapturedCQ istransported by pipeline routes.
2. &/ NBoadar& a K | NuBdRenearbyundergroundstoragesitesare not available(ex DeepCStorg
¢ Mainly to dealwith emitted CQ from heavyindustriesof developedcountries

¢ CapturedCQ isliquified andtransportedin a similar mannerasLNGto a sharedsite.
¢ Offshorestoragesite with / h floating storageand injection (FShhub facility

Onshore cO, 0 CO, captured & liguefied O Liguid CO, g O CO, Floating o Permanent and
Utilisation Plant from industrial sources in transported B Storage and i safe CO, storage
Australia & Asia-Pacific by ships Injection Hub i underground
Intermediate storage :
(Onshore or Offshore):

g & F

GL{yAldz 3 9EOf dza A 0S¢ G/ NEABRSNI 9 aKl NBR¢
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Fullscale CCS projects to follow in APAC (excludes North Asia)

Project

name

Arthit

Kasawari

Lang
Lebah
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Vorwata
Sukowati

PAU

Bayu
Undan
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CStorel

Gorgon
Cliff Head

Moomba
Moonie

Southeast
Australia

Sakakeman@CS project in Indonesia is unlikely to proceed following downgrade of resources
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Storage Type
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TBA

Depl reservoir
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Depl. reservoir

Depl reservoir
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Depl reservoir
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Depl reservoir
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Business

Model

In-situ

In-situ

In-situ
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border

In-situ
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In-situ

In-situ

In-situ
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Injection
Rates
(Mtpa)
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25

2.0
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2.07.0
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4.0

0.6
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0.2

0.2
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2026

2026

TBA

TBA

2026

2028

TBA

2027

2027
TBA
2019

TBA

2024
2023

2025

‘ In-situ & exclusive
O crossborder & shared

Distribution of key fulkcale development projects in APAC

CStorel
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Subsurface Characterization of Permanent {3forage



Subsurface characterization for permanent storage AR!SC

Permanent CO2 storage will occur in depleted O&G fields and saline aquifers with some significant challenges; we

aK2dzZ RYyQi LINBSadzyYS 6S dzyRSNRGFYR //{ 2dzad o6SOldzaS 4S5

Aln theory CCS is quite straight forward. However, detailed analysis, study and project learnings highlight issues tha
must be overcome

A Common aspects of CCS in both depleted fields and saline aquifers:

I Efficient surface transport of CO2 must be in the liquid phase (8afla at 20C). This reduces the volume of CO2
significantly (100 fold) for a modest (2 fold) viscosity increase.

I Similarly, efficient subsurface injection of CO2 must be in the dense phase (1d<18, 70C).
I COZ2 impurities can increase the pressure require to achieve dense/liquid phase.

I Storage formations must be deep enough to provide these pressures. Depleted reservoir cannot be too pressut
depleted. If dense/liquid phase COZpouriseshere will be a significant drop in temperature (thermal shock).

Depleted Petroleum Fields Saline Aquifers

A Extensive database, infrastructure and confirmed trap A Appraisal and data acquisition likely to be required

A Most likely that contingent storage resources will be defined without A Most likely that prospective storage resource will initially be defined
prospective storage resources as a precursor A Time to start up extended

A Time to start up could be minimal A Storage potential considerably larger than depleted petroleum fields

A CCS must compete with,tér CH storage A CQ migration a principal concern
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Depleted reservoirs: AR!SC

Existing data can be used to calibrate uncertainty and projects can typically enter the SRMS as contingent resource
Legacy wells and equipment may be-useable but also create leak vulnerability

A Mobile CQ replaces petroleum removed from the trap CO?2
I Initial storage resource estimates can be determined injection
by converting the produced petroleum volume to a [ 5

CQ volume at the storage conditions
A Advantages of depleted fields:
I Extensive database
I Existing wells, demonstrated trap
I Speed of implementation
I Limited monitoring as CO2 remains within reservoi
-> Key risks:

I Injection pressure must be constrained to prevent

seal failure
I Heterogeneity may cause unevathspersementof injected CO2 with CO2 going below the reservoir spill point

I Potential leakage through existing and abandoned wells and less likely through reaction with formation
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