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CARBON CAPTURE AND STORAGE

Global CCS Projects’ CO2 Capture Capacity Grows Nearly
50% in 2022

The CO2 capture capacity of all CCS facilities under development
increased 44% over the past 12 months, bringing the total capacity

The US Inflation Reduction Act of 2022 includes enhancements to Internal Revenue Service Section 45Q

and $369 billion in funding for climate and energy. The legislation extends the start of construction timing

to the end of 2032; lowers capture thresholds, including direct pay; and expands transferability. The US
Infrastructure Investment and Jobs Act includes more than $12 billion to be spent on CCS over the next 5

years.

CCS will not advance meaningfully without an
extraordinary shift in commercial incentives.



Sectoral Pathways to Net Zero 2050 Include CCS and CDR

(DOE, 2022)
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Strain response when_CO2 penetrating into the fine grain part
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SACS (Saline Aquifer CO:2 Storage)

North Sea, Norway (Statoil), Sleipner

....a 1 million ton/year

. .
TR

Carbon Tax: 7,000 yen/ton = 6.6 billion/year *20 year
44 billion+0.86 billion*20 year
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Storing CO: in Saline Aquifers (1/2)

Major Steps in Process of Finding
and Developing Qualified Sites
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Storing CO: in Saline Aquifers (2/2)
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DNV
Exploration Permi Storage Permit jection Permit Transfer of Liability
Portfolio Sufficient funding Container risk Monitoring and stakeholder focus
approach assessment
Focus on reducing largest
geotechnical uncertainties e.g. Risked based Iebe
Containment and Injectivity rate  monitoring plan % — %% % l— ; 6
critical for — e
Front end load data collection, lab regulatory = =5
analysis, specialist modelling approval EiE u E":,‘ E

studies etc. — earlier than oil and
gas developments Third party

> verification and
IEEI A _— certification

Stakeholder planning and engagement

Risk assessment

Community Concern, Risk Communication == Public Support
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IRM: CO:2 Storage Resources Management(ﬁiﬁ’l’iﬁiliﬁﬁi&ﬂ).
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How do we provide investment assurance?
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IMITSAU8RE 155/tC02/%F (7 : 38Fkw. EIURE : 90%)

(Captured)
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X PR EHITIZ2021FE 11 BIRTEDIZEM L TEZE A

17



JANIES @

HEHIIR fafiAE#%x BFEgith
AR NDFEERR
" _ ,
%
o ’g

T N
(#3%0EEE  a:100km. b:200km. c:300km. d:500km. e:1000km)

o | 2 155TICO/E  (Hi713875kW)
= 71 b: 3095tCO,/4E  (HH765KW)

HEHIRE 2000m
IRt 3km

iy s H=1
,E\TEEIE

15555tCO,/4F

- 1HRIR. 1B7EEY A b EnXE(F25—X (15575tCO,/4. 309/5tCO,/F) ZEETE
» BREIRN SETERH R 3K C (IR CRnx

- EnXEeRE(E50 — X (100 km, 200 km, 300 km. 500 km. 1000 km) Zz%E

- BFERIRIIACTEA (EHIRE2 km. BfFEERES km)

18



RofiHENX(CH1T B[O

IXER!. IERERICCSIAMDLEEL

fRfAEXE 1557HtC02/4 (i : 38 kw, [EIXER : 90%)

(BEEIR « RN FIRERN)

(Captured)
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Bottoms-Up Modeling Confirms the Important
Role of CCS/CDR (DOE, 2022)
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Fiber Optic Sensing for Multi-purpose Data Acquisition
(DTS, DAS, DSS) and Permanent Monitoring for CO2 Storage

| (H *cus’rﬂ%ﬁ%%)

® wel
(1) 10.000-foot bufter
Landowners

Access

Red Trail Energy

- No Access

Optimizegeologic storage operations

* Higherresolution and quantification(e.g., improve
characterizationof faults and fractures)
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Fault Integrity Monitoring (reactivation, leakage)
with Fiber Optic Sensing

caprock

o \\’:alj/’

CO2 Injection > reservoir
AN

CO: plume front

Displacement

Hastic
response

Pressure diffusion

&=

= EE——
Pressure diffusion

Fault
activation

Stress perturbation?

=) =
% Elastic response % Fault activation
* *
|5 gl
=] =] *
9 threshold 8 threshold
% _*__*__;_;;_9?_9?_' % 9?‘;“‘*“*“;“"
éi P e éﬁ * *
Pressure Pressure steps Pressure steps

Kakurina et al, 2020

pressure front

Installing fiber optic cables behind casing of monitoring wells for
Distributed Strain, Temperature and Acoustic sensing
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Collaborations: RITE-CSIRO
Fiber Optic Sensing for Fault Zone
Mapping and Stability Monitoring
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3. Dynamic behaviour

4 Passive deployment

» Fault zone mapping and monitoring with
Strain Sensing (RITE) coupled with
temperature and acoustic sensing (CSIRO)
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July 2016
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Collaborations Between RITE-CO2CRC
Fiber Optic Sensing for Fault Leakage Monitoring

DAS (Acoustic), DSS (Strain), DTS (Temperature)

New wells ?

w 15 m_Well 2/,,_.., 1

MM
3
-

Proposed obadrcalan

el /é—

deplh Targed Injectlan zone
WEm Yy

3

2

v

-
-
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FY2022: shallow well drilling, fiber cable installation, baseline (strain, temp) monitoring

FY2023~: water / CO2 injection, fault leakage detection, DAS/DSS/DTS monitoring
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Otway Intemational Test Centre y ,
Sy
e : o i e

v Denonstrated safe transport, injection and storage of G, intoa .y
depleted gas resenvoir
Otway Stage 2 (Risk Redudtion): 2009—2019
v Denror injectionof A0, into asdli
v Srage 2B—Near vell residual & solutiontrappingdharacterisation
v’ Sage 2C—Minimumdetedion, 4D M&V & Plume stabilisation

v Improve capability to predict the role of faults in controlling G0, fluid flowin
the near surface;

XTretion

v Improve near surface monitoring capabilities
Otway Stage 3: 2015—2022
v Developan™

¥ Two primary technologies - sub-susfex
(4 rewnonitoring vells)

v Feld test the varioustechniques to demmprstrate lower cost G0, nonitoringwith minimal
surface and ervironmental impact

v' Demor s y it the techniques at the Otway Site

cQacrc

Buidingalor

denand” sub<ufa

vnitoringaonaept
ismicdata lisition and pr




Quantifying storage risks @Northern-Lights Project
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Fault mapping from seismic

 Fault Seal and fault permeability

Pressure communication

3D geological modelling
Geomechanics and strain
Micro-seismic monitoring

Flow simulation
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Iterative Process towards Deployment

) T g

Sturage Infrastructure ) NEW CONCe ; I —
Fe X . V u

large-scale field projects to develop best practices for T

industry and facilitate wide-spread commercialization

Well Integrity and mitigation

accounting

« Storage complex efficiency and
security

|
|
1
1
:- Monitoring, verification, and
1
|
1

Storage Infrastructure Focus

« SMART: Science-Informed Machine
Learning for Accelerating Real Time
Decisions

«  CarbonSAFE ADVANCED

STORAGE

* Regional Initiatives «  NRAP: National Risk Assessment

Offshore Storage Partnership

» Brine Extraction Strategy Test (BEST)

Associated Storage
(CO, EOR)

US/DOE (2021)

! | Advanced Storage !

Subsurface stress Harness early-stage stnrage “cancepfs To technology” demonstration
. |mproved capabllltyto forecast risk of induced seismicity & compromise of seal integrity

Wellbore mtegrlty
» Find & assess legacy wells and novel materials/techniques for remediation

1 AOI 1: Fault Detection, Characterization, and Hazard
I

+ Improve AZMI tools

Plume detection and storage efficiency ] Assessment

- Locate plume margins & pressure increase; improve use of pore space)  MEeIet K =(o Kol Wo LAV (ool [aF-MalS\AC s EI = Toid=1g = (o] aWaa[=1d a[oLo iR (o]
" Site characterization " TTTTTTTTT prowdl_ng high-fidelity dataon fau!ts, fau!t S|-Ip.OI’ potentlal
I . Map reservoir & seal | heterogeneities and deep faults I fault slip, assessment of faults during active injection,

Reglona resource estimates
+ fling the data gaps & realstic basin:scale storage estimates)
Transformational sensing
+ Micro/nano and optical fiber sensing capabilities; wireless power/telemetry systems; edge
computing to enable intelligent monitoring systems 32

criteria for cost-effective methods for assessing and
choosing a site, and other related research
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NEFH@Bi#, NEDO, METI, RITE

@ Geological Carbon Dioxide Storage

~ Technology Research Association

— B bR itchAT S
ERitRES

Geological Carbon Dioxide Storage
Technology Research Association

Practical Guidance for
Geological CO, Storage

CO: ithrhBT BB iR HISE

Overview of
Geological CO, Storage

it
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COFEREF. BIAIARAREATFIRILE— EXRITESEH S48 (NEDO)
DEAXFBIYVBON-HRIZEDIBDTY,

This presentation is based on results obtained from a project (JPNP18006)
commissioned by the New Energy and Industrial Technology Development
Organization (NEDO) and the Ministry of Economy, Trade and Industry

(METI) of Japan.
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