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What is Geological storage, or Sequestration?

= The injection of CO, into geological
strata with the aim of permanently
isolating the CO, from the atmosphere.

=

Fu

= Income normally linked to the
production of clean products or the
absence of emissions penalties.

CCS industrial cluster

CO; Injection rate

Image courtesy of ZEP

Year



What Is the Resource?

Hydrocarbon Resource

® “An accumulation of petroleum naturally

occurring on or within the Earth’s crust”

m A subsurface rock formation containing an
individual and separate natural accumulation of

moveable hydrocarbons

Source: Shell

CO, Storage Resource

m “The ability to accommodate and retain CO,

in the subsurface”

m We are exploring for pressure space

m Space in the subsurface that can accommodate

co,




An Example
What is the UK storage resource?

m “The storage capacity is 78 Gt”
m Job done, let’s build a capture plant ...

s When are we ready to sign a take or pay contract?

m What do | need to obtain shareholder, government
or project finance?

= How many wells do | need to drill?

m What is my confidence of sustained injection?

Source: Exploration Taskforce

w
OILAND GAE CLINATE INFTIATH
T 2
%/
’
y . Bruce field

. Harding field
Qoo

t{f
2

T Coracle Aqg.
Grid Aqg.
Captain Aq. .

Captain field ® o
Captain X Goldeneye field
Forties 5 Site 1

Forties 5 Aq"

Mey Ag.

Maureen Aq.

Endurance
3 :\j,.\ Bunter Closure 40

Bunter Closure 36

Viking A

Viking fields

Bunter Closure 3

North and South Morecambe fields
Hamilton field

Bunter Closure 9

Hewett field

g

| UK FEED Study Sites
[l Selection Portfolio Sites
i . Top 20 Selection Inventory Sites
-

Note: areas of the circles are indicative of CO, storage resource potential.



The reality is not so clear cut ...

m How do we compare regional evaluations with

“bankable storage”?

m Regional evaluations use volumetric techniques -
rock volume x storage efficiency factor
m Very high level
m Not linked to a project

m Project based evaluations
m Hundreds of hours of work
m Seismic surveys

m Exploration and appraisal wells

Exploration and Appraisal Activity Zone

Discovered storage
(immature, injection
rates and container
limits untested)

Discovered storage
(injection rates and
container size tested)

Theoretical storage
(estimated from
existing maps and
well data)

Studies using legacy data and *OGCl estimates,

not to scale

new exploration wells

Studies,
and injectivity tests

appraisal wells **SPE resource cl.

Front|End Design and

A Engineering

~17 Gt
~61Gt*  (5-30)

(30-120)

Estimated percentage o;
storage that advancg

CO, storage for
Track-1 projects
is small

Bankable storage ~ Operational
(technically and (CO, injected)
commercially ‘ready

to invest’)

bubbles are X
| T
assification (B Task Force

ercial deal )
CCUS in action

16th Carbon Budget

Prospective** Contingent Contingent Capacity Stored
(unclarified or unviable) (on hold or pending)  (Proven)
Now 2 years 5 years 10 years

Timeline for CO, storage beyond Track-1 phase 1 projects

Source: Exploration Taskforce



A classification system is needed

m Consistent manner to classify (not estimate) storage resources
m Underpin investment decisions
= Underpin policy decision
m Track project spend

s Communicate between customers (capture) and storage

m Project Based - or might say, injection mechanism based

A
Commercial maturity

Technical range

v



The Storage Resource: SRMS

m Project based, built on PRMS

m Classification involves assigning the stage of project

maturity
® Major Classification thresholds
m Discovery
m Commercial (& technical) maturity

m Use P10, P50, P90 volumes and constraints

m Expect resource range decrease with maturity

https:

SPE classification of CO, storage resources

CLASSIFICATION
TOTAL STORAGE RESOURCES

STORED

Project Maturity Sub-classes

COMMERCIAL

CAPACITY

On Injection

Approved for Development

Justified for Development

TY

DISCOVERED STORAGE RESOURCES

SUB-COMMERCIAL

CONTINGENT STORAGE
RESOURCES

Development Pending

Development On Hold

Development Not Viable

Development Unclarified

UNDISCOVERED
STORAGE
RESOURCES

UNEXPLOITABLE STORAGE

UNEXPLOITABLE STORAGE
RESOURCES

WWW.spe.or

indust

RANGE OF UNCERTAINTY

= FID & permit

A

Discovery

INCREASING CLlANCE OF COMMERCI

CO2-storage-resourcessmanagement-system.ph


https://www.spe.org/industry/CO2-storage-resources-management-system.php

OGCI members supported SPE in development of SRMS

SRMS, SRMS guidelines, Global Storage Resource Catalogue

INACCESSIBLE

PROSPECTIVE
STORAGE
RESOURCES

commerical with
v Can the resource be accessed
S with existing physical or e=h
to proceed? - regulatory constraints? INACCESSIBLE
Jr— Prospect

Lead

DISCOVERY

Are the “storable quantities”

E
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<
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[*4
w
=
=
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w
o
w
2
©
F4
(7]
<
w
4
o
z

the subject of a viable

Sequence Play

E drilling target?
Has a nominal storage
site been identified? _—-
E Has the evaluation specified a
geological sequence by name? —p>
Have the
st.or.al?Ie Can the resource be accessed
quantities been with existing physical or regulatory S8
discovered? = or commercial constraints?

I O
B S

STORED STORED
- INJECTED i jE=—————
s Have the Is the project actively On |n]eCtIOI'I
7)) 3] Project ac —
[+ 4 storable injecting? a
m g CAPACITY _qgar:tlzgstbetTn Final Investment Decision 2 ™ Approved for Development
U = m]efc il o, e Does the project have % g.ﬂ
(o) ormations all the necessary approvals L_J C<
m o for development? % >
- - -
Development Pending
O -] Can a commercial development
m g be progressed without =
6 CONTINGENT significant delay?
m [+ 4
o u STORAGE Economc ST
oes the project ho =
m g RESOURCES a storage license? Lo i
Are the # o
0 g storavb_le Is there an active appraisal — % g
=] quantities or evaluation plan? o >
< 0 considered zk
69
o<
o .

INACCESSIBLE

INACCESSIBLE

Flowchart for the classification of storage resources based on the SRMS guidelines and terminology



o0 'Y KX ] - 9 ]
200 N EENE N @
s+ Qo e Pe 00000 .
T I X RN 'Y ENY ] ]
'Y X Y XY IR KN | o0
o9 'Y ENYY XX
L 1 RN X I N N NN N ‘RN |
oo XX T s D9 -e ssoihe
mW.o.....o 'K KK -0 L L
_ (Y KN 'Y I KX | o P . .
®) XX XX 'Y kX .
e@de FEY I I EEEE X I R X
cpesa. >+ 000000+ 5000 o
@ce L Y R *e000- 0909 ~20000
o 200202 +D 00000000000+ @
. ] (E RN NN XN TN T EYX EET R I N « 9
* ¥ L NN N . Y XX | oo 4 . [ ]
» ®- T EX K 'Y K 'Y FEN T EX KX |
TII I I XX x| @+ 00 L
YT EN ] - 00000+ 9-000:+-0
eDe 0200200000029 +*0 o0
I IR EN NN RN NEN §F N r® @
Y T KK (TN EN FEERNEET K eedD 000
+ 9 2002009000 s 0 (L F X B N [N X | ]
RN BN N N or 2090000 =
"‘X¥ I K 9 o0 +000009 [
® ® N KN X o0 N RN KRN
e ] ® &0 ' X N ] ® X K
] »  ENNE ENNEY NI Nl I X RN NN |
e 9 @0 L 1 X IR G L 1 EN
. L EN DY T X N +D+00 o0
e o000 +0009 *oe000 0009 oo
. (N ERIEN KX I  E NN N NN Y oe
] e ® 00 L X (XY 1l ERE Y
Ry X T1T X XXXIXIEEYI BT |
er e cDOO o0 ® ®e s
®e-c00000 oD Y I ™
@ en 00 r. ® 'TEEX LK
+ D@ o090 "mvn L Y RN Y
L . XX ] I RNNY KN | - " T EERE RN
# ( ENEN N NN NN X | (N EEEE T HEN Y NN
» (X L KN _.-..o. (RN XY I TR
L X L N N . o0 H . ¥ I KR
+ ® . L X @9 c 909
[ @csnee @ ® oDeoeonee
NI KK f.“. TE e 0+00
e « @ 200020 -000
L X X ) @ X N
° . 'e e 0200020000
T KN IR R ® ® ™
90 + 900 +000
" r. (IO NN § NN ]
D . Al KRR
» N RN ]
- ® ®
. [ L ] P
LR B [ a X
T RN EN X ¥ X
A E XX Y N NN
1113443 O) e
'.-l\c. cn..
.9 (Y T RENEN K
T ENNEE T X X | [ ""v
(N X X NN 'Y ¥ |
N NN AN T NN N
TIIIxxT! ® thl
A L ER X X NN
X KX XX . .
200 -9 o
. s B . L ] ® - o9
® + @ » [ N | esed L ] ®
. ®: - Y T .1. I . o0
poo scce® 0-00 .s es Qo0
* N I RY I X @ @re
-0 @+ 200 000 ot.a ®
' [ X ' N ] ] & l-.. [ ] [
7 ([ EN XY ¥ | o0 .* L
e oo L o0e o0 - = * L -
200 e 000 @cees -..q X I X
X » 'YX Y X ' o & ®
U] .c.l..a . [ X ™
® ® 0+ s08 088008 L] @
P » - ...l .. [ ] L]
XX | ®:osPDeleecodd o9 P
& 2 EX FE XN NN N N’ . N )
®e * D0+ Pe 900000
N K e X X X | 'E K | 'FENE KN
o) @+ ePe o8 ® * .
o9 OO0 + -0+ 9 L I .
@ (X FX BN NN Y N ) Do

e =

X 11 XN
Q-0

(XY L RN 1 X
LAY ENY ERY K
L X U L L]
... @ 8 * 2 @
"I EX I EENY
Qedede
L] o

L]

®
®

[N
oe9 0 -
" TEEX I K
00 +00+-90:-0
L] es oo
@+ DePreoose
KN N o8 s
| N BN .
*+000

XIIXTIXIIEX]



The OGCI CO, Storage Catalogue

Six year programme started in 2019

 Encouraging adoption of the SRMS

« Classifying all published CO,
stforage assessments through the
SRMS

Objectives
« Open web resource

 Transparency to the CCS
community, regulators, project
financiers, the wider public

« Share information on resource
marturity

Full report on ogci website

Large interest from the CCS community

https://www.ogci.com/co2-storage-resource-catalogue/ UNRESTRICTED



Six year rolling programme classifying storage resource estimates afj

JIL AND GAS CLIMATE INITIATIVE

Cycle Cycle 0 Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6
Period 2017 2019-2020 2020-2021 TBC TBC TBC TBC
Countries Australia Australia Australia®
ot bl Baltic Region Baltic Region Indonesia

(Denmark and (Denmark and

Germany) Germany)

Bangladesh, Bangladesh, Japan

India, Pakistan, Sri | India, Pakistan, Sri

Lanka Lanka

Brazil Brazil Malaysia

China Canada’ Mexico

Norway China South Korea

United Kingdom Norway
US.A United Kingdom

C0O; Storage Resource Catalogue

U 3 SA S ) Assessment Years
I 2020 I 2021

Figure 2-1 Map showing countries included in the CSRC.

UNRESTRICTED 12



Countries assessed — summary of results so far afj

IIIIIIIIIIIIIIIIIIIIIIIIII

o 715 resource sites from 18 countries CSRC 2020- CSRC Cycle 2 Update: Number of Sites

o 12,958 Gtresource USA (132)

UK (87)

o 96% is undiscovered Prospective S
Sri Lanka (1)
o 4.3% (551Gt) discovered sub- South Korea (9) e 0

Denmark (12) &
India (15)

Mexico (76)

commercial Contingent

o 0.25% commercial Capacity — Australia, Pakistan (17)
Canada, Norway and USA Indonesia (23)

China (72)

Brazil (28) Canada (67)
anada

Australia (42) Norway (42)

Figure 1-1. Number of potential storage resource sites assessed in the CSRC, by
country or region. N =715.

UNRESTRICTED 13



Breakdown covering all and only project related

JIL AND GAS CLIMATE INITIATIVE

M Stored M Capacity M Sub-Commercial ™ Undiscovered

= 10,000,000
2
@ 1,000,000
o
=
3
Q@ 100,000
L m
e 2 -
W 10,000
o -2 .
© E
5 =
1,000

&t 7

o
8 @ 100 A Undiscovered
£= A A b commeril
% 10 i A Capacity
2 A— A— Stored
E 1

UsA China Australia Canada South Korea lapan Malaysia Mexico Norway 114 India Pakistan Bangladesh Indonesia Brazil Denmark Germany Sri Lanka
W Stored M Capacity M Sub-Commercial B Undiscovered
10,000,000

1,000,000
100,000
o
m
o
wi
2 10,000
£
£
=
5 1,000
1]
[=]
=
100

Sub-Commercial

a— A Undiscovered
0
_—

10
S Capacity

1]
S
0
A A— Stored
Mexico

Mid level CO2 Storage Resource: Project Specific (Mt)

Morway UK India Pakistan Bangladesh Indonesia Brazil Denmark Germany Sri Lanka

usa China Australia Canada South Korea lapan Malaysia

SRMS Classification Maturity Class

SRMS Classification Maturity Class



Findings aﬂ

IIIIIIIIIIIIIIIIIIIIIIIIII

Data gaps
«  We would like more information to be shared and available on the Catalogue

SRMS is a project based system

SRMS Resources should be associated to a project description

The vast majority of the assessments are not

- 90 Gt only amongst 13 000 Gt of resources are associated to projects

- No indication on how the volumes could be stored

- Within 50 or 1000 yrse Injection only or brine extractione How many injectorse

«  We have implemented a filter to enable users 1o deselect resources not
associated to projects

«  We believe this remains a major weakness on current understanding of CO,
storage global resources

UNRESTRICTED 15



Ambitions CI:O

IIIIIIIIIIIIIIIIIIIIIIIIII

Becoming an international standard

«  With improvements from users feedback, new versions of the SRMS, ...
Transitioning towards a self-sustained Catalogue

« uploading SRMS-compliant resources to the Catalogue

Promoting project-base resource assessments to Atlas generators

 We believe CCS industry needs clarity on how resources will be
delivered

- What timeframe

- Need of brine extractione What injector density?

- What impacts (level of pressure increase, CO, migration, ...)
» And we welcome this workshop to have this discussion

UNRESTRICTED 16
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JIL AND GAS CLIMATE INITIATIVE

CO, Storage Resource Catalogue CI:O

*..F'

Legend

B Basin !
@ Formation
@ Site

@® To Be Evaluated

Source: OGC| UNRESTRICTED 18

https://www.ogci.com/co2-storage-resource-catalogue/




