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Global status of CCS : ESM /\“D

CCS development is scaling rapidly Enery Sector Management esistanc
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¥ IPCC (Oct 2018): Three of four
pathways require CCS

[ oPerATIONAL
B N consTrRuCTION

ADVANCED DEVELOPMENT

¥ IEA (2020): by 2070 up to 15% of
global emissions reductions could be
abated through CCS

EARLY DEVELOPMENT

= IRENA (March 2022): 20% of all CO,
emission reductions through (BE)CCS

by 2050.

CAPTURE CAPACITY (Mtpa)

L Bloomberg NEF (2023): CCS the
largest contributor (29%) to industrial
decarbonization in its Net Zero
Scenario = Currently, 244 Mt of projects in development worldwide

" 235 facilities worldwide

IPCC: https://www.cambridge.org/core/books/global-warming-of- 15c/D7455D42B4C820E706A03A16981893FA#
IEA: https://iea.blob.core.windows.net/assets/7f8aed40-89af-4348-be19-c8a67df0b9ea/Energy Technology Perspec PDF.pdf

IRENA: https://www.irena.org/publications/2022/mar/world-energy-transitions-outlook-2022
Bloomberg NEF: https://about.bnef.com/blog/net-zero-industry-requires-exponential-growth-from-carbon-capture-hydrogen-and-clean-power/



https://www.cambridge.org/core/books/global-warming-of-15c/D7455D42B4C820E706A03A169B1893FA
https://iea.blob.core.windows.net/assets/7f8aed40-89af-4348-be19-c8a67df0b9ea/Energy_Technology_Perspectives_2020_PDF.pdf
https://www.irena.org/publications/2022/mar/world-energy-transitions-outlook-2022
https://about.bnef.com/blog/net-zero-industry-requires-exponential-growth-from-carbon-capture-hydrogen-and-clean-power/

CCS Has A Long CCS Components and market creation

History

=)

Currently 30 facilities in 0

operation, capturing about 43

Mtpa

18 NAM + 4 Europe +3 in
MENA + 5 in RoW CAPTURE

CO; has been captured
61 CCS new facilities we added commercially since the 1930’s

in 2022 Capture technology has been
around a lot longer

This list now includes a wide
range of power and industrial

sources

Red circles indicate emerging o= & . [ Uvressor Ao
low carbon markets. While } - *j' y 3 Observations of adsorption
1742 -1786 Carl Wilhelm Scheele

green circles indicate nascent

regulatory areas
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TRANSPORT STORAGE

CO, has been transported in . CO, has been stored geologically in

pipelines since the 1970’s CO, EOR projects since the 1970’s

There are currently ~9000 km of . The worlds first industrial scale

pipelines in operation project (Sleipner, Norway) started
up in 1996

e Advanced Development e Early Development e Operational e Under Construction
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Development of CO, storage capacity Coivi/\
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- Historically, CO, storage focused on CO,-

enhanced oil recovery DEEP SALINE FORMATION

- As CCS has become more accepted as a
climate solution, focus has shifted to UNDER EVALUATION
developing saline aquifer stores

- 9 of the 30 facilities currently operating use DEPLETED OIL AND GAS FIELD
dedicated geological storage with the

remainder using EOR.
ENHANCED OIL RECOVERY

- 70% of the commercial CCS projects in
development aim to use dedicated geological
Storage (deep Sa“ne, depleted 0|| and gaS). NUMBER OF COMMERCIAL CCS FACILTIES IN DEVELOPMENT

10 20 30 40 50 60 70

B asiaraciric [ eurore

- Important implication: a business case for CCS
without the need for EOR is emerging B MIDDLE EAST NORTH AMERICA

Modified from Global Status of CCS 2022 Report, GCCSI  RESTRICTED 4



https://status22.globalccsinstitute.com/wp-content/uploads/2022/11/Global-Status-of-CCS-2022_Download.pdf

Problem statement

Carbon Intensity (Cl) of products are coming
under increasing scrutiny from regulators,
customers and general society.

High Cl products are particularly exposed:
- More stringent regulations

- Consumer demand influenced by internal
targets

Marketability

Significant uncertainties ahead:
- Regulations
- Customer demands

- Development & cost of low carbon
technologies

- Competitor activity

- Political drivers, e.g. Energy Security vs.
Climate ambitions)

- difficult to predict the impact of Energy
Transition on high Cl product marketability and
returns.

Carbon intensive products are becoming increasingly exposed to demand
/ margin erosion in the Energy Transition. CCS offers a solution.

Consequences

Potential consequences as regulators and
customers develop policies to reduce carbon
emissions:

- CO2 penalties incurred for high Cl products
sold into regulated markets (e.g. CBAM in
Europe)

- High Cl products sold into less attractive
markets at a reduced netback due to higher
freight and/or lower commodity price in
destination markets

- Discounts required to retain customers.

- NBS / bio-blending / Carbon credit offerings
required to retain customers.

- Loss of high value customers who can source
lower Cl products elsewhere

Solution

Sponsors
@ WORLD BANKGROUP

ESMAP

Energy Sector Management Assistance Program

Which combinations will occur, and on what
timeframe, is unclear and this will differ by
product and region.

However, even with these uncertainties it is
clear there is a need to reduce the carbon
intensity of higher Cl products to remain
competitive.

CCS provides a cost effective solution to
significantly reduce carbon intensity of
products.
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Value Chains

CCS Enabled Industries CCS Value Elements
Customer
— _
H d vantage
yarogen @ carrot
Market
Heavy -
o &
Price
CCS requires restructuring CCS Components
R i
how you look at End-to- i
LTO/NPV i
End Value chains. stick
Steel
Chemicals/ Assurance
EU CBAM and Japan EPS . i
P Plastics Point CCS Enabled Products
already driving market -
5 .
demand for low CI et ‘,l‘. \
roducts -
p Waste to M m * Governments Lo‘:’lre;dia‘;:on  Carbon Credits
o _— o | [ |
Mark_etshare
Direct Air CAPTURE TRANSPORT STORAGE Net Zero premie I
Capture — Emissions Targets
St
Value created through CO, abatement and CCS enabled lower carbon products
Y4 Positioning of Products in International Market, e.g., meeting CBAM requirements

Xiron Global 6
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WEYBURN
CO, EOR study by
Canadian O&G
Corporation

TECHNOLOGIES
Program at MIT
conducts research
to store CO,

Before 2000

A

N[ NorRway

Sleipner — CO,
capture &
storage is
developed

The European Union
Greenhouse Gas Emissions
Trading Scheme

commenced operations Co,

CARBON
SEQUESTRATION
LEADERSHIP
CHARTER. EU
commission and 13
countries

LOW EMISSION
COAL ENERGY
TECHNOLOGY
signed between
Australia and China

2000-2009

EU ETS

¥

CANADA CCS
QUEST CCS
PROJECT awarded
Federal and
Provincial funding
starts up 2015

DEPLOYMENT
AMBITION
to become a global
leader in CCS at
scale by 2030’s

 2010-2019

J INDUSTRIAL SCALE
CCS PROJECTS
In operation around
the world with full
chain pilots also
ongoing

EU CCS DIRECTIVE
Implemented establishing
a legal framework for the
safe geological storage of
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GLOBAL EXPANSION (see next slide)
EU-wide climate policies, CCS-specific
interventions in select countries. CCS key
in energy & climate US policies. APAC and
ME countries rapidly expanding CCS
ambition and regulatory framework

usS 45Q
US introduced the 45Q tax
credit to subsidise the
development of the CCS
industry

CO, CAPTURE PROJECTS PHASE 1
launched. A collaboration between 8
leading energy companies & 3
government organisation to conduct
research into CO, capture & storage

Introduction of

developed. EU CCS

FIT FOR 55
certification of CO, removals being

reviewed
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CCS LICENSING ROUNDS

UK, Australia, Canada,
Denmark and Norway

—— US DOE
Announces intention to provide
<$2.52 Bn in funding for CCS
programs to reduce emissions
from electricity generation and
industrial sectors

EU Framework on

directive documents



Regulatory Signposts
are emerging at high

pace

CCSis a rapidly
transforming market, with
significant global activity in

the regulatory space.

and transport legislation

| 1L}
il_ Norway

Apri 2: Two CO2 Licenses
awarded in the North and Barents

. in Gydan Peninsula
carbon storage hubs in the pRL R AL

Edmonton area

== USA —
CO2 for permanent storage are L —
regulated by the Environmental Netherlands
Protection Agency (EPA), and States July 2022 - License
can apply for Primacy. Only Wyoming applications
and North Dakota currently have submitted
CCS LICENSING ROUNDS Primacy

By July 2022 Texas, Louisiana, and
Ohio have all applied for primacy over
Class VI injection wells . Australia
+Nov 2022: Preliminary regulatory O 2022 Offshore Greenhouse
guic_ia_nce release d_ate GOM. / Gas Storage Acreage
anticipated to outline CO2 licensing Release - Af¥a nominations
HIOCESS closed 31st July 2022

UK, Australia, Canada, Denmark
and Norway

%

Sea

N 7] June 2022: Permit applications on the

N UK NCG accepted allocation expected in
I *I CCS Storage Licensing Round — H2 2022. Russia

Canada UK’s first CCS storage licensing Feb 2022 Novatex announced first of three

2022 Alberta Government round. 13 areas open and the - stages of certification for two CO2 storage
selected 6 proposals to largest globally to date. Awards sites one in Yamal Peninsula and the other
Explore the development of expected early 2023
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B Em Denmark =|= Norway _ !.-ZU o
Signs amendment _State supports open- *  Storage of CO2 included within Ten- WORLD BANK GROUP
to London Protocol  source transport and E regulations providing funding for
p
I l Belglum storage operators E Q kA A n
: + Storage and shipping eligible for v
Signs amendment to SIvis\
S rome | support under EU Sustainable [ | Kazakhstan Energy Sector Management Assistance Program
qigimgrotog NI LZR Finance Taxonomy Developing policy and
I *I Canada ot ¥ ‘?‘:’ B 1 EC studying potential design of pan-  regulations for CCUS
ikl cansultationan Pilot funding for carbon remova EU CO2 infrastructure networks
Investment Tax Credit projects. Consultation on «  EC studying inclusion of DAC in B
engineered carbon removals B Dol K PR GLOBAL EXPANSION EU-wide
for €CS policy (Sen X pamewt + @ South Korea
= Signs amendment to climate p0||C|eS, CCS-SpECIfIC
USA London Protocol . . . .
+ Infrastructure Investment and Jobs Interventions in SEIeCt countries.
Act provides ~$10-12 billion in mssSingapore . - .
funding to support CCUS Announced staged increase tMa:aVSIa i CCS key In ene rgy & CI Imate U S
+  Federal Sustainability Plan: Executi of carbon tax to reach $50- hcgulatory irameworkio . . .
il i b~ . CCS in development policies. APAC and ME countries
order for agency procurement of net E Oman and Qatar 80/t by 2030
zero goods g i i 1+1
Devel rapidly expanding CCS ambition
+ Inflation Reduction Act increases [’regi:/ai;‘::?or India _— Indonesia p y p g
value of tax cre_d!tg for C_CUS and DAC ccus Developing Released draft ministerial an d regu |ato ry fra mewo rk
and expands eligibility window. Brazil regulations for regulation for CCS
Draft legislation on pore space ccus S Australia
licensing. I WA drafting GHG storage
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National policy frameworks — North America regulatory environments e L LA

USA

Bipartisan Infrastructure Law (2021): S12bn for carbon management approaches

$2.5 billion for demonstration projects

S1 bn for large-scale CCS pilot projects

$3.5 bn for regional direct air capture (DAC) hubs over the next five years.

nearly S5 bn to support transport and storage infrastructure and sites.
Inflation Reduction Act (2022)

45Q and 45V for CO, sequestration and hydrogen production

45Q has additional provision for direct air capture (DAC)

CHIPS and Science Act (2022): S1bn for research into CO2 removal R&D

I* Canada

- 2030 Emissions Reduction Plan presented a roadmap meet the Canadian Paris Agreement target to reduce emissions by 40—-45 per cent by
2030, and to achieve net-zero emissions by 2050.

Federal CCUS ITC credit, set at 60% for DACCS, 50% for other CCS, and 37.5% for utilisation, transportation, storage.

Importantly, this reduces by 50% after 2030, i.e., intended to incentivise early investment. EOR is not eligible
Federal carbon tax — mandated to increase to $170/t by 2030

Mandatory GHG reporting requirement and policy support from Alberta and Saskatchewan emerging

RESTRICTED 9
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ANYP4 uk

AN - HMG published a Net Zero Strategy, and specific deployment targets for CCS, CDR, and H,
Project support through a competitive process to award grant funding to support FEED
Combination of CfD and RAB support for individual projects and CO, T&S infrastructure
Carbon tax supported via carbon price floor and emissions performance standard (EPS) to inhibit “backsliding”

4 CCUS networks by 2030 capturing 20-30 Mtpa, with £1 billion allocated to support CCUS development. First two recipient clusters
announced in late 2021.

European Union

Combination of EU-level and member state level action; CCS target has been set — “at least” 50 Mtpa by 2030, growing to more than 0.5 Gtpa
by 2050

EU CBAM creating international markets for low Cl products

70+ commercial facilities in stages of development — almost doubling from 2021

CCS is becoming increasingly trans-national : e.g., Switzerland/Iceland, Belgium/Denmark, Norway/Germany.

Storage permits: Denmark, Italy, UK news announced

The Netherlands and Norway are “front runners”, but e.g., Porthos or Brevik projects delayed meaning increased costs
Antwerp@C CO2 Export Hub is set to receive €144.6 million;
Ghent Carbon Hub, also in Belgium, will be awarded €9.6 million
D’Artagnan hub, in Dunkirk, France to receive €5.2 million in financing

https://www.euractiv.com/section/energy-environment/news/eu-sets-worlds-first-target-for-underground-co2-storage-capacity/ 10
https://www.euractiv.com/section/energy-environment/news/denmark-inaugurates-worlds-first-cross-border-co2-storage-site/



https://www.euractiv.com/section/energy-environment/news/eu-sets-worlds-first-target-for-underground-co2-storage-capacity/
https://www.euractiv.com/section/energy-environment/news/denmark-inaugurates-worlds-first-cross-border-co2-storage-site/
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National policy frameworks — Indonesia

Indonesia

- Indonesia is introducing "cap and trade" and "cap and tax" mechanisms, aiming to set emissions caps for high carbon sectors and
imposing carbon taxes, aiming to stimulate a domestic carbon market and encourage investment in carbon capture

- The regulatory status is nascent and centered around oil and gas abatement

* On March 3, 2023, Indonesia's ESDM introduced Regulation No. 2 of 2023, which governs the application of CCS and CCS in the upstream oil and natural
gas sector, aiming to reduce carbon emissions and enhance oil and gas output

* The CCS policy covers upstream oil, gas operations, and unspecified "other industries." The regulation permits direct carbon capture to be injected into
areas designated for oil and gas exploration

* Only companies with specific contracts, either with SKK Migas or BPMA (for Aceh region), can conduct CCS activities, with these companies potentially
being Indonesian or foreign entities with a permanent establishment in Indonesia

- Strict liability transfer regulation no incentives for technology innovation

* The contractor must continue to monitor their activities under the regulation for a period of 10 years after the closure of CCS activities.

* In case of carbon leakage the contractor must carry out repairs if instructed by the Directorate General of Oil and Gas

The regulation also requires annual measurement, reporting and verification activities, such as taking inventory of stored carbon. Third parties may also be
used to verify operations

- Current policy only relates to the usage of depleted oil fields and saline aquifers, in which current sites suggested a possible carbon
capture capacity of 12.2 billion tonnes

11
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Project team and key collaborators
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Syrie Crouch

Former VP CCUS at
major 10C, with 30+
years experience with
mega-project  delivery.
Overall development
and commissioning of
the Quest CCS Project.

Niall Mac Dowell

Professor at Imperial
College London, with 20
years experience in the
public & private sector,
focusing on quantitative

analysis & business
model development.

Laura Hurley

Former Head of GHG
Removals in UK BEIS,
with over 10 years in
public service. Oversaw
the development of the
UK’s CDR strategy, and
contributed to the UK’s
net zero strategy

Multi-national team

Unparalleled expertise in CCS

Combination of academic and real-world experience

Deep expertise in India

Vikram Vishal

Associate  Professor
IIT Bombay, Visiting
Professor MIT.
Vikram is a globally
recognised expert in
CCS, with particular
focus on India

Q GLOBAL CCS
INSTITUTE

Errol Pinto

Errol Pinto is the Senior
Consultant  Policy and
Commercial at the Global
CCS Institute. Errol is an
energy  sector  expert
skilled across the energy
value chain with
competencies in natural
resource development,
policy, strategy, and
project delivery.

& GLOBAL CCS
INSTITUTE

lan Havercroft

lan is the  Principal
Consultant — Legal and
Regulatory at the Global
CCS Institute. lan has over
10 vyears’ experience of
working on CCS legal and
regulatory matters and has
acted as an expert
reviewer or an adviser to
several organisations,
including the International
Energy Agency and the IEA
Greenhouse  Gas R&D
Programme.
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OIL AND GAS CLIMATE INITIATIVE

lain Macdonald

lain is the Principal
Carbon Relations
Advisor at OGCI, and

Principal Advisor
Carbon Technical
Advocacy at Shell

& Program
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