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S&P Global addresses a range of questions regarding CCUS

What depleted fields could be potential storage candidates?

Which basins have known saline aquifers?

Where is CCUS activity happening? What are the trends for technology and
What fields are involved? innovation in CCUS?

What dry structures are nearby?
What is the seal & how extensive is it?

Who are the participants in this project? How is the regulatory, policy and fiscal
What does the project comprise of? environment evolving in key countries?

How many gas processing plants are there in the region?
What CO: volumes are captured?

What infrastructure is in place?

What are the current and forecasted costs for
Where are the large industrial emitters?

a varied portfolio of projects by type and size?

How many EOR candidate fields fall within 50km of

these plants and what’s the EOR potential?
What are the subsurface properties for

a given depleted reservoir? How are the CCUS strategies differing
What common geological elements are between peer groups?
reguired for a CCUS project?

Which solutions from SPG Commodity Insights address

these key question and help to de-risk?

S&P Global
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S&P Global Commodity Insights and Market Intelligence solutions

We have been working with E&P firms for over 60 years, supplying insights,
datasets, and analytics tools to geoscientists, strategists, market analysts, and
endineers to assess. benchmark, manage performance and de-risk investment.

Products highlights for ANP’s CCUS Data Management seminar:

Quantitying Upstream Transformation / CCUS Insight Subscription Service

Emissions Explore detailed cost, technology, supply chain and subsurface assessments crucial to
project planning and execution

Liability and
Relzase planning

* CCUS Project Database: Monitor CCUS project status, including technology, cost and
1 service company data. 820+ projects globally catalogued to date.
* CCUS Policy Tracker: Monitor CCUS regulations developments,

Measuring Commodity Societal Impact ) . .
Monitoring Insights integrated 03  andPlanning » CCUS Cost Indices and Cost Estimator: Current and forecasted costs for a varied

Varification end-to-end CCUS and Feasibility portfolio of projects by project type and size
solution offers one « Research: Detailed insights on CCUS developments
stop solution for
client needs
a Subsurface
s;;f;:t“:;d screening/Surface

volumes/retired pormsLLing/

carbon credits Data Collection

and Analysis EDM for Energy

Efficient data managementis a pivotal driver in accelerating carbon capture.
Organizing and effectively managing data is critical, not just in streamlining

2 processes, but also in saving substantial funds otherwise wasted. These savings
could be redirected toward vital CCUS initiatives, propelling efforts in combating
carbon emissions.

Financing/Evaluata Capture, transport
carbon prices and storage cost

S&P Global
Commodity Insights Copyright © 2023 S&P Global. 4



1 Upstream Transformation CCUS Service SPGI Upstream Transformation CCUS Service | 2023

Upstream Transformation | Subscription Service overview

Company

Compare company low carbon strategies and actions, assess their ability to execute, identify emerging corporate best practices

+ Company Low-Carbon Action Tracker: Monitor events that deliver upstream companies’ energy transition strategies and benchmark activity
+ Company Low-Carbon Strategy Profiles: Analysis of company strategies and potential challenges

» Research: Detailed insights on actions

Technology & Innovation <7
Analyze company technology development strategies and activities to meet the evolving needs of an industry in transition
» Technology Trends: Document and anticipate shifts in industry technology sourcing strategies, focus areas, and adoption rates

* Technology Tracker: Monitor technology development and deployment activities (e.g., internal R&D, partnerships, corporate VC) in the low carbon,
digitalization and core upstream domains

» Research: Proprietary frameworks and data sets, company profiles, and technology deployment case studies

{' Carbon Capture, Utilization & Storage ¢

I Explore detailed cost, technology, supply chain and subsurface assessments crucial to project planning and execution
I . : : . . :

1 * CCUS Project Database: Monitor CCUS project status, including technology, cost and service company data
I
I
I
I
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* CCUS Policy Tracker: Monitor CCUS regulations
* CCUS Cost Indices: Current and forecasted costs for a varied portfolio of projects by project type and size

= Research; Detailed insights on CCUS developments o o o o e mmmm e ——— e — e ———— -7

Government [©

Monitor regulatory changes and incentives that will impact project economics, compliance, technology deployment, market access, and policymaking in other

jurisdictions

* Government Low-Carbon Action Tracker: Monitor emerging government mandates related to upstream transformation on a country and state/provincial
level, and benchmark policy durability and stringency

* Research: Detailed insights on future policy directions & developments

[ N ——
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1 Upstream Transformation CCUS Service

A foundational component of the CCUS offering is its dynamic CCUS project
database & dashboard now available on our web portal Connect

CCUS projects & hubs: Overview web page

/ Data sourced via:

» Public sources (press releases,
research papers, conferences, gov’t
publications)

» SPGI proprietary databases (EDIN-
subsurface, midstream
facility/pipeline), ICONA N\

* Verified versus competitor databases
(e.g., Global CCS Institute)

<o7 data points (SPGI) x 17 (IEA) j

S&P Global
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Display project by:

Project status

i

“fear
12a0 2035

)W

Project scope

& All projects
Enhanced recovery projects
Hub projects
Hydrogen-related projects
Saline aquifer storage projects

Project filters (@
Erojzct locations

Al

Sroject status

All
Project siz=
All
Capture technalogy

All
Capture system
All

Oparatio. . 313%

Can...5.25%
Faasbl._ 42.38%
5.55%

8.3

Annuumm\
13.59%

" Design 15.5%

Plannsd

CCUS Projects & Hubs: Overview 410 9.59M

Numter of projects

364.71M
Capacily in the pipeine (tC021y)

20.73M

Last update: April 2023 Opersting Gagaclty (t02Yy)

Map of CCUS projects by project capacity ({CO2ly) and project status.
nstruction @ Design @ Feas Francing @Cperatonzl @Plamed ) @ Planned @ Design @Anncunced @ Financing @ Feasiiity/pilol @ Cancelled @ Suspenced @ Operaiionad

@ Anrounced @ Cancelied @ Construction @ Design @ Feasbility/piiol

Capacity under construstion ({C02'y)

SPGI Upstream Transformation CCUS Service | 2023

o2y
CCUS project relationship between Project status & Storage type
Project status (@Select 2nd category.  Storage fype v

Capturs configuration Capturs technology

co2 A ¥e Praject
t[cmc;?acm ‘Bar Toject type

Project name Project etatus  Country/Temitory  State'Provinces

g

Comprehensive \
industry database

~820 projects counted in
our database vs 573 (IEA)

vs Global CCS Institute

* Re

T\

/ Extensive data fields \

* Project name, location, status, ...
» Capture capacity, technology, ...
» Contractor and supplier information

» Transport distance and type (
e.g., vessel)

ported costs

J

Copyright © 2023 S&P Global.



2 Enterprise Data Management (EDM) for Energy

EDM for Energy | How it Works

Robust data integration, management, and workflows to support business operations and reporting

yuse & Apps

I i
i Real-Time !
I Updates !
ol N7 00O ONgy | G |
' Approvals & :
| C <—++ Challenges <—
I i
[ @ [ B B O OUIC e [/ Y (N [ - Py Y r | e T
1 - A
i SRR Scheduled |~ =
i Updates o : W
- i Authoritative
: """"""""""""""""" i Content ] II“IIIIIIIllIm..
] Event-Driven |
i Updates !
1 S | —— H
[ Load, Validate Match, Master Transform G ; Front End Dashboards,
i and Transform and Override and Distribute overnance - i i
. Controls ! Historical Storage, & Reports
e (.
Data
. ; Databases
Internal S&P Third Warehouse Data Enterprise X
Data Data Party Data GG&E Data Models Land GIS Bl | Lake Models Systems Pg;:;s
S&P Global S&P Global Market Intelligence
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2 Enterprise Data Management (EDM) for Energy

Before EDM

Regulatory Data

Midstream Data r

i (8 -

DB's Reservoir Data

S&P Global
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With EDM Regulatory Data

Seismic

Carbon Market
¢ Data
Midstream Data I

N /
Well Data

—Lg

Reservoir Data

I

Infrastructure

ol

Well
Seismic
Reservoir
Maps

3
i

Power BI

o

Dashboards

Digital Logs
Directional Surveys

Formation Tops
Midstream data

— Geochem
ﬁ Well Files ~
Regulations ¢
OsDU Downstream data

\ [d

Downstream Data [hddd Contractor

‘& o €3

Geoscience Software's

S&P GlybgttCoranseityloisights



SPGI Upstream Transformation CCUS Service | 2023

Agenda

1. CCUS as atransition strategy: The crucial role of CCUS in lowering carbon intensity has increasingly been
recognized by the governments and the oil and gas industry

1. CCUS project trends: Global new CCUS projects are taking off in the coming decade; can they all be achieved?

2. Hub developments: Hub capacity dominates the capture capacity addition; can the new business model enable
sustainable growth in future?

3. Lessons from past cancellations: Between 2013-22, 70% of planned capacity was cancelled or suspended. Will
history repeat itself?

4. CCUS in Brazil: Opportunities for large CCUS projects and hubs being planned in Latam, testing the industries and
regulators to eventually switch from pilots to deployments.

S&P Global 9
Commodity Insights
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To achieve Net Zero the world must reinvent its energy systems and redress climate
change at a scale never attempted in history. COP28 will seek a target for 2030 that will
challenge global ambitions.

Total GHG emissions in S&P Global Commodity Insights global scenarios, national NDC targets, and net-zero
pledges (MtCO.e)

—History ——|nflections —Discord —Green rules ACCS (net-zero)
MTM (net-zero) ¢ Min NDC Max NDC ¢ Net-zero pledges Stated COP28 Target
60,000

Temp rise 2100 / Fossil fuel % of TPED 2050

40,000 2.4°C / 58%

30,000
COP 28 Target 1.7°C/39%
20,000 (-22 GtCO2e)
L 4
10,000
1.5°C/ 20-30%
0
1990 2000 2010 2020 2030 2040 2050

Data compiled October 2, 2023.
Source: S&P Global Commodity Insights
© 2023 S&P Global
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In S&P Global’s long-term net-zero scenarios, at least 1.2 MMtCO,, of CCS capacity
are required globally by 2050, when combined with other decarbonization measures

S&P Global net-zero scenarios description Global energy related GHG emissions net zero scenarios
MMtCO,

Accelerated CCS (ACCS) - Widespread )

use of CCS to offset emissions from energy

and hard-to-abate industrial sectors such as

S > steel and cement. By 2050, 6.4 billion metric i \

i The net-zero | tons of energy-related carbon dioxide are

. cases are ! | sequestered, equal to 18% of 2021 energy _

constructed ! related carbon dioxide (CO,) emissions.

 backward, . 0

. starting with a | | 2020 2025 2030 2035 2040 2045 2050
. predetermined { |~~~ T T oo S STt Ts s T T T mm T T T T T T
. endpointof | Multitech Mitigation (MTM) > Supply

. global net-zero | | diversification, electrification, and renewables .

. emissions by | dominate as key drivers, as well as a moral

] 2050. | |, imperative to move away from hydrocarbons. i

___________________ Although there is some use of carbon \

capture, it is seen as an undesirable and
expensive enabler of hydrocarbon use that

) - 0
should not be incentivized. 2020 2025 2030 2035 2040 2045 2050

Energy related GHG emissions /7] cCs abatement

S SS;P GIOb-al . S&P Global Commodity Insights 11
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SPGI Upstream Transformation CCUS Service | 2023

Carbon Capture, Utilization and Sequestration (“CCUS”) is back in focus — but why?

Relevance of CCS worldwide

Essential tool for
decarbonizing hard-to-
abate industries

/
‘ol
/¢l¢
= Certain industries such
as cement and steel,
require significant power
and heat, not met with

current renewables
technology

» CCUS is the only current
available solution to make
deep emission cuts from
hard-to-abate industries.

1. Accelerated CCS deployment scenario
2. Net Zero Emissions by 2050 Scenario

S&P Global
Commodity Insights

=

= The use of CCS allows
countries to balance
transition with energy

security and economic
growth with fossil fuels

= CCUS can be retrofitted
to existing high-emission
industrial facilities.

Effective path to
negative-emissions
production

%

= CCUS is an enabler of
least-cost low-carbon
hydrogen production

= Applying CCS to
bioenergy (BECCS) can

lead to a carbon negative
source of energy

CCS underpins many of
the current net-zero
pathways

=

» S&P Global's ACCS1
scenario considers 6.4
MMtCO.e of CCS capacity
added to 2050.

* |[n IEA’'s NZE? scenario,
CCS projects could reduce
global CO2 emissions by
almost a fifth and reduce
the cost of tackling the
climate crisis by 70%.

S&P Global Commodity Insights 12
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=
-—

é&

Liguefication Transportation Utiizator

The burning of
hydrocarbon during
the industrial
production process is
the beginning of the
CCUS value chain.
Most concentrated in
energy intensive
industries, but also
present in most
economic activity

Data compiled December 2023

The capture of locally
produced CO,, driven
by national and
international policy
has increased the
market size and
demand of the
dedicated facilities via
retrofitting or
constructing new
capture machinery in
existing production
plants

Liquefication of CO,
provides several
advantagesin
reducing overall cost
of the CCUS value
chain, as this process
allows the liquified gas
to be stored and
transported in a much
more compact method
in comparison to its
gas form

CCUS = carbon capture, utilization and storage; MMtCO, = million metric tons of CO,.

Source: S&P Global Commodity Insights.

S&P Global
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Often overlooked yet
highly energy
intensive part of the
CCUS value chain,
compression plays a
crucial role in all parts
of CCUS, from
capturing to storage,
allowing plants to
compress gas into
desired pressure for
usage

The intermediary
process between the
capturing and final use
of the CO, whether it
is storage or
utilization. The
pipeline and/or ship
transportation’s
importance and impact
on the value chain has
grown with increased
demand of CO,
storage hubs

With increasing plans
to further equip plants
with CO, capture,
storage capacity will
have to increase in
order to close the gap
between anticipated
demand and the
development pace of
storage facilities

Offering potential
revenue stream, with
further development of
market required to
further incentive CO,
capture. Around 230
MMtCO, are used
yearly within fertilizer
and urea industry, as
well as developmentin
CO, based synthetic
fuels and chemicals.



Global trends on
CCUS activity

= Prepared for ANP — not for distribution
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CCUS Industry - recap

How traditional Oil and Gas operations compare to CCUS

Upstream Midstream Downstream
Finding & extracting Transporting & Refining, marketing,
oil & gas storing oil & gas & selling oil & gas

—

O

Finding pore space & Transporting Converting infrastructure to capture
injecting CO2 compressed CO2 CO2 and monetizing credits
Utilization / Storage Transportation Carbon Capture

CCUS - same data attributes, skillset, analytics, equipment etc
(with enhancements and retrofitting)

S&P Global
Commodity Insights Copyright © 2022 S&P Global.
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Oil and gas companies are the primary drivers of today’s operated CCS facilities,
using captured CO2 for EOR

Primary drivers for CO, removal in the past Deployed capture and integrated capacity worldwide by sector
Installed CO, removal and sequestration capacity (MMtpa) MMt CO2 per year capacity

e FEOR Industry use e Multiple == Jndetermined

0.13% of the North
global emissions America
in 2022

Methanol plant
The first integrated CCUS
project was built in the
1970s and 80s for EOR

!

Middle East Ethanol plant

Latin America Hydrogen

First offshore CCS at
Sleipner in the North Sea /ssie}f_ . Fertilizer plant
acific

Europe

1970-99 2000-12 2013-22 Oil and gas Other industry Power

Coupled with improved oil and gas revenue, the O&G industry has the
Data compiled July 2023 expertise to handle complex and large volumes of carbon capture and
Source: S&P Global Commodity Insights, Upstream Transformation Service. Storage WhICh COUld ]UStlfy Significant inveStmentS.

S&P Global 16
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CCUS as atransition strategy

CCUS fits in the transition strategy of different company groups

CCUS activity

Industrial decarbonization clusters

{ \ Decarbonize existing
Northern .
j operations
Zero Lights Project P
Carbon Acorn |
Humber | OFS — technology
Schute commercialization
Creek
> .
= expansion 1
2 Adriatic EOR [ 1
(9]
< Blue
Uthmaniyah co,
Solutions
: : I : L
bp Eni Equinor Repsol Shell TotalEnergies Chevron ExxonMobll Oxy ADNOC Saudi Baker Saipem Schlumberger
Aramco  Hughes
m Technology development B Commercial deployment
Notes: Technology development activity includes basic research, feasibility studies, technology development and demonstration. Deployment activity includes first-of-a-kind deployments, large scale (>0.4 MMt CO2 captured/year) developments and hub developments. Excludes OGCI activity
© 2022 S&P Global

Source: S&P Global Commodity Insights - Upstream Technology and Innovation Service

S&P Global Commodity Insights 17

S&P Global
Commodity Insights



SPGI Upstream Transformation CCUS Service | 2023

While only a handful of large, integrated CCUS projects are currently operational,
CCUS deployment activity is expected to accelerate over the coming decade

Large (>0.4 MMtCO, captured per year) integrated CCUS projects in operation and planning stages

; orge ]
° ] Finland

aJl Shal
(] ﬁO Algérie Oliwsl
Q o HX %0530 »
jeN "

Hub development México ‘ e o © © ndia 9
® Deployed TR o

i er G§vn
O Planned Tchad slis’  glagall Ons

UEST AL Philippines

Single source development Nigegia South Sudan ™ %% °
° DEPIDFECI Colombia 0‘(?;‘::“

© Planned
République

International boundary guCongo | Tanzania
o

- Claim, dispute, estimate, ~ Angola : A=
8 o

or unilateral boundary Bolivia
Mogambigue
; [

UN buffer zone

Joint development agud . |
infi Australia
zone limits Ay o

a %
o]
(]

Maote: Planning = proposed, financing,
design, and construction phases

Source: IHS Markit: 2007743

S&P Global Scaling carbon management business | December 2023
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The capture capacity is projected to increase almost tenfold compared to the
2022 level in the coming decade, led by North America and Europe

CO2 capture capacity annual addition for large projects (>0.4 MMt/y) by project region

= North America Europe = Far East mem Middle East mmm Australasia Latin America mmC | S Africa ~4— Cumulative capacity

Latin America C:|-S- Africa
Australasia 9oy, 1% 1% L e e e e
4% | /
Middle East g ]
7% :
| ——
>
= Fa{ 1E°/fSt North A:nerica i g
2 43% | =
= | ,g
c [
0 | 4
= | - 8
T [
© | g
= | -
— | ol
g Europe | 3
> 31% I £
: =
47 MMtly o
,10\0 ,LQ‘\\ ,)_Q‘\?' 20\6 ,lg‘\b‘ ,LQ‘\E) ,LQ‘\6 20\1 '10\% (LQ'\Q ,LQ'LQ 102\ rLQ'l?' rLQ'l?’ fLQ'LA‘ QQ'L‘Q 207—6 7—0?'1 7_072’ rLQ'Lg 0'50 0‘3\ 0'57' o “(\eé
x P
0
Note: Cancelled or suspended projects are excluded; projects fortransport or storage only are excluded “
Data compiled Jul. 19,2023.
Source: S&P Global Commaodity Insights, CCUS Projects and Hubs database of Upstream Transformation Service
® 2023 S&P Global.
S&P Global 19
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Storage dominates the use of carbon in new projects; enhanced recovery is the
main utilization type, while saline aquifer is the main storage type

CO2 capture capacity annual addition by carbon use

m Utilization Storage m others

Utilization Storage

= Agriculture products
= Chemical feedstock
» Construction materials
= Fuels
» Industry use

Other
= Enhanced recovery

» Saline aquifer

Depleted oil and gas reservoir

» Undetermined

* Multiple
= Volcanic/ metamorphic formatio
Unmineable coal seam

Yearly addition (MMt/y)

Note : Both pie charts are by capacity

QO Q A & \J <] N A A © O A
N A N S Sl A NG S S N A L Nl Sl i g S A '102:(\(««\36
wet

Note: Cancelled or suspended projects are excluded; projects for transport or storage only are excluded. Other projects are the ones that have not been confirmed for carbon use.
Data compiled Jul. 20,2023.

Source: S&P Global Commodity Insights, CCUS Projects and Hubs database of Upstream Transformation Service

© 2023 S&P Global.
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Hubs will play a prominent role in scaling CCUS in the near-term, providing a
potential pathway to transition CCUS from a cost to a business opportunity

Large scale CCUS and hub project deployment Large scale CCUS and hub project cumulative capacity (Mt/yr)
m Standalone project sHub m Standalone project m Hub (utilized capacity) »Hub (excess capacity)
, CCUS hub CO, sources until 2030 ' Forecast y
| et FOTECASE mEthanol plant —_— é
1 !
: Power plant (gas) - %
: Hydrogen production : " é
: - mOther ! % % %
: 2 = Cement/Lime factory : % % g é
! = mPetroleum refinery : % % % %
: 2 m Gas processing facility i % % % %
: Y Chemical plant ! % % % % %
1 FS} Waste processing | é % é % /
= i mAtmosphere I % / / / /
: . . - 7 7
3 ; s m Fertilizer plant i % % Z
3 : = L7 7
2 ; 8 i é %
] I
£ i 2 iz
© )
i E %: Z
I ; E . 2 Z
1 o 1
“EN WO Y | ¥ 111l i :
- o m = (7o B Co} M~ @ =] o = o m =+ 0 O M~ o @ o | | . . :
— — — — — — — — = ~ o~ o o~ o~ o~ N o~ ] ™ [}
&8 R 8 8 8 R R R R K K R K K KR R & &8 R R = @ 2 3 22 =2 2 85 8 838 8 & &5 &8 % 8
v 2 g g g o o o o o o o o o o o o o o O o
v (] o™ o™ ™~ o™~ ™~ o™~ o™~ o™~ o™~ o™ o™ o™ o™~ o™ o™~ o™ o™~ o™~
Note: Large scale deployments= 0.4 MMt CO2/year. Capture projects associatedwith Summit Carbon Solutions Hub, with an revised Note: Cancelled or suspended projects are excluded. Hub value chain project activity includes capture, storage, transport, transportation and
onstreamdate 0of 2026, consolidated into one project. Projects =announced, planned, operating, financing, design and construction phases. Data compile Dec. 13, 2023.

CCUSvalue chain project activityincludes capture, storage, transport, transportation and storage, and fully integratedprojects.
Data compiled Dec. 13, 2023.
Source: S&P Global Commedity Insights, CCUS Projects and Hubs database of Upstream Transformation Service.

Source: S&P Global Commodity Insights, CCUS Projects and Hubs database of UpstreamTransformation Service.
© 2023 S&P Global.

© 2023 S&P Global.
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CCUS hub developments

SPGI Upstream Transformation CCUS Service | 2023

While regulation is a critical factor, corporate capabilities and infrastructure assets
play also a key role in determining the success of CCS Hubs

Framework for hub development conditions

CO2 Emitters

» Stable regulatory environment
that incentivizes CO, capture:
» Carrots: Tax credits, CfD, direct
payments, infra grants and loans
« Sticks: ETS caps, carbontax

°
c
@®©
>

L

©°

o

Regulation

= Existence of anchor emitter(s)

= Nearby industrial sources that can be
aggregated to reach scale

= Proprietary capture technology

Assets /
Infrastructure

= Gas treatment process operations
= Major projects execution

» Process technology development
= Competitive landscape

Company

%}
2
E
©
Q.
G
@)

Source: S&P Global - Upstream Transformation Service Note: Bold = critical component

S&P Global
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Transport

Regulatory structures for rates and land
access

Pipeline transport safety and quality
standards

Cross-jurisdiction transport custody and
liability standards

Transportation right-of-ways

Existing infrastructure capacity to
transport CO2

Market access to decarbonized products
(e.g. hydrogen pipelines)

Business development acumen
Operational excellence

Complex network optimization
Regulatory and stakeholder engagement

ﬁ_ Storage

Policies to promote reasonable balance of
storage security with risk of leakage:

» Risk-based monitoring requirements

= Timely permitting process

= Post-closure liability transfer

= Large and contiguous pore space
holdings

» Subsurface data (e.g., seismic, logs)

» Repurposing of existing oil and gas,
equipment, wells and reservoirs

» Subsurface characterization and
uncertainty quantification

» Required authorizations and land access

= CO2 offtake agreements for EOR or
sequestration

© 2022 IHS Markit

© 2023 S&P Global. 22
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Social and regulatory barriers are creating delays and uncertainties in

Investments

Perceived risks

» Major local or regional accidents
create negative impact on public
perception.

Carbon leakage from pipeline
and storage (2020 Mississippi
rupture of pipeline)

» Environmental impact on land
and ground water

Carbon disposal and the integrity
of subsurface structure.

» Perception that carbon injection
could lead to more seismic
activity (Japan)

Data compiled November 2023.
S&P Global Commaodity Insights
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Some of the arguments that are
imposing project delays

* Public knowledge about CCS are
insufficient— often with
misconceptions

» CCS perceived as temporary
solution that only support use of
fossil fuels.

 Lack of long-term regulation for
CCS implementation

* Lack of clear safety controls and
measures

» Special provisions and liabilities
arrangements to parties that will
be affected

v Not in my background reaction — Residents are worried about the
idea of using relatively untested technology to pump carbon dioxide
under their streets with the misconception idea that it’s similar to a
balloon inflation into the ground

v The Heartland Greenway case: On October 20, 2023, Navigator
CO2 Ventures cancelled it's CO2 pipeline that would have spanned
five US states— with heavy resistance from local communities due to
its perceived lack of consideration of local land rights and
environmental concerns, which led to pressure on state-level officials.

v The Louisiana case: the core of the public debate is the proposed
blue hydrogen project with 95% of the associated emissions
sequestered under Lake Maurepas— creating delays.

v Summit Carbon Solutions: A similar multistate project by Summit
Carbon has also encountered state-level permit challenges in North
Dakota, South Dakota and lowa, and has delayed its original startup
timeline from 2024 to 2026.

v Wolf Carbon Solutions :Another large CO2 pipeline project by Wolf
Carbon has encountered less resistance as it spans just two states,
but opponents— emboldened by Navigator’s Heartland cancelled
project —have indicated they would soon ramp up the pressure.

v  Prolonged delays and/or cancellations of CO2 pipeline projects could
also begin to have a financial impact, potentially preventing project
developers from enjoying the full tax incentives from IRA, many of
which are time-bound (ending in 2033).

Global Carbon Capture, Utilization and Sequestration Industry Trends / December 2023 24
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Barriers | Challenges and sited reasons for cancellation or suspension since 2013

52% of reported cases faced financial problems or delays, leading to cost escalation and unfavourable project economics
during the past decade.

Project economics and regulations are the most reported reasons for Projects aimed to be developed by 2030 facing hurdles at various fronts
cancellation or suspension since 2013

. Transportation and

Unfavorable Economics storage ] = Public opposition and lack of
regulations

Public opposition and lack of

regulations Hydrogen
production

Lack of funding Palitical instability and sanctions

Geological integrity

Iron/steel foundry

m Altering to other low carbon

Altering to other low carbon I
solutions

solutions
m Cancelled

Lack of end market for captured Industrial cluster

carbon
Unfavorable Economics
Suspended

Technical inactivity Methanol plant

Pilot and evaluation stage
m Lack of funding
; MMtpa

Political instability and sanctions Mmtpa Undetermined

Data compiled November 2023.
S&P Global Commaodity Insights
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CCUS existing projects in Latam are mostly CO2-EOR related

Latam CCUS projects

Gulf of
MEXICO Mexico

= PEMEX pilots
= CCU-EOR
= (0.7 — 400 ktpa

= QOperational / Feasibility /

Feasibility
FS Bionergia
BECCS

= 420 kipa CO2

<743
744-35,500
35,501-230,000
230,001-465,000
465,001-1,900,000

Pacific Ocean

Caribbean Sea

=  Announced

» Repsol RSB
= DAC.SI

= 300 tpa CO2

Suspended:
Petrobras Miranga
Pilot CCU — EOR
146 ktpa CO2

BRAZIL

= Operational:
Petrobars Buracica
= Pilot CCU-EOR

= 35.5 ktpa CO2

Announced

Petrobras Cabiunas-Barra
do Furado

Pilot CCS

100 ktpa CO2 (pilot)

25 MMtpa CO2 (2" phase*)

24,600,000
©  Announced = QOperational
Feasibility/pilot » Haru Oni Magallanes
O Operational = DAC for synfuel
©  Suspended = 230 ktpa CO2

International boundary

Claim, dispute, estimate
or unilateral boundary

Data compiled May 29, 2023.

CHILE

Source: S&P Global Commodity Insights upstream E&P content (EDIN): 2009698.

® 2023 S&P Global. All rights reserved. Provided “as is”, without any warranty. This map is not to be reproduced or disseminated and is not to be used nor cited as evidence in
connection with any territorial claim. S&P Global is impartial and not an authority on international boundaries which might be subject to unresalved claims by multiple jurisdictions.
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Atlantic Ocean

Operational

Petrobras Santos Basin
CCU-EOR

10.6 MMtpa CO2

0 790
U

720 km

0 420 m

Latam installed capacity by type (ktCO2/yr)

mCCS Capture ®mCCU Pilot = CCU Operational

Integrated CCU
Operational

Integrated CCU Pilot

Capture
Integrated CCS i Expected tp be thg main source E
, of new projects going forward .
0 5,000 10,000

ktCO2/yr

*Among its options for transporting CO2, Petrobras is looking at repurposing existing pipelines, given the proximity of
the Campos and Santos basins to hubs of hard-to-abate industries such as the Cubatao complex, Sao Paulo state, but
new pipelines are also under study

Note: CTSatc, Diamante et others R&D partnership project being developed for CO2 capture for synthetic zeolite application on feritilizers. 3 year Pilot plant with 2 tCO2/day -,



Starting with ~1,100 O&G fields from S&P Global’s EDIN E&P database, our
screening process narrowed down the results to 68 fields for CO, storage potential

Petro-Physical Screened targets for
CO, storage

Oil Reservoirs
31 FIELDS AND 14
RESERVOIRS

Reservoir Depth Hydrocarbon Vol

Current Recovery

Gas Reservoirs

PG . 10 FIELDS AND 19
Brazilian 1,103 Fields 885 Fields 228 Fields 71 Fields 68 Fields RESERVOIRS
0&G 125 Formations 110 Formations . 69 Formations 40 Formations 37 Formations
dataset . . _
. Water Drive
59 FIELDS AND 28
+ Depleted Gas i SESERVORE
i+ Permeability > 10 m[ID
i Borosity = 100 i Unknown
\ orostty ) 8 FIELDS AND 6
SoIoIororooIoIooonT RESERVOIRS

— N o™ i Permeability > 1 mDi <t

o r D | * Porosity > 5% D

- 800m< o - OOIP>100MMstb ' &8 + OIRF>10% @& . API>28 D
Sifggg:{ Depth 1. ogip>100BCcF = * GasRF>50% = . tr>27°c ) § =

Note: T&&Bcﬁi@h&lre at different stages of production maturity and are chosen due to the availability of data . .
Source-c;gl?,ﬁm%d ity | nsights S&P Global Commodity Insights 28



Industrial facilities in the Southeast where there is a strong presence of iron/steel and
ethanol plants would be best placed to store CO, emissions in depleted Campos

basin reservoirs

Industrial emission hubs evaluated

i Hub 102 R e e e e
O Upper Northeast @ SP-MS SP-MS and Center-
C) West can also become
Center potential hubs due to
@ @ West the low cost of CO,
Con el Wast _Lower Northeast capture in- ethanol
@ @ Upper fermentation; however,
Northeast feasibility will depend
SP-MS, on transport costs.
@ @ Lower
Upper Southeast Northeast .
B Gas processing
Potential CCS hubs s
@,, cized by millanm GOy of @ Parana Ammonia and methanol
@Santa — capture is feasible for'\;lisl‘mum - Power
37.6 .
" @ Rio Grande - Ethanol
Rio Grande do Sul do Sul
Minimum Cement
Santa
Source: S&P Global Commodity Insights, SEEG, Global CCS Institute Catarina Iron & Steel
e e e oo e e e ot o g Il Refineries

Industrial sectors identified for potential CCS hubs?'?
Million mtCO./yr of industrial emissions where CCS is competitive

! Upper
: @ Southeast

48.9% L]

be subject to unresolved claims by multiple jurisdictions.

S&P Global
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1. Abatement potential was estimated based on 2021 reported emissions, which were broken down to the facility level; methanol facilities with potential capture capacity of less than 10,000
th02/¥ear and facilities from remaining sectors with potential capture capacity of less than 100,000 mtCQ,/year were not considered. Capture cost assumptions were based on estimate
ranges from Global CCS Institute, then allocated to each facility accordlngto the scale, normalized accordlrh%to the utilization rate for the refineries and power sectors, adjusted to Brazilian
costs by adding 65% import tax on the equipment portion on the total CAPEX and adjusting the WACC to 14% [ :
potential locations identified in the storage screening and evaluated the average costs using a cashflow discounted at a 14% rate. Transportation costs weré estimated for each state by using
a dlscounteljl Scs;alzs&gllomt/ Cmcg)dezl |r|1{ ag gheracltl\{eMw'\jaI\t)é |8 which the costs vage? accotrdlntg t? tlhe alljrr]ountt of claab%ndtrantsp%rteld |n|_tli16|_ rld(.j fehalgcgj exi:luded {aﬂl'ﬂef 0|ndwh|ch tthehtotal g(i cosE
surpasses m . 2. Hu as 1. as processing abatement potential and is not included due to the low likelihood of hub deployment. Hu oes not show abatemen . .
potgnual at proposed cost. 293sp S&P G|Oba| Comm0d|ty InSIghtS

Source: SEEG; Global CCS Institute; S&P Global.

WACC. For storage costs, we developed CO, projects représentative of the main
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A strong coordination with clear policies, a carbon market and financial incentives

are required to deploy CCUS at scale in Brazil

Main barriers and enablers facing CCUS advancement in Brazil

Main Barriers:

Existing Enablers:

= Lack of legal certainty on regulatory framework addressing
the risks for investors, especially on the storage liabilities.

= Clear policies and price signals have been a sine qua non
condition for early movers

= Costs remains largely prohibitive and cost reductions are still
uncertain. Developing technologies to reduce costs and
improve capture efficiency

= Difficult access to financing. Investments will need to rely on
NOCs, National Development Bank, World Bank etc

» Limited and aging infrastructure for CO2 transportation

= Lack of CO2 storage potential mapping: need granular sink-
source matching for hub development, including saline
formations.

» Social license — improve communication and public
awareness of benefits and risks of the CCUS, especially in
sensitive areas

» Advantage of depleted oil reservoirs throughout the region,

allied with extensive O&G operations and supply chain
expertise

Hard to abate industries concentrated in main capital cities,
mostly in the SE region

Mobilization of legislators to be early movers in the region,
sector public-private coordination

Large biofuels activity enabling negative emissions through
BECCS, and high support for development of blue H2.

CCS adds competitivity to the iron & steel and ethanol
exports via CBAM and LCFS. Brazil is the second-largest
emitter of CBAM-covered emissions.

Voluntary carbon market (e.g. RenovaBio): Companies can
offset their emissions through CCS and sell the carbon credits

Public support for funding R&D

S&P Global
Commodity Insights
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Final Key Takeaways

Continued stakeholder pressure to decarbonize has accelerated interest in CCUS — Fossil fuels will continue to
play a critical role in the global economy and hence to tackle the emissions, the deployment of CCUS is essential.

Increasing government support (e.g., US Inflation Reduction Act, Emissions Reduction Alberta Carbon Capture
Kickstart program) are accelerating the deployment of large CCUS projects.

Cost reduction remains the focus for making CCUS into a viable business. Near term, innovations in project
execution and operational efficiency (e.g., modularization, standardization) are expected to deliver 15-30% cost

reduction

CCUS hubs are expected to play a critical role in developing this carbon management industry — a pathway for the
oil and gas industry to transition CCUS for both own emissions and other industries.

Incentives, carbon prices and clear regulatory policy are just some of the areas that need much more attention — while
the intent to invest in CCS exists in Brazil, the underlying foundations for investment are still unclear.

S&P Global S&P Global Commodity Insights 31
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Thank you

PRIMARY LOCAL CONTACTS:

Rodrigo Vaz Renata Jaffar
rodrigo.vaz@spaglobal.com renata.jaffar@spglobal.com
CONTACT US

The Americas

+1 877 863 1306
Europe, Middle East & Africa

+44 20 7176 1234
Asia-Pacific
+852 2533 3565

www.spglobal.com/commaodityinsight
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