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Agenda

. Review of worldwide CCS projects status.

. 4 challenges to large-scale CCS projects
1) Cost.
2) Transportation and storage infrastructure.
3) Perceived risks from stakeholders.
2 Competition with other decarbonization technologies.

. Blue Flint CCS Injection (small scale, near site CCS
example)

. Q&A



Complex CCUS Value Chain

From Capture to Transportation and Storage
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Carbon Capture - - Storage
Pre/Post/Oxy -combustion *  Ports/ Marine e Class VI and Class Il Permitting
*  Physical, Chemical and Hybrid solvents *  Pipeline * Drilling and Completion
Licensed technologies «  Ship * Reservoir Modeling and Simulation
Novel technologies and Technology development *  Road Tankers * Geomodelling
(R&D) L ) * Techno-economics (45Q/LCFS/VCM)
*  Pipeline route analysis I . .
« Technology independent Materials and ) ¢ CO2 facilities design and modeling
. aterials and corrosion * CO, Wells design and modeling,
Permitting

Dynamic behavior * MMV/MRV (Monitor Measurement Verification)
* Geology/Geophysics
* Petrophysics/Geomechanics

. From development to decommissioning  CO,EOR




World CCUS Project Status 2022-2023
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2022 CCUS Projects by Type

150 CCS Facilities (100K+ TPA)

Global CCS Institute
Completed . .
In Construction I. I.
Early Development -_—- 1/6 is EOR

0 10 20 30 40 50 60

COUNT OF CCS FACILITIES INCLUDING DEMONSTRATION AND COMMERCIAL
FACILITIES (over 100,000 tpa)

@ ENHANCED OIL RECOVERY @ UNDER EVALUATION
6 @ DEEP SALINE FORMATION @ DEPLETED OIL AND GAS RESERVOIR



Global CCS Project by Sector and Scale
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CCS is Critical for Paris Agreement Goal

o Currently 2023:

o 0.05 Gt/yr (in operation)
o 0.36 GtCO,/yr (including early development)

. 2030: 0.8 GtCO,/yr in operation (16 times increase from 2023)
. 2050: 2.8 GtCO,/yr in operation (56 times increase from 2023)
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2010-2019 CCS Project Pipeline

2010 2019
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Challenge #1: Economics...improving but still tough

Carbon capture, utilization
and storage (CCUS)

EU Carbon Permits

USA
$/ton CO2 1 European ETS ~€90/ton ($97) 120
85
50 100
H “ 80

Previous value New Value

Number of Permits

60

B Sequestration B Utilization

BCG report 40

Expansion of existing 450 credit 20

to $85/ton for permanent
geological sequestration of CO2, 2014 2016 2018 2020 2022
or $60/ton for utilization of CO2 Year source: tradingeconomics.com
(incl. enhanced oil recovery)



Challenge

UsSD/tonne

Direct Air Capture

Power generation

Cement

Iron and steel

Compression only

Hydrogen (SMR)

Ethylene oxide

Bioethanol

Ammonia

Coal to chemicals

Natural gas processing

1: Economics...tough but improving
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CCS Cost Reduction: Solar PV and Wind Analogy

POWER GENERATION COSTS IN 2019

. Solar PV dro P ped 80%. Costs.cuntinued to fall in 2.01 9 for solar
and wind power technologies

. Onshore wind dropped 50%
« Opportunity: CCS capture
cost reduction of 50% in 10 o=

0.40

World Economic Forum

years? -
- "Blue Oil” (Captured CO, EOR). £ ox: .
- Capture technology. 210 e N

> CO, pipeline network.
- Economy of scale.

12

20702011 20122013 2014 20152016 2017 2018 2019 2020 2021 2022 2023
Completion year for committed projects per technology

PV csP @ oOnshore Wind @ Offshore Wind



Challenge #2: Source andiStorage Distangg -:..-

+ @
o Scattered low-cost . © @ \4)7 ®
: D i
small . e

« Isolated low-cost ‘8 N C@/j e
large CO, storage Pnot + e 3

@ /Q/) /\/\
site. ‘ ‘

itead States

- . LLas Vegas
« Long pipeline route ‘ -
eles
challenges. R
O SIZIﬂg " Ciudnd._Ju;}rm @ :
o Perm|tt|ng Jz‘cksfnviuc
o Cost.
Q In Development
Gulf of
13 Mexico

O Operational Mexico circle size is not to scale



Current CO, Pipeline

* Only ~5000 miles.
* Driven by EOR.

* Very few CO,
pipelines outside of
US.

...,

24~

Department of Energy
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TDakota Coal
Gasification Plant

Greencore Pipeline

Riley Ridge
LaBarge Gas Plant

i

Sheep Mountain 1

14

McEImo Dome/Doe Canyon . ‘

0

Bravo Dome

2

Century Gas Plant

Val Verde Gas Plants
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Number of U.S. CO,-EOR Projects
Natural CO, Source

Industrial CO, Source

CO, Pipeline

CO, Proposed Pipeline

CO,-EOR Region

Conestoga Bonanza

Conestoga Ethanol Plant

Coffeyville Fertilizer Plant
Enid Fertilizer Plant

9

Agrium Nitrogen Plant

Jackson Dome

Mississippi IGOC Plant
) 2

Air Products 19

Hydrogen Plant PCS Nitrogen Plant

L Denbury/Green Pipeline

U.S. regions with large-scale CO, Miles of
pipeline systems currently in operation Pipeline
Permian Basin (W. TX, NM, and S. CO) 2,320
Rocky Mountains (N.CO, WY and MT) 810
Gulf Coast (MS, LA, and ETX) 740
Mid-Continent (OK and KS) 480
Other (ND, MI, Canada) 215




Hypothetical US CO, Pipeline Network

929 million tCO,/y
106,000 km pipelines :
Capital in service: S170B

CO2 point source type

@ CO2 point sources

@® BECCS - power and fuels

@® Cement w/ ccs

@ Natural gas power ccs oxyfuel
CO2 captured (MMTPA)

* 0.0006449

® 709144

@ 158282

@ 7409

Trunk lines (capacity in MMTPA)
— < 100

— > 200

CO, flow in 2050 is 1.3x current U.S.
oil production and % of current oil +
gas production.
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Princeton University: Netzero America Report



Challenge #3: Public Perception of Risk

Navigator CO, Ventures cancels its Heartland Greenway
pipeline project, impacting over 30 ethanol facilities

ENVIRONMENT

Fatal Risk from Stored CO2 Leakage

Appears Remote
Q‘ Experience with natural seeps in Italy suggests that any CO2 leaking from proposed
Seasd underground storage is unlikely to kill
)
I3
[}
’
L

By Christa Marshall, ClimateWire on Septembe

r 14, 2011

Transportation route

=== Phase |
=== Phasell ;
. sequestration
< Capture facilities region
100 km
100 mi
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Source: Navigator CO,, S&P Global Commodity Insights



CO, Pipelines are safe.

* Nonflammable, Odorless, Colorless, and nonpoisonous.

* 40+ years of great safety record of 5150 miles of CO, pipelines
in US.

e Safer than crude pipelines.

— Since 2010, there have been 66 incidents on CO2 pipelines with no fatalities (PHMSA
data).

— 1.1 CO, pipeline incidents per 1,000 miles compared to 2.9 crude pipeline incidents per
1,000 miles (PHMSA data).

* Safer than electric transmission and distribution systemes.



CCS Storage Sites are Safe

Estimated worst-case amount as

Store Type 5 -
(Permit Awarded) e % of store capacity (125Mt CO2)
Injection peri Post-injection peri
Depleted Field Store Leakage from all wells 0.070% 35 eckempenen sl o I pales)
Lok : “ T— . Energ\C,TrarIsition Completed?
eakage from a : () © ' L)
geological features S 30 .- I <
i Q; | %
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o : | S E
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Saline Aquifer Storage Site 8 ] O _8
X m 7
] —
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geological features R I —— = ®)
Total leakage from 0.088% 10° 10! 102 103 104
storage complex Years (log scale)
Total estimated 99.912%
1000 years contained mass at
storage complex
UK Dept of Business, Energy & Industrial Strategy
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E P é‘m C I aSss yul ]' r;a Q C k er Class VI Perzr/r:/izto;racker

ant Name: Wells State County/Tribe
Denbury Carbon Solutions, LLC: Orion - ' s e 3 AL Baldwin
|4 Mississippi Power [ Southern Company: *ECO2S : . : - e e B 12 MS  Kemper
Tenaska: Longleaf CCS Hub : _ S = crrrerrrrrerenrerrrrrs oo e vrrs B 44 AL Mobile
Denbury Carbon Solutions, LLC: Leo : e o7 o ¢ -] y J 6 MS Simpson and Copah
Wabash Carban Services: Wabash Carban Services g : 12 IN  vermillion & Vigo
Lorain Carbon Zero Solutions, LLC: Lorain CCS v ) 11 OH Lorain
Marquis Carbon Injection, LLC: Marguis Carbon | - L 1 1 Putnam
Heartland Greenway Carbon Storage, LLC: Heartland Greenway | S /ras e 6 L Christian
One Carbon Partnership, LP: Moosier 41 | T s 41 IN Randolph
5 One Earth Sequestration, LLC: One Earth CCS = . S———cn o P 13 W Ford
Heartland Greenway Carbon Storage, LLC: *Vervain o A SRS i 3 n McLean & Logan
Archer Daniels Midland: *ADM Decatur Campus X o e e ; 1 4 I Macon
Vault: Linden | 2 777 R 41 IN Montgomery
Archer Daniels Midland: Maroa ‘ : e ; 13 1 Macon
Heartland Greenway Carbon Storage: Compass Y PZLTY <] 2 1 Dewitt
o = 4 ! -
Oxy Low Carbon Ventures, LLC: Brown Pelican | = ‘ | meeeeee o e e : 43 TX  Ector
Orchard Storage Company, LLC: Orchard . : SRZZLXZ : 7 ™ Gaines
Four Corners Carbon Capture, LLC: San Juan Basin Sequestration | s o s e mmr e e e o 1 NM San Juan
8P Carbon Solutions LLC: Jasper County Storage Facility - e ¥ 3 14 TX Jasper
Milestone Carbon Midland CCS Hub, LLC: Dusek CCS#2 = : > 2727 o0 veewe W 1 W Upton
Lapis Energy (AR Development) LP: *Blue | - : " o r o] 2 AR Union
6 CapturePoint Solutions, LLC: CCUS 1 | p—. 2 - v o riri 42 N/A  Osage Nation
Bluebonnet Seguestration Hub, LLC: Bluebonnet | 5 - 11 X Chambers
Pineywoods CCS, LLC: Pineywoads CC5 Hub : o e e B 14 TX Liberty & Hardin
1PointFive Sequestration, LLC: South Texas Sequestration Project... : 2T 1 TX Kleberg
BP Carbaon Solutions LLC: West Bay | . 0 s ammnen 13 WX Galveston
White Energy Carbon Solutions, LLC: Texas Carbon Stocage | b P : 111X Deaf Smith
8XVerde, LLC: Whites Bayou P 1 1 X Liberty
PureField Carbon Capture, LLC: Russell CO2 Storage Complex | = z = e, £ e v B ] 1 X Russell
7 Pratt Energy: Pratt Energy CCS Project 1 K Pratt
! r B
8 Carbon America: Denova | . 2z Z R 1 <o Washington
! + ‘ ]
Carbon TerraVault |, LLC: CTV Elk Hills A1-A2 N sy A 2 CA Kern
San Joaquin Renewables, LLC: San Joaquin Renewables : L . 1 CA Kern
Carbon TerraVault I, LLC: Elk Hills 26R | - g S Sesanns : 14 CA Kern
Carbon TerraVault Holdings, LLC: CTV L ¢ g e o 27702 o e . 15 CA San Joaquin
Carbon TerraVault Holdings, LLC: CTV Il - O | =SS ; 6 CA San Joaquin
9 Aera Energy, LLC: CarbonFrontier | ‘o . S s an Samaass \ 19 CA Kern
Pelican Renewables, LLC: Pelican | - - 22 Y 412 CA San Joeaquin
Carbon TerraVault Holdings, LLC: CTV IV ‘ > 2777 = m—ee—el 18 CA Sacramento
Montezuma NorCal Carbon Sequestration Hub: Montezuma Carbon LLC J = ‘ b e Saseee] 11 CA Solano
Calpine California CCUS Holdings: Sutter Decarbonization Project | 0 ‘ 13 CA Sutter
Carbon Terravault Holdings, LLC: CTVV o=—=m = cenreen Iy 16 CA San Joaquin
Chevron U.S.A., Inc.: Kern River Eastridge CCS 0 14 CA Kern County
Total Projects = 43 Jan-21 Jan-22 Jan-23 Jan-24 Jan-25 Jan-26 127

=) Completeness Review B Technical Review** B Prepare Oraft fermit B public Comment Period B Prepare Final Permit Dedision***
fest. 30 days] fest. 8 months) fest. 60 days} (st 30-45 days) fest. 90 days)

@ Notice of Deficiency (NOD) Sent A Request Tor Additional Information (RAI) Sent Apphcant response tlime to NODs and Rals

Note: Hashed bars represent estimates of fulure review periods.

*Completeness review restarted after substantial changes made to project.

**Estimated Technical Review period depends on the complexity and quantity of RAIS needed 1o evaluate the spphication
and receiving tmely responses from the applicant.

TR Time 10 Prepare Final Permit Decision depends on the number and complexity of Public Comments received,




ChaIIenge 4: Competition with Other Decarbonization
Technologies

. Solar/Wind - CCS
— Economy of scale. - Proven technology.
— Intermittence/Storage. _ Cost.

— Location limit.

, — No infrastructure.
— High land usage.

« Geothermal

. Hydrogen — Location limit.
_ Clean. — High cost.
- New/unproven - Renewable Fuel
technologies. :
— No infrastructure. - High cost.
_ High cost. — Feedstock limit.
— Blue hydrogen (CCS). Above all approach.

Selectively deploy technologies where it makes sense.



CCS Expected Risk-Adjust Return @ e an soar pusine
COmparEd W|th Solar PV and W|nd Bl At par with solar PV/wind

Profitable but below par with solar PV/wind

B Loss

N/A or do not know

Today 2025 2030 2035

14
7 21
50
=f | ,

Sources: Survey of commercial banks that have evaluated hydrogen projects (45 respondents) and CCUS projects (14 respondents); BCG analysis.
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Blue Flint CCS

(small scale, near site CCS, example)



Harvestone Low Carbon Partners Faclilities eomeiceon

Blue Flint Ethanol Dakota Spirit AgEnergy Iroquois Bio-Energy Company
ICM/Fagen — 2007 KFI/McGough — 2015 ICM/Fagen — 2005
74 MGY Ethanol: 25 M Bu Corn 77 MGY Ethanol; 25 M Bu Corn 57 MGY Ethanol; 19 M Bu Corn

200 K Tons of CO, 210 K Tons of CO, 165 K Tons of CO,




Blue Flint CCS Video




Blue Flint Ethanol CCS (Oct 2023)
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Blue Flint Ethanol CCS

. 200,000 TPA CO2 Injection Currently.
. Near site storage (3 mi pipeline).

. Broom Creek Formation ~4700 ft

. Underwood, North Dakota.

. Start injection on 10/28/2023.
— 3rdClass VI injection in the US.




Takeaway Points

. Challenges

— Economics.

— Distance between
source and sink.

— Public perception of
risk.

— Competition from
other decarbonization
technologies.

- Opportunities

— Blue oil (EOR).

— Near site storage.

— Capture Technology.
— Pipeline network.

— Economy of scale.

— Educating the public.
— Above all approach.



From: Exxon Investor Relations

Societal emissions

Today
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