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Battelle Innovates for the Future

We recognize global trends and help address the greatest and most challenging needs

Climate Resilience

H2 at Scale Enhanced REE / CM I'-_‘Iastics :
Geothermal Upcycling/Recycling
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Project Cypress Overview (DAC)

o CO, is chemically o CO, is then released from
bound to the filter thefilter and collected







CCS Experience

Project
Appalachian Basin
Geologic Test at R.E.
Burger Power Plant
Duke Energy—East
Bend Well Site
Michigan Basin
Geologic Test

Michigan Basin
Niagaran Reef

AEP Mountaineer

Project CO 2
Location Type Injected (Mt)
Shadyside, OH Saline 50
Rabbit Hash, KY Saline 910
Otsego Co., Ml Saline 60,000
Otsego Co., M EOR 1,900,000
Mason Co., WV Saline 37,000

Patterson,
Legend
CarbonSAFE Projects

e MRCSP Drilling/Testing Projects
B Active MRCI/Commercial Projects
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EPA Class VI

Review Review
3 1 2 0
4 4 16 0
) 11 27 4
6 16 39 0
7 0
8 2 2 0
9 11 20 0
TOTAL 48 139 4

* 4 approved — (2) ADM, (2) Wabash
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EPA Permit Tracker

UIC Class VI Permit Tracker

Last Updated
(6/7/2024)
1

Carbon TerraVault I, LLC: CTV Elk Hills AL-A2

Carbon TerraVault I, LLC: Elk Hills 26R

Lorain Carbon Zero Solutions, LLC: Lorain CCS

* Wide range of sources and
project types

Oxy Low Carbon Ventures, LLC: Brown Pelican

Carbon TerraVault Holdings, LLC: CTV Il

Carbon TerraVault Holdings, LLC: CTV 1il

Marquis Carbon Injection, LLC: Marquis Carbon

Heartland Greenway Carbon Storage, LLC: Heartland Greenway
One Carbon Partnership, LP: Hoosier #1

One Earth Sequestration, LLC: One Earth CCS

I

Denbury Carbon Solutions, LLC: Orion

e 2-3 years approval

Aera Energy, LLC: CarbonFrontier
Orchard Storage Company, LLC: Orchard
Lapis Energy (AR Development) LP: *Blue

Heartland Greenway Carbon Storage, LLC: *Vervain

= Quality and completeness affect
timing

Pelican Renewables, LLC: Pelican
Archer Daniels Midland: *ADM Decatur Campus

PureField Carbon Capture, LLC: Russell CO2 Storage Complex

Vault: Linden

Archer Daniels Midland: Maroa

Carbon TerraVault Holdings, LLC: CTV IV

Tenaska: Longleaf CCS Hub

Denbury Carbon Solutions, LLC: Leo

Montezuma NorCal Carbon Sequestration Hub: Montezuma Carbon LLC
Calpine California CCUS Holdings: Sutter Decarbonization Project

Heartland Greenway Carbon Storage, LLC: Compass

I

Four Corners Carbon Capture, LLC: San Juan Basin Sequestration

8P Carbon Solutions LLC: Jasper County Storage Facility

|

Milestone Carbon Midland CCS Hub, LLC: Dusek CCS #2

Carbon TerraVault Holdings, LLC: CTVV
CapturePoint Solutions, LLC: CCUS 1
Hub, LLC:

Pineywoods CCS, LLC: Pineywoods CCS Hub

il

1PointFive LLC: South Texas ion Project (Kleberg Hub)

6/1/2021 10/31/2... 2/8/2022 5/19/2022 8/27/2022 12/5/2022 3/15/2023 6/23/2023 10/1/2023 1/9/2024 4/18/2024 7/27/2024 11/4/2024 2/12/2025 5/23/2025 8/31/2025 12/9/2025 3/19/2026 6/27/2026 1/1/2027

**Keep in mind NOD response d acked before mid - year 2023. This may cause some discrepancies in data.

vere not alway

Completeness Review! - Technical Review?3 - Prepare Draft Permit - Public Comment Period - Prepare Final Permit Decision*
{est. 30 days) (est. 18 months) (est. 60 days) (est. 30-45 days) (est. 90 days)

- Time waiting on applicant in - Time waiting on applicant Time project on applicant requested hold
in Completeness Review! in Technical Review? on Technical Review of project

® Notice of Deficiency (NOD) Sent! A Request for Additional Information (RAI) Sent? - Applicant response time to NODs and RAls!2

I ——
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State Class VI Permits

State Permits Under | Permits Issued
Review

North Dakota 3 6
Wyoming 6 3
Louisiana 22 0
TOTAL 31 9

* Wide range of sources and
project types

* ND approval 6-9 months

10 BATTELLE
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CCS Components

*  Components of CCS Chain:

. CO, capture from anthropogenic sources e.g.
power generation, industrial plants

. CO, capture from natural sources e.g. direct air
capture

. Transport of CO, including compression/ pumping

. Injection of CO, into suitable geologic storage or > ; T oL s 17O, injection
.y . . CO, source ] , P g y
utilization of CO, in products o pmer it R
‘,..,kx’ ) S - compression uni CO, storage
. . . . P oz
. If injected, long-term monitoring and site care P

. If utilized, life cycle analysis

. Long-term Illustration of a Simplified CCS Network with
stewardship One Capture Unit and One Storage Facility
Credit: U.S. DOE

« Exploration « Capture » Decommissioning

+ FEED « Transport » Monitoring

« Injection + Monitoring

CCS project lifecycle
Credit: GCCSI, 2019

= Monitoring

I ——
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U.S. Emission Sources

Figure 3. 45Q-eligible facilities by industry and emissions

Table 4. 45Q-eligible facilities by industry and emissions o'
L ]
% .
Share of . . ‘S o . o
Number of - Biogenic . % R .. .
Industry Facilities 420-_Ell_glble CO, Methane . PYS S . L . . @
missions [ . o e e U o 0
Coal Power Plant 308 53.8% 1,269.6 0.3 3.0 6.2 . . . oo, o 8o 2 g et ol
. ™ L3
Gas Power Plant 571 238% 565.4 0.7 0.4 0.4 ’ . - . A '. S te .V ¢
Refineries 78 6.9% 163.3 - 0.6 0.4 °. o ey W0 .: . :p e > .-»;"'f."'.‘ °
Cement 135 3.7% 88.8 0.9 0.1 0.2 # S e e See ¢ ‘;g“ COSes N
L ]
Hydrogen 57 2.7% 64.3 : 0.1 0.1 o . 3 o .é'. . . ;'t.
[ 1 L
Steel 31 2.3% 54.0 - 0.2 - o g % c. '..'.;‘ Ch S /3 o TR
Ethanol 173 1.3% 31.0 8.97 0.1 0.1 :_? v . & o co0ge Yo ol g
Ammonia 21 1.2% 951 0.0 0.0 41 - °s -~ .'t:. e e ™ ¢ o
, v ., S - 0y o ™, 7 el
Petrochemicals 30 1.1% 26.0 0.1 04 0.1 - ~ e~ A . o #. ® o
Metals, Minerals & “e o, %% ."‘- } — - .‘o. Y °
Other . 37 0.9% 195 - 0.4 - v 0 N lgg - s
. Emiting Faciliies ~ ”J .. . ° e % '..‘.
Gas Processing 40 0.9% 19.9 - 0.7 - .‘_M @mm ..mm"m ﬁ T
Chemicals 16 0.8% 8.7 - 0.0 10.4 © -~ casponn .::,Ewm -.l'.:,-'is W"
PLANT
Pulp & Paper 18 0.4% 7.8 25.5 2.4 0.1 .cumms .ﬁ;gcmlNG@:’,';'; .ma .. Figure authored by GPI based o "
Waste 2 01% 0.8 1.2 0.6 - coALPoweR .mmm .Rmma .mTE * on data from EPA FLIGHT 2018.
Grand Total 1,517 100% 2,344.2 20.3 9.1 22.1

All emissions are in million metric tons.

Credit: Great Plains Institute
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CO, Capture — Key Concepts

* Key Concepts to Efficient Capture: CO, Management Addresses Diverse Sources, and the CO,

- CO, concentration Concentration Affects Technical and Cost Challenges
- Economy of scale
¢ Energy penalty Coal Power Plant Gas Power Plant Air Capture
0.04% CO2
* Secondary Factors: ~0.006 psia CO2

&

- Technology maturity

1st or nth of a kind
Modularization

Plant process optimization

Compress and

13

Ethanol Plant Cement Plant

100% CO, - ~22.4%CO,
~18.4 psia CO, ‘

Electric Power Generation X
Petroleum and Coal Products X z T X
Pulp and Paper R T X P o ohage B
~ Distillation gas

Cement Manufacturing X R T X

. . Cost of Capturing CO; from Industrial Sources, January 10, 2014, DOE/NETL-2013/1602
Chemical Manufacturing X Iz T X
S - - - - Typical CO2 concentration in emissions

Credit: U.S. DOE

Qil and Natural Gas Processing X z z T X
Pesticide, Fertilizer, Agricultural
Chemical Manufacturing X z %
Bioathans] Fermentation X Application of Various Separation/Capture Processes in Selected Industries

Credit: National Petroleum Council, 2021

Key: X =primary, Z = secondary, R = research/demo, T = theoretical.

BATTELLE



Project Considerations

* Economics & uncertainty

= Capture
— CAPEX, purity, engineering, compatibility

= Transport

- ROW, distance, cost, community, future plans

= Storage

— Local geology, plume size and pore space, legacy wells, community

* Public acceptance/resistance

= Engage early and often

I ——
15 BATTELLE



State Regulatory Frameworks

 State regs reduce uncertainty for project investment
= Test well permitting
= Pore space ownership
= Forced pooling
= Local permitting (county/city)
= Pipeline ROW

* States need explicit language for CCUS projects
* Class VI primacy reduces approval time

16 BATTELLE



Example Regulations

* |llinois (SB3441)

= Creates the Safety Moratorium on Carbon Dioxide Pipelines
Act. Establishes a temporary statewide moratorium on
construction of carbon dioxide pipelines until certain studies  [sut Statutory language
at the federal and State levels are conducted. inditns Codog HEes For split estate, “Talfer June 30, 2022, the

ownership of pore space 1s vested in the surface
estate” unless express conveyance to contrary

Kentucky Rev. Stat. Ann. § 353.800 “ “Pore space owner’ means the surface owner
Nebraska Rev. Stat. § 537-1604 Surface owner unless reservoir  estate

{containing underground voids/cavities) “has
been severed and separately conveved”

North Dakota Cent. Code § 47-31-03 “Title to pore space in all strata underlying the
surface . . _ 15 vested in the owner of the
overlying surface estate.”

Oklahoma Stat. tit. 60 § 6 “Land is the solid material of the earth, . . _and
mcludes any pore space.”

Utah Code Ann. § 40-6-20.5 “Title to pore space underlying the surface
estate 1s vested in the owner of the surface
estate.”

West Virginia Code Ann. § 22-11B-18 “Title to pore space m all strata underlying the

surface of lands and waters is vested in the
owner of the overlving surface estate.”
Wyoming Stat. Ann. § 34-1-152 “The ownership of all pore space in all strata
below the surface lands and waters of this state
is . . . vested in the several owners of the
surface above the strata.”

I ——
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Class VI Applications

Why would we worry about CCUS?

19

|

A
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Kentucky CCUS

* # Class VI permit applications =0
* But we need to be ready...

= Power plants

= Blue hydrogen (SMR) ,;:;?-'
= Heavy industry (metals)
* Well-defined regulations/statutes
(primacy?) -—
* Public outreach caon o e o -'--:;::“ ;f‘“‘gdf

. 45Q-eligible facilities
Sized by CO, emissions

@ Other industrial facilities
Credit: Great Plains Institute

I ——
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Geology

* We have the saline storage reservoirs

+
= Need to prove up beyond regional strat wells +
* North “
-
= Mt. Simon o
L 4
WeSt East Bend
- KnOX {% * *Hanson Aggregates
Marvin Ian**
= Shallower sands and carbonates Paradise
CO, storage opportunities
¢ EaSt Geologic storage opportunity

Assessed low-cost saline storage

" KnOX/SUb'KnOX Saline CO; storage formation
?’///ﬁ Fossil GO, storage formation

Credit: Great Plains Institute = Existing petroleum production site

I ——
21 BATTELLE



DOE CarbonSafe Phase |l: FOA2711

Facility Location
Paradise Combined Cycle Plant Muhlenberg Co, KY
Project Team Scope
Battelle (prime) Storage complex feasibility
KGS

Phase || CarbonSafe
Others

I ——
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CCUS Outlook

* High purity (economic) CCUS projects going forward now
* As technology costs fall other industries will deploy CCUS

* To retain CCUS projects (along Ohio River) KY must enact CCUS regulations to
remain viable partner

* KY CO2 sources are later-stage projects — we have time but...

23 BATTELLE
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BATTELLE

It can be done

800.201.2011 | solutions@battelle.org | www.battelle.org




CO, Storage- Geologic Requirements

The presence of a rock, typically sandstone or carbonate, that
1 | PesemE; meets the minimum depth threshold (>2,600 ft), reservoir
characteristics (>1,070 psi and > 88F), and is not classified as

USDW aquifer (>10,000 TDS)

Injection Well

Reservoir rock has the thickness and lateral continuity to meet

2 Capacity CO, storage requirements
3 Injectivity/ The ability of the reservoir rock to allow the flow of E
Effectiveness  supercritical CO, (permeability) 3

Confinement/ The presence of a rock that forms a barrier between the
Top Seal sequestered CO, and US drinking water

L -'. 2
Q.- >
1 e X, .
h | # P 3 <\> -'.
Nt "V e e |
NI o, ¢
| E e RN Ly

The reservoir is sealed laterally when applicable and any
5 Containment potential pathways for CO, leakage, such as faults, fractures,
are either absent or the risk is mitigated

26 Battelle Carbon Services BATTELLE
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CO, Storage

4 Supercritical CO2

CRITICAL POINT

304°K=31°C=88"F

83.8 bar = 8.38 Mpa
=1,070 psi

PRESSURE
P (8AR)

250 300

TEMPERATURE
T (k)

350

* CO2 has four states depending on Pressure and Temperature

* Supercritical CO, is fourth phase having density of liquid, but
viscosity of gas

e State occurs at pressures and temperatures commonly found in
deep, geologic formations

* Supercritical CO, state for plume management and
maintenance

Reservoir & Containment/Top Seal

Porosity: measure of the void, or pore
space, within a rock

\ Rock matrix

[ Void or pore space

Permeability: ability of porous material to
allow fluid flow

 ——
\ /
\~-¢,

\ﬁ—’v .
Fluid flow

Top Seal Example

High Porosity
High Permeability

Moderate Porosity
Low Permeability

Low Porosity
No Permeability

No Permeability

27
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ARCH2
Overview

Note: Proposed project locations based on preliminary siting are
subject to change during the detailed planning phase (phase 1).

Re-energizing Appalachia

Key State
o=7
ll

s — o s e,

e = F' t Mod //
“Amazgn irst Mode /
1\\\ /f/
“‘.pomi ion/SARTA ¢/ |
OHIO b
PlugPower/ MPLX EmP'f
omid
o=da._ S __ L7 T
" L ™ Long Ridge X |
S =
TC/Che!pou (\ PV ﬂ
ope Gas.

@l 4
L‘\, Fidelis ) WESTVIRGINIA

: Y Té’ Chemours

pZ |
//
g e
Za
( ~
i CNX:
KENTUCKY : 1|
%‘%a (89l A
ARCH2 03 {
Legend
Appalachian Counties —— Railroads . Surface H, Industrial . Power Generation
Homis Fusl Galls — Navigable Waterway Transportatlon Industrial Stationary
@ Green H, Producer gt—oggtgral Gas Pipelines (=8| Truck (@] Ammonia Distributed
O (B;Iue H, P;og:melr_‘ Subsurface H, Bus &| Chemical Hiat
W e gﬂ%‘gg&ace co, Plane . #®| Raw Materials Residential
Highway .Injector Hesy Equpment

Economically e Socially e Environmentally

APPALACHIAN REGIONAL
CLEAN HYDROGEN HUB
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Cincinnati Arch

Appalachian Basin
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Mount Simon Sandstone

Basal sand (westem)

Basal sand (eastern) orlower Rome sand
Uncertain ornone

Fault (nomal)

o\ ONNRDO

50 25 0 50 mi

BATTELLE



Explanation
Thickness(ft)y O CO, demonstrationwell

0
— 1,000 o Well location (‘
1,500

2,000 - Fault
3,000

e 4 000

5,000

BATTELLE
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Explanation
Thickness (ft) O Well with sandstone

wennans ()

o Well without sandstone

— 20
~ Fault KRFS
— 4030 Rome
60 50y Trough
— ) - \
— 2 e ‘ o — —
e 1w L ’ | € k : > - _\‘-& '(, 10

-

St. Peter Sandstone |
missing beneath sub- 0 50 100 mi
Cretaceous unconformity o [[] sandstone

BATTELLE
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