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Large-Scale CCS Projects and the Role of Research
and Development in CCS Commercialization in
North Dakota, U.S.A.

CCS Technical Workshop 2026
Tokyo, Japan
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WATER
MINIMIZATION ,
TECHNOLOGY il

FUELS OF THE FUTURE

HIGH-BAY FUEL
TECHNOLOGY PROCESSING
DEMONSTRATION

NATIONAL CENTER
FOR HYDROGEN
TECHNOLOGY

_ FUTURE
MatEx
BUILDING

LABORATORIES

IN-HOUSE
FABRICATION
SHOP

OFFICES
PILOT PLANT

Our Facilities

254,000 ft2 of State-of-the-Art  piscovery HALL
Resources and Facilities MEETING AREA



COLLABORATIVE APPROACH

TRUSTED, DYNAMIC, WORKING

RELATIONSHIPS WITH INDUSTRY,
GOVERNMENT, AND RESEARCH
ENTITIES WORLDWIDE.
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g@EERC | LNDNORTH DAKOTA PCCR Critical Challenges. Practical Solutions.



8 7
CORE RESEARCH
PRIORITIES

Coal Utilization & Emissions

Carbon Management
Oil & Gas

Alternative Fuels & Renewable Energy
Energy—Water .
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ADVANCING CCS
THROUGH
INDUSTRY

GOVERNMENT

COLLABORATION
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U.S. DEPARTMENT OF
ENERGY (DOE)

REGIONAL CARBON

SEQUESTRATION
PARTNERSHIP (RCSP)
PROGRAM

)
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2003-2005 — PCOR Partnership: Characterization
2005-2008 — PCOR Partnership: Field Validation
2007-2019 — PCOR Partnership: Commercial Demonstration

2019+ — PCORartnership:
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Industry-Government

Partnership that shares
a common goal:

Accelerate commercial
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The PCOR Partnership Initiative addresses regional
capture, transport, use, and storage challenges facing
commercial CCS/CCUS deployment. The Initiative
focuses on:

« Strengthening the technical foundation for
geologic CO, storage and enhanced oil recovery
(EOR).

« Advancing capture technology.
* Improving application of monitoring technologies.

* Promoting integration between capture,
transportation, use, and storage industries.

 Facilitating development of regulatory
frameworks.

 Providing scientific support to policy makers.

« Engaging the public through outreach and
education.
_..--""'"_-"'

EDEERC | UNDRoRTH DAKOTA  PCOR

PCOR PARTNERSHIP

Critical Challenges. Practical Solutions.



Classification of Large Stationary CO, Emission
Sources in the PCOR Partnership Region'"
CO, Source Type Annual CO, Qutput, Lonnes

Agnouiture Processing « 100.000-500.000

Cement Plant

Patrocum and Natural Gas .
Sedimentary 3asin

Relirerins gnd Crwemical [nominal extent)

REGIONAL
SOURCES
AND
SEDIMENTARY
BASINS

MAJOR STATIONARY CO, SOURCES

INDUSTRIAL § PETROLEUM AND NATURAL GAS

ELECTRIC UTILITY
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Active and Developing CCUS Projects
in the PCOR Partnership Region
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REGIONAL ACTIVITY

40 years of CCUS Operations
>1600 miles of CO, Pipeline
~ 180 million tonnes of CO, Stored**

Project

Bell Creek EOR

Blue Flint

Cedar Creek Anticline EOR
DGC Beulah

U.S. Regional Pilots and Field
Tests

Aquistore

Quest

Gevo Richardton CCS
Weyburn

Wyoming EOR

Shute Creek Class Il AGI

Canadian Pilots and other EOR

Net CO, Stored,*
tonnes

11,900,000*
383,933 **

4,000,000*
2,629,068 **

> 2,000*

585,000*

> 9,000,000*
577,485™*

> 40,000,000*
97,000,000*
6,100,000*
7,024,000

US UIC Class VI Projects * Calculated estimate.
**Tonnes stored as of Dec. 2025.
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ENSURING
HUMAN SAFETY
AND
PROTECTING
GROUNDWATER

Cement

Potential
Monitoring
Program

Soil Gas
B Groundwater
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Geophysical Surveys

Fluid Measurement
Injection Rates

M Nearest Seal Zone
Storage Zone
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REGULATORY ENGAGEMENT

The Regulatory Roundup is a forum for sharing
and coordinating regulatory strategies to
accelerate commercial deployment of CCUS.

The goal of the meeting is to facilitate the
development of prudent regulatory frameworks.




STATES WITH PRIMARY REGULATORY AUTHORITY

North Dakota (2018) Class VI Primacy in the United States
Wyoming (2020)
Louisiana (2024)
West Virginia (2025)
Arizona (2025)
Texas (2025)

. Class Wl Aparavd
Praposesd Rulamsaking
. Praapplication Phasza
. Explarng Primacy
E Mo Known Activity
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STATE AND FEDERAL INCENTIVES

45Q Tax Credits West Coast LCFS Markets
Projects beginning construction before January 1, 2033, « Credits trading up to $54 per ton (Jan.
can claim credits for 12 years after operations begln 20206).
* Provides for direct payment for 45Q credits. « Stacked with 45Q.
« Tax credit for CO, stored in a qualified EOR project: North Dakota Incentives
$85/tonne. _ _ « No sales tax on capture-related infrastructure.
« Tax credit from direct air capture (DAC):
$180/tonne. * No sales tax on CO, sold for EOR.
« Tax credit for CO, stored in a saline formation: * No sales tax on construction of pipeline.
$85/tonne. * Property tax-exempt for 10 years (equipment).
* Tax credit from DAC: $180/tonne. - Coal conversion tax: tax reduction with CO, capture (up

to 500/0).
No sales tax on CO, EOR infrastructure.

Image Credit - EERC



Carbon Storage Assurance Facility Enterprise (CarbonSAFE)

* Began in 2016

* Build upon the knowledge and experience of the
Regional Carbon Sequestration Partnerships’ (RCSPs)

* Address key gaps toward carbon capture and storage
(CCS) deployment.

* Understand the development of a CCS storage
complex, from feasibility study to injection, through
the 4 phases.

—
..' l-. ®

* Reduce technical risk, uncertainty, and the cost of :
commercial-scale saline storage projects.

* Improve understanding of project screening; site
selection; characterization; baseline monitoring,

verification and accounting (MVA) procedures

S)EERC | UINDNORTH DAKOTA  PCCR Critical Challenges. Practical Solutions.
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https://www.netl.doe.gov/carbon-management/carbon-storage/RCSP

CARBONSAFE: FOUR MAIN PHASES

Phase lll: Site
Characterization and
Permitting

Phase I: Integrated CCS
Prefeasibility

Phase Il: Storage Complex
Feasibility

Phase IV: Construction

Critical Challenges. Practical Solutions.



U.S. DOE CARBONSAFE TOTAL PROJECTS: 83

CarbonSAFE No. of ‘= O
Phase Projects ® © = ®

| 13 &> ~
[ 38 3 ®
® @
i 30 ® - ® ® ® @© @
* © ® e B © oX
[11.5 1 ® 2 ® <
© . | ®
[V 1 ) o J
® @ @
® Z@)
C®
ol
T |

*Storage Development Plan
and Front-End Engineering ® ©@
Design Study

SDEERC | UNDNORTH DAKOT



COMMERCIAL CCS PERMITTING ACTIVITY

= Approved Class VI Class VI Permit
* Permit to Construct Application Submitted

Number of wells * Number of wells*
e 1-4 o 1-4
@® 5-9 O 5-9

1 O
A vl cesanns mre demoesialed sl oourly e

S)EERC | UINDNORTH DAKOTA  PCCR Critical Challenges. Practical Solutions.
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CCUS Project Status
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BK Fischer 1&2

CCS

Summit Carbon Storage #2, LLC Archie Erickson 2 ©
4.92 MMt/yr L [ &
98.3 MMt (20 yrs.) ® KJ Hintz 1&2

TERC 137430 ‘;‘_—_;} . —\’"\i,‘.&{\?‘?”_y:.i‘-" V'L-'}.,‘,Il,_,x/w"- g o _:_:\'\i:)"('_l':
X J f E “ 5 }T- .':LL,' < 3 7
v Class ' Well - o - Lake Sakskawea r{,r»-‘.b\' v < =
R, /' G :
@ Flanned Monitoring Well P s <\',_ R p. " | Blue Flint Sequester Co.
@ Monitoring Wel AR W . el TR & 0.20 MMt/yr
- | Dakota Gasification Co, 1& AMMLE (20 yrs.) '
3 Class VI Well . '__T/' | 2.7 MMt/yr A : 1
@ Characterization Well C°‘°.§" 6 | d2MME(12 yrs.) 'l'“ MAG 1 | MAG 2
| g
Y\ ~ ) 2
@ Plannad Class VI Well 3 E‘\ & - BEhtJ: FllrI\t
anol
@ Sclect CO; Sources PR \? Vision 1 .
reat Plains L
[ Storage Facility Area Flermer Synfuels Plant ',-‘ | Coal Creek
\ -\ Station
o 5 1 \
| | | L~ e —
e Summit Carbon Storage #3, LLC . & \.‘\\
6.49 MMt/yr T Y
129.7 MMt {20 yrs,) ,}/", L
N £ .:."::}l
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B uniy1 N\
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TB Leingang 1&2@ )
k) ,f'l'
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3.6 MMt {20yrs.) Summit Carbon Storage #1, LLC 6.11 MMU/yr ‘
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DCC East (Minnkota) | %
4.3 MMt/yr
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Milton R. Young Station ‘::\ BURLEIGH
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Critical Challenges. Practical Solutions.



Capture Facility: Ethanol Plant
Annual Injection Volume: 180,000 metric tons
Injection Permit Approved: 2022

Injected Volume: 577,485*

*Through 12/2025




RICHARDTON CCS PROJECT OVERVIEW

« Gevo owns and operates an ethanol

plant near Richardton, ND that
captures 180,000 tonnes of CO,
annually.

« Gevo complies with several permits
and incentive programs, including:

North Dakota’s Class VI permit;

U.S. Environmental Protection Agency’s
(EPA) Subpart RR monitoring, reporting,
and verification (MRV) plan; and

Oregon’s Clean Fuels Program.

Puro registry on the voluntary carbon
market.

SDEERC | UNDNORTH DAKOTA  PCUR

FarinerEng
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Source: RTE’s approved North Dakota storage facility permit application

Critical Challenges. Practical Solutions.



SCALABLE, AUTOMATED, SPARSE SEISMIC ARRAY (SASSA)

Seismic Source . @
A

Om

2000 m

4000 m

6000 m Monitor Point

Not to Scale EERC ALS3TH08 Al

= Monitoring of strategically located subsurface discrete
locations for understanding plume extents.

= Low-fold weekly reflection changes indicate change in
CO, saturation.

= Integrate with dynamic reservoir simulations.

= EERC team continued the development of SASSA
in partnership with Red Trail Energy (GEVO) and
Research for Innovative Technology of the Earth
(RITE) to perform additional research at the
Richardton CCS site in North Dakota.

Reservoir

Difference after Cross-eq

Vew 2 Pk Dot shaped_bod- 123545 - [O2_Stach_Baseire_DA4_Sof- L2 3545 D

» 4 L
oS0 oy
i I

()

o
-

AR BNRY

7 (o (o

(m,m SL‘-‘

o A 0 AT

05/14/16

bOBDOLLLH
R -R-

1< H(

mxo«.x Tese (va) 349

'R
-

Frve o

EERC AL54161. Al

Bell Creek Qil Field, MT — SASSA Example




Collected with 2 sources provided by PCOR member

Research Institute of Technology for the Earth (RITE) and . )
200 receivers (provided and deployed by PCOR member 3D seismic was collected with over
Paragon Geophysical). 1000 sources and 1000 receivers
Surface Orbital Vibe (SOV) 3D Seismic Vibroseis
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Dakota Gasification, Active CCS and CCUS
Beulah, North Dakota
EOR: 42 million metric tons to Canada

COOPERATIVE SUBSIDIARY | Dedicated Storage: 2.7 million metric tons per year
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DAKOTA GASIFICATION
COMPANY

Capture Facility: Coal Gasification Plant
Annual Injection Volume: 2.7 million metric tons
Injection Permit Approved: 2023

Injected Volume: 2,629,068*

*Through 11/2025
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Critical Challenges. Practical Solutions.



LOW-IMPACT SEISMIC DATA ACQUISITION
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BLUE FLINT SEQUESTER COMPANY

Capture Facility: Ethanol Plant §
Annual Injection Volume: 200,000 metric tons '
Injection Permit Approved: 2023 BLUE FLlﬂT

Injected Volume: 383,933*

*Through 12/2025 ( :




R N e .
__' oal Creek Station, Developing CCS
Underwood, North Dakota

Two Units: 1200 MW
! Two Units: Approx. 9 million metric tons per
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SR 0



UNDERWOOD 3D SEISMIC SURVEY:
BY THE NUMBERS 236 Square Miles of

120 Days | 40 Days —

Working in the Field | of Weather Delays

45,106 ’ocaions

1 94 Square Miles Accessed
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INYAN KARA

In the Inyan Kara, the survey reveals ancient
river channels similar to the modern-day
Mississippi River valley.

Photo Credit: Image captured from Google Earth showing the Mississippi
river valley in northwestern Mississippi.
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SAND
DEPOSITS

Critical Challenges. Practical Solutions.




BROOM CREEK

The Broom Creek sand dunes pinch out when
moving to the east across the survey area.

Photo credit: https://www.freepik.com/premium-photo/sand- b ‘
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https://photos.com/featured/aerial-view-of-coastal-dunes-namib-martin-harvey.html
https://photos.com/featured/aerial-view-of-coastal-dunes-namib-martin-harvey.html

CONVENTIONAL VERSUS SPARSE ACQUISITION

Conventional Seismic Data Acquisition Sparse Data Acquisition -
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DRIVING INNOVATION IN CO, INJECTION MONITORING

DAKOTA »
| gAsiEicaTioN  (~ ARB N

« To advance practical, scalable, and cost-effective s COMPANY T\/AULT
. . = gMg®  COOPERATIVE SUBSIDIARY
monitoring technologies for CO, storage and EOR o
projects, ensuring environmental integrity and
operational efficiency. ( North American
. . . . - COAL
— Integration of advanced technologies for improved caed B PR vt SN
reservoir characterization. eI Tt coreau sropeTEs compam
— Lower-impact, lower-cost monitoring solutions.
— Enhanced reservoir management through dynamic 2 gevo@ RlT§§
simulations. e
— Collaboration with regulators and industry partners. -
— Commitment to sustainability and safe CO, storage. EEEECERELE
PARAGON

CEOPHYSICAL SEFVICES. |
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Partnership

hd

SUMMARY

Industry-government collaboration and regional characterization
helped establish the technical foundation for the CCS activity today.

R&D demonstration projects improved understanding on site screening;
site selection; characterization; collection of baseline MVA, improved
understanding of technical risk, and reduced uncertainty.

Comprehensive legal and regulatory framework and defined regulatory
authority provide critical project development certainty.

As CCS commercialization continues, R&D programs are crucial to
ensure operational learnings are shared to improve next generation
project design, development timelines, and understanding of site-based
risks.



NORTH DAKOTA’S LEVERAGE

CCS Industry
Business
Incentive

Legal and
Regulatory
Framework

Defined Regulatory
Authority

20+ years of applied R&D in
CCS

CCS Commercialization
in North Dakota

Critical Challenges. Practical Solutions.
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Kevin C. Connors Energy & Environmental
Assistant Director for Regulatory Research Center
Compliance University of North Dakota
. 15 North 23rd Street, Stop 9018
and Energy Policy Grand Forks, ND 58202-9018
kconnors@undeerc.org 201.777.5000

www.undeerc.org
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NDIC Disclaimer

DISCLAIMER

This presentation was prepared by the EERC pursuant to an agreement partially funded by the Industrial
Commission of North Dakota, and neither the EERC nor any of its subcontractors nor the North Dakota Industrial
Commission nor any person acting on behalf of either:

Makes any warranty or representation, express or implied, with respect to the accuracy, completeness, or
usefulness of the information contained in this presentation, or that the use of any information, apparatus,
method, or process disclosed in this report may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of, or for damages resulting from the use of, any information,
apparatus, method, or process disclosed in this presentation.

Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or
favoring by the North Dakota Industrial Commission. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the North Dakota Industrial Commission.
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