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Disclaimer

U.S. Department of Energy Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the
United States Government, nor any agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. 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, recommendations, or favoring by the United States
Government or any agency thereof. The views and the opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.

Battelle Disclaimer

Battelle does not engage in research for advertising, sales promotion, or endorsement of our clients’ interests including
raising investment capital or recommending investments decisions, or other publicity purposes, or for any use in
litigation. Battelle endeavors at all times to produce work of the highest quality, consistent with our contract
commitments. However, because of the research and/or experimental nature of this work the client undertakes the sole
responsibility for the consequence of any use or misuse of, or inability to use, any information, apparatus, process or
result obtained from Battelle, and Battelle, its employees, officers, or Trustees have no legal liability for the accuracy,
adequacy, or efficacy thereof.



Project Overview

Funding: ($8.1M DOE, $2.0M Cost Share)

Performance Dates: 2 years
(~Fall 2023 to ~Fall 2025 award pending)

Project Team: Battelle

(Research Institute in Columbus, Ohio)  SAFFELLE

DTE Energy (DTE)
(Detroit-based diversified energy company IE

serving 2.3 million electric and 1.3 million Q
natural gas customers in Michigan) } Smgmm'dm_mwm

. . . » Storage Site — SE M’ic_hi gan site, or
Objective: Develop an integrated | SR s
Complex (BWEC), St. Clair

commercial-scale storage complex capable o s s poovii e

CCGTw/CCS ~3 MThr
» Additional Sources — numerous

of storing 63-million tonnes CO, in saline s dong £ 3
formations within 30-years in the o
Southeastern region of the Michigan Basin.




Technology Background

Battelle & DTE are teaming to develop a CO, storage hub for
power generation sources & other emitters in SE Michigan.

63 MT Total CO,
Storage Complex
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fC,:;‘ COMMUNITY BENEFITS

» Clean Air

+ Jobs

» Education and Training

* Community Investments
and Improvements

LOW RISK

« No Seismicity or Induced
Seismicity
Few Well Penetrations
Few Geohazards
Experienced Project
Team

Usow
Depth: <1000 ft

Tight carbonates,
shales, and evaporites
Depth: 1,000-3,250 ft
Thickness: 2,250 ft

1 Tight carbon-ates
3 Depth: 3,250 ft

Thickness: 600 ft

1 Siltstone and shales
1 Depth: 3,850 ft

Thickness: 150 ft

| sandstone
| Depth: 4,000 ft

Thickness: 600 ft
Porosity: 12%

-| Permeability: 46 mD

Storage: 640-813
kTi/year per well

Reducing Risk, Advancing Technology, and Supporting Growth



Technology Background

* The project builds on collaborations MRCI . g
between Battelle, Midwestern s

Regional Carbon Sequestration
Partnership (MRCSP), Midwest

Regional Carbon Initiative (MRCI), &
a previous CarbonSAFE Northern
Michigan Basin Phase | project.

« A previous evaluation was also
completed by Battelle Carbon Services
for DTE to determine the feasibility of
commercial-scale storage in
Southeastern Michigan.

MIDWEST REGIONAL
CARBON SEQUESTRATION
PARTNERSHIP




Technology Background

Technology/Site Selection - Previous geological analyses delineated
>112 GT of storage in SE MI in the Mount Simon sandstone with
additional storage options in overlying saline formations. The area is
estimated to have 1.3-2.9 MT/mi? in the Mount Simon sandstone’.

Two storage sites have been analyzed to identify storage
reservoirs, characteristics, feasibility of meeting storage goals:

— The primary site is located west of several emitter sources including potential
future sources in SE Michigan.

— The secondary site is located further north of the sources.

Requirement Evaluation Criteria

Adequate storage resources The geology at the site has demonstrated large capacity with high-integrity
and injectability confining systems.

Simulated site performance
to meet program goals

Dynamic simulations show commercial scale injectivity.

Targeted low population, non-protected regions which have favorable public
acceptance and not occurring in disadvantaged communities or areas impacted
by environmental justice concerns.

Project partner, DTE Energy, has evaluated potential ROWs to link their
sources to the proposed site, and has favorable communications and
relationships with railroad, ROW owners, and landowners.

Michigan has long history of oil and gas and disposal operations with

Regulatory and policy

I Y demonstrated regulations and policy to ensure safe practices, state goals to Candidate Storage D:ﬂm = sl A
achieve net-zero emissions, and climate action plans that include CCS. Loeations S———
o T 7500 ftdeep I sutece Obstach = Woode:
Opane

1Battelle, 2005. The Midwest Regional Carbon Sequestration Partnership (MRCSP) Phase | Final
Technical Report, Submitted to U.S. DOE December 2005. 6



Technology Background

Two anchor CO, Sources & additional sources >10 MT/yr in SE MI.

— The Blue Water Energy Complex (BWEC), located in St. Clair Co., emits
approximately 3 MT/yr. BWEC is a 1,150-megawatt (MW) NGCC power plant, which
powers approximately 850,000 homes.

— Potential future NGCC plant supporting clean energy transition in Southeastern
Michigan that could support the transition from coal to cleaner energy resources.

Together, the two NGCC plants have the potential of capturing 6 MT/yr
or 180 MT over 30 years. Providing viable storage options in the region
would open the possibility of storage to >10 MT/year of CO, sources.

Blue Water Energy Complex
NGCC Plant

CO, Sources in SE Michigan

Est.
Annual
Emissions

Emission Source Industry Michigan County  (MTCO3)
- Blue Water Energy Center  Generation  St. Clair 2.700.000
_. - Future Potential NGCC Generation  TBD 2,700,000
CMS Energy - Dearborn Industrial Gen.  Generation  Wayne 3,100,000
Cleveland Cliffs - Dearborn Works Steel Wayne 800.000
Marathon - Detroit Refinery Refinery Wayne 800.000
Air Products - Detroit Hydrogen Hydrogen  Wayne 400,000
Carmeuse - River Rouge Steel Wayne 200,000
DTE Sub-Total 5,400,000

Third-Party Sub-

Total 5.300.000

Grand Total 10,700,000




Technology Background

Preliminary economic feasibility completed for Hub scenario.

 Initial analysis of transportation and storage costs has been
conducted for the primary site, which accounts for transportation
from new NGCC powerplant options in SE Michigan.

* As the project grows, the CO, storage hub may offer transportation
and storage options to additional emitters.

Preliminary Cost Estimates for Preliminary Land Use Screening
CO, Transportation and Storage for CO, Storage System Development
. Commercial Storage Project O Project Sources
Project Phase YIS | TCAPEX | OPEX | Total > Other Sources

Site Screening 1 $0.1 $0 $0.1 ;ﬁ":;es'::”‘e
Selection/Characterization 1 $41.6 $0.1 $41.7 Secondary Site
Perm1tt.1ng/Construct10n 3 $34.2 $0.7 $34.9 EI i
Operations 30 $65.7 $120.8 $186.5 I Crops/Pasture
Post-Injection Site Care I Forest _
(PISC)/Site Closure 50 $94.0 $59.9 $153.9 E gz:g:zﬂzg: rg]& Ved
Subtotal Storage $237.70 $181.50 | $419.20 [] Developed, Open
Transportation 30 $47.6 $.884/yr 74.1 % ﬁ;‘,‘fﬁgimwsﬂub
Subtotal Transportation $47.6 26.5 74.1 I Open Water
Total Project Costs - $285.30 $208.00 | $493.30
Cost per Tonne ($/T) - $4.53 $3.30 $7.83




Technical Approach

Technical Approach includes 7 tasks designed to ensure
safe, long-term, economically feasible, and publicly
accepted commercial CO, storage complex.

Technical Task Organization

Slte. . Subsu'rface Risk Assessment CO, Management UIC Class VI Techno-Economic Community Dynamics,
Characterization Analysis and e 4. 2, i
Yo and Mitigation and Monitoring Permitting Assessment Benefits, and Qutreach
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e N N B IS ~ (7 N N O ™\
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s [ \;"‘\""' LI - N | [ s | ™ .,-""r l N l > /o I ~
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Well L Simulations ) .‘ Plan System Plan Permits Pore Space Use Justice
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and Analysis » Caprock Integrity Plan Necessary Plans Development Plan Revitalization and |+
A AN vy A AN AN S .
\___Jobs Analy J
p St.Hh - | 4 . | | - osnasm\
Assesoment  |7|  Storage Design : Economic Public
\ J J L Feasibility J L Engagement Plan
vy
s N N
Outreach
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5
[ Safe, Long-term, Economically Feasible, and Publicly Accepted Commercial CO, Storage Complex
J




Technical Approach

Community Benefits Plan/Societal Considerations & Impacts Plan

Initial engagement has taken place, focusing on the local level, between
DTE Energy and organizations, stakeholders, leaders, businesses, and
communities within the area where the project will be sited.

Community and labor stakeholders earmarked for engagement:

» University of Michigan, Henry Ford College, Eastern Michigan University, Detroit
Regional Chamber of Commerce, Wayne County Economic Development Office,
Lenawee Now.

Through the Michigan Economic Development Corporation's Pure Michigan
Business Connect initiative and the project’s Supplier Diversity Group, the
project will use DEIA implementation strategies to the extent possible from
minority-owned, woman-owned, and veteran-owned businesses.

This CarbonSAFE project aligns with Michigan’s M| Healthy Climate Plan
and U.S. goals for reduced greenhouse gas emissions:

» Key components of the project that will increase parity in clean energy
technology access and adoption include providing a CCS testing ground for other
difficult to decarbonize industries and providing access to the storage site for
additional Southeast Michigan companies lacking the capital to fund a

sequestration site. "



Technical Approach

Site Characterization and Assessment

Review, compilation, integration, and analysis of existing geological,
geochemical, geomechanical, and geophysical data to develop a
comprehensive geotechnical database,

New data collection and analysis to characterize the proposed sites.

Drill Stratigraphic Test Well
 Drill site preparation/procurement/planning Test Well Drilling,
« Logging, coring, core testing, injection testing Logging, Testing
« Site restoration
Seismic Analysis of Existing/Broker 2D Seismic

Hub Assessment

Geotechnical
Preliminary Caprock Mapping Data Analysis

Eau Claire Tk




Technical Approach

Subsurface Analysis and Modeling

Static Earth Models
Dynamic Simulations
Caprock Integrity Analysis
Storage Complex Design

Caprock Integrity Analysis

Dynamic Simulations

Injection Injection . -
§ WeH “ﬂ‘
® g a0

-3

® o O
Injection Injection
Well Well

Static Earth Modeling
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Technical Approach

Surface Factors

Risk Assessment and Mitigation

* Risk Pathway Analysis

* Risk Mitigation Plan

» Environmental surface feature protection
* Project development “de-risking”

Risk Pathway Analysis
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Technical Approach

CO, Management and Monitoring Plans

« CO, Management Plan
* Hub design
* Pipeline routing
* Source-sink routing
» Integration with capture/compression systems

* CO, Injection System Plan
* Monitoring plan
» Local distribution system to injection wells
* Injection well design
+ CO, flow metering
« Safety systems
« Mitigation plans

Preliminary Modeling

Based on Regional Data Site Drilling and Testing

Conceptualize 5 Designs, ~ Calibrate 5
Characterize  Monitor & Validate

Communicate 14



Technical Approach

UIC Class VI Permitting

» Draft Permit Information Collection

 AOR Modeling

* Permit Preparation

* Regulatory Discussions (EPA Reg V, Ml EGLE)
* Community Engagement
» Plans for additional permits

Permit
application is
reviewed by
USEPA

Permit
issued (or
denied)

Public Comment
Period (at least

30 days) on draft
decision

) Apply to USEPA
Develop Project Region 5 for L

Plan Class VI UIC
permit

Includes coordination with other
agencies and statutes:
- Endangered Species Act (U.S. Fish

|

and Wildlife Service)
(gta”f":_' :'is?"'gc P’ese?atig’;f{L\Ct) Coomdinate with Drill, assess data Complete well;
ate nistoric Freservation ice - -
Wild and Scenic Rivers Act Ml EGLE —> and complete well —> coordinate with
Coastal Zone Management Act design USEPARS
(Coastal Management Program
A4
Internal integrity Injectlc_m IS o Apply to USEPA
demonstrated authorizedto | Injectionis | | USEPARegion |, / terminates
commence completed 5 to plug well permit (well is
plugged) l 5




Technical Approach

Techno-Economic Assessment

Integrate economics, land/pore space, regulatory, and policy components
with the storage complex design to ensure an economically feasible
commercial-scale project.

« CO, Storage Complex Siting
» Plan for Landowner Agreements/Site Access/Pore Space
 Initial Development Plan

« Evaluate Economic Feasibility
Preliminary Economic Analysis of CO, Storage Complex.

Example: Environmental Justice and Demographic factors.

I

e

4 | [ ]County Boundary

Demographic Index
50% or Less
50% to 60%
B 50% to 70%
I 70% to 80%
80% to 90%
90% to 95%
I Greater than 95%

———— iles
0 5 10 15 20

= Surface Equipment Costs
mFees and Lease Costs
Monitoring Costs
= Strat Well Drilling
Strat Well Data
= Injection Well Drilling
Injection Well Data, Equipment
Injection Well O&M $8.4
= Monitoring Wells
Miscellaneous Costs (Other) $1.6

7 .
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Technical Approach

Outreach- Outreach activities focused on community and public engagement,
engagement with educational institutions, technical outreach and presentations,
and development of outreach materials.

PHASE V
PHASE Il PHASE Il ¥
Iz PHASE | g PHASE IV Operations and
PHASES Pre-Feasibility T AR Construction Maintenance
Storage Hub
« Formation of team « Data collection and « Well drilling, data
« Geologic assessment Analysis collection, and analysis
and site selection - Conceptual Modeling - Baseline monitoring
« Techno-economic and Simulation and MRV plan
Technical assessment + Risk Assessment and development
Milestones Strategies + Development of
« CO, Management Plans implementation plan for
+ Techno-economic a CCS program
Assessments « Submit Class VI Permit
+ Community evaluation - Build community Community Campaigns and Outreach Plan Implementation
« Identify communities, relationships
entities, organizations, « Create community
Community etc advisory working group
Engagement & + Understand status + Ongoing evaluations

Outreach

identify J40 benefits
snd messtrements g o —

Identify needs, jobs, and « |dentify and support = Work with entities to « Implement Curriculum
current workforce in development programs develop curriculum and ~ « Offer internships,
region = Engage with schools, supply data/information externships, mentoring,
Workforce universities, HBCUs, hands on experience,
Development training centers, etc dala access
& Recruitment 3 Training
Job Growth
Build Team « DOE Funding and Cost - Safety services
N Share » Contractors
Economic « Contractors « Continued growth in
Impact « Lease/buy pore space pore space, surface
and surface rights rights, and ROWSs
+ Lease/buy ROWs
Evaluate lands, habitats, + Risk modeling and » NEPA compliance « Begin emission + Emission reduction at
water, risks, and evaluation of potential » Baseline measurements reduction at pilot scale commercial scale
geohazards impacts » Reduce impacts of « Reduce impact of « Clean Energy
Environmental = Mitigation and drilling and data infrastructure
Targets Monitoring Plans collection development
« EJ community « Evaluate impact of
evaluation infrasfructure
development

17

Reduce Risk, Advance Technology, Support Growth



Technical Approach

Schedule/Milestones/Success Criteria

« 2-year project (Fall 2023-Fall 2025)
» Key success criteria: drill test well, identify site for hub,
community/stakeholder engagement, verify design & techno-economics.

Task/ Milestone & Description Planned Verification Method

Subtask Completion Date

3.0 Well drilled and planned characterization 16 Months after Well Completion Report
activities complete project start

4.0 Static Earth Model and Dynamic Model 18 Months after Geologic Modeling and
completed project start Plume Extent Report

2.0/8.0 Techno-Economic Assessment and Jobs and 18 Months after Techno Economic
Economic Revitalization Assessment showa project start Assessment and Public
viable, economically attractive project with Engagement Plan
benefits to affected communities

7.0 Additional Characterization and Class VI 30 Days beforeend  Additional Characterization
permitting plans completed of project and Permitting Plan

2.0 Community characterization to understand 12 Months after Community
demographics, challenges, and history to project start characterization report
guide outreach plan

2.0/9.0 Public engagement/Community Benefits Plan Update 90 days after Community dynamics,
to guide communications and engagement project start benefits, and outreach
with communities, DEIAs, DACs, and EJ areas Final 30 days before report

project end B




Current Status

» Project start is pending DOE award.
« Estimated start date = October-November 202377
« DTE is performing groundwork for community benefits, outreach.

Success criteria Task Verification method Scheduled date
Datasets, files, metadata, software/ tools 1.0 Submit data NETL-EDX. No more than 24 months
and articles developed as part of project after initial award
Verification of commercial scale storage and 3.0 and Results of stratigraphic test well and 16 months after project
injectivity 4.0 modeling to quantity volumes and injection start
rates and uncertainties
Development of feasible storage complex 4.0 Draft plan showing number of wells, 18 months after project
design transportation, and other components start
Reduce project risks and uncertainties 5.0 and Identification of technical and non-technical 30 days before end of
6.0 risks with a risk mitigation plan project
Provide evidence that projectis 8.0 Techno-economic assessment of the 18 months after project
economically feasible proposed storage complex start
Draft UIC Class VI permit 7.0 Evaluation of data gaps, characterization 30 days before end of
plan, and draft Class VI permit application project
Evaluate public acceptance and community 2.0 Community evaluations and identification of 30 days before end of

benefits plans

potential issues. DEIA, Justice40, and
Stakeholder Outreach and Engagement
Plans

project

Updated plans 90 days
after project start

19




Plans for Future Commercialization

Future plans: include linking sources and sinks for a variety of CO,
sources in southern Michigan and northern Ohio (DTE Energy,
Marathon, and other industrial emitters along the I-75 corridor).
Development of the CarbonSAFE project will be defined and supported
by resources/existing infrastructure in Southern Michigan.

DTE is investing in upgrading its power generation portfolio and
corresponding distribution grid to reduce outages.

Implementing the SE MI CarbonSAFE project enables a reliable power
supply through dispatchable resources that can accelerate
decarbonization, helping mitigate climate change/resilience risks.

- ; Storage certainty remains a key need in Michigan. th
Transmission lines 9 i ! : “ nofb”n
- Pipelines L ded to
Highways Sofé
" 45Q-eligible CQ, pipelines will likely be needed
sources to transport CO, from Michigan sinks to storage areas| In addition, storage hubs will require
the drilling of injection and monitoring wells.
Path Forward: Michigan's existing pipeline, oil and g&s, and brine disposal businesses
provide a significant resource for CCUS project develgpment. 3.50f6
I1-75 Corridor — - — -
State-level funding, incentives, an d pol are ded to attract tto
Michigan. MRCI has been reteiving interest in CCUS from several industrial sources in
Michigan, including electric pgwer companies and chemical plants.
Path Forward: State-levelingentives could propel these companies to implement CCUS in
Michigan. State pelicy must b developed to provide project certainty. 20f 6
These efforts should foous on the benefits of projects while addressing the risks and
, project safeguards.
. Miles Path Forward: Public outreach can be ugh meetings, factsheets, and 20
0 255075100 public meetings with stakeholders. 6of 6




Summary

« SE Michigan CarbonSAFE project will start soon.

« Technical approach is designed to ensure a safe, long-term, economic,
and publicly accepted commercial CO, storage complex.

« The selected site has promising storage capacity, sufficient confining
systems, opportunities to develop required infrastructure, and the
foundations needed to ensure public acceptability.

O Project Sources
o Other Sources

== Pipeline Route - usbow
E Primary Site Depth: <1000 ft
Secondary Site
Land Cover
E g?::s:;-;snl:re Tight carbonates, p
B Forest shales, and evaporites
Depth: 1,000-3,250 ft

Il Developed, High

7] Developed, Low & Med
[ ] Developed, Open

[ ] Wetlands

[] Herb., Shrub/Scrub
B Open Water

Thickness: 2,250 ft

———— Miles
0 10 20 30 40

7~
m 63 MT Total CO, [ § COMMUNITY BENEFITS
Storage Complex L) « Cloan Air ht carbonates
?_‘ COST ANALYSIS « Jobs : ) |ckneas'sz.sgof(‘)ft
®= . . Educatlon and Training
= 87 8/ * Community Investments
Bm Surface Equipment Costs and Improvements

B Fees and Lease Costs

B Monitoring Costs
Strat Well Drilling

Bl Strat Well Data

LOW RISK

B Injection Well Drilling $11 hc‘

El Injection Well Data, 'sa.m=

/| Sandstone
| Depth: 4,000 t

+ No Seismicity or Induced
Seismicity

Equipment 308 + Few Well Penetrations ] ;2‘;’;’:@??;20 ﬁ
B Injection Well O&M $2.40 + Few Geohazards | Permeal‘:ility: 46 mD
El Monitoring Wells + Experienced Project rage: 640-813

Miscellaneous Costs (Other) Team

year per well 21
Reducing Risk, Advancing Technology, and Supporting Growth




Appendix




Organization Chart

@

Sponsor

U.S. DEPARTMENT OF

ENERGY

Industry Partner

Project Lead

BATTELLE

Dr. Neeraj Gupta

Advisory Committee
Storm Woods- DEI VP

I ] . ' g Adam Seitchik Affinity Board
It can be done”
I
Project Management (Task 1)
Principal Investigator: Joel Sminchak*
Deputy Principal Investigator: Beth Vanden Berg*
Program Manager: Marlon McKoy*
Task2 Task3 Task 4 Task S Task 6 Task7 Task8 Task9
el S Site Characterization Subsurface Analysis and| [ Risk Assessment and CO, Management and [ | UIC Class VI Permitting Techno-Economic Project Outreach
and Impacts and Assessment Modeling Mitigation Monitoring Assessment
[ . . Jared Hawkins- .
Joy Frank-Collins*- Beth Vanden Berg*- ea gﬂ%g;eman Jorge Barrios*- Richard Parker- Richard Parker- Battelle Joy Frank-Collins*-
Battelle Battelle DTE ’ Battelle Battelle Battelle Jorge Barrios *- Battelle
DTE DTE DIE DTE DTE Battelle DTE
DTE

* Underrepresented persons in STEM

23




Gantt Chart

Budget Period

TASK/SUBTASK ) - Milestones . -Deliverables

Q1] Q2] Q3] Q4] Qs | Q6| Q7] Qs

Task 1 - Project Management and Planning

1.1 - Project Management and Plnning

1.2 - Project Management, Confrols, and Reporting

1.3 - Technology Transfer

TASK 2 - Societal Consideratiosn and Impacts

2.1 - DEI and Accessibility Plan

2.2 - Justice40 Initiative Plan

2.3 - Community Engagement Pla

TASK 3 - Site Characterization and Assessment

3.1 - Database Development

3.2 - Drill Straticraphic Test Well

3.3 - Data Collection and Analysis

3.4 - Storage Hub A ssessment

TASK 4 - Subsurface Analysis and Modeling

4.1 - Static Earth Modeks)

4.2 - Dynamic Simulations

4.3 - Caprock Integrity

4.4 - Storage Design

TASK 5 -Risk Assessment and Mitigation

5.1 - Rk A ssessment

5.2 - Risk Mitigation Plan

TASK 6 - CO, Management and Monitoring

6.1 - CO, Management Phn

6.2 - CO, Injection System Plan

6.3 -CO,Monitoring Plan

TASK 7 -UIC Class VI Permitting

7.1 - Identify Regulations and Permits

7.2 - Prepare Information for UIC Pemnits

7.3 - Develop Plans to Obtain other Permits

¥

TASK 8B -Techno-Economic Assessment

8.1-CO, Storage Complex Siting

8.2 - Obtain Landowner Agreements for Site Access and Pore Sppce

8.3 - Prepare Initial Development Phase Plan

8.4 - Evalnate Economic Feasibility

TASK 9 - Project Outreach

9.1 - Community and Public Enga gement

8.2 - Educational Institution Engagement

8.3 - Technical Outreach

8.4 - Materiak

I
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