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o Federal Investment Into Clean Energy
o Bipartisan Infrastructure Bill
o $73 billion over 5 years on grid infrastructure
o $50 billion over 5 years for weatherization
o $8 billion for clean hydrogen infrastructure
o $1.5 billion for hydrogen research
o $12 billion for carbon capture and sequestration

o Inflation Reduction Act

o No Cap — federal tax credits that can be converted to
cash — 30-50% of project cost

o Covers renewable power, geothermal, microgrids,
H2

o McKinsey estimates credits at over $400 B over ten
years — without H2

o With H2, estimated at $1 trillion



Levin Dept of Energy Clean Hydrogen Hub Timeline

Urban.csuohio.edu

Awards and Phase 1: Detailed Phase 2: Develop, it 5 sl Phase 4: Ramp-Up
Integrate,
Negotiations Plan Permit, Finance Construct & Operate

Oct 2023 to Aprll 2024 1 2 years

\ l
|

Funding of between $400M and $1.25B for phases 2-4 combined.
= $7 Billion in Awards Made in October 2023 for Clean H2 Generation
» 7 of 33 finalists awarded hubs
> ARCH2 -- $925 mm (led by Battelle)
» Ohio, West Virginia, Pennsylvania, Kentucky
» Other Winners: California, Gulf Coast, Heartland (Minn), Mid-
Atlantic, Midwest (lll), Pacific NW
> $1 Billion more coming for market development programs
> Notice of Intent summer 2023 for clean hydrogen off takers
* Requirements
> Production capacity of at least 50 to 100 metric tons/day

» 50% non-federal cost share
» Clean H2 defined as less than 4 kg CO2e/kg H2 for lifecycle emissions
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Increase in Projected U.S. Hydrogen Demand Since IRA & IlIJA
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Projected Demand for Hydrogen in Ohio Before IRA & IIJA

T N TN T
31,100 88,400 251,200
2,900 35,400 430,600
4,700 8,400 12,700
188,700 202,400 217,000
23,900 96,600 391,000
114,200 119,600 125,400
400 7,900 148,000
63,600 85,800 397,700
8,100 9,100 10,300
437,600 653,600 1,983,900

Units are in metric tons.

* Assumes no state-level carbon regulation such as vehicle mandates.
* Hydrogen for power generation limited to 15% of capacity.
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Projected Supply of Clean Hydrogen in Ohio by Source Before IRA & IIJA
| Source | 2030 | 2040 | 2050

Electrolysis via 9,300 50,700 59,600
Nuclear Power

Electrolysis via
Wind & Solar 86,600 112,800 135,900

Natural Gas (SMR) 341,700 490,100 1,788,400

TOTAL 437,600 653,600 1,983,900

Units are in metric tons.

» Assumes electrolytic production limited to 15% of power generation capacity.

Hydrogen from natural gas is what must be supplied to meet demand after
accounting for pink and green hydrogen.

1.8 million metric tons of hydrogen supplied via SMR would require around 280 bcf
of natural gas.

o 280 bcf =12.5% of what Ohio shale wells produced annually.

C s Cleveland State
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One Driver of H2 Market: 45V Credit for Clean Hydrogen Production

Q $ credit per kg of H2 based on life-cycle GHG emissions from production.

o Non-CO2 GHGs (e.g., methane) converted to CO2-equivalent.
o Credit maximized if prevailing wage and apprenticeship requirements are met.

kg of GHG Emissions per Kg of H2 Maximum 45V Credit per kg of H2 )
2.5 to < 4.0 $0.60 (45Q credit => $0.80 - $0.90 per kg of H2
1.5t0<2.5 $0.75 from SLVIR I\EA'”:\h CZE.V o b -
RS =100 - 4ngrrequir(§)sr at I%;stuIanE)OOt .
<0.4 . ,
= 23.00 metric tons of CO2 annually.

O Emissions calculation based on “Well-to-Gate” system boundary.

o Includes Scope 1, Scope 2, & partial Scope 3.

o Partial Scope 3 includes emissions from
feedstock acquisition and processing.

= Does not include emissions from mfg.
capital goods that are used to produce R o

.. & pre-processin,
electricity or hydrogen. HISERRES

downstream
scope 3 emissions

production distribution end-of-life

& storage

_—— o ——————
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Calculating 45V Credit for Clean Hydrogen Production

Q Treasury Dept. has adopted special version of ANL's GREET to calculate emissions for 45V credit.

45V2-GREET
User Interface

Example Output
(SMR fossil gas)

L}

Technology Share [%] Process Inputs Value Units Process Outputs Value Units
Simulation Year = B 100% Steam Meth Rforming (SMR)
2022 59 Natural Gas Enter Value Hydrogen
2023 Electricity Enter Value Steam Co-Product
[ 2024 I . ‘ Electricity Generation Mix* Hydrogen Production Pressure 300 psia
g = e
Hydrogen Production Technologies 7= %% I __||cO; Capture and Storage “ Sequestered CO; Enter Value
| steam Methane Reforming (SMR) | :
Low Temperature Electrolysis Rhea
High-temperature electrolysis (Nuclear) Technology Value [%] Technology Value [%]
Coal Gasification Residual oil Enter Value Hydroelectric Enter Value
BiThasSGasHitation ‘ |Natural gas Enter Value Geothermal Enter Value
Autothermal Reforming (ATR) Galeulats Coal Enter Value Wind Enter Value
SMR Feedstock = 2 Nuclear power Enter Value Solar PV Enter Value
Combustion of logging residue  Enter Value | Enter Value
Landfill Gas NGCC wCCS Enter Value Total 0.0%
Fossil Natural Gas l
Direct Facility Co-Product
Emissions Emissions Indirect Emissions Credits Total Units
co2 96997 13105 0 110102 g/MMBtu H2
CO2 (w/ Cin VOC & CO) 97007 13253 0 110260 g/MMBtu H2
GHGs 97123 24353 0 121476/g CO2e/MMBtu H2
| 14|kg_CO2e/kg H2

4— Calculated lifecycle emissions for credit

CS

Cleveland State
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45V2-GREET Emissions by Scope: H2 from SMR

Emissions Description Calculated GHGs Share of
Type P (kg of CO2e/kg of H2) (c], [
SMR of RNG Scope 1 Direct emissions at SMR plant with credit for 0.01 (net) 0.3%
without CCS using LFG that would have otherwise been flared (net)
Scope 2 | Electricity to runs SMR plant 0.25 5.5%
Scope 3 | Gathering and processing RNG 4.24 94.2%
TOTAL 4.50 100%
Emissions Describtion Calculated GHGs Share of
Type P (kg of CO2e/kg of H2) GHGs
Direct facility emissions at SMR plant with credit 13.5%
. S 1 0.43 (net
SMR of fossil cope for captured CO2 (net) (net)
gas with CCS Scope 2 | Electricity to runs SMR plant 0.25 7.7%
Scope 3 | Gathering and processing fossil gas 2.53 78.8%
TOTAL 3.21 100%

= Majority of emissions for purposes of 45V are Scope 3.

= SMR of fossil gas with CCS in this example qualifies for $0.60/kg of H2 under 45V.
o CO2 yield of 10.63 metric tons per metric ton of produced hydrogen.

o At $85 per metric ton under 45Q, CO2 yield translates to $0.90/kg of hydrogen.
o 45Q likely favorable to 45V for SMR of fossil gas with CCS.

CS| | | Cleveland State
% | University



45V vs. Cost of Production and Willingness to Pay: Case of RNG

Weekly RNG Price ($/MMBtu)

RNG prices averaging over $25/MMBtu (US EPA)

2019 - 2023
o Drives unsubsidized cost of hydrogen production above $40.00
» RNG-SMR with CCS is carbon-negative 230,00
o 45V2-GREET calculates lifecycle emissions of less than 0 22500
kg of CO2e per kg H2 22000
o (Qualifies for max. $3/kg credit 215'00
10.00
o Cost to deploy CCS for SMR around $0.48/kg of hydrogen 500
NETH SIS
« Additional cost to deliver & dispense ¥ET TP E T ISR TITEE Y
o) At Ieast $4/kg in the near term (Argonne) Data Source: U.S. EPA RIN Trades and Price Information
o Ultimate targe? of at le_aSt $2/kg’ dEpending on distribution Price of RNG Unsubsidized Cost Cost to Deplov CCS 45V Credit for | Subsidized Cost of
method (trucking vs. pipeline) (;'/c:n:mu) of RNG SMR H2 °s($/°kg i‘f’ :‘2') RNG SMR H2 w/ RNG SMR H2 w/ CCS
. ($/ke) CCs ($/kg) ($/kg)
« WTP of $5/kg for near-term transportation markets (DOE
N t | H2 R d ) $30 $5.05 $0.48 $3.00 $2.53
ationa oadmap $25 $4.27 $0.48 $3.00 $1.75
$20 $3.48 $0.48 $3.00 $0.96
$15 $2.70 $0.48 $3.00 $0.18

(production cost only)

C s Cleveland State
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45V Considerations for Electrolytic Hydrogen

U Treasury released proposed guidance for 45V in late December 2023.
o Public comments closed last week.

L Proposed guidance addresses “three pillars” of electrolytic hydrogen.
o Additionality/incrementality. Clean power for H2 production should come from new generation sources.

= Guidance: Clean power generators beginning commercial operations within 3 years of a hydrogen facility being
placed into service are considered new sources of clean power.

o Time-matching. Electrolyzer energy consumption should match clean energy production to the hour.

= Guidance: A transition period will allow annual matching until 2028.

o Deliverability. Clean power should be sourced from the same region as the hydrogen producer.

= Guidance: Geographic regions are defined according to the DOE’s 2023 National Transmission Needs Study and align
with RTO/ISO territories.

C s Cleveland State
University
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Interstate Pipelines

e Need for new CO, and H, pipelines. There will likely be a need for
significant expansion of pipeline infrastructure in the coming years to
transport carbon dioxide and clean hydrogen.

o Currently, there are 5,400 miles of CO, pipelines in the U.S., used mostly
in connection with oil production and in o1l producing states. There are
1,600 miles of H, pipelines in Texas and Louisiana.

e No federal law. There 1s no federal law currently governing siting,
construction, and operation of interstate CO, or H, pipelines. This 1s likely
to present a challenge for the buildout of networks of these pipelines.

F VanNess
I Feldman .. ; 19



Regulation of Linear Infrastructure

e It is difficult to obtain land rights for linear infrastructure, particularly as
facilities cross state boundaries. For this reason, energy project developers
usually are given the right of eminent domain from federal or state
authorities.

e Siting of interstate natural gas pipelines 1s regulated by FERC under the
Natural Gas Act. FERC authorization orders preempt conflicting state and
local law and provide developers the federal right of eminent domain.

e Siting of interstate o1l pipelines and electric transmission lines 1s regulated
by individual states, which typically provide eminent domain rights.
Policymakers are trying to address challenges building electric
transmission lines, which are slowing the buildout of renewable energy.

VanNess

Feldman .. 20



Uncertainty in Siting CO, and H, Pipelines

e No federal law governs siting of COZ_ or H2_ pipelines on non-federal lands

e State and local governments site CO, and H, pipelines. Their laws vary

greatly, adding uncertainty for projects.
® Some states have long histories of CO, pipeline development and have established siting procedures,
including the right of eminent domain.
® Other states have laws in place, but are considering legislation that would restrict eminent domain
authority or place moratoria on CO, pipelines, and are dealing with contentious disputes over

proposed projects.
® Some states lack laws or rules governing CO, and H, pipelines. In these cases, local governments

have siting authority.
e The availability of eminent domain varies from state to state.

VanNess
Feldman ..
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Recent State Actions

e Cancellations and delays of Midwest CO, pipelines. North and South
Dakota have denied permits to site major CO, pipelines in response to
landowner protests related to land use, local ordinances, and safety.

e Navigator Heartland Greenway Pipeline: 1,300-mile pipeline cancelled after

denial of construction permit in South Dakota and delays in Iowa and Illinois, due
to the “unpredictable nature” of state and local regulatory proceedings.

e Summit Carbon Solutions: 2,400-mile pipeline delayed nearly two years after
denials of permits in North and South Dakota, challenges obtaining permits in
Iowa and Illinois.

e Wolf Carbon Solutions: 280-mile pipeline withdrew application with Illinois
Commerce Commission after staff recommendation to deny permit, will refile

VanNess
Feldman ..
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How to Transport CO, and H, Today

Imagine you own a power plant in New York and want to sequester your CO, emissions in a
storage site in Illinois. You'll need a pipeline.

How do vou get authorization to build it?

* The process 1s unclear. You’ll need state and local authorizations from five different states. Not

all states have laws clearly applying to CO, pipelines. And any state could veto the project.
* Ability to obtain land rights will vary from state to state.

What are the pipeline’s service obligations?

* Some states require “‘common carriage,” which require pipeline to allocate capacity to other
shippers in the future. In some states, this will be required to obtain right-of-way.

What will be the costs of transportation?

* There is no single authority to prevent a pipeline from imposing unfair terms, and there may be
different rate requirements in different states.

VanNess 23
Feldman .. ,



Ohio

* No statute applies specifically to CO, or H, pipelines.

* Eminent domain is available to pipelines (1) transporting “natural or artificial gas,
petroleum, coal or its derivatives. . .,” (2) if they serve as common carriers, and (3) they
serve a “public use.”

* In 2016, Ohio courts found that pipelines transporting Ohio-made propane, butane, and
ethane for third parties had eminent domain power:

1. Propane, butane, and ethane were “petroleum.”

2. A common carrier must “hold ‘itself ready to serve the public impartially to the
limit of its capacity.” Courts cited pipeline open seasons to support finding.

3. Public use finding was based in part on transportation of Ohio product to market.

Application to CO, or H, pipelines:
1. No court has had occasion to determine whether this law covers CO, or H,.
2. Unclear how much third-party access is needed to qualify as a “common carrier.”
3. [If a pipeline merely passes through Ohio without “off-ramps™ it might not satisfy
VanNess  the State’s “public use” requirement.

Feldman ..
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Other States

Illinois
* [llino1s’ Carbon Dioxide Transportation and Sequestration Act covers
CO, pipelines and requires “certificate of authority” from Commerce
Commission.
* Certificate only available based on finding that project 1s consistent with the
“public nterest, public benefit, and legislative purpose” of the State CO, law.
This may require pipeline to support state coal industry (see report on Wolf
application)
* Common carriage is not required for eminent domain, but may be
needed to receive a certificate
* State legislature is considering a moratorium on CO, pipelines until
PHMSA completes its rulemaking, and bills to eliminate eminent
domain for CO2 pipelines

”I VanNess
Feldman .. ; 29



Questions About Economic Oversight

e To date, interstate transportation of CO, and H, has been unregulated.

e (O, pipelines may be subject regulation by the Surface Transportation Board (STB) under the Interstate
Commerce Commission Termination Act, but the STB’s predecessor agency disclaimed jurisdiction in
1980, and the STB has not attempted to exercise jurisdiction.

e H, pipelines are not subject to any federal law, though blended H,/natural gas pipelines would fall under
the Natural Gas Act

e As the market grows, there may be greater need for oversight of transportation rates
and access to transportation services. Regulation would ensure that companies shipping
CO, and H, pay reasonable rates and can access transportation services without unfair
d1scr1m1nat10n

e Without federal regulation, states may lack the ability to regulate rates or services on
interstate pipelines in their boundaries, under the Dormant Commerce Clause.

§ VanNess

I Feldman .. 26



Paths Forward

e Status quo: State-by-State clarifications

e Retaining existing state-by-state process would avoid disrupting states with
well-developed regulatory regimes, where development is already occurring.

e Would create risk of lopsided growth.

e Interstate compacts

e States could agree on similar standards that would facilitate construction and
operation of multi-state projects, or could agree to create multi-state siting
authorities

VanNess

Feldman .. 21



Paths Forward

Federal siting
* Federal siting has supported massive buildout of natural gas pipeline
infrastructure. There are several favorable aspects of FERC oversight.

* In recent years there has been greater uncertainty in FERC permitting
* Federal siting would remove authority from states with favorable processes
Federal legislation

* Senator Manchin’s 2022 permitting legislation would classify hydrogen as
“natural gas,” placing under the Natural Gas Act. This would provide
federal siting authority along with rate and service regulation.

* No similar legislation has been introduced for CO, pipelines

VanNess
Feldman .. ; 28



Paths Forward

Opt-in Authority
e Applicants could be given the ability to choose whether to be sited under
state authority or by FERC.

Federal backstop siting authority
e FERC could be permitted to step in if a state denies a permit or fails to act within a year

of an application
® Navigator — project cancelled after state permit rejections

e This has been attempted for electric transmission lines, without success

Any federal siting would likely need to be accompanied by federal economic
regulation over rates and access.

§ VanNess

I Feldman .. 2



Paths Forward

Third-party access and rate regulation

* CO, and H, are fundamentally different from other rate-regulated commodities, in
that policymakers would regulate rates to facilitate growth of a new industry,
rather than to check monopoly power of existing businesses

* But some amount of light-handed regulation could help to set conditions for
broader market access and faster growth. For example:
» Allow private contracting, but ensure open access
* Permit pipelines to set their own rates, but allow federal regulator to ensure
reasonableness

”I VanNess 30
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Disclaimer

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.

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.
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Outline

1. Introduction to CO, Capture and Storage (CCS)
2. Carbon Capture and Storage Status

3. Midwest Regional Carbon Initiative (MRCI)

4,

Carbon Management Emerging Trends
= CO, Storage and Transport Infrastructure Development

= Hydrogen hubs

= Direct Air Capture Technologies

© 2024 Battelle. BA’”“E



Introduction- Battelle mission and purpose

Research &

Development
We're selving our customers greatest
challenges today while funding internal
research to address tomorrow’s threats.

* Nonprofit, charitable trust
formed in 1925

* Our mission: To translate
scientific discovery and
technology advances
into societal benefits

STEM Educatlon

We're bringing quality [ugy
engineeri q dmmi (STEM)ed atio
to millions of students across the U.S

-—

Climate Resilience

Space & Research Microelectronics
Neurotechnology PFAS Infrastructiire Trust & A

Research Infrastructure

Gordon Battelle, Founder

Enhanced REE / CM F_’Iastics .
Geothermal Upcycling/Recycling

H2 Infrastructure

© 2024 Battelle. BA’”“E



Introduction- Battelle CCS includes government, industry, &
field projects on CO, storage over 25 years

MRCSP/MRCI Large-Scale Commercial Carbon .
Public-Private Partnership Storage Development EEEE R SR L

. Nebraska &

Kansas,
Ohio,

Michigan

D-M'LAPITIC U 5 ﬁFFSRORE

REO!
j 48 E%l NTPR)J ‘T

Middle Cretaceous (MK1-3) 4
Storage Resource :

I 4 e
ef . [mer e oy
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S #km
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Introduction: CO, emissions from industrial sources

r B B
What does 1 metric tonne of CO, look like? Battelle CO, Storage Pilot at Power Plant

Other (Non-Fossil Fuel Combustion)
8%

Residential & Commercial
11%

Injection Well
(not visible

Delivéry
. System

) 1 atmosphere pressure
51 ft®dense fluid phase 15 °C (59 °F)
>88 ° F, >1,100 psi

U.S. Environmental Protection Agency (2023). Inventory of U.S.
Greenhouse Gas Emissions and Sinks: 1990-2021

Typical ethanol plant

US 2021 Total Emissions = ~300,000 metric tons/year

6,340 million metric
tonnes CO, equivalent

https://www.epa.gov/ghgemissions/sources-greenhouse-
gas-emissions

https://www.flickr.com/photos/carbonquilt/8801363368/in/photostream/

© 2024 Battelle. BA’”“E



Introduction: Carbon capture and storage Value Chain

Value chain — underpinned by subsurface science and engineering

(" . . . A4 )
Enterprise Strategic Planning
. . . L
» Carbon footprint analysis — local, corporate, regional, 1 = I
national, global scales ) Separation s@@m;ﬁmml L, . go
from Phiysizal Moisture Removal, Cehydration
s N | PowerPlant  FlEGEs b s
CO, Sources and Capture _ :
« High purity — ethanol, ammonia (NH,), gas processin co. Pipeline Supervisery Control Co;
9 . y 3) 9 g Surge -y-reeess o by SRR Surge
« Low purity — power, steel, cement etc. Siaragel | ATk Bos ’;g"’g:éﬂ‘}’“ ikl Storage
» Atmospheric — direct air capture ; ; ;
\_ J 1 : =
Fipeiing
e ; ™ :
CO, Handling and Transport o €O, Injection .
* Regional infrastructure S I Systern SCADA Reser\{OIr
« Compression, pipeline, or truck = Modeling
» Optimization and regional integration ﬁ : ey
L Monitoring (inspection, corrosion analysis) g e 7 ¥ im;mnﬁ':h
GO, Injestion Pump onitanng
Fluid Supply
( A
. . Ground Surface
Subsurface and Injection ===  § commmacm
+ Site characterization — geoscience, reservoir engineering Common Cement Grout—, J— s il
* Permitting and environmental TN | b
» Well field design and implementation e
_* Injection operations ) A e
anfining Sone
Measurement, Monitoring, and Verification CC iiiion 2
* Long-term monitoring technologies Acid Resisiant
+ Data analysis and machine learning G et g
« Site closure and handover
\. J J

© 2024 Battelle.




Introduction: Carbon Capture and Storage Status
Pilot scale tests—> Industrial scale demonstrations 2> Commercial Facilities

© 2024 Battelle. BA’”“E



Overview of Submitted Class VI Permit Applications

125 U.S. EPA Class VI CO, Underground Injection Control permit applications as
of winter 2024

* 42 projects (most have multiple wells)

Ohio Class VI primacy application in progress, WV primacy under review by EPA

Class VI Permit Tracker

—_— e Total CO, Injection Mass and Source
——- T 'i.
— Source Type 8 . \ it
et ®@siofue et
aa— @ Natural Gas - 5 &«
®Coz > U.NIT ATE ' ®
@ Hydrogen [ ! - -
" v @
| — - = @ Other . 4
3 %
: =t : > Injection Volume
Tl 1 MT-180 MT
©2023 TomTom  [J% Microsoft Azure

https://www.epa.gov/uic/class-vi-wells-permitted-epa
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CCS Status: Projects are Happening in Midwest U.S.
CO, Storage County | Permitserpermit| o2l on | 'Gozmjection | Gurent | Gurrent Project
co;Storage N

. , Christian ::adlantti?mway N/A N/A ::;en::;ﬁts Pre-construction
(not including CO2-EOR) 9 p
IL Ford gps =arh N/A N/A Pending  p. construction
Sequestration, LLC (3 permits) 3
. City, Water, Light,
e 1 Active Class VI Well. IL Sangamon 5 = N/A N/A (FEED)  (CarbonSAFE)
- = IL  Macon ADM (IBDP) 1.0-1.2 Mt/lyear 6.0 Mt Active Injection
e ~9 CCS project sites IL Macon ADM (L ICSP)  N/A N/A Pending  Pre-Construction
= ADM (Maroa Pending :
pe n d 1a] g . IL  Macon Campus) N/A N/A (3 permits) Pre-Construction
Heartind Grnway Pending :
® ~20 C Iass VI U IC perm its IL  Mclean Navigator N/A N/A (2 permits) Pre-Construction
. . IL  Putnam Mawauis Carbon N/A N/A Pending Pre-Construction
with EPA Region 5 e = Class VI
o IL St. Clair Cimsar NA NA prepared Pre-Construction
e ~10-15 additional CCS IN  Randolph g::nizﬁfp“ p NA N/A Pending  Pre-Construction
p rOJ eCtS u nd er IN Vigo Wabash Carbon  0.834 Mt/year 10 Mt Pending Pre-Construction
d . M RC Services, LLC 0.834 Mt/year 10 Mt Pending Pre-Construction
evelo pme ntin l. IN  Lawrence ;‘:"t‘if;:g’g N/A N/A (FEED)  (CarbonSAFE)

- = - - Lorain Carbon < .
® 4 post i n_l ection or OH Lorain By e N/A N/A Pending  Pre-Construction
c I oS ed o) ut p roj ects KY Boone Duke East Bend 0.001 Mt/yr 0.001 Mt ClassV  Closed

IL  Macon ADM 0.3 Mt 1.0 Mt Class V Post-Injection
® OH Class VI primacy- Ml Otsego Core Energy 0.5 Mt/year 0.06 Mt ClassV  Closed
. . . ] 0.12 million metric 0.037 million metric
appl |cat|on 11] prog ress WV Mason AEP Mountaineer fons/yenr fons toi) Class V Closed

(WV Class VI under review)
s

© 2024 Battelle. BA’”“E



CCS Status: Current Infrastructure & CCUS
Development

Global pipeline of commercial CCUS facilities

Industrial sources in the US operating and in development, 2010-2021
225
Industry 200
Hydrogen
® Ammonia/Fertilizer 175
@ Coal Fired Power Plant ® Operating @& Under construction Advanced development @ Early and announced
@ Ethanal 150
@  Metals
® Minerals (Cement) 125
® NGL Extraction/NG
Ex{/LNG Plant .
® Natural Gas Power Plant
@ Petroleum Refinery
@ Other 1 I I I I
50 .
Epm i .
25 HE == - = .
- = I =
O IRRRRRRRN
T

From U.S. EPA, 2021 0 200 400 600 800

T =T T T T 1
2016 2017 2018 2019 2020 2021

From IEA, 2022

T T T T T
2010 2011 2012 2013 2014 2015

* Early entry CCS projects are in the Midwest, Great Plains, and Gulf Coast (and California?)

* The US currently has around 5,000 miles of CO, pipelines from natural sources
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CCS Status: 45Q Near-Term CCS Driverin U.S.

* 45Q Tax Credits— up to $85/metric ton in federal tax credit for capture and
storage ($60/metric ton for EOR, $180/metric ton direct air capture)

* Business case strong for high purity sources (ethanol, ammonia, gas processing)

e Example: 100 million gallon/yr ethanol plant = $25 million/year in 45Q credits for
~300,000 metric tons CO, storage.

BE  uefriec! rehante of Sbe | Swted Nomes (onwvrene

?g* U.S. DEPARTMENT OF THE TREASURY

Treasury Department and
Internal Revenue Service Release
Final Rule on Section 45Q Credit
Regulations

T —————————
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CCS Status: Bipartisan Infrastructure Law (BIL)

BIL provides more than $20 billion for integrated CCUS Carbon Dioxide Removal
(CDR), and clean hydrogen projects in the US

Funding Category | Funding Level

$3.5B for Demo/Pilot Projects
$100M for capture FEED projects

Carbon Transport  $2.1B for CIFIA loan program

Carbon Capture

$2.5B for storage validation and testing
$75M for permitting support for US EPA

$3.5B for DAC hubs
$115M for DAC precommercial and commercial prize competitions

Carbon Storage

CDR

$9.5B for clean hydrogen efforts
$8B for H,Hubs
$1B for hydrogen electrolysis
$500M for H, Manufacturing and Recycling

T —————————
© 2024 Battelle. BA’”“E
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Midwest Regional Carbon Initiative MRCIl s

Midwest Regional Carbon Initiative

* Midwest Regional Carbon Initiative (DE-FE0031836), a US-DOE regional initiative
to accelerate CCUS deployment in the Midwestern and Northeastern US.

* Builds on more than 20 years of CCUS experience in the region.

MRCI Y 4 {¢}ENERGY

Midwest Regional Carbon Initiative N: NA"QNAL

ENERGY
TL TECHNOLOGY
LABORATORY

$#%%, U.S. DEPARTMENT OF

www.midwestCCUS.org
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]
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© Characterization Site
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MRCI: Previous Testing and Research
A foundation for CCS Development

* CCS projects span major

sedimentary basins in the MRCI.

* 30+ site characterization wells,
piggyback drilling efforts,
geological studies completed.

Previous Testing & Research

© 2024 Battelle.
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Current/Pending CCS Projects

| 1
it Active/Pending Class VI UIC CO2 Storage Site

7 Closed/Inactive Class V UIC CO2 Storage Site
(as of August 2023)
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MRCI: CO, Storage Reservoirs in the MRCI Region

This map
identifies the
28 key storage
formations
within each of
the 48 onshore
sub-regions
and the 4 off-
shore sub-
regions.
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CCS Trends: Hydrogen Hubs

* U.S. DOE Hydrogen with Carbon
Management Program- $8 billion for at
least four projects, including at least |

one using fossil fuels with carbon J
management.

* Goal- reduce cost of clean hydrogen by Al
80% to $1 per 1 kilogram in 1 decade. \\ [/

sil Energy and

‘.rl. U S DEPARTMENT OF FOS
& ENERGY | Carbon Management

* H, hubs aligned with key industrial
corridors with CO, storage and H, A
storage resources.

5y @ &

1 Dollar 1 Kilogram 1 Decade

fecm.energy.gov
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Appalachian Regional Clean Hydrogen Hub
(ARCH2)

PROGRAN MANAGEMENT AND TECHRICAL SUPPORT

ARCH2 ECOSYSTEM
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CCS Trends: Direct Air Capture Hubs

» $3.5B for Regional DAC Hubs in the US [IJA
* 50/50 funding split with awardees

DAC HUB Selection Criteria

°1 Mt/y stored Capacity Potential Locations for DAC Hubs N=unow

TL TECHNOLOGY
Recommended Regions for DAC Hubs from Respondents LABORATORY

N = * Most of the respondents
* Cluster of DAC technologies e et el o
L] A ) " £ and Pacific Coast regions
4.~ - N\
/ \ - * Primary factors for choosing

hub locations include
proximity to zero-carbon

* Shared carrier, storage, energy
infrastructure

Pacific Coast 1. (

* Benefit to economically
distressed areas

* A few proposed the Midwest
2 v ah and East Coast regions for
N, o P potential DAC Hubs.
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Conclusions

* CCS projects are progressing in U.S.

* MRCI research and previous CCS tests
provide foundation for developing CCS
in the Midwest-Northeast U.S.

* Infrastructure buildout and policies are
in place and/or in progress.

* Hydrogen, CDR, DAC, projects will
require CO, storage resources.

A 171/ €Oy Tnjection

i gressure

|| connection

Injection well

Annnlnr \h Conohs

injection ¢/ ,meter
pump

L hﬂ 4#(
g &l. u&

Ui“

Annular fluid
connection

Energy

Power Generation
EPC
CO2 Capture
DAC, BECCS
Compression
Dehydration
Pipeline transport
Drilling

(UIC permitting
45Q
Liability
pore space)

© 2024 Battelle.

BATTELILE



