MATANUSKA-SUSITNA BOROUGH INFORMATION MEMORANDUM IM No. 24-061

SUBJECT: A RESOLUTION OF THE MATANUSKA-SUSITNA BOROUGH ASSEMBLY
SUPPORTING THE DEVELOPMENT OF COAL-FIRED POWER GENERATION AND
RELATED INFRASTRUCTURE USING TECHNOLOGIES TO REDUCE EMISSIONS AND
PROVIDE AFFORDABLE, RELIABLE, CLEAN ELECTRICITY.

AGENDA OF:March 5, 2024
Assembly Action: Amended and adopted with Assemblymembers Hale and
Nowers opposed 03/05/24 - BJH

AGENDA ACTION REQUESTED: Present to the Assembly for consideration.
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Borough Clerk

ATTACHMENT (S) : Resolution Serial No. 24-031 (4 pp)
UAF Proposal (1l5pp)
Hilcorp Presentation to AK Legislature (7pp)
Enstar Presentation to AK Legislature (20pp)
UAF CCS presentation and analysis (21lpp)

SUMMARY STATEMENT: This resolution is sponsored by Assemblymember
Yundt supporting the development of coal-fired power generation and
related infrastructure using technologies to reduce emissions and
provide affordable, reliable, clean electricity.

RECOMMENDATION OF ADMINISTRATION: Present to the Assembly for
consideration.
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CARBONSAFE PHASE I1 PROJECT READINESS
Alaska Railbelt Carbon Capture and Storage (ARCCS) Project

PREAMBLE

The Railbelt of Alaska is facing an imminent shortage of natural gas and electricity supply. The Railbelt
contains 75% of Alaska’s population and extends from Fairbanks to Anchorage and the Kenai Peninsula.
A winter peaking load that is not interconnected to a larger grid, the Railbelt is described as “a unique
electrical system in the US”.! For more than 60 years, the Railbelt has depended on natural gas from the
Cook Inlet Basin as its primary energy supply for both electricity generation and for direct use. Hilcorp
Energy Company (Hilcorp), which supplies ~85% of the natural gas to Southcentral Alaska
(Southcentral), recently gave notice that depleting Cook Inlet gas reserves prevent renewal of utility
supply agreements beginning in 2025.2 The need to find other energy sources is urgent.

A dominant electricity producer in Southcentral, the Chugach Electric Association, Inc. (CEA), relies on
gas for 80% of its electricity needs. CEA states in its review of gas resources, “Absent sufficient
production from the Cook Inlet, and with North Slope [gas] pipeline projects years away, the study
concluded it may be necessary for Southcentral utilities to import either liquid or compressed natural gas
to fill the gap.”* Importing liquefied natural gas (LNG) from the Asia-Pacific region creates significant
fuel price risk and is expected to substantially increase Southcentral electricity prices.

Alaska’s energy demand per capita is the second-highest in the nation. It is the only U.S. state with land
north of the Arctic Circle where winters are frequently severe. Concurrent with high energy demand is the
high cost of energy: Alaska industrial electricity prices were more than twice the U.S. average as of
March 2023, 19.07 vs. 7.91 cents/kWh, respectively.* Electricity prices in rural areas can be three to five
times higher than urban areas.

To support rural communities, the state has created a financial assistance program to help cover the cost
of electricity. This power cost equalization (PCE) program equalizes rural power costs to near the average
cost of power in the urban areas including the Railbelt plus Juneau. Residential and community facility
buildings in 195 communities are eligible for the reduced electricity rates through the PCE program, and
the PCE program furthers rural community development through rural utility assistance and training
programs. Thus, through the PCE program, investments that lower electricity costs in the Railbelt will
lower electricity costs across the state.’

The National Renewable Energy Lab (NREL) completed a Railbelt electrical grid study in 2022,
assessing five alternative scenarios for renewable power including a mix of hydro, geothermal, tidal,
wind, and solar.® Even the highest renewable energy scenarios require fossil thermal-energy backup for
reliable power generation and retain at least 75% of the current fossil thermal energy generation capacity.

!'Waterpower, www.waterpowermagazine.com/features/featurehydropower-and-the-alaska-railbelt-9761276
(accessed May 2023).

2 DeMarban, A., 2022, Hilcorp warns Alaska utilities about uncertain Cook Inlet natural gas supplies: Anchorage
Daily News, May 17, 2022.

3 Chugach Electric Association, 2020, Electric utility tariff: www.chugachelectric.com/system/files/

regulatory affairs/North District Operating_Tariff - Electric.pdf (accessed January 2023).

4U.S. Energy Information Administration, www.eia.gov/state/analysis.php?sid=AK (accessed June 2023).
SAlaska Energy Authority, www.akenergyauthority.org/What-We-Do/Power-Cost-Equalization (accessed June
2023).

¢ Denholm, P., Schwarz, M., DeGeorge, E., Stout, S., and Wiltse, N., 2022. renewable portfolio standard assessment
for Alaska’s Railbelt: Golden, CO, National Renewable Energy Laboratory. NREL/TP-5700-81698.
www.nrel.gov/docs/fy220sti/81698.pdf.
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Providing carbon capture, utilization, and storage (CCUS) for required fossil thermal power generation
could be viewed as a priority over alternative options in the Railbelt and Southcentral.

A statewide screening of CCUS for Alaska concluded the Cook Inlet Basin is the most prospective region
for carbon storage adjacent to population centers and existing electrical grid. The study, documented in
The Alaska CCUS Workgroup and a Roadmap to Commercial Deployment,” found high storage potential
in the Cook Inlet and in the remote, isolated North Slope. Extensive subsurface datasets are available but
lack the integrated assessment required to define carbon storage volumes with high confidence.

Coal-fired power generation with CCUS presents a compelling alternative to imported LNG by providing
affordable, reliable, clean electricity to the Railbelt grid at substantially lower than current costs—which
through PCE lowers energy costs across the state for both urban and rural customers. Abundant local coal
reserves provide low-cost fuel for power generation ($4/MMBtu) at one-half to one-quarter the cost of
natural gas (~$10/MMBtu) or diesel and naphtha ($20/MMBtu) per the Alaska Energy Authority forecast.
Power generation can commence between 6 and 8 years from the start of front-end engineering design
(FEED). CCUS is viewed as critically necessary to address climate concerns and for public acceptance of
a new dual-fuel (coal and biomass) power generation facility. With CCUS, a coal-fired power generation
plant emits one-quarter to one-half the greenhouse gas emissions of a natural gas-fired plant without
CCUS. CCUS is not yet commercially attractive for natural gas-fired power plants in Alaska.

Power generation with CCUS supports the objectives of the Governor and of Alaska’s Office of Energy
Innovation in accessing a secure and diverse energy mix for safe, reliable, and affordable energy for
Alaskans and Alaska’s desire for leadership in “both carbon capture, utilization, and storage and building
the critical minerals of this state and nation.”® The Governor’s Administrative Order No. 340 places
“policies that enable Alaska to capitalize on its vast energy potential in order to lower the cost of energy
and enhance the stability of energy delivered to Alaskans” as the first listed purpose of the Office of
Energy Innovation.

CCUS in Alaska is well positioned for success, and completion of the Alaska Railbelt Carbon Capture
and Storage (ARCCS) project will result in a notably reduced project risk profile by defining the carbon
storage capacity in northern Cook Inlet. Favorable storage complex and project attributes for the Cook
Inlet Basin include 1) the most mature oil and gas basin in Alaska, with significant CO, storage potential
in depleted oil and gas reservoirs and saline aquifers and geologic data for these fields are abundant and
readily available; 2) the existing oil and gas infrastructure that could support the transport and injection of
COy; 3) the surrounding communities have longstanding and generally positive relationships with the oil
and gas industry, so investment in CCUS is expected to be received favorably. Initial project economic
screening incorporating capture; transport; Class VI wells; permitting; and monitoring, verification, and
accounting (MVA) suggest commercial-scale CCUS is economically attractive.

These factors, combined with the University of Alaska Fairbanks (UAF), Advanced Resources
International (ARI), and the University of North Dakota Energy & Environmental Research Center
(EERC) (the Project Partners) extensive experience with CCUS through the Plains CO, Reduction
(PCOR) Partnership Initiative and other CarbonSAFE Initiative efforts will ensure a successful Phase 11
effort. Investing in this ARCCS assessment will enable reliable, affordable, clean power generation for
the Railbelt, addresses the imminent natural gas supply energy shortfall, and, by lowering electricity costs

7SPE-213051, Alaska CCUS Workgroup and a Roadmap to Commercial Deployment, May 2023,
https://doi.org/10.2118/213051-MS.

8 Alaska Department of Natural Resources, 2022, Hilcorp plan of lease operations, Beluga River K pad expansion
application: https://aws.state.ak.us/OnlinePublicNotices/Notices/View.aspx?id=207439.
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in urban areas, benefit rural communities across the state by lowering their electricity costs through the

PCE program.

1.0

1.1

a new 400-megawatt gross (~300-megawatt net with carbon capture plant load) dual-fuel capable power

COOK INLET CARBON STORAGE SCENARIO ANALYSIS

Probability of Storing 50 Million Metric Tons of CO:; in a 30-Year Period
The ARCCS project in the Cook Inlet region of Southcentral Alaska evaluates storing CO, captured from

generation plant and two natural gas-processing plants (Figure 1). This feasibility study will evaluate the
aggregation of CO, captured from these sources for injection into a geologic storage complex on the
northern shore of Cook Inlet Basin. This ambitious effort will support the pursuit of a low-carbon,

economically affordable, reliable energy supply option to address the pending shortage of natural gas and
electricity supply in the Railbelt of Alaska, which contains 75% of Alaska’s population and extends from
Fairbanks to Anchorage and the Kenai Peninsula.
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Figure 1. Map of proposed CO; storage location and proximity to CO- sources. Existing sources are shown as red
squares. The location of the proposed Susitna power plant is indicated in the northwest map area.
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Capture and storage from the proposed power plant alone over a 30-year period will exceed

60 million tonnes of CO,. As discussed in Section 2.3, Prospective Storage Resources, the proposed
primary CO; storage horizon is the production zone of the Beluga River Field, a nearly depleted unitized
gas field. Based on gas volumes produced to date and using CO, density at reservoir conditions, the
prospective CO, storage resource for the Beluga River Field is estimated at 157 Mt. This resource
estimate is nearly three times what is needed to meet the CarbonSAFE requirements and sufficient for
approximately 60 years’ worth of storage resource for CO; captured from a 400-MW gross power plant
(300-MW-net delivered power after CCUS) at 2.6 million tonnes per year. The inclusion of other depleted
regional fields could push the total to nearly 200 Mt of storage.

1.2  Map Showing Sources, Pipelines, Storage Site(s), Footprint of CO; and Pressure Plume, Land
Use
See Figure 1 for the distribution of candidate sources (Table 1) and notional pipeline route(s). The extent
of the CO; footprint within each of the depleted gas fields will be constrained by the structural closure of
each field. The extent of the critical pressure plume (as defined by the U.S. Environmental Protection
Agency (EPA) may reach beyond the edge of the CO; plume. More refined dimensions of both plumes
will be determined through the data collection, geologic modeling, and subsequent dynamic simulation
proposed for this project.

Table 1. Potential CO: Sources for the ARCCS Project

Annual COz Emission,

Name metric tonnes per annum
George Sullivan Plant 2, Chugach Electric Association 316,000
Southcentral Power Project, Chugach Electric Association 426,000
Proposed New 300-MW Net Power Plant, Flatlands Energy 2,600,000

1.3  Anticipated Business Contractual Requirements to Address Technical and Financial Project
Risks

Several business contracts will need to be negotiated in the pursuit of addressing technical and financial

risks associated with a large-scale integrated carbon storage project in the Cook Inlet region of southern

Alaska. A number of these potential contracts are enumerated in Table 2, in no particular order.

Table 2. Future Contract Requirements

Contract Description Purpose

Contract with Drilling and Logging Providing subsurface geologic properties of the target formation will

Company to Drill, Core, and Log allow for an accurate estimation of CO» plume size and injection rates.

Stratigraphic Test Well.

Establish Pore Space Leasing Contract An early establishment of a fair and comprehensive pore space leasing

and Per-Acre Pricing agreement document will ensure that the process moves forward in a
smooth and positive manner.

Secure a Land-Use Permit A land-use permit from the borough or local land management agency is
necessary for the ultimate installation of one or more Class VI wells.

Establish Purchasing or Leasing Depending on the final site selection for one or more Class VI injection

Agreement to Acquire Land for wells, a purchasing or leasing agreement will be required to acquire the

Ultimately Placing a Class VI Well land needed for a surface facility and wellsite.

Apply for U.S. Department of Energy A successful loan application will provide assurance that the project will

(DOE) Guarantee Loan Program and proceed to completion.

Negotiate Repayment Terms
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1.4 Level of Commitment

We have received more than 15 letters of support or commitment regarding the ARCCS project. Each
organization is committed fully within their individual scopes and spheres of influence to move CCS
forward in a manner that is economically attractive and publicly acceptable.

Governor Dunleavy and his administration strongly support the proposed ARCCS project. As evidenced
in the attached Letter of Support, he is committed to working with the legislature to appropriate up to
$2.25 million for the ARCCS project. This commitment is the primary reason we have selected a project
start date of July 1, concurrent with the beginning of Alaska’s fiscal year. The ARCCS project
compliments Governor Dunleavy’s Carbon Management and Monetization Bill package. Senate Bill 49
and House Bill 50 specifically creates new authorities for State agencies to license, lease, and administer
the State’s pore space for geological storage; administer pipeline infrastructure for transportation of
captured carbon to geological storage facilities and administer injection wells and carbon storage
facilities; and protect correlative rights of all subsurface owners. The legislature will resume its
consideration of these bills in January 2024.

The applicant team has assembled letters of commitment and other letters of support that included as

separate attachments within the proposal package. The cost share letters are summarized here:

e ARI has committed to providing $420,491 to support the proposed project. This contribution speaks
to the seriousness of ARI’s intent to support the goal of the DOE CarbonSAFE initiative.

o The Alaska Division of Oil and Gas is the agency responsible for holding lease sales for Alaska.
Their Resource Evaluation team has committed $137,131 in labor to assist with identifying which
reservoirs are most suitable for long term sequestration of COs, interpreting log and seismic data, and
reviewing work products.

e The Alaska Division of Geologic and Geophysical Surveys (DGGS) has an ongoing Cook Inlet
program. An important aspect of the program is to understand how and when these strata were
deformed to produce hydrocarbon trapping structures, conduits for fluid migration, and fracture
porosity. These results are integrated with the subsurface geology in prospective regions of the basin
using available seismic, core, and wireline log data, in an effort to maximize value for the ARCCS
project. DGGS activities are calculated to cost $574,466, which is included in the cost share
commitment provided by Governor Mike Dunleavy.

e Blueprint Alaska (BPA) is a female-owned, advocacy and strategic communications firm
headquartered in Anchorage. They work with a range of Alaskan clients involved in oil and gas,
mining, health care, business development, Alaska Native Corporations, and aviation. BPA will
provide support to the continuing efforts of the Workgroup described in our Community, Labor and
Stakeholder Engagement efforts by assisting with social media and outreach. They are committing
$49,875 in cost share.

e Friends of West Susitna (FOWS) is a non-profit grassroots organization made up of long-time
Alaskans whose mission is to advocate for the State of Alaska to provide year-round road access to
state-owned lands west of the Susitna River. They will assist ARCCS by arranging for outreach to
nearby villages and other stakeholders. FOWS is committing $40,000 in cost share.

o Flatlands Energy Corp. has been operating in the Susitna region since 2015. They have completed a
multi-year exploration program and is now advancing feasibility of a duel fueled biomass and coal
CCS power plant. They are providing cost share of $68,736.

e IRT has worked closely with UAF and DNR to facilitate the public Workgroup meetings for
developing a CCS industry in Alaska. They also bring considerable technical expertise to the ARCCS
project and have committed $98,764 of cost share.

e Mike Belowich of Belowich Coal Consulting (BCC) is a long-time geologist working in the Cook
Inlet Basin. He has an impressive history of drilling core holes and correlating log results yielding
new and better understandings of the Cook Inlet geology. BCC is providing cost share of $19,376.

RS 24-031
PREVI EW Dat e: Jul 17, 2023 Workspace | D W501132253 Fundi ng Opportunity Number: DE- N 0242061



e UAF, a Minority Serving Institution, is looking forward to building capacity within the State by
closely working with EERC and ARI. UAF is committing $335,412 in cost share. In addition to
utilizing its existing faculty, UAF will grow its expertise by hiring additional faculty, Postdocs, and
support four graduate students.

1.5 Estimate of Anticipated Capital and Operating Costs

One of the variables cited as controlling the influence of cost for a CO; storage complex is how well-
suited the geologic target is for CO; storage. The geologic setting represented in depleted gas fields
provides evidence of conditions necessary to contain buoyant fluids for millions of years, thus moving the
expected costs associated with the geologic storage of CO; to the lower range. Following DOE approval
of this proposed initiative, UAF and its partners will collaborate on determining the capital and
operational costs of the system as follows:

a) Capital cost for the CO, capture facilities — estimation of the cost for integrated CO» capture
facilities at the proposed new electric generation station and associated operational costs of the
capture facilities. The same type of information will be generated for the smaller existing CO>
emission sources, as shown in Figure 1.

b) Capital and operational costs for the transportation of the captured CO; from the proposed
power plant and other candidate CO; sources to the central injection location. A preapproved
pipeline corridor in the area will be leveraged for the use of rights of way (ROWs) and to
facilitate permitting and construction.

c) Capital and operational costs for the injection wells. The cost for the drilling of stratigraphic or
monitoring wells will be included in the estimate for the injection wells.

d) The future costs associated with the monitoring, verification, and reporting (MVR) of the CO»
plume, pipeline operations, facilities, etc., will be outlined and included as part of the cost of
this project.

As a result of the reviews mentioned above associated with the Phase II efforts, a more accurate and
precise estimate of the storage costs for future CarbonSAFE Program implementation phases and projects
can be realized.

1.6 Anticipated Needs and Strategy to Secure Financing and/or Cost Share

Investment into a regional CCUS facility in the Cook Inlet area can capitalize on several financial
leveraging opportunities. From a national perspective, the U.S. government, through its 45Q program,
offers an $85/metric ton tax credit for CO: securely stored in geologic formations. DOE offers access to
capital for large-capacity CO; transport projects under the carbon dioxide transportation infrastructure
finance and innovation (CIFIA) program. Additional sources of funding to move a pioneering effort like
this forward in Alaska could also come from the recently introduced Alaska Energy Independence Fund.

1.7  Strategy for Securing Pore Space Rights

Acquiring the legal right to access and use the pore space of a geologic formation for permanent CO;
storage is required for commercial CCS projects.” The owner(s) of the overlying surface estate and the
mineral estate are important considerations for CO; injection and storage. Conflicts or shared interests

° Peck, W.D., Regorrah, J.G., Doll, T.E., Nakles, D.V., Pekot, L.J., and Connors, K.C., 2021, Pore space—technical
and legal considerations for CO» storage in North Dakota: Plains CO> Reduction (PCOR) Partnership Initiative
White Paper for U.S. Department of Energy National Energy Technology Laboratory and North Dakota Industrial
Commission, October.
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between the oil and gas operator and the carbon storage pore space leaseholder may arise. Currently, in
Alaska, pore space is considered a mineral and is therefore controlled by the mineral owner. The state is
currently reviewing this aspect of pore space leasing through a recently introduced bill (see Section 1.8).
There may be project upsides to working in conjunction with the hydrocarbon-producing field owner,
e.g., rather than abandoning certain equipment upon cessation of production, some may be repurposed for
the storage project.

1.8 Role of State Incentives/Policies Toward Economics and Public Acceptance

In January of 2023, Alaska Governor Mike Dunleavy introduced a CCUS bill (Senate Bill 49 and House
Bill 50) that contains multiple sections, including use of public lands, pore space leasing, allowing CO,
transportation by pipelines, and addresses ownership of carbon dioxide and ascription of liability. The bill
empowers the Alaska Department of Natural Resources (ADNR) and the Alaska Oil and Gas
Conservation Commission (AOGCC) to manage unitization, protection of other mineral interests,
amalgamation of property rights, and preservation of existing rights. This CCUS bill proposes a
competitive licensing and leasing program for carbon storage by allowing operators of CO, enhanced oil
recovery (EOR) operations to transition straight into CO, storage operations. The bill also proposes a
robust carbon storage permit process for the AOGCC to administer pore space leasing, manage competing
subsurface uses, and ensures the protection of other reservoirs such as nearby hydrocarbon or geothermal
production. The bill was generally well-received by the State Legislature and multiple hearings on the bill
have gathered public input. It bodes favorably for passage next session (first quarter of 2024) that in 2023,
the Legislature authorized the State to seek Class VI primacy from the EPA.

1.9  Potential Sources of Revenue

The current federal incentives, such as the 45Q tax credit, provide a financial incentive for Flatlands
Energy to make these investments and provide returns to its shareholders that may not otherwise be
available. This provides diversification to Flatlands Energy’s portfolio of services that can benefit
stakeholders long-term.

The availability of a steady supply of captured CO; will also be attractive to potential EOR or enhanced
gas recovery (EGR) operators in the Cook Inlet area or beyond. Revenue gained from the potential sales
of CO; to regional hydrocarbon production companies would be notable.

1.10 Long-Term Liability for Stored CO;

In early 2023, House Bill 50 was introduced in the Alaskan legislature. This proposed legislation relates
to the geologic storage of CO, and includes provisions for the long-term liability of the stored CO,. Once
a certificate of project completion is issued by the state, title to, and liability for, the CO; storage facility
and the stored CO; transfers to ADNR. As of June 2023, the proposed legislation was moving through the
approval process and will be taken up again by the Alaska State Legislature when the session continues in
January 2024.

2.0 TECHNICAL SUBBASINAL EVALUATION

2.1 Storage Reservoir(s)

The primary storage target is the 7.5-mi long by 2.5-mi wide Beluga River gas field. The field produces
from two formations: the overlying high-net-to-gross Pliocene-age Sterling Formation and the underlying
low-net-to-gross Miocene-age Beluga Formation. These formations consist of thick sequences of
nonmarine, fluvial-dominated, volcanic to arkosic sandstone, siltstone, mudstone, and coal. Gross
reservoir thickness is up to 3400 feet and consists of dozens of stacked channel belt and crevasse splay
sandstone beds separated by laterally continuous, relatively impermeable flood basin siltstone, mudstone,
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and coal.'® There are currently nine producing zones in the reservoir complex, with a net sand average
porosity of 32% for the three in the Sterling Formation and 21% for the six in the Beluga Formation.
These production zones will be the initial targets for CO; injection and storage. In the secondary gas field
storage targets (Ivan River, Pretty Creek, and Lewis River Fields), the candidate storage intervals are in
the Tyonek and Beluga Formations (Figures 2 and 3).

Generalized Stratigraphic Column
Beluga River Field

Depth (ft)
0— Quaternary Sediments
1000 — I Conglomerate
. [ | Sandstone
Sterling || Siltstone
2000 — Formation [ shale
Hl coal
3000 — ~
4000 —
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5000 — Production
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6000 —
) Beluga
Formation
7000 —
8000 —
9000 — Tyonek
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10,000—
11,000—
12,000— Hemlock
Formation

Figure 2. Generalized stratigraphic column of Beluga River Field.

10 Levinson, R.A., 2013, Beluga River gas field, Cook Inlet, Alaska, in Stone, D.M., and Hite, D.M., ed., Oil and gas
fields of the Cook Inlet Basin, Alaska: AAPG Memoir 104, p. 245-261.
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Figure 3. Anticlines and faults of the northern Cook Inlet. Anticlines 11, 12, and 13 correspond to the Ivan

River, Lewis River/Pretty Creek, and Beluga fields, respectively. (Modified from Haeussler and Saltus,
2011.)!"

2.2 Confining System

The stratigraphic confining intervals of the stacked channel belt deposits comprise laterally continuous
flood basin siltstones, mudstones, and coals'? within the Sterling and Beluga Formations. The overall
structural trap in each of the prospective gas fields is a broad north-northeast-trending double plunging
anticlinal structure with a steeply dipping reverse fault along the west side. In the Beluga River Unit,
there is nearly 600 feet of closure on this structure (Figure 4).

2.3  Prospective Storage Resources

The proposed primary CO, storage horizon is the production zone of the Beluga River Field, a nearly
depleted unitized gas field. The reservoir is located approximately 4000 feet deep and has a discovery
pressure of approximately 2500 psi. Assuming a surface temperature of approximately 60°F with a
geothermal gradient of 0.015°F per foot results in a reservoir temperature of approximately 120°F. Under
these reservoir conditions, natural gas has a density of approximately 7.8 Ib/ft> compared to a density of

' Haeussler, P.J., and Saltus, R.-W., 2011, Location and extent of Tertiary structures in Cook Inlet Basin, Alaska,
and mantle dynamics that focus deformation and subsidence, in Dumoulin, J.A., and Galloway, J.P., eds., Studies by
the U.S. Geological Survey in Alaska 2008-2009: U.S. Geological Survey Professional Paper 1776-D, 26 p.

12 Levinson, R.A., 2013, Beluga River gas field, Cook Inlet, Alaska, in Stone, D.M., and Hite, D.M., ed., Oil and gas
fields of the Cook Inlet Basin, Alaska: AAPG Memoir 104, p. 245-261.
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approximately 0.044 Ib/ft> under standard conditions'? and when integrated with production to date,
results in a total reservoir volume available of approximately 7.3 Bcf.

Under the same reservoir conditions, CO, has a density of 46.8 1b/ft3 (749 kg/m*)!'*. The same 7.3 Bef of
reservoir volume could be occupied by approximately 157 Mt of injected CO», three times what is
needed to meet the CarbonSAFE requirements. At CO, capture rates associated with a 400-MW gross
power plant (300-MW-net delivered power after CCS) of 2.6 million metric tons per year, this provides
approximately 60 years’ worth of storage resource. The inclusion of other depleted regional fields
could push the total to nearly 200 Mt of storage.

Stering A
Subsea Depth
From PSOMT

77ed to wells

C/=50 1

oD ~—_

7

Figure 4. Geological structure map on the top of the Sterling A interval, which is the top of the productive
interval of the Beluga River gas field.!?

13 Unitrove, 2022, Natural gas density calculator: www.unitrove.com/engineering/tools/gas/natural-gas-density
(accessed September 2022).

14 MegaWatSoft Inc., 2022, September 26. CO, tables calculator: Retrieved from www.carbon-dioxide-
properties.com/co2tablesweb.aspx (accessed January 2023).
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2.4 Summary

The petrophysical properties of the Sterling and Beluga Formations and the presence of effective
confining intervals result in favorable conditions for the injection and secure permanent storage of CO».
These primary characteristics demonstrate viability as a storage reservoir for CO; and are summarized in

Table 3.
Table 3. Beluga Formation Properties'®
Property Value
Thickness ~4500 feet gross thickness
Net-to-Gross (NTG) Ratio 15%—-40% NTG
Porosity 12%—-28%
Permeability 0.1-100 milliDarcy

3.0 REGIONAL CONSIDERATIONS ANALYSIS/SITE-SELECTION PROCESS
3.1 Protected and Environmentally Sensitive Areas

3.1.1 Water Resources

Any CCUS project must take appropriate steps to ensure the protection of underground sources of
drinking water (USDWs). A USDW is defined by the Safe Drinking Water Act (U.S. Code [USC] 42
§300f) as an aquifer that contains water with total dissolved solids (TDS) less than 10,000 mg/L. Also,
CCUS projects should be designed and operated in a manner that prevents injected CO; from leaking into
overlying USDWs. The Cook Inlet Aquifer System encompasses floodplains along the Susitna River, the
Matanuska River, and other smaller drainages as well as coastal lowlands along northern Cook Inlet. The
aquifer is generally composed of alluvium and glacial outwash. These are relatively thick deposits made
up of clay, silt, sand, gravel, and boulders. Where these deposits are locally coarse-grained (sand and
gravel), they yield shallow groundwater. Depth to water is likely to be less than 100 feet throughout the
system.'® Nearly 40 shallow groundwater wells are in the project area near the Beluga Field. These wells
range in depth from 20 feet to 518 feet deep.

3.1.2 Cultural

A portion of the proposed pipeline route from the mineral lease area to the Beluga River Field follows the
Iditarod National Historic Trail. The Beluga Field is bordered on the northeast by the Susitna Flats State
Game Refuge and on the southeast by the Cook Inlet (Figure 1).

3.1.3 Habitat

The upper Cook Inlet is designated as a critical habitat for the Cook Inlet Beluga Whale. The Beluga
River Field and the adjacent secondary storage fields (Lewis River, Ivan River, and Pretty Creek) are
located inside or intersect the Susitna Flats State Game Refuge. The 300,800-acre refuge is managed by
the Alaska Department of Fish and Game (ADF&G) to ensure the protection of fish and wildlife
populations and habitat and provide public opportunities for wildlife viewing, recreation, and the use of
fish and wildlife and their habitats. Extra care will be taken with respect to any activities that could
potentially affect these environmentally sensitive areas.

15 Hilcorp testimony to Alaska Oil and Gas Conservation Commission for Conservation Order 802, April 12, 2022.
16 Alaska LNG, 2015, www.arlis.org/docs/vol1/AlaskaGas/Report4/Report AKLNG 2015 DRR/AKLNG-
DraftResourceReport2.pdf (accessed June 2023).
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3.2  Pore Space Ownership and Surface Owners Potentially Impacted

The Cook Inlet is dominated by rural landscape and agricultural development. Based on a review of
landowner maps of the Beluga Field area, it is expected that a contract for pore space leasing with several
landowners would need to be arranged. These owners include the State of Alaska and Cook Inlet Region,
Inc. (CIRI), an Alaskan Native region corporation. CIRI has submitted a letter in support of this ARCCS
project. In the repurposing of a depleted gas field, there may be the need to work with existing mineral
owners for the storage of CO,.

3.3 Population Center Analysis — Potential Conflicts and Mitigation Strategies

The targeted geologic storage complex in this region of Alaska includes the south-central portion of
Matanuska-Susitna Borough (Figure 1). The nearest community to the Beluga River Field is Beluga, a
census-designated place (CDP) with a population of 34. The nearest community to a proposed secondary
storage area is Skwentna with a population of 62. Other population centers in this area of Alaska include
Anchorage (pop. 249,252) and Point MacKenzie (pop. 1852). Based on the community analysis, no black
swan scenarios (low-probability, high-impact factors) are foreseen due to macro-level social factors for
the proposed project. While the potential exists for some landowner/mineral opposition to pore space
leasing, if there is at least 62.5% commitment, the Alaska unitization statute allows for the integration of
the minority percentage of mineral owners (pore space is considered a mineral in Alaska). Because

Phase 1l is a feasibility study, potential community impacts are minimal. The proposed 2D seismic line
acquisition will be entirely in the remote portions of Alaska, and the temporary and de minimis nature of
the planned activity along with the lack of any long-term or regional consequences suggest that this part
of the project will not present adverse impacts to any communities. At this time, no potential conflicts are
expected. However, if conflicts are discovered through the outreach activities of this project, mitigation
strategies will be developed in cooperation with local stakeholders.

3.4 Existing Resource Development

The proposed prime CO- storage scenario takes advantage of existing resource development
infrastructure, ROWs, and knowledge associated with unitized gas fields in the northern Cook Inlet area
(Figure 4). The primary CO; storage target is the nearly depleted Beluga River Field. This gas field was
developed starting in 1962 and now has 25 wellbores.

3.5 Pipeline ROWs

As shown in Figure 1, there is an existing approved pipeline ROW that extends from near the proposed
Susitna power plant to the heart of the primary CO, storage area. If CO, capture were to be installed on
the two select existing gas-fired power plants in Anchorage, transportation to the storage facility would
follow the existing ENSTAR natural gas pipeline ROW (Figure 4).

4.0 CO; TECHNICAL ANALYSIS

4.1 Commitment of CO; Sources

A list of potential CO; sources is in Table 1. Each of these organizations has provided a letter of support
for the ARCCS feasibility study and has expressed consideration of directing captured CO; to the storage
facility should the feasibility study show a positive result. The identified CO; sources would satisfy the
minimum contribution of 50 million metric tons of CO, within a 30-year period. Letters of support are
provided in the proposal package.
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Alexander

— Gas Transmission Pipelines Ancf&age

— Hazardous Liquid Pipelines r- Chugach

ol \ State Park
Beluga River Field /4

F re Islanc

Figure 4. Map showing existing ENSTAR pipeline route from the Beluga River Field to Anchorage.
Source: National Pipeline Mapping System (NPMS).

4.2 CO; Source Analysis

The planned new Susitna power plant would be designed to deliver its nominally 2.6 Mtpa of captured
emissions at a purity of greater than 90% CO». The final CO; purity level will be determined during a
future FEED study. However, any chemical impurity constraints dictated by either the pipeline
specifications or the geochemistry of the storage formation will be addressed at the capture facility.
Nearly 800,000 mtpa of CO; is emitted from the identified existing CO- sources (Table 1). Any future
CO; capture facilities associated with these sources would be engineered to deliver a stream with >90%
CO; and with levels of impurity low enough so as not to impact pipeline or reservoir integrity/
performance.

4.3 Pipeline Requirements

For any potentially new pipelines, pipeline and construction are permitted through ADNR. Local planning
and zoning permits for pipelines will be obtained from the boroughs intersected by the finalized pipeline
route. In addition, the State Pipeline Coordinator section of ADNR would regulate the pipeline from the
capture facility to the injection well. As such, the pipeline will be designed to incorporate the
requirements set out by these jurisdictions as well as to accommodate the CO, streams contained within
them. The pipeline system will adhere to the monitoring and evaluation requirements set forth by federal,
state, local, or other jurisdictions that the pipeline system will intersect or is required to adhere to. In
addition, the CO, stream will be dehydrated or otherwise treated to maintain the integrity of the pipelines,
providing the transportation of the stream from the source to the storage complex throughout the life of
the project, with routine monitoring being conducted during the construction, operation, and close-out
phases to ensure that the pipeline and associated equipment maintain integrity throughout the life of the
system(s).

4.4 CO; Pipeline ROWs Analysis

CO; captured at the proposed new dual-fuel capable power generation plant would be shipped via a
pipeline approximately 60 miles to the Beluga River Field. The CO; pipeline would follow a portion of
the permitted existing gas pipeline route for the proposed Donlin Gold Mine (Figure 1). If necessary, the
distribution of CO; to the other abandoned gas fields would follow preexisting pipeline routes (Figure 4).
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A portion of the pipeline route would pass through the Susitna Flats Game Refuge managed by ADF&G.
The ROW would be within the Pretty Creek public road easement through most of its route through the
refuge. Overall, the pipeline would be consistent with the goals of the refuge management plan, and no
direct or indirect effects would occur to the state’s land use management within the refuge. The portion of
the pipeline within the refuge would require a special use permit from ADF&G. Cook Inlet beluga whales
are the only Endangered Species Act-listed species potentially impacted by the pipeline project. These
whales are common in upper Cook Inlet, including in the vicinity of the Beluga River and Beluga barge
landing. Potential effects on beluga whales would be primarily due to the transportation of pipe and
supplies via barges for the construction of the pipeline.

5.0 STAKEHOLDER ANALYSIS
The greater project area that may be impacted by the proposed project encompasses three CDPs, Beluga,
Skwentna, and Point MacKenzie; and the city of Anchorage (Table 4). Of the four communities

mentioned, the prime location of the geologic storage project and resulting CO; plume will only have
potential impacts on the Beluga CDP which sits directly over the Beluga River gas field (Figure 1).

Table 4. Communities in the Area of the Proposed ARCCS Project

Community Area, sq mi Population, 2020 Population Density, persons/sq mi
Beluga CDP 100 34 0.34

Skwentna CDP 450 62 0.14

Point MacKenzie CDP 150 1852 12

Anchorage (urban) 92 249,252 2718

CDPs are a statistical geography representing closely settled, unincorporated communities that are locally
recognized and identified by name.

5.1 Community and Stakeholder Engagement Plan

Identifying societal considerations and impacts of the project and creating audience-specific engagement
strategies are key elements of effective public engagement where stakeholders can become project
partners. As described in the community and stakeholder engagement plan (CSEP) development proposal,
the project partners have the extensive regional knowledge, community relationships, and collective
experience to produce and implement a plan that will further identify and respectfully engage
communities and stakeholders, invite their questions, listen to their concerns, inform their understanding
of CCUS, and document the public view of all aspects of geologic CO, management within the study
region during the feasibility phase and subsequent phases of the project should they be approved.

Engagement activities will be managed by UAF and the EERC. UAF will have final approval of all
materials prior to release. In keeping with the best practices outlined in the 2017 update of the Regional
Carbon Sequestration Partnerships (RCSPs) Best Practices Manual and based on the experience of the
PCOR Partnership, outreach task activities will be coordinated with project development plans and the
leadership team. The project team will liaise with other outreach efforts through a project outreach
advisory group featuring outreach specialists from project partners and key stakeholders.

Phase II efforts will build on project partner EERC’s PCOR Partnership outreach effort, which has been
active since 2003; the successful North Dakota CarbonSAFE Phase II project; the ongoing North Dakota
CarbonSAFE Phase III project; and the now-commercial Red Trail Energy CCS project with a program of
project-focused and broadly based general outreach on CCUS. The PCOR Partnership’s project-related
outreach activities range from content on the PCOR Partnership public website to participation on
outreach advisory panels, custom project-focused outreach materials, and engagement with local
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stakeholders. Regional outreach has been accomplished through original documentaries broadcast on
public television as well as participation in educator workshops, library conferences, and decision-maker
forums. The EERC’s core CCUS outreach team is complemented by technical CCUS experts as well as
specialists in media relations, graphics, editing, and web programing.
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Hilcorp Energy Company

Joint House & Senate Resources Committee

February 7, 2024
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Hilcorp Alaska Overview

Highlights

Asset Overview
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Cook Inlet Basin Gas

= Hilcorp is committed to the Cook Inlet Basin
= Hilcorp is fully developing its leasehold
— Hilcorp has produced over 700 Bcf of gas since entering Alaska
— Hilcorp has spent well over $1.0 billion in the Cook Inlet Basin
— Hilcorp is increasing activity in Cook Inlet Basin
— Drilled 153 wells since 2011 and plans to drill 15-20 wells per year going forward
= Producing wells’ production initially declines ~30% per year
= Cook Inlet Basin gas market is unlike any other in the United States

= Gas under Hilcorp’s leasehold cannot meet all of the region’s gas demand

Utilities and other gas producers must identify
new sources of gas supply for South Central Alaskg,,,,,
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Wells Drilled in Cook Inlet Basin

Onshore and offshore 2005 to present
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Hilcorp Gas Contracts and Reserves H

[ Hilcorp plans to fully develop its leasehold with 15-20 wells per year
necessary to offset base decline

-
(Bef) 70 Bcflyear Total Gas Demand
70

Development Limitations
60 1 * Only 6-month drilling season

= Limited drilling support services available
50 4‘-“ = Permitting challenges

\ —
\

40

\
30 53

51 55 h)

20
32/ 32 / 3

10 -
- ]2
0
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
— H?Icorp Gas Contracts — O.ther Gas Suppliers . . Uhmet Demand 5 RS 24-031
Hilcorp Development Plan Hilcorp Base Production Decline Hilcorp Wedge
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Cook Inlet Gas Storage Facilities

Name Deliverability  Storage Wells

Pretty Creek

(Hilcorp Alaska) 8 MMcfd 1.9 Bcf 1

KGSF

(Hilcorp Alaska) 65+ MMcfd 3.5 Bcf 5

CINGSA 150 MMcfd 11 Bcf )

Pool 6

(Hilcorp Alaska) 100 MMcfd 20+ Bef 12

= Gas storage is crucial for region

= Hilcorp invests heavily in gas storage
reliability and redundancy

= Hilcorp wants to be part of the solution

N

Pretty Creek

/ KGSF

CINGSA
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Thank You



Cook Inlet Update

ENSTAR
X

Natural Gas Company
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About CINGSA

Constructed in 2012 in response to S|gn|f|cant concerns about Cook
Inlet gas supply =

11 Bcf storage capacity
150 Mmcf max

injection/withdrawal

3 Firm Customers

3 Interruptible Customers
Provides deliverability for
more than 40% of ENSTAR

demand on a cold day.
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Utility Working Group

 Hilcorp/Utilities Annual Update meeting
— April 12, 2022

— Stated they would not extend existing contracts

* Creation of the Utility Working Group

— April 15, 2022
« ENSTAR, Chugach, MEA, GVEA, HEA, IGU
— Later included AEA, DNR

— Hired Berkeley Research Group (BRG) — November 10, 2022
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Utilities’ Market View Fall ‘22

Combined Utilities' Annual Demand

. (Cook Inlet Supply Utilities Estimate)

BCF

mmmm HEA Contracted mmmm |GU Contracted (Cl Only)

I CEA Contracted CEA-BRU
mmmm Uncontracted Available Cook Inlet mmmm North Slope/New Gas

e Demand Scenario 2 - Normal

ENSTAR
. G

e Demand Scenario 3 - High (Cold)

Higher-Risk Uncontracted
Demand

No line of sight to Cook Inlet gas
supply

Lower-Risk Uncontracted
Demand

Expected to be supplied from
Cook Inlet remaining reserves

D O O S W D W o A D OO
& & &
RN G G S G P X~ G~ s Qs

MEA Contracted
B Enstar Contracted

e Demand Scenario 1 - Warm with Renewables
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Gas Supply Opportunities — Phase | Assessment

Timeline Midstream Cost of Supply
Years $Mcf $Mcf
1 Cook Inlet Gas 3-4 Up ’f;ﬂgﬂﬂ - Up to ~ 23 $9.3-$255 Included $9.3- $25.5
2 (a) | In-State Pipeline (Private) 6-7 ~ $8,790 Up to 105 $1.3-%26 $26.9 - $34.4 $28.2 - $37.0
2 (b) {'S”L]ﬁt;;?zzﬁg';f} 6-7 ~ $8,790 Up to 106 $1.3- $2.6 $7.8-$10.0 $9.2-$126
2 (c) '“'Statﬁ;ﬂr;e (Stele | ¢ 7 ~ $8,790 Up to 105 $1.3-$2.6 $6.0- 7.4 $7.3-$10.0
3 Kenai LNG 4-5 3768 Up to 55 86-389 $3.4-347 $120-5136
4 Greenfield Port and Regas 6-7 3876 Up to 55 386-3%8.9 $4.0-355.3 $126-%14.2
4 (b) Gre‘f{gﬁgigﬁdaggﬁfgﬂ 6-7 $876 Up to 55 $8.6 - $8.9 $2.3-$3.3 $10.9 - $12.2
4 (c) Gree"{g{gt:}%“wi’;ﬂﬁegﬂ 6-7 $876 Up to 55 $8.6 - $8.9 $2.2-$3.1 $10.8 - $12.0
5 FSRU - Own/Lease 4-6 $607 / $201 Up to 55 $8.6 - $8.9 $36-%5.0 $12.2-%139
6 Barge / Small LNG Carrier| 4-5 $563 Up to 25 $8.6 - $8.9 $13-514 $21.6-523.0
7 Alaska LNG -8 ~ $43,000 Upto 183 $1.3-%26 $3.1 $4.4 - 55.8
8 LMNG Truck and/or Rail 3-4 $321 ~9 $2.50 $22.5-%295 $25 - $32
9 RNG Unknown A -1 ~ %25 Included ~$25
10 Hydrogen (green) 2035+ Unknown N/A N/A N/A 5 >40
RS 24-031
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Phase Il Project Team

Integrated Project Team Roles

ENSTAR and Utility Group

Strategic direction

Commercial, legal, regulatory leadership

Pipeline system, storage, existing supply integration
Public communications strategy and oversight

BRG

Project strategy advisor, local coordination

Planning of deliverables and Phase 2 project management

Gas supply project development and execution planning

LNG supply expertise and market interface

Financial and economic analysis

Project interface with Enstar, utilities, and public forums as directed by
client

Cornerstone

Engineering and project cost estimates

Permitting plan

Project option technical viability and risk assessment

ENSTAR
. G

Cornerstone -

° BRG | ENERGY & CLIMATE
Energy Servicas L]

Additional Resources Engaged

Exp. (Alaska) “ex P
Coffman Engineers (Alaska) tE:r? GF'E'??RNE,

Axiom Environmental (Alaska)

Cashman Preload
LNG tank experts, Alaska experience

CASHMAN | PRELOAD
INTERNATIONAL

\--.__.__-""'

Lloyd Engineering

Marine engineering, Alaska experience
ENGINEERING, INC.

Precision LNG
Worldwide LNG shipping expertise

Hunton Andrews Kurth LLP
Regulatory / Permitting legal experts
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Summary Findings for Schedules — Phase ||

* None of the Options meet the LNG demands for the 4-year milestone (first
gas 4Q2027)

« Greatest time unknowns are related to FERC and US Corp of Engineers
permitting durations, time to modify or construct in-water piers

» Risks are high for FSRU Options due to tides and winter effects at Cook Inlet

* Long-lead procurement items must be started and commercial agreements
concluded before permits are issued

4-year milestone

2028 2029 2030 2031 2032 2033 2034 2035

Project A Project A
Phase 1 Phase 2

12-year milestone

8-year milestone
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2010 vs. 2024

 |n 2010, Cook Inlet utilities faced similar
concerns under different circumstances.

 CINGSA is proof that legislative support for
energy security matters.

* Today, quick, bold action is required to serve this
region in the short and long-term.

* Additional storage is required under any
scenario and should be regulated for price
transparency.
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Cook Inlet Demand (Source: DNR 2024)

225 H Interior LNG
200 u Fertilizer plant
Kenai LNG
175 u 0&G field operations
150 Residential

Electric power

125 Kenai LNG Export = Commercial

® Other

BCF per year
-
o
o
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BCF

80

mmmm HEA Contracted
mmmm CEA Contracted
m Uncontracted Available Cook Inlet

e Demand Scenario 2 - Normal

Combined Utilities' Annual Demand

(Cook Inlet Supply Utilities Estimate)

Higher-Risk Uncontracted
Demand

No line of sight to Cook Inlet gas
supply

Lower-Risk Uncontracted
Demand

Expected to be supplied from
Cook Inlet remaining reserves

A
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e Demand Scenario 1 - Warm with Renewables
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Cook Inlet Demand (Source: DNR 2024)

Contract Terms Interruptible
Requwements

Meets 100% deliverability?
Provided under contract?

Penalty for non-delivery?
(Cover)

X
X

Allows for muIti-year gas
suppl planning?

Set quantity?

Not subject to changing
market or operating
conditions?
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Utility Duty to Serve

* This duty is not shared by producers, IPPs, or
anyone else in this state. It is our obligation
alone.

Sec. 42.05.291. Standards of service and facilities.
(a) Each public utility shall furnish and maintain
adequate, efficient, and safe service and
facilities. This service shall be reasonably
continuous and without unreasonable interruption or
delay.
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What now?

* Timely actions is required to avoid a gap In
supply.

— Short-term: Need strong support for Cook Inlet
exploration and production activities.

— Long-term: Decisive action on a large natural gas
supply project.
« Ultimately, customers - Alaska residents and
businesses - are on the hook for cost impacts.

* Working to minimize impact, but longer we walit,
the fewer options available and at higher rates.
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“What can the State do?”

ENSTAR
X

Natural Gas Company
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Additional storage is key

* Under every scenario, additional natural
gas storage is required:

— Added Cook Inlet deliverability
— Support new projects coming online

* In November, CINGSA filed with the RCA
to expand its facility to provide additional
service

EQISIZR 4TRS 24-031
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Home Energy Rebate Program

Normalized Average Annual Residential Customer Usage

171.9

161.9 162.3 162.0

155.0 154.4

150.9 151.4

MNormalized Usage per Customer

2008 2009 2010 2011 2012 2013 2014 2015
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Cook Inlet Energy: An Alaska issue

Power Cost Equalization (PCE) Program
Eligible Communities
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Key Considerations

* There is no unsubsidized energy solution that
will reduce the cost of power or space heating in
the next 10 years.

* Any incentive or tax relief must be linked to firm
contracts for Cook Inlet utilities.

* The second worst thing for Alaska is to import
LNG. The worst thing is to do nothing.
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Questions

Natural Gas Company
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The CCUS workgroup mission is to
accelerate commercial carbon capture in
Alaska

L)
-t

Alaska CCUS Workgroup

SPE Paper 213051: “Alaska CCUS Workgroup and a Roadmap to Commercial Deployment”
Frank Paskvan, Brent Sheets, UAF-INE (University of Alaska Fairbanks - Institute of Northern Engineering), et. al.

Download paper from http://INE.UAF.EDU/Carbon by selecting item #6 or https://doi.org/10.2118/213051-MS

For more information see http://INE.UAF.EDU/Carbon or email CCUSAlaska@gmail.com

Critical Challenges. Practical 86lti&s.
IM 24-0614



http://ine.uaf.edu/Carbon
mailto:CCUSAlaska@gmail.com
http://ine.uaf.edu/Carbon
https://doi.org/10.2118/213051-MS

UAF-INE Work on CCUS el Institute of Northern Engineering

University of Alaska Fairbanks

* In 2019, began work on Carbon Capture Use and Storage
(CCUS) per Congressional Delegation

* UAF-INE joined PCOR, Plains CO, Reduction
Partnership, led by EERC at U. of North Dakota

* In 2022, initiated Alaska CCUS Workgroup to engage
industry, government, academia, and stakeholders

* Supported Carbon Storage Legislation bill drafting

* Offered to perform industry studies;
Power generation CCUS feasibility study suggested;
Finalizing report now, sharing preliminary results today. By, Pt

Kl st oy, e R 5007 Er
* In 2024, initiating ARCCS Project to determine CO, N H
storage volumes s e M
hangs, 00 56%&{@ N K,,,;f’g ety
* In 2024, applied for Regional Initiative for Technigcal WM T, R
Assistance Partnerships (RITAP) DE-FOA-3014 to by
continue Workgroup and to expand CCUS technical D s
support including UAF’s B.S. Energy Resources e,
Engineering department . RS 24.031
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What is CCS? e " Institute of Northern Engineering

University of Alaska Fairbanks

CO, Source

Carbon Capture and
Storage (CCS)

CO, Capture, Transport
? and Injection \

Capture the CO, instead . Transport the CO, to

of emitting to injection site.
atmosphere.

Inject the CO, for
permanent geologic
storage.

Compress the CO, for
optimal transport and
storage.

CO, Plume

Critical Challenges. Practical 86lti&s.
IM 24-0613




Why CCUS? _\1 Institute of Northern Engineering

University of Alaska Fairbanks

* World faces dual challenge of CO: Emissions - Significantly Reduced with Carbon Capture & Storage (CCS)
increasing energy demand

. . 1100
and risks of climate change
by capturing:

* Carbon (CO,) Capture and 900
Storage (CCS) also removes
other pollutants 700
* CO, Use (CCUS) like o

agriculture can make electricity
net zero emissions, support
food and energy security

2nd Generation CCS
300 — Abated Coal Plant
will reduce the C02

emissions to well
below 100t\GWh

* Cost for clean energy security

more than doubles without
CcCcus?

100

*based on data from
Shand CCS Feasibility Study

Tonnes of CO2 per gigawatt hour (t/GWh)

* CO, Emissions Reductions fcri e AT o S - PO o -l i -
may be Voluntary or Required, ey o e ) compuh) oM ety ccj_"'é‘e?ﬁ’}e_:“
e.g. by Clean Air Standards S—
like WA-GREET

RS 24-031
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Electricity Powers Progress:

. . Institute of Northern Engineering
Communlty Benefits T ————

University of Alaska Fairbanks

» Affordable, reliable power essential to
human well being

» Alaska Electricity costs are high,
energy demand per capita is second-
highest in the nation, and Alaska is
home to some of the lowest income
socioeconomic groups in USA

» With Alaska’s Power Cost Equalization
(PCE) Program, Investments lowering
Railbelt energy cost also lowers power
costs Statewide

+ PCE serves 82,000 Alaskans in 193 communities largely
reliant on diesel fuel for power generation by lowering
electricity cost to level comparable to Railbelt cost.

No such thing as a
low-energy rich country

Electricity consumption per capita (kWh)

+ See article by the State Governor on the railbelt grid:
https://gov.alaska.gov/state-labor-and-utilities-are-
aligned-on-modernizing-the-railbelt-grid/

» Alaska facts: https://www.eia.gov/state/print.php?sid=AK

Source: IEA, World Bank ot o s RS 24-031
IM 24-0615
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Carbon Storage Legislation & DEF Institute of Northern Engineering

University of Alaska Fairbanks

* Introduced January 2023 by the Governor
« (Carbon Storage Bills moving through Legislative Committees

* 1In 2023, Legislature approved AOGCC to seek Class VI (CO, injection) well management primacy from
the EPA

Status of Legislation Continued Efforts
As-of Dec-2023

@ SB49
HRES e

9 Hearings 5 Hearings AOGCC Class VI W Department of
Passed out of " rimac . Revenue coordination
committee Awaiting P y
committee vote
HFIN SFIN Carbon storage lease Advancing CCUS
5 Hearings Not yet kﬂ agreements on other ‘Q database focused on
Awaiting scheduled state-owned lands Cook Inlet
committee

vote
RS 24-031

M 24-061



Railbelt Power System > Institute of Northern Engineering
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University of Alaska Fairbanks

Fuel Prices
Fuel prices trajectories were derived from projections by the Alaska Energy Authority (Figure 5).

 Coal is lowest cost fuel

- $4/MMBtu vs. e Napth
$10 to $20+/MMBtu gas vs. 330 S
$20 to $35/MMBtu diesel > s2s Coal
- Abundant coal supply %Szo ———— e
» With CCS, coal emits: Sas .- = ek A
» %5 to Y4 of natural gas T o W‘ s
* 2 of wind supported with - _
natural gas peaking plant “ cod!
* Natural gas forecast from AEA, 2020 2025 2020 2035 2040
2022’ does not reflect price increase Figure 5. Assumed fuel price trajectories (2020$)
risk for imported LNG NREL Renewable Portfolio standard assessment for Alaska’s Railbelt, 2022,

NREL/TP-5700-81698. https://www.nrel.gov/docs/fy220sti/81698.pdf

Critical Challenges. Practical Solutions.
7




Cost of Supply Comparison

Institute of Northern Engineering

University of Alaska Fairbanks

Table 10. Natural Gas Supply Options (BRG) versus Biomass-Coal Power Generation
Cost of Supply
Options Timeline from Regasification Total Fuel
decision YE2024| Capital Investment Fuel Price Midstream Costs Costs (Electricity) Cost
$/MMBtu
Years $ mm $/MMBtu $/MMBtu $/MMBtu ($/kWh)
FEC Biomass-Coal 6-7 ~$2,100 - $2,800 $3.5-%4.0 $5.5-86.0 Included (:3'905-_?? 02)
1 |Develop New Cook Inlet Gas 3-4 up to $1500 - $2000 | $9.3-825.5 Included Included $9.3 - $25.5
Supply (8.134 - $.283)
2 [In-State Bullet Pipeline from 6-7 ~ $8,790 $1.3-82.6 $26.8 —$34.2 Included $28.1-837.0
the North Slope ($.307 - $.389)
3 |Kenai LNG 4-5 $768 $10.0-$15.0 $3.4-8%4.7 $3.0 - 85.0 $16.4 - $24.7
($.199 - $.276)
4  |Greenfield LNG Port and 6-7 $876 $10.0-5$15.0 $4.0-85.3 $3.0-85.0 $17.0- 8253
Regasification (8.205 - $.281)
5  [Floating Storage Regasify 4-6 $698 $10.0-$15.0 $3.6-85.0 $3.0 - $5.0 $16.6 - $25.0
[Unit (FSRU) - Own/Lease (8.201 - $.278)
6 |Barge/Small LNG Carrier 4-5 $563 $10.0 - $15.0 $13-514 $3.0 - $5.0 $26.0 - $34.0
($.288 - $.361)
Naturﬁﬁlagiiu&l:glg?ptions $19 - $24 - $29
1—6 Low.-Mi d—Max’ (.22 - $.27- 8.32)
Assumptions:

e Capital investment for natural gas supply options does not include power generation capex, includes transportation and processing only.
e Midstream for -biomass-coal includes power generation costs and for natural gas-fired power includes gas processing and transportation costs.

e Biomass-coal plant electricity costs are consistent with 200 to 400 MW plant capacity, aligned to anticipated Railbelt needs, and include plant capital investment, fixed and
variable O&M, and fuel.

e Natural gas-fired power cost of supply based on BRG report.

e Natural gas-fired electricity cost is consistent with the methodology described in Table 2, except it includes only the Energy Charge and FPP, i.e., includes variable O&M and
fuel. Capacity Charge was excluded in Table 10 for natural gas-fired power to emulate an avoided energy cost-type comparison using existing power generation capacity. If
avoided capacity charges were included, it would significantly raise the natural gas-fired electricity cost.

e LNG landed import prices 2022-23 excluding regassification fees: $8.00-$41.00/MMBtu (US DOE FECM reports).

« per Berkeley Research Group (BRG), Alaska Utilities Working Group Phase 1 Assessment: Cook Inlet Gas Supply Critical Challenges. Practical Solutions.
Project, https://www.enstarnaturalgas.com/wp-content/uploads/2023/06/CIGSP-Phase-I-Report-BRG-28June2023.pdf 8




ARCCS Project Study Basis

Assess CO, storage volumes using CarbonSAFE

* Beluga River Field alone has ~ 60+ years storage
for 300 MW net with CCS (400 MW gross)
biomass-coal power plant

* Consider aggregating CO2 from two power
generation stations in Anchorage

* Plan with Operator simultaneous natural gas
production and CO2 injection in depleted fields
and Hemlock formation

* Acquire 2D Seismic over alternate saline aquifer
* Community Benefits Planning and Engagement

* Opportunity for agricultural use of CO2 and waste
heat provides food and energy security and
enables project to approach net-zero emissions

* UAF-led with EERC and ARI, with community
support

Institute of Northern Engineering

University of Alaska Fairbanks
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The ARCSS Project supports affordable, reliable, low carbon
power generation with carbon capture and storage. The
ARCSS Project is expected to lower power costs for Alaska’s
Railbelt and, through the Power Cost Equalization Program,
also lower power costs to rural areas across the State.



* Future gas price range average per BRG,
$24/MMBtu average for 6 options’ prices

* Gas-fired power uses two price estimates:

* Chugach Electric Assn’s Generation &
Transmission Rate (CEA G&T)

* New high efficiency gas plant, 600 MW

* Biomass-Coal power cost is lower cost than
Natural Gas

* Biomass-coal power cost is further reduced with
CCS, as 45Q tax credit revenue, $85/t CO,,
exceeds CCS costs

* Conversely, CCS on natural gas increases
power cost slightly since CCS for natural gas
IS more expensive per tonne than 45Q credit

Natural Gas vs. Biomass-Coal Fired Power

Natural gas price risk a key driver for power cost,
especially for future supply options

Institute of Northern Engineering

University of Alaska Fairbanks

Electricity Price CEA G&T, S/MWh, Natural Gas vs. Coal, 30-yr 45Q

O Without CCS

—@=\\/ith CCS
$400 358368

$300

-
§ $200
~ i 19 24 29 110 .
v 188 } B | 2 99
5100 Future Gas Price | ;7\9
* 1
s Range Average 83 Future Gas Price* 75
$7.07 S15 $20 $25 $7.07 S15 $20 $25 75MW 300 MW

net net

Biomass-Coal
with Plant Size Sensitivity

Gas, CEA G&T rate
with Fuel Price Sensitivity
* Gas price range per BRG, ref. Table 10

Gas, New Plant
with Fuel Price Sensitivity

Critical Challenges. Practical Solutions.
10



= Questions?

= Website: http://INE.UAF.EDU/Carbon
" Follow-up: CCUSAlaska@gmail.com

11


http://ine.uaf.edu/Carbon
mailto:CCUSAlaska@gmail.com

Alaska CCUS Workgroup

Alaska CCUS Workgroup meets
monthly to quarterly, ~ 150 invitees,
40 to 50 typically attend in person or
online

UAF-INE, University of Alaska
Fairbanks—Institute of Northern
Engineering, has the lead role

Leadership team includes Academia,
Industry, and Government

Funded by U.S. Dept. of Energy via
PCOR, the Plains CO, Reduction
Partnership, of University of North
Dakota

\: W Institute of Northern Engineering

University of Alaska Fairbanks

Alaska CCUS Workgroup Participation

Federal, NGO, & Public
14%

University
12%

Corporate
51%

State
23%

Subcommittee focus areas:

Develop a State legal and regulatory framework
Track and respond to funding opportunities

Perform public education and outreach

Develop a Roadmap to accelerate commercial CCUS

Critical Challenges. Practical Solutions.



Why CCS?

Voluntary or Required CO, Emissions

n; Institute of Northern Engineering

University of Alaska Fairbanks

* Producers are electing to reduce Carbon Dioxide emissions, may be forced by regulations

WA-GREET Carbon Intensity, gCO2e/MJ

California, Oregon, and Washington have adopted their own clean fuel standards.

Washington, passed by the Legislature in 2021, requires fuel suppliers to reduce the carbon intensity of
their products 20% below 2017 levels by 2038. (WA-GREET)

Carbon Capture and Storage, CCS, is one of the most cost-effective ways to reduce crude oil carbon
intensity. CCS may enable Alaskan Crude to remain acceptable to the market.

Washington State Refineries' Crude Oil Carbon Intensity, WA-GREET

4 Source, Percent of Refined Crude,

Alaska supplies the largest fraction, 35%,
of Washington Refineries’ Crude Oil.

20 Alaskan oil's carbon intensity is second highest,
lower only than Canada's oil sands
that are recovered using energy-intensive stea

15
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Alaskan crude oil’'s carbon

intensity is second highest,

risks being forced out of the
west coast market

Carbon Intensity Reduction Comparison
2010 2015 2020 2025 2030 2035

2

a

3

g

Source: WA-GREET 0.7a July 15, 2022 and Paskvan’s Calculations.
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==California ==—=Oregon Washington

Source: https://www.usgain.com/resources/education-center/
what-should-you-know-about-washingtons-clean-fuel-standard-cfs/ 3



Alaska C02 Sources and Storage Potential G Institute of Northern Engineering

University of Alaska Fairbanks

North Slope

* Natural gas fired

* Low cost natural gas
* O&G Subsurface data

mmt CO2e

N Sedimentary Basin CO2
. | Sequestration Potential
Interior ‘_J__ -
* Coal fired 1 v
* Subsurface poorly Py Lo
u nderStOOd ’ riSk Of R Roads = I(;?:Il::l?ll:a':::;sil)le
faults breaching capro ] Basins
P
i %]

Southcentral
* Natural gas fired

* High cost, scarce natural ga

* 0&G Subsurface data
ARCSS Project proposeoglﬁ ) M Sz -
CO, Stationary Sources (red) & Deep Sedimentary Basin Sequestration Potential
Sedimentary Basins (yellow). (Shellenbaum and Clough, DNR, 2010)

14



CCUS Roadmap:

North Slope

Advantaged by
low-cost natural gas

Natural gas-fired capture

Direct Air Capture (DAC)

Subsurface data integration &
site-specific data gathering needed

40 year track record of successful
CO, storage and use, ~15 TCF

Major Gas Sales 2015 LNG plan
sequestered CO, back in reservoir

Opportunities and \EEGES

Institute of Northern Engineering

University of Alaska Fairbanks

Interior Southcentral
Existing coal plant Proximity to Port,
infrastructure potential for import

Capture not attractive at natural gas
plants or refineries due to
gas supply shortage & high price

Coal-fired capture

Coal or Hydrogen power with CCS
can address natural gas shortage,
food security, lower emissions

Imported CO, storage

Basic regional subsurface (US West Coast or Asia-Pacific)

data gathering needed.

Address geotechnical concerns!

Subsurface data integration &
site-specific data gathering needed

" Open Link: Seismic Hazard Considerations for

Carbon Sequestration in Alaska

15


https://ine.uaf.edu/media/327110/ak-ccs_seismichazards_dggs_20220929.pdf
https://ine.uaf.edu/media/327110/ak-ccs_seismichazards_dggs_20220929.pdf

Alaska CCUS Opportunities:
Capture Costs

Institute of Northern Engineering

University of Alaska Fairbanks

Based on Table 1 in SPE paper 213051, Paskvan et. al.

* Alaska Capture Screening Capture Cost vs. Fuel Price

* Using t.yplcal Lower 48 _COStS Natural Gas (NG) except where noted (Coal)
* Fuel price a key cost driver Capture Cost Only, Excluding Transport and Storage

e $20 per tonne (maximum)
for transport & storage 140 NG

* With Lower 48 costs and 45Q 120 | Alaska North
* Natural gas capture 100 Slope

(]
c
c
o
<
v
attractive on North Slope B go e o TN ITInn e 7 ($850)
o
[ J
Natural gas capture less 2 60 @ NG US NG. Current Price
attractive for Southcentral 2 40 Avg Price and Imported LNG
. (1) . o
* Coal capture looks attractive @ © Coal Estimated Price Range
Statewide 20 prospective (~Southcentral)
* Further work should be done 0
for prospective projects 0 3 10 15 20 25 30

Fuel Price, S/MMBtu

ICost methodology benchmarked against NETL, U.S. Department of Energy National Energy Technology Laboratory, 2015,
“Cost and performance baseline for fossil energy plants volume 1a: Bituminous coal (PC) and natural gas to electricity” revision 3. July 6, 2015, DOE/NETL-2015/1723. 16



CCUS Technology Readiness e Institute of Northern Engineering

University of Alaska Fairbanks

* Feasibility Study selected ABSORPTION (AMINES) PPELNE TRUCK  BIOLOGCAL gy e
“Ready for Deployment’-level

Technologies

- TRLS

MEMBRANES FORMATIONS
CARBON-
RAIL ATION - TRL8
COMPRESSION
-TRL7
CONVENTIONAL
ALLAM EOR
CYCLE Ceils _TRLS
STORAGE
INCREASE BY
EoRDesiGN | .o .
DEPLETED
et - TRL4
- TRL3

DEPLOYMENT

* Technology Readiness Level

(TRL) 8 or 9:
* Amine Absorption

DEVELOPMENT &
DEMONSTRATION

* Compression & Pipeline
* Depleted gas fields (with

Saline aquifer backup)
* Technology will continue to evolve

. SHIP UNCONVENTIONAL
toward lower cost and higher i oS EOR
efficiency systems 3% provo— THERMOCHEMICAL UNCONVENTIONALS Bles

@ (TIGHT ROCKS)  OTHER
COMBUSTION T
ABSORPTION (SOLVENTS,  DRECT ELECTRO! - TRL1
ENZYMES, OTHER) AIR CAPTURE PHOTOCHEMICAL
| CAPTURE COMPRESSION USE STORAGE EOR
& TRANSPORT

Source: NPC Roadmap, p. 32, 2019 Critical Challenges. Practical Solutions.




Cost Estimates

Table 8. Combined Project Cost, Low Cardon Biomass-Coal Power Generation with CCS
Assuming 30 Years of Operations

Power Plant with

Units CCS
Power Plant Generation Net with CCS MW 75 300
Total Capital: Power Plant, CCS Plant, Pipeline, Well, Storage Net present USSMM 1149 3627
Total Operating Capital Cost (30 years, 2.5% plant cost/yr) Net present USSMM 464 1555
Total Expense Cost (30 years) Net present USSMM 1657 6129
Power Plant Capital Cost (excluding power transmission) Net Present USSMM 650 2229
Power Plant Ongoing CAPEX (30 years, 2.5% plant cost/yr) Net present USSMM 319 1092
Power Plant OPEX (30 years) Net present USSMM 1190 4567
Carbon Capture Plant Capital Cost Net present USSMM 296 944
Carbon Capture Plant Ongoing CAPEX (30 years, 2.5% Net present USSMM 145 463
plant cost/yr)
Carbon Capture Plant OPEX (30 years) Net present USSMM 389 1410
Pipeline Capital Cost Net present USSMM 97 133
Pipeline OPEX (30 years) Net present USSMM 17 17
Well Cost Net present USSMM 45 186
Storage (monitoring, facility fees, inspection, and testing) Net present USSMM 61 135

s: %’ Institute of Northern Engineering

University of Alaska Fairbanks

Critical Challenges. Practical Solutions.
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Feasibility Timeline ;: Institute of Northern Engineering

University of Alaska Fairbanks

Year 00 Year 02 Year 04 Year 06 Year 08

® o o Design & Permitting: 18 mo.
égEa
I o o E—
Py~ ——
2
H e E—
of
i ommamem —
g i s or.
e E—
8
8 Constucton: 24mo. ]
g rosocs oo
— I
o~
8
O  Drill & Complete: 12mo. _

Figure 14. Project timeline (created with Vertex42 © 2017).

Critical Challenges. Practical Solutions.
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ARCCS Project Tasks “
Alaska Railbelt Carbon Capture Storage) |. [w

Institute of Northern Engineering

University of Alaska Fairbanks

« ARCCS Project
UAF leads with support from EERC and ARI and other project partners

* Project Tasks, AOI-4, CarbonSAFE Phase II:

Task 1.0 — Project Management and Planning
Task 2.0—Site Specific Characterization & Assessment of the CO, Storage Complex
Task 3.0—Preliminary Project Risk Assessment with Mitigation & Management Plans

Task 4.0—Plan for Subsequent Detailed Site Characterization & UIC Class VI
Permitting

Task 5.0—Project Technical & Economic Feasibility Assessment, Including
Conceptual-Level Design Study for CO, Transport

Task 6.0 — Community Benefits Plans (CBP)

20



ARCCS Project Support

Congress of the United States
Hashington, BC 20515

July 27, 2023

The Honorable Brad Crabtree

Assistant Secretary, Office of Fossil Energy and Carbon Management
Department of Energy

1000 Independence Avenue, SW

Washington, DC 20585

Assistant Secretary Crabtree:

We are writing in support of the University of Alaska Fairbanks’ Institute of Northern
Engineening’s (UAF-INE) proposal to the Department of Energy (DOE) CarbonSAFE Phase II
funding opportunity. The UAF-INE's proposed "Alaska Railbelt Carbon Capture and Storage
(ARCSS) Project” will evaluate carbon dioxide aggregated from sources for injection into a secure
geologic storage complex.

Throughout Southcentral Alaska, there is a growing concem that the current energy supply
will be unable to meet the anticipated regional electricity demand. As such, the region is looking
at all-of-the-above altemative fuel sources that will bring Alaskans low-cost, reliable, and clean
energy. Research by the Plains CO2 Reduction (PCOR) Partnership Initiative concluded that a
dual biomass and coal-fueled carbon capture and sequestration (CCS) power plant could achieve
net zero emussions through carbon sequestration, helping to reduce carbon emissions while
providing a domestic, low-cost solution to a region with some of the highest electricity rates in the
couatry. Developing a CCS coal-fueled power plant 1n Alaska, such as the ARCSS Project, 15 an
opportunity for an in-state secure base-load energy sousrce. Alaska is a leader in embracing CCS
technologies, being home to some of the largest geologic storage capabilities in the world. Safe
carbon dioxide storage capacity is the cornerstone of CCS, and the ARCSS Project can be the
foundation for the first fully carbon-neutral electncity gnd.

Consistent with applicable law, policy, and guidance, we respectfully ask that you give due
consideration to UAF-INE's application to the CarbonSAFE Phase II program We ask that you
keep our offices apprised of the outcome. Thank you for your consideration

Sincerely,

\1}» M\, Pty Svln i

Mary Sattler Peltola
Representative for All Alaska

- ”
Lisa Murkowski
United States Senator

Dan Sullivan
United States Senator

Institute of Northern Engineering

University of Alaska Fairbanks

ARCCS Cost Share Commitments from:

State of Alaska Office of the Governor
Advanced Resources International
Flatlands Energy Corporation

State of Alaska Department of Natural Resources
- Division of Oil and Gas
- Division of Geological and Geophysical Surveys

Friends of West Susitna
blueprint Alaska

ARCCS Project Support Letters from:

The Alaska Congressional Delegation

Hilcorp Energy Corporation

Chugach Electric Assn.

Cook Inlet Region Inc.

Matanuska Susitna Borough

Alaska Native Science and Engineering Program
Alaska Energy Authority

Nova Minerals Ltd

U.S. Gold Mining Inc. o1
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Topical Report

Low Carbon Emissions and Economic Analysis: Biomass-Coal versus Natural Gas Generation
— Alaska Railbelt Electricity Grid and New Industrial Demand

Cooperative Agreement No. DE-FE0031838
Prepared by:

Frank Paskvan, UAF-INE
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EERC DISCLAIMER

LEGAL NOTICE This research report was prepared by the EERC, an agency of the
University of North Dakota, as an account of work sponsored by the U.S. Department of Energy
(DOE) and the North Dakota Industrial Commission (NDIC). Because of the research nature of
the work performed, neither the EERC nor any of their employees make any warranty, express or
implied, or assumes any legal 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 or recommendation by the EERC.

Economic results were developed by UAF with guidance from EERC. Where reasonable,
EERC models were used to validate key findings, but the EERC does not guarantee the accuracy
of any economic findings reported herein.

ACKNOWLEDGMENT

This material is based upon work supported by DOE’s National Energy Technology
Laboratory under Award No. DE-FE0031838 and NDIC under Contract Nos. FY20-XCI-226
and G-050-96.

DOE 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 legal 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,
recommendation, or favoring by the United States Government or any agency thereof. The views
and 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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NDIC DISCLAIMER

This report 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:

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

(B) 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 report.

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.

UAF DISCLAIMER

LEGAL NOTICE This research report was prepared by the University of Alaska
Fairbanks, as an account of work sponsored by the U.S. Department of Energy (DOE) and the
North Dakota Industrial Commission (NDIC). Because of the research nature of the work
performed, neither the UAF nor any of their employees or contractors make any warranty,
express or implied, or assumes any legal 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 or recommendation by the UAF.

Economic results were developed by UAF with guidance from EERC. Where reasonable,

EERC models were used to validate key findings, but neither UAF nor the EERC does not
guarantee the accuracy of any economic findings reported herein.

Cover photo of Mt. Susitna licensed from Shutterstock.
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COOK INLET REGION LOW CARBON POWER GENERATION WITH
CARBON CAPTURE, TRANSPORT, AND STORAGE FEASIBILITY STUDY

EXECUTIVE SUMMARY

For approximately 70 years, Southcentral Alaska (Southcentral) has been dependent on
natural gas produced and distributed from the Cook Inlet Basin for both direct heat use and
electricity generation. Hilcorp Energy Company (Hilcorp) supplies approximately 85% of the
natural gas to Southcentral utilities and in 2022 gave notice to utilities to consider alternative
sources of energy because the depletion of Cook Inlet gas reserves prevents Hilcorp from
renewing utility agreements beginning in 2025 (DeMarban, 2022). A dominant electricity
producer in Southcentral, the Chugach Electric Association, Inc. (CEA), relies on gas for 80% of
its electricity needs (Chugach Electric Association, 2022b). CEA states in its review of gas
resources, “Absent sufficient production from the Cook Inlet, and with North Slope [gas]
pipeline projects years away, the study concluded it may be necessary for Southcentral utilities to
import either liquid or compressed natural gas to fill the gap” (Chugach Electric Association,
2022a). Imported liquefied natural gas (LNG) and other gas supply options including new Cook
Inlet Gas or North Slope gas create significant fuel price risk and can substantially increase
Southcentral electricity prices, already amongst the highest in the nation.

Biomass-Coal power generation with carbon capture and storage (CCS) presents a
compelling alternative that can commence operation 6 and 8 years from start of a front-end
engineering design (FEED) study. Beneficial use of both CO2 and coal ash by-products from the
power plant for agriculture, such as greenhouse growing or fertilizer production, and for other
imported products such as cement, gypsum, and possibly critical minerals, can support the
State’s policy objectives of lessening “Alaska’s dependence on external foods and supply
chains” (DCCED, 2023). The State imports 95% of its food, 100% of its CO2 supply, and the
majority of its fertilizer.

Biomass-Coal power generation with CCS can also support the stated objectives of the
Governor and of Alaska’s Office of Energy Innovation in accessing a secure and diverse energy
mix for safe, reliable, and affordable energy for Alaskans, and Alaska’s desire for leadership in
“both carbon capture, utilization, and storage and building the critical minerals of this state and
nation” (Alaska Department of Natural Resources, 2022). The Governor’s recent Administrative
Order No. 340 places “policies that enable Alaska to capitalize on its vast energy potential in
order to lower the cost of energy and enhance the stability of energy delivered to Alaskans” as
the first listed purpose of the Office of Energy Innovation, and “development of a strong and
responsible critical minerals mining program and investment in emerging energy technologies”
as its fifth (State of Alaska and Office of the Governor, 2022). Low-cost electricity is a key
enabler for establishing an Alaska-based critical minerals mining and refining industry.

In January 2024, the University of Alaska Fairbanks-Alaska Center for Energy and Power
(ACEP) released a techno-economic report, Alaska’s Railbelt Electric System: Decarbonization
Scenarios for 2050 (Cicilio 2024). That report found that “...the (Railbelt grid) system could not
be decarbonized using only variable renewable resources, such as wind and solar power. Some
RS 24-031
IM 24-061



amount of firm source of generation is still required so that sufficient generation is always
available. ...fossil-fuel and hydro power generation were the most cost effective firm sources to
pair with variable renewables.” (p.22) That report also concluded that nuclear and tidal
generation were both more expensive, and that “there is also significant uncertainty in the
projected costs and future commercial availability of these technologies.” That report’s base case
economic analysis showed that wind, solar, nuclear, tidal, or hydro power, i.e., re-activating the
Susitna-Watana Dam project, would be more expensive than business-as-usual power costs. By
extension, those options would be considerably more expensive than a biomass-coal or biomass-
coal with CCS energy supply, which generates lower cost power than the current power system.

Study Approach

This study evaluates the economic and technical feasibility of a low CO; emissions
biomass-coal-fueled power plant and compares it to current and future natural gas generation
scenarios. The cost of electricity generated from a new biomass-coal power plant, with and
without CCS, is compared with the cost of electricity generated from natural gas power plants,
existing or newly constructed, with and without CCS, at current and expected future natural gas
fuel prices.

A circulating fluidized-bed (CFB) biomass-coal fired power plant and Mitsubishi Heavy
Industries (MHI)-based carbon capture plant were selected for evaluation in this study. These
systems have recently been installed in analogous commercial industrial plants and are well
understood. Both plants will be co-located at the Flatlands Energy Corporation (FEC) coal lease
in the West Susitna region of the Northern Cook Inlet of Alaska for this study.

The selected CO; storage site for this study is the nearly depleted Beluga River on-shore
gas field. This reservoir is forecast to be depleted within 10 years and has well-understood
geology and pore space estimated to store more than 60 years of CO; captured from a 400-
megawatt electric (MWe) biomass-coal power plant. For this multi-zone gas field, the Operator
Hilcorp indicates a depletion plan can be developed where CO: injection begins during field gas
depletion. Further geological and engineering study is planned for this area to calculate CO;
storage capacity, to be led by University of Alaska. This storage capacity study, the Alaska
Railbelt Carbon Capture and Storage (ARCCS) Project, was selected by the U.S. Department of
Energy for a Carbon SAFE Phase II storage volume analysis including technical, economic, and
community assessments for potential CO; storage (U.S. DOE FECM Nov.14, 2023).

CCS techno-economic models assume that the carbon capture, transport, and storage
facilities are operated for all 30 years of the electricity generation project lifespan in all cases.
Base-case 45Q tax credit assumptions are that the tax credits remain at $85/metric tonne through
the entire 30-year project life, referred to as the “30-year tax credit” scenario, which is consistent
with the history of U. S. Federal legislative extensions for both wind and CCS tax credits to date.
As an alternate case, CCS economics are tested with 45Q credits that end after 12 years,
consistent with current legislation and referred to as the “12-year tax credit” scenario. No
economic benefits from value-added products, such as critical minerals or CO; sales, are
considered in the economics in this report.
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In order to assess the cost competitiveness of electricity from biomass-coal, three
approaches are used to estimate the cost of natural gas power at current and higher future natural
gas prices. First, the industrial rate offered by CEA is referenced. (Note: industrial rates are cited
throughout this report. Retail electricity is ~12% higher than industrial rates.) A second approach
estimates the avoided cost of electricity from the existing CEA fleet, representing the average
operational cost to generate a megawatt-hour of power. A final approach evaluates new high-
efficiency gas power generation using the same method used to evaluate biomass-coal, which
enables assessing the lowest hypothetical cost of gas-based power versus a new biomass-coal
power investment.

Conclusions and Recommendations

Biomass-coal energy supply with CCS provides lower cost energy than natural gas
energy supply with or without CCS, and biomass-coal energy supply with CCS provides
lower CO; emissions than the current natural gas energy supply without CCS. Further, CCS
lowers the cost of electricity for biomass-coal generation because 45Q tax credit revenues exceed
CCS cost, while CCS for natural gas increases electricity cost due to Southcentral’s high gas
prices. As the imminent gas supply shortfall further increases natural gas prices, gas-based
electricity, with or without CCS, is more expensive than biomass-coal-based electricity with
CCS.

This economic and technical evaluation of biomass-coal power generation with CCS
located in Southcentral Alaska provides an attractive business, technical, public policy, and
environmental case for meeting long-term regional electricity supply needs. Anticipated
biomass-coal-fueled electrical generation costs are competitive with the current rates and much
lower than future power costs for generation relying on uncertain new Cook Inlet gas, imported
LNG, or North Slope gas. Biomass-coal generation with CCS can economically deliver low
carbon power. It may even be possible to attain climate positivity in an already highly efficient
CFB power plant, for example, using waste heat and CO; for beneficial use in greenhouse
operations while sequestering the remaining CO..

Biomass-coal power generation would lower CO- emissions, lower the cost of electricity
to the Railbelt and Southcentral, and, through Power Cost Equalization, lower the cost of Rural
electricity across the State, all while adding new power generation capacity and providing in-
state-sourced fuel security.

Considering the imminent regional natural gas shortage, the resulting higher gas and
electricity prices, the abundant low-cost coal reserves in the region, and the competitive power
cost delivered with low to negative CO emissions, it is recommended to progress a new
biomass-coal fired power plant with CCS for the Railbelt and Southcentral.

Specific recommendations are included at the end of the report.
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COOK INLET REGION LOW CARBON GENERATION WITH CARBON CAPTURE,
TRANSPORT, AND STORAGE FEASIBILITY STUDY

INTRODUCTION

This study evaluates the technical and economic feasibility of constructing a greenfield
power generation plant in northern Cook Inlet region, Alaska, with carbon capture, transport, and
geologic storage of carbon dioxide (COz) in a soon to be depleted Cook Inlet natural gas
reservoir. The power plant is assumed to be located at the mine mouth of the Flatlands Energy
Corporation’s (Flatlands Energy) coal lease near the Railbelt electricity grid and near prospective
CO: storage sites.

The pending depletion of the natural gas supply for the largest segment of Alaska’s
population, the Southcentral Alaska (Southcentral) region, from the largest regional gas supplier,
Hilcorp Energy Corporation (Hilcorp), requires the evaluation of known energy reserves that can
come into production in a compatible time frame (DeMarban, 2022). Flatlands Energy’s existing
proven reserves of clean (low ash, metal, and mercury content and ultralow sulfur content) coal,
when coupled with well-understood biomass-coal power generation technology with carbon
capture, can contribute to meeting the electricity needs of the Alaska Railbelt within the
necessary time frame. A new biomass-coal fired power plant can displace natural gas used for
power generation, thereby extending the remaining life of the declining natural gas supply. In
addition to diversifying power generation sources and providing firm power, modern coal plants
can respond to the challenges introduced to the grid by variable power generation sources. Plant
design concepts and costs used for this study are benchmarked with the 405 MW Dry Fork,
Wyoming coal power plant, the recently installed 17-MW coal power plant constructed at the
University of Alaska Fairbanks, and recently designed carbon capture plants elsewhere in North
America.

In this feasibility study, proven project options and technologies were selected for

planning and cost estimation purposes. Competing alternatives have not been eliminated and
should be evaluated in future evaluations.

/dﬂ%/k
PC@R Plains CO, Reduction (PCOR) Partnership

Partnership * Energy & Environmental Research Center (EERC)
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Study Team: University of Alaska Fairbanks and the EERC

Under the Plains CO2 Reduction (PCOR) Partnership program, engineers from the
University of Alaska Fairbanks Institute of Northern Engineering (UAF-INE) and the Energy &
Environmental Research Center (EERC) at the University of North Dakota collaborated with
coal power generation and permitting specialists.

The PCOR Partnership, funded by the U.S. Department of Energy (DOE) National
Energy Technology Laboratory (NETL), the North Dakota Industrial Commission’s Oil and Gas
Research Program and Lignite Research Program, and more than 230 public and private partners
is accelerating the deployment of carbon capture, utilization, and storage (CCUS) technology.

The PCOR Partnership region comprises ten U.S. states and four Canadian provinces in
the upper Great Plains and north western regions of North America, including Alaska. It is led by
the EERC, with support from the University of Wyoming and the UAF-INE. The goal of this
joint government—industry effort is to identify and address regional capture, transport, use, and
storage challenges facing commercial deployment of CCUS throughout the PCOR Partnership
region.

The PCOR Partnership region is home to abundant and diverse sources of anthropogenic
COz (e.g., coal and natural gas power plants, gas-processing plants, ethanol plants), fitting
geology for CO2 storage and utilization, a history of COz transport and expanding pipeline
infrastructure, and an established industrial/energy commercial base. For nearly two decades,
working with over 250 industry and government partners, the focus of the PCOR Partnership has
been the integration of CCS/CCUS into commercial industries within the region. The PCOR
Partnership partners include key industrial sectors with a stake in CCS/CCUS deployment;
numerous state, regional, and federal governmental research entities; and several state and
federal regulatory agencies.

The EERC has provided technical support for multiple CCUS injection project
applications. For example, the EERC partnered with Red Trail Energy LLC (RTE) to pursue the
first carbon storage facility permit approval in North Dakota, which occurred at RTE’s ethanol
production facility. Regulatory, subsurface engineering, and geologic experts oversaw the
drilling of a stratigraphic test well with coring, logging, formation testing and downhole fluid
sampling to characterize the storage complex and confirm the geologic suitability for storing
CO2 at RTE. EERC reservoir engineers used the characterized data from well drilling and a 3D
seismic survey to build a geologic model of the storage complex in order to run numeric
simulations that would be used to predict the expected CO2 plume extent for the volumes of CO2
captured at RTE’s facility. The EERC in collaboration with RTE developed a site monitoring,
reporting, and verification (MRV) plan compliant with both state and federal requirements,
including the U.S. Environmental Protection Agency (EPA) Greenhouse Gas Reporting Program
(GHGRP) MRV Plan, required to meet eligibility for the 45Q tax credit. EERC experts
subsequently testified before regulatory authorities as to the high degree of geologic security and
permanence at the site, and ultimately, RTE gained approval for injection and storage shortly
thereafter.
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For Project Tundra, the EERC installed a slipstream carbon capture system at the Milton
R. Young power plant to demonstrate a proof of concept using two different commercial solvent
options for actual plant flue gas. Subsurface engineering and geologic experts supported drilling,
logging, coring, formation testing, sampling, completion, and injection testing of three
stratigraphic test wells over two phases of the Carbon Storage Assurance Facility Enterprise
(CarbonSAFE) programs prior to pursuing site storage facility permits. They also conducted
geologic modeling and fluid flow simulations to predict CO; plume growth during injection and
stabilization during the postinjection period. Successful application for Project Tundra storage
facility permits also required EERC regulatory groups to develop an adequate storage facility
MRYV plan to ensure safe and secure geologic CO; storage and provide risk analysis and remedial
response plans for those risks among other long-term regulatory, legal, and operational planning.
Upon completion of the storage facility permit applications, EERC staff again successfully
testified that the site was safe and secure for CO> injection and storage, gaining storage approval
shortly after RTE’s storage facility permit approval.

Carbon Capture, Use, and Storage Technology Overview
Figure 1 shows a generalized schematic of CCS/CCUS. The COz source in this feasibility

study is combustion flue gas from a new biomass-coal fired power generation plant containing
11% to 14% COz concentration by volume.

Capture Use
Capturing CO; from Fossil or Using Captured CO; as an Input
Biomass-Fueled Power Stations or Feedstock to Create Products
Industrial Facilities or Directly from the Air or Services
o
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of Capture to the Point of Use
% or Storage
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Permanently Storing CO; in
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Formations, Onshore or Offshore

EERC TM63389.CDR

Figure 1. Generalized CCUS Schematic (International Energy Agency, 2022a).
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With current carbon capture, 90% or more of coal power plant carbon emissions can be
removed via amine-based solvent systems, resulting in lower CO> emissions than existing or new
natural gas power plants without CCS. Most CCS projects compress CO: for increased density
and lower volume and cost of transportation via pipeline to dedicated underground geologic
storage in saline aquifers. Valuable by-product sales are also possible, including CO- for
enhanced oil recovery (EOR), fly ash to the concrete market, critical minerals, or other products
such as gypsum or sodium bicarbonate, allowing some coal plants with CCS and beneficial use
to approach net-zero carbon emissions (International CCS Knowledge Centre, 2018).

Mine and Power Plant Location, Local Infrastructure, and Storage Potential

The Flatlands Energy coal reserve has sufficient proven reserves to supply electricity to
prospective local industrial customers and the regional power utility grid for generations. This
feasibility study considers electrical power generation with CCS from 25 to 500 MW (net) for
local and regional power. Located in the northern Cook Inlet region, the Flatlands Energy coal
lease is in an advantageous development location. A regional location map is shown in Figure 2.
The lease:

1. Can access significant local and regional infrastructure:
a. The existing West Susitna winter road, supporting development and construction.

b. The all-season West Susitna Access Road, currently in permitting stage, for long-
term operations.

c. A permitted pipeline corridor connecting with known sequestration geology on
the north shore of Cook Inlet which may be amended for electrical transmission
and CO; transport.

d. A regional 500+ MW-capacity power grid intertie at the Beluga power plant, or at
an alternative tie-in near Port MacKenzie.

e. Port MacKenzie, for delivery of large machinery and equipment and export of
CO: value-added products such as greenhouse agricultural products, CO: for
commercial use, ammonia, hydrogen, and other products.

f. City of Anchorage, Southcentral, and Interior regions, with international airports,
a strong relevant labor force, and materials and supplies.

2. Enjoys multiple local geologic storage options:

a. Substantial, quantifiable geologic storage pore space onshore in the depleting
Beluga River field and adjacent gas fields

b. Potential saline aquifer storage space as close as 20 miles to Flatlands Energy site.
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c¢. With additional nearby Northern Cook Inlet storage options including i) depleting
or depleted oil or gas field nearby, ii) local or regional saline aquifer, e.g., the
Hemlock Formation (Pantaleone and Bhattacharya, 2020) or iii) in local or
regional unmineable coal seams (Shellenbaum and Clough, 2010) if other storage
proves insufficient.

3. Can serve multiple new local and regional industrial customer/power demand, including
the approved Donlin Gold mine (requiring ~200 MW) and other prospective mine
developments underway nearby and enable the first low carbon to carbon neutral mining
district in the world.

For this feasibility study, the selected electricity generation plant site is a mine-mouth
power plant co-located at the Flatlands Energy coal lease, which is well-located for projected
Railbelt growing power generation needs. Other locations can be considered in the future, but
sites farther from the proposed mine site face longer, costlier coal truck haul, increased emissions
related to the coal transport to the power plant, and possible combustion ash by-product backhaul
to the mine site for disposal. Other considerations, such as location of greenhouse agricultural
operations, may be considered in detail during future engineering and project optimization.
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Figure 2. Northern Cook Inlet and Alaska Railbelt Carbon Capture and Storage (ARCCS) Map.

A geological and engineering study will calculate the CO; storage capacity in this region,
the Alaska Railbelt Carbon Capture and Storage (ARCCS) Project by the University of Alaska
awarded as DE-FE32453 (ref. Fig. 2). ARCCS was selected by the U.S. Department of Energy
for a Carbon SAFE Phase II storage volume analysis including technical, economic, and
community assessment for potential CO; storage (US DOE FECM press release, Nov. 14, 2023)
“University of Alaska researchers plan to explore the viability of a new [biomass-]coal plant inRS 24-031
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the Susitna River valley that would inject its carbon emissions underground.” (Northern Journal,
Dec 2023).

Selected Storage Site, Grid Intertie, Transportation Route

For electricity intertie and CO; storage, the Beluga gas-fired power plant and on-shore
Beluga River gas field were selected. The Beluga power plant is nearing the end of its service
life and has an associated regional power grid intertie with 500- to 600-MW capacity that would
allow the new proposed biomass-coal fired power plant to tie into the regional Railbelt grid. The
Beluga River gas field has operated for five decades and has less than 10 years of remaining
economical life (Stokes, 2017, and personal communication, Petrotechnical Resources of Alaska
[PRA] staff). The operating and geologic technical data associated with the gas field were
reviewed to assess pore space availability and economics. Viable CO> storage exists to support
more than 60 years of CO: capture from a 300-MW-net plant with CCS.

The power and carbon capture plant site are planned to be located at the mine site. Road
access to the site will be provided during construction by a winter access road and during
operation by the proposed West Susitna Access Road. A 75-mile route (including an extra 5
miles for contingency) for CO; and electricity transportation runs 2 miles from the proposed
plant to the permitted Donlin Gold natural gas pipeline Milepost (MP) 60, to the Beluga River
power and pipeline corridor, then along the power and gas pipeline corridor to the Beluga River
site. The Alaska Department of Natural Resources (ADNR) granted Donlin Gold the right to
lease State land to build a pipeline to supply natural gas to the Donlin Gold mine to power its
operations (KTOO, 2021). A CO; pipeline and power transmission line from the plant site to the
Beluga River site could be co-located within the Donlin pipeline right of way (ROW) through
approval from ADNR with a letter of nonobjection from Donlin. If Donlin objected to this
infrastructure being placed within its ROW, then the CO- pipeline and power transmission line
could be placed outside of the Donlin ROW in an abutting ROW that parallels Donlin’s ROW.

Donlin Gold’s intention to build a natural gas delivery pipeline connecting Cook Inlet gas
supply to the mine was proposed and approved before Hilcorp’s recent announcement that Cook
Inlet gas reserves would be depleted in the coming years (Alaska Department of Natural
Resources, 2022b; DeMarban, 2022). The Donlin Gold Mine is approaching the final investment
decision stage for several billion dollars of capital commitment. Donlin Gold must now find an
alternative energy source that provides approximately 30 years of secure, reliable, affordable,
price-predictable energy. Donlin Gold is permitted for a peak electricity load of 180 MW, and is
a potential industrial power consumer.

Generation Plant and Carbon Capture Technology Production Scenarios

The proposed new biomass-coal fired power plant at the Flatlands Energy coal lease

would use circulating fluidized-bed (CFB) technology to generate electric power, similar to the

recently completed power plant at UAF (Babcock & Wilcox, 2020). CFB technology generally

allows for up to 30% biomass as fuel, though in this study 10% or lower biomass fuel is

evaluated. For this study, plant power generation sizes were evaluated from 25- to 500-MW

electricity. Gross electrical plant output includes power consumption associated with the carbon
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capture and transmission plant. Depending on the final power plant and CO; capture plant
designs, operating conditions, and other factors, the CO; capture rate may be as high as 95% or
more. The values in initial assessment will be refined during a future FEED (front-end
engineering design) study. The power plant values include debt-financed CAPEX, no debt for
OPEX, and exclude profit margins, tariffs, and other expenses. The accompanying CO; capture
plant values include debt-financed CAPEX, debt-financed OPEX, and includes cost estimates for
injection wells and pipeline construction. The COz capture process selected for this feasibility
study employs the proven Mitsubishi Heavy Industries (MHI) process.

Excluded Costs, Tax Structures, Grant Opportunities, and Loan Programs

The West Susitna Access Road is assumed to be funded by DOT and/or AIDEA in which
case a toll may be charged for road use. This has yet to be determined. The existing winter road
can be maintained and operated for a small annual cost. A short project access road which
connects the West Susitna Access Road and winter road to the power plant site will need to be
selected and costed.

The transmission construction cost of connecting from the power plant site to the Railbelt
grid may be a grid cost or may be attributed to the power plant. Significant government funding
may be available for new transmission lines that improve grid security and deliver low carbon
power. This needs to be further evaluated and has not been included at this stage of study.

Transmission construction costs for industrial power supply are fully borne by the
industrial project owners who pay for their transmission connection, e.g., the mine operator.

Beyond 45Q tax credits, additional Federal incentives, loans, and grants exist that,
depending upon how the project is structured and operated, may apply but have not been
included in this study.

COAL RESERVE LOCATION AND REGIONAL ELECTRIC GRID PROXIMITY
Location

The Flatlands Energy site contains an independently verified coal reserve. It is located on
the lower east flank of Mount Dickason in the West Susitna Mining District in Southcentral
Alaska. A regional location map is shown in Figure 2. The coal reserve is approximately 18
miles west-southwest of Skwentna which has a maintained airstrip to enable timely year-round
site access. A winter road travels from Highway 3 west through Skwentna and onward to the
Whisky Bravo airstrip, which supports the gold-critical minerals and gold—copper exploration
operations of Nova Minerals and US GoldMining. The winter road passes within a few miles of
the Flatlands Energy coal lease boundary. The lease is 67 miles northwest of Anchorage.

A multiuser all season resource road known as the West Susitna Access Road is in the
construction approval process. The route will connect the existing road system near Port
MacKenzie to the Whisky Bravo airstrip and pass within a few miles of the Flatlands Energy
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reserve. The route is proposed by the State, is exclusively on State land, and is anticipated to be
approved in 2025. There are no native land claims.

The topography where the reserve is located is considered moderate at an approximate
elevation of 1200 to 1600 ft above sea level. The area is covered with mixed shrubs and tundra.
The area experiences cool summers and moderately cold winters, which are ideal year-round
conditions for generating station operations.

Development History

Mobil Mineral and Coal Company, a division of Mobil Oil Company (Mobil), controlled
the coal lease and undertook exploration mapping and drilling between 1972 and 1982. Mobil
closed its Mineral and Coal division in the 1980s and merged with Exxon Oil Company (now
ExxonMobil). Mobil returned the coal lease to the State of Alaska.

In 2012, Alaska Department of Natural Resources (ADNR) initiated a process to auction
the historic coal lease. The lease carries with it a right to the coal contained in the lease lands for
an unlimited term. A 2-year regulatory process, called the Best Interest Finding (BIF), was
initiated. The BIF involved broad State regulatory review and comment as well as multiple
rounds of community and municipal consultation.

The Final BIF Decision, recorded July 5, 2013, is a regulatory decision of ADNR, which
found that use of the lease for coal mine development is in the best interest of the State. ADNR
concluded that the potential environmental effects of coal mining can be largely avoided or
mitigated.

In 2015, Flatlands Energy Corporation successfully bid into the State lease auction.
Flatlands Energy subsequently performed its own drill program and data collection, and has been
undertaking wetland, fish survey, water, air, and biota field evaluations. Since 2018 work along
these lines has continued to progress toward the next stages of the project.

Coal Properties and Extraction

Coal in the Flatlands Energy reserve has properties comparable to the coal mined at
Usibelli Mine in central Alaska. Usibelli Mine has supplied coal for power plant use in central
Alaska for many decades. The Flatlands Energy coal energy quality is higher than the Usibelli
coal, and similar to the Usibelli coal in that it is exceptionally clean with ultralow sulfur (0.15%)
and low mercury and metals. It is a particularly clean (low contaminant) coal, similar to that

being utilized in the new low emissions UAF combined heat and power generation station in
Fairbanks, Alaska.

Because of the near-surface location of the coal, projected shallow mine extraction costs
are competitive in comparison to industry averages. The site has sufficient coal to allow for low
to reasonable extraction ratios an estimated 150 years or more. Site reclamation and restoration
to original conditions are expected to present no material challenges. A shallow surface mine can
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fill in prior mined areas of the pit and begin the reclamation and vegetation regrowth process
while operations continue elsewhere.

Delivered Cost of Coal

The proposed Flatlands Energy coal-fired power plant would utilize one of the lowest-
cost and lower environmental impact forms of electricity generation, namely transportation of
coal from a surface mine located adjacent to a generation station. This is known as a mine mouth
generation station, where the mine operations are able to feed coal directly from the mine pit into
the generation station. Assumptions for coal fuel cost for electricity generation economics are
$3.50/MMBtu.

EXISTING POWER GRID CURRENT AND FUTURE DEMAND
Current Status of Alaska Railbelt Utilities

Power for the Railbelt, the geographic area depicted in Figure 3, is supplied by the
following utilities:

Chugach Electric Association, Inc. (CEA)
Golden Valley Electric Association, Inc. (GVEA)
Homer Electric Association, Inc. (HEA)
Matanuska Electric Association, Inc. (MEA)
City of Seward (Seward)

These Railbelt electric utilities are interconnected by a bulk electric system that includes
generation and transmission (G&T) components owned by the electric utilities and the State of
Alaska through the Alaska Energy Authority (AEA) and smaller generation components owned
by other entities. The Railbelt bulk electric system is also interconnected with Doyon Utilities,
LLC (DU), which provides electric utility services to Fort Richardson, Fort Wainwright, and Fort
Greely. The grid also ties-in UAF’s combined heat and power plant, which in addition to
supplying all electricity and heat for the campus can provide excess power to GVEA (KTVF).

The southern portion of the Railbelt, serving about 50% of Alaska’s population in the
Mat-Su Valley, Anchorage, and the Kenai Peninsula, is highly dependent on natural gas as a
source of electricity and heat. The northern portion of the Railbelt, serving about 15% of
Alaska’s population in Fairbanks and other interior communities, is highly dependent on coal
and petroleum fuels for local generation in addition to natural gas and hydroelectric generation
import from utilities in the south.

Figure 4a and 4b show the Cook Inlet natural gas demand and supply forecast presented
by the Alaska DNR in July 2023. Shown are supply cases for high, mid, mean, and low
production truncated to economic limits (4a), and existing proved developed plus proved
undeveloped reserves forecasts (4b). These forecasts exclude known accumulations yet to be

developed, such as those owned by Bluecrest, Furie/HEX and Vision. As shown, Railbelt RS 24-031
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utilities face an imminent shortfall of natural gas supply (AKDNR 2023). Until recently, all
Alaska Railbelt utilities planned and met power supply needs separately, with no obligation to
coordinate energy supply or generation development or consider grid impacts. The Railbelt
Reliability Council (RRC) has recently been created to oversee all regional power supply and
transmission planning. (Railbelt Reliability Council, 2022). In January 2024, the RRC directed
all electric cooperatives to provide plans for meeting power demand to customers in the event of
gas undersupply events (AETP). There is urgency to find alternative energy supply as a majority
of the grid depends on natural gas.
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Figure 4a. Cook Inlet Annualized Gas Demand and Supply Forecast, Truncated, DNR.
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Figure 4b. Cook Inlet Proved Developed+Proved Undeveloped Mean Forecast, Truncated, DNR.

Potential Industrial Power Users

The Flatlands Energy coal reserve is approximately 25 miles from a large, advanced
gold-rare earth elements Nova Minerals exploration project and the earlier stage US GoldMining
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gold-copper project, and approximately 200 miles from the Donlin Gold proposed mine
development. Donlin has been approved and is now in the final investment decision stage.

These new mine developments have not been considered in future grid connection and
electricity supply plans, with peak demand projected at more than 200 MW. In order to meet
their power needs, these proposed mine developments will have to: (a) add their own generation,
and along with that secure a new fuel supply; (b) contract with the Railbelt utilities, which would
then need to build additional generation capacity and secure a new fuel supply; or (c) contract
with an independent power producer, such as the project described herein, for power from the
proposed, nearby biomass-coal plant with CCS.

Railbelt Power Generation Resources and Costs

Railbelt utilities currently have about 1600 MW of installed fossil fueled capacity. Only
about 800 MW is considered fuel efficient, consisting of about 600 MW of modern natural gas-
fueled plants (Southcentral utilities with fuel-related costs ranging from about $120 to
$150/MWh) and about 200 MW of coal- and oil-fired plants (interior utilities with fuel-related
costs ranging from about $100 to $400/MWh). Older, less heat-efficient units are used as
emergency reserves and are more costly to operate.

In addition to fossil-fuel based generation, Railbelt utilities have about 200 MW of
renewable capacity, predominantly hydro-power from Bradley Lake (NREL 2022 Table 2).
Costs range from about $40 to $120/MWh with plans to expand. After expansion, costs are
expected to exceed $150/MWh.

A recent analysis of the Railbelt’s energy system by the National Renewable Energy Lab
(NREL) found even with extensive new renewable energy sources including wind and solar,
75% of the current fossil energy-fueled power generation will have to be retained to meet
demand when the weather is not conducive to supply renewable energy (NREL 2022).

In January 2024, the University of Alaska Fairbanks-Alaska Center for Energy and Power
(ACEP) released a techno-economic report, Alaska’s Railbelt Electric System: Decarbonization
Scenarios for 2050. (Cicilio 2024) That report found that “...the (Railbelt grid) system could not
be decarbonized using only variable renewable resources, such as wind and solar power. Some
amount of firm source of generation is still required so that sufficient generation is always
available. ...fossil-fuel and hydro power generation were the most cost effective firm sources to
pair with variable renewables. (p.22)” That report also concluded that nuclear and tidal
generation were both more expensive, and that “there is also significant uncertainty in the
projected costs and future commercial availability of these technologies.” That report’s base case
economic analysis showed that wind, solar, nuclear, tidal, or hydro power, i.e. re-activating the
Susitna-Watana Dam project, would be more expensive than business-as-usual power costs.

In February 2024, Alaska Governor Dunleavy proposed legislation (HB307, SB217) that
would, if passed, create a system allowing for the economic dispatch of lowest-cost power at all
times. This creates an additional opportunity for low-cost biomass-coal CCS power supply in
addition to power purchase agreements. The legislation would eliminate grid wholesale
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transmission fees and provide independent power producers the same exemption from local taxes
that non-profit electric cooperatives receive (Alaska Office of Governor 2024).

OTHER POTENTIAL BIOMASS-COAL FIRED GENERATION OPPORTUNITIES
Beneficial Uses of CO; with Biomass-Coal Generation

A new biomass-coal fired power plant with CCUS is capable of making beneficial use of
waste heat and CO2 to manufacture other useful products, as shown in Figure 5. For instance,
direct use of CO; and waste heat can enable year-round growing operations and increase product
yield for some crops. This would reduce Alaska’s dependence on importing food, as presently
~95% of all food is imported. The Alaska import cost for industrial CO2 supply delivered to the
customer is reported to be as high as $2,000/ton, but can be produced by a CCS biomass-coal
plant for $50 to $60 per ton. These potential additional uses of heat, CO>, and other by-products
are potential up-sides that are not included in the techno-economic analyses in this report.
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Alaska’s Food Security and Supply Chain Independence

Historically, less than 5% of Alaska’s food needs have been met from in-state production.
In 2022, Alaska Governor Dunleavy created the Food Security and Independence Task Force to
proactively pursue measures and incentives for increasing in-state food production and external
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supply chain independence (Alaska Department of Commerce, Community, and Economic
Development, 2023).

A biomass-coal-fueled power plant with carbon capture is capable of supplying the
energy, heat (using waste heat), and CO; for greenhouse agricultural operations. In-Alaska
greenhouse operations would provide local, secure fresh produce and replace produce grown
elsewhere that can require 10-20 days of transportation with significant product waste and added
costs. Alaska is also competitively located for North Asian markets. Fresh produce exported
from Port MacKenzie would have a shipping advantage relative to some other producing regions.

Fertilizer, Ammonia, and Hydrogen

Potential exists for using the biomass-coal power plant to provide low-cost energy and
COg; for the manufacture of fertilizer, ammonia, hydrogen, and synthetic fuels. Currently, Alaska
imports nearly all of its fertilizer, ammonia, and COz needs.

Concrete Additives and Critical Minerals

Potential exists for coal ash sales from the plant for by-products such as concrete
additive, gypsum, and critical minerals, supporting external supply chain independence for
Alaska. Currently, Alaska imports ash needed for concrete production. In addition to the
potential for critical mineral resourcing from coal and ash itself, the Flatlands Energy location is
approximately 50 miles from a USGS-identified high-prospect critical minerals region, in
proximity for potential future power supply in the event critical minerals mining is developed in
that vicinity (Mining News North, 2023; U.S. Geological Survey, 2015).

Net-Zero Scenarios — Beneficial CO; Use or Biomass Energy with CCS (BECCS)

With beneficial CO; use or BECCS, power generation can achieve net-zero or net-
negative (climate positive) CO2 emissions. Table 1 and Figure 6 discussed below illustrate net-
zero and net-negative CO2 emission power generation through inclusion of beneficial CO; use or
biomass energy as a fuel supply. All emissions estimates in this report use only coal as fuel and
exclude the emissions benefits from beneficial CO2 use and biomass energy, except where noted.

Beneficial CO2 Greenhouse Use: Coal power plants can achieve low greenhouse gas

emissions by implementing CCS to capture 90% or more of CO; emissions. Further, by using

waste heat and COg, the greenhouse operations are able to enhance productivity and reduce

additional coal use and associated CO2 emissions from heating, which results in net-zero. As

shown in Table 1, a 100-MW gross plant, net 75 MW with CCS, supporting a 57-acre

greenhouse results in net-zero carbon operation. In this calculation, 90% of emitted COz is

captured and sequestered or beneficially used in the greenhouse. Rather than heating the

greenhouse with coal, there is an emission reduction, -209 pounds CO2 per MMBtu, from the

beneficial use of power plant waste heat, 2176 MMBtu/day. This reduction is -223 pounds CO2

per MWh generated, realizing net zero CO; emission. Note if CCS achieves 95% capture rather

than 90%, emissions drop by half and the required greenhouse acreage for net zero decreases by

half to 29 acres.
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Table 1. Net-Zero Coal Plant with CCS and Greenhouse Food for Alaska

Fora 100 MW gross, 75 MW net plant with CCS

Percentage
Optionality for Achieving Net-Zero Carbon of CO, Ib COy/ MMBtu/ Ib COy/
Operations Coal CO; Factors: Output MMBtu MWh MWh
Power Plant Output 209 11 232298
_CO; Captured and Sequester_ed T = __ 80% i » = 783
"CO, Captured and Beneficially Used R R T R 034 ot
_Reduction from Beneficial Use of Waste Heat 10% ok I . =223 |
“Net CO; Emissions RO RS R o e gty 0: s

Greenhouse

Electric Use,

Making Beneficial Use of Waste Heat and CO; Output, Waste Heat, Greenhouse Use, Greenhouse Use, Greenhouses,
Coal CO; Factors: MWh/day MMBiu/day Short tons/day per day per acre acres
Waste Heat Production and Greenhouse Use e L L e s e A 38 MMBtu heat 57
CO, Greenhouse Use 227 tons CO; 4 tons CO; 57

Assumptions:

a) Based on DOE CO; emissions rate for coal generation of 100 MW with 85% Capacity Factor with a CCS capturing 90% of emitted CO..
b) Based on estimated annualized average and peak waste heat for greenhouse use: 38 MMBtu/day/acre, 152 MMBtu/day/acre.
¢) Based on estimated annualized average and peak CO; for greenhouse use: 4 tons/day/acre, 6 tons/day acre.

d) Excludes biomass emissions benefits.
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Biomass Energy with Carbon Capture and Sequestration (BECCS): Southcentral has
biomass suitable as a power plant co-fuel, including forest management, spruce bark beetle kill,
agriculture, and/or municipal solid waste. Rather than allowing decomposition, biomass as power
plant fuel with CCS reduces CO; emissions by capturing then sequestering their COz. To
determine the net balance requires life cycle assessment of biomass fuel(s) including harvesting
and handling, such as outlined in the Energy and Environmental Science Journal. (EESJ 2017)

“Because the biomass draws carbon from the atmosphere as it grows, BECCS can be a
negative emissions technology when it is implemented well. That is, BECCS could serve to draw
down the concentration of carbon dioxide (COz) in the atmosphere. However, care must be taken
to ensure that emissions from the growing, harvesting, transporting, and processing of the
biomass do not outweigh the captured carbon, and that the storage of captured carbon is reliable
over long timescales.” (American University Washington DC, 2020)

Net-negative power carbon intensity with BECCS can be achieved through system design
including biomass type, supply chain, storage and handling, and burner considerations. Carbon
intensity of generated power varies depending on biomass, net water use, pellet moisture content,
carbon footprint (CF), supply chain emissions, and power plant cofiring and capture rate
percentage as Figure 6 illustrates (from EESJ Figure 15). Carbon intensity improvements in
Alaska may be substantially different, perhaps better, than illustrated in Figure 6 which is for
cultivated miscanthus dried and pelletized for use as a fuel. Standing dead spruce bark beetle kill
is low moisture content and an excellent fuel supply, for example. “Based on the overall rate of
decomposition estimated (1.5% per year), it would take close to 200 years for beetle-killed trees
to disappear.... Based on a simple model of forest regrowth, and assuming that beetles kill an
entire stand of spruce trees, it is likely that this disturbance will cause forests to lose carbon to
the atmosphere for 60 to 70 years. The rate forests are regenerated would have a very large
impact on the amount of carbon released during this time, and even a 20-year lag in tree
establishment could double these losses.” (USDA Forest Service, 2005) Overflight of the region
in summer 2023 showed substantial spruce bark beetle killed trees in the area. Depending on the
harvest and transport supply chain, these make excellent biomass fuel.

BPower plant

Hincluding pellets lower bound CF
1500 A Including pellets average CF
Hincluding pellets upper bound CF

80

Carbon intensity (kg /MWh)
2

0
20 40 60 80 o 70

Cofiring (%) Capture rate (%)
Figure 6. Carbon Intensity vs. Biomass Cofiring % and COz Capture Rate % (from EESJ)
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“BECCS typically refers to the integration of trees and crops that extract CO2 from the
atmosphere as they grow, the use of this biomass in power plants, and the application of carbon
capture and sequestration via CO; injection into geological formations.... In its Fifth Assessment
Report, the Intergovernmental Panel on Climate Change (IPCC) select[s] BECCS as the lowest
cost option to reach the temperature objectives for the second half of the century (high
confidence) and that BECCS plays an important role in many low-stabilization scenarios (with
limited evidence and medium agreement).” (National Academy of Sciences, 2019, p.137). This
study from the U.S. National Academy of Sciences estimates a global potential to sequester 3.4—
5.2 GtCOz per year via BECCS without large adverse impacts. Biomass conversion technology
readiness level (TRL) is Commercial, TRL greater than 10 (NAS, 2019, p.145).

POWER PLANT LOCATION, TRANSMISSION ROUTES, AND PROPERTIES
Transmission Intertie

The Flatlands Energy reserve is located approximately 46 miles in a straight line from the
Beluga power plant and grid intertie. The Beluga power plant is reaching the end of its useful
life. Two of the six natural gas turbine generators have been retired. The remaining four units are
used solely for reserve power and meeting peak demand needs. The Beluga River power plant
can provide power to the grid power via an intertie with 500+ MW capacity.

The Donlin Gold pipeline right of way passes within a few miles of the Flatlands Energy
reserve and travels within a few miles of the Beluga power plant and crosses the electricity grid.
This is a possible corridor for a high-line power transmission line from the Flatlands Energy
reserve to the regional grid intertie.

With the Beluga River plant nearing its service life end, its intertie has capacity to deliver
power to the Railbelt transmission system. This is one option to connect a major new power
generation plant. Other interconnect points are at Milepost (MP) 0 of the Donlin Gold pipeline
corridor, near the high-voltage lines of CEA, or at Point MacKenzie. Further study of
interconnection points is needed to select the optimal electrical tie-in point.

Power customers are assumed to permit and install their own power lines independent of
this project. Such costs and permitting are not addressed in this study.

CFB Advantages and Compatibility with Renewable Energy

The circulating fluidized bed (CFB) boiler system selected for this feasibility study is a
commercially proven, well-understood system that provides several advantages. The CFB
system, selected for the recent coal-fired combined heat and power generation station built at the
UAF campus in Fairbanks, Alaska, is designed to achieve economy, reliability, and flexibility.

Modularization is key in construction-related cost savings. CFB systems can be built as a
module, e.g. in 100 MW increments, for Southcentral needs and enable expansion for future
developments. Additional generation capacity can be added in relatively small increments as new

customer demand is identified. This is a significant change from a historical approach of RS 24-031
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overbuilding generating station capacity and anticipating that new demand will follow.
Modularization is also key for the adjacent carbon capture plant, i.e., having large sections of the
facility built off-site as modules would minimize on-site construction and result in significant
cost savings (International CCS Knowledge Centre, 2018).

An advantage of CFB systems over historical coal-fired boiler systems is that CFB can be
designed to load-follow, meaning that as electricity demand increases or decreases, CFB systems
can ramp up or down. CFB systems can, therefore, work in concert with alternative energy
sources such as solar and wind that provide variable power generation. Engineering analysis is

required in order to determine if this system, when combined with CCS, can similarly be
expected to load-follow.

Another key advantage of CFB technology is that pollution control is built into the
combustion process. By adding low-cost limestone into the CFB, SOy is captured and removed at
the point where it is formed. The CFB’s low combustion temperature, about 1000°F less than a
conventional pulverized coal (pc) peak temperature, minimizes NOx formation. The Flatlands

Energy coal contains ultralow levels of sulfur and low levels of nitrogen, which support lower
emissions in need of capture.

Hot Gas

Cloaning Unts -
Transformer [T e ?\:‘;]-
v\ 2!

Generator
18 MW

Gas
Turbing F_'Iswck
i

Econcmizar " !

- Procipitatar J - l

L ) I

: joaggl

Condansate Tank Faed D
Pumps Pumps Pumps Fly Ash

Figure 7. Coal CFB Combined-Cycle Process, Without CCS
www.sciencedirect.com/topics/engineering/circulating-fluidized-bed-combustion.

Figure 7 shows an example CFB combined-cycle power generation system without a CCS
plant. Advantages of CFB systems include the following:

e Load-following; works in concert with alternative energy sources RS 24-031
18 IM 24-061



Modular and expandable

Low emissions

High combustion efficiency

High reliability and availability

Low maintenance costs

Compact, economical design

Reduced erosion

Fuel flexibility

Proven technology and performance

Costs associated with CFB systems are well known.

POWER COSTS: NATURAL GAS (WITH PRICE SENSITIVITY) VS. BIOMASS-COAL

In this study, baseline Southcentral power costs are calculated using three separate
approaches for natural gas-fired power. For each approach, electricity rates were calculated for
$7.07 (current), $15, $20, and $25/MMBtu (future) natural gas prices. The future natural gas
price range represents imported LNG, new Cook Inlet gas, or North Slope gas as described in the
section Competitor Analysis. The first approach uses CEA ’s approved pricing for firm power
service to large industrial and utility customers. The second approach estimates the avoided cost
from all current producers, providing more of a common basis for electricity producers. The final
approach applies the cost estimation methodology for the proposed biomass-coal fired power
plant to a new gas-fired power plant, recognizing a new gas-fired plant may be more efficient
than CEA’s existing power fleet, thus providing the lowest hypothetical cost of gas-based power.
Note this hypothetical gas-fired power cost is likely understated since it assumes a single
generating turbine rather than multiple turbines that may be required for grid stability.

Current Approved Pricing

CEA’s generation and transmission (G&T) rates are based on CEA’s November 4, 2020,
approved Schedule 760 tariff for limited all requirements service at primary voltage subject to
availability. The G&T rate represents CEA’s approved pricing for providing firm power service
to large industrial and utility customers. It excludes additional costs that new industrial
customers such as Donlin Gold and Nova Minerals would be required to pay, such as
transmission costs outside of CEA’s existing service area. CEA’s residential and commercial
service rates are ~12% higher than the G&T rates.

The CEA G&T electricity rates were calculated for $7.07, $15, $20, and $25/MMBtu
natural gas prices, as shown in Table 2. These price scenarios are developed to assess how the
G&T rates, currently with $7.07/MMBtu natural gas based on CEA’s most recent report, might
be impacted with imported liquefied natural gas (LNG) based an Asia-Pacific LNG import
futures market assessment. “Cook Inlet natural gas prices have not been static, rising 5% on
average per year for the past decade and are now approximately $8 per Mcf.” (CEA 2023) These
gas prices are also consistent with the “2040 blended fuel cost” estimate in the Renewable
Portfolio Standard Assessment for Alaska’s Railbelt (Denholm and others, 2022) and with the
natural gas supply options discussed the Competitor Analysis section. RS 24-031
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The low LNG import price, $15/MMBtu, was derived from the DOE Office of Fossil
Energy and U.S. Energy Information Administration (EIA) websites and industry websites such
as Natural Gas Intelligence (NGI), Reuters, and AL FRED. The low and mid- LNG prices used
here are also consistent with the $16.6/MMBtu “2040 Blended Fuel Cost” that is assumed to be
composed of 78% natural gas from the Renewable Portfolio Standard Assessment for Alaska’s
Railbelt report (Denholm and others, 2022). As of 2020 through 2022, the Asia-Pacific LNG
market price is approaching $30/MMBtu but is forecasted to come back down into the $20 to
$25/MMBtu range. Europe’s recent pivot from Russian gas supply makes this price range
unpredictable, with some forecasters projecting higher prices. LNG-based electricity pricing may
see substantial long-term upward pressures. Market disruptions in mid-2022 drove LNG spot
above $50/MMBtu for a short time (Federal Reserve Bank of St. Louis, 2022 and FRED data).

Table 2. CEA G&T Electricity Cost, $/MWh

CEA G&T Tariff Rates
Description Umts $7 07/MMBtu SISIMMBtu $20/MMBtu $25/MMBtu
L Cipacity.Charges .. -$/NIWamonthe. .. ; T $A5.4305 . $45.430..
Capacity Factor % 85% 85% 85% 5%
FAverage Capacity CRATESS. ForsMWhT . §Hdoa . S7d3. &2 . §ido.: ]
Energy
Y Energy Charge.-. - $/IMWh . $4B.8:w . BARB.. - $488 - - GARE

. FPP Factor _ $/MWh $§4.9 $137.8 $183.7 ‘ _$229 6
(TotalEmersy " .. ... SIMWHst . . 81137+ . 31866 Hire, $232:5 0o, 3
Totals $/MWh $188.0 $260.8 $306.7 $352 7

Assumptions:

a) Based on CEA November 4, 2020 approved Schedule 760 tariff for limited all requirements
service at primary voltage subject to availability of generation capacity. Transmission costs not
included for service outside of service area.

b) Residential and commercial service rates are ~12% higher than CEA G&T rates.

¢) CEA would require new generation to provide estimated power service of large new mines in the
200-MW range, with new transmission provided and/or funded by others.

d) Capacity factor represents how much available capacity is used on average by customers.

e) Capacity Charge includes capital and fixed O&M costs.

f) Energy Charge is a mechanism to recover variable O&M and incidental costs.

g FPP (fuel and purchased power) factor is a mechanism to recover fuel costs.

h) Average Heat-Rate, 9.185 MMBtwWMWh, is how much energy it takes to produce a unit of
power. It is based on Exhibit 1 of CEA’s Sep 29, 2023 COPA quarterly power adjustment filing.

Considering other natural gas supply options, the Cook Inlet Gas Supply Project Phase I
Assessment Report commissioned by the Alaska Utilities Working Group assesses relative cost
and availability of natural gas supply options. Berkeley Research Group (BRG) and Cornerstone
Energy Services delivered the report June 28, 2023 (BRG 2023). Black & Veatch (BV) prepared
the Chugach Gas Supply Option and Market Assessment for Chugach Electric Association, Inc.,
filed August 11, 2023 with the RCA. Six natural gas supply options are evaluated and found to
supply gas at higher than today’s price, a key driver for future electricity costs with natural gas.

From Table 2, the CEA G&T rate is $188/MWh for fuel at $7.07/MMBtu. Power cost

increases 39%, 63%, and 88% for $15, $20, and $25/MMBu fuel, respectively (CEA 2020). S 24.031
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Avoided Cost

The CEA G&T rate discussed above represents a delivered cost of electricity to industrial
consumers including non-generating expenses, installed capacity charges, and other fees. To
provide another cost comparison to a new biomass-coal fired plant, these rates can be adjusted to
an estimate avoided cost, i.e., the incremental cost an operator would avoid by not having to
generate power, instead substituting or replacing it with power generated from another source.
The avoided cost methodology provided here, while simplified, is expected to be sufficiently
accurate for comparison purposes. The current avoided cost of electricity from gas is estimated
to be $114/MWh as shown in Table 3, and escalates rapidly with increasing gas prices.

Table 3. Avoided Electricity Cost, $/MWh
CEA G&T Tariff Rates Excluding Capacity Charge
: Descrlptmn Umts 37 07fMMBtu S15/MMBtu  $20/MMBtu  $25/MMBtu
;i harge: " US/MWhE s i $0.0 : $0.0 $0.0

$48.8 $48.8 $48.8 SRR
$64.9 $137.8 $183.7 $229.6
SR $113.7 $186.6 $232.5 $278.4
Totals S/MWh $113.7 $186.6 $232.5 $278.4

Assumptions:
a) Same as Table 2, CEA G&T, except excludes Capacity Charge, i.e., excludes capital plus fixed
O&M costs, to emulate an avoided energy cost comparison using existing power generation
capacity. Included are Energy Charge and FPP, i.e., includes variable O&M and fuel costs.

New Gas Plant Scenario, Single Turbine, Without CCS

Tables 2 and 3 were generated from CEA’s published rates, with avoided costs in Table 3
being estimated by zeroing-out capacity charge. As discussed, about half of the generation
equipment can be considered efficient while the other half is more costly to operate and typically
provides reserve capacity. Published rates represent the combined blended performance of these
equipment. As such, a third and final gas-fired power cost estimating approach is provided to
represent a hypothetical new, high efficiency gas fired plant, though no such proposal to install
new gas-fired generation is known and may in fact be unlikely in the face of fuel supply
shortfalls and cost uncertainty.

In this third approach for new gas-fired power cost estimating, a single turbine
configuration was assumed for lowest capital and operating costs. However, if built for the
Railbelt, a new gas plant would likely require multiple turbines to ensure that an unexpected loss
of a unit would not cause a major system-wide power outage and to provide redundancy for
unplanned outages. Thus, new gas plant costs may be higher than shown here.

Two new gas-fired power costs were estimated, a larger, 600 MWe, more efficient
combined cycle plant and a smaller, 100 MWe, less efficient simple cycle plant. See GE Vernova
for simple vs. combined cycle power discussion. A new large-scale, high-efficiency natural gas-
fired combined cycle power plant operating at constant baseline conditions could be expected to
produce less expensive electricity than a new biomass-coal fired power plant of similar size buRS 24-031
21 IM 24-061



only if (a) it is single turbine configuration, which likely does not meet grid reliability needs; (b)
if current natural gas prices were to hold constant; and (c) CCS is not required. Smaller single-
cycle natural gas power plant could produce electricity at a similar cost to those of a new
biomass-coal power plant with present Cook Inlet gas prices. This is to be expected, as natural
gas plants do not require solids handling, desulfurization, or ash disposal. However, as seen in
Table 4, the cost for gas-based electricity rapidly increases with increasing gas prices and would
rapidly exceed the costs for biomass-coal electricity discussed below. Even under the most
favorable assumptions, gas-fired power is only cost competitive with biomass-coal in the short
term given the Cook Inlet gas supply shortfall and increasing cost of other natural gas supply
options for the region.

Power Cost Comparison CEA (Current Gas Price) vs. Biomass-Coal Without CCS

Biomass-coal power generation cases evaluated range from a small 25-MW generation
unit to 500 MW, as shown in Table 5. Costs of plant capital, 0&M, and fuel are shown, and
electricity prices are calculated. The current G&T cost for CEA is shown for comparison.
Biomass-coal fired generation without CCS delivers at substantially lower cost than current G&T
industrial rates from CEA gas generation. The cost estimate uncertainty range is -30% low side
to +50% high side, consistent with a Class 5 conceptual engineering estimate. (AACE RP 87R-
14)

Power Cost Comparison: Natural Gas vs. Biomass-Coal Without CCS

In comparison with gas-fired power in Tables 2, 3, and 4, CEA G&T, avoided cost, and
new gas plant, respectively, biomass-coal fired power is lower cost than CEA G&T at all gas fuel
prices. Biomass-coal power from plants larger than 100 MW are cost-competitive with or
cheaper than avoided costs for existing generation or for new single-cycle gas plants. While a
new large-scale combined cycle gas plant could produce electricity at a lower cost than biomass-
coal if gas prices were to hold constant over 30 years, gas-based electricity costs rapidly escalate
with rising gas fuel price, so this cost advantage is expected to be short-lived in the face of the
depleting local gas supply and a near-term need for securing additional gas.

Figure 8 compares three cases: At left is CEA G&T power for a range of fuel gas prices
without any new generation. At center is for a new 600 MW high-efficiency combined cycle gas
plant with the same variations in gas price. At right are for new biomass-coal fired generation at
several a range of plant sizes.

The natural gas fuel price sensitivity range, in $/MMBtu, includes recent price ($7.07),
and low ($15), mid- ($20), and high ($25) future natural gas prices.
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Table 4. New Gas-Fired Electricity Cost, $/MWh

Description Units Single Cycle, 100 MWe Combined Cycle, 600 MWe
Capacity MW 100 600
Capital Costs _____* 1,000,000 B L | $1701
P Capacity Charges  $/MW-mo | 104620 e R L Gt I e
FixedO&M _ $/MW-mo__| ! __$1,135 . R IEE
| Capacity Factor % i e SRR R | 85% S
Average $/MWh $19.0 $27.1
Variable O&M $/MWh $5.1 $1.8
"Fuel SRR e 0 e S B e A
Av. Heat Rate MMBtu/MWh 11.4 7.6
“Energy Cost A B AR G P RS A SSRGS i s
TotalEnerey _  $MWh | $855  $1757  $2326  $2804 | 8554  S1155  $1535  $1914
"Totals S/Mwh | TS1045  §194.7  $251.5  $308.4 $82.5 $142.6 91806 9218.5
Assumptions:
a) CAPEX and fixed O&M costs are taken relative to biomass-coal CAPEX costs in Table 5, with the ratio of 2022 costs based on ranges

published by NREL (https://atb.nrel.gov/electricity/2022/index)

b)

$1,948,943/MWe, 100 MW case

c)

$2,835,742/MWe, 600 MW case

CAPEX: $10,000,000/MWe (small biomass-coal estimate) x $0.922MM/MWe (gas, low) + $3.075SMM/MWe (biomass-coal, low) =

CAPEX: $6,500,000/MWe (large biomass-coal estimate) * $2.324MM/MWe (gas, high) + $5.327MM/MWe (biomass-coal, high) =

d)

e)
f)

g)
h)
i)
i)
k)
1)

100 MW single-cycle gas plant is 30% efficient on an HHV basis, which is lower than LHV basis and also allows for some inefficiencies
to load following.

600 MW combined-cycle gas plant is 45% efficient on an HHV basis.

Variable O&M is based on 2022 values published by NREL (https:/atb.nrel.gov/electricity/2022/index), with the upper range assumed
for a small load-following single-cycle plant and the lower range assumed for a large combined-cycle plant operating at constant load.
Flatlands Energy power supply options exclude new transmission requirements and associated costs.

Capacity factor represents how much of the available capacity is being used on an average basis by customers.

Average Heat-Rate represents how much energy it takes to produce a unit of power output on an HHYV basis.

CAPEX is debt financed at 5% over 30 years (same assumption used for biomass-coal)

100 MW, $1,948,943/MW: —$1,046,235 per month debt service.

600 MW, $2,835,742/MW: —$9,133,727 per month debt service.
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Table 5. Biomass-Coal Fired Electricity Cost, $/MWh
For Plants from 25 MW to 500 MW. Two Sizes Highlighted Red have Corresponding CCS for Total Cost of Electricity Calculations

CEA G&T, Current
Description Units Price $7.07/MMBtu Biomass-Coal Power Plant
Capacity MW 25 50 100 200 300 400 500
Capital.Costy . o ®THODDN0 oo oo ) $250 $475 $650 $1235  $1760 $2229 $2647
" Capacity Charges $/MW-mo $45,430 " |'$537682 $50,008 |$34,893 | $33,140  $31,491 | $29,917 | $28421
_Fixed O&M $MW-mo s ockat _$4500 $4275 $4000 | $3800 $3610 $3430 $3258
" Capacity Factor % 85% 5%  85% | 5% | 850 85% | 95% | 8% |
_Average _ $/MWh by $742 _$95.1 $90.3 $63.6 | $60.4  $57.4 $54.5 $51.8
" Energy SRR A o ol 8 i
_EnergyCharge  $/MWh |  $48.8 A "
"FPP Factor $/MWh |7 $64.9 e e B s o R e
_Variable O&M $/MWh y $12.0 $11.0 $10.0 $9.0 $8.5 $8.0 $7.5
“Fuel $/MMBtu | SR SRS b R R R e | R i e D)
_Av. Heat Rate MMBtu/MWh Neing 11.0 11.0 10.5 10.5 10.5 10.5 ___10.5
"Energy Cost S YT i e R e R PR SRR s B B s A s
Total Energy $/MWh $113.7 | $50.5  $49.5 $46.8 | $45.8 $45.3 m_‘*?L}:IS___ $44.3
"Totals S/IMWh $188.0 $145.6  $139.8 | $110.4 | S1062  $102.7 $99.3 $96.1
Assumptions:
a) Based on CEA’s November 4, 2020, approved Schedule 760 G&T tariff for limited all requirements service at primary voltage subject to
availability of generation capacity with transmission costs not included for service outside its service area.
b) CEA’s current residential and commercial service rates are ~12% higher than G&T rates.
¢) CEA would require new generation to provide estimated power service needs of the large new mines in 200-MWe range and would
require new transmission to be provided and/or funded by others.
d) Flatlands Energy power supply options exclude new transmission infrastructure requirements and associated costs.
e) Capacity factor represents how much of the available capacity is being used on an average basis by customers.
f) Energy Charge is a mechanism where CEA recovers its variable O&M and incidental costs.
g) FPP (fuel and purchased power) factor is a mechanism CEA uses to recover fuel costs.
h) Average Heat-Rate, 9.185 MMBtu/MWh, represents how much energy it takes to produce a unit of power output. It is based on Exhibit 1
of CEA’s Sep 29, 2023 COPA quarterly power adjustment filing.
i) Constructed cost of CFB coal plants based on recent construction of similar 20-MW plant in interior Alaska of about $10,000,000/MW
financed at 5% over 30 years.
i) 25 MW $10,000,000/MW $250 x1,000,000: —$1,342,054 per month debt service. Discount for additional units: 95%.
k) 100 MW $6,500,000/MW $650 x1,000,000: —$3,489,341 per month debt service. Discount for additional units: 95%.
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New biomass-coal fired power is lower cost than the existing CEA G&T rate in every
case, primarily owing to the fact that much existing CEA power is low-efficiency intermittent
generation while new biomass-coal fired generation would be baseload power. CEA power,
currently $188/MWh, could increase to $353/MWh, an 88% price increase, if the gas price is
$25/MMBtu. While a large high-efficiency combined cycle gas plant could be cheaper than
biomass-coal at current gas prices over 30 years if today’s prices held, high future gas prices are
expected to make even a small biomass-coal plant cost-competitive, while larger biomass-coal
fired plants (with better economies of scale) would provide materially lower-cost electricity. Of
note, even assuming long-term sustained current gas rates of $7.07/MMBtu, a large biomass-coal
fired power plant with CCS could provide power at prices nearly on par with a new high-
efficiency combined cycle natural gas plant but without CCS included. New biomass-coal fired
generation with CCS provides new power generation infrastructure with a ~50-year lifespan to
the grid at a lower cost of future power and with lower emissions than sourcing new gas for an
existing gas fleet with declining lifespan (scenario at left).

Electricity Cost Comparison, Without CCS, $/MWh

Existing and New Gas with fuel price sensitivity vs. New Biomass-Coal Power

 Future Fuel Price
R

S————— |
146 140 e

$50 g3 110 106 103 99 96
$7.07 $15 $20 $25 $7.07 815 $20 $25 25 50 100 200 300 400 500

Fuel price, $/MMBtu  Fuel price, $/MMBtu MW MW MW MW MW MW MW

Existing Gas Power New Gas Power New Biomass-Coal Power

Figure 8. Electricity Cost Comparison, Without CCS, $/MWh
Existing CEA G&T Gas and New Gas with fuel price sensitivity vs. New Biomass-Coal Power.

CARBON CAPTURE PROCESS, TECHNOLOGY, AND DESIGN

Flue gas preconditioning is essential for the CO; capture process. Preconditioning cools
and reduces flue gas impurities, which improves COz absorption reaction kinetics and mitigates
solvent degradation. As shown in Figure 9, flue gas preconditioning includes a flue gas cooler
(FGC), flue gas desulfurization (FGD), and a flue gas quencher further cooling the gas and
removing residual traces of sulfur. Within the FGD train, pulverized limestone is chemically
converted to gypsum during the desulfurization process. Gypsum may be beneficially used to
manufacture panel-grade drywall rather than being landfilled.
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CO:z is removed by contacting flue gas with an amine solvent which absorbs CO2. The
COa»-rich solvent is regenerated for reuse by heating, which releases captured, concentrated COz.
Captured CO3 is then dehydrated and compressed for pipeline transport to the storage site.

One commercial option to capture the CO2 emissions from a biomass-coal fired power
plant is the MHI KM-CDR process. The MHI KM-CDR process has been used at the Petra Nova
project, where it has demonstrated the ability to capture >90% of the CO2 from the W.A. Parish
coal-fired power plant. MHI touts the KM-CDR as featuring a modular and standardized design,
allowing it to potentially scale with a similarly modular CFB for power generation that could be
implemented in stages. The MHI process is the selected CO; capture technology for this study.
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Figure 9. Power and Carbon Capture Plant Layout (International CCS Knowledge Centre, 2018).

CO:z PIPELINE TRANSPORTATION AND ROUTE

This assessment assumes installation of an American National Standards Institute (ANSI)
Class 900 spec CO; pipeline, designed for 2200-psig service, sized for plant capacity. Pipelines
were sized such that no booster pump station was required. Pipeline transportation of COz over
longer distances is most efficient and economical when the COz is in the dense (liquid) phase
with pipeline pressures above 1080 psi. It is often preferrable and lower cost to size the pipeline
large enough so a booster pump(s) is not required. CO2 must be dehydrated to reduce the risk of
pipeline corrosion. There are a few examples of existing pipelines converted to COx service at
lower pressure for low flow rates and/or short distances (less than 100 miles). COz transport by
truck and rail cost ranges from three to ten times more expensive per ton than by pipeline
(National Petroleum Council, 2019).

This project’s pipeline and power line are proposed to share the same corridor for cost
estimation purposes, which has a nominal distance of ~75 miles including 5 miles for
contingency. The route follows the Donlin Gold pipeline corridor from the mine site to tidewalRg 24-031
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then westward to the Beluga River gas field and electrical grid intertie. The route runs alongside
the West Susitna Access Road from the Flatlands Energy reserve to Donlin Gold pipeline’s

MP30. At MP30, the pipeline and transmission line head south to tidewater, while the West

Susitna Access Road heads east to the port. A local ANSI Class 900 spec distribution network at
the Beluga River gas field would be constructed to tie in individual CO2 injection wells. No CO:
booster pump station was required for this project. Other potential CO2 storage locations will be
evaluated by the pending ARCCS Project. (U.S. DOE FECM press release, November 14, 2023)

CARBON STORAGE LOCATION OPTIONS

A high-level screening of reservoirs found the Cook Inlet Basin is one of the areas with
the highest potential for CO; storage in Alaska (Shellenbaum and Clough, 2010). For this study,
the target geologic CO; storage formation is a depleted gas or oil field. Such fields have a proven
seal that has stored gas over geologic time with well-defined storage capacity. Several such
fields exist in the northern Cook Inlet region. Based on volumes of natural gas produced to date,
a preliminary estimate of the geologic CO2 storage capacity in the area is sufficient for ~60 years
of injection of CO; in the Beluga River Unit, highlighted by the purple arrow in Figure 10, for
the project’s 300-MW-net biomass-coal fired power plant with CCS. Alternative storage sites
include secure saline aquifers or unmineable coal seams, but these require geologic and
geophysical study, and possibly new appraisal data, to assure their capacity and ability to
permanently store CO2. An example of a study of a saline aquifer close to the proposed project
area is Pantaleone and Bhattacharya (2021).

A pending geological and engineering study will calculate the CO2 storage capacity in
this region, the Alaska Railbelt Carbon Capture and Storage (ARCCS) Project by University of
Alaska. This Project was selected by the US DOE for a Carbon SAFE Phase II storage volume
analysis including technical, economic, and community assessments for potential CO2 storage
complexes (U.S. DOE FECM, November 14, 2023 and Northern Journal, Dec 2023).

Figure 10, a Cook Inlet Basin location map, is taken from a geologic storage assessment
for several oil and gas fields and the Hemlock Formation generally. Figure 11 shows the
Hemlock in relation to the Beluga Formation in the stratigraphic column. For the overall basin,
the saline aquifer Hemlock Formation has 0.91 to 16.61 Gt (P10 to Poo) storage capacity, with a
Pso capacity close to the mean of 4.33 Gt, equivalent to 1800 years of carbon storage capacity for
a 200-MW-net plant (Pantaleone and Bhattacharya, 2021). Hemlock Formation storage is one
alternative to the selected CO; storage site discussed below, and underlies the Beluga River
Field.

Depleted Oil and Gas Reservoirs

For Alaska-based CO: storage projects, storage in depleted gas reservoirs may be
preferred as these have more available data sets formations to understand the subsurface than
saline and oil and gas reservoirs have proven cap rock integrity. Developed field well data helps
characterize geologic properties, including gas storage capacity, reservoir properties, and cap
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rock seal integrity. Therefore, this study considered as primary CO; storage targets the natural
gas reservoirs in the Cook Inlet region, many of which are forecast to be nearly depleted.

One of the larger fields available for storage in the near future is the Beluga River Unit
(Beluga/Sterling). Beluga River has an added benefit of onshore access, resulting in lower
injection well costs than offshore wells. The Beluga River Unit is highlighted by the purple
arrow in Figure 10. Discussion with the field Operator, Hilcorp, indicates remaining natural gas
production can continue while initiating CO2 sequestration in this multi-zone reservoir.
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Figure 10. Location Map of Cook Inlet Basin with Beluga River Field
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Figure 11. Chronostratigraphic and Petroleum System Chart for the Cook Inlet Basin
(Pantaleone and Bhattacharya, 2021). Red and green dots note formations associated with
natural gas and oil production, respectively.

Historical production data from the Beluga River Unit, Figure 12, show a strong p/z
relationship that indicates the reservoir acts as a nearly static “tank” with no change in gas pore
volume or formation damage occurring as gas is produced and reservoir pressure decreases.
Assuming no significant reservoir damage occurs during production, volumetric calculations of
the reservoir pore space available for CO; storage versus reservoir storage pressure is possible.
This study assumed with CO; injection the reservoir will not exceed the original discovery gas
reservoir pressure of ~ 2500 psi (Thomas and others, 2004). According to the same report, the
volume of gas produced at depletion is approximately 1.3 Tcf of natural gas (Thomas and others,
2004), corresponding to a reservoir pressure of approximately 300 psi. The reservoir is located at
an approximately 4000-foot depth. Assuming a surface temperature of approximately 60°F with
a geothermal gradient of 15°F per 1000 feet results in a reservoir temperature of approximately
120°F. Under these reservoir conditions, natural gas has a density of approximately 7.8 Ib/ft’
(125 kg/m?) compared to a density of approximately 0.044 1b/ft* (0.7 kg/m?) under standard
conditions (Unitrove, 2022) and results in a total reservoir volume available of approximately 7.3
Bef.
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Figure 12. Beluga River Unit Production and Pressure History (Thomas and others, 2004).

Under the same reservoir conditions, CO> has a density of 46.8 1b/ft* (749 kg/m?)
(MegaWatSoft Inc., 2022). The same 7.3 Bcef of reservoir volume could be occupied by
approximately 344 billion pounds, or 157 MMt, of injected CO2. At COz capture rates associated
with a 400-MW gross power plant of 2.6 million metric tons per year, this provides
approximately 60 years’ worth of storage volume.

Achievable injection rates in a COz injection well were estimated for the Beluga River
gas field to determine whether it represents an economic target for CO; storage. To do this, the
productivity index of the gas wells was converted to an approximate injectivity index. The
Beluga River Unit for the month of December 2003 was approximately 4.8 Bcef from 13
production wells (Thomas and others, 2004). This rate is equivalent to 369 MMscf per month per
well, or approximately 12 million standard cubic feet per day (MMscfd) per well. Reservoir
pressure at this time is approximately 1200 psi. A conservative assumption is that the bottomhole
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pressure of the producing wells is nearly atmospheric (14.7 psi), inferring a productivity index of
10,000 scf per psi of pressure drawdown.

Average per well rates of 12 MMscfd from the Beluga River Unit are confirmed in well-
by-well historical production data from a 2017 Cook Inlet gas study conducted by PRA (Stokes,
2017). Some Beluga River Unit wells peaked at rates as low as 3.5 MMscfd, while others peaked
at rates of 30 MMscfd or higher.

Using Darcy’s law to convert natural gas production rates to CO; injection rates, the main
differences are the density and viscosity of the fluids. Under reservoir conditions of 1200 psi and
120°F, natural gas has a density of 3.6 Ib/ft* (57 kg/m?) and a viscosity of 0.01 cP (Petrowiki,
2022). Meanwhile, CO; under the same conditions has a density of approximately 14.7 Ib/ft®
(235 kg/m?) and a viscosity of approximately 0.02 cP (Fenghour and others, 1998). Under
bottomhole injection conditions of up to 2500 psi, the density and viscosity of CO2 may both be
as high as 46.8 Ib/ft* (749 kg/m®) and 0.066 cP (Fenghour and others, 1998). Based on the
differences in both viscosity and density, it is estimated that the mass flow rate of the CO> will
be approximately twice that of natural gas, assuming a similar 1200-psi difference in pressure
between the reservoir and well. This translates from roughly 500,000 b of natural gas per day at
12 MMscfd to approximately 480 metric tons of COz per day (or 175,000 metric tons per year)
per injection well.

Finally, to inform the most likely peak performance of injectors, if the bottomhole
pressure never exceeds the initial reservoir pressure of 2500 psi and the reservoir is depleted to
300 psi prior to CO: injection, that would imply an initial pressure difference between the well
and reservoir pressure of 2200 psi. With this higher increased bottomhole injection pressure,
initial injectivity of CO; injection wells in the Beluga River Unit is expected to average
approximately 320,000 metric tons per year. This would require approximately one injection
well into the Beluga River Unit per 25 MW of net electricity generation capacity. The number of
injection wells varies depending on plant size as shown in Table 6.

The conservative injectivity estimate based on analog wells in the Beluga River Unit is
strengthened based on an analog of a new CO; storage project. According to the storage facility
permit for Project Tundra to store CO; in the Broom Creek Formation near Center, North
Dakota, the Broom Creek Formation has an average permeability of 439 mD and estimated
maximum CO; storage injection well rates of 2 MMt per year (Minnkota Power Cooperative,
2021). Meanwhile, the Sterling Formation of the Beluga River Unit was characterized as having
an average permeability of 119 mD, which would result in an adjusted injectivity of
approximately 500,000 metric tons per year under comparable injection limits (Levinson, 2013).
However, this study does not push the bottomhole injection pressure to the same 90% of fracture
propagation pressure as Project Tundra.

Local Saline Aquifers

Storage reservoirs in the Cook Inlet region are not limited to depleted oil and gas
reservoirs. Stratigraphic columns and descriptions of the Cook Inlet region show that the
volcanic bedrock in the region was formed in the late Triassic or early Jurassic period (U.S.
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Department of Interior National Park Service, 2022; Buthman, 2017; Dallegge, 2003). Since the
volcanic bedrock, multiple vertically stacked sedimentary reservoirs have accumulated in the
Cook Inlet Basin. Fewer oil or gas accumulations are associated with the deeper reservoirs prior
to the Paleogene period (Gillis, 2022), making the deeper Cretaceous and Jurassic period
sediments a likely significant pore space resource.

The Cook Inlet sedimentary basin extending east of Skwentna may be amenable to CO2
storage, but any potential storage site would require characterization to verify storage security
and capacity. Geologic uncertainties are associated with this formation, including its local depth,
thickness, and quality; the seal continuity and capacity of overlying strata; and the impact of
seismic events, including the Castle Mountain fault, which requires further evaluation.

Since pipeline CO; transport to the Beluga River Unit would be an expensive capital
project, geologic appraisal including an exploration well and/or a seismic survey to characterize
local saline aquifers near the project site could provide valuable information and potentially
significant project cost savings. Geologic appraisal of this type has been subsidized in other
regions by the federal government in order to enhance CCS projects (Peck and others, 2020).

The Hemlock Formation, part of the Cook Inlet basin shown in the cross-hatched blue
region in Figure 13, is considered one of the most prospective COz storage locations in Alaska,
sufficient for 1800 years of 200-MW-net power plant CO> storage (Pantaleone and Bhattacharya.
2020). In the Cook Inlet, specific reservoirs within the Hemlock Formation have been
characterized, but outside of the explored oil and gas reservoirs there is significant uncertainty in
the distribution of formation and reservoir properties (Ellett and others, 2022).

Unmineable Coal Seams

Finally, deep (>2600-ft) unmineable coal seams are a third possible storage resource in
the area. Within the Cook Inlet Basin are multiple unmineable layers of coal distributed among
the other sedimentary rock in the stratigraphic column (Dallegge, 2003). Since development of
the unmineable coal seams of the Cook Inlet region have a similar or greater amount of
uncertainty and cost compared to local saline aquifers, they are unlikely to represent a
significantly more attractive target for CO2 storage. Injection into saline aquifers has an
established successful history compared to the relatively untested history of mineable coal
seams.

Water Demand and Disposal for Power Generation and CCS

Zhai and others (2011) investigated water use at a pulverized coal-fired power plant with
post combustion CCS, finding the amine carbon capture system water use similar to the stand-
alone coal power plant. The biomass-coal power plant with CCS is thus assumed need a water
permit twice that of the power plant alone. The power and CCS plant can be designed for zero
water discharge employing water-saving measures, water cycling and reuse, and on-site
evaporative ponds. Further study is needed to estimate water demand and disposal needs, if any.
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Figure 13. Cook Inlet Basin Saline Formations with West Susitna Access Road
(https://simces.org/maptool/).

If zero discharge is not possible, significant water disposal necessitates Class I
wastewater disposal well(s) at or near the generation plant. This may make the case for an
exploration well near the mine site for wastewater and/or COz injection, to characterize the local
geology of many stacked storage reservoir horizons. Local CO; injection would reduce CO2
pipeline transportation costs, lowering the overall project cost.

CCS FINANCIAL ANALYSIS

CCS costs are evaluated for both biomass-coal and for natural gas fired power. All
economic and financial analyses of the CCS systems presented in this report assume that the 45Q
tax credits are the only source of revenue. Therefore, the assumptions of the duration and value
of the 45Q tax credits are important to the economic analysis of this report and are discussed
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below. These revenue assumptions are then fed into the CCS cost model to estimate the total cost
to generate electricity and capture and store the CO; associated with electricity generation for the
30-year project life.

45Q Federal Tax Credits — History and Long-Term Expectations

The study team expects that CO; capture and storage 45Q tax credits may be extended
(and perhaps increased again) during the project life, i.e., beyond the Inflation Reduction Act’s
(IRA’s) current $85/metric ton and 12-year capture period. The base-case economic assumption
for this feasibility study is that 45Q tax credits remain at $85/metric ton through the entire 30-
year project life, referred to as the “30-year tax credit” scenario. As an alternate case, CCS
economics are tested with 45Q credits that end after 12 years (consistent with current legislation)
while CO; capture, transport, and storage continue for the full 30-year electricity generation
facility life despite the lack of the tax credit in the out years. This case is referred to as the “12-
year tax credit” scenario.

The history of 45Q, summarized briefly below, is the reason the 30-year tax credit
scenario was chosen as the base case presented in the tables and figures of this report. Consistent
with the 30-year tax credit scenario, the history of federal wind tax credits, which goes back to
1992, has been renewed and extended numerous times (Institute for Energy Research, 2019).

First introduced in 2008, Section 45Q of the U.S. Internal Revenue Code provides a tax
credit for CO; capture and storage. The policy is intended to incentivize commercial deployment
of CCUS.

The Bipartisan Budget Act of 2018 made the credits more valuable, increasing the tax
credit from $20 to $50/metric ton for dedicated geologic storage and from $10 to $35/metric ton
for associated CO; storage from EOR for projects that begin construction by January 2026.

In 2022, the IRA again expanded and extended the 45Q tax credit to $85/metric ton of
dedicated CO- storage and $60/metric ton of associated CO; storage from EOR. The credit also
addresses biologic sequestration and direct air capture (DAC) projects. The 2022 changes
include a 7-year extension to qualify for the tax credit, meaning projects have until January 2033
to begin construction. The credit is currently available to qualified facilities for 12 years after
they begin capturing and storing CO- (International Energy Agency, 2022b; BrownWinick Law,
2022).

Long-term expectations for continued 45Q tax credits through the project life (the 30-
year tax credit scenario) are consistent with recommendations in 4 Roadmap to At-Scale
Deployment of Carbon Capture, Use, and Storage, which outlines a pathway through three
phases: activation, expansion, and at-scale deployment. (National Petroleum Council, 2019) The
2019 study “recommended expanding current policies to a level of ~$90/metric ton to provide
incentive for further economic investment during the expansion phase.” It also mentions that
“achieving CCUS deployment at scale (i.e., additional 350 to 400 Mtpa) within the next 25 years
will require substantially increased support driven by national policies.... Congressional action
should be taken to bring cumulative value of economic policies to about $110 per tonne”.
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CCS Cost Model

A CCS techno-economic assessment cost model developed by the EERC was adapted for
this analysis, which reflects costs as of May 2022 for Lower 48 construction that are uplifted
with an Alaska cost differential. Results are provided for both a new biomass-coal fired power
plant and a representative CEA-region gas-fired power plant to enable financial and carbon
intensity comparisons between these systems.

For this study, CCS capital expenditures (CAPEX) and operating expenses (OPEX) were
raised 25% to reflect possible Southcentral cost differentials, reflecting that Alaska statewide
average building costs are 23% above the national average (estimationgs.com, 2022). For smaller
CCS systems, 75-MW-net generation with CCS, a further 25% continency was added to CCS
CAPEX only, given the limited ability to optimize costs with smaller construction projects.
Further cost estimation work is needed.

The techno-economic assessment model includes these costs and benefits:

1) CO:2 Capture capital costs
2) CO Capture OPEX
a) Electricity use (pumps, compressors, refrigeration units)
b) Fuel gas/heat use (mainly for amine regeneration)
¢) Water costs (mainly for cooling)
d) Compressor maintenance/rebuilds/compressor oil
3) Injection well capital costs
4) Well maintenance
5) Pipeline capital costs
6) Pipeline OPEX
7) Pipeline and site monitoring, inspections, and testing
8) Seismic monitoring program
9) Site development costs
a) Storage facility permit
b) EPA monitoring, reporting, and verification (MRV) plan
10) Storage fees (per EERC)
11)45Q tax credits

The Inflation Reduction Act increased 45Q tax incentives to $85/metric tonne for carbon
storage projects that begin construction before January 1, 2033. In addition, billions of dollars of
U.S. federal government loans and grants are available for advancing CCS and power projects,
as discussed in Appendix A, government engagement and funding opportunities. For this study,
government loans, grants, or other incentives outside of 45Q credits are not considered in the
economics.

For this analysis, all CCS costs presented in tables and figures assume 30 years of
revenue equivalent to 45Q tax credits from capturing and storing CO.. This assumes that the
current 12-year eligibility for 45Q tax credits will be extended, or CO2 markets will become
established to provide equivalent income to 45Q tax credits following the 12 years 45Q
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eligibility, or other incentives will emerge to provide continued revenue for the remainder of the
30-year CO2 capture facility life expectancy. Discussion is also provided for insight on the
sensitivity of CCS and projected electricity costs assuming current 45Q legislation remains
unchanged at current levels of 12 years of tax credit eligibility, no other revenue sources emerge,
while the CCS system is operated for all 30 years of projected biomass-coal generation facility
life, i.e., operates the last 18 years with CCS operational but without earning 45Q revenue.

Tax credit is given to the taxpayer or company that owns the carbon capture equipment
placed into service in accordance with 45Q regulations. Therefore, if an electricity generation
company owns the CCS equipment, excess tax credit generated from CCS could be applied to
reduce the tax liability of the electricity generation side of the business, resulting in a net
reduction in the cost of the electricity.

For this financial modeling, inflation was set to zero and the discount rate to 3%/year.
This is effectively consistent with current National Institute of Standards and Technology (NIST)
interagency report guidance (Kneifel and Lavappa, 2022):

e Real rate (excluding general price inflation): 3.0%
¢ Nominal rate (including general price inflation): 2.0%
o Implied long-term average rate of inflation: —1.0%

To test and validate the CCS financial model, carbon capture costs for a biomass-coal and
natural gas power plant were compared with DOE NETL published estimates. For this
benchmarking exercise, a $3.50/MMBtu natural gas price was used to be consistent with Lower
48 fuel prices. Transportation and shipping costs are excluded from these benchmarking
estimates. CO> capture costs for a 300-MW-net power plant with CCS, a biomass-coal-fueled
plant and natural gas-fueled power plant were estimated to cost $54.94 and $69.84/metric ton,
respectively, to capture the CO; using the EERC CCS financial model. These are very close to
published DOE NETL estimates: CO; capture cost for a subcritical coal-fired power plant is
$56.20/metric ton and for natural gas combined cycle is $71.10/metric ton (U.S. Department of
Energy National Energy Technology Laboratory, 2015). This benchmarking validated the CCS
financial model for application in this study.

CCS Financial Results for Biomass-Coal Power Generation

Economic results are compiled in Table 6 for CCS associated with 25- to 500-MW-net
with CCS power generation for a biomass-coal fired power plant. CAPEX includes the carbon
capture plant, CO; transport pipeline, and wells to inject CO; into the storage reservoir. The plant
has an annual operating CAPEX of 2.5% of the initial plant cost per year. OPEX for the CCS
plant and pipeline are also major contributors to long-term project cost.

Table 6 shows only CCS system costs and benefits for clarity. Biomass-coal power plant
costs are shown separately in Table 5. Two cases, highlighted red, have corresponding power
plants with matching capacity for total cost of electricity calculations shown later.
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Table 6. Biomass-Coal Power Plant CCS Financial Model Results for Various Plant Sizes
30-year Tax Credit Scenario. Two Sizes Highlighted Red have Corresponding Power Plant Costs for Total Cost of Electricity Calculations

Units
Power Plant Net Generation Without CarbonCapture -0 "0 0 0 MW 33 6T 00 33 26T T
Power Plant Net Generation with Carbon Capture (RN - i L L LRV i 25 50 LTS 100 3
DO D P B L el present US SV 00 e 07,4 | IR0 5 7 | I3 SIS
Carbon Capture Plant Ongoing CAPEX (30 years at 2.5% plant cost per year) _____Net present USSMM 486 154.5
PCAHBGT Caplilre OPER (30 Years) ™ o e e et present DSSMM ™ 162477 LI i
Pipeline Diameter, inches® %) SR s ~_inches 12
1 B 0 e RN L b S B B T NetpresenlUSSMM PR
Pipeline OPEX (30 years) o NS Net present USSMM 16.9
P Well Costs T W : e T L=
Total Number of Injection Wells (30 years) I 5 i RN 1 2
Eimﬁﬂr‘xﬂ%%’fgiSHEEWMGTE&{’@WOMMY:H;___.__.“_._._, RO R R S i R s LT
Unit Cost of Wells _dusal N = 3 i 10 10
[Additional Tor Underground Source of Drinking Water (USDW) Monitoring Well and Monitoring L e
(Equipment SRR R e e T e R oo R e e B SSMIMESRIREE
Well Cost Net present USSMM i
Monitoring Costs A A e R : o . NetpresentUSSMM 321
Seismic Costs : e, i Net present USSMM
TCCS Storage Facility Development Cost_ __ Netpresent USSMM
Storage Fee Cost ($0.16/metric ton base) 1L Net present USSMM 3
Tinspection and TESURECASE Wrwer e T T T Netpresent USSMM LT3,
Captured CO; (85% capacity factor, 90% CCS on-time, 95% capture rate) - MMy 0
FTotal CO; Stored (30vedrs, no discownt factor) " T 3 TN SR SO S B9
CO; Captured (30 years, 3% discount) ML [0 . PN I NetpresentMMt 427 855 | 1281 09 3418 | 5128 |
PPdwer Generated (30 years, 85% capaeaty factor) T T TMWR T TS 584,500 111,169,000 | 16,72 722,338,000 44,676,000 | 67,014,000
Net Present Power Generated (30 years, 85% capacity factor, 3% discount Net present MWh 3,648,354 7,296,708 5 14,593,415 29,186,831
T e T s e sl e B T T B TR Jlasmals 201
Total Cost for 30 years of Carbon Capture, Transport, and Storage i Net present USSMM 465 747 | | 1208 2209 |
IO COMTIOF CCS rneiiSion of COF0Ea) Nkl USSAEIEGTTOR 767G 0T0TEETET
Total Cost for CCS per MWh of Electricity (30 years) Net present USS/MWh 127.39 102.44 82.81 75.69
ETotal VARIE'ST CCS with'3(f years of 45Q Tax Credit (SS5/ietric. T Net present USSTRTEHTC ton . =23.767 " =246 ORI 20138 | 2088
Net present USS/MWh 16.74 23.87 24.46

Total Value of CCS with 30 years of 45Q Tax Credit(/MWhY} it L 2783 288 | 3.0 46|
FATRiE] Profest VAl il SO o 150 T Creait (SBSme oAy T Net oreschil ORSMM " "i01.64 2103 ™| 3538 | 3H I G0e T | 1070.68

Assumptions:
! Net present costs assume 3% discount rate.
2 Pipeline note: No additional pump stations required. Line sized for maximum 95% capture rate 100% on-time.
3 Well count assumes only Beluga River Unit reservoir available. First-year wells accommodate 95% capture rate with 100% capacity factor and capture plant on-time. Later wells assume pressure buildup of average 85% capacity factor and

90% on-time of capture plant with 95% capture rate.
* Negative values add to electricity price, positive values lower electricity price.
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Table 7. Natural Gas Power Plant CCS Financial Model Results for Various Fuel Gas Prices
30-year Tax Credit Scenario

Units
$7.07 Natural $15 Natural $20 Natural $25 Natural
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-time. Later wells assume pressure buildup of average 85% capacity factor and 90%
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CCS systems require electricity and heat from the power plant for CO; capture and
transport, consuming 25% to more than 30% of the gross power plant generation. Since systems
initially designed with CCS are more efficient than plants retrofitted for CCS, this study assumed
25% of plant power is used by CCS. A 100-MW power plant thus corresponds to 75 MW net
with CCS power generation. The carbon capture OPEX estimate includes the cost of electricity
and heat provided by the power generation plant. In a combined economic analysis, not shown
here and depending on the project business model, the power plant may be compensated by the
carbon capture plant for the electricity and process heat consumed by the CCS plant.

Table 6 lists net present costs for carbon capture, transport, and storage, total cost per
metric ton of CO; stored, and total cost per MWh for a range of power generation sizes. Net
present costs are calculated over a 30-year project life, consistent with traditional utility power
cost calculations. As a result of the 30-year horizon used for utility-scale power generation, 30
years of CCS was also assumed in the economic estimates. In these cases, it was assumed that
45Q tax credits were extended or emerging revenue sources such as a regional CO; market or
other incentives (e.g., sale of carbon credits) provide continued income for CCS operation for the
30-year facility life. Economics for the 12-year tax credit scenario are discussed below.

Carbon capture units such as the MHI KM-CDR process can be designed to capture
carbon from relatively small-scale operations; however, per unit costs will be higher. To account
for reduced economies of scale, this study increased carbon capture plant initial capital cost by
25% for plants designed to capture CO2 from sources generating under 1 MMt per year of CO2.
This cost increase was, therefore, applied to 75-MW-net generation with CCS and smaller plants.
For reference, a 25-MW biomass-coal power plant facility generates ~300,000 metric tons per
year of CO;.

The final rows in Table 6 show total net present cost for CCS and net present value
including 45Q tax credit benefit assuming 45Q tax credits for all 30 years. These are reported in
terms of US$ per metric ton of captured CO: and net present power cost US$ per MWh.

When net present cost drops below $85/metric ton, CCS adds economic value since costs
are more than offset by tax credits. The CCS breakeven point is between 50- and 75-MW power
generation with carbon capture, assuming 30 years of revenue equivalent to current 45Q tax
credits. As will be discussed later, when assuming only 12 years of tax credits that are available
in current legislation, the CCS capital cost and 30 years of CCS operations costs exceed the tax
credits, and the cost of electricity with only 12 years of 45Q (followed by 18 years of operating
the CCS plant without tax credits) is higher than the base cost of electricity without CCS. While
it would be economically unattractive to operate the CCS plant without tax credits, a plant
operator may still choose to do so.

Larger plants realize substantial economic gain from economies of scale. For example,
the 300-MW plant net with carbon capture realizes a $20.88/MMt tax credit benefit if 30 years of
45Q tax credits are available. $1.1 billion in net present value beyond capital and operating costs
is realized after 30 years of CCS operation and 30 years of revenue equivalent to current 45Q tax
credits. As plant size increases, the most significant economy of scale realized is in the CO2
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transport pipeline. From the smallest- to largest-sized pipelines, 6 to 20 inches diameter, installed
pipeline cost increases 2.5 times, but this, in turn, enables transporting 20 times the CO2 mass.

Larger plant sizes, while realizing some economies of scale, do have an offsetting
increase in cost when it comes to CO storage. Assuming only a single storage reservoir, well
costs increase in the larger COz volume cases because of the need for more wells to maintain the
injection rate as reservoir pressure buildup occurs. In the case of the Beluga River gas field, with
an approximate storage capacity of 157 MMt, twice the number of injection wells will be needed
to maintain injection by the time 79 MMt is stored. So, in the case of 400 MW of generation
capacity (300-MW net with carbon capture), twice as many wells will be needed by 16 years into
the project compared to at the start of injection. In cases over 400 MW generation, the large
number of injection wells necessary to maintain injection rates into the Beluga River gas field
cause the net present cost per metric ton of COz stored to increase compared to smaller projects.

Reducing CO; transportation costs by co-locating CO> storage at the Flatlands Energy
reserve instead of ~75 miles away improves project economics in all scenarios. Smaller power
generation options particularly benefit economically. This presents an opportunity for project
optimization: an investment to test local storage options to reduce CO> transportation costs. This
may also simplify pore space acquisition by avoiding existing hydrocarbon-leased acreage and
by judiciously selecting storage acreage with a single pore space owner, the State of Alaska,
versus three owners in the currently producing Beluga River gas field (State, Federal, and Cook
Inlet Region, Inc., CIRI) (ref. Figure 15).

The Flatlands Energy reserve is located within a sedimentary basin that may have a
suitable saline aquifer for CO; storage. However, site geologic characterization using a
geophysical seismic survey and at least one exploratory well would be required to determine
local CO; storage capacity and suitable injectivity. For example, a stratigraphic test well, at an
estimated $15 million, site-specific geologic studies, and study of local seismic and fault hazards
could be needed. Federal funding via CarbonSAFE or other CCS funding may be able to offset a
portion of these costs. Shortening the pipeline to 15 miles or eliminating the pipeline completely
in the case of on-site storage saves $81 million to $114 million for a 75-MW-net power plant and
$111 million to $150 million for a 300-MW-net power plant, respectively. These cost savings are
equivalent to $6 to $9 per net present metric ton of CO; stored for the 75-MW-net power plant
and $2 to $3 per net present metric ton of CO2 stored for the 300-MW-net power plant, assuming
30 years of operation. If local storage proves to be available, project cost reductions make a
smaller-capacity power plant attractive.

These financial results are sensitive to the discount factor since long-term value of 45Q
tax credits decreases with increasing discount rate. For a 3% discount rate per NIST guidance,
the breakeven plant size is between 50 and 75 MW with CCS.

CCS Financial Results for Natural Gas Power Generation

The CCS cost model was also applied to evaluate CCS for natural gas power generation
with the same assumptions as the coal cases (30-year project life and 30 years of revenue
equivalent to 45Q tax credits). Table 7 shows financial results for a 300-MW-net natural gas
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power plant with CCS. CCS costs are estimated for the recent natural gas price ($7.07/MMBtu)
and future low ($15/MMBtu), mid ($20/MMBtu), and high ($25/MMBtu) range of gas prices in
light of supply shortfalls discussed above.

The CO2 capture rate assumed is 90% from a natural gas plant compared to 95% assumed
for biomass-coal fired power plants. Carbon capture is more difficult from a natural gas power
plant because of the significantly lower CO> flue gas concentration compared to a biomass-coal
plant, ~3-4% vs. ~14% COz concentration, respectively (U.S. Department of Energy National
Energy Technology Laboratory, 2015). The lower starting and ending concentration of CO2 in
natural gas power plant flue gas requires the injected amine COz capture solvent to be
significantly lower in CO; concentration, or “leaner,” which requires higher amine regeneration
temperatures. Higher amine required regeneration temperatures increase natural gas power plant
CCS operating costs, especially with natural gas fuel price increases. While no commercial
natural gas post-combustion flue gas CCS projects are currently operational, at least six are in
advanced development with operational start dates of 2026 and beyond. (Global CCS Institute)

CO; captured rates and volumes from a natural gas plant are lower than a biomass-coal
fired plant of similar power generation capacity, so natural gas plants have smaller CCS system
sizes and costs to process and handle captured COz per unit of electricity. On a per-ton basis,
however, capture costs are higher for natural gas since costs are divided by a small number of
tons CO;. Natural gas capture costs in Southcentral, driven by locally high gas fuel price, are
calculated to be much higher than in the lower 48 states or on the North Slope of Alaska which
have low-cost natural gas fuel available to power the CCS processes.

For a natural gas plant, as shown in Table 7, the cost per ton of CO2 ranges from $104 to
$160/metric ton for capture, transport, and storage, increasing with fuel cost. Using
Southcentral’s fuel prices, in all cases the cost for natural gas CCS exceeds $85/metric ton, the
45Q credit amount, so CCS increases the electricity cost for natural gas power. Fortunately,
while the cost per ton COy is higher than the 45Q credit, relatively few tonnes of CO; are
generated, so the cost increase per MWh is comparatively low for natural gas with 45Q tax credit
revenue included. For similar reasons, CCS capture does not as dramatically increase natural
gas-fired power cost as it would for biomass-coal fired power in the absence of 45Q tax credits.

Combined Project Cost: Low Carbon Biomass-Coal Power with CCS

Table 5 list biomass-coal power plant costs while Table 6 list corresponding CCS system
costs. Table 8 brings these together for two project sizes: the 75- and 300-MW net with CCS
power generation. Table 8 lists, in net present U.S. dollars, project total initial capital (bold),
followed by operating capital cost and total expense costs for 30 years of operation. Note power
transmission costs are excluded since customer location(s) is uncertain, e.g., industrial use or
regional power grid. The customer is customarily responsible for power tie-in costs.
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Table 8. Combined Project Cost, Low Carbon Biomass-Coal Power Generation with CCS, 30-yr
Power Plant
Units with CCS
. Power Plant Generation Net with CCS MWe net withCCS 75 300
Total Capital:
~ Power Plant, CCS Plant, Pipeline, Well, Storage N?t p_resent_ USSMM. 1149 3627
 Total Operating Capital Cost (30 years, 2.5% plant cost/yr)  Net present USSMM 464 1555
Total Expense Cost (30 years) Net present USSMM 1657 6129
TUPGwer/Plant Capital Cost (excluding power transmission)  Net Present USSMM 650 2229
Power Plant Ongoing CAPEX (30 years, 2.5% plant/yr) Net present USSMM 319 1092

RS

*Power Plant OPEX (30 years) : Net present USSMM 1190 4567 |

Carbon Capture Plant Capital Cost Net present USSMM 296 944
Carbon Capture Plant Ongoing CAPEX (30 years, 2.5%  Net present USSMM 145 463
. plant cost/yr) : : : _ 16
] CarbonCature Plant OPEX (30 years) Net resent US$MM - 389 1410
P &sstmw.., Net present TR
Net 43resentUS$MM AT
xmvNéi e s

' Storage (momtorm acmty fees, inspection, and testing)  Net present US$MM :

Biomass-Coal vs. Natural Gas Power Cost With and Without CCS

Figure 14 compares electricity costs for two natural gas power cases and for biomass-coal.
Power costs are shown with and without CCS for comparison. For natural gas, the CEA G&T
rate and a new combined-cycle natural gas plant are shown, both for a range of gas fuel prices.
Biomass-coal is shown for two plant sizes, 75-MW-net and 300 MW-net with CCS. The natural
gas fuel price range and the biomass-coal plant sizes described previously are shown here. In all
these cases, CCS increases natural gas power cost, while CCS decreases biomass-coal fired
power cost when assuming 30 years of revenue equivalent to 45Q tax credits.

When assuming the 12-year tax credit scenario, the 75-MW-net biomass-coal case has an
average forecast electricity cost of $156 per net present MWh, while the 300-MW-net
biomass-coal power plant with CCS has an average forecast electricity rate at $124 per net
present MWh. These 12-year cases assume the CCS system operates for the full 30-year plant
life. These findings are generally in line with DOE baseline studies, which estimated the cost of
CO; capture for coal to be in the $50/metric ton range. If 45Q tax credits are earned only in the
first 12 years, the net present impact of CO; capture on electrical costs in the following years are
expected to be less $50/tonne but greater than zero.

The 12-year tax credit scenario with a 300-MW-net biomass-coal power plant has an

average rate that is still less expensive than current CEA industry and retail rates and is

comparable to the estimated average avoided cost in the CEA region of $114/MWh while

delivering that power with greater stability, security, and superior environmental impact (lower

CO: and methane intensity). Considering future natural gas prices, the 300-MW remains more

cost-effective than new high-efficiency gas generation ($143/MWh at $15/MMBtu natural gas

and increasing with fuel price). The only case in which gas could be more cost-effective than

biomass-coal with CCS is when: (a) 45Q credits are not renewed after 12 years, and (b) 30-year

natural gas prices for a new high-efficiency gas plant are guaranteed at or below current prices.R S 24-031
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Low carbon biomass-coal power with CCS is predicted to be lower cost than natural gas
power at comparable 300-MW-net generation capacity, especially for higher future natural gas
prices. Since existing CEA natural gas power plants do not require CCS to operate, considering
the shortfall of natural gas supply and the expectation of higher future fuel prices, and since CCS
increases electricity costs, CEA may not add CCS to its natural gas power plants. Considering
the case of adding CCS to a new high-efficiency combined-cycle gas plant, CCS still increases
power cost and is not competitive with a new biomass-coal fired plant employing CCS.

Electricity Cost Comparisonr With and Without CCS, $/MWh
Existing and New Gas with fuel price sensitivity vs. New Biomass-Coal Power, JO—yr 4SQ
BA00 e e $368.-..——. . e s e e

$350 ~Future Fuel Price -~ -~
$300 e -
= 8250 -
$200 ‘ e R R
& $150 $183 e e e = $110---g99 -
-+
$I(_)0 ' Future Fuel Prlce R SF
$7.07 $15 820 $25 $707 $15 $20 $25 75 300
Gas price, $/MMBtu Gas price, SMMBtu MWnet MWnet
Existing Gas Power New Gas Power Biomass-Coal
Power

—e=Without CCS =+=With CCS

Figure 14. Electricity Cost Comparison, With and Without CCS, $/MWh
Existing CEA G&T Gas and New Gas Power with fuel price sensitivity
vs. New Biomass-Coal Power, 30-year tax credit scenario.

Biomass-Coal vs. Natural Gas: Generated Power Carbon Dioxide Intensity and Cost

As shown in Table 9, a low carbon biomass-coal power plant with CCS produces power
at a much lower cost than the current CEA G&T rate for existing natural gas plants with or
without CCS. Existing natural gas plants are unlikely to be retrofit with CCS, as CCS for natural
gas is not required to operate and does not appear to be economically attractive. Table 9 shows
power costs for natural gas at the gas price range low and high and for two biomass-coal sizes.

A biomass-coal power plant with CCS has less than half the carbon dioxide emissions of
a natural gas generation station without CCS. Natural gas carbon dioxide emission intensity per
unit of power generated for natural gas is 0.44 metric tons of CO2 per MWh, more than double a
low carbon biomass-coal power plant with CCS generating 0.20 metric tons CO2/MWh or less.
Note these carbon dioxide intensities are calculated for efficient gas power generation. For less
efficient systems, natural gas can be as carbon dioxide intense as coal-fired-power without CCS.
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Table 9.

Assuming 30-year Tax Credit Scenario

Carbon Dioxide Intensity and Power Cost: Natural Gas vs. Biomass-Coal

Biomass-Coal Power Plant

Source Units Existing Natural Gas Power Plant Without and With CCS with CCS
Power Plant Size Before CCS MW 400 400 400 400 100 400
Dispatched Power with CCS MW N/A' 300 N/A 300 75 300
"Fuel Type e US$ [ $7.07/MMBtu $7.07/MMBtu | $25/MMBtu  $25/MMBtu | $3.5/MMBtu  $3.5/MMBtu
without CCS with CCS without CCS with CCS Coal Coal
EIA?CO; Intensity Ib/kWh 0.44 0.44
TINOtes t i s e SEant il cx b ~90% capture g/ 90% capture | 95% capture  95% capture
Electricity Generated (85% MWh/year 2,233,800 2,233,800 | 558,450 2,233,800
capacity factor) s . =) otbe ) i
"CO; Generated MMt/year 653,000 653,000 765,000 3,060,000
CO; Captured MMt/year 529,000 529,000 654,000 2,620,000
CO; Intensity  metric |  0.44 OGNl | PR YA 0.06 | 020 0208
_ tons/MWh ot
Power Plant Electricity Cost US$/MWh 110.4 ,_2_9'3
"CO; Capture Plant Net Present  US$/MWh | = =41 |7 —15.0 3.6 24.5
Value with 30 years of 45Q Tax :
Credits® e TR i T e Bl iR e U il e e S el R
Expected Electricity Cost USS/MWh 188 192 355 368 107 75

"Not applicable.

2U.S. Energy Information Administration (2022).
*Negative values add to electricity price, positive values lower electricity price.
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A further environmental advantage is that the Flatlands Energy coal extraction is
expected to produce little if any methane since the coal is all located near to the surface, and any
associated methane has long since desorbed because of exposure to air over geologic timescales.
Meanwhile a natural gas plant has associated methane (natural gas) extraction and thus possible
fugitive methane emissions. Methane (CHy) is a powerful GHG that in 2018 contributed 17% of
global anthropogenic emissions on a CO; equivalent basis (PCOR Partnership Atlas, 2021).
Methane is a significantly more damaging GHG than CO, with 84 times the global warming
potential (GWP) of CO; over 20 years and 28 times more GWP over 100 years (Rosselot and
others, 2021). According to the International Energy Agency (IEA), new research shows global
methane emissions from the energy sector may be understated by as much as 70% (International
Energy Agency, 2022a). Fugitive methane emissions can include sources such as venting and
flaring.

COMPETITOR ANALYSIS: NATURAL GAS FUEL SUPPLY OPTIONS

Prior discussion in the section Power Cost Comparison concluded LNG import would
result in higher natural gas prices to Southcentral Alaska. There are other, in-state options
available to deliver gas to the region being evaluated in response to the imminent shortfall. The
delivered cost of gas and avoided cost of electricity were developed for each gas option and
compared to biomass-coal power total cost.

Berkeley Research Group (BRG) and Cornerstone Energy Services prepared the Cook
Inlet Gas Supply Project Phase I Assessment Report for the Alaska Utilities Working Group to
assess the cost and availability of natural gas supply options, dated June 28, 2023 (BRG 2023).
Black & Veatch (BV) prepared the Chugach Gas Supply Option and Market Assessment for
Chugach Electric Association, Inc., filed August 11, 2023 with the Regulatory Commission of
Alaska (RCA). The CEO for Enstar Natural Gas, the largest natural gas utility in Southcentral
Alaska, testified to the State Legislature that future gas supplies will cost at least $16/MMBtu.
(Enstar, 2024)

Considered together, the BRG study, the BV study, and Enstar testimony are in-line with
expectations for higher future natural gas prices, with a range approximately consistent with the
$15 to $25/MMBtu discussed above.

Electricity from a biomass-coal fired plant remains the lowest cost option, $.10 per kWh
average, and with CCS would have an even lower cost, $.075/kWh, and emit one-half to one-
quarter the carbon dioxide emissions of the current CEA fleet. While a new large, high-
efficiency, combined-cycle gas plant could potentially produce lower cost electricity, this is only
true if (a) gas prices remain at or below current values for 30 years; (b) a single turbine
configuration is built, which is unlikely given the need for the Railbelt grid to have multiple
turbines in order to provide firm energy supply reliability; and (c) the cost of installing and
operating CCS is not included. Under every other scenario examined, the cost of electricity from
a new gas plant exceeds the cost of electricity from a new biomass-coal fired power plant.
Further, a new gas plant without CCS would have higher CO2 and methane emissions than a new
biomass-coal fired plant equipped with CCS.
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Biomass-coal fired power generation is the lowest cost to customer solution relative to all
gas supply options considered.

If a natural gas line can be financed and constructed from the North Slope, AGDC
projects the Alaska LNG project in-state natural gas price delivered to Southcentral would be $4
to $5/MMBtu, resulting in CEA electricity prices of $160 to $169/MWh using the CEA G&T
rate methodology in Table 2 (Alaska Gasline Development Corporation, 2022). In-state gas sales
would be small compared to the gas exported as LNG, which contemplates delivering 20 million
tonnes per annum LNG, equivalent to ~3 Bef/d gas. Unfortunately for Alaskan customers, North
Slope LNG export depletes known gas reserves in ~25 years, potentially re-creating the present
in-state natural gas supply crisis for the next generation. As Cook Inlet LNG exports left the
region gas-poor, might the same occur with North Slope major gas sales? The Alaska LNG
project appears to rely on yet-to-find gas during the latter years of a 30-year export project
desired by potential customers. No substantial North Slope gas discoveries have been made in
Alaska since the Pt. Thomson field discovery in 1977, so yet-to-find gas may prove difficult to
discover or not be of sufficient volume for in-state demand plus export demand for future
generations of Alaskans. The projected cost of approximately $40B for the AGDC pipeline is an
additional major barrier.

A smaller, in-state Alaska “bullet line” could be built primarily for in-state use. In-state
gas use could include restarting the existing, small-scale LNG export facility mothballed on the
Kenai Peninsula, as it would reduce overall fuel costs. Smaller scale export would not rapidly
deplete North Slope gas resources, which could be supplied from Pt. Thomson alone for decades.
A 2011 bullet line project cost was estimated at $7.5 billion, down from a prior estimate of $11.8
billion. These estimates require inflation adjustment to today’s dollars.

Yet-to-find gas from the Cook Inlet Region, which has not seen exhaustive exploration,
would be expected to deliver gas at higher than recent natural gas prices. The Cook Inlet region
is viewed as a high-cost, high-risk exploration area that is seeing limited exploration activity but
active infill drilling and development (Thomas, 2004).

In comparison, a biomass-coal fired plant supplies electricity at a lower cost, $75/MWh
with CCS, for the 30-year tax credit scenario. This rises to an average of $124/MWh in the 12-
year tax credit scenario. A biomass-coal fired plant also has ~ 150 years of known reserves for a
400-MW plant from Flatlands Energy’s currently explored lease areas alone.

GOVERNMENT ENGAGEMENT AND FUNDING OPPORTUNITIES

To accelerate CCUS deployment, the U.S. federal government is increasing CCUS
project funding, mostly through DOE. Some of the potentially applicable funding opportunity
announcements are listed in Appendix A: Government Funding Opportunities. The project
should consider which, if any, FOAs, loans, or grants to apply for in future phases. While this
information is dated, it is provided to illustrate the nature of potential FOAs.
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PERMITTING, ENVIRONMENTAL, AND REGULATORY CONSIDERATIONS

Mine permitting is expected to follow all required regulatory processes including public
comment periods, agency reviews, and mitigation of environmental impacts. From application to
record of decision is expected to take approximately 2 years. The mine could then commence
operation extracting coal in 1-2 years, i.e., prior to CO2 storage facility permit approval.

Mine, road, power plant, carbon capture plant, COz pipeline, and power transmission line
permitting requirements are considered to be well understood and typical for this scale of project.
The National Environmental Policy Act (NEPA) process, required to acquire federal permits, is
likely to take 2 years, plus another 3 months to issue a record of decision (ROD). This project
qualifies for the federal FAST-41 permitting process (described below), which can compress the
permitting timeline.

The EPA aspires for the CO2 storage permitting duration to take 2 years, but has taken 3
to 5+ years for other projects. The Alaska Legislature authorized the AOGCC in 2023 to seek
Class VI CO; injection permitting primacy from the EPA, which if approved devolves permitting
authority to the State, with continued EPA oversight, to regulate Class VI CO; injection well
permits. Other states with primacy have approved carbon storage projects in as little as 8 months.
Primacy transfer from the EPA would likely take ~ 2 years. The Legislature is considering new
CCS omnibus carbon storage legislation for State lands, HB50 and SB49, with at least 14
committee hearings to date. This report considers two CO: storage permitting timelines, EPA
and State, in the Timeline section of this report.

The EPA was consulted regarding approval expectations for a new coal fired plant. In
summary, under the current 2015 EPA point source/generator emitter rule, as long as CO2
emissions are kept below a certain carbon intensity, detailed below, a new coal plant of any size
can be permitted, and permitted without CCS or hydrogen fuel switching being required. To
achieve permittable carbon intensity, abatement may be necessary, e.g. biomass, CCS, or both.
The 2023 EPA proposed rule does not change this nor does it require CCS to be added. Large
existing coal plants that undertake major modifications have to implement CCS or switch to
hydrogen as a condition of modifications. New coal plants that meet the 2015 rule do not have to
add CCS or hydrogen. For gas-fired plants, the 2023 proposed rule requires all large gas plants,
existing and future builds, to move to CCS or hydrogen fuel switching by 2040 or be shut down.

U.S. climate envoy John Kerry stated, "Now is the time for all of us to join together and
take a more critical step - there should be no more permitting of any new unabated coal-fired
power anywhere in the world. Period," according to a transcript of his speech at an event in
Edinburgh. (Reuters 2023) Regarding abatement, the International Energy Agency stated,
“Bringing down emissions from the existing global coal fleet requires a broad-based and
dedicated policy effort. In our scenarios, coal plants are either retrofitted with CCUS,
reconfigured to be co-fired with low emissions fuels such as biomass ... repurposed ... or
retired.” (IEA 2023)

Current and proposed U.S. Federal policy regarding coal fired power, the Center for
Climate and Energy Solutions states the following (italicized). Note per Table 1, the proposed
power plant is estimated to emit 2,229 lbs CO/MWh without biomass or CCS. RS 24-031
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“In December 2018, EPA proposed GHG emission regulations for new, modified,
and reconstructed power plants. [Federal Register 2018] The proposed rule
would replace EPA’s 2015 “Carbon Pollution Standard for New Power Plants”
which established New Performance Source Performance Standards (NSPS) to
limit carbon dioxide emissions from fossil fuel-fueled power plants. The 2015 rule
determined new coal power plants can emit no more than 1,400 pounds
COYMWHh, which almost certainly requires the use of carbon capture and storage
(CCS) technology.

The proposed 2018 rule would:

o Set the best system of emissions reduction for newly constructed large
units equivalent to a super-critical coal plant, which has an emissions
rate of 1,900 lbs CO/MWh and would set the best system of emission
reductions for small units to 2,000 Ibs COYMWh.

o Set separate performance standards for newly constructed and
reconstructed coal refuse-fired units at an emissions rate at 2,200 lbs
CO/MWh.

e Revise the standards of performance for reconstructed power plants to
be consistent with the emission rates of newly constructed unils.

This standard was adopted under Section 111(b) of the Clean Air Act, which
applies to new, modified, and reconstructed power plants, and requires EPA to
set a numerical performance standard based on the best available technology that
has been adequately demonstrated. States have little flexibility in applying the
standard.” (C2ES)

Three permitting matrices were developed, located in Appendix B. Table B-1 is a NEPA
and federal permit matrix. Table B-2 is a State permit matrix. Table B-3 is a lands, right of way,
and pore space leasing obligations and permit matrix. These tables address many of the major
requirements but are not exhaustive.

Lands and Right of Way

Placement of COx transport and storage infrastructure will require a right of way from
affected landowners. Landowners on approach to the depleting Beluga River gas field include
the State of Alaska, CIRI, and Chugach Electric Association. A CO pipeline and power
transmission line from the plant site to the Beluga River site could be co-located within the
Donlin pipeline right of way (ROW) through approval from ADNR with a letter of nonobjection
from Donlin. If Donlin objected to this infrastructure being placed within its ROW, then the CO;
pipeline and power transmission line could be placed outside of the Donlin ROW in an abutting
ROW paralleling Donlin’s ROW.

Geologic Pore Space Leasing — Landownership and Availability

Acquiring the legal right to access and use the pore space of a geologic formation for
permanent CO; storage is required for commercial CCS projects (Peck and others, 2022). The
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ownership. The State’s proposed legislation provides ownership certainty for pore space leasing
and a carbon storage regulatory framework in Senate Bill 49 and House Bill 50. These bills
define certain rights for existing oil and gas operators for pore space leasing within an existing
hydrocarbon lease, akin to a first right of refusal. Conflicts or shared interests between an oil and
gas leaseholder and the carbon storage pore space leaseholder may arise, including project
upsides for working with the producing field owner, e.g., rather than abandoning certain
equipment upon cessation of production, some may be repurposed for the storage project.

The State, Federal government, and CIRI hold hydrocarbon leases in the Beluga River
Unit, as shown in Figure 15.

Geologic Storage, Enhanced Oil Recovery, and 45Q Tax Credits

This project assumed the Beluga River gas field for storage. Evaluation of other storage
options in the area is recommended, including other depleted fields and local and regional saline
aquifers which may provide economic storage alternatives. The ARCCS project will determine
carbon storage volume available in the area.

CO; storage can be dedicated storage in deep saline formations or storage through EOR.
Two different tax credit values are available. The EOR-related 45Q tax credit is $60/metric ton
of CO; stored; while in saline formations, the 45Q tax credit is $85/metric ton of CO; stored.
Current legislation provides 12 years of 45Q tax credits, but, as discussed in section 450 Federal
Tax Credits — History and Long-Term Expectations, these may be extended and/or increased in
value to incentivize additional, large industrial CCS/CCUS project operations.

Geologic data are needed to characterize potential storage sites, develop storage permit
applications, and prove to the regulating authority the storage reservoir is suitable for permanent
storage and CO> will not escape the intended formation. It can be challenging to prove complete
geologic containment of CO», especially in a seismically active region away from well-
characterized oil and gas reservoirs, including the likely vast, but less well characterized, saline
aquifer storage resources of the Cook Inlet region. The primary target of CO: storage in a
depleted Cook Inlet gas field has the advantage of considerable geologic data and certainty of a
secure storage resource once well integrity of existing well penetrations into the storage
formation are ensured.

Permitting geologic storage at the Beluga River gas field, nearly depleted by production,
has the advantage of a historic data set and understanding of the reservoir. Estimates have placed
its remaining productive life at less than 10 years, i.e. by 2033. The presence of natural gas
confirms the presence of a secure seal, and the field has proven, enduring storage capacity.
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Class VI CO; Injection Well Permitting, EPA, and the State

Jurisdiction for Class VI CO; injection wells in Alaska is with the EPA. The EPA is
processing 64 carbon storage applications, but has permitted a handful of CO> storage wells to
date; one took 3 years and the other 5 years. (EPA Permit Tracker) To date, no applications have
been made in EPA Region 10, which includes Alaska, for a carbon storage project.

The Alaska State Legislature approved in 2023 the Alaska Oil and Gas Conservation
Commission (AOGCC) to seek Class VI primacy from EPA. The Governor proposed in 2023
Senate Bill 49 and House Bill 50 that would, with Legislative approval perhaps in 2024,
establish Alaska’s regulatory and legal carbon storage framework.

The AOGCC has begun preparing application for primacy. Once submitted, EPA review
is expected to take at least 2 years, so the State may gain primacy by ~ 2026. Projects can apply
simultaneously to EPA and the State, as projects have in Louisiana, which may enable Class VI
permitting for applications filed in 2024 (if any) to be approved as early as 2026. In addition,
Class VI permits can transfer from EPA to the State if primacy is achieved.

Class VI Injection Well Permit Criteria

If the State gains primacy, its regulations can be no less stringent than those of EPA in
the protection of underground sources of drinking water. Class VI permit criteria include:

Permitting

Geologic site characterization
Area of review (AOR) and corrective action
Financial responsibility

Well construction

Operation

Mechanical integrity testing (MIT)
Monitoring

Well plugging

Postinjection site care (PISC)

Site closure

Regulations address the unique nature of CO2 injection, including:

Relative buoyancy of CO2

Subsurface mobility

Corrosivity in the presence of water

Large injection volumes anticipated at geologic storage projects
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Expedited Federal Review under FAST-41

The Fixing America’s Surface Transportation (FAST) Act establishes coordinated
oversight procedures for infrastructure projects being reviewed by federal agencies. It is intended
to facilitate early consultation and coordination among government agencies, increase
transparency through public timetables, and increase accountability through consultation and
reporting on projects (Energy.gov, 2022). To be eligible, a proposal must be subject to NEPA;
likely to require a total investment of more than $200,000,000; and not qualify for abbreviated
authorization or environmental review processes under any applicable law.

Projects establishing CCS infrastructure may qualify for FAST-41 status and expedited
federal review. A CCS project seeking to establish a COz transport pipeline (or regional
gathering line) for storage in Cook Inlet may be deemed critical transportation infrastructure,
similar to other FAST-41 pipeline projects. Applying for FAST-41 status may help to expedite
permitting for this project. ‘

Monitoring, Reporting, and Verification Plan (MRYV) for Sequestered CO2

An EPA greenhouse gas reporting program (GHGRP) (40 CFR Part 98) approved MRV
Plan is required by the IRS in order for CCS projects to receive the 45Q tax credit. Regardless of
whether the State gains primacy for Class VI well permitting, the EPA maintains oversight for
the monitoring, verification and accounting of the stored CO2. The CCS techno-economic cost
model (see CCS cost model discussion and Table 6) includes MRV costs for the life of the
project, including seismic acquisition, monitoring well, State monitoring storage fees, inspection,
and testing costs.

Area Injection Order and Plan of Development

If the project progresses under EPA jurisdiction, then a plan of development is expected
to be required for approval by the State Division of Oil and Gas (DOG), but no area permit by
the Alaska Oil and Gas Conservation Commission (AOGCC) is required. If the State gains Class
VI primacy from the EPA, then the project must seek an AOGCC area injection order approval
for underground injection of fluids (CO2 in a nongaseous state) for an area basis rather than for
each well individually, in accordance with Alaska Administrative Code (AAC) Title 20,

§ 25.460. Injection of CO; into a depleted gas field is also likely to require a plan of development
(POD) submitted to the DOG and AOGCC to ensure compliance with State laws.
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PROJECT TIMELINE

Power generation and CCS is expected to commence 6 to 7 years from the start of a
FEED study, which is year 00 in Figure 16. The schedule reflects 30 months for project
engineering. Timelines are aligned so completion of all construction occurs simultaneously.

Permitting the power and capture plants and CO> transport can begin 6 months after
engineering starts. Permitting for the mine and power plant takes 2 years plus 3 months to issue
the record of decision. Coal mine and road construction take 36 months. Flatlands Energy has
most environmental baseline data gathering underway or completed and can move into the
permitting process as soon as project development plans are finalized.

Carbon storage permitting is estimated to take 4 years with EPA, which has jurisdiction,
completed by year 6. If the State achieves Class VI primacy or the EPA approves rapidly, it
reduces CO;z storage permitting from 4 to 2 years, i.e., end of year 4 as shown.

Pipeline and electric power transmission line construction take 12 to 18 months, as do
injection well drilling, completion, and tie-in, including site preparations and production well
abandonment. These activities can begin earlier if needed. Winter access roads have been built
annually in recent years and would be available to support the project during construction. The
regional access road WSAR is already in the pre-permitting process with the Alaska Department
of Transportation and is expected to be available to support operations.

The schedule reflects 3 years for power plant and CCS plant construction.

Yoar 00 Yoar 02 Year 04 Year 06 Year 08

Design & Permitting: 18 mo.

G o itk S

WSAR

Regional
Access

CCS Power Plant  Road

Field Work & Design: 30 mo.

Permitting: 24 mo.

& Mine

Ca 0 SR S
rosvions oo ]

Pemitting: 24 mo.

S— [T EREEETRE]
% SRR T A :

Field Work & Design: 0 mo. |

€02 Pipeline

Permitting: 24 mo.

CO2 Sbrage

Drill & Cemplete: 12 mo.

Figure 16. Project Timeline (created with Vertex42©).
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KEY STUDY ASSUMPTIONS

Key assumptions include the following:

e 85% power plant capacity factor — represents how much capacity is used by customers on
an average basis and includes all downtime, scheduled and unscheduled.

e 90% CCS plant uptime.
® 95% carbon capture rate for biomass-coal plant and 90% for natural gas plant.

e All economics assume 30 years of CO2 capture, transport, and storage operations
expenses during the expected life of the electricity generation facility.

e Power and carbon capture plants are located at the mine, with transmission of CO2 and
electricity along the permitted Donlin pipeline and Beluga River pipeline corridors to the
nearly depleted Beluga River gas field and grid intertie.

e CCS capital and operating expenditure costs were uplifted 25% above the CCS model
cost (which is based on the contiguous U.S. states) to reflect possible Alaska construction
cost differentials.

o The capital cost estimate uncertainty range for this study is -30% on the low side to +50%
on the high side, consistent with a Class 5 Conceptual Engineering estimate.

e To account for reduced economies of scale, carbon capture plant initial capital costs were
increased by an additional 25% for 75-M W-net generation with CCS and smaller plants.

e Number of wells and CO> capture and pipeline facilities sized to handle maximum 95%
CO: capture rate with 100% power plant capacity and 100% COz capture plant on-time.

e Power transmission line cost was excluded for both a new power generation station and
for utility cost comparisons; new customers are customarily required to pay for these
costs, e.g., for industrial uses or the regional power grid. Also, the customer location(s) is
currently uncertain.

e Power plant would commence operations ~ 7 years from beginning of engineering.

e Use of well-understood CFB plant technology and MHI or similar technology for the
carbon capture plant.

e Carbon storage projects beginning construction before 1/1/2033 can earn 45Q tax credits.
o $85/metric ton 45Q tax credit applies for dedicated CO: storage in a depleted gas field.

e Economics in tables and figures assume the most likely 30-year tax credit scenario
because of expectations of growing carbon (CO.) markets, extended or enhanced 45Q tax
credits, or creation of new incentives to ensure continued CCS operation beyond current
12-year 45Q eligibility.

e Sensitivity economics are calculated for the 12-year tax credit scenario, as per current
legislation, with 30 years of continued CCS operations.

e 3% discount rate, consistent with NIST guidance.
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CONCLUSIONS

This study concludes a new biomass-coal power plant with CCS in Southcentral is attractive and
can deliver affordable, reliable, clean, long-term energy security.

For affordable energy, the biomass-coal generation project would:
1) Be competitive economically with existing utility electricity rates and materially lower
than future higher-priced gas provided locally, from imported LNG, or the North Slope.

2) Decrease the cost of electricity to the Railbelt, and through Power Cost Equalization,
decrease the cost of Rural electricity across the State, while adding power capacity and
providing in-state sourced fuel security.

3) Outperform alternative new firm power projects that appear more costly and challenging
timewise, per the recent UAF report, Alaska’s Railbelt Electric System: Decarbonization
Scenarios for 2050 for micro-nuclear and the Susitna Watana Dam. (Cicilio 2024).

4) Be competitive with theoretical new natural-gas fired baseload generation and materially
lower cost than theoretical new gas generation with future higher-priced gas.

5) For larger biomass-coal plants, realize substantial economic gain from economies of
scale, especially for CO2 transportation costs.

For reliable energy, the biomass-coal generation project would:
1) Diversify the regional fuel supply with respect to power generation.

2) Provide new, firm baseload power for new industry consumers, the Railbelt grid, or both.

3) Enable replacement of aging regional power equipment, and result in lower cost, lower
emissions power generation.

4) Outperform new gas supply options available to Southcentral, which have risks of supply
shortfalls, supply chain uncertainties, and material cost uncertainties.

5) Outperform wind and solar power, which may to have a valuable but limited role to play
given the need for dispatchable base load power when the weather is not amenable for
wind or solar power generation. This is shown by the NREL analysis that concluded
significant fossil-energy power generation would be retained to provide energy security.

For clean energy, the biomass-coal generation project would:
1) Be environmentally superior to current natural gas power-generating stations by inclusion
of CCS. Biomass-coal power with CCS generates one-half to one-quarter the CO2
emissions and has lower fugitive emissions of methane, a powerful greenhouse gas.

2) Through biomass co-firing, reduce or realize net-zero or better carbon emissions with
thoughtful biomass supply chain management.

3) Achieve net-zero or better carbon emissions while increasing regional food security
through beneficial use of CO- and heat for greenhouse.

For long-term energy security, the biomass-coal generation project in Southcentral would have:
1) The Flatlands Energy site with sufficient proven coal reserves to supply electricity for
generations, sufficient to enable low to reasonable extraction ratios for 150 years or more.
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2) Substantial biomass resources regionally, including spruce bark beetle kill.

3) The storage site selected in this study, Beluga River Unit gas field, has estimated capacity
for 60+ years for a 300-MW-net biomass-coal fired power plant with CCS.

4) Other possible carbon storage formations are available regionally that the ARCCS Project
will evaluate, but these may require additional geologic data gathering.

Other cost-related conclusions include:
1) Adding CCS to biomass-coal generation lowers electricity cost, due to positive 45Q tax
credit revenue.

2) Adding CCS to natural gas power generation increases electricity cost, due to 45Q tax
credit revenue insufficient to cover costs of CO; capture and sequestration.

3) Biomass-coal power cost without CCS is lower cost than natural gas without CCS.

4) Biomass-coal power cost with CCS is lower cost than natural gas power with or without
CCS.

RECOMMENDATIONS

Considering the imminent regional natural gas shortfall and high cost for new gas,
diverse energy sources should be sought for the Railbelt and Southcentral.

Moving a low carbon biomass-coal with CCS power generation Project forward to its
next step is warranted based on the favorable findings in this Feasibility Study, using
technologies ready for commercial industrial deployment.

An expeditious decision to proceed is recommended, as the energy supply crisis becomes
more challenging each passing month, seasonal fieldwork for permitting-related data collection
is short, service providers are busy, and the 45Q tax incentives for carbon storage, worth an
estimated $2.7B for a 400MW plant, are conditional upon CCS facilities construction
commencing by December 31, 2032.

Specific recommendations include:

e The State should establish the legal and regulatory framework to enable carbon
storage, i.e., progress bills currently with the Legislature into law.

e The AOGCC should seek and gain Class VI permitting primacy from the EPA.

e UAF should perform the Alaska Railbelt Carbon Capture and Storage (ARCCS)
Project, which is contingent on State Legislative approval of matching funds that
are included in the associated UA budget submission.

e The State and the Regional utilities should form a power purchasing buyers group
and confirm the amount of firm power to be purchased which is required to meet
both Railbelt and prospective mining development needs such as the Donlin Gold
RS 24-031
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project. The Utilities working with the State should enter into Power Purchase
Agreements ideally through the Alaska Energy Authority which will enable
Project funding of the appropriately sized power plant, perhaps along the lines of
the successful Bradley Lakes Power project previously negotiated through the
AEA.

¢ Enabling legislation for the Alaska Energy Authority should be amended to
enable the Authority to enter into firm power purchase agreements with
independent power producers and to enter into power sale agreements with
electric utilities and industry as well as to enable the Authority to finance or
support the financing of firm power purchase agreements.

¢ The Project owners, the State, and Utilities should jointly seek funding, including
U.S. DOE loans and grants for FEED and/or CCS demonstration funding, which
may be available in amounts as high as $500M.

Public investment in the Project will foster transparency, build trust, and promote
alignment among stakeholders, which is crucial for project acceptance and long-term success.
Public investment also ensures a platform for meaningful stakeholder engagement, allowing for
the incorporation of feedback from regulators, local communities, and other relevant parties.
Detailed engineering and cost estimation will provide accurate project cost projections, enabling
stakeholders to make informed financial decisions. Additionally, risk assessments will identify
potential challenges and uncertainties, allowing for proactive risk mitigation strategies to be
implemented.
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Reference No. Description Due Date Notes
E-FOA-D002802  |Industiial EHficiency and Decarbonization FOA 1071272022  |Up to S104M total
teleased 9/8/2022)| Awards will be made at one af two funding levels with max award amount by tier and topic: Concept paper|Tier 1 up to S3M-$4M per award: 20% cost share
1 - Decarbonizing Chamicals Tier 2 up to $5M-S10M per award: Phase 1 or 2 20% cost share, Phase 3
ERE Advanced |2 - Decarboruizing lron and Steel 50% cost share
lamfacturing 3 - Decarbonizing Food and Beverage Products 12/20/2022
fiice 4 - Decarbonizing Cement and Concrete Full 20-38 awards anticipated
5 - Decarbonizing Paper and Forest Products applicaticn
L & - Cross-sector Decarbanization Technologies 1 entity concept paper & application per topic area
012803 hitps fleare-axchanga enargy gow'Default aspx#Foald9809abda-a152-4927-
ssued 6/29/2022) Bca3-dcciddaTeals
E-FDA-0002738  |BIL: Carbon Capture Demonstration Projects Program 10/21/2022  |~$189M total available
leleased 9/2/2022){The goal of the BIL Carbon Capture Demenstration Projects Pragram is te de-nsk integrated CCS Mandatory
demonstrations and catalyze significant follow-on investments from the prvate sector for commercial-scale, Lol $5.6M-12 5M per award
OE OCED integrated CCS demonstrations on carbon emissions sources across industries in the U.S. DOE intends to
issue two FOAs to fulfill the requirements of the Program This first FOA (DE-FOA-0002738) will provide 12/5/2022  |up ta 20 awards
IL funding for up te 20 FEED studies for integrated CCS, submission of parmit applications {i.e., Underground Full
Injection Contro! (UIC) Class VI permit ta construct, if nacessary), preparation of an Erdronmental Information] application  150% cost share requirad
1om NOL- 2805 |Volume (EIVY, and tha initial CBP work and analysis, which will address the first Phase of an integrated CCS
ssued 7/13/2022) |demanstration project. FOA 2 is expacted to ba intially releasad in fate 2022 Anticipated |up to 24 manths pariod of performance
TA-1.1 FEEDs for Integrated CCS Systems at Coal Electne Ganeration-Only Facilties selection date
DA was TA-12 FEEDs for Integrated CCS Systems at Coal CHP Facilities ~3/31/2023 |https-foced-exchange energy govDefault aspx#FoaldB2c73432-65b4-1d62-
aticipatad TA-2.1 FEEDSs for Integrated CCS Systems at NGCC Electric Generation Fazilties or NG SMR Facilities b03c-d51atfeteZalt
ug/Sept 2022 Producing H2 for Electricity Generation
TA-2 2 FEEDs for Integrated CCS Systems at NG Simpla Cycla Electncity Generation Facilities or NG CHP
Facilities
TA-2.1 FEEDs for Integrated CCS Systems at Ammonia Facilities Not Purpesed for Electric Generation
TA-3 2 FEEDs for Intearated CCS Systems at Industnal Facilities Not Purpased for Electric Generation
E-FOA-0002100  |Clean Hydrogen Production, Storage, Transport and Utilization te Enable a Net-Zero Carhon 10£25/2022 |Up to S32M available
mendment 8 Economy $1.25-35M per award
telagsed Amendment to prewously raleased FOA 2400 Advances in hydrogan technolegies capable of improving
126/2022) paformance. reliability. and flexibility of @xsting and novel methods to preduce, transpod, store, andfor use 20% or 50% cost share required
hydrogen will enable the United States to greatly reduce its carben footprint associoted with energy use. The
QE FECM amended FOA is make funding available for these areas of interest:
AQI4 Advanced Air Separation for Low-Cost H2 Production via Modular Gasification hitps fAwww grants goviwebigrantsiiew-oppanunity. himl2oppld=330950
AQI-14 Clean Hydrogen Production and Infrastructure for Natural Gas Decarbonization
01-2822 143 Mathane pyrolysisidecomposition, in situ conversion, or cyclical chemical loeping reforming

14b Hydrogen Production fram Produced Watar

ADI15 Technologes for Enabling the Safe and Effictent Transpartation of Hydragen Within the U S. Natural
Gas Pipelne Systam

ADL16 Fundamental Research to Enable High Volume, Longterm Subsurface Hydragen Storage
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JE-FOA-0002779  |Bipantisan Infrastructure Law: Additional Clean Hydrogen Programs {Section 40314): Regional 11/7/2022 |38.0B available over 5 years (36-$7B in first FOA launch for 6-10 H2Hubs)
Released Clean Hydrogen Hubs Concept paper
1/22/2022) This $8 billion 2ffort will catalyze investment in the development of H2Hubs that demaonstrate the praduction, $400M-51.258 per award
procassing, delivery, storage, and end-use of clean hydrogen. Each H2Hub will include multiple paners that | 4/7/2023  |8-12 year penod of parformance
)OE OCED will bnng together diversa hydrogen technologies to produce and utilize larga amounts of hydrogen in different Full
ways. These clean hydrogen demonstrations will balance hydrogen supply and demand, connective application  |50% cost share
L infrastructure, and a plan fer long-term financial wability. The H2Hubs will also include substantiat
engagement of local and regional stakeholders, as well as Tnbes, to ensure that they generate local,
‘rom NO! - 2768 |regional, and national benefits https:foced-exchange. energy.gov/Default aspx#Foald4dbbdd66-7524-4830-
Issued 6/6/2022) |DOE has defined a four-phase structure for the H2Hubs. Phase 1 will encompass initial planning and analysis b803.450933661811
actiities 1o ensure that the overall H2Hub concept is technologicalty and financially viable, with input from
“DA was relevant local stakeholders. Phase 2 will finalize enginaaring designs and business development, site access,
inticipated Iabar agreaments, permitting, offtake agreements, and community engagement activitias nacessary to begin
SeptiDet 2022 installation, integeation, and construction activities in Phase 3. Phase 4 will ramp-up the H2Hub te full
aperations including data collection to analyze the H2Hub's operations, performance. and financial vability
This FOA will salicit plans for all four phases of praposed H2Hub activties; howaver. DOE will enly mitially
authonze funding for Phase 1
SE-FOAD002711  |Carbon Storage Assurance Facility Enterprise (CarbonSAFE) Initiative: Phases I, 115, and 1V 11/26/2022 [$2.25 billion available acrass all closings through FY26 Q4
Released The overall abjective of this FOA is to accelerate the develapment of new or expanded commercial-scale
321/2022) geolagic carhen storage projects and associated carban dioxide transped infrastructure, through a focus on 20% cost share for Phases Ill and lIL.5.
detailed sita characterization, permitting, and construction stages of project davelopment. This FOAis 50% cost share for Phase IV.
JOE FECM expected to remain open for five years to facilitate expaditious developmant of secure geologic carbon
storage facilities. As required by the BIL, the selection process will gre priniity ta projects with substantial Selection
3L catban dinde storage capacity and peojects that will store carbon dioxide from multiple carbon capture notifications
facilities ~313/2023
Zrom MOI- 2729 [It 15 anncipated that muktiple closings will foltow through quarter 4 of fiscal year 2026 with the fraquency
Issued 4/23/2022) |based upen the number of applications recenved and the avaitability of funding This FOA will be amended a
FOA was minimum of 4 weeks in advance of subsequent clasings te prowde applicants notice of the next closing date
anticipated FY22  [Phaose Il - Site Characterization and Permitting (15-410 awards) {31 514-5110.5M/award) {no more than 36
23 {Apr—Jun} months)
Phase Il 5§ - NEPA_FEED Studies. and Field Developmant Plan Only {0-10 awards) {3100k-$4.55M/award)
(o mare than 24 months)
Phase IV ~ Construction {5-20 awards) {SI0N-S195Kaward] (no more than 30 manths)
DE-FOA-DD02730  |BIL: Carbon Capture Technology Program, Front.End Engineering Design tor Carbon Dioxide (CO2) | 11/28/2022 [$92M to be available for a 5-yr pariod with & or more awards par year
|Released Transpornt
9/22/2022) This FOA is focused on FEED studies of commercial-scale CO2 pipeline peojects that transport CO2 from $750k-33M per award
anthropogenic sources to CO2 comversion plants andlfor te secure geologic storage facilities, with an
DOE FECM emgphasis on FEED studies i different geographic regions that will provide DOE with increased 20% cost share required
understanding of CO2 transport costs. transpart network configurations, and technical, regulatary. and Selection
BIL commetcial considerations to inform DOE's research, development, and demanstration (RDAD) strategy and | natifications 1-2 yaar peried of performance
10 encourage fully commercial-scate deplayment of CCUS and CDR. The intent of this FOA is 1o award March 2023
Erom NOI- 2780 |projects with consideration for the creation and integration of a hub and cluster configuration, rather than a
{Issued 771312022} |standalona CCUS/CDR pip2line(s) Applicants are also encauragad to propase peojects that will rapurpose https:/fwww grants. goviweb/grantshview-opportunity. himi?oppld=342284
axisting pipaline{s) into CO2 senice
FOA was Acea of Interest- Eront-End Engineering and Design Studies far CO2 Pipaline Infrastructure (Onshora and
anticipated FY23 | Offshora)
Q1 {Oct-Dec)
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QI - 2746 for

Bipartisan Infrastructure Law (BIL): Regional Direct Air Capture (DAC) Hubs

FOA anticipated FY22 Q4 {July-Sep)

JE-FOA-0002735 |Section 40308 of the BIL requires DOE to provida funding for eligible projects that contribute ta the
Issued 6/13/2022) |development of four (4) regional DAC Hubs. Each of the DAC Hubs $3 5B available
{1} facititates the deployment of diract air capture projects,
JOE FECM NETL  |{i1) has the capacity to capture and saquester, utilize, or sequestar and utilize at least 1,000,000 metne tons Likety 20% cost share for AOI-1 Phasa 1
of carbon dioxide from the atmosphare annually fram a single unit er multiple interconnected units, Likely 50% cost share for ADI-2 Phase 2
3L {i} demonstrates the capture, processing, delivery, and sequestration ar end use of capturad carben: and All subsaquent phases 50%
{iv) could be developed into a regional or interragionat carban natwark to facilitate sequestration er carben
utilization
2 project timefines: https:ffwww grants. govhveb/grantsfview-opportunity html?oppld=340319
AOH1: Standard timeline - Phase 1 funding with this FOA.
AOL-2. Accelerated timeline - Phase 1 (equal to AQI-1 Phase 1) funding with this FOA,
{0 - 2793 for Regional Initiative to Accelerate Carbon Management Deployment: Technical Assistance for Large FOA anticipated FY23 Q1 {Oct-Dec)
JE-FOA-0002799 |Scale Storage Facilities and Regional Carbon Management Hubs
Issued 7/21/2022) |If released. the overall objective of this FOA will be to accelerate the deployment of carbon managament by If released, not <$20M to be available for a 5-yr period
establishing a consistent, eflective mechanism for providing tachnical assistance to devalop multiple large
JOE FECM scale storage facilities and regional carbon management (CM) hubs that could store hundrads of millions of 20% cost share required

tons and inject over 5 mullion matnc tons per year. DOE viaws this FOA as an epportunity to {a) expand,
refine. and enhanca the ‘technical assistance’ aspects of the Rl effort to directly suppon deveiopment of large
scale storage facilities (SMMT+/year) and regienal carban managament hubs; and (b} attract apphcations
from cther organizations that may be equally capable of providing the same type of technical assistance to
large-scale storage facilities and regional carbon management hubs under development as the existing Rl
projects. The twa intended Areas of Interest in this FOA will result in awards that can work separately orin
tandam to provide the desired technical support.

« Area of Interest 1 - Technica! Assistance for Gaologic CO; Starage and Transport for Large Scale Storage
Facilities and within Prospactive Regional CM Hubs

« Area of Interest 2 - State Geological Data Gathering and Analysis to Support Large Scale Storage Facilities
and Regional Ci Hub Development

Max 2 years

https-/iwvew grants goviwabigrantsiiew-opportunity htmi?oppld=342623
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Reference No. Description Due Date Notes
IE-FOA-0002804  |Indusuial Etficiency and Decarbonization FOA 1071272022 |Up to S104M total
Qelzased 9/8/2022)| Awards will be made at one of two funding levels with max award amount by tisr and topic: Concept paper|Tier 1 up to S3M-S4M per award; 20% cost share
1 - Decarbomzing Chemicals Tier 2 up to S5M-S10M per award; Phase 1 or 2 20% cost share, Phase 3
‘ERE Advanced |2 - Decarbonizing lron and Steel 50% cost share
tamufactunng 3 - Decarbomzing Food and Beverage Products 1272072022
Mice 4 - Decarbonizing Cement and Concrete Full 20-38 awards anticipated
5 - Decarbonizing Paper and Forest Products application
R 6 - Cross-sector Decarbonization Technologies 1 entity concept paper & application per topic area
101 2603 https /leere-axchange enzrgy gow/Default aspx#Foald9809abda-a152-49.7-
ssued 6/29/2022) Bca3-dcc3adsTeals
E-FOA.0002738  |BIL: Carbon Capture Demonstration Projects Program 1072172022 [~$1891 total available
Qeloased 9/2/2022)| The goal of the BIL Carbon Captura Demonstration Projects Program is to de-risk integrated CCS Mandatory
demonstrations and catalyze significant follow-on imvestments from the private sector for commercial-scale, LOt $5.5M-12.5M per award
JOE OCED integrated CCS demonstrations on carban emissions sources across industries in the U.S. DOE intends to
issue two FOAs to fulfill the requiraments of the Program. This first FOA (DE-FOA-0002738) will provide 12/5/2022  |upto 20 awards
L funding for up te 20 FEED studies for integrated CCS, submission of permit applications {i.e., Underground Full
Injection Contral (UIC) Class VI parmit to constiuct, if nacessary), preparation of an Emaronmantal Information|  application  |50% cost share required
‘tom NOI- 2806 |Valume (EIV), and the initial CBP work and analysis, which will address tha first Phasa of an integrated CCS
ssued 7/1372022) |demonstration projact. FOA 2 is expacted to ba initially reteased in late 2022 Anticipated |up to 24 months period of performance
TA-1 1 FEEDSs for Integrated CCS Systems at Coal Electne Generation-Only Facilities selection date
‘OA was TA-1.2 FEEDs for Integrated CCS Systems at Coal CHP Facilities ~3/31/2023 |hitps-Hoced-exchange energy.gov/Default aspx#Foald82c73432-65b4-4d82-
nticipated TA-2 1 FEEDs for Integrated CCS Systems at NGCC Electric Generation Facilties or NG SMR Facilities b03c-d61atfcfa2al
wg/Sept 2022 Producing H2 for Electricity Generation
TA-2.2 FEEDs for Integrated CCS Systems at NG Simple Cycle Electncity Generation Facilities or NG CHP
Facilities
TA-3.1 FEEDs for Integrated CCS Systems at Ammonia Facilities Not Purposed far Electric Ganeration
TA-3.2 FEEDSs for Integrated CCS Systems at Industrial Facilities Not Purposed for Electric Generation
JE-FOA0002400 |Clean Hydrogen Production, Storage, Transport and Utilization ta Enable a NetZero Carban 10/26/2022 |Up to $32M available
ymendment 8 Economy $1.25-55M per award
Released Amendment te previously raleased FOA 2400 Advances in hydrogen technolegies capable of impeovng
1126/2022) performanca, reliability. and flexibiity of existing and novel methods to produce, transport, store, and/or use 20% or 50% cost share raguired
hydrogen will enable the United States to greatly reduce its carben footprint asscciated with energy use. The
JOE FECM amended FOA is make funding available for these areas of interest:
ADI4. Advanced Air Separation for Low-Cost H2 Production via Modular Gasification hitps fiveww grants goviweb/grantsAew-opportunity him{Zoppld=330950
AQI-14 Clean Hydrogen Production and Infrastructute for Natural Gas Dacarbanization
101 - 2822 14a Methane pyrolysis/decomposition, in situ conversion. or cyclical chamical looping reforming

14b° Hydrogen Production from Produced Water

AQL15 Tachnologies for Enabling the Safe and Efficient Transportation of Hydrogen Within the U S Hatural
(as Pipeting System

AQL-15- Fundamentat Research to Enabla High Volume, Langterm Subsurface Hydrogen Storage

A-4
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E-FOAD002779  [Bipartisan Infrastructure Law: Additional Clean Hydrogen Programs (Section 40314): Regional 11/7/2022 |58 OB availabla over 5 years {36-S70 in first FOA launch for 6-10 H2Hubs)
eleased Clean Hydrogen Hubs Concapt paper
122i2022) This $8 bilfion effort will catalyze investment in the development of H2Hubs that demonstrate the production $400M-51 258 par award
procassing, delivery. storage. and end-use of clean hydrogen Each H2Hub will include multiple partners that | 4/7/2023  |8-12 year penod of performance
OE CCED will bring 1ogether diverse hydrogen technotogies to produce and wtilize large amounts of hydiogen in different Full
ways These clean hydrogen demonstrations will balance hydrogen supply and demand, connective application  |50% cost share
L infrastructure. and a plan for long-term financial wability The H2Hubs wili also include substantial
engagement of local and regional stakeholders, as well as Tribes, to ensure that they generate local,
remNOI- 2768 [regional, and national benefits hitps floced-exchange energy goviDefault aspw#Foaldddbbd366-7524-4830-
ssued 6/6/2022) |DOE has defined a four-phase structura for the H2Hubs. Phase 1 will encompass initial planning and analysis b383-450933661811
activities to ensure that the overall H2Hub concept is technologically and financially viable, with input from
04 was relevant local stakeholders Phase 2 will finalize engineering designs and businass development, site access,
nticipated Iabor agreaments, permitting, oftake agreements. and communily engagement activitias nacessary to begin
eptiDct 2022 instaliation. inteqeation. and construction activities in Phase 3. Phase & will ramp-up the H2Hub to full
aparations including data collection to analyza the H2Hub's operations, parformance. and financial vability
This FOA will solicit plans for all four phases of praposed H2Hub actwities: howsver, DOE will only initially
authorize funding for Phase 1
E-FOADD02711  |Carbon Storage Assurance Facility Enterprise (CarbonSAFE) Initiative: Phases 111, 115, and IV 11/28:2022 [$2 25 biltion available across all closings through FY26 Q4
eleased The overall objective of this FOA is to accelerate the development of new or expanded commercial-scale
212022) geclogic carbon storaga projects and associated carbon dicxide transpart infrastructure, through a focus en 20% cost share for Phases lll and B.5.
detailed site chafacterization, parmitting, and construction stages of project development This FOAis 50% cost share for Phase IV.
10E FECM axpectad to remain open for five years to facilitate expaditious developmant of secure geologic carbon
storage facilities As required by the BIL, the salaction procass wilt give priority to projects with substantial Salection
L carbon dioxide storage capacity and projects that will stora carbon dioxida from muitiple carban capture notifications
facilitiag ~3M32023
rom HOL-2729  [it 1s anticipated that multiple closings wll foltow through quarter 4 of fiscal year 2026 with tha fraquency
ssued 4/29:2022) |based upen tha number of applications recaned and the availabiity of funding. This FOA will be amanded a
OA was minimum of 4 weeks in advance of subsequent closings te provide appiicants natice of the next closing date
nficipated FY22  [Phase lll - Site Characterization and Permitting {1540 awards) (S15M-8110 Sh/award) {na more than 38
13 (Apr=Jun) months)
Phase Il 5 — NEPA, FEED Studies and Field Developmant Plan Cnly {0-10 awards) {($100k-54 55\Vaward)
{na more than 24 maonths}
Phase IV - Construction {520 awards) (S30M=S195\Vaward) {no maore than 30 manths)
JE-F0A.U002730  |BIL: Carbon Capture Technology Program, Front.End Enginearing Design for Carbon Dioxide (CO2) | 1172872022 $92M 1o be available for a 5-yr pancd with 6 or more awards per year
Released Transport
12212022) Thiz FOA iz focused en FEED studies of commercial-scale CO2 pipeline projects that transpart CO2 from $750k-33M par award
anthrepeganic sources ta CO2 conversion plants andfor to secure geolagic storage facifities, with an
10E FECM emphasis on FEED studies in differant gecgraphic regions that will provide DOE with increased 20% cost share required
understanding of CO2 transport costs: transpart network configurations: and technical, regulatery. and Satection
i commercial considerations to inform DOE's research, development, and demenstration (RD&D) strategy and | natifications |1-2 yaar pariod of performance
to encourage fully commercial-scale daployment of CCUS and COR. The intent of this FOA is to award March 2023
rom NOI - 2780 |projects with consideration for tha creation and integration of a hub and cluster configuration rather than a
'ssued 711372022} |standalona CCUS/COR pipsline{s) Applicants are also encouraged to propase projects that will repurpose https /iwww grants gaviwebigrantsivew-oppartunity htmi?oppld=342284
awisting pipaline{s} into CO2 senice
‘DA was Area of Interest- Front-End Engineering and Design Studies for CO2 Pipatine Infrastructura (Onshere and
mticipated FY23  |Offshora}
1 {Oct-Dec)
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101 - 2746 for

Bipartisan Infrastructure Law (BIL): Regional Direct Air Capture (DAC) Hubs

FOA anticipated FY22 Q4 (July-Sep)

JE-FOA-0002735  |Saction 40308 of the BIL requires DOE to provide funding for eligible projects that contribute to the
Issued 5/13/2022) |development of four {4) ragional DAC Hubs. Each of the DAC Hubs: $3 58 available
(i} facilitatas the deployment of diract air capture projects.;
JOE FECM NETL |{i1) has the capacity to captura and saquestar, utilize, or sequestar and utilize at least 1,000,000 metnc tons Likely 20% cost share for AOI-1 Phase 1.
of carbon dioxide fram the atmosphare annually from a single unit or multiple interconnected units; Likely 50% cost share for AOI-2 Phase 2.
L (i) demonstrates the captura, processing, delivery. and saquestration ar end use of captured carben: and All subsequent phases 50%
{iv) could be developed into a regional or interregional carbon netwerk to facilitate sequestration or carben
utilization
2 project timelines: https:/\wwwe.grants. goviveb/grantsiview-opportunity himl?oppld=340319
AO!-1: Standard timeline - Phase 1 funding with this FOA.
AQI-2. Accelerated timeline - Phase 1 (equal to AC!-1 Phase 1) funding with this FOA.
{01 - 2798 for Regional Initiative to Accelerate Carbon Management Deployment: Technical Assistance for Large FOA anticipated FY23 Q1 {Oct-Dec)
JE-FOA-0002732  |Scale Storage Facilities and Regional Carbon Management Hubs
Issued 7/2172022) |If released, the overall objective of this FOA will be to accelerate the deployment of catbon management by If released, not <5201 o be available for a 5-yr pericd
astablishing a consistent, effective mechanism for providing tachnical assistance to develop multiple large
JOE FECM scale storage facilties and ragional carbon management (CM) hubs that could store hundrads of millions of 20% cost share required

tons and inject aver 5 million matnic tons par year. DOE views this FOA as an opportunity to {a) expand,
refina. and enhance tha 'technical assistance’ aspects of the Rl effort to directly support development of large
scale storage facilties (SMMT+/year) and regional carbon management hubs: and (b) attract applications
from cther organizations that may be equally capable of providing the same type of techmical assistance to
large-scale sterage facilties and regional carbon management hubs under development as the existing R
projects The two intended Areas of Interest in this FOA will result in awards that can work separately of in
tandam to provide the desired technical support.

- Area of Interest 1 - Technica! Assistance for Geologic CO; Storage and Transport for Large Scale Storage
Facilities and within Prospectve Regional CM Hubs

« Area of Interest 2 - State Geological Data Gathering and Analysis to Support Large Scale Storage Facilities
and Ragional CM Hub Development

Max 2 years

https-//www grants govhveblgrantshew-opportunity htmi?oppld=342628
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able B-1. NEPA and Federal Permitting Requirements

NEPA NHPA EFH & ESA a3y PHMSA Title VI BGEPA
Document Sec. 106 Sec.7 CWA 404 | RHA 10 Hazatdons Authorization | Injection and
(EA /EIS) |Consultation | Consultation ;::;:; Letter Well Permit  MBTA
NMFS/ Us poT
USACE-Led | USACE-Led USEWS USACE USACE EPA PHMSA EPA USFWS
onstruction Activities
learing, Grubbing, Grading, and Ground Prep. at Mine Site X X X X
SMW - 500 MW Power Plant Options X X X X X
levated AC overhead transmission line X X X X
uried CO2 Transport Pipeline X X X X X X X
ipeline Compressor(s) X X X X
02 Injection Wells - Onshore at Existing Beluga Power Plant Pad(s) X X
Iperational Activities
Aining of Carbon Ore to Fuel the Power Plant X X X X X
S5MW - 500 MW Power Plant Options X X X X X
levated AC overhead transmission line X X X X
uried CO2 Transport Pipeline X X X X X X X
ipeline Compressor(s) X X X X
02 Injection Wells - Onshore at Existing Beluga Power Plant Pad(s) X X
able B-2, State of Alaska Permitting Requirements
CWAG01Cert.|  CWAA402 N::’; f::d Docn‘]":::suzw Certificate of TI:II::G PSOPermit |Title VCAA| Area e
APMA & Antideg. | APDES Const. GP, TWUP |Appropriation . Minor or Operating | Injection| POD PA CRMP
Analysis  |SPCC, and SWPPP Coaling Trtmt. Plant (wWater Right) Hatiltt Major Source Permit Order Antharixation
Water GP GP Permit
ADNR ADEC ADEC ADEC ADEC ADNR ADFG ADEC ADEC AOGCC ADNR | ADNR | ADNR RRC
DMLW Water Water Water Water DMLW | ADNR DMLW | Habitat Air Air DOG SHPO SHPO RCA
onstruction Activities
learing, Grubbing, Grading, and Ground Prep. at Mine Site X X X X X X X X
SMW - 500 MW Power Plant Options X X X X X X
levated AC overhead transmission line X X X X X
uried CO2 Transport Pipeline X X X X X X
ipeline Compressor(s) X X X X X
02 Injection Wells - Onshore at Existing Beluga Power Plant Pad(s) X X
iperational Activities
ining of Carbon Ore to Fuel the Power Plant X X X X X X X X X X
SMW - 500 MW Power Plant Options X X X X X X
levated AC overhead transmission line X X X
uried CO2 Transport Pipeline X X
ipeline Compressor(s) X X X X
02 Injection Wells - Onshore at Existing Beluga Power Plant Pad(s) X X X X
B-1
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"able B-3, Lands, Right of Way, and Pore Space-Leasing Requirements
SiE RHE Ryate Federal State ANC
(«75mi) | (<4mi) |(<0.5mi)
ADNR Chugach ADNR
(DMLW) Ci Electric ERA (DOG) aifl
“onstruction Activities
“learing, Grubbing, Grading, and Ground Prep. at Mine Site X
ISMW - 500 MW Power Plant Options X
levated AC overhead transmission line X X X
juried CO2 Transport Pipeline X X X
’ipeline Compressor(s) X
02 Injection Wells - Onshore at Existing Beluga Power Plant Pad(s) X
Jperational Activities
“learing, Grubbing, Grading, and Ground Prep. at Mine Site X
ISMW - 500 MW Power Plant Options X
‘levated AC overhead transmission line X X X
suried CO2 Transport Pipeline X X X
’ipeline Compressor(s) X
:02 Injection Wells - Onshore at Existing Beluga Power Plant Pad(s) X X X X
State ANC Private
(<75mi) | (<ami) |(<0.5mi) Federal State ANC
ADNR Chugach ADNR
(DMLW) S Electric siido (DOG) a0
onstruction Activities
“learing, Grubbing, Grading, and Ground Prep. at Mine Site X
ISMW - 500 MW Power Plant Options X
{levated AC overhead transmission line X X X
juried CO2 Transport Pipeline X X X
’ipeline Compressor(s) X
202 Injection Wells - Onshore at Existing Beluga Power Plant Pad(s) X
Jperational Activities
“learing, Grubbing, Grading, and Ground Prep. at Mine Site X
15MW - 500 MW Power Plant Options X
‘levated AC overhead transmission line X X X
juried CO2 Transport Pipeline X X X
Yipeline Compressor(s) X
02 Injection Wells - Onshore at Existing Beluga Power Plant Pad(s) X X X X
B-2
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