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August 18, 2025

Senator Dale Patten, Chairman
Advanced Nuclear Energy Committee
North Dakota Legislative Management
State Capitol

600 East Boulevard Avenue

Bismarck, ND 58505

Dear Chairman Patten and Members of the Committee:

Always On Energy Research appreciates the opportunity to submit this proposal in response to
the Request for Proposals titled Prospective Advanced Nuclear Energy Consultants (issued July
22, 2025) because we support the North Dakota Legislative Management and the Advanced
Nuclear Energy Committee's commitment to evaluating the role advanced nuclear energy may
play in providing reliable and affordable power for the state’s future.

Always On Energy Research brings a unique combination of policy analysis expertise, technical
knowledge of the power sector, and direct experience with North Dakota’s energy industry. Our
team has modeled the cost and reliability implications of adding nuclear energy to state energy
portfolios in several states, and we have previously partnered with the North Dakota
Transmission Authority to model the impact of Environmental Protection Agency Mercury and
Air Toxics and Greenhouse Gas regulations on the state’s coal-fired generation fleet.

That project required integrating federal regulatory frameworks, detailed grid modeling, and
state-specific energy and economic considerations. This background provides us with a practical
understanding of the challenges and opportunities facing North Dakota’s power system—
experience that directly enhances our ability to assess the feasibility of small modular reactors,
microreactors, and other advanced nuclear technologies in the state.

We propose a comprehensive, rigorous approach to the tasks outlined in the RFP. Our work will
evaluate potential siting locations (including greenfield, brownfield, and existing generation
sites), grid connectivity and reliability requirements, land-use and zoning considerations,
economic impacts, and strategies for nuclear waste management. We will also conduct a clear
assessment of applicable provisions in North Dakota law and provide actionable
recommendations for aligning regulatory frameworks with advanced nuclear development.

APPENDIX G



Our methodology integrates technical analysis with community and policy engagement. By
combining quantitative modeling with transparent stakeholder dialogue, we will ensure that the
Committee’s final report reflects not only the engineering and economic feasibility of advanced
nuclear energy, but also the broader environmental, social, and market context in which North
Dakota’s energy sector operates.

Always On Energy Research is committed to delivering timely, unbiased, and actionable findings
to guide the Committee’s work. We look forward to the opportunity to apply our expertise and to
build on our previous collaboration with North Dakota energy stakeholders.

Thank you for considering our proposal. We welcome the chance to discuss our approach further
and to answer any questions you may have.

Sincerely,

Isaac Orr
Vice President of Research
Always On Energy Research

1saac(@aoenergy.org

715-513-0440


mailto:isaac@aoenergy.org

Key Individuals: The following individuals will be conducting the feasibility study:
Isaac Orr: BA Political Science, University of Wisconsin, Eau Claire

Isaac Orr is a founder and Vice President of Research at Always On Energy Research, where he
conducts energy modeling and writes about energy and environmental issues, electricity policy,
and natural resource development. His writings have appeared in The Wall Street Journal, USA
Today, the New York Post, The Hill, and many other publications. He and his colleague Mitch
Rolling have modeled the cost and reliability impacts of Environmental Protection Agency
regulations in the Midcontinent Independent Systems Operator and Southwest Power Pool. They
have also evaluated the cost and reliability implications of energy policies in more than twelve
states. Isaac grew up on a small family dairy farm in Wisconsin, which is why he cares deeply
about the issues affecting rural America.

Mitch Rolling: MS in Finance and Economics, West Texas A&M University

Mitch Rolling is a founder and Director of Research at Always On Energy Research, where he
models energy proposals, analyzes the energy industry and electricity policy, and writes about
energy and environmental issues. His research has been featured in publications such as The Wall
Street Journal and Forbes. Mitch and his colleague Isaac Orr co-authored an award-winning
report highlighting the impact of Minnesota’s 50 percent renewable energy proposal and have
designed several energy models to analyze the impact of energy proposals in twelve states and
Environmental Protection Agency regulations in the Midcontinental Independent System
Operator (MISO) and Southwest Power Pool (SPP). Mitch graduated from the University of
Minnesota in 2018 with a bachelor’s degree in history, and he earned an MS in Finance and
Economics at West Texas A&M University in 2022.

Trevor Lewis: Ph.D. Candidate, Colorado School of Mines Mineral and Energy Economics

Trevor W. Lewis is a Research Fellow at Always On Energy Research and a Ph.D. candidate at
the Colorado School of Mines' Mineral and Energy Economics program. Lewis's work examines
the costs and benefits associated with regulations imposed on energy producers, and the
distributional effects of tax policies and subsidies. His work has been featured on Fox News, Fox
Business, and other regional and national publications. The Federal government has cited Lewis's
work on discounting during the rule-making process. His 2025 report Balancing the Scales
prepared on behalf of Wyoming Liberty Group examined how changes in taxation of fossil fuel,
wind, and nuclear energy sources impacted state budget revenues. Trevor attended Santa Clara
University, earning a Bachelor of Science in Economics and a minor in mathematics.

Our teams’ work experience spans power modeling, infrastructure requirements, and analyzing
the economic impacts of policy changes. We are uniquely qualified to lead the feasibility study
for small and micro nuclear reactors in North Dakota.



Nuclear Energy Industry Experience

Always On Energy Research has extensive experience modeling the costs, performance, and
system-level impacts of nuclear energy technologies within the broader power sector. While our
core focus is not nuclear engineering, our work emphasizes the economic, policy, and reliability
dimensions of new and existing generation resources—areas that are critical to informing
legislative and policy decisions on advanced nuclear deployment.

Our firm has conducted analyses on a range of conventional and advanced reactor designs,
including the APR-1400, the Westinghouse AP-1000, and various configurations of small
modular reactors (SMRs) with different capacities and dispatch profiles. Through this modeling,
we have evaluated how nuclear plants perform not just as stand-alone assets but also as part of a
diverse energy portfolio that includes coal, natural gas, wind, and solar. This holistic approach is
essential for assessing the role nuclear can play in balancing reliability, emissions goals, and
affordability.

Our findings suggest that nuclear reactors can deliver substantial reliability value and firm
capacity in ways that intermittent renewables cannot, making them uniquely positioned to
support decarbonization efforts while maintaining system stability. At the same time, our
research underscores the economic and construction challenges facing nuclear projects,
particularly around upfront capital investment, financing risks, and protracted project timelines.
By identifying these risks, we help policymakers and stakeholders more accurately assess the
trade-offs involved in pursuing advanced nuclear development.

We also bring expertise in aligning technology evaluation with emerging demand drivers. For
instance, our analyses point to the potential high-value use cases of advanced nuclear
technologies when paired with military installations, data centers, and energy-intensive industrial
facilities. These settings often have high and stable load factors, making them particularly well-
suited to capture the generation attributes of nuclear reactors while maximizing plant economics.
Additionally, co-location strategies may reduce transmission investment needs and enhance
community acceptance by tying advanced nuclear directly to local job creation and industrial
competitiveness.

In short, Always On Energy Research contributes value by situating nuclear energy within the
real-world policy, economic, and grid context in which North Dakota will make decisions. Our
expertise lies in helping policymakers translate the technical promise of advanced nuclear
technologies into actionable, evidence-based strategies for deployment that consider cost,
reliability, regulation, and demand growth.



Approach & Work Plan
Outlined below is the proposed approach for each RFP requirement:
A. Siting Locations

e Map and assess greenfield and brownfield sites statewide.

o Evaluate undeveloped lands, rehabilitation potential, environmental contexts,
infrastructure proximity, and gauge community acceptance strategies.

B. Electric Grid Connectivity

e Conduct a grid capacity and reliability analysis, including evaluation of needed upgrades
for integrating advanced nuclear plants.

o Ensure recommendations align with both national and North Dakota electric
standards/regulations.

C. Land Use & Zoning Assessment
o Examine long-term sustainability, land use patterns, and zoning regulations.

o Identify social and environmental impacts, and propose mitigation strategies for local
communities.

D. Economic Impact Analysis

o Estimate tax revenues, construction and operational job creation, and broader economic
effects.

» Evaluate investor interest and attractiveness for potential development.
E. Nuclear Waste Storage

o Assess options for temporary and permanent waste management, both in-state and out-of-
state.

e Analyze regulatory, logistical, and societal factors.
F. SMRs and Microreactors Feasibility

o Evaluate the viability of small modular reactors (SMRs) and microreactors within the
state’s energy mix—considering siting, grid interface, regulatory pathways, and
deployment timelines.

G. Regulatory and Century Code Review

o Identify any relevant provisions or restrictions in the North Dakota Century Code
affecting advanced nuclear development.



Always On Energy Research Integrated Project Budget — Advanced Nuclear Energy

Consulting

Category

Staff Labor

Travel

University
Collaboration

Specialized
Grid
Contracting

Stakeholder
Engagement &
Outreach

Other Direct
Expenses

Core

Description
P Scope

Principal, senior analyst, research
analyst, research assistant;
modeling, policy analysis,

Expanded Scope

economic impact, report drafting, $222,500 —

including analysis of siting
feasibility, land use, environmental
impact, and economic modeling

Trips to Bismarck for committee
meetings, site visits; lodging,

8 . SHe $5,500
meals, and on-site evaluation of

potential siting locations

Social acceptance research,
community engagement, focused
surveys, and limited workshops;
assessment of potential siting
locations for greenfield and
brownfield development

External consulting firm for
nodal/powerflow modeling, grid
integration assessment, capacity
evaluation, and recommendations

in accordance with state and
national electric standards

Community workshops,
stakeholder roundtables, materials,
translation, and travel support to
assess public acceptance and
gather input on proposed nuclear
sites

Software/data licensing, report $4.840
production, dissemination, and

$5,000 (for
workshops/fieldwork)

$75,000

$150,000

$20,000

Total

$222,500

$10,500

$75,000

$150,000

$20,000

$4,840



analysis tools for economic, grid,
and land-use modeling

Subtotal $232,840 $250,000 $482,840
Cc?ntingency/ Ur?planned expenses, minor §17.160 $17.160
Miscellaneous  adjustments
Total Project

oA Tre)ee $250,000 $250,000 $500,000
Cost
Notes:

1. Core Scope ($250k): Staff-driven modeling, economic analysis, land-use assessment,
environmental impact review, siting feasibility evaluation, and reporting, including
minimal travel for committee meetings.

2. Expanded Scope ($250k): Focused university research on social acceptance and
community engagement, technical power flow and grid connectivity contracting, and
expanded stakeholder engagement/outreach aligned with Section 1 of House Bill No.
1025 (2025) directives.
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Executive Summary

North Carolina has tremendously benefited from tax reforms begun over
a decade ago. Energy efficiency mandates that began in the late 2000s
and continued into the early 2010s created an energy cushion capable
of absorbing the influx of new businesses and residents. If utilities fail to
keep pace with growing electricity demand, however, then continued

economic growth will inevitably crash into an energy supply wall.

North Carolina's unique geography has created an equally unique en-
ergy grid. Through mergers and acquisitions, Duke Energy has become
the largest provider of electricity in the state, responsible for servicing
densely populated, power-hungry metros and isolated, rural commu-
nities. Duke Energy supplies more than 90 percent of North Carolina’s
retail electricity sales. Dominion Energy, Tennessee Valley Authority,
municipal utilities, electric cooperatives, and businesses with indepen-
dent generation are marginal suppliers of electricity to North Carolina’s
grid. Consequently, Duke Energy will be largely responsible for meeting
North Carolina's emissions reduction targets.

Meeting House Bill (HB) 951's state-mandated emissions reduction
targets, given North Carolina’'s unique geography and lack of in-state

energy resources, will require costly energy solutions that will increase
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utility bills for businesses and households across North Carolina.
Aware of the inevitable rate increases concomitant with building en-
ergy generation and transmission infrastructure, the North Carolina
Utilities Commission made it clear to Duke Energy that it is to “in-
vestigate and doggedly pursue every opportunity to apply downward
pressure on rates and to optimize the use of the electric system to

reduce system average cost."

Fortunately, Duke Energy has already significantly reduced carbon di-
oxide (CO,) emissions by retiring and upgrading coal-fired power plants
and running them on cleaner-burning natural gas. As part of the Carbon
Plan, Duke Energy has already committed to permanently retiring its six
remaining coal-fired power plants by 2035. How Duke Energy decides
to replace the baseload capacity generated by these coal plants while
simultaneously increasing total generation capacity to meet North Car-
olina's growing demand for energy will ultimately determine how much

North Carolinians’ monthly utility bills will rise.

Under HB 951, by 2030 or shortly thereafter, utilities are required to have
reduced emissions by 70 percent below 2005 levels, and by 2050 they
must achieve total carbon neutrality. Doing so will require the largest
expansion of electric infrastructure since electrification began in the
early 1920s. What path utilities take to reconcile North Carolina's decar-
bonization requirements with the state's energy needs will ultimately
determine the prices consumers will pay for energy, set the limits for
North Carolina's economic growth and development, and influence the

amount of infrastructure needed to serve electricity customers reliably.

The first part of this report takes stock of North Carolina's energy in-
frastructure. It looks at trends in state electricity demand and in-state
electricity generation. It compares capacity factors and emissions of
different electricity sources in North Carolina and gives an overview of
them. It discusses the Carbon Plan, electricity markets, and transmission
infrastructure. Finally, it examines natural gas: its transportation, its rise

as a primary fuel, and its storage.
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The next two sections of this report compare two different scenarios to
achieve carbon neutrality by 2050 while meeting North Carolina's growing
energy needs. Always On Energy Research (AOER) modeled both scenarios
to determine the amount of power plant capacity and associated energy

infrastructure each would need to meet the requirements of HB 951.

Favored by Gov. Roy Cooper, his environmentalist allies, and solar and
wind advocates, the Renewable Scenario would require a resource mix
that relies on onshore wind, offshore wind, solar, and battery storage,
while maintaining North Carolina's existing nuclear and hydroelectric
power plants. This resource portfolio would require a nearly tenfold
increase in energy infrastructure and consume much more land than
the current electric grid. It would require a 426-fold increase in onshore
wind capacity (more than twice the amount of onshore wind capacity
installed in the state of Texas) and a 21-fold increase in solar capacity
(nearly double the amount of solar capacity currently installed in the
rest of the United States). It would also require nearly 13 times as much
four-hour battery capacity as the entire United States. All this solar and
onshore wind would require enormous amounts of land, especially in
comparison with what would be needed by new nuclear facilities.

By contrast, the Nuclear Scenario would require a resource mix that uti-
lizes the built-in flexibility in HB 951 that allows existing coal and natural
gas plants to remain online as needed to ensure reliability and keep
electricity prices low while new nuclear power plants are constructed
to replace them. Compared with the Renewable Scenario, this resource
portfolio would produce far more electricity with far less energy infra-
structure. The land needed by all this new nuclear power would amount
tojust 38 percent of the land consumed by all of North Carolina’s existing
solar facilities. As a result, the Nuclear Scenario would require fewer new
power plants and less transmission infrastructure and would consume
much less land than the Renewable Scenario.

The final section of this report estimates the cost to North Carolinians of
reaching the governor's zero-emissions vehicle (ZEV) goals stated in Ex-
ecutive Order (EO) 246 of registering 1.25 million expensive ZEVs by 2030
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and having half of all new vehicle sales be ZEVs. AOER estimates that the
total cost — which would include getting North Carolina’s financial infra-
structure, roads and highways, households, and electrical infrastructure
ready for so many ZEVs — would fall between $16.5 billion and $30.5
billion. Furthermore, just over the next seven years EO 246 would entail
North Carolinian drivers having to spend an extra $19.0 billion to $20.5
billion more to purchase more expensive ZEVs instead of conventional,
gasoline-powered cars and diesel trucks.



NORTH CAROLINA'S
ENERGY INFRASTRUCTURE

Overview

Nearly 11 million North Carolinians depend on reliable and affordable
electricity and natural gas to power their daily lives.2 And with the pop-
ulation growing by 140,000 people per year,* burgeoning businesses, a
manufacturing boom, and high-tech industries expanding their foot-
print in the Tar Heel State,* North Carolina’s public utilities will need to
find cost-effective ways to meet these power-hungry customers’ de-
mand for electricity and natural gas that fit within the state's prescribed

emissions reduction rules and cost-increase mitigation guidance.

North Carolina's unique geography has played a profound role in shaping
the state's existing energy infrastructure. A lack of native oil and natural
gas deposits has forced North Carolina to rely on energy-dense fuels
imported from other states and invest large amounts of financial capi-

tal to harness sources of renewable energy. North Carolina's geography
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further complicates building and maintaining energy transmission in-
frastructure in and between the state’s varied geographies. Stretching
electricity wires and laying natural gas pipelines across the state's rugged
mountain west; central, hilly Piedmont; and sandy eastern shores have
made energizing the state a costly and labor-intensive endeavor since
electrification began in the late 19th century.® Several of North Carolina’s
westernmost Appalachian counties still lack adequate transmission in-
frastructure and natural gas service lines. North Carolina's energy-poor
geography has resulted in a low per-capita energy consumption, placing
the state in the bottom third nationally.®

But in spite of geographic chal-

”Meetmg tne legISIature,s lenges and relatively low energy
Gﬂmmltmﬂﬂt [0 consgmption, North Ca.rolina is
decarbonization will requirg "° ©iomnEresst et power

generator among the 50 states’

tne largBSI eXDansmﬂ Uf Electricity generation itself is a
Blect”c mfl’astl’ucture massive industry within the state.

Over 43,000 North Carolinians are

SIHCB B|Bth|ﬂGat|0n Dﬂgan directly employed in the state's
in the early 1920s." electricity generation and ener-

gy transmission industries (see
Appendix A).2 Even so, North Carolina imports 10 percent of its electric
power needs from shared electricity generating units (EGUs) and trans-

mission lines from neighboring South Carolina, Virginia, and Tennessee.?

House Bill (HB) 951 has pigeonholed North Carolina’s utilities into meet-
ing future demand with low- and zero-emissions sources of electricity.
By 2030 or shortly thereafter, utilities are required to have reduced emis-
sions 70 percent below 2005 levels, and by 2050 they must achieve
total carbon neutrality.© Meeting the legislature’s commitment to de-
carbonization will require the largest expansion of electric infrastructure
since electrification began in the early 1920s and the largest expansion
of natural gas transportation infrastructure since the completion of the

Transcontinental natural gas pipeline (Transco) in the 1950s. How utilities
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choose to reconcile North Carolina's decarbonization requirements with
the state's energy needs will ultimately determine the prices consum-
ers will pay for energy and set the limits for North Carolina’'s economic
growth and development.

A Decade of Economic Growth

There are nearly 11 million North Carolinians spread across the state's 4.1
million households.” Since 2010, North Carolina’s population has grown
by 1.5 million people and it continues to grow. North Carolina's popula-
tion increases by 140,000 people per year. Roughly 90 to 95 percent of
these new North Carolinians are Americans migrating from states with
high taxes and high energy costs, such as California and New York, to
take advantage of North Carolina’'s comparatively lower taxes and cost
of living (Figure 1.1).2 North Carolina's competitive tax reforms and low
energy costs have made the state incredibly attractive for energy-inten-
sive industries like manufacturing, transportation, and data centers.”
North Carolina's pro-growth tax reforms will likely continue to draw in
people and businesses from around the country, but they will inevitably
increase energy demand, and if it is not met cost effectively, it will result

in significantly higher rates on ratepayers.

FIGURE 1.1 AVERAGE ELECTRICITY CENTS PER KILOWATT-HOUR
(KWH), 20244

$0.13 $0.17 $0.27 $0.29 $0.41

North Carolina  United States New York California-Los  California-San
Angeles Francisco

Cents/kWh
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North Carolina began comprehensive individual income and business
tax reforms in 2013.5 As of 2024, North Carolina has the lowest corporate
income tax rate in the country (of the 44 states that levy a corporate in-
come tax),® and in 2023, North Carolina’s General Assembly accelerated
planned individual income tax cuts while making additional modifica-
tions to business taxes.” Among its Southern peers, North Carolina has
one of the best business climates, ranking ninth nationally according to
the Tax Foundation.® North Carolina topped CNBC's rankings in their Top
State for Business in 2023.° In workforce and overall economy, the Tar
Heel State placed first and third, respectively.” Income and business tax
reforms have primed the state for business creation, business relocation,
and high-income earners — all of which are high consumers of energy.

According to the Reshoring Initiative's 2022 Data Report, North Carolina
was the fifth most popular destination for reshoring businesses and for-
eign direct investment. In 2022 alone, 93 companies reshoring to the U.S.
brought 26,965 jobs to North Carolina.? Apple, Toyota, and Bosch have
already poured hundreds of millions of dollars into research campuses
and manufacturing plants into North Carolina.?? These new factories
will draw significantly fromn North Carolina’s power grid and natural gas
supply. The average American factory uses 95.1 kilowatt-hours (kWh) of
electricity and 536,000 British thermal units (Btus) of natural gas per
square foot per year.” Per-employee energy consumption for factories
based in the South was 2,246 million Btus — the highest in the nation.>
With companies moving to North Carolina to harness the manufactur-
ing and technical expertise of the best workforce in the nation, industrial

energy consumption is guaranteed to increase.

North Carolina’'s superb business climate, coupled with its pleasant weather,
has made it a prime destination for high-income earners and businesses.
According tothe 2023 United Van Lines Movers Study, North Carolina ranked
sixth for inbound moves.?® Half of all inbound movers boasted salaries at or
exceeding $150,000 in annual income 2 Household energy consumption
and income are positively correlated. North Carolina drawing high-income

earners into the state is also drawing in the highest energy consumers.?’
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North Carolina's economy and population have tremendously benefited
from tax reforms begun over a decade ago. But if utilities fail to keep
pace with electricity demand, then continued economic growth will in-
evitably hit an energy supply wall. In fact, signs flagging an imminent
crash into the energy supply wall are starting to appear. When CNBC
updated their Top States for Business rankings for 2024, North Carolina

to neighboring Virginia. North ”DBSDIIB Dlacmgelgntn In
Carélina’s drop in the 'ranking is DUWB[ generatmn, Nﬂrtn
s 2 Garoling paradonically fanks

which sank from 16 in 2023 to a |n tne n(]tt[]m tmm ﬂf States
mediocre 20 in 2024. North Car- In energy Gunsumutmnn

olina’s public utilities are largely

fell to second place, ceding first

responsible for failing to keep pace with growing power demand, which
has resulted in lengthy, business-disrupting blackouts. The average
North Carolina business will experience about eight hours of blackouts
per year.”® These prolonged blackouts are unacceptable for businesses
— especially tech companies, which need an uninterrupted power sup-

ply for their data centers.

North Carolina’s supply of natural gas is limited to the capacity of the
Transcontinental pipeline’'s volume. While the Mountain Valley Pipeline
(MVP)'s recent completion has ameliorated some of the tension in North
Carolina’s tight natural gas market, natural gas power plants have al-
ready siphoned off most of MVP's additional capacity, leaving little left

for North Carolina manufacturers and households.

Continued economic growth in North Carolina depends on increasing
access to energy resources. As energy inputs to production, electrici-
ty and natural gas are the foundation of economic development, and
North Carolina will need more of both to avoid hitting the economically

debilitating energy supply wall.
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Trends in Electricity Demand

As the ninth most populous state, North Carolina is one of the largest
producers of electric power. According to the Energy Information Agen-
cy, North Carolina generated 134.25 terawatt-hours (TWh) of electricity,
making it the eighth-largest producer of electric power in 2022.2° Despite
placing eighth in power generation, North Carolina paradoxically ranks in
the bottom third of states in energy consumption.®* North Carolina's total
electricity consumption has not changed much in the last 15 years. North
Carolina’s in-state power generation has grown only 4 percent since 2007.
And total electricity consumption peaked in 2010 at 148.4 TWh.3 In 2022,
North Carolina drew 148.3 TWh from the grid. Electricity consumption still

has yet to pass the peak it achieved over a decade ago (Figure 1.2).

North Carolina’s history of electricity demand followed the national trend
by and large. Between 1990 and 2005, North Carolina’s power consump-
tion grew at an average rate of 2.39 percent per year.® The American
energy crisis in the early 2000s resulted in energy efficiency policies at
the national level. The goal of these policies was to reduce business and
households’ demand for power by improving the energy efficiency of
lighting and appliances. LED light bulbs replaced incandescent ones,
and energy efficiency mandates on water heaters, washing machines,
and other appliances stymied growth in electricity demand.** These ef-
ficiency improvements coincided with the Great Recession, which also
worked to suppress demand for electricity between 2008 and 2012.%
Electricity consumption in North Carolina has grown at a sluggish 0.26
percent per year between 2005 and 2022.*
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FIGURE 1.2 NORTH CAROLINA ELECTRICITY CONSUMPTION AND
IN-STATE GENERATION?¢
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Since 2005, North Carolina has consistently imported from other states
at least 10 percent of total electricity consumed (Figure 1.3). It is not a
problem, however; rather, it is the response to the unique power market
that has emerged around North Carolina’s geography. North Carolina
and South Carolina's Piedmont regions share power plants and trans-
mission lines owned by Duke Energy and several local electric co-ops.
Power produced at facilities in North and South Carolina is frequently
traded over the border as needed by the states. Due to the immense
costs of building transmission to North Carolina's Appalachian and
coastal counties, Tennessee Valley Authority®” and Dominion Energy,*®
respectively, service these regions.
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FIGURE 1.3 POWER IMPORTS IN TERAWATT-HOURS (TWH) AND
PERCENT OF ELECTRICITY SUPPLIED?>®
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The Iull in power consumption growth gave North Carolina an energy
buffer that furthered cheap economic growth and facilitated utilities’
transition away from coal. Energy efficiency mandates created spare
generation capacity, which new North Carolina households, business-
es, and industries could absorb and metabolize into economic activities
without impacting power prices. Stalled electricity demand growth also
gave Duke Energy a window of opportunity to replace coal-fired elec-
tricity with natural gas—fired electricity with minimal disruptions to grid
reliability. The emissions reduction benefit has enabled Duke Energy to

get a decade head start on the Carbon Plan.

Fifteen years ago, coal-fired power plants were the largest source of
electric power in North Carolina. At its peak in 2007, coal generated 62
percent of all power generated in North Carolina (Figure 1.4), over 79.98
TWh of electric power. But by 2022, total coal-fired generation had fallen
82 percent tojust14.67 TWh. Only 11 percent of North Carolina’s electricity



JOHN LOCKE FOUNDATION 19

is generated by coal-fired power plants (Figure 1.6). Over half of coal's
usage is limited to winter and summer months to ensure additional
generation capacity is available to handle increased air conditioning and
heating demand. The shift away from coal was spurred by two key devel-
opments, primarily the shale revolution, but also the political promotion

of solar power through mandates and incentives.

FIGURE 1.4 NORTH CAROLINA ELECTRICITY GENERATION IN 20074°
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FIGURE 1.6 NORTH CAROLINA ELECTRIC POWER GENERATION
IN 202242
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The shale revolution inadvertently created a national natural gas glut.
Cheap natural gas spurred Duke Energy and hundreds of other utilities
across the country to use natural gas as a fuel to generate electricity.
The switch to natural gas expedited the retirement of coal-fired power
plants. By 2022, North Carolina’s natural gas—fired generation capacity
had tripled in the 15 years spanning peak coal generation in 2007, dis-
placing nearly 8,000 megawatts (MW) of coal-fired generation (Figure
1.5). In 2022, natural gas—fired turbines generated 58.1 TWh of electricity,

roughly 43 percent of North Carolina's electric power (Figure 1.6).

One benefit of natural gas—fired power is its ability to respond in
real-time to changes in electricity supply and demand. This near-in-
stantaneous response time is necessary for maintaining grid stability,
especially when weather-dependent, renewable power generators stop
producing electricity. While all natural gas generators can be turned
on or off on short notice, utilities typically use different types of natural
gas generators for meeting baseload and peak power demand. Natural

gas combined-cycle gas turbine (CCCT) generators are designed to be
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highly efficient providers of baseload power.** The average CCGT gener-
ator in North Carolina has a nameplate capacity of 215 MW+ and a heat
rate of 7,596 Btus per kilowatt-hour (KWh), making CCCT generators the
most efficient of any thermal power plant, including nuclear. Gas tur-
bines, meanwhile, are basically jet engines that lack the heat-recovery
methods used to increase CCGT generators’ power output. The average
nameplate capacity of a gas turbine in North Carolina is 100 MW.% Their
heat rate is 45 percent higher than CCCT generators.+

While CCGT generators may appear superior to gas turbines in efficiency
and generation output, utilities opt to use gas turbines for meeting peak
power because they are the most cost-effective. Gas turbines operate for
several hours daily, beginning when solar power retires for the evening and
supporting the grid through on-peak hours. Gas turbines also see season-
al usage when demand for air conditioning and heating increase during
summer heatwaves and winter storms. Rather than build an entire CCGT
generator and idle half its capacity, utilities prefer to purchase a gas turbine
and operate it only when power is urgently needed.#” The smaller plants

save ratepayers costs and ensure capacity is being efficiently utilized.

Capacity factor is a metric that measures a generator’s total capacity
utilization. By comparing total power generated by a generator to the
generator's maximum potential power output over a time period —
usually a year — utilities can determine how efficiently that generator

is using its capacity. Figure 1.7 shows how capacity factor is calculated.
FIGURE 1.7 CAPACITY FACTOR EQUATION*®

. Total Megawatt-Hours Generated
Capacity Factor =

Nameplate Capacity x Time*

CCGCT's role as a baseload power supplier means that its total mega-
watt-hours (MWh) produced are close to the maximum achievable. The
capacity factor equation reveals that North Carolina's CCGT generators
achieved a capacity factor of 76.6 percent (Table 1.1). Analogizing capacity
factor to calendar days, CCCT's 76.6 percent capacity factor implies that
these generators operated three out of every four days. Gas turbines’
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nightly and seasonal operation lowers their total power produced. Rela-
tive to their nameplate capacity, gas turbines produce only 13.4 percent
of their designed capacity. Borrowing the days of the week analogy from

above, gas turbines operate roughly only one out of every 10 days.

TABLE 1.1 CAPACITY FACTORS OF NORTH CAROLINA
ELECTRICITY SOURCES*°

Nuclear Power 94.5%
Natural Gas (Combined Cycle) 76.6%
Natural Gas (Steam Turbine) 44.8%
Conventional Hydroelectric Power 26.6%
Biomass 54.7%
Wind 29.5%
Coal 25.0%
Solar Photovoltaic 21.5%
Natural Gas (Gas Turbine) 13.4%
Battery 1.6%

Petroleum 0.2%

Pumped Hydro 0.1%

While capacity factor is useful for determining efficiency, it understates
the importance of gas turbines in maintaining grid stability. Wind and
solar power both have higher capacity factors than gas turbines. But
weather disruptions and the Earth's daily rotation on its axis relative to
the sun make these sources unreliable. Without gas turbines ramping up
power generation to compensate for inactive wind and solar generators,
it would be impossible to add utility-scale renewable energy onto the grid.

Utility-scale solar power was nonexistent in North Carolina prior to 2007.
In less than 15 years, solar power had become the fourth-largest source
of electricity, but it was generating only 8 percent of all electricity in
North Carolina (Figure 1.6). The state’s 6,000 MW of solar capacity gener-
ates 11.2 TWh of electricity every year at a capacity factor of 21.5 percent
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(Table 11).5" Solar’s low capacity factor is due to nightly and weather-re-
lated interruptions to power generation. Without gas turbines backing
up the nightly decline in solar power, adding solar to the grid would be
impossible. Expanding solar power has also come at an immense cost
to North Carolinians. Ratepayers in Duke Energy Progress’ (DEP) service
area pay 19 percent more than ratepayers residing in Duke Energy Car-
olinas’' (DEC) service area owing to DEP’s larger procurements of solar
power and necessary expansion of transmission infrastructure needed

to bring solar power onto the grid.*

Despite its high cost and intermittency, solar energy is one of the only
energy resources North Carolina can harness locally.* This fact gives so-
lar two small advantages in certain scenarios. First, rural communities
in western, mountainous counties lacking adequate transmission in-
frastructure can utilize solar microgrids to guarantee power is available
when storms sever connections to the grid. Additionally, building the
solar grid may result in a lower rate increase for mountain residents than
a full transmission upgrade. Second, every kilowatt generated by solar
power during the day allows North Carolina to conserve natural gas for
other uses. The high cost of building natural gas pipelines leaves North
Carolina with a fixed daily supply of gas. Generating more power from so-
lar allows gas that would have been used for generating baseload power
during the day to be redirected to storage or for residential, cormmercial,
manufacturing, or industrial use. Nevertheless, North Carolina's renew-

able energy policies were not designed with these two benefits in mind.

North Carolina’s original Renewable and Energy Efficiency Portfolio Stan-
dard (REPS), investment tax credits, and mandatory procurements begat a
financially unsustainable buildout of solar panels. And now, the state’s Car-
bon Plan seeks to double down on that initial buildout by requiring Duke
Energy to build even more solar panels with battery backups. This slap-
dash, state-mandated overbuild of solar power will cost ratepayers dearly.

Emissions Impact

As an added benefit of the transition from coal-fired power to natural

gas, North Carolina has already made a significant reduction in total
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electric power sector emissions and put the state on a path to achieve
North Carolina’s legislatively set emissions reduction targets. In 2021,
Gov. Roy Cooper signed House Bill (HB) 951. That legislation introduced
North Carolina's Carbon Plan, which requires Duke Energy to reduce
carbon dioxide (CO,) emissions to 70 percent below their 2005 level by
2030 or shortly thereafter.>* Under HB 951's direction, the North Carolina
Utilities Commission (NCUC) directed Duke Energy to retire all six of its
remaining coal-fired power plants by 2035.5°

Total emissions peaked in 2007 along with coal-fired power. Thereafter,
emissions from electric power generation decreased at an average rate
of 3 percent per year. As of 2022, power sector emissions have declined
51 percent below 2005 levels (Figures 1.8 and 1.9). Sulfur dioxide and
nitrogen oxide emissions declined by 95 percent and 62 percent, respec-
tively.* The large decline in emissions is due to Duke Energy and private
industries closing or converting their coal-fired power plants. Total CO,
emissions from coal-fired power have declined 80 percent since 2005
(Figures 1.8 and 1.9). And by 2035, total coal emissions will be zero.

As of 2022, CO, emissions from coal plants were 37 percent of North
Carolina’s remaining power sector emissions. When the last coal-fired
generator retires at the Roxboro Steam Plant in 2035 as currently sched-
uled, North Carolina’s power sector emissions will fall to 65 percent below
2005 levels. Reducing power sector emissions by an additional 5 percent
will achieve HB 951's emissions reduction target, albeit five years later
than 2030. Achieving the emissions reduction goal sooner will require
emissions from recently built natural gas—fired power plants to be offset
with intermittent renewables within the next six years.

HB 951 does allow North Carolina’s utilities to extend the emissions re-
duction deadline if building new nuclear power generators “requires
additional time for completion due to technical, legal, logistical, or other
factors beyond the control of the electric public utility, or in the event
necessary to maintain the adequacy and reliability of the existing grid.”s”
As a zero-emission source of baseload electricity, nuclear power can re-
place coal- and natural gas—fired power.
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FIGURE 1.8 ELECTRIC POWER SECTOR EMISSIONS IN NORTH
CAROLINA, 2000-202258
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FIGURE 1.9 ELECTRIC POWER SECTOR EMISSIONS IN NORTH
CAROLINA (IN PERCENTAGES OF 2005 EMISSIONS), 2000-2022%°
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Generation Overview

There are 1,215 electricity generation units (EGUs) operating in North Car-
olina.®® This is a 180 percent increase in the number of EGUs since 2007,

when there were only 405 operating electricity generation units.®!

Of these new EGUs, 763 are utility-scale solar plants. This rapid buildout
of solar panels is rooted in North Carolina’'s REPS, adopted in 20075 The
law specifically excluded zero-emissions nuclear power and also limited
hydroelectric power facilities to those with a capacity of 10 MW or less.
Investor-owned utilities (IOUs) and municipal utilities therefore almost
exclusively relied on solar panels to achieve this goal due to North Caro-

lina's limited prospect for commmercially viable onshore wind projects.®®

Natural gas, nuclear, coal, and solar plants comprise more than 96 percent
of North Carolina’s in-state power production (Figure 1.6). The remaining
4 percent comes from hydro, biomass and wood-fired power, and wind.
Below are specific summaries by source of electricity generation.

Natural Gas

In 2007, thousands of miles beyond North Carolina’s borders, oil drillers
in Texas Permian, Mid-Atlantic Marcellus, and North Dakota's Bakken
shale basins were experimenting with several different well stimulation
techniques to extract crude oil trapped in impermeable oil source rocks
(shales).** These independent techniques were combined into a suite of
best practices that revolutionized oil production from shales — a shale
revolution. Drillers quickly discovered immense volumes of natural gas
were stored in suite with the oil and produced as a free byproduct. The
shale revolution created a national natural gas glut, which saw prices
fall to decade lows. Even in North Carolina, where natural gas imports
are restricted by the capacity of the Transcontinental (Transco) pipelineg,
natural gas prices declined precipitously. Furthermore, the increasing
regulatory burden on coal-fired power increased costs. Together, these
factors made natural gas—fired electricity cost-competitive and sparked

a coal-to-gas switch in North Carolina.®®
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In 2007, there were 78 natural gas—fired EGUs operating in North Car-
olina with a combined nameplate capacity of 8160 MW. By 2022, 108
steam plants used natural gas as a primary fuel. The combined name-
plate capacity of these gas plants is 19,014.8 MW (Table 1.2). The average
capacity factor of North Carolina's natural gas turbines is 44.9 percent.
Combined-cycle turbines have the highest capacity factor at 76.6 per-
cent, while steam turbines' capacity factor is just 13.4 percent.®® Total
natural gas—fired electricity has increased 13-fold.¢” These new natural
gas generators resulted in the retirement of over 30 coal-fired boilers
with over 5,000 MW of capacity.®®

Ownership of North Carolina's generators is split between Duke Energy
subsidiaries, municipal utilities and electric cooperatives, and private in-
dustries. Duke Energy Carolinas (DEC) and Duke Energy Progress (DEP)
operate 64 natural gas turbines with a combined nameplate capacity
of 15,363.1 MW. Municipal electrics operate 40 power plants with name-
plate capacity of 3,595.2 MW (Table 1.2). Duke Energy controls 59 percent
of North Carolina’s generators (Table 1.3) and 81 percent of total natural

gas nameplate capacity (Table 1.2 and Figure 1.10).

TABLE 1.2 NATURAL GAS GENERATOR AND CAPACITY
OWNERSHIP*?

Nameplate Summer Winter

Owner Generators Capacity Capacity Capacity

Number of

(MW)

(MW)

(MW)

Duke Energy 15,363.1 13,029.0 14,476.0
Municipal
Electric Utility 3,595.2 3,218.2 3,218.2
Private 56.5 485 56.5
Industry
Total 19,014.8 16,247.2 17,750.7
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TABLE 1.3 NATURAL GAS GENERATOR AND CAPACITY
OWNERSHIP (PERCENTAGES)"

Owner Generators Capacity

Duke Energy

Municipal Electric Utility

Private Industry

FIGURE 1.10 NATURAL GAS CAPACITY OWNERSHIP
(PERCENTAGES)”

Private Industry 0.3%‘

Municipal Electric 18.9%\

*“Duke Energy 80.8%

Every household in North Carolina is functionally dependent on reliable
and affordable natural gas. Natural gas is consumed in North Carolina
indirectly through electric power or directly through a gas line hookup.
Over 1.5 million North Carolina households, businesses, and manufactur-
ers use natural gas as a direct fuel source. In winter, 65 percent of North
Carolinians rely on electricity generated by natural gas power plants for
home heating, and over 90 percent of households use electricity for air

conditioning in summer months.”?
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An unexpected driver of the natural gas buildout was North Carolina’s
REPS. Because solar is intermittent, operating only during daylight
hours, solar needs to be backed up by a controllable and reliable source
of generation. In 2015, for every 1,000 MW of solar capacity added, Duke
Energy added 457 MW of natural gas peaking capacity. Duke Energy’s
proposed near-term action as part of the Carbon Plan would install 2,125
MW of natural gas combustion turbines to provide peak-power support
for the 6,460 MW of nameplate solar capacity to be completed by 20317

All of North Carolina’s natural gas enters the state through the Transco
Pipeline and is distributed by four local distribution companies (LDCs).

The total amount of natural gas that

utilities and households can con- "EVBTV nUUSBnﬂm Iﬂ NU[U]
sume is limited by these pipelines. Gam“na Is functmna”v

Currently, North Carolina is among

the bottom 10 states in terms of dependent 0" re“ame and
per-capita natural gas consump- aﬁ’umame natural gasl”

tion.”* New residential gas hookups

grow at a sluggish 1to 2 percent per year” North Carolina will need to
substantially expand its natural gas transportation and storage infra-
structure to ensure natural gas is made more available and affordable
for usage outside of utility power generation.

A detailed summary of natural gas fuel consumption, pipeline, and
storage infrastructure is provided in the “Natural Gas” section under the
heading “North Carolina’s Costly Carbon Plan.”

Nuclear

Nuclear power is North Carolina's second-largest source of electricity.
Five reactors spread across North Carolina's Piedmont region generate
nearly a third of North Carolina’s electricity. Total nameplate capacity of
the five reactors is 5,150 MW of capacity (Table 1.4). The average capacity
factor of North Carolina’s five reactors is 94.5 percent.”® In 2022, these
five reactors generated 42.6 TWh of electricity.”” All five power plants are

operated and maintained by Duke Energy.
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TABLE 1.4 NORTH CAROLINA NUCLEAR REACTORS™

License End
Year

Capacity Commercial

Reactor Name Owner (MW) Operation

Brunswick 1 Er‘;ger Fneray 938 1975 2036
Brunswick 2 E;‘; LFheray 932 1977 2034
Harris 1 Er‘j)kger Eheray 964 1987 2046
McGuire 1 Duke Eneray 1158 1981 2041
McGuire 2 Duke Eneray 1158 1984 2043

North Carolina also receives a portion of electricity fromm Duke Energy’s
Catawba Nuclear Station in South Carolina; several North Carolina elec-
tric companies have purchased generation stakes in that power plant.
The North Carolina Electric Membership Corporation (NCEMC) and
North Carolina Municipal Power Agency No. 1T (NCMPA) own a member-
ship stake in Catawba Nuclear Station. These electric co-ops’ ownership
stake entitles them to 1,532 MW of Catawba's 2,310 MW generation ca-
pacity.”? Power produced from Catawba and McGuire is traded back and

forth between North and South Carolina as needed.

In addition to electricity, North Carolina's five reactors generate sig-
nificant economic cobenefits. More than 1,400 North Carolinians are
employed directly by the nuclear power industry.t® And for every 10
residents employed at the plant, an estimated 18 additional North Car-
olinians are employed in jobs that support the power plants and their
employees.® The state of North Carolina collects $368 million in tax rev-

enue from the nuclear industry.

North Carolina’s nuclear reactor fleet is aging, which will inevitably pose
a challenge to their operations. North Carolina’s youngest reactor, Mc-
Guire 2, is 40 years old. The average age of the fleet is 43.2 years old. All
reactors have received licensing extensions into the 2030s. Most nucle-

ar reactors have an operational lifespan of 40 to 60 years, but several
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reactors in the United States have received permission from regulators
to continue operating up to year 80.8?

The North Carolina Utilities Commission (NCUC) and the legislature have
mandated the preservation and expansion of North Carolina’'s nuclear
reactor fleet. In December 2022, the NCUC required Duke to seek license
extensions for North Carolina’s five existing reactors at the expiration of
their licenses.®* North Carolina’s Carbon Plan encouraged renewing all
existing reactors and set a goal of installing 570 MW of new nuclear ca-
pacity from two small modular reactors (SMRs) by 2034 .84 Duke Energy
plans to site one of these small modular reactors at Belews Creek as a
replacement for the retiring coal-fired generation units.® In October
2023, over Gov. Cooper's veto, the General Assembly passed the biparti-
san “Promote Clean Energy Bill" (Senate Bill 678).86 SB 678 replaced the
statutory definition of “renewable energy” with “clean energy,” a change
that includes nuclear power. North Carolina law now paves the way for

Duke Energy to expand North Carolina’s nuclear generating capacity.
Coal

Coal is North Carolina’'s third-largest source of electricity, and it is the
only major source of electricity that has declined. When coal peaked in
2007, North Carolina had 77 operating coal-fired ECUs operated by pub-
lic utilities, private industries, and state universities.?” Since the transition
from coal to natural gas began in 2010, 4,100 MW of generation capacity
spread over 32 coal boilers have been retired.®® As of 2023, there are only
14 utility-scale coal-fired EGUs, five of which have been converted to nat-
ural gas co-firing (Table 1.5).82 With natural gas co-firing, actual coal-fired
generation capacity is just 4,594 MW.°° Coal-fired generation capac-
ity has declined 75 percent since 2007. As natural gas combined-cycle
power plants displaced baseload coal-fired power, coal's utilization fell
precipitously. In 2008, coal’s capacity factor was 66.4 percent (Figure 1.11).
In 2022, coal's capacity factor was 25.0 percent (Table 11).71
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FIGURE 1.11 CAPACITY FACTORS BY GENERATION SOURCE,
2008-2022°2
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While coal's capacity factor is lower than wind and slightly higher than
solar power, the mitigating reason behind coal's declining capacity fac-
tor has been political mandates aimed at curtailing its use, rather than
the uncertainty of weather-related interruptions. Federal regulators and
state policymakers pressured North Carolina’s utilities to reduce coal-
fired power due to high greenhouse gas, sulfur, and other emissions.
Complying with these rules, utilities have started limiting coal plant
use to the winter and summer seasons to meet the additional baseload
power demand spurred by rising use of heaters and air conditioning
units. Figure 112 shows how Duke Energy uses coal power intermittently
as a seasonal resource, generating more power from coal boilers in the

winter and summer and less in spring and autumn.
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FIGURE 1.12 NORTH CAROLINA’S NET COAL-FIRED POWER
GENERATION, JANUARY TO DECEMBER 2022%
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Despite coal's seasonal role providing baseload power, NCUC required
Duke Energy to retire 14 remaining coal-fired EGUs by 2035.°4 Duke En-
ergy’s proposed schedule for decommissioning 14 remaining coal-fired

boilers is presented in Table 1.5.

TABLE 1.5 DUKE ENERGY’S COAL-FIRED ELECTRIC POWER
GENERATING UNITS?®*®

Nameplate Summer Winter Shutdown
Unit Utility Capacity Capacity Capacity Target
(MW) (MW) (MW) Year

Generating

Duke Energy

G.G. Allen1 Carolinas

Duke Energy 272.0 259 259 2024

G.G. Allen5 Carolinas

Belews Duke Energy
Creek 1* Carolinas 12456 1mo 110 2036
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Nameplate Summer Winter Shutdown

GenS:‘?: ing Utility Capacity Capacity Capacity Target
(MW) (MW) (MW) Year
Belews Duke Energy
Creek 2* Carolinas 1,245.6 1,10 1,110 2036
Seee Duke Energy
Cliffside 5* Carolinas 621.0 544 546 2026
Duke Energy
Marshall 1* Carolinas 3485 370 380 2029
Y P Duke Energy 3485 370 380 2029
Carolinas :
Duke Energy
Marshall 3* Carolinas 711.0 658 658 2033
Duke Energy
Marshall 4 Carolinas 711.0 660 660 2033
Duke Energy
Mayo 1 Progress 763.2 704 713 2029
Duke Energy
Roxboro 1 Progress 410.8 379 380 2029
Duke Energy
Roxboro 2 Progress 657.0 668 673 2029
Roxboro3 [[eseaiuiaticd 7452 694 698 | 2028-2034
Progress ’
Roxboro 4 [[esiniaticd 7452 698 A 2028-2034
Progress .

Retiring North Carolina’'s remaining coal plants comes with reliability
and transmission challenges. North Carolina’s challenging geography
has made many regions dependent on a local power plant. Duke En-
ergy stated that the retirement of coal plants will “potentially [require]
significant transmission upgrades ... if replacement generation is not
developed commensurate with the retirement of the coal units and
interconnected at the retiring generation brownfield site.”?® Mayo and
Roxboro coal-fired power plants are situated in DEP’s service territory,
which currently lacks an adequate transmission connection to Duke
Energy Carolinas’ service territory.?” Duke Energy’s plan to replace the
Roxboro coal plant with natural gas generation is contingent on comple-
tion of several pipelines.®®
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Over the last 17 years, several old coal-fired power plants were converted
to natural gas—fired power plants.?? All of Asheville's coal boilers and sev-
eral at the G.C. Allen Steam Station were replaced with natural gas—fired
EGUs. Duke Energy has also partly converted EGUs at several power
plants to co-fire natural gas with coal (Table 1.6). Duke Energy is consider-
ing using the Belews Creek station, which currently co-fires natural gas

and coal, as a potential location for one of two small modular reactors.'°°

TABLE 1.6 NORTH CAROLINA’'S REMAINING OPERATIONAL
COAL PLANTS™

Capacity Retirement Transmission

FELE T Il (MW) Schedule | Complications

G.G. Allen Steam Duke Energy

Station Carolinas 4352 2023-2025 —

Rogers Energy

Complex (formerly Duke Energy

621.0 2025-2026 —

Pt Caroli

Cliffside)* arolinas

Roxboro Power Duke Energy

Station Progress 2,558.2 2027-2028 Yes

Marshall Steam Duke Energy

Station* Carolinas 2,119.0 2028-2033 —
Duke Energy

Mayo Power Plant Progress 711.0 2035 Yes

Belews Creek Duke Energy

Power Station* Carolinas 2,491.2 2035 Yes

University of North University

Carolina at Chapel of North 220 N/A -

Hill’'s Cogen
Facility*

Carolina

Solar

Utility-scale solar was nonexistent in North Carolina in 2007. In the 17
years following, solar-powered EGUs proliferated throughout the state so
rapidly that solar energy became the state's largest source of renewable
electricity, surpassing hydropower in 2017, and the fourth-largest source
of electricity in the state.® North Carolina has over 763 utility-scale so-

lar EGUS'®® and over 37,000 residential and commercial systems.'* Total
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nameplate solar capacity is estimated at 6,234 MW.'°> Over 90 percent
of this new solar capacity is from utility-scale solar projects (Figure 113).

Solar's capacity factor is 21.5 percent.'0®

FIGURE 1.13 NORTH CAROLINA SOLAR INSTALLATION BY
CLASS, 20227
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North Carolina's governmental mandates and incentives and geography
catalyzed the rapid expansion of solar power. The adoption of North Car-
olina's REPS set generation requirements for the state's public utilities,
municipal utilities, and electric co-ops. Duke Energy and Dominion were
required to reach 12.5 percent of their electricity generation from renewable
sources of power, and municipal utilities and electric cooperatives were re-

quired to achieve 10 percent of generation from renewable sources.'*®

In addition to state policy mandates, solar developers also received gen-
erous financial incentives from the state and federal government. The
federal government’s investment tax credit (ITC) allowed developers to
claim tax credits equal to 30 percent of a project’s value. On top of the
federal benefits, North Carolina offers an additional 7 percent in state

ITCs per year for the first five years of the project’s life. A 2015 report from
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the North Carolina Department of Environment and Natural Resources
(now the Department of Environmental Quality) found that stacking
these financial incentives “returnfed] almost all of [the solar developer’s]
investment within six years."'%° Table 1.7 recreates the cost recovery table

presented in the report.

TABLE 1.7 SOLAR PROJECT TAX INCENTIVES

Year Federal State Fede'ral. Sta?e . Cumulative
ITC ITC Depreciation Depreciation Total
1 30% 7% 17.85% 2.97% 57.82%
p — 7% 4.76% 0.79% 12.55%
K — 7% 2.86% 0.48% 10.34%
4 — 7% 1.73% 0.29% 9.02%
5 — 7% 1.73% 0.29% 9.02%
6 — — 0.83% 0.14% 0.97%
Total 30% 35% 30% 5% 100%

North Carolina’'s REPS-mandated expansion of solar and the generous
state and federal tax credits offered to developers are largely responsible

for the creation of North Carolina's 763 utility solar arrays.

To achieve the legislatively set generation requirements, Duke Energy
and local electric utilities regularly entered purchase power agreements
(PPAs) with solar developers. PPAs allow renewable energy developers
to receive a fixed payout per kWh generated by the solar arrays for a
fixed number of years, usually 15."° HB 951 permitted utility companies to
renew PPAs for 10 years with existing solar facilities." One problem with
PPAs is the market value of the electricity may fall below the fixed price.
When this happens, the utility loses money when power is purchased
from the developer. While HB 951 attempted to fix this problem by re-
quiring PPAs to take the current market-clearing price of the electricity

produced, PPAs will inevitably lose money from solar plant overbuild.

For example, when California adopted its REPS in the early 2000s, Pa-
cific Gas and Electric Company (PG&E) issued two large rounds of bids
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for renewable energy and signed 30-year PPAs with renewable energy
developers' to achieve rapid compliance with the standard. PG&E’s
slapdash overbidding and overbuilding resulted in persistently higher
electricity prices for ratepayers in southern California. Higher prices for
power forced wealthier ratepayers to purchase residential solar panels.
To compensate for customer exit, PG&E had to increase prices on the

remaining, low-income ratepayers.

The NCUC has placed Duke Energy in a similar position to that of PC&E.
In November 2022, the NCUC instructed Duke Energy to procure 1,200
MW of solar power. Then, when the initial Carbon Plan was finalized
weeks later, the NCUC directed Duke Energy to conduct two addition-
al procurements of 2,350 MW of solar power and 1,000 MW of battery
backup as part of a measure to reduce emissions."™ Building solar arrays
haphazardly with PPAs lasting 15 years is following California's recipe for
rising power prices to the letter. Worse still, bringing more solar gen-
eration onto North Carolina’'s saturated grid will dissuade investment
in baseload power sources,"® nuclear power especially. Adverse market
conditions created by solar power has caused 13 reactors to shut down
nationally since 2013, with seven more expected to cease operation by
20257 Duke Energy will need to reconcile whether advanced nuclear
power and 3,550 MW of new solar power can share the same grid.

Solar’s Limited-Use Case

In its westernmost counties, North Carolina’s rugged mountain ge-
ography has made building natural gas and electric transmission
infrastructure costly and difficult. Solar power is one of the few natural
resources that most communities in North Carolina can produce. Al-
though solar radiation in the mountains is low, solar panels may provide
a cheaper and more reliable alternative to upgrading transmission lines
in North Carolina's isolated and energy-poor mountains.

Solar power has been used since the 1960s by developing countries lack-
ing energy resources and reliable transmission infrastructure. Energy
consumption in Many mountain and coastal counties in North Carolina

is limited by the voltage of their transmission lines.
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Western North Carolina’'s hard-to-develop geography and sparse pop-
ulations are the worst of both worlds for utilities. Building or upgrading
transmission lines is expensive, and there usually are not enough residents
to recover capital costs on a medium- to long-term investment time hori-

zon. This disincentivizes utilities from improving transmission line spurs

Mountains. The advent of solar microg- "Bu”dmg smar a”avs
rids with battery backups, however, has napnazarﬂlv Wltn PPAS
given utilities a second, potentially more |aSt|ng 15 VBHTS IS

cost-effective option for meeting isolat-

ed communities’ power needs. f0||0W|ﬂg Cﬂllfﬂmla’s

Ifthe cost of building a solar microgrid is TBCH]B fﬂr TISIHQ D(]WBT
less than improving transmission lines, pnces and Wl” mssuade

then building the microgrid will reduce

costs passed onto ratepayers. Many of InVBSImBnt In naselﬂad
North Carolina’s existing solar facilities DOWBI’ suurce& nuclear

are small and designed to serve the

needs of rural communities, ranging DUWBT BSDeCIa”v”

frorm under 1 MW to 5 MW in nameplate capacity.® The limited scale

that run power through the Blue Ridge

of these projects compared with other, larger utility-scale solar projects
keeps costs down and makes them competitive with upgrading trans-
mission lines. ATMW solar system will cost between $890,000 and $1.01
million.® The cost to build transmission wires is $1.4 to $1.6 million per

mile with an additional $500,000 if site preparation work is required.”?°

In California, it was estimated that a commmunity distributed solar project
could save four cents per kilowatt-hour versus the costs of upgrading
and expanding transmission lines.?" If North Carolinians find that solar
microgrids are cheaper than upgrading transmission, then solar micro-
grids can benefit ratepayers in rural communities by reducing the costs
of upgrading transmission lines and maintaining grid reliability.

Small-scale solar projects like these can be used to bolster local energy
security by shoring up grid reliability. Many rural mountain counties have

only a single power line connecting them to the grid. Fierce snowstorms
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can knock out a town's single power line connecting them to the grid,
leaving the city without power for days or even weeks. Duke Energy
demonstrated with the Hot Springs project in Madison County that
small solar power with battery storage can maintain electricity reliabil-
ity in these isolated communities when the town's main connection to
the grid is separated. The Hot Springs 2-MW microgrid was able to pick
up from black start instantly without assistance from the grid, ensuring

that the small community of 500

”HV[”O Was mﬂ SBCUI][I' had access to electricity.”? Microgrids
Iargest source Uf may be beneficial to Alleghany, Clay,

Cherokee, and Graham counties,

fBﬂBWﬂmB GﬂDaGIIV ﬂﬂﬂ which have limited access to electric-
tne Secﬂnd_largest suurce ity and no natural gas utility. There

are 102 residential and commercial

[]f renewame 3|BCU|C|W solar systems providing 16.92 MW of
generated |n tne State, generatioh capacity in these isolated
. communities.”®

second to solar in both."

While small-scale solar offers poten-
tial cost savings and additional grid security for small cormmunities, most
solar additions have been a net negative for North Carolina. HB 951 and
other mandated procurements of utility-grade solar facilities have saddled
the state with expensive, inefficient, and unreliable power generators. The
utilities building these state-mandated solar facilities bear a fraction of
the cost since they can recover most of the infrastructure costs from their
customers by raising base rates. Solar should be used only when it makes

financial sense and other energy resources are unavailable.
Hydroelectricity

Hydroelectric sources of power are the fifth-largest source of electric
power in North Carolina. The state has 41 hydro dams with a capacity of
2100 MW.** Hydro was the second-largest source of renewable capacity
and the second-largest source of renewable electricity generated in the
state, second to solar in both. Pumped storage hydro, however, is currently
North Carolina's best battery technology, with over 86 MW of capacity.'*®
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In 1956, the Hiwassee Dam facility became the first hydropower dam
in the United States to use a reversible pump turbine.”® Despite North
Carolina’s innovative history in pumped hydro, North Carolina’s pumped
storage is based in South Carolina. In 2023, Duke Energy added 335 MW
of capacity to the Bad Creek hydro project in Salem, South Carolina.”””
Duke Energy anticipates that a second pump station will be in service at
Bad Creek by 2033. Duke Energy has included Bad Creek's 1,700 MW of
pumped hydro capacity as part of their near-term action plan for meet-

ing the emissions reduction goals in North Carolina’s Carbon Plan.'?®
Wood and Biomass

Waste generated fromm North Carolina’s timber, pulp, paper, and agri-
cultural industries produce fuel for biomass power plants.”® Biomass
is only a minor source of electricity, however. In 2022, just 1.36 percent
of North Carolina’s electric power came from wood or biomass. Several

coal plants have been converted to biomass-burning pilot programs.'*©
Wind

Wind is a minimal source of electricity in North Carolina. North Carolina’s
only operational wind facility consists of 104 wind turbines with 208 MW
of capacity®' The wind facility sprawls over Pasquotank and Perquimans
counties and is near Elizabeth City.*? By the end of 2024, a second wind fa-
cility, with 45 turbines and a nameplate capacity of 189 MW, will be brought
online,** bringing North Carolina’'s combined wind capacity up to 397 MW.

These wind facilities were developed as part of power purchase agreements
(PPASs) between renewable energy developers and big tech companies.
North Carolina’s first wind facility was built by Avangrid under a PPA with
Amazon in 2015.%4 North Carolina's second wind facility is being built by
Apex Clean Energy as part of a PPA made between Google and Apex Clean
Energy. As wind technologies improve, wind power has become more

commercially viable in North Carolina's windy coastal region.>

The motivation behind Big Tech's renewable spending spree is to offset
carbon emissions from the electricity used to power their data centers.

Tech companies have effectively created shadow renewable energy
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credit (REC) markets. A tech company will sign a PPA to build a wind
or solar facility and then claim that the shadow RECs generated by the
facilities “offset” the carbon-intensive electricity used to power the data
centers.*® Often, the renewable electricity created by the PPA is not lo-

cated in the same city, state, or even country as the data center.

Tech companies will likely be signing more PPAs with renewable devel-
opers to offset the massive carbon footprint of artificial intelligence (Al).
In Google's “2024 Environmental Report,” the tech giant reported total
greenhouse gas emissions increased 13 percent as its data centers drew
more electricity to power the Al revolution.”” Google, along with the rest
of the tech industry, will offset these emissions through renewable PPAs.
North Carolina may see more solar facilities and wind turbines paid for
by big tech in the near future.

North Carolina’s Costly Carbon Plan

Meeting North Carolina's emissions reduction goal requires an immense
buildout of generation assets and transmission. Combined with other
clean energy mandates, Duke Energy's near-term action plan risks
building generation capacity beyond North Carolina’s power needs.
The cost of this overinvestment will be passed onto ratepayers through
much higher power bills.

HB 951 mandates that the electricity generation sector reduce carbon
emissions 70 percent from the 2005 level by 2030 or shortly thereaf-
ter, prematurely retire all existing coal-fired power plants, and achieve
carbon neutrality (zero emissions) by 2050.%% HB 951 directed NCUC to
work with Duke Energy, North Carolina’s largest IOU, to determine the
best portfolio for reducing emissions.® Duke Energy prepared several
portfolios for the commission’s consideration. But rather than pigeon-
holing Duke Energy into a single generation portfolio, the NCUC merely
mandated several requirements and deferred to Duke Energy to figure
out the remaining details. The mandates set by the NCUC included the
retirement of all coal-fired power by 2035, a requirement for Duke Ener-

gy to solicit competitive bids for 2,350 MW of new solar power and 600
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MW of solar battery storage, seek license renewals for North Carolina’s
five nuclear reactors, and design a plan to develop small modular reac-
tors.*°The NCUC also authorized Duke Energy to make any transmission
upgrades necessary to achieve the goals in the Carbon Plan.™!

Since receiving the guidelines frorn NCUC, Duke Energy has made several
revisionstoits near-term action plan (NTAP) for achieving HB 951's emissions
reduction goal. Table 1.8 shows Duke Energy’s NTAP as of August 2023142

TABLE 1.8 DUKE ENERGY’S NEAR-TERM ACTION PLAN AS OF
AUGUST 20234

New Electricity Generation Capacity (MW)

Solar

Battery Storage

Natural Gas Combustion Turbine

Onshore Wind

Natural Gas Combined Cycle

Pumped Storage Hydro

Advanced Nuclear

Offshore Wind

Total

If fully implemented by 2035, Duke Energy's NTAP would increase
generation capacity by more than 24,000 MW by 2035. It is incredibly
unlikely that Duke Energy would need to build this much new electricity
generating capacity, however. Duke Energy would need to replace only
9,000 MW of coal-fired power by 2035. These 9,000 MW could easily be
replaced by the 8,925 MW of natural gas combined-cycle and combus-
tion turbines and the 600 MW of advanced nuclear power presented in
Duke Energy’s NTAP. These reliable sources of electricity are more than
capable of replacing the 9,000 MW of retiring coal boilers.

Duke Energy’s plan to install 6,460 MW of utility-scale solar with 2,700

MW of battery backup would require a massive buildout of battery
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capacity. As of 2022, North Carolina had only 26 MW of battery storage
capacity,““ 1.4 MW of which is residential power%

North Carolina currently has 35,000 MW of electric generation capacity.'“®
Between 2004 and 2022, electricity usage in North Carolina increased
1 percent per year. By 2030, North Carolina would need no more than
1,000 MW of new baseload power generation to meet annual demand
growth. The additional 15,000 MW of electricity generation in Duke En-
ergy’'s NTAP is significantly more than North Carolina will likely need. The
majority of this additional capacity will be used to replace natural gas
plants that are through barely a quarter of their service life. The addition-
al costs of these new generation sources will ultimately be passed onto

ratepayers through higher electricity prices.
Offshore Wind Expansion

In 2022, Gov. Cooper issued Executive Order 218, challenging offshore
wind facility developers to install 2,800 MW of offshore wind capacity
by 2030 and 8,000 MW by 2040.7 While the numbers may seem large
and impressive, EO 218 was Cooper's guise to take credit for two offshore
wind projects currently in development that have a projected combined
capacity exceeding 3,000 MW by 2030.

The Bureau of Ocean Energy Management lists two ongoing offshore wind
projects in North Carolina: Carolina Long Bay and Kitty Hawk Wind.“® Car-
olina Long Bay is anticipated to have a nameplate capacity of 1,000 MW
Kitty Hawk Wind will have a nameplate capacity ranging from 2,400 to
3,500 MW.*° Kitty Hawk Wind is expected to break ground in 2024.

Costs of building 8,000 MW of offshore wind were initially estimated
between $55.7 billion and $71.5 billion by the Center of the American Ex-
periment. In August 2023, the North Carolina Department of Commerce
estimated that the offshore wind industry will require $100 billion in
capital expenditure in North Carolina to build out the offshore wind sup-
ply chain. High material costs and rising interest rates®' have also likely
increased costs, far in excess of the Center of the American Experiment’s
highest estimated cost."?
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Hydrogen

North Carolina currently has no infrastructure for creating or transporting
green hydrogen. Green hydrogen is hydrogen gas created via electrol-
ysis powered solely by renewable energy. With less than 14 percent of
North Carolina's generation capacity, it is impossible to produce green
hydrogen with the state's current energy mix. Nevertheless, Duke Energy
claims that by 2032, their new natural gas power plants will be able to
co-fire natural gas blended with hydrogen. Co-firing hydrogen will help
Duke maintain compliance with North Carolina's Carbon Plan and the

EPA's 2024 power plant emissions rules.

Unless the hydrogen is created onsite at the power plant where it is
blended and burned with natural gas,

North Carolina will need either to up- "Nﬂfm Cﬂr(]“na Wl” nﬂeﬂ
grade its existing natural gas pipeline Blmﬂf tU upgrade Its

fleet or build a new hydrogen pipeline

transportation network. Given how BXlStlng nathﬂ| gaS
geography, permitting, and financial Dlpe“ne ﬂeet Or nu”n a

challenges have limited the expansion

of natural gas in North Carolina, the neW nvﬂmgen plpe“ne
former is more likely than the latter. ‘[ranspﬂrtatmn netwﬂrk"

Retrofitting North Carolina’'s natural

gas pipelines for green hydrogen will cost ratepayers from $826.8 million
up to $8.3 billion (Table 1.9). An issue brief published by Colorado’s In-
dependence Institute found that annual costs accrued to ratepayers for
upgrading natural gas pipelines to run blended hydrogen could range
from $584 to $5,840.53

North Carolina's ratepayers would ultimately pay less than their Colo-
radan peers because North Carolina’s natural gas pipeline network is
only one-tenth the size of Colorado’s. Nevertheless, North Carolina's 1.4
million gas customers would pay $584 to $5,840 in additional service
charges (Table 110). Should the hydrogen buildout coincide with North
Carolina’s target to hit carbon neutrality by 2050, then ratepayers would
be paying up to $224 per year to support the transition to hydrogen.
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TABLE 1.9 ESTIMATED COSTS OF UPGRADING OR REPLACING
EXISTING NATURAL GAS PIPELINES FOR HYDROGEN™*

Percentage of Lines Miles of Pipeline Needing

Needing Replacement Replacement R | (S

10% $826,775177

50% 2,092.5 $4,133,875,883

100% 4,185.0 $8,267,751,765

TABLE 1.10 ESTIMATED COSTS ACCRUED PER NORTH CAROLINA
NATURAL GAS CUSTOMER FOR UPGRADING OR REPLACING
EXISTING NATURAL GAS PIPELINES FOR HYDROGEN?™5

Percentage of Lines
Replaced

Cost Share per Customer

10%

50%

100%

North Carolina does not currently have an operational electrolysis facility
capable of producing hydrogen. Nevertheless, in October 2023, Duke
Energy announced it will break ground on a 100 percent solar-powered
hydrogen combustion turbine in DeBary, Florida.™® If this pilot project
proves commercially viable, then Duke Energy will likely deploy hy-
drogen-producing electrolysis plants in North Carolina. Beholden to
investors, Duke Energy sees hydrogen as a means of appeasing North
Carolina’'s 2050 carbon-neutrality goals and increasing its ESGC rating
presented in annual reports. While Duke Energy will receive the credit
for achieving these political and financial objectives, North Carolinians

will ultimately be the ones footing the bill.
Electricity Markets and Transmission

North Carolina has three main transmission companies: Duke Energy Caroli-
nas (DEC), Duke Energy Progress (DEP), and Dominion Energy. DEC and DEP
provide 96 percent of all electricity sold by IOUs in North Carolina (Table 11).
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TABLE 1.11 ELECTRICITY SALES IN NORTH CAROLINA (GWH)™”

Retail Sales Wholesale Total Sales (NC)

Duke Energy
Carolinas

Duke Energy
Progress

Dominion Energy

Figure 114 is a map showing the operation region of each IOU.

FIGURE 1.14 SERVICE AREAS OF NORTH CAROLINA’'S MAJOR
ELECTRIC UTILITIES™®

DEC&DEP W DEP B Other
I DEC ® DOM m DOM & DEP

Duke Energy oversees over 100,000 miles of transmission wires across
North and South Carolina.*® Duke Energy Carolinas (DEC) and Duke
Energy Progress (DEP) operate and maintain over 19,250 miles of trans-
mission lines that run power through North and South Carolina (Table
112).%0 Figures 1.15 and 1.16 are taken from the Energy Information Admin-
istration’s (EIA) “Energy Atlas” and showcase North Carolina's existing

transmission infrastructure.
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TABLE 1.12 TRANSMISSION LINE BY CLASSIFICATION (IN MILES)'®

Residential/ Interstate

State Level

Sy Transmission
Transmission

Wires

Line Type Rural Power
Lines

Voltage (KV) 44-69

100-230 500+

Voltage Class Low-Medium High Ultra-High

DEC 2,873 9,508 576

DEP 12 5,998 292

Total Lines (Miles) 2,885 15,506 868

Pamlico

Ramlico
Sound

Duke Energy has explained how the retirements of the Roxboro and
Mayo coal power plants will require expansions in transmission:
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Currently, there is no available import capability from [Duke Energy
Carolinas (DEC)] to [Duke Energy Progress (DEP)] ... if the Roxboro/
Mayo replacement generation is located in DEC and requires im-
port into DEP, then additional, more costly and time-consuming
upgrades would be required. Conceptual transmission projects
that would likely be needed would be a Durham-Parkwood Tie 500
kV interconnection, a Bynum 500/230 kV Switching Station inter-
connection along with associated line upgrades, and potentially a

Roxboro Plant-Sadler Tie 230 kV interconnection.'®*

DEP and DEC plan to spend more than $560 million over five and a half
years to upgrade the transmission network in the Piedmont and south-
ern coastal region, which both lack the infrastructure to bring power
fromm newly built solar panels onto the grid. Duke Energy denotes these
regions as “red zones.""® The influx of intermittent power will help Duke
Energy meet HB 951's decarbonization commitments. Counties that are
part of the “red zones” receiving transmission upgrades are shown in red

in Figure 1.17.66

FIGURE 1.17 RED ZONES IN NORTH CAROLINA THAT LACK
SUFFICIENT TRANSMISSION INFRASTRUCTURE FOR A LARGE
INFLUX OF NEW SOLAR GENERATION'”

%

Duke Energy has already begun recovering the cost of upgrading “red
zone” transmission lines from ratepayers by increasing customers' base
utility rates. In January 2024, NCUC approved Duke Energy Carolinas’
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plan to pass the cost of these transmission upgrades onto ratepayers.
Residential customers using 1,000 kWh per month saw electricity bills
immediately increase by $10 per month. Two subsequent rate hikes will
combine to increase power bills by another $8 per month by 2026.¢2 In
September 2023, NCUC approved similar rate increases for Duke Energy
Progress customers, increasing electricity bills for residential customers
using 1,000 kWh per month by $8 per month immediately and by an-
other $10 per month over the next two years®®

Dominion plans to spend $71 million enhancing system transmission in
its service territory.”? At least 3,122 MW of solar power accompanied by
318 MW of battery storage capacity are queued to enter service in Do-

minion’s service territory."”!

As North Carolina continues to require utilities to lower CO, emissions per HB
951's requirements, utilities will recover costs by raising rates on ratepayers.

Natural Gas

North Carolina’s geologic history prevented the formation of oil and nat-
ural gas deposits that are commercially viable using today’s drilling and
hydraulic fracturing techniques. Consequently, with a few notable ex-
ceptions, all of North Carolina’s natural gas is imported from other states
via pipeline. North Carolina's natural gas is distributed to residents by

four local distribution companies (LDCs) and eight municipal systems.1”?

North Carolina has four shale basins spanning the middle third of the
state. Geologic theory suggests that the Deep River, Dan River, Davieg,
and Ellerbe shales could have an estimated 309 billion cubic feet (bcf)
of natural gas, along with condensates.””? These basins, however, formed
as in-land lakes during the Triassic period 200 to 232 million years ago.”
Current oil and gas drilling techniques were perfected to extract oil and
gas from marine shales. Extracting hydrocarbons from lacustrine shale
basins requires advancements in drilling sciences to become commer-
cially viable!” Even if recovery of hydrocarbons from lacustrine shale
basins were commercially feasible today, North Carolina would be better
off building out infrastructure to import supplies of cheap natural gas
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produced in the Permian, Gulf of Mexico, and Marcellus basins. Until pric-
es for natural gas rise to support the development of North Carolina’s
domestic gas industry, North Carolina will continue to import natural

gas from other states.
Natural Gas Transportation

The Transcontinental (Transco) natural gas pipeline is North Carolina's
primary source of natural gas. The Transcontinental Gas Pipeline Cor-
poration — later Transco Energy Company — began constructing the
pipeline in May of 1949.7¢ North Carolina received its first delivery of nat-
ural gas from the pipeline in 1951177 In 1995, Transco Energy Company
was acquired by Williams Partners L.P. (Williams).”® As of May 2024, Wil-
liams continues to operate the Transco pipeline.

FIGURE 1.18 NORTH CAROLINA TRANSCO PIPELINE AND MAJOR
INTRASTATE PIPELINES'?

Being the only interstate pipeline that crosses through the state, the

Transco pipeline is functionally North Carolina's sole supplier of natural
gas (Figure 118). The Transco pipeline brings 2.5 billion cubic feet (bcf) of
natural gas per day from Texas and the Gulf of Mexico to Georgia, South
Carolina, and North Carolina. Following approval from the Federal Ener-
gy Regulatory Commission to reverse the pipeline's flow in 2018, natural
gas now flows from the Marcellus region® into North Carolina.’®’ The
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reversal of the pipeline brought approximately 300 million cubic feet per
day (MMcf/d) of natural gas from the Marcellus south into Virginia and
North Carolina.'®? The East Tennessee Natural Gas LLC's Jewell Ridge
pipeline supplies 235 MMcf/d of natural gas, interconnecting with Trans-

co's mainline in Cascade Creek, North Carolina.'®®

North Carolina has five pipeline companies responsible for the dis-
tribution of natural gas from the Transco pipeline to residential and
commercial customers and public utilities. The Cardinal Pipeline Com-
pany is a company owned by subsidiaries of Williams Partners L.P. and
two intrastate local distribution companies (LDCs): Piedmont Natural
Gas (Piedmont) and Public Service Company of North Carolina (PSNC).'84
North Carolina’s two remaining LDCs are Toccoa Natural Gas (Toccoa)
and Frontier Natural Gas (Frontier).®® Piedmont and PSNC serve more
than 99 percent of North Carolina’s natural gas users (Table 113). Frontier
and Toccoa serve counties in the North Carolina mountains.

TABLE 1.13 APPROXIMATE DISTRIBUTION OF NATURAL GAS
CUSTOMERS IN NORTH CAROLINA'¢

Natural Gas Distribution Customers Percent

Piedmont Natural Gas 57.21%

PSNC 600,000 42.38%

Frontier Natural Gas 4,950 0.35%

Toccoa Natural Gas 805 0.06%

PSNC and Piedmont are the only LDCs that interconnect directly with the
Transco pipeline within the state of North Carolina and are the sole sup-
pliers of natural gas to DEP's and DEC's natural gas—fired power plants.'®”
Piedmont is owned by Duke Energy. In 2019, PSNC was acquired by Do-
minion Energy.’®® In 2023, Enbridge purchased PSNC from Duke Energy.'®®

The Rise of Natural Gas as a Primary Fuel

Despite pipeline capacity constraints, natural gas has become the sec-

ond-largestsource of primary energy in North Carolina behind petroleum
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and ahead of nuclear power (Figure 1.19). While every North Carolinian
depends on natural gas for electricity in the dog days of summmer and the
dead of winter, 1.5 million households and businesses in North Carolina
use natural gas to power their appliances and factories. North Carolina's
dependency on natural gas will only increase as the number of pow-
er-hungry jobs increases and the population continues to grow. With the
nation’s 13th-highest natural gas prices, North Carolina must inevitably
increase its pipeline and storage capacity to keep energy available and

affordable for utilities, homeowners, and businesses.*®

North Carolina's lack of recoverable natural gas necessitates that all nat-
ural gas be imported via pipeline. Because of the difficulties associated
with building pipelines, North Carolinians have always used less natu-
ral gas than Americans living in other states. Nevertheless, since 2009,
North Carolina has seen a meteoric increase in natural gas consumption,
even with existing pipeline capacity constraints.

FIGURE 1.19 NORTH CAROLINA ENERGY CONSUMPTION BY
SOURCE OF PRIMARY ENERGY, 1990-2021""
@ Coal @ Natural Gas @ Petroleum @ Nuclear @ Renewable Energy
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At last count, 1,525,982 North Carolinian households, businesses, and man-
ufacturers consumed natural gas as a fuel for home heating, appliances,
and machinery. The number of natural gas consumers has increased 29
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percent since 2007 at an average annual rate of increase of 2 percent. Near-
ly a quarter (24.3 percent) of North Carolinians use natural gas for heating
their homes.®? Residential gas hookups have led the way, increasing 30
percent over the last 15 years (Figure 1.20). Commmercial gas consumers have
also experienced robust growth, increasing 19 percent over the last 15 years.
The total number of industrial natural gas users has declined.””®

FIGURE 1.20 NORTH CAROLINA NATURAL GAS CUSTOMERS™*
- Total Consumers == Residental Consumers
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FIGURE 1.21 NATURAL GAS CONSUMPTION IN NORTH CAROLINA,
JANUARY 2001 TO JANUARY 20245
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FIGURE 1.22 10-YEAR NATURAL GAS CONSUMPTION IN NORTH
CAROLINA, JANUARY 2014 TO JANUARY 2024'9¢
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The peaks in Figures 1.21 and 1.22 follow North Carolina's seasonal de-
mand for natural gas. North Carolinians use more natural gas during
the winter months for heating their homes, whether directly through
gas-powered appliances or indirectly through electric power generated
at gas power plants. While Figure 1.22 suggests that natural gas con-
sumption in North Carolina is stuck in a demand rut between 30,000

MMcf and 78,000 MMcf, this is not the case.

Table 114 and Figure 1.23 show that both total and average natural gas
consumed during winter months is increasing irrespective of the severi-
ty of winter. In January 2022, natural gas deliveries peaked at 77943 bcf.
Then 11 months later, during Winter Storm Elliott in December 2022, 77718
bcf of natural gas were delivered to consumers.”” Natural gas deliveries
during Winter Storm Elliott would have passed the peak set just 11 months
prior if service interruptions caused by the severe weather had not imped-
ed deliveries. Total natural gas delivered in the fall and winter months has

increased every winter season going back to 2019-20 (Table 114).

The 202324 winter season will likely set another record. January 2024,
even amid a warm winter for North Carolina,®® saw the third-largest
amount of natural gas delivery of 75.567 bcf. North Carolina’s increasing
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gas consumption during a relatively mild winter reflects North Carolin-
ians' growing dependency on natural gas' reliability and flexibility both

as a source of electricity and as an in-home fuel source.

TABLE 1.14 FALL/WINTER NATURAL GAS CONSUMPTION IN
NORTH CAROLINA, MILLION CUBIC FEET (MMCF)'®

2017-18 2018-19 2019-20 2020-21 2021-22 2022-23

October

November

December

NET IVET Y

February

March

Totals

Averages

FIGURE 1.23 FALL/WINTER NATURAL GAS CONSUMPTION IN
NORTH CAROLINA?2°°
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Since 2019, total and average natural gas consumed in fall and winter
months in North Carolina has increased. The current state of pipeline
infrastructure in North Carolina, however, sets a ceiling on natural gas
consumption. Fortunately, pipeline extensions, expansions, and new
storage facilities will increase the amount of natural gas and, by exten-
sion, the availability of energy in North Carolina.

Proposed Pipeline Infrastructure

North Carolina's limited natural gas capacity has cost North Carolina’s
households and businesses dearly over the years. In October 2022,
when natural gas contracts for January delivery were priced at $7.00/
Mcf at Henry Hub in October 2022, North Carolina’'s contracts were
trading at $17.50/Mcf.29 Natural gas costs nearly twice as much in North
Carolina as it does in other parts of the country because of North Car-
olina’s limited pipeline capacity.?®?

North Carolina has several pending natural gas pipeline expansion proj-
ects that will ameliorate its supply constraints. The Southgate extension
was originally designed as a 75-mile southern spur off the Mountain Val-
ley Pipeline (MVP). MVP Southgate was originally designed to bring 0.3
bcf per day (bcf/d)?%® from MVP's terminus at the Lambert Compressor
Station in Pittsylvania County, Virginia, to Alamance County, North Car-
olina.?®4 In January 2024, however, Equitrans Midstream, a 47.2 percent
stakeholder in the Southgate extension company, announced that the
Southgate spur would be cut down to just 31 miles and terminate in
Rockingham County, North Carolina.?®> At the same time, Equitrans in-
creased the pipeline’s capacity to 0.55 bcf/d by using a 30-inch diameter
pipe. Reducing the length will also eliminate the need to build a com-
pressor station.?°® MVP Southgate will not be completed until 2028.2°7

In November 2023, Williams announced the Southern Supply Enhance-
ment project (SSE), which will bring an additional 1.4 bcf/d of natural gas
into Virginia, the Carolinas, and Georgia. North Carolina would receive a
26.3-mile loop adjacent to the Transco mainline that would increase de-
liveries to Rockingham, Guilford, Forsyth, and Davidson Counties. Also,
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Williams has implemented the Southeast Reliability (SRE) project, which
will enter service by December 2024, delivering an additional 160,000

Mcf per day?°® of natural gas to customers.?%®

TABLE 1.15 IMPACT OF IMPENDING NATURAL GAS CAPACITY
EXPANSIONS?°

Percent of Current

Mcf/day Capacity

Year Complete

ga“;::‘t; 660,720 — —
Transco SRE 160,000 24% 2024
MVP Southgate 550,000 83% 2028
Transco SSE TBD N/A TBD

The SRE and MVP Southgate pipelines will more than double North Car-
olina’s daily natural gas import capacity (Table 115). MVP Southgate and
Transco SRE's doubling the daily supply of natural gas may seem like an
unsustainable business practice, but power plants are already preparing
to siphon off large quantities of natural gas.

Dominion Energy announced plans to construct a 45-mile-long spur off
the Southgate extension for delivery at a proposed natural gas power plant
near Roxboro, North Carolina. The natural gas delivered to these plants
will be able to replace the Roxboro coal-fired power plant and produce
enough electricity to power over 430,000 North Carolinians’ homes.?"

Any natural gas not used by the power sector is natural gas that North
Carolina’s four LDCs can use to establish a new market. Many farmers in
North Carolina depend on propane for energy and heating needs.?? By
expanding natural gas pipelines into Eastern North Carolina to bring over
excess natural gas from the Piedmont, North Carolina's LDCs can offer
poultry farmers uninterrupted natural gas service for their farm heating

needs. Excess natural gas will inevitably be stored for use in the winter.
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Natural Gas Storage

As North Carolina uses more natural gas, the importance of storage
increases. Natural gas storage guarantees North Carolina an adequate
supply of natural gas during winter, tropical storms, or service interrup-
tions to the Transco pipeline. The realities of operating pipelines and
North Carolina’'s geography, however, complicate natural gas storage.
Expanding natural gas storage capacity will be paid for in part by raising

rates on natural gas customers.

North Carolina’s lack of salt dome caverns means natural gas providers
rely on pressurized aboveground tanks to store liquified natural gas.
North Carolina's natural gas storage is divided by several large-scale
storage facilities and rural municipal storage sites. North Carolina has
five liquified natural gas (LNG) storage facilities owned by Williams and
Piedmont, which control the majority of the state’s natural gas storage
capacity. Williams' Pine Needle Facility is North Carolina's largest natu-
ral gas storage facility by volume. 2" The site's two storage tanks have a
combined capacity of 4 billion cubic feet (bcf). The natural gas siloed in
Pine Needle is often drawn down in the winter to help utilities meet daily
spikes in home-heating demand. When power is urgently needed, Pine
Needle can dispatch a maximum of 400 Mcf per day, 10 percent of the
facility's total storage capacity. Without technical limitations, deploying
natural gas to power plants and households at the maximum rate, Pine

Needle has fewer than 10 days of supply.?™

Piedmont Natural Gas, a subsidiary of Duke Energy, operates several
LNG storage facilities. The Robeson County LNG facility has a capacity of
1bcf of natural gas storage and can provide enough LNG to meet 80,000
homes' energy needs on a cold day.”’® The Robeson storage facility was
paid for in part by increasing rates on customers. Business and residen-
tial customers saw rates increase by $65 per year to fund the facility.2'®
Piedmont operates two more natural gas storage facilities in Hunters-
ville and Bentonville, which together make up roughly half of Robeson’s

peak-shaving capacity.
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In addition to large-scale storage managed by Transco and Piedmont,
several municipalities maintain small aboveground storage facilities to
ensure natural gas availability for households and businesses.?” An ex-
ample of these facilities is presented in Figure 1.24.

As North Carolina’s pipeline capacity and natural gas—fired power
plants increase, more storage facilities like Pine Needle will be need-
ed to ensure power, industrial, and residential demand for natural gas
can be met. Dominion Energy is preparing to build a 2-bcf natural gas
storage plant in Person County.”’® The city of Greenville uses six horizon-
tal LNG storage tanks with a combined capacity of 25.5 Mcf of natural

gas. Greenville had plans to add two

"MUTB Stﬁragﬁ faGI|IIIBS additional storage tanks, but satellite
like Pine Needle will imaging of the site from March 2024

indicates that the expansion has yet to

DB nﬂﬂﬂﬂﬂ t[] ensure be completed (Figure 1.24).2"° Appen-
power, industrial, and 9 ® shows @ map of North Carolina

natural gas local distributors, and Ap-

TBSI[IBI]IIEH ﬂﬂmaﬂﬂ fo pendix C contains a map showing the
natural as can he met." ecation of major LNG storage facilies

and a graph showing utility-scale win-
ter peak-shaving capacity in North Carolina. Also, Appendix D includes a
brief discussion of North Carolina’'s relatively high propane consumption
and propane importation.
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FIGURE 1.24 GREENVILLE MUNICIPAL UTILITIES ABOVEGROUND
STORAGE TANKS??°
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RENEWABLE SGENARIO:

ENERGY INFRASTRUCTURE REQUIRED
FOR A CARBON-NEUTRAL GRID

assed in 2021, House Bill (HB) 951 has pigeonholed North Carolina’s

utilities into meeting future demand with low- and zero-emissions

sources of electricity. By 2030 or shortly thereafter, utilities are re-
quired to have reduced emissions by 70 percent below 2005 levels, and
by 2050 they must achieve total carbon neutrality (i.e., produce zero car-
bon dioxide (CO,) emissions).??

Meeting the legislature’s commitment to decarbonization will require
the largest expansion of electric infrastructure since electrification be-
gan in the early 1920s.

How utilities choose to reconcile North Carolina’s decarbonization re-
quirements with the state's energy needs will ultimately determine the
prices consumers will pay for energy, set the limits for North Carolina’s
economic growth and development, and influence the amount of infra-
structure needed to serve electricity customers reliably.



64 LIGHTING THE PATH

In this assessment, Always On Energy Research (AOER) has modeled the
amount of power plant capacity and associated energy infrastructure
needed to meet the requirements of HB 951 using a resource mix that
relies on onshore wind, offshore wind, solar, and battery storage, while
maintaining North Carolina's existing nuclear and hydroelectric power
plants. (See Appendix E for assumptions.)

We have determined that this resource portfolio would require a nearly
tenfold increase in energy infrastructure and consume much more land
than the current electric grid.

Infrastructure

Figure 2.1 shows the change in electric generating capacity from 2022
through 2050. Coal and natural gas power plants would be phased out
and replaced with a combination of onshore wind, offshore wind, solar,
and battery storage. The state's existing nuclear and hydroelectric plants
remain in service throughout the model run.

FIGURE 2.1 NORTH CAROLINA’S ANNUAL CAPACITY MIX UNDER
THE RENEWABLE SCENARIO

@ Coal @ Natural Gas (CC) Natural Gas (CT) @ Oil/Gas @ Hydroelectric
@ Pumped Storage @ Nuclear Other Wind @ Solar @ Offshore Wind
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Figure 2.1 The amount of installed capacity on the North Carolina grid
would grow from 35,391 MW in 2022 to 353,170 MW in 2050 in this scenario.
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Table 2.1 shows that, in order to meet the state's energy needs in this
scenario, North Carolina will need to expand its installed capacity of re-
newable energy and battery backups significantly — in some cases by
several hundred orders of magnitude.

TABLE 2.1 NORTH CAROLINA’'S ENERGY NEEDS UNDER THE RE-
NEWABLE SCENARIO

Increase in
Capacity

Capacity 2022 Capacity 2050
(Mw) (MW)

Onshore Wind 208 88,643 426 times greater
Offshore Wind 0 8,000 N/A
Solar 6,070 127,347 21 times greater
Battery 36 115,416 3,206 times
greater

Coal and
Natural Gas

21,343 - -

Table 2.1 The closure of the state’s coal- and natural gas-fired power
plants would necessitate 339,406 MW of replacement capacity if inter-
mittent generators and battery storage are used.

In total, the closure of reliable coal and natural gas power plants ne-
cessitates a nearly tenfold increase in the total electricity generation
capacity installed on the North Carolina grid to meet fluctuations in
hourly electricity demand and solar capacity factors, based on historical
data obtained from the U.S. Energy Information Administration (EIA).222

The massive growth in capacity is needed because North Carolina has
a winter-peaking system, with the highest electricity demand occurring
during nighttime hours when it is coldest. This demand profile necessi-
tates a large buildout of four-hour battery storage and wind because solar

does not operate during the periods of the highest electricity demand.

As a result of the large capacity buildout, 79 percent of North Carolina’s
electricity would be provided by onshore and offshore wind, solar, and
battery storage in 2050 (see Figure 2.2).
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FIGURE 2.2 NORTH CAROLINA’S ENERGY MIX IN 2050 UNDER
THE RENEWABLE SCENARIO

Storage 5%
Biomass 1%_

,Hyd roelectric 2%

/Nuclear 15%

_Other<1%

\onshore Wind 39%

Figure 2.2 Onshore wind would account for 39 percent of electricity gen-
erated in North Carolina, solar would account for 34 percent, batteries
would supply 5 percent, and offshore wind would supply 4 percent of
North Carolina’s MWh of electricity in 2050.

Onshore Wind Capacity

Figure 2.3 shows the increase in onshore wind capacity from 2022
through the end of the model run. In 2022, North Carolina had just 208
MW of onshore wind, serving the Dominion Energy system in Virginia,
but this total would grow to 88,634 MW of capacity in North Carolina
in 2050. For context, this amount is more than twice as much wind ca-
pacity as is currently installed in Texas, a state with far more favorable
wind resources (see Figure 2.4). It is 426 times more than North Carolina’s

existing onshore wind capacity.
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FIGURE 2.3 INCREASE IN ONSHORE WIND CAPACITY NEEDED
UNDER THE RENEWABLE SCENARIO
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Figure 2.3 From 2022 through 2050, onshore wind capacity would have
to grow from 208 MW to 88,634 MW (426 times larger).

FIGURE 2.4 INSTALLED WIND CAPACITY IN NORTH CAROLINA UN-
DER THE RENEWABLE SCENARIO — COMPARISON WITH TEXAS
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Figure 2.4 (from previous page) Powering North Carolina with a combi-
nation of wind, solar, battery storage, and the state’s existing nuclear
fleet would require a massive buildout of new wind capacity. In fact,
North Carolina would require more than double the amount of wind

capacity currently installed in Texas.

According the Land-Based Wind Report produced by Lawrence Berkeley
National Labs (LBL), the average hub height of land-based wind turbines
installed in 2022 was 98 meters, or 321 feet tall.??* North Carolina, however,
has some of the lowest wind speeds in the nation at 100 meters, which
will almost certainly necessitate the construction of taller turbines to
reach heights with more optimal wind speeds (see Figure 2.5).2%

FIGURE 2.5 WIND SPEEDS AT 100 METERS IN THE UNITED STATES
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Figure 2.5 North Carolina’s wind speeds at 100 meters are not suitable
for the most common wind turbines installed in the United States in
2022, necessitating larger turbine models.
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National Renewable Energy Laboratory (NREL) resources show that
North Carolina does have marginally better wind resources at higher
hub heights, with the strongest wind resources along the coastline and
in portions of the mountains.

Reaching these better wind resources would require taller turbines,
ranging in height from 120 meters (393 feet) to 200 meters (656 feet) at
the hub of the turbine, which measures the distance from the ground to
the top of the tower — not the top of the blades (see Figure 2.6).2%

FIGURE 2.6 PARTS OF A WIND TURBINE
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Figure 2.6 The hub is the center of the tower where the blades are attached.

If constructed, these 200-meter wind turbines would be about the same
height as Charlotte's Truist Center, the third-tallest building in the state,
at its hub. Including the tips of the blades, however, the turbines would
measure 935 feet tall, making them the tallest structures in North Caro-
lina.??® At present, the tallest structure is the Bank of America Corporate
Center in Charlotte, which stands at 871 feet tall.??”

These turbines would likely be sited in the areas with the highest wind
speeds, which you can see in the map created by NREL below, which

shows wind speeds at 200 meters above surface level (see Figure 2.7).228
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FIGURE 2.7 WIND SPEEDS IN NORTH AMERICA AT 200 METERS
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Figure 2.7 Wind speeds are highest in the northeast corner of
North Carolina.

In the North Carolina, wind speeds are highest along the coastal regions and
in the mountain ranges of Western North Carolina. In these regions, wind
speeds could lead to capacity factors of 25 percent to 30 percent or greater.??®

The Mountain Ridge Protection Act (“Ridge Law”) limits the locations
in the mountains where companies can build onshore wind. To protect
the scenic viewshed of the mountains, the Ridge Law restricts develop-
ments on mountain ridges and mountaintops located above 3,000 feet
in elevation that are also 500 feet above the adjacent valley floor.

The law also limits construction of buildings by restricting them to be
no taller than 40 feet. The Ridge Law applies to 24 counties in the state.
Mountain ridges would often be ideal locations for the development of
onshore wind, but the likely interpretation of the Ridge Law would make
development nearly impossible in the western portion of the state.?*¢

GCiven these geographic and legal limitations, AOER developed wind
profiles focused on Eastern North Carolina to be used in our modeling
(see Figure 2.8).
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FIGURE 2.8 EXISTING AND POTENTIAL AREAS FOR ONSHORE
WIND ENERGY FACILITIES IN NORTH CAROLINA

[[] Existing Wind Farms
[ ] Potential Wind Farm Areas

Figure 2.8 Wind development would occur primarily in Eastern North
Carolina because the area has the best wind resources in the state that

are open to development.
Offshore Wind Capacity

The offshore wind buildouts follow an executive order issued by Gov. Roy
Cooper, which called for the 2,800 MW of offshore wind by 2030 and
8,000 MW by 2040.

There are currently two offshore wind projects under consideration:
the Kitty Hawk project proposed by Avangrid Renewables, with a rated
capacity of up to 3,500 MW, and the Carolina Long Bay project, with a
capacity of up to 1,700 MW, which is referenced as Wilmington East and
Wilmington West in Figure 2.9 below.?*!
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FIGURE 2.9 OFFSHORE WIND ENERGY AREAS UNDER CONSID-
ERATION OFF THE NORTH CAROLINA COAST
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Figure 2.9 North Carolina has two locations currently under consider-
ation for offshore wind facilities.

To meet the 8,000 MW of demand in Cooper’s executive order, either more
turbines will be needed in these leasing areas, or other parts off the North
Carolina coast will need to be utilized. Figure 210, from NREL, shows wind
speeds offthe coast of North Carolina that may be suitable hosts for offshore

wind developments to achieve the goals of Cooper's executive order.?*?
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FIGURE 2.10 WIND SPEEDS OFF THE COAST OF NORTH CAROLINA

NORTH
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Figure 210 Apart from the Kitty Hawk and Carolina Long Bay areas,
North Carolina has other areas with wind speeds high enough for po-

tentially hosting offshore wind projects.
SOLAR CAPACITY

In 2022, North Carolina had 6,070 MW of solar capacity, but that number
would need to grow to 127,347 MW by 2050. That amount is 175 times more
solar than was installed in the entire United States in 2022 (see Figure 2.11).
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FIGURE 2.11 INSTALLED SOLAR CAPACITY IN NORTH CAROLINA
UNDER THE RENEWABLE SCENARIO — COMPARISON WITH THE
ENTIRE UNITED STATES
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Figure 2.11 North Carolina would require 127,347 MW of solar to meet its
electricity demand using primarily solar, wind, battery storage, and exist-
ing nuclear and hydroelectric resources. This means North Carolina would
require more solar than was installed in the entire U.S. at the end of 2022.

Unlike wind resources, which are highly constrained to the coastal regions
of the state, solar resources in North Carolina are more evenly distributed
throughout the state, which you can see in the map below (Figure 2.12).
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FIGURE 2.12 SOLAR IRRADIANCE ACROSS THE UNITED STATES
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Figure 2.12 North Carolina’s solar resources are more evenly distributed than

its wind resources, allowing solar to be sited closer to population centers.

This more even distribution of the “fuel” for solar facilities allows for solar fa-
cilities to be located closer to major centers of demand than wind facilities,
and it also allows solar facilities to be placed near or at retiring coal and nat-
ural gas power plants to reuse the existing infrastructure to reduce costs.

Battery Storage Capacity

Powering North Carolina’s grid primarily with wind and solar power will
require a large increase in the installed battery storage capacity in the
state. Our modeling indicated 115,140 MW of four-hour battery storage will
be required to maintain reliability during periods of low wind and solar
output. That amountis nearly 13 times more than the total battery storage
capacity installed in the entire United States in 2022 (see Figure 2.13).
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FIGURE 2.13 INSTALLED FOUR-HOUR BATTERY CAPACITY
UNDER THE RENEWABLE SCENARIO — COMPARISON WITH THE
ENTIRE UNITED STATES
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Figure 2.13 This graph shows the amount of four-hour battery storage
needed to meet North Carolina’s energy needs reliably on a grid consist-
ing of primarily wind, solar, and battery storage resources. For illustrative
purposes, it is important to note that this graph assumes all battery
storage installed in the U.S. is four hours in duration, even though many

storage facilities provide fewer than four hours of duration.
Transmission Lines

The large influx of wind and solar generators would necessitate a build-

out of new transmission line capacity.

The “Renewable Electricity Futures Study” published by the NREL shows
the amount of transmission required to accormmmodate more wind and
solar increases as they supply ever-greater quantities of electricity. The
amount of transmission needed grows exponentially as the wind and

solar market share increases beyond 60 percent.?**
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To achieve a grid powered by 80 percent solar and wind in the United States
would require the construction of approximately 115 million MW-miles of
transmission lines. For context, NREL estimates that there are currently be-
tween 150 and 200 million MW-miles of transmission lines in the United
States, meaning a grid powered by 80 percent renewable energy would
require a 58 to 76 percent increase in transmission infrastructure.?**

Assuming similar increases in transmission lines would be needed for
each state, North Carolina's grid — which would be powered by 79 per-
centsolar,wind, and battery storage, in this scenario— would require the
amount of existing transmission lines to increase by 58 to 76 percent to
accommodate higher penetrations of intermittent renewable energy.?s°
Our analysis used a midpoint of 65 percent to conclude that the state
would need to build over 12,500 miles of new transmission lines to ac-

commodate the influx in intermittent power generation (see Table 2.2).

TABLE 2.2 NEW TRANSMISSION LINES NEEDED UNDER THE
RENEWABLE SCENARIO

Residential/ Interstate
. State Level TR
Line Type Rural Power o - Transmission
. Transmission .
Lines Wires

Voltage (KV) 44-69 100-230 500+
Voltage Class Low-Medium High Ultra-High
2L QI 2,873 9,508 576
Carolinas
e nero 2 5998 292
Progress
Total Lines (Miles) 2,885 15,506 868
Percent Increase 65% 65% 65%
Needed
Additional Lines
Needed (Miles) 1,875 10,079 564

Table 2.2 More than 12,500 miles of new transmission lines would be
needed to accommodate the buildout of wind and solar generators in
North Carolina.
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Land Use

Wind and solar power plants are frequently touted as zero-emissions
sourcesofelectricity that can reduce or obviate coal-and natural gas—fired
electricity. But wind and solar farms are not completely resource-free.
Wind and solar need huge tracts of land to produce electrons for the
grid. It might be technically possible for North Carolina to achieve com-
plete decarbonization using wind and solar power with battery backups,

but doing so would use vast quantities of land.

Wind farms and solar arrays have the highest land-use requirements of
all electric power sources. Whereas a nuclear power plant uses only a
third of an acre per megawatt of nameplate capacity (acres/MW), onshore
wind and solar power stations require 208 and 19 times as much land,
respectively (Table 2.3). An onshore wind farm will use 71.28 acres/MW of

nameplate capacity; a solar array will require 6.58 acres/MW (Table 2.3).

TABLE 2.3 LAND REQUIREMENTS OF DIFFERENT ENERGY
RESOURCES?3¢

Natural Gas Natural Gas
Re- Onshore Offshore A p
——— Wind Wind Solar Combu.stlon Combined Coal Nuclear
Turbine Cycle
Lincoln Asheville Belews .
All Utility Al . A”. . Combustion | Combined Creek McGuire
Name - Pending Utility . Nuclear
Wind Proiects Solar Turbine Cycle Steam Station
) Station Station Station?’
MW 397 3,529 5,786 402 560 2,200 2,316
Acres 28,300 193,524 38,081 746 700 1,050 800
Acres/
MW 71.28 54.84 6.58 1.86 1.25 0.48 0.35

Table 2.3 Wind and solar require far more land than coal, natural gas, or

nuclear power plants. Figures for Belews Creek include coal ash ponds.
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FIGURE 2.14 LAND REQUIREMENTS OF DIFFERENT ENERGY
RESOURCES (ACRES PER MW)
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Figure 2.14 Wind and solar require huge tracts of land for each mega-
watt of installed capacity compared with thermal resources. This
calculation uses the entire area of a wind farm, not the amount directly
used by the turbines.

Wind and solar power plants also fail to utilize the land they are sited
on as efficiently as other electricity sources. To produce 1,000 MW of
power, wind projects require 272,576 acres of land, which translates into
less than 0.004 MW/acre, whereas land used by nuclear and coal plants
will produce 1.5 MW/acre. Land used for nuclear and coal power plants
is 4259 times as efficient at producing energy than land used for wind
turbines. Table 2.4 and Figure 215 present a detailed breakdown of each
primary power source’s land-use efficiency.
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TABLE 2.4 HOW MUCH LAND DIFFERENT GENERATING SOURC-
ES NEED TO GENERATE 1,000 MW238

MW Nameplate
Capacity

Acres Used MW/Acre

Coal

Nuclear

Natural Gas

Solar

Offshore Wind

Onshore Wind

Table 2.4 Wind and solar produce less than 1 MW per acre of land. This
calculation uses data obtained from John Locke Foundation's 2024-25

“North Carolina Policy Solutions” report.

FIGURE 2.15 HOW MUCH POWER (MW) DIFFERENT GENERATING
SOURCES CAN PRODUCE PER ACRE?**
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Figure 2.15 (from previous page) Shows how effective different electric-
ity generating resources are at utilizing land. It compares how many
MW per acre each source can produce. The data used for Figure 2.15
came from the John Locke Foundation’s 2024-25 “North Carolina Policy
Solutions” report, which reflects the amount of land needed to produce
1000 MW of power.

Eliminating coal and natural gas, two of the most energy-dense fuel
sources, from North Carolina's energy mix and replacing them with wind
and solar power will require millions of acres of land to be set aside for

renewable energy projects.

Estimating Land Required to Achieve a Grid Free
of GCoal and Natural Gas

North Carolina will need to expand existing wind and solar capacity by
88,643 MW and 127,347 MW, respectively. Using data from North Car-
olina’s existing wind and solar generation fleet, we estimated the land

required to achieve the modeled decarbonization scenario.
Wind

Desert Wind, North Carolina’s first utility-scale wind farm, was built
between Elizabeth City and Hertford. Desert Wind began operating in
2017. Timbermill will be North Carolina's second wind farm (Table 2.5). It is
located west of Hertford and is expected to begin sending power to the
grid by year'send in 2024. Both Desert Wind and Timbermill are situated
in North Carolina’'s Northeastern Coastal Plain. Despite having different
tower heights (Figure 2.16 and Figure 2.17), both wind farms will harness
the kinetic energy contained in the Coastal Plain's wind channels, which

have an average windspeed of 7.0 to 7.9 meters per second (Mps).

A higher tower height, coupled with improved generators, will allow
Timbermill to utilize land more efficiently than Desert Wind. Desert
Wind's 104 turbines are only 93 meters tall (305 feet) with generators

with a nameplate capacity of 208 MW. In the seven years since Desert
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Wind's completion, turbine technology and design have substantially
improved the efficiency of wind turbine systems. Timbermill will be able
to achieve a nameplate capacity of 189 MW using half as many turbines,
which will decrease total acreage needed for the project by 68 percent.

TABLE 2.5 CHARACTERISTICS OF NORTH CAROLINA’'S
WIND FARMS?24°

Desert Wind Timbermill
Year Operational 2017 2024
Capacity (MW) 208 189
Number of Turbines 104 45
MW per Turbine 2.0 4.2
Acre§ Displaced by 500 91
Turbines
MW/Acre 1 21
Area Covered 22,000 6,300
(Acres)
Turbine Type 2.0 MW Gamesa G114 Vestas V150 — 4.2 MW
Hub Height
(Meters) 93 166
Total Height
(Meters) 164 197

Table 2.5 contains a detailed breakdown of Desert Wind and Timber-
mill's design specifications. Area displaced by turbines refers to the
direct land use of a wind facility, which consists of the concrete base
of the turbine, and the area covered by turbines refers to the total area

that is developed, which includes the blade lengths and project roads.

Nevertheless, assuming North Carolina’s future acreage displaced by tur-
bines matches Timbermill's, the 88,643 MW of new wind capacity will require
over 42,679 acres of land. And that's just the land occupied by the physical
turbines. The visual footprint of the turbines will be considerably larger. If new

turbines are spaced similarly to Timbermill's, then wind turbines will sprawl
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over 3.2 million acres. This area is roughly equal to 5000 square miles, or a
quarter of the land area comprising North Carolina's scenic Coastal Plain.?

Because North Carolina's best wind channels are located in the Coastal
Plain and Great Smoky Mountains (see Figure 2.17), local opposition to
view-spoiling wind turbines will likely be a major impediment to future
wind development.

Local opposition has always been a strong force in utility-scale wind
projects. In June 1975, the Acting Chief of the Energy Research and
Development Administration’s Wind Energy Conversion Branch, Louis
Divone, observed that the only constraint on the number of wind sys-

tems was the public’s tolerance for wind turbine sprawl:

“If we put up one machine, | am sure it is going to be a tourist
attraction ... but | suspect if we put 100 of them down Skyline
Drive, here in Virginia, there is going to be a very serious concern
... [T]he upper limit of how many [turbines that can be built] ...

is going to be a question of what is acceptable to the public."+?

Many North Carolinians will likely decry spreading turbines over their
state's picturesque geographies and their fragile environments.
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FIGURE 2.16 AVERAGE ANNUAL WIND SPEEDS IN THE UNITED
STATES AT 100 METERS?*%®

Wind Resource of the United States |
i /Y Wind Speed ai 1004 ahove Surface Level |

Figure 2.16 shows average annual windspeeds available at 100 meters.
Desert Wind'’s hub height of 93 meters taps into wind channels with an av-

erage annual windspeed of between 7.0 and 7.9 meters per second (mps).

FIGURE 2.17 AVERAGE ANNUAL WIND SPEEDS IN THE UNITED
STATES AT 160 METERS 244
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Figure 2.17 shows average annual windspeeds available at 160 meters.
The Timbermill Wind project’s hub height of 166 meters will tap into wind
channels with an average annual windspeed of between 70 and 7.9 mps.
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FIGURE 2.18 LAND FOOTPRINT OF THE TIMBERMILL WIND
PROJECT?45
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Figure 2.18 shows the Timbermill Wind project’s projected 6,300-acre
footprint on North Carolina’s Northeastern Coastal Plains.?#®

Solar

In 2022, North Carolina’s 703 utility-scale solar systems had a combined
nameplate capacity of 5,786 MW — earlier figures of 6,069 MW also in-
clude rooftop and residential solar — and utilized 38,081 acres of land.?*”
Each megawatt of solar power required 6.58 acres of land. Each acre of
land used for solar power in North Carolina resulted in only 015 MW/
acre of nameplate capacity. Installing 127,347 MW of new solar capacity
in North Carolina will require 848,980 acres of land — which is nearly 7

percent of North Carolina’s arable land.?4®

Most of these new solar farms will likely be placed on existing farmland.
Of the 38,081 acres currently used for utility-scale solar projects, over 80
percent are classified as farmland.?* If siting solar panels on farmland
continues at trend, then 679,184 acres of farmland will be covered with
solar panels by 2050.



86 LIGHTING THE PATH

Proponents of rural land for solar use argue that farmland can easily be
restored to agricultural conditions. Nevertheless, grading agricultural
land for solar development can negatively impact soil drainage and
health.?*° Rectifying this damage can take years or decades.

Offshore Wind

Gov. Cooper's Executive Order 218 set an offshore wind development tar-
get by 2030 of 2,800 MW.?*! North Carolina’'s two offshore wind projects,
due to be completed by 2030, will hit that target.

Avangrid’s Kitty Hawk Wind Project will build 190 offshore wind turbines
with a projected 3,500 MW of capacity 27 to 36 miles off the coast of
southern Virginia and northern North Carolina.?*> North Carolina’s por-
tion of the project, Kitty Hawk South, will contain 121 wind turbines spread
over 83,433 acres.”>> North Carolina's share of the power generation is
estimated to be 2,229 MW.?>* These offshore wind turbines will provide
only 0.027 MW of electricity per acre (see Table 2.6).

TotalEnergies and Duke Energy intend to develop the Carolina Long Bay
project. They will build 1,300 MW of offshore wind generation capacity
across 110,091 acres of land. Each MW of capacity at Carolina Long Bay
requires 84.7 acres.

TABLE 2.6 INDIRECT LAND REQUIREMENTS OF NORTH CAROLI-
NA’'S OFFSHORE WIND PROJECTS?**

Capacity (MW) Acres Acres/MW MW/Acre

Kitty Hawk

South 83,433

Carolina Long 1,300 110,091 847 0.012

Bay

Table 2.6 shows the indirect land-use requirements for the Kitty Hawk

South and Carolina Long Bay offshore wind projects.



JOHN LOCKE FOUNDATION 87

Compared to onshore wind's 72.8 acre/MW requirements, offshore
wind's lower acreage requirements (58.8 acres/MW) may push some of
the needed 88,643 MW of wind capacity out to sea.

Summary

The finite nature of land as a resource begs its husbandry. North Carolina
has only so much land it can devote to single-family housing, agriculture,
industry, technological development, and energy production. Each one
of these competing land uses contributes to economic growth in North
Carolina. Ergo, it is paramount that North Carolina's land is used as effec-
tively as possible.

Renewable power's large land requirements and low energy production
per acre make it an inefficient use of land in most cases. Furthermore,
land used for renewable power generation will not be available for com-
petitive development for 20 to 40 years. More importantly, agricultural
land used for solar projects may not be able to be restored to agricultural
use at the end of the lease.?*®

Eliminating coal and natural gas from North Carolina's grid will require
wind turbines to be placed in North Carolina’s fragile coastal environ-

ment and solar panels to be installed on Piedmont farmland.
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NUGLEAR SGENARIO:
ENERGY INFRASTRUCTURE REQUIRED
FOR A CARBON-NEUTRAL GRID

he introduction to the Renewable Scenario explained that how

utilities choose to reconcile North Carolina’s decarbonization require-

ments set forth in HB 951 with the state's energy needs will ultimately
determine the prices consumers will pay for energy, set the limits for
North Carolina's economic growth and development, and influence the
amount of infrastructure needed to serve electricity customers reliably.

In this assessment, Always On Energy Research (AOER) has modeled the
amount of power plant capacity and associated energy infrastructure
needed to meet the requirements of HB 951 using new and existing nu-
clear and hydroelectric power plants, building upon the recent passage
of the federal Advance Act legislation that received broad bipartisan sup-

port to bolster nuclear power plant construction in the United States.?*”

This resource mix utilizes the built-in flexibility in HB 951 that allows ex-

isting coal and natural gas plants to remain online as needed to ensure
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reliability and keep electricity prices low as new nuclear power plants are
constructed to replace them.

We have determined that this resource portfolio would produce far more
electricity with far less energy infrastructure. As a result, it would require
fewer new power plants and transmission infrastructure, and it would

consume much less land than the all-renewable scenario.

Installed Gapacity

Nuclear power plants are highly reliable and productive. For example, in
2022, North Carolina nuclear plants ran at a 94.5 percent capacity factor,
which means their electricity production neared their theoretical maxi-
mum of 100 percent output. In contrast, solar panels and wind turbines

in the state operated at just 21.5 percent and 29.5 percent, respectively.?*®

The high reliability and productivity of nuclear plants means North
Carolina will need far less installed capacity to meet its future energy
demands with nuclear than if it attempts to do so using a combination
of onshore wind, offshore wind, solar panels, and battery storage. Those
resources require a great deal of overbuilding capacity to make up for

their very low capacity factors.

Figure 3.1 shows the change in electric generating capacity from 2022
through 2050. Coal and natural gas power plants are gradually phased
out and replaced with new nuclear power plants. These new nuclear
power plants consist of large, APR-1400 power plants and small modular
reactors (SMRs). The APR-1400 is a reactor model with a capacity of 1,400
megawatts and a history of being built in a short amount of time relative

to the AP-1000 nuclear plants built in Georgia.>*®

In this scenario, North Carolina’s existing wind and solar resources are kept
online, but no new intermittent resources are added over the model run.
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FIGURE 3.1 NORTH CAROLINA’S ANNUAL CAPACITY MIX UNDER
THE NUCLEAR SCENARIO
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Figure 3.1 The amount of installed capacity on the North Carolina grid
would grow from 35,391 MW in 2022 to 57,448 MW in 2050 in this scenario.

To meet the requirements of HB 951, North Carolina will need to expand
its installed nuclear power plant capacity significantly, growing from
5150 MW in 2022 to 48,550 MW, representing a 9.4-fold increase in nu-

clear power (Table 3.).

TABLE 3.1 NORTH CAROLINA’'S ENERGY NEEDS UNDER THE NU-
CLEAR SCENARIO

Capacity 2022 Capacity 2050

Existing Nuclear 5149.6

APR-1400 0.0 26,600.0

SMR 0.0 16,800.0
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Table 3.1 (from previous page) The closure of the state’s coal- and natural
gas-fired power plants would necessitate 43,400 MW of new nuclear

capacity.

In total, the closure of reliable coal and natural gas power plants will
necessitate a 22,057-MW increase in the total electricity generation ca-
pacity installed on the North Carolina grid (an increase of 62 percent) to
meet the projections for rising electricity demand in the Duke Energy

Carolinas Resource Plan.?¢°

This is a stark contrast to the amount of installed capacity in the Renew-
able Scenario, where the total installed capacity must reach 353170 MV,
requiring a nearly tenfold increase in total capacity to produce the same

amount of electricity reliably (see Figure 3.2).

FIGURE 3.2 NORTH CAROLINA ENERGY INFRASTRUCTURE: RE-

NEWABLE SCENARIO VS. NUCLEAR SCENARIO
@ Hydroelectric @ Pumped Storage @ Nuclear @ Nuclear SMR
@ Nuclear APR-1400 Other wind @ Solar @ Offshore Wind @ Biomass
@ Storage
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Figure 3.2 The Renewable Scenario would require six times more installed
capacity to meet future electricity demand than the Nuclear Scenario.



JOHN LOCKE FOUNDATION 93

Onshore Wind Capacity

Unlike the Renewable Scenario, which requires 88,634 MW of onshore
wind capacity, the Nuclear Scenario has only the 208 MW of onshore
wind capacity currently installed in the state and repowers the facility
after it has reached the end of its 20-year lifespan.

Offshore Wind Capacity

In the Nuclear Scenario, no offshore wind is constructed because it is not

needed due to the high reliability of nuclear power plants.
Solar Capacity

In 2022, North Carolina had 6,070 MW of solar capacity. This solar capac-
ity remains on the North Carolina system in the Nuclear Scenario, but no
new solar installations are constructed because solar does not serve to

meet peak demand in North Carolina's winter-peaking system.
Battery Storage Capacity

North Carolina currently has 36 MW of battery storage capacity. In the
Nuclear Scenario, no further battery storage is needed because SMRs
are able to increase or decrease their output rapidly, allowing them to
act as peaking plants on the system.

Energy Mix

Under the Nuclear Scenario, existing nuclear plants would produce 13
percent of the electricity generated in the state, SMRs would provide five
percent, APR-1400s 75 percent, existing solar 4 percent, and hydroelec-

tric would serve 2 percent of North Carolina’s electricity needs.
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FIGURE 3.3 NORTH CAROLINA’S ENERGY MIX IN 2050 UNDER
THE NUCLEAR SCENARIO

Biomass 1%
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Figure 3.3 Nuclear plants would serve 93 percent of North Carolina’s

_Nuclear SMR 5%

Nuclear APR-1400 75% >

electricity demand in 2050.
Transmission Lines

A large influx of wind and solar generators, as seen in the Renewable
Scenario, would necessitate a massive buildout of new transmission line
capacity, but because nuclear power plants are dispatchable, there is
no need to overbuild the system with hundreds of thousands of MW of
wind, solar, and battery storage facilities, greatly reducing the need for

new transmission lines.

The most economical way to deploy new nuclear power plants would
be to reuse the existing coal and natural gas sites to utilize as much of
the existing transmission infrastructure as possible and build new trans-
mission lines to connect new nuclear plants above the current coal and
natural gas capacity on North Carolina's grid.
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As of 2022, North Carolina had 21,324.6 MW of coal, natural gas, and oil-
fired power plants on its system.?®! Additionally, existing nuclear sites in
North Carolina have already been proposed as sites for new reactors; e.g.,
Duke Energy had previously proposed to build two additional 1100 MW

units at the Shearon Harris nuclear plant.?6?

Assuming solar facilities reuse the existing coal and natural gas trans-
mission infrastructure in the Renewable Scenario, that scenario adds an
incremental 331,857 MW of capacity to the North Carolina grid in need
of new transmission infrastructure. So much new capacity in need of
new transmission infrastructure will necessitate a roughly 65 percent
increase in the installed transmission line capacity on the grid.

After reusing existing transmission infrastructure at the 21,324.6 MW
of coal and natural gas power plants, the Nuclear Scenario adds only
22,057 MW of incremental capacity to meet future electricity demand,
meaning it adds only 7 percent of the incremental capacity installed in
the Renewable Scenario (Table 3.2). Based on this ratio, we estimate the
Nuclear Scenario requires only an additional 1,348 miles of transmission
infrastructure — a mere fraction of the more than 12,500 miles needed

for the Renewable Scenario.

TABLE 3.2 NEW TRANSMISSION LINES NEEDED UNDER THE NU-
CLEAR SCENARIO

Interstate
Transmission
Wires

Residential/
Line Type Rural Power
Lines

State-Level
Transmission

500+

Voltage (KV) 44-69 100-230

Voltage Class Low-Medium High Ultra-High
Duke Energy

i 2,873 9,508 576
Duke Energy 2 5998 292

Progress

Total Lines (Miles) 2,885 15,506 868
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Residential/ Interstate

Line Type Rural Power State-l._ev.el Transmission
8 Transmission 8
Lines Wires

Percent Increase
Needed

Additional Lines
Needed (Miles)

Reusing existing transmission infrastructure in the Nuclear Scenario
has several key advantages because the need for substations, trans-
formers, and transmission line upgrades would be a manageable task,
with 230-kilovolt (kV) lines being among the most common voltages for
transmission lines carrying electricity from North Carolina power plants
to the population centers that consume it (see Figure 3.4).263

FIGURE 3.4 POWER LINES FROM THE BRUNSWICK NUCLEAR
POWER PLANT

\\S\\ L O WY

Transmission Lines 1 ~ X
@, Zoomto

SUB_1 UNKNOWN112406 7

SUB_2 TAP147260

TYPE AC; OVERHEAD

VAL_DATE 3/13/2017, 7:00 PM

VAL_METHOD IMAGERY

VOLT_CLASS 220-287

VOLTAGE 230

Figure 3.4 The power lines leading from the Brunswick nuclear plant
consist of nine 230-kilovolt lines.
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Building new nuclear plants at existing sites is also advantageous be-
cause the Duke Energy Carolinas (DEC) and Duke Energy Progress (DEP)
systems are not interconnected. Thus, building new nuclear power
plants at the sites of existing coal, natural gas, and nuclear plants within
each system reduces the need for expensive transmission buildouts to
connect them. As discussed in the first part of this report, Duke Ener-
gy has explained that there is “"no available import capability” between
DEC and DEP with respect to retiring the Roxboro and Mayo coal plants,
so “if the Roxboro/Mayo replacement generation is located in DEC and
requires import into DEP, then additional, more costly and time-con-

suming upgrades would be required."?¢4

Per the Carbon Plan's decarbonization mandates, every coal- and natu-
ral gas—fired power plant will need to be retired and replaced with new
generation by 2050. Nuclear power's reliability, minimal land use, and
zero-emissions, continously produced power make it the most viable
candidate for replacing baseload generation from coal and natural gas
with like-in-kind power. While capital costs have always been a hurdle
for nuclear plants, siting new nuclear plants on the facilities of the re-
tired coal- and natural gas—fired power plants will reduce costs and help

maintain reliability in North Carolina’s largely separate service territories.

The cost savings of recycling old infrastructure have not been lost on
Duke Energy. Duke Energy is already considering replacing the Belews

Creek coal plant with a small modular reactor of 600 MW of capacity.?®®

If every coal and natural gas power plant were replaced like Belews
Creek, then North Carolina would be able to recycle transportation infra-
structure capable of taking 21,342.6 MW of power. Nevertheless, doing
so would provide only 49 percent of the total nuclear power needed to
decarbonize North Carolina’s electricity sector. An additional 22,057 MW
of nuclear power would still be needed to reach homes and businesses.
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FIGURE 3.5 LOCATIONS OF COAL, NATURAL GAS, AND NUCLEAR
POWER PLANTS IN NORTH CAROLINA?¢¢

Figure 3.5 This map shows the locations of existing coal, natural gas,
and nuclear plants in North Carolina. Nuclear power plants are shown
in blue, and coal and natural gas plants are shown in red.

Much of this additional power could be sited alongside North Carolina’s
existing nuclear power plants. The Harris and McGuire nuclear power
plants are located in the heart of North Carolina's Research Triangle and
the city of Charlotte, respectively. Following the prudent business advice
of “build where you sell,” adding reactors at McGuire and Harris would
increase the amount of clean power available to the households, data
centers, and manufacturers. Adding more reactors at the Harris and Mc-
Guire nuclear plants could provide sustantial baseload generation while
minimizing transmission upgrades and concomitant passthrough costs

accrued to ratepayers.

While large-scale nuclear makes sense for large cities, small modular re-
actors will play a role in decarbonizing rural and Western North Carolina.
By 2050, North Carolina will need 16,800 MW of SMR generation. These
plants’ small generation capacities make them ideal for replacing West-

ern North Carolina's small coal and natural gas power plants.

Building reliable nuclear power plants results in a large reduction in the
additional transmission infrastructure needed to power North Carolina’s
future electric grid. This strategy allows power plants to be built in the
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areas that need the power, given that nuclear power plants, unlike wind
and solar facilities, are not geographically constrained to areas where

they are more consistent.
Land Use

As noted above in discussing the Renewable Scenario, nuclear power
plants use far less land than wind and solar facilities do. Figure 2.14 shows
that North Carolina's McGuire Nuclear Station uses just 0.35 acres per
megawatt (acres/MW) of installed capacity. Conversely, onshore wind
requires 71.28 acres/MW, and solar needs 6.58 acres/MW.

The high power density of nuclear power means the Nuclear Scenario
will use just a fraction of the land consumed in the Renewable Scenario.
Figure 3.6 shows that the Nuclear Scenario would require 15,190 addi-
tional acres of land for the new reactors, but this land use requirement
could be reduced to 7,720 acres if new nuclear plants reuse existing coal
and natural gas power plant sites.

In contrast, the Renewable Scenario requires 7.7 million acres of land,
including the indirect land use of wind facilities. It means the Renewable
Scenario requires 509 times more land than the Nuclear Scenario.
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FIGURE 3.6 LAND USE IN NORTH CAROLINA, RENEWABLE
SCENARIO VS. NUCLEAR SCENARIO
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Figure 3.6 The Nuclear Scenario requires an additional 15,190 acres of
land, 7470 acres of which could be mitigated by building nuclear plants
at existing coal and natural gas power plant sites. On the other hand, the

Renewable Scenario requires an additional 7.7 million acres of land.

For better context, the additional 15190 acres needed to build new nu-
clear power plants is less than half of the land that is currently being
used to host North Carolina’s existing solar capacity of 6,069 MW, which
has already consumed 39,938 acres (see Figure 3.7).
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FIGURE 3.7 COMPARING THE ACREAGE REQUIRED BY NORTH
CAROLINA’S EXISTING SOLAR FACILITIES VS. NEW NUCLEAR
POWER PLANTS UNDER THE NUCLEAR SCENARIO
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Figure 3.7 North Carolina’s existing solar panels consume 2.6 times more
land than would be needed to decarbonize the state'’s grid completely
using new nuclear power plants.

Summary

The previous section discussed the importance of conserving North
Carolina’s finite land for its many competing uses, not just for energy
production but also for single-family housing, agriculture, industry, and
technological development. Using North Carolina's land as efficiently as
possible is responsible stewardship that also allows for the greatest eco-

nomic growth and prosperity.

Nuclear power's ability to produce large sums of energy on small
amounts of land makes it a superior replacement for coal and natural

gas plants. Conversely, renewable power’s large land requirements and



102 LIGHTING THE PATH

low energy production per acre make it an inefficient use of land in most
cases. Furthermore, land used for renewable power generation will not
be available for competitive development for 20 to 40 years. And more
importantly, agricultural land used for solar projects may not be able to
be restored to agricultural use at the end of the lease.??”



INFRASTRUGTURE REQUIRED
FOR THE GOVERNOR'S ZERO-
EMISSIONS VEHIGLES GOAL

B 951 committed North Carolina to reducing carbon dioxide (CO,)

emissions from electricity generation with the goal of achieving carbon

neutrality in electricity by 2050.7%% Achieving carbon neutrality across
the economy, however, would entail modifying every aspect of daily life
to generate fewer CO, emissions. For the 95 percent of North Carolinians
who use their cars and trucks on a daily basis for taking their kids to school,
commuting to work, hauling equipment to construction sites, doing gen-
eral farm tasks, and more,?*® cutting back on emissions from driving would
require purchasing an expensive, zero-emissions vehicle (ZEV).

On January 7,2022, Gov. Roy Cooper signed Executive Order 246, which
among other things committed the state of North Carolina to “strive to
accomplish” registering 1.25 million ZEVs by 2030.27° ZEVs include fully
electric vehicles (EVs) as well as plug-in hybrid vehicles (PHEVs) and “oth-
er forms of zero emissions vehicle.”””' The presumption in the goal is that
North Carolinians would replace their conventional, internal combustion
engine (ICE) vehicles or never buy such a vehicle in the first place.
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Left to their own devices, North Carolinians who do not want EVs can
continue to purchase new ICE vehicles as needed. To tip the scales in
favor of EV adoption, EO 246 would also have the state strive for half of
all new vehicle sales by 2030 to be ZEVs. The state “ZEV Plan” includes
mostly financial incentives to reduce the sticker shock of buying new
ZEVs and expand the charging network as well as to seek policies, coali-

tions, and state alliances to lead to more consumer purchases.?’?

North Carolina’s financial infrastructure, roads and highways, and electri-
cal infrastructure, however, are not ready for 1.25 million ZEVs.?”> Making
North Carolina's roads and households EV-ready will cost between $16.5
billion and $30.5 billion (Table 41). This plan would impose significant
financial burdens on North Carolina drivers, who would have to spend an
extra $17.0 billion to $18.5 billion more to purchase expensive EVs instead
of conventional, gasoline-powered cars and diesel trucks over the next
seven years (Table 4.).

TABLE 4.1 TOTAL COST OF EO 246'S 2030 ZEV TARGET AND THE
ADDITIONAL INFRASTRUCTURE IT WOULD REQUIRE

Costs Associated

with ZEVs Low-Cost High-Cost

Electric Vehicle

Premium $17,028,736,979

$18,515,972,222

Household Level
2 Chargers and $7,733,950,825 $21,699,042,000
Circuitry Upgrades

DC Fast Chargers $883,000,000

Electricity
Transmission $7,938,537,600
Upgrades

Total $33,584,225,404 $49,036,551,822

Table 4.1 shows the total cost of a complete EV rollout in North Carolina.
Making North Carolina ready for 1.25 million ZEVs will likely cost $25.8 billion
to $27.3 billion over the next seven years. Nevertheless, as EV sales continue
beyond 2030, additional charging infrastructure will be needed, which will
eventually cost North Carolinians $33.6 billion to $49.0 billion.
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Trends in the Existing Vehicle Fleet

In a press release issued on March 28, 2024, Cooper's office lauded the
public's quick adoption of EVs, reaching — 14 months early — his admin-
istration’s initial goal of registering 80,000 new ZEVs by 2025.27 While
this growth in EV sales was impressive, it occurred alongside a large up-
tick in total vehicle registrations. Over the same four-year period, more
than half a million new gas-powered and diesel vehicles were registered
in North Carolina, dwarfing the 56,000 new EVs added to North Caro-
lina's vehicle fleet. In other words, during this period of rapid growth in
EVs, North Carolinians added roughly 10 gas-powered and diesel vehi-
cles for every new EV.?”> In addition, most of these EVs were purchased
by North Carolina's top 29 percent of earners, who can afford the high-in-
terest auto loans and green premiums commanded by ZEVs (i.e., how
much more a ZEV costs in comparison with a similar conventional ICE
car).?’6 ZEVs' current share of the auto fleet is almost negligible, and their

limited appeal stymies future adoption.

In 2022, there were 89 million vehicles registered in North Carolina.
Gas-powered and diesel vehicles (ICE vehicles) comprised 88.2 percent
of North Carolina’s vehicular fleet in 2022 (Figure 4.1).277 Alternative fuel
vehicles (AFVs), which include biodiesel, compressed natural gas, pro-
pane, and E85 vehicles, accounted for 9.2 percent. Conventional hybrid
electric vehicles powered by gasoline were nearly 2 percent. ZEVs com-
prised less than 1 percent of North Carolina's vehicle fleet. Breaking ZEVs
down by vehicle type, electric vehicles (EVs) accounted for 0.5 percent,

and plug-in hybrid electric vehicles (PHEVs) were 0.2 percent (Figure 4.1).
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FIGURE 4.1 NORTH CAROLINA’'S VEHICULAR FLEET BY FUEL
TYPE, 2022?78
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ICE 88% >~

Figure 4.1 shows the composition of North Carolina’s vehicular fleet by
fuel type in 2022. Despite ZEVs' chain of record-setting year-over-year
growth, gas-powered and diesel vehicles (ICE vehicles) accounted for

88.2 percent of all vehicles registered in North Carolina.

If North Carolina were to achieve EO 246's ZEV goal, then ZEVs will
comprise 14 percent of the vehicular fleet by 2030 (Figure 4.2). Such an
outcome is highly unlikely, however, even before considering the costs.
It would require the number of new EVs sold to double every two years,
but ZEV registrations have recently been slowing, not increasing. Con-
sumers are balking at ZEVs' high premiums and “range anxiety” (the
worry over losing battery power without reaching the destination or

finding a charging station).



JOHN LOCKE FOUNDATION 107

FIGURE 4.2 NORTH CAROLINA’'S VEHICULAR FLEET IN 2030 IF
EO 246’S ZEV GOAL WERE MET?”®

Other Vehicles 86% >

Figure 4.2 shows North Carolina’s vehicular fleet in 2030 provided EO
246's target is met. Despite the additional $25.8 million to $27.3 billion
that would need to be spent to achieve this goal in the next seven
years, ZEVs would still comprise only 14 percent of North Carolina’s
vehicular fleet. The impact on emissions would be minimal, reducing
North Carolina’s annual carbon dioxide equivalent (CO.e) emissions by

only 4.1 percent.?¢°
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TABLE 4.2 NORTH CAROLINA VEHICLE REGISTRATIONS, BY
FUEL TYPE AND YEAR, 2016-2022

ICE Electric Plug-In

Vehicles AL Hybrids Vehicles Hybrids UEEL
ylor¥ Al 7,909,900 820,700 175,300 45,600 18,800 8,970,300
ployAl 7,895,800 826,700 151,600 25,200 13,500 8,912,800
rloyIoll 7,632,900 991,900 133,400 16,200 9,300 8,783,700
rlal-l 7,553,700 963,300 126,600 1,600 8,100 8,663,300
rlOat: M 7,435,100 912,600 119,400 7,300 6,500 8,480,900
rlaya 7,387,200 855,600 14,300 4,400 4,800 8,366,300
rlO[ 7,314,600 777,800 111,000 2,900 3,600 8,206,300

Table 4.2 shows the total number of each vehicle registered per year.

These data were used to produce Figure 4.1.
Unrealistic EV Growth Targets

North Carolina's vehicular fleet has been growing by an average of
127,000 vehicles per year,?®' but the majority of this growth is not com-
ing from new ZEVs. Since 2016, 604,600 additional conventional ICE
vehicles have been registered in North Carolina, compared with only
67,900 hybrid electric vehicles. And with the sole exception of 2022, far
more ICE vehicles have been registered every year in North Carolina
than have EV and PHEV vehicles. In 2022, ZEV registrations surpassed
those of ICE vehicles (Table 4.3).?%?2 The surge in ZEV registrations in
2022 was partly driven by the high gasoline prices that resulted from
political unrest in Libya and speculative buying of oil in response to the
Russia-Ukraine war.?®® That year ZEVs achieved their highest growth
ever reported — 40 percent?®* (Figure 4.3).



JOHN LOCKE FOUNDATION 109

TABLE 4.3 CHANGE IN NORTH CAROLINA VEHICLE REGISTRA-
TIONS FROM THE PREVIOUS YEAR, BY VEHICLE TYPE AND
YEAR, 2017-202228%

Plug-In

Year Hybrid Electric Hybrid Gasoline Diesel
2022 23,700 20,400 5,300 14,500 -400
2021 18,200 9,000 4,200 309,200 -46,300
2020 6,800 4,600 1,200 65,500 13,700
2019 7,200 4,300 1,600 105,300 13,300
2018 5,100 2,900 1,700 44,100 3,800
2017 6,900 1,500 1,200 66,000 6,600

Table 4.3 shows the changes in the number of registrations by vehicle
type. Despite record adoption rates, ICE and conventional hybrid vehi-

cles are registered in larger quantities than ZEVs.

Preliminary data for 2023 show that, while EV registrations increased by
18,168 vehicles, total registrations declined by 2,300 vehicles. This decline
in EV sales caused ZEVs' growth rate to decline from 40 percent per year
down to 24 percent, which signals trouble for achieving EO 246's target.
Adding 1.25 million ZEVs by 2030 would requires ZEV sales to grow by at
least 38 percent per year (Figure 4.4). Putting it in terms of vehicle sales,
EV dealers will need to double sales every two years. Figure 4.4 and Table
4 4 show the growth rate and the number of new ZEVs needed per year
to achieve EO 246's goal.
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FIGURE 4.3 ZEV REGISTRATION GROWTH UP TO 2023286
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Figure 4.3 shows the total number of ZEVs registered in North Carolina

and plots the year-over-year growth rate.

FIGURE 4.4 PROJECTED ZEV SALES GROWTH NEEDED TO REACH
EO 246’S GOAL?*”
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Figure 4.4, based on the data presented in Figure 4.3, extrapolates a
path to achieve EO 246’s target of 1.25 million ZEVs on the road by 2030.
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TABLE 4.4 NEW ZEVS NEEDED PER YEAR TO REACH
EO 246’S GOAL?®%®

Percent of New

Registered EVs New EVs per Year

ZEVs Added
2024 124,505 39,737 3%
2025 182,869 58,364 5%
2026 268,593 85,724 7%
plory 394,501 125,908 10%
pLoy2:] 579,431 184,930 15%
2029 851,052 271,620 22%
2030 1,250,000 398,948 32%

Table 4.4 provides the number of ZEVs that would need to be adopted
per year to achieve EO 246's target of 1.25 million ZEV/'s by 2030.

The number of vehicles North Carolinians would need to purchase would
be unprecedented. By 2029, North Carolina would be only halfway to
reaching EO 246's goal, with 670,568 new EVs remaining to be bought. In
2030, nearly 400,000 new ZEVs would need to be purchased in a single
year. Since 2016, no single vehicle class registered over 110,000 automo-
biles sold in a single year, save for one exception. In 2021, conventional
ICE vehicle registrations exceeded 309,000 new vehicles. Registrations
likely received a boost that year from the 336,000 people who moved
to North Carolina and needed to register their existing vehicle with the
state.?®® North Carolina’s recent history has not seen anything close to
registering 670,568 new vehicles from a single vehicle class in two con-
secutive years, however.

Furthermore, the massive number of cars that would need to be adopted
over the next seven years does not reflect people’s actual need for vehi-
cles. According to a survey by S&P Global Mobility, since 2012 the average
age of U.S. passenger cars has increased by nearly three years, from 11.2
years in 2012 to 14 years in 2024.2°° With more people keeping their cars

longer, fewer North Carolinians will be looking to replace their cars with
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new EVs. They will either keep their current cars longer or opt to purchase
cheaper used vehicles rather than purchase an expensive new ZEV.

ZEV Costs Are Slowing Growth

While ZEVs have seen exponential adoption rates in recent years, inter-
est in purchasing ZEVs is beginning to wane. Consumer concerns about
ZEVs' comparatively higher vehicle costs and range anxiety are not only
discouraging people from buying ZEVs, but they are also driving ZEV
owners to switch back to conventional ICE vehicles. A McKinsey survey
published in June 2024 found that 46 percent of America's EV owners
were considering switching back to an ICE vehicle.?' A Gallup poll from
April 2024 found that 48 percent of Americans would not purchase an
EV at all.*®?> The main reasons behind their disinterest is the high pre-
miums EVs command. S&P Global Mobility's survey in 2023 found that
EVs were prohibitively expensive for nearly half of respondents.?®* While
the federal government offers generous tax credits to cover a portion of
ZEVS' cost, the credits are restricted to certain vehicles and fail to offer

more choices to buyers at the low end of the spectrum.

The higher cost of purchasing EVs compared with that of otherwise
similar ICE vehicles evokes sticker shock in countless potential buyers
and prices the rest out. In North Carolina, the average manufacturer’s
suggested retail price (MSRP) of an EV is $56,475. At an interest rate of
715 percent and over a typical payback period of 67 months, the monthly
payment for a new EV is $858.68. Using the prudential guidance that
car payments should be capped at a maximum of 10 percent of month-
ly income, the average annual salary needed to afford an EV in North
Carolina would be $103,042.° This puts most ZEV models well outside
the budgets of typical individuals and families in North Carolina, where
the median annual income is $41,534 for individuals and $83,448 for
families.?®> This immense financial cost essentially restricts EVs to North

Carolina’s wealthiest households.

Excluding additional interest paid, ZEVs are 67 percent more expensive

than their ICE counterparts, which on average cost $33,797.29 This green
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premium persists even among “low-cost” entry-level models. Of the
32 EVs available for sale in North Carolina, only six had an MSRP below
$40,000.27 The cheapest among these more affordable vehicles, the
Chevy Bolt, carried a 30 percent green premium over its comparable
ICE model, the Chevy Trax. Table 4.5 shows the EVs in North Carolina
with MSRPs under $40,000.

TABLE 4.5 GREEN PREMIUMS OF NORTH CAROLINA'S
LOWEST-COST EVS2°®

SIEATTEE Comparable iee Green
Low-Cost EV Range EV MSRP for Tax ICElzllodeI Model D
Credit MSRP
Chevrolet
Bolt EUV $27,800 Chevy Trax $20,400
Chevrolet 9
Bolt EV 259 $26,500 Yes Chevy Trax $20,400 30%
LR CED 258 | $33,550 No Kona ICE $25,625 31%
Kona Electric ! ! °
KiaNiro eV PR No KiaNiro | 60940 | 47%
! Hybrid !
Nissan Leaf 212 $28,040 Partial Kia Soul $20,290 38%
Volkswagen Volkswagen o
ID.4 275 $38,995 Yes Taos $23,995 63%

Table 4.5 shows the number of EVs for sale in North Carolina with MS-
RPs below $40,000. High-interest loans have made most EV models
unaffordable for North Carolinians. At these relatively affordable prices,
families and individuals are limited to several subcompact crossovers.

Like their fully electric counterparts, plug-in hybrids also carry heavy
green premiums. Of the nine plug-in hybrids currently for sale in North
Carolina, only two have an MSRP below $40,000. The Toyota Prius Prime
had the lowest premium across all observed ZEVs at just 15.7 percent.
Table 4.6 shows the MSRPs of new PHEVs under $40,000 and compares

them with their ICE counterparts.
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TABLE 4.6 GREEN PREMIUMS OF THE LOWEST-COST PLUG-IN
HYBRIDS IN NORTH CAROLINA (MODEL YEAR 2024)%°

Battery PHEV
Range (mi.) MSRP

ICE Model
MSRP

Green

PHEV .
Premium

ICE Model

Toyota

i 9
Prius Prime $32,350 Prius $27,950 15.7%

Mitsubishi 38 $39,845 | Outlander | $28395 40.3%

Outlander

Table 4.6 shows the number of PHEVs for sale in North Carolina with
MSRPs below $40,000.

EV proponents claim that the Inflation Reduction Act (IRA)s $7,500
credit for fully electric vehicles and $4,000 credit for PHEVs reduce or
eliminate the EV green premium entirely. Unfortunately, the IRA's credits
are available only for ZEVs with batteries made and with final assembly
in America. These stipulations have disqualified more affordable EVs, like
the Honda Kona and the Kia Niro, from receiving the IRA credit.**° With
the IRA credit, those cars would have cost at most $606 per month, which
would make the models accessible to North Carolinian households and
individuals earning $72,773 per year. Disqualifying vehicles at the low end
of the EV pricing spectrum from the credit forces buyers to take on higher
car payments or return to ICE vehicles when looking for desired model
types or features. Table 4.7 shows the average cost of EVs and PHEVs with
the maximum credit applied alongside the average cost of ICE vehicles

(for which the government offers no comparable purchase incentive).

TABLE 4.7 GREEN PREMIUMS OF ZEVS WITH IRA TAX CREDITS
APPLIED TO MSRP

Average Cost Maximum Reduced Green
(MSRP) Credit Price Premium

ZEV

EV
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Table 4.7 (from previous page) Deducts the IRA credit from the average
MSRP of all EVis in North Carolina. Even if all ZEVs could receive the full
amount of the credit — and most of them cannot — removing $7.500 from
the MSRP would still fail to make new ZEVs affordable for most North Car-

olina households.

Using the average costs presented in Table 4.7, the cost of 1.25 million
ICE vehicles would be $44 billion. The cost of 1.25 million EVs and PHEVs
would be $61 billion and $63 billion, respectively. Therefore, to reach the
goal of 1.25 million new ZEVs by 2030, North Carolinians would spend
between $171 billion and $18.5 billion more on the EVs than on conven-

tional ICE vehicles (Figure 4.5).

FIGURE 4.5 ADDITIONAL COST OF PHEVS AND EVS OVER CON-
VENTIONAL ICE VEHICLES (COSTS ESTIMATED AFTER APPLYING
THE FULL $7,500 IRA TAX CREDIT TO THE ZEVS)

$61,961,937,934

ZEVs will cost
NC consumers
$17.8 billion over
$44,189,583,333 ICE vehicles.

ICE Vehicles PHEV/EV

Figure 4.5 compares the cost of purchasing 1.25 million new ICE vehicles
versus new EVs and PHEVs. Over the next seven years, North Carolinians
would have to pay $171 billion to $18.5 billion more in EV premiums.

Proponents of EVs claim that electric vehicles will ultimately save
drivers money in the long run (from not needing to buy gasoline). Nev-
ertheless, a study released by Texas Public Policy Foundation found
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that government favoritism of EVs adds costs that are passed onto con-
ventional ICE vehicle owners — not only from subsidies received by EV
manufacturers directly through acts of Congress and indirectly through
the National Highway Traffic Safety Administration’s Corporate Average
Fuel Economy (CAFE) credit multiplier, but also from the effects of EV
owners avoiding gas and electricity taxes.** While North Carolina's most
affluent households can enjoy gas savings from their EVs, middle-class
families and blue-collar workers end up subsidizing those choices and

paying more for their own ICE vehicles, electricity rates, and fuel taxes.

Current premiums for EVs are pricing out many North Carolinians from
making the transition. If high premiums persist over the next seven
years, then it is highly unlikely that North Carolina will reach 1.25 million
ZEV registrations by 2030. Unfortunately, EO 246's goal to have half of all
vehicles sold in the state to be electric by 2030 and the administration’s
attempts to bring about this goal could limit North Carolinians’ mobility
and potentially their freedom of vehicular choice. Depending on how
the administration regulates EO 246's goal, it could push families to opt
for inferior EV models when a comparably priced ICE model would have
been better suited for their needs. The governor's order would push
North Carolinians to purchase ZEVs at a time when the state's charging
infrastructure is woefully unprepared for a rapid rise in EV purchases.*%?

Chargers and Highway Infrastructure

EVs' limited rangeisa concern for many existing and prospective owners.
Range anxiety, especially in rural areas where fuel stations are separated
by dozens of miles, has limited EV ownership in rural areas, with adop-
tion rates 40 percent lower than in urban areas.*** Snow, extreme heat,
and other inclement weather challenges not only reduce EV range, but
also create adverse road conditions that require increased energy con-
sumption and further reduce vehicle range. >+

North Carolina ranks second in the nation in miles of state-supported
highways.*%> Of the 81,000 miles of road North Carolina maintains, 15,000
miles are interstate and state highways and U.S. routes. Another 65,000
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miles are classified as secondary roads.*°¢ For EV drivers to have simi-
lar access to recharging as ICE drivers have to refueling along all 81,000
miles of state-maintained roads in all driving conditions, North Carolina
will need a significant expansion of charging infrastructure along high-

ways, at rest stops, and at fueling stations across the state.

Table 4.8 presents data from the U.S. Department of Energy’'s Alternative
Fuels Data Center on North Carolina's existing charging infrastructure.

tions offer 4,204 publicly available "MOSI Df tne fundlngfﬂr
EV chargers, 3188 of which are Level  NOTTh Carolina’s Cnargmg
2 charging stations and 970 are DC :

Fast charging stations. Most of the Infras”ucture nas G[]mﬁ
funding for North Carolina’'s charging frﬂm State I]mgrams anu
infrastructure has come from state fBﬂBfa| sunsmlesn

programs and federal subsidies. In

As of this writing, 1,595 fueling sta-

2019, North Carolina's Department of Environmental Quality (DEQ) re-
ceived North Carolina's portion of the Volkswagen Settlement funds.*¢”
Since receiving control of the settlement funds, DEQ has funded 901
Level 2 and 166 DC Fast charging ports.*°®

The IRA's changes to federal tax credits for charging stations have made
it easier for fueling stations to add expensive DC Fast chargers. Prior to
2022, businesses could apply for a $30,000 federal tax credit for electric
vehicle infrastructure.®*? In 2022, the IRA raised the value of the credit to
$100,000 to spur further development.’'© Raising the tax credit helped
expand DC Fast charger access by 50 percent between 2022 and 2023.
Additional infrastructure is planned to be built through programs cre-
ated by the Bipartisan Infrastructure Law (BIL). The BIL doled out $5
billion in taxpayer dollars to states to build 500,000 EV charging stations

through the National Electric Vehicle Infrastructure (NEVI) program.*"

Phase 1of the NEVI program entails accepting grant applicants to build 37
charging stations with four chargers per station for a total of 148 chargers.
This phase will cost $36.3 million. Phase 2 will focus on siting fast chargers

in communities and will cost an estimated $76.4 million.’2 The federal
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government will pay up to 80 percent of construction costs, while the re-
maining 20 percent will fall on the grant applicant. As of August 2024, no

chargers had been built in North Carolina through this program.*"

TABLE 4.8 EXISTING EV CHARGING INFRASTRUCTURE IN
NORTH CAROLINA3®*“

Charging

Infrastructure 2020 2021

Service
Stations with
Charging
Infrastructure

Charging
Outlets

Level 1

Level 2

DC Fast

Table 4.8 shows North Carolina’s existing EV charging infrastructure. The
data were obtained from the Department of Energy’s Alternative Fuels
Data Center on North Carolina’s existing charging infrastructure.®”

Despite these incentives and pending federal programs, North Carolina
would need more infrastructure to support 1.25 million ZEVs.

Long wait times is one of the major issues that additional charging infra-
structure needs to address to bring EV charging parity closer to refueling
times for ICE vehicles. The lack of sufficient EV infrastructure was made
clear in September 2023, when staffers for U.S. Energy Secretary Jennifer
Granholm cordoned off several DC Fast chargers with several non-EVs
at a service station in Grovetown, Georgia, in order to ensure chargers
were available for Granholm's ZEV motorcade. Their actions withheld
charging stations from other customers at the service station, forcing
them to use slower chargers and delaying their trips.*'® On a fast charger,
an EV typically takes up to 30 minutes or so to charge 80 percent.*” The
time it takes an average ICE vehicle to refuel completely is three to six

times quicker — just five to 10 minutes for a fuel stop.**® If no charging
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stations are available, then an EV's wait time could be extended consid-
erably. North Carolina’'s NEVI proposal imposes a charge time limit of 45
minutes, up to nine times longer than an ICE vehicle takes to refuel
Nevertheless, siting four chargers per station, coincidently the same
number of chargers available during the Granholm debacle,** is likely to
be woefully insufficient.

Probabilistic modeling from the Energy Policy Research Foundation
modeled wait times for EVs based on the number of chargers present
and the number of arrivals.*! Assuming five chargers per station and all
ports occupied, a sixth car to arrive at a charging station would spend
an expected 32.4 minutes at the station — 5.4 minutes waiting and 27

minutes to charge the vehicle (Table 4.9).

TABLE 4.9 WAIT TIMES BASED ON ARRIVALS OF ELECTRIC
VEHICLES AT STATIONS WITH FIVE AVAILABLE CHARGERS**?

Number of Vehicles Arriving in Expected Wait Times for Charging
Previous 27-Minute Period (in Minutes)

5 or Fewer 27
6 32.4
7 37.8
8 432
9 48.6
10 54
m 60+

Table 4.9 presents Energy Policy Research Foundation’'s calculations
that show expected wait times based on the number of chargers avail-
able at a charging station and the number of EVs arriving.

Waiting times can be reduced to the time it takes to charge a vehicle
by simply adding more charging ports at stations. In Infrastructure
Requirements for Mass Adoption of Electric Vehicles, Jonathan Lesser
assumed 20 charging ports per federal highway stations spaced at 50-
mile intervals.*?* In addition to the federal highway stations, DC chargers
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would need to be provided along North Carolina's 65,000 miles of sec-
ondary roads. Installing these chargers at existing service stations would
be the best means of ensuring coverage along any road. Currently, 1,595
fuel stations offer chargers. The average number of charging ports avail-
able at these service stations is three chargers per station. To ensure
charging stations can be accessed along every North Carolina highway
and byway, at least three DC Fast chargers need to be added at each of
North Carolina's 4,210 charger-less service stations. The total number of
EV chargers needed along highways and at service stations would be
17,660. At $50,000 per charger, the total cost of fast-charging infrastruc-
ture in North Carolina is expected to be $883 million. Table 410 breaks
down the number of remaining chargers that need to be installed and

their installation costs.

TABLE 4.10 COST OF HIGHWAY INFRASTRUCTURE?=?4

Charging Infra- Number of

structure Units Cost per Unit

Existing Fuel

N/A

Stations
Total Chargers
Needed 17,660 $883,000,000
H Chargers 12630 $50000 $631,500,000
Chargers
Highway Chargers 5,030 $251,500,000

Table 4.10 shows the number of chargers that need to be added to char-
ger-less fuel stations and along highways and the total cost of installing
these chargers.

Home Improvements

In addition to lack of access to chargers on highways, charging an EV at
home has been a major impediment to EV adoption. A June 2024 McK-
insey survey found that 24 percent of respondents planned to switch
back to ICE vehicles because they could not charge their vehicle at
home.3?> North Carolinians who own homes built before 1980 may find
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themselves in this position. These older homes may require expensive
circuitry upgrades costing from $1,500 to $3,000.32¢ The cost of installing
a Level 2 charger ranges from $1,500 to $3,500.

A Level 2 charger requires a dedicated circuit in a home's electrical box.
Level 2 chargers draw current from the breaker at 15 to 80 amps. Houses
built prior to 1980 typically have breaker boxes rated at 100 amps. Plac-
ing a Level 2 charger in one of these homes would limit the number of
appliances that could run while the EV is charging. Running a Level 2
charger simultaneously with a water heater, clothes dryer, dishwasher,
or an air conditioner would cause the home's circuitry to draw too much
current, overheat a circuit, and blow a fuse. Well over 1.6 million homes
in North Carolina may need to upgrade their electric boxes to draw 200
amps of power so as to not overload the breaker or shut off appliances,
inconveniencing family members while the EV is charging.*?’ To make 1.6
million homes in North Carolina ready for a Level 2 charger would cost
between $530 million and $4.9 billion, depending upon how many still
need to upgrade. Table 411, based on price ranges for a 200-amp instal-
lation, presents the estimated costs for making North Carolina's older
homes ready to install a Level 2 charger.

TABLE 4.11 ESTIMATED COSTS TO HOMEOWNERS OF UPGRAD-
ING ELECTRICAL PANELS IN AGED NORTH CAROLINA HOMES??®

Percentage of Pre-1980
Housing Stock Needing Houses Low-Cost High-Cost
Upgrade

25% 407,415 $529,639,825 $1,222,245,750

50% 814,831 $1,059,279,650 | $2,444,491,500

75% 1,222,246 $1,588,919,475 | $3,666,737,250

100% 1,629,661 $2118,559,300 | $4,888,983,000

Table 4.11 estimates the total cost of upgrading North Carolina’s pre-
1980 homes based on the percentage of outstanding homes that still

need to shift from 100-amp to 200-amp circuit boxes.
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Assuming that North Carolina’s existing 85,000 EV owners already have
Level 2 charging stations installed, an additional 1,165,000 Level 2 char-
gers would need to be installed in households across the state. The cost
of Level 2 chargers ranges from $300 to $1,000. Installation costs are
much higher, ranging between $1,200 to $2,500.3%° EV chargers need to
be placed in an area that the owner can access safely and daily.

TABLE 4.12 IN-HOME CHARGER COSTS OVER THE NEXT SEVEN
YEARS TO MEET EO 246’S GOAL OF 1.25 MILLION ZEVS IN
NORTH CAROLINA33°

Total Cost $1,747,848,000 $4,078,312,000

Table 4.12 shows that the cost of installing Level 2 home chargers in
North Carolina would range from $1.7 billion to more than $4 billion over
the next seven years.

With an average of 2.2 cars per North Carolina household, seeing half of
all vehicle sales be electric would inevitably require every household to
need an EV charging station for one of their vehicles. If installing an EV
charger is not possible, then there would need to be a Level 2 charger
set up at frequently visited locations away from home. North Carolina’s
housing stock can be used to estimate the number of chargers need-
ed across the state. There are over 3.6 million single-family and mobile

homes and almost 1.2 million apartment/condo units.**
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TABLE 4.13 NUMBER OF LEVEL 2 CHARGERS NEEDED FOR THE
FULL EQUIPMENT OF NORTH CAROLINA’S HOUSING SUPPLY?332

Number of Level 2

R Chargers Needed

Low-Cost High-Cost

A e ALl 3,646,593 $5,469,889,500 | $12,763,075,500
Homes
Apartment 1,156,281 $1734,421,500 | $4,046983,500
Units
Total 4,802,874 $7,204,311,000 $16,810,059,000

Table 4.13 shows the cost of adding Level 2 chargers proportional to the
total residential dwellings in the state.

A report from the National Renewable Energy Laboratory (NREL) ob-
served that apartments and homes without garage parking are unlikely
to have Level 2 chargers.*** Similarly, people living in commmunities con-
sisting of mobile homes are unlikely to have adequate infrastructure for
EV chargers. One solution to this problem proposed by NREL and reit-
erated by a report from the Energy Policy Research Foundation was for
workplaces to install EV Level 2 chargers for their employees.*** Installing
Level 2 chargers on a scale ensuring full access to home charging would
cost from $7.2 billion to $16.8 billion (Table 4.13).

Transmission Upgrades

In 2019, the Boston Consulting Group estimated the electricity distribu-
tion upgrade costs to achieve 10 percent EV penetration nationally at
$5,800 per EV.*° A report from the National Center for Energy Analytics
adjusted the group’s estimate for inflation and used $6,800 per EV to
estimate the distribution costs at a national level **¢ Applying the $6,800
figure to the approximately 1,165,000 ZEVs still needed to reach Gov.
Cooper's goal, the total cost of distribution upgrades would be over $7.2
billion — costs that would be placed on ratepayers. That calculation as-
sumes that by 2030, EVs will make up 10 to 15 percent of North Carolina’s
vehicle fleet, dependent on growth in competing vehicle registrations,
an assumption right at the threshold of the Boston Consulting Group's
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estimate. Transmission upgrades would likely increase after 2030, how-
ever, along with the increasing number in EV sales.

North Carolina’s $50 Billion Charging Bill

Assuming that demand for EVs continues to grow to meet the gover-
nor's1.25 million ZEV target in EO 246 and that manufacturers can supply
sufficient quantities of EVs, then $25.8 billion to $27.3 billion will be spent
on EVs over the next seven years. The costs will not stop there, however.
The mandatory minimum sale requirement will increase the number
of EVs on the road. Additional charging infrastructure will be needed in
homes, along highways, and at roadside fuel stations. The total cost of
making North Carolina completely EV-ready ranges from $33.6 billion up
to $49.0 billion (see Table 4.1 above).

These estimates, however, very likely understate total costs because they
do not adjust for future labor and material cost increases. Many of the
metals used in Level 2 chargers are also used in the manufacture of EVs
and PHEVs. Copper, for example, is a highly conductive metal integral
to ZEVs and charging stations, housing circuitry, and transmission lines.
Collins et al. (2024), using their Mines Material Systems Model, estimated
that completing this energy transition would require 359.1 percent more
copper.**” Electrical wire requires ultrapure copper, however, so copper
mines would need to produce nearly 2.5 million new metric tons of virgin
copper ore yearly to satisfy world demand.**® The increased demand for
copper and other materials by utilities, car manufacturers, and renew-
able power producers will add inflationary pressures on the total cost on

North Carolina's transition to ZEVs and clean energy.

Furthermore, this analysis examined only the infrastructure required for
electrically powered ZEVs. The cost of infrastructure for hydrogen vehi-
cles, which would also qualify as ZEVs under DEQ'’s definition, was not
examined. Hydrogen vehicles are still an emerging technology, however.
Better estimates of hydrogen’s cost must wait until testing concludes
and hydrogen manufacturing begins at a scale comparable to EVs' cur-

rent market penetration.
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Impact on Emissions

Regarding emissions, this whole effort — spending billions of dollars
to make EVs comparable to gas vehicles in the eyes of consumers —
would still be only a pyrrhic victory. Assuming that EVs displace only
gasoline vehicles and that the size of North Carolina’s vehicular fleet
stays between 8.5 million and 8.9 million vehicles, then 1.25 million EVs
would represent at most 14.7 percent of all registered vehicles in North
Carolina. This increase could have only a minor impact on total state
emissions. Using data obtained fromm DEQ's Greenhouse Gas Inventory,
passenger cars were responsible for 72 percent of total transportation
emissions in 2020, when gas-powered ICE vehicles represented 86 per-

cent of the vehicular fleet.**?

The types of vehicles replaced by ZEVs could have only a slight impact
on total emissions reduced. Replacing ICE SUVs and light trucks with
fully electric EVs would have a larger impact on total emissions than
replacing ICE hybrids, which already have low emissions. Replacing ICE
hybrids with fully electric EVs is more likely, however, given the lack
of like-in-kind EV alternatives for SUVs and light trucks. Replacing 1.25
million ICE vehicles with EVs would reduce vehicular emissions by only
543 to 575 million metric tons (MMT) of carbon dioxide equivalent
(CO,e) emissions.**® By way of reference, 575 MMT CO_e amounts to
about 4 percent of North Carolina’s total annual emissions. While pro-
ponents of these benefits claim that the emissions-reduction benefits
will accrue every year following 2030, in the next few years alone China
plans to add 42 times the amount of new coal-fired generation than

North Carolina can possibly retire.**
Conclusion

While it is dubious that EO 246 will achieve its target of 1.25 million ZEVs
in North Carolina by 2030, reaching that goal would result in 14 percent
of the state's vehicular fleet being ZEVs. Doing so would require doubling
the number of new EVs sold in the state every two years, which is highly
unlikely and would also be unprecedented. Most ZEV models are well
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outside the budgets of most North Carolina families, and even if they
weren't, North Carolina lacks the charging and electrical infrastructure
to support so many ZEVs. The costs to North Carolinians as consumers,
homeowners, and ratepayers to bring about EO 246's target would be
massive, running in the tens of billions of dollars. On the other hand, any
climate benefits from making just 14 percent of the state's vehicular fleet
zero-emissions, bought at such a dear price, would be miniscule, espe-
cially in comparison with rapidly increasing emissions from China and

most of the rest of the world.
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Appendices

Appendix A. North Garolina Energy Jobs

According to the U.S. Department of Energy's 2022 Energy and Employ-
ment report, North Carolina’s electricity generation and transmission
industries employ 43,151 North Carolinians. Figure Al shows how these
jobs are distributed across the electric power generation and energy
transmission industries.

TABLE Al EMPLOYMENT IN THE ENERGY GENERATION AND
TRANSMISSION INDUSTRIES IN NORTH CAROLINA?342

Generation

Solar

Wind

Hydro

Natural Gas

Coal

(e]]]

Nuclear

Other
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Transmission

Utilities

Construction

Manufacturing

Trade

Pipelines

Professional Services

Other Services

Total

Appendix B. North Carolina Natural Gas Local
Distributors Map

PSNC and Piedmont Natural Gas are North Carolina’s largest natural gas
service providers, serving 99 percent of all customers in the state. Fron-
tier and Toccoa provide natural gas service to rural counties in the North
Carolina mountains. Alleghany, Cherokee, Clay, and Graham counties are
not serviced by any LDC, presumably because the cost to run natural
gas connections into these mountainous counties is too high to recover

through rate-based cost increases.

FIGURE B1 NATURAL GAS SERVICE AREA MAP343

. NATURAL GAS SERVICE AREAS
NORTH CAROLINA
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Appendix C. North Garolina Storage Facilities

North Carolina’'s natural gas storage facilities provide additional

peak-shaving capacity during winter months. Across North Carolina’s
five largest storage facilities, the state has an estimated 39 days' worth of
peak-shaving capacity.*** The number of days here is understated, how-
ever, since peak-shaving capabilities of each storage facility considerably
vary. Pine Needle's draw rate of 0.4 bcf per day is much larger than Pied-
mont's Robeson County facilities’ draw rate. Figure C1is a map showing
the locations of North Carolina’s natural gas storage facilities.

Figure C2is a chart showing North Carolina’s daily winter supply of natu-
ral gas and peak-shaving capacity.

FIGURE C1 MAP OF NORTH CAROLINA’S NATURAL GAS
STORAGE FACILITIES?*45
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FIGURE C2 WINTER DAILY SUPPLY OF NATURAL GAS AND
PEAK-SHAVING CAPACITY OF NORTH CAROLINA’'S NATURAL
GAS STORAGE FACILITIES**®

Piedmont Natural Gas Company, Inc. Exhibit_(1CP-2)
Docket No. G-9 5ub 831
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Appendix D. Propane

Owing to a lack of adequate natural gas pipeline infrastructure, propane
plays a crucial role for meeting rural North Carolina’s energy needs. Un-
like natural gas, which needs to be chilled before it can be transported
by truck, propane can be stored as a liquid, easily transported by truck,
and safely stored at ambient temperature.

North Carolina’s rural households and farmers extensively rely on
propane for winter heating and seasonal grain drying. In 2021, North
Carolina used more propane than any other state in the mid-Atlantic
and Southeastern regions — 375 million gallons. More than a quarter of a
million households (263,686) used propane for heating.?* In 2018, North
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Carolina’s agricultural industry alone used 71 million gallons of propane
for grain drying and other agricultural services.*#

Functionally all of North Carolina propane isimported from Gulf Coast states
via the Dixie LPG pipeline. In 2018, the Dixie Pipeline Company announced
an increase in the pipeline’s capacity from 58,000 barrels per day (bpd) to
90,000 bpd.**The propane is produced at refineries in Texas, Louisiana, and
Mississippi and shipped to its terminus in Apex, North Carolina. 3

Daily propane consumption in North Carolina has fallen since 2009 and
has been fluctuating between 320,000 and 1,531,000 gallons per day
since 2018 (Figure DI1). Natural gas'’s expanding footprint in the Tar Heel
State has displaced some of the demand for propane. Electrification of
households and certain appliances may have also contributed to the de-
cline in propane consumption. Propane will remain a cheap primary fuel
for home heating and agricultural use in counties where building natural

gas infrastructure is too costly and where electricity is a poor substitute.

FIGURE D1 PROPANE CONSUMPTION IN NORTH CAROLINA,
1990-2021 (IN THOUSANDS OF GALLONS PER DAY)

North Carolina Propane All Sales/Deliveries by Prime Supplier
Thousand Gallons per Day
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Appendix E
Capacity Additions

This analysis (for the Renewable Scenario) assumes no new CO,-emitting
power plants will be built in North Carolina to meet the standards estab-
lished by HB 951. In this scenario, North Carolina would add wind, solar,

and battery storage capacity to meet the targets established in HB 951.

Hourly Load, Capacity Factors, and Peak
Demand Assumptions

Hourly load shapes were determined using real-time hourly load for Duke
Energy Progress and Duke Energy Carolinas for the years 2019 to 2023.
Load shape data and hourly wind and solar generation were obtained
from EIA Form 930.%°' The amount of capacity built is designed to meet

demand reliably in each of the past five years, based on historical data.

Hourly solar generation data was divided by installed capacity to get the
hourly capacity factor,and onshore wind capacity factors were generated
by using hourly PIJM production data, divided by the installed capacity.
For offshore wind, NREL System Advisor Model (SAM) data were used.**?

Battery Storage

Battery storage assumes a 5 percent efficiency loss for charging and
discharging. Maximum discharge rates for the MISO system model runs
were held at the max capacity of the storage fleet, less efficiency losses.
Battery storage is assumed to be four-hour storage, while pumped stor-
age is assumed to be eight-hour storage.

Wind and Solar Degradation

According to the Lawrence Berkeley National Laboratory, output from
a typical U.S. wind farm shrinks by about 13 percent over 17 years, with
most of this decline taking place after the project turns 10 years old. Ac-
cording to NREL, solar panels lose 1 percent of their generation capacity
each year and last roughly 25 years, which causes the cost per megawatt
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hour (MWHh) of electricity to increase each year.**® Our study does not
take wind or solar degradation into account, however.

Appendix F
Capacity Additions

This analysis (for the Nuclear Scenario) assumes no new CO,-emitting
power plants will be built in North Carolina to meet the standards estab-
lished by HB 951. In this scenario, North Carolina would add new nuclear
power plants to meet the targets established in HB 951.

Hourly Load, Capacity Factors, and Peak Demand As-
sumptions

Hourly load shapes were determined using real-time hourly load for
Duke Energy Progress and Duke Energy Carolinas for the years 2019 to
2023. The amount of nuclear capacity built is designed to meet demand
reliably in each of the past five years, based on historical data.
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Executive Summary

On behalf of the North Dakota Transmission Authority (NDTA), the Always On Energy Research
prepared this study to analyze the potential impacts of EPA’s finalized 111d/Greenhouse Gas Rule
on North Dakota’s power generation and power grid reliability.

Our primary finding, which is drawn substantially from the Rule’s administrative record, finalized
rule and regulatory impact analysis, is not technologically feasible for lignite-based power
generation facilities, will foreseeably result in the retirement of lignite power generation units, and
will negatively impact consumers of electricity in the Midcontinent Independent Systems Operator
(MISO) and Southwest Power Pool (SPP) systems by reducing the reliability of the electric grid
and increasing costs for ratepayers.

Our analysis builds upon grid reliability data and forecasts from the Federal Energy Regulatory
Commission (FERC) and the North American Electric Reliability Corporation (NERC), and it
assesses what is likely to happen to grid reliability if the Greenhouse Gas Rule forces some or all
of North Dakota’s lignite power generation units to retire. We determined that the closure of
lignite-fired powered power plants in the MISO & SPP footprints would increase the severity of
projected future capacity shortfalls, i.e. rolling blackouts, in the MISO & SPP systems even if these
resources are replaced with wind, solar, battery storage, and natural gas plants. In reaching that
determination, we have accepted EPA’s estimates for capacity values of intermittent and thermal
resources.

Moreover, building such replacement resources would come at a great cost to MISO and SPP
ratepayers. Replacing the retired coal, natural gas, and nuclear units in EPA’s modeled MISO grid
with the new wind, solar, battery storage, and natural gas facilities would cost an additional $381.9
billion through 2055 compared to the current operating costs of the existing fleet.

In SPP, replacing the retired coal, natural gas, and nuclear units in EPA’s modeled grid with the
new wind, solar, battery storage, and natural gas facilities would cost an additional $65.6 billion
compared to the costs of operating the existing generation fleet.

EPA did not conduct hourly reliability modeling on its modeled MISO or SPP grids. It instead
performed “resource adequacy” analyses that overestimate the availability of the thermal fleet and
the reliability of the wind and solar fleet. When EPA’s modeled MISO and SPP grids are subjected
to an hourly reliability stress test, using hourly electricity demand in each RTO and hourly wind
and solar capacity factors, the result is severe capacity shortfalls in both RTOs that result in great
costs to families and businesses in these regions.

Using the 2020 historical comparison year for hourly wind and solar capacity factors and hourly
electricity demand, EPA’s modeled MISO grid would experience up to an additional 377,300
megawatt hours (MWh) of unserved load during the model run stretching from 2028-2055. These
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blackouts would cost $3.77 billion based on the Value of Lost Load (VoLL) criteria, which can be
thought of as the Social Cost of Blackouts.

Using the 2021 historical comparison year for hourly wind and solar capacity factors and hourly
electricity demand, EPA’s modeled SPP grid would experience 8.3 million megawatt hours (MWh)
of unserved load during the model run stretching from 2028-2055. These blackouts would cost
$83 billion based on the Value of Lost Load (VoLL) criteria, which can be thought of as the Social
Cost of Blackouts.

Section A: North Dakota’s Power Environment

North Dakota Transmission Authority (NDTA)

The North Dakota Transmission Authority (NDTA) was established in 2005 by the North Dakota
Legislative Assembly at the behest of the North Dakota Industrial Commission. Its primary
mandate is to facilitate the growth of transmission infrastructure in North Dakota. The Authority
serves as a pivotal force in encouraging new investments in transmission by aiding in facilitation,
financing, development, and acquisition of transmission assets necessary to support the expansion
of both lignite and wind energy projects in the state.

Operating as a 'builder of last resort,' the NDTA intervenes when private enterprises are unable or
unwilling to undertake transmission projects on their own. Its membership, as stipulated by statute,
comprises the members of the North Dakota Industrial Commission, including Governor, Attorney
General, and Agriculture Commissioner.

Statutory authority for the North Dakota Transmission Authority (NDTA) is enshrined in Chapter
17-05 of the North Dakota Century Code. Specifically, Section 17-05-05 N.D.C.C. outlines the
powers vested in the Authority, which include:

1. Granting or loaning money.

2. Issuing revenue bonds, with an upper limit of $800 million.

3. Entering into lease-sale contracts.

4. Owning, leasing, renting, and disposing of transmission facilities.
5

. Entering contracts for the construction, maintenance, and operation of transmission
facilities.

6. Conducting investigations, planning, prioritizing, and proposing transmission corridors.
7. Participating in regional transmission organizations.

In both project development and legislative initiatives, the North Dakota Transmission Authority
(NDTA) plays an active role in enhancing the state's energy export capabilities and expanding
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transmission infrastructure to meet growing demand within North Dakota. Key to its success is a
deep understanding of the technical and political complexities associated with energy transmission
from generation sources to end-users. The Authority conducts outreach to existing transmission
system owners, operators, and potential developers to grasp the intricacies of successful
transmission infrastructure development. Additionally, collaboration with state and federal
officials is essential to ensure that legislation and public policies support the efficient movement
of electricity generated from North Dakota's abundant energy resources to local, regional, and
national markets.

As the energy landscape evolves with a greater emphasis on intermittent generation resources,
transmission planning becomes increasingly intricate. Changes in the generation mix and the
redistribution of generation resource locations impose strains on existing transmission networks,
potentially altering flow directions within the network. A significant aspect of the Authority's
responsibilities involves closely monitoring regional transmission planning efforts. This includes
observing the activities of regional transmission organizations (RTOs) recognized by the Federal
Energy Regulatory Commission (FERC), which oversee the efficient and reliable operation of the
transmission grid. While RTOs do not own transmission assets, they facilitate non-discriminatory
access to the electric grid, manage congestion, ensure reliability, and oversee planning, expansion,
and interregional coordination of electric transmission.

Many North Dakota service providers are participants in the Midcontinent Independent System
Operator (MISO), covering the territories of several utilities and transmission developers.
Additionally, some entities are part of the Southwest Power Pool (SPP), broadening the scope of
transmission planning. Together, North Dakota utilities and transmission developers contribute to
a complex system overseeing the transmission of over 200,000 megawatts of electricity across
100,000 miles of transmission lines, serving homes and businesses in multiple states.

MISO and SPP also operate power markets within their respective territories, managing pricing
for electricity sales and purchases. This process determines which generating units supply
electricity and provide ancillary services to maintain voltage and reliability. Overall, the NDTA's
involvement in regional transmission planning and coordination is crucial for ensuring the
reliability, efficiency, and affordability of electricity transmission across North Dakota and beyond.
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FERC-Recognized Regional Transmission Organizations and Independent System Operators

(www.ferc.gov)

Generation Adequacy, Transmission Capacity & Load Forecast Studies

The North Dakota Transmission Authority (NDTA) conducts periodic independent evaluations to
assess the adequacy of transmission infrastructure in the state. In 2023, the NDTA commissioned
two generation resource adequacy studies, one for the Midcontinent Independent System Operator
(MISO) and another for the Southwest Power Pool (SPP). Additionally, the NDTA recently
completed a generation resource adequacy study examining the impact of the EPA's proposed
Mercury and Air Toxics Standards (MATS) Rule. A transmission capacity study commissioned by
the NDTA is scheduled for completion in the summer of 2024.

Regular load forecast studies are also commissioned by the NDTA, with the most recent study
completed in 2021. This study, conducted by Barr Engineering, provided an update to the Power
Forecast 2019, projecting energy demand growth over the next 20 years. The 2021 update
incorporates factors such as industries expressing interest in locating in North Dakota, abundant
natural gas availability from the Bakken wells, and the potential for carbon capture and
sequestration from various sources. The 2021 update and the full study can be obtained from the
North Dakota Industrial Commission website: Power Forecast Study — 2021 Update,
https://www.ndic.nd.gov/sites/www/files/documents/Transmission-Authority/Publications/ta-
annualreport-21.pdf

The Power Forecast 2021 Update projects a 10,000 GWhr increase in energy demand over the next
two decades under the consensus scenario, requiring approximately 2200 to 2500 MW of
additional capacity to meet demand. These projections are closely tied to industrial development
forecasts and are coordinated with forecasts used by the North Dakota Pipeline Authority. These
projections were highly dependent on industrial development and are premised on new federal
regulations not forcing the early retirement of even more electric generation units.

Meeting this growing demand poses significant challenges for utilities responsible for providing
reliable service. While there is considerable interest in increasing wind and solar generation,
B



natural gas generation is also essential to provide stability to weather-dependent renewable
sources. Importantly, load growth across the United States is driven by the electrification of
transportation, heating/cooling systems, data centers, and manufacturing initiatives.

Studies consistently highlight the critical importance of maintaining existing dispatchable
generation to prevent grid reliability failures. Ensuring uninterrupted power supply is paramount
for national security, public safety, food supply, and overall economic stability. The NDTA's
ongoing assessments and proactive planning are crucial for meeting the evolving energy needs of
North Dakota while maintaining grid reliability and resilience.

The timing and implementation of resources to meet this growing demand is a significant challenge
for the utilities. Importantly, electric demand growth across the United States over the next several
decades is projected to be dramatic due to the electrification of transportation, home
heating/conditioning, data center and artificial intelligence centers, as well as the effort to bring
manufacturing back to the USA. Studies by NDTA and others all point to the critical need to keep
all existing dispatchable generation online to avoid catastrophic grid reliability failures and have
been warning that the push to force the retirement of reliable, dispatchable fossil fuel generation
units is occurring before it is projected there will be sufficient intermittent units in place to cover
the anticipated increase in demand. And when demand for electricity exceeds the dispatchable
supply, the foreseeable result will be blackouts or energy rationing.

Current North Dakota Generation Resources
Here is the current breakdown of North Dakota's generation resources:

1. Renewable Generation:

e Wind Generation: North Dakota has 4,250 MW of wind generation capacity in
service, making it a significant contributor to the state's renewable energy portfolio.
The average capacity factor for these generating facilities is 40% to 42%.

e The 4,000 MW of wind generation receives a reduced capacity accreditation in the
ISO of approximately 600 MW since it is intermittent. This is representative of the
amount that is estimated to be available for the peak demand in the summer.

e Solar Generation: Although North Dakota currently lacks utility-scale solar
generation facilities in operation, some projects are in the queues of regional
transmission organizations like MISO and SPP, indicating potential future
development in this area.

2. Thermal Coal Generation:

e North Dakota currently operates thermal coal generation at six locations,
comprising a total of 10 generating units with a combined capacity of
approximately 4,048 MW.

o The average capacity factor for these generating plants ranged from 65% to 91% in
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2021, excluding the retired Heskett Station.

o Rainbow Energy operates the Coal Creek Station and the DC transmission line that
transports ND produced energy to the Minneapolis region. Rainbow Energy is
assessing a CO2 capture project for the facility. In addition, approximately 400
MW of wind generation is planned for that area of McLean County to utilize the
capacity on the DC line.

3. Hydro Generation:

e North Dakota has one hydro generation site equipped with 5 units, boasting a total
capacity of 614 MW.

o However, the average capacity factor declined to approximately 43% in 2021 due
to limitations imposed by water flow in the river, particularly during drought years.

4. Natural Gas Generation:

e North Dakota operates three sites for electric generation utilizing natural gas,
comprising 21 generating units with a total capacity of 596.3 MW.

e These units include reciprocating engines and gas turbines, with variation in
summer capacity influenced by the performance of gas generators in hot weather.

o Total natural gas generation in North Dakota remained steady from 2019 through
2021, amounting to 1.445 GWhr in 2021.

5. Total Generation:

o The combined total capacity of all types of utility-scale generation in North Dakota
is approximately 8,863 MW.

e Wind generation receives a reduced capacity accreditation in the ISO of
approximately 600 MW due to its intermittent nature, down from 4,250MW of
installed capacity, representing the estimated amount available during peak summer
demand. However, newer installations have demonstrated slightly higher capacity
for accreditation.

This comprehensive overview underscores the diverse mix of generation resources in North
Dakota, with significant contributions from wind, coal, hydro, and natural gas. Continued
assessment and adaptation to evolving energy needs and market dynamics are essential for
ensuring a reliable and sustainable energy future for the state.
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Electric Generation Market & Utilization

In recent decades, North Dakota has emerged as a significant exporter of electricity, primarily
fueled by the development of thermal lignite generation in the western part of the state since the
1960s. Concurrently, transmission infrastructure has been expanded to facilitate the export of
electricity to markets predominantly situated to the east. Moreover, North Dakota has garnered
recognition as an excellent source of wind generation, leading to additional transmission

S
iy

Hydro Power

Petroleum Refinery

Peaking Station

development to accommodate the transmission of this renewable energy to markets.

According to data from the Energy Information Administration, in 2020, North Dakota generated
a total 0f 42,705 MWh of electricity from all sources, with 48% of this total being exported beyond
the state's borders over two large high voltage direct current lines (HVDC), which serve load in
the neighboring state of Minnesota and multiple 345kv and 230kv alternating current (AC)
transmission lines serving surrounding states. Wind generation accounted for 34% of North
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Dakota's total electricity generation in 2023, highlighting the growing significance of renewable
energy in the state's energy portfolio. Notably, industrial demand in North Dakota experienced
substantial growth, expanding by nearly 30% in 2023.

While demand for electricity in markets outside of North Dakota, and in most areas within the
state, has remained relatively stable in recent years, the Bakken region has witnessed notable
demand growth. Over the past 16 years, total electricity generation in North Dakota has increased
from 29,936 MWh to 42,705 MWh, with retail sales climbing from 10,516 MWh to 22,975 MWh.
This growth is primarily attributed to the burgeoning development of the Bakken oil fields.
Industrial consumption in North Dakota also witnessed a robust increase of over 11% in 2020,
with power forecasts projecting a continued upward trajectory in demand.

25000 Generation by Type in North Dakota
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Grid Resource Adequacy and Threats to Growth Opportunities

In 2023, both the MISO and SPP grid operators issued warnings about the adequacy of generation
resources to meet peak demand situations. This highlights a growing concern that the desired pace
of change towards a more sustainable energy future is outpacing the achievable pace of
transformation. This concern is underscored by the stark increase in grid events necessitating the
activation of emergency procedures. For instance, prior to 2016, MISO had no instances
requiring the use of emergency procedures, but since then, there have been 48 Maximum
Generation events.

Thousand MWh



Many experts in the industry project that, despite ambitious goals, realistic scenarios still foresee
a substantial dependence on fossil fuel energy—potentially up to 50% —even by 2050. While
efforts to decarbonize fossil fuel resources are underway, achieving complete carbon neutrality or
a fully renewable energy grid by 2050 appears increasingly unlikely. The scalability and
affordability of storage technology, particularly for renewable energy sources, remain significant
challenges.

In response to these challenges, Governor Burgum has issued a visionary goal for North Dakota
to achieve carbon neutrality in its combined energy and agriculture sectors by 2030. Governor
Burgum's approach emphasizes innovation over mandates, aiming to attract industries and
technologies that support this goal to the state. The initiative seeks to leverage advancements in
carbon capture and sequestration technologies to retain conventional generation in North Dakota
while also promoting sustainable agricultural practices and other innovative solutions, such as CO2
sequestration from ethanol production and enhanced oil recovery. These efforts demonstrate a
commitment to proactive and pragmatic solutions to address the complexities of achieving carbon
neutrality in the energy and agriculture sectors.

The state's vision for a decarbonized energy generation future faces significant challenges due to
the individual and cumulative impact of expansive federal rulemakings. These regulations would
curtail the flexibility to achieve the 2030 goal through the deployment of carbon capture and
sequestration (CCS) technologies. Furthermore, they would impose financial burdens on electric
cooperatives and utilities with limited resources, diverting investment away from future growth
options toward retrofitting existing facilities with costly emissions technologies to comply with
new federal requirements.

This regulatory burden not only impedes progress towards decarbonization but also introduces
opportunity costs for utilities and cooperatives. The funds that would otherwise be allocated for
future growth and innovation in clean energy solutions are instead diverted to compliance
measures, hindering the state's ability to transition to a more sustainable energy future efficiently
and effectively.

Ultimately, the restrictive nature of these federal rulemakings poses a significant obstacle to North
Dakota's efforts to achieve its decarbonization goals and undermines the state's vision for a cleaner
and more sustainable energy generation landscape. It highlights the need for a balanced approach
to regulation that supports innovation and investment in carbon reduction technologies while also
allowing for continued economic growth and development in the energy sector.

Grid Reliability Is Already Vulnerable

The fragility of grid reliability is already evident as warnings have been issued due to the declining
ratio of dispatchable and intermittent generation supplies. This concerning trend poses significant
threats to public safety, economic stability, and national security. Grid reliability is vital for
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ensuring continuous access to essential services, such as food production and military operations.
Dispatchable reliable generation forms the backbone of grid stability, enabling the balancing of
supply and demand fluctuations. Failure to address these reliability concerns will compromise
critical infrastructure and expose society to substantial risks. Urgent action is required to safeguard
grid reliability and mitigate the potential consequences for public safety and national security.

NERC’s 2023 Reliability Risk Assessment

The North American Electric Reliability Council’s 2023 Reliability Risk Assessment' are
concerning as demonstrated in the slides below. The electrification of the US economy, data & Al
center growth and the build it at home initiatives will substantially increase the demand for
electricity generation and transmission.

NERC’s 2023 Summer Reliability Assessment warns that two-thirds of North America is at risk
of energy shortfalls this summer during periods of extreme demand. While there are no high-risk
areas in this year’s assessment, the number of areas identified as being at elevated risk has
increased. The assessment finds that, while resources are adequate for normal summer peak
demand, if summer temperatures spike, seven areas — the U.S. West, SPP and MISO, ERCOT,
SERC Central, New England and Ontario — may face supply shortages during higher demand
levels.

“Increased, rapid deployment of wind, solar and batteries have made a positive impact,” said Mark
Olson, NERC’s manager of Reliability Assessments. “However, generator retirements continue to
increase the risks associated with extreme summer temperatures, which factors into potential
supply shortages in the western two-thirds of North America if summer temperatures spike.”

The North American Electric Reliability Corporation (NERC) recently released its 2023 Long-
Term Reliability Assessment (LTRA), which found MISO is the region most at risk of capacity
shortfalls in the years spanning from 2024 to 2028 due to the retirement of thermal resources with
inadequate reliable generation coming online to replace them.>

! NERC. "North American Reliability Assessment." North American Electric Reliability Corporation, May 2023,

https://www.nerc.com/news/Headlines%20DL/Summer%?20Reliability%20Assessment%20Announcement%20May

%202023.pdf.
2 North American Electric Reliability Corporation, “2023 Long-Term Reliability Assessment,” December, 2023,

https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC LTRA 2023.pdf.
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Figure 1: Risk Area Summary 2024-2028%

MISO is the region most at risk of rolling blackouts in the near future.

In 2028, MISO is projected to have a 4.7 GW capacity shortfall if expected generator retirements
occur despite the addition of new resources that total over 12 GW, leaving MISO at risk of load
shedding during normal peak conditions. This is because the new wind and solar resources that are
being built have significantly lower accreditation values than the older coal, natural gas, and
nuclear resources that are retiring.>

MISQO’s Public Comments on Greenhouse Gas Rule

Found in the public comments from MISO, submitted on August 8, 2023, was a warning and grave
concern about increasing challenges to grid reliability and the ability to commit sufficient
resources to supply electricity to customers.*

3 Midcontinent Independent Systems Operator, “MISO’s Response to the Reliability Imperative,” February, 2024,
https://cdn.misoenergy.org/2024%20Reliability%20Imperative%20report%20Feb.%2021%20Final504018.pdf?v=20
240221104216.

4 Studies conducted by MISO and other Regional Transmission Organizations (RTOs) have verified that their
transmission systems are at their capacity and there are financial and other impairments currently impacting the
ability to address this lack of capacity issue. MISO’s Long Range Transmission Plan details interconnection issues3
and its Planning Resource Auction (PRA) process shows strains in the availability of sufficient generating capacity
to meet the region’s needs. See MISO’s 2022/2023 PRA resulted in a capacity shortfall for the MISO North/Central
Regions despite the fact that MISO was able to import over 3,000 MW from neighboring regions. See, e.g., MISO
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“Even with the recognized growth of alternative and renewable energy sources, MISO
continues to be concerned about the risk of a looming shortfall of resources and attributes
needed to ensure grid reliability in the region. Within the MISO region, MISO has seen an
increasing trend of retirements of generation that will be needed to provide critical grid
services into the near future. These retirements are occurring far faster than new energy
sources with equivalent attributes, whatever the fuel source, can be developed,
constructed, and brought online. While MISO is both fuel- and technology-neutral, it
needs to preserve the best options to provide these needed resource capabilities and
attributes to bridge the gap between retirements and replacement capabilities and
attributes.

MISO also is concerned about impacts from the Proposed Rule on grid reliability and
resource adequacy’ as MISO is experiencing a trending decline in reserve margin and
fewer dispatchable “baseload” resources” (i.e., currently in the form of coal and natural
gas). Distinct types of resources are accredited, or count, for different amounts of capacity
depending on how reliable they are to be able to generate at the time they are needed.
Traditional dispatchable generators like coal and natural gas, tend to have much higher
accredited capacity than the replacement capacity that has been brought online in recent
vears. Replacement of retiring generation with new, mostly intermittent facilities (i.e., solar
and wind) that are not installed at the same time or valued at the same output presents its
own risks. Moreover, new capacity from these resources is not always available to provide
energy during times of need.”

2022/2023 Planning Resource Auction (PRA) Results, April 14, 2022, available at
https://cdn.misoenergy.org/2022%20PRA%20Results624053.pdf. See also MISO 2022/2023 Planning Resource
Auction (PRA) Results, Revised May 3, 2022, available at
https://cdn.misoenergy.org/20220420%20RASC%201tem%2004b%20PR A%20Results%20Supplemental624128.pd
f. See MISO 2022 Regional Resource Assessment (Nov. 2022), available at
https://cdn.misoenergy.org/2022%20Regional%20Resource%20Assessment%20Report627163.pdf (noting an
overall decline in accredited capacity in 2022 and near term capacity risk as well as increased complexity of
reliability operating and planning the electric system due to changes in generator sources); MISO’s Response to the
Reliability Imperative (Jan. 2023), available at
https://cdn.misoenergy.org/MISO%20Response%20t0%20the%20Reliability%20Imperative504018.pdf (addressing
the shared responsibility of shareholders to address the urgent and complex challenges to electric system reliability
and noting that the MISO region has been inching ever closer to experiencing a shortfall in electricity-generating
capacity due to widespread retirements of conventional resources, not enough replacement capacity coming online,
and other factors). FERC also notes backlogs of more than three years in the interconnection queue. See FERC
Proposes Interconnection Reforms to Address Queue Backlogs, available at, https://www.ferc.gov/news-
events/news/ferc-proposes-interconnection-reforms-address-queue-backlogs (noting significant current backlogs in
the interconnection queues of more than three years).

5 Resource adequacy, in general terms, is achieved when the accredited megawatt capacity of the generators in a
particular region meets or exceeds the forecasted load, plus reserves, for that region.

13



MISO’s Response to the Reliability Imperative (2024)

On February 26, 2024, the Midcontinent Independent System Operator (MISO) released “MISO’s
Response to the Reliability Imperative®,” a report which is updated periodically to reflect changing
conditions in the 15-state MISO region that extends through the middle of the U.S. and into
Canada. MISO’s new report explains the disturbing outlook for electric reliability in its footprint
unless urgent action is taken. The main reasons for this warning are the pace of premature
retirements of dispatchable fossil generation and the resulting loss of accredited capacity and
reliability attributes.

From 2014 to 2024, surplus reserve margins in MISO have been exhausted through load growth
and unit retirements. Since 2022, MISO has been operating near the level of minimum reserve
margin requirements.’

According to the Reliability Imperative, MISO uses an annual planning tool called the OMS-MISO
Survey to compile information about new resources utilities and states plan to build and older
assets they intend to retire. The 2023 survey shows the region’s level of “committed” resources
declining going forward, with a potential shortfall of 2.1 GW occurring as soon as 2025 and
growing larger over time.

MISO lists U.S. Environmental Protection Agency (EPA) regulations that prompt existing coal and
gas resources to retire sooner than they otherwise would as a compounding reason for growing
challenges to grid reliability. From the report, there is a section titled, “EPA Regulations Could
Accelerate Retirements of Dispatchable Resources,” which states:

“While MISO is fuel- and technology-neutral, MISO does have a responsibility to inform
state and federal regulations that could jeopardize electric reliability. In the view of MISO,
several other grid operators, and numerous utilities and states, the U.S. Environmental
Protection Agency (EPA) has issued a number of regulations that could threaten
reliability in the MISO region and beyond.

In May 2023, for example, EPA proposed a rule to regulate carbon emissions from all
existing coal plants, certain existing gas plants and all new gas plants. As proposed, the
rule would require existing coal and gas resources to either retire by certain dates or else
retrofit with costly, emerging technologies such as carbon-capture and storage (CCS) or
co-firing with low-carbon hydrogen.

6 MISO. "MISO’S Response to the Reliability Imperative Updated February 2024." MISO, February 2024,
https://cdn.misoenergy.org/2024%20Reliability%20Imperative%20report%20Feb.%2021%20Final504018.pdf?v=20
240221104216.
7 Midcontinent Independent Systems Operator, “MISO’s Response to the Reliability Imperative,” February, 2024,
https://cdn.misoenergy.org/2024%?20Reliability%20Imperative%20report%20Feb.%2021%20Final504018.pdf?v=20
240221104216.
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MISO and many other industry entities believe that while CCS and hydrogen co-firing
technologies show promise, they are not yet viable at grid scale — and there are no
assurances they will become available on EPA's optimistic timeline. If EPA’s proposed rule
drives coal and gas resources to retire before enough replacement capacity is built with
the critical attributes the system needs, grid reliability will be compromised. The proposed
rule may also have a chilling effect on attracting the capital investment needed to build
new dispatchable resources.”

In light of these shortcomings, the NDTA contracted with Always On Energy Research to model
the impacts of the Greenhouse Gas rules on resource adequacy, reliability, and cost of electricity
to consumers. The findings of this analysis are detailed in Section D.

Conclusion: The Long-Term Reliability of the MISO Grid is Already
Precarious

As the state agency responsible for the strategic buildout and framework of electricity distribution,
the North Dakota Transmission Authority (NDTA) is deeply concerned about the potential impact
of federal rulemakings on the generation fleet in North Dakota and the ability to support future
growth initiatives. The current strain on the electric transmission system due to load growth is
already posing significant challenges to grid reliability, particularly in areas facing transmission
constraints and limited access to dispatchable generation.

The escalating frequency of grid events requiring emergency procedures, such as the 48 Maximum
Generation events in MISO since 2016 and the increasing number of alerts issued by SPP, over
194 alerts issued in 2022, underscores the urgency of addressing transmission congestion and
bolstering reliable generation capacity. The economic growth and security of North Dakota are
directly tied to the timely development of new transmission facilities in tandem with dependable
dispatchable electric generation. The impacts of grid strain extend beyond the energy sector,
affecting multiple industries, ratepayers, and overall economic stability. Volatile wholesale prices
and transmission congestion undermine business operations and investment confidence, hindering
economic growth and prosperity. Moreover, reliable electricity supply is critical for essential
services, including Department of Defense facilities, underscoring the broader implications of grid
reliability issues.

Achieving a balanced generation portfolio requires careful consideration of reliability and
resilience under all weather conditions, especially amidst the electrification of America and the
imperative to safeguard public welfare and security.

Additionally, over 30% of the electricity generated in North Dakota is exported to neighboring
states, magnifying the ripple effects of any regulations impacting dispatchable electricity
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generation resources. By responsibly managing the generation portfolio and prioritizing generation
adequacy, North Dakota and the nation can seize significant opportunities for economic growth,
innovation, and sustainable development.

Section B: North Dakota's Carbon Capture Advancements
vs. Impending Challenges from the Greenhouse Gas Rule
for Lignite Electric Generating Units

As a major energy producing state (from significant lignite coal, oil, natural gas, hydro and wind
resources), North Dakota has an unmistakable sovereign interest in regulating the responsible
development of its natural resources and their use. In fact, the North Dakota Legislature
("Legislature") has long declared it to be an essential government function and public purpose to
foster and encourage the wise use and development of North Dakota's vast lignite coal resources
to maintain and enhance the economic and general welfare of North Dakota.®

EPA's Finalized Rule would require North Dakota to submit a plan to EPA to reduce its carbon
dioxide ("CO2") emissions, making retirement of its fleet of lignite fueled power plants "federally
enforceable" unless the plants elect to commit to certain conditions. Those conditions would result
in a dramatic and immediate shift away from lignite coal-powered electric generating plants in
favor of gas-powered plants or renewable sources.

Indeed, according to EPA's own modeling, the Finalized Rule will lead to the closure of specific
lignite coal-fueled electric generating plants. These closures would disproportionately harm North
Dakota, as North Dakota has the largest known deposits of lignite coal in the world” and most of
the coal mines in the State are lignite mines. The Finalized Rule would therefore not only deny
North Dakota its sovereign authority to administer energy and environmental policies within its
borders but would also deprive North Dakota of a substantial amount of tax and coal royalty
payments, which can never be recovered.

The Finalized Rule would dictate North Dakota's energy policy, contrary to North Dakota’s.
extensive and longstanding statutory support for lignite coal-fueled electricity. EPA's Finalized
Rule would usurp the authority and discretion of North Dakota and its respective agencies
responsible for implementing environmental and energy policy.

8 North Dakota Century Code ("N.D.C.C.") § 54-17.5-01.
9 North Dakota State Profile and Energy Estimates, Energy Information Administration (available at:
https://www.eia.gov/state/?sid=ND#tabs-1 (last visited August 8, 2023))
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The Finalized Rule would also have profound adverse impacts on North Dakota and the upper
Midwest region's electric power sector and, in effect, redefine how electricity is generated and
delivered through the electric power grids in these areas.

The Finalized Rule is an affront to North Dakota's sovereign interests in the continued use of its
lignite coal resources to generate electricity and the state's past and ongoing significant investment
in the development and implementation of technologies aimed at successfully capturing and
geologically storing carbon emissions in North Dakota.

Numerous public comments in the administrative record, including from the regulated facilities in
North Dakota and the North Dakota Department of Environmental Quality, provided EPA with
notice that the proposed Greenhouse Gas regulatory standards are not technologically feasible, will
impose crippling compliance costs that may require facility retirement, and will result in a
significant portion of the dispatchable power provided by coal-generation facilities being taken off
the grid. EPA chose not to redress those concerns with the Finalized Rule.

This report will summarize some of those concerns in the section that follows, however, a full
study of the technological feasibility of complying with the new emissions standards is beyond the
scope of this report. For the purposes of this report, we assume the regulated facilities and state
regulator were forthright in their concerns about the feasibility of lignite-based facilities meeting
the new standards.

Carbon Capture Project Status in North Dakota

North Dakota has been a leader in CCS technology development for North Dakota lignite-fueled
power plants, and North Dakota is well positioned to be the first state with a full-scale EGU CCS
facility. As such, North Dakota remains cautiously optimistic that CCS technology can be
implemented at a large scale, considering the significant efforts put forth in research,
development, and testing of this state-of-the-art technology. However, state officials and industry
in North Dakota are greatly concerned about the unrealistic threshold for percentage of carbon
captured on regulated facilities and the short compliance timeline for carbon capture retrofits to
be permitted, financed, constructed and operational to scale by 2032.

Carbon Capture Technology Has Great Potential But Has Not Been
Adequately Demonstrated

For nearly 20 years, North Dakota has actively supported the demonstration and development of
CCS in North Dakota due to its superior carbon removal potential and associated large-scale job
creation. While North Dakota's ongoing and significant efforts to advance CCS show tremendous
promise, North Dakota does not believe that the technology currently meets the statutory
requirement of CAA Section 111 (a) for technology that "has been adequately demonstrated" to

17



require its wide-spread application on the Finalized Rule's accelerated time frames.

North Dakota has actively supported obtaining such an outcome and believes it is well situated to
obtain that reality in the future. However, CCS is not yet a proven technology that can be deployed
at a national scale, certainly not at the unachievable capture rates contemplated by EPA' s Finalized
Rule. Under the Finalized Rule, EPA seeks to require CCS with 90% removal to be installed on
units not included in other subcategories by January 1, 2032, with a retirement horizon of 2039 or
later. EGUs without federally enforceable retirement dates that do not opt in to one of EPA's three
other retirement subcategories are assigned to the post-2040 subcategory with its 90% CCS retrofit
requirement by January 1, 2032.

North Dakota objects to this requirement because these EGUs likely differ widely in age, size,
capacity factor, access to suitable CO2 storage, technical and economic feasibility of retrofitting
CCS, and because real world experience shows that even though EGUs can be designed to capture
90% or more of CO2, the actual rates are lower due to operational difficulties and availability of
the capture unit. These realities are closely documented by the University of North Dakota's
Energy and Environmental Research Center ("EERC").!°

None of the examples of successful plant operation that serve as EPA' s basis for claiming adequate
demonstration meet the proposed standards for the CCS pathway. EPA' s examples "do not reflect
the needs as set forth by EPA as they are examples of slipstream systems, are smaller capacity
units, do not employ the full CCS process, and are capturing CO2 at levels below 90%."!! There
are currently only two large-scale coal units with CCS - Boundary Dam Unit 3 and Petra Nova. Of
these two, only Boundary Dam is in operation, and it is operating at levels below compliance with
the Finalized Rule.'?

The lack of infrastructure and storage currently available, and the long timeframes to develop

storage locations, contradict EPA's assumption that affected EGUs will have viable options to take
captured CO2 away from the plant site to be properly geologically sequestered. EPA' s proposed
compliance timeline is unrealistic. EPA erroneously presents a purportedly "reasonable" timeline

10 See EERC, Examination of EPA 's Proposed Emission Guidelines Under 40 CFR PART 60, Final Report 2023-
EERC-08-04, Aug. 2023 ("EERC Report"), at 5-6, Ex. 1.
42 U.S.C.§7411 (b)(2).

12 Public Comments from C. Beth (Hardy) Valiaho, VP - Policy, Regulatory & Stakeholder Relations of the
International CCS Knowledge Centre, addressed to the Honorable Michael Regan, Administrator of the U.S.
Environmental Protection Agency. Aug. 2023
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of seven years to deploy CCS and related infrastructure and equipment. As demonstrated by the
EERC, a more realistic timeframe CCS deployment is at least 10 years.'?

The technology, materials, infrastructure, and regulatory processes required to replace the current
dispatchable thermal generation and power capacity within EPA's proposed timeframe cannot be
met.

In the Joint Public Comments of the Electric Reliability Council of Texas, Inc., Midcontinent
Independent System Operator, Inc., PJM Interconnection, LLC, and Southwest Power Pool, Inc.,
they collectively share the concern of the overstatement of commercial viability of new
technologies that the Proposed Rule's assumption that new technologies like carbon capture and
storage (CCS) and hydrogen co-firing will be economically feasible within the specified
timeframes is overstated and proceeding with these requirements could jeopardize the reliability
of the electric grid':

“Although the Joint ISOs/RTOs have been and will continue to be supportive of new
technologies, we believe that the Proposed Rule’s Best System of Emissions Reduction
(BSER) determination overstates the commercial viability of CCS and hydrogen co-firing
today and ignores the cost and practicalities of developing new supporting infrastructure
within the time frames projected. Without firm proof of the commercial and operational
viability of these technologies, proceeding with these requirements could place the
reliability of the electric grid in jeopardy. In short, hope is not an acceptable strategy.”

Unachievable Rule Compliance Deadline of 2032

EPA assumes that electric utilities will begin work on the development of CCS projects upon
issuance of a final rule on May 9, 2024, which is prior to each individual state’s development and
submission to EPA of their state implementation plans by June 2026 and EPA’s approval of those
state implementation plans by August 2027. Even if electric utilities could expend major financial
resources, carbon capture projects currently cost over $1.5 billion depending on the size and scope
of the power plant, for CCS project development at an early date of May 2024 this would still
leave only 7.5 years for the development of a CCS project and begin to comply with the CO2
performance standard based on 90 percent removal by January 1, 2032. This compressed
timeframe simply does not provide enough time for electric utilities to complete all the steps
necessary to develop a CCS project from concept through the deployment of onsite capture

'3 EERC, Timeline for Implementation of Full-Scale Carbon Capture (July 2023), at 7, Ex. 2; Plains CO2 Reduction
("PCOR") Partnership Timeline, Aug. 2023, Ex. 3.

14 Joint Comments of Electric Reliability Council of Texas, Inc.; Midcontinent Independent System Operator, Inc.;
PJM Interconnection, L.L.C. ; and Southwest Power Pool, Inc. on the Proposed Rule for Greenhouse Gas Emissions
from Fossil Fuel-Fired Electric Generating Units. August 8, 2023.
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technology, as well as building out the pipeline transportation infrastructure and securing the
permits necessary for the injection of the CO2 emissions for sequestration or EOR purposes. '

Despite opposition, the EPA asserts that its condensed 7.5-year timeline is "reasonable" due to
potential efficiencies in project scheduling and concurrent execution of various development steps.
However, the EPA's justification for this compressed schedule remains insufficient, as discussed
earlier. Furthermore, the Agency's proposed timeframe of 7.5 years diverges from other estimates
regarding the completion duration for all necessary steps in launching a CCS project from
inception to operation.

One notable example is that the Global CCS Institute (an organization whose mission is to promote
CCS development) projects almost nine years to complete a CCS project and also has gone the
record of saying that “a large complex CCS project may take a decade to progress from concept to
operation.”!® Similarly, EPA’s 7.5 year estimate is much shorter than the time schedules estimated
for actual CCS projects (both planned and actually completed) that can take ten or more years to
complete.!”

This conclusion was notably drawn from an analysis of the time frames observed in specific CCS
projects that have either been completed or are currently in the initial stages of development.'® The
time schedules from these projects unmistakably affirm that a 7.5-year timeline is unrealistic, with
typically ten years or more being necessary for their development.'® The extended timeframe is
imperative to fulfill crucial components of the project, encompassing:

* Design, engineering, planning, permitting, fabrication, and installation of the CCS

technology for capturing the CO2 emissions from the coal-fired EGU;

* Development, siting, permitting, and construction of the pipeline for transporting

the CO2 captured by the CCS equipment;

* Obtaining UIC Class VI permits and pore space for the injection and long-term

storage of the captured CO2 in an underground geologic formation; and

* Development and construction of multiple CO2 injection wells and associated

infrastructure.

Additionally, achieving the completion of CCS projects and meeting the applicable CO2
performance standards within an extended timeframe may prove unattainable for certain projects.
This is often due to permitting challenges and other technical obstacles that surpass the control of

> America’s Power Comments on the Proposed Carbon Rule for Fossil Fuel Plants. August 8, 2023.
16 Global CCS Institute, Global Status of CCS 2022 at 47-48.

17 See Technical Comments on Carbon Capture Utilization and Sequestration Prepared for and
Submitted by America’s Power to EPA Docket, at 15 -16 (CCS Technical Report).

18 CCS Technical Report at 30-35.

19 CCS Technical Report at ii, 30-35.
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CCS technology proponents. One prominent hurdle is the potential for protracted delays stemming
from legal disputes over permits and other authorizations vital for constructing and operating
carbon capture, transport, and storage facilities integral to CCS projects. Furthermore, significant
delays can arise from federal and state permitting authorities' inability to issue permits promptly,
often due to resource constraints and a backlog of project applications. This bottleneck is
particularly evident in the case of UIC Class VI permits, where an existing backlog is expected to
worsen with the heightened demand for permitting CCS projects under the Finalized Rule. The
elongated timeframes required for CCS project development underscore the impracticality of the
EPA's compressed schedule.

Permitting Timeline Challenges

North Dakota is uniquely positioned to lead in the development and implementation of carbon
capture facilities on coal and gas generation facilities due to its state primacy. Nevertheless, the
EPA’s finalized rule overlooks the permitting timeline obstacles faced by projects in states lacking
such authority, rendering the fulfillment of the federal implementation mandate by 2032
unattainable.

Currently, there are only three states (North Dakota, Wyoming and Louisiana) that have been
delegated primacy to regulate and permit Class VI well programs, which are the type of permitted
wells needed to sequester carbon dioxide underground.*® According to EPA, 130 Class VI permits
are currently pending review by the agency. Additional permits are under review by three states
with delegated authority for state Class VI UIC programs.

In North Dakota, the delegated primacy was granted to the NDIC which consists of the Governor,
the Attorney General, and the Commissioner of Agriculture, and regulates several North Dakota
industries. Under N.D.C.C.§ 38-22-03, the Legislature delegated specific authority to the NDIC to
regulate activities related to carbon capture technology.

Through its financing authority and oversight of numerous grant programs, the NDIC has invested
millions of dollars in the past 15 years into the research and development of carbon capture
technologies and geologic exploration to survey underground storage locations in deep saline
formations in North Dakota. The NDIC approves grants and loans through its Lignite Research
Program and its Clean Sustainable Energy Authority to carry out the legislative purposes of
N.D.C.C. Ch. 38-22.

One of the NDIC's divisions, the Department of Mineral Resources' Oil and Gas Division carries
out the regulatory responsibilities for the programs and permitting associated with geologic

20 Congressional Research Service, "Class VI Carbon Sequestration Wells: Permitting and State Program Primacy,"
April 16, 2024.
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sequestration. Under N.D.C.C. § 38-22-08, there are 14 requirements that must be met before the
NDIC can issue a permit, and the N.D. Admin. Code provides additional requirements and
procedures for the NDIC to issue a permit. Under N.D.C.C. § 38-22-17, the NDIC has the power
to issue a certificate of project completion.

In 2013, the NDIC amended N.D. Admin. Code 43-05-01 to meet the "as stringent as" standard
by incorporating EPA' s Class VI UIC program regulations under the federal Safe Drinking Water
Act.?! Thereafter, on June 21, 2013, North Dakota filed an application with the EPA to be the
primary enforcement authority for UIC program. This would allow North Dakota to be granted the
ability to permit projects for carbon capture sequestration instead of having long permitting times
waiting for EPA approval.

In 2015, the Legislature authorized a Legislative Management Study to review the potential
benefits and costs to industry, State, and environment for using carbon capture enhanced recovery
methods.

The NDIC's Lignite Research Program provides grants and funding for near term, practical
research and development projects that provide the opportunity to preserve and enhance
development of our State's abundant lignite resources, which includes CCS. Lignite Research
Program is funded from several sources including the coal severance tax, coal conversion tax, and
oil and gas tax revenues with approximately $7.5 million available each year.

In 2017, the NDIC approved Lignite Research Program's creation of the Advanced Energy
Technology Fund to further accelerate the deployment of CCS and other emerging technologies in
North Dakota. The Legislature also passed a concurrent resolution requesting the United States
Congress and the President to enact legislation expanding federal tax credits to cover carbon
capture, utilization, and storage, and providing other incentives for carbon capture focused
policies.

In 2018, nearly five years after North Dakota applied, the EPA approved North Dakota's request
to implement and enforce its own Class VI UIC program. Class VI injection wells have extensive
site characterization and comprehensive monitoring requirements. This approval made North
Dakota the first state to obtain Safe Drinking Water Act primacy for Class VI UIC wells, which is
necessary for the long-term storage of carbon dioxide captured from industrial and energy related
sources. NDIC's Oil and Gas Division regulates Class VI injection wells.

2 EPA-HQ-OAR-2023-0072-0237, EPA, "INTEGRATED PROPOSAL MODELING AND UPDATED
BASELINE ANALYSIS," Memo to the Docket, July 7, 2023, https://www.epa.gov/system/files/documents/2023-
07/Integrated%20Proposal%20Modeling%20and%20Updated%20Basecline%20Analysis.pdf
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Also in 2018, the NDIC's Lignite Research Program approved a $15 million grant to Minnkota to
fund a preliminary study regarding a significant CCS project at Minnkota. It also approved another
$5 million grant to Minnkota in 2020 to allow for the evaluation of additional geologic storage of
CO2 in underground formations adjacent to Minnkota' s plant. This State investment led to another
$9.8 million grant from the DOE in 2019.

In 2021, after a 5-year investigative period, the NDIC approved the first-Class VI injection permit
for an operational commercial-scale CCS project in North Dakota, Red Trail Energy. This
approval process was completed in partnership with the DOE and the EERC. In 2022, the NDIC
approved its second-Class VI storage facility permit for Minnkota's Project Tundra.

North Dakota's journey with carbon capture technology spans over 15 years, a testament to the
collaborative efforts of state agencies and industry stakeholders. Despite this progress, the road
ahead involves further investment of time and resources. Coal power plants face challenges in
completing the financing and construction phases, indicating that additional time will be necessary
to realize comprehensive implementation. Thus, while North Dakota's strides in carbon capture
are commendable, sustained commitment and patience remain essential for the full realization of
these initiatives.

Sovereignty Implications: The Finalized Greenhouse Gas Rule and North
Dakota's Intrastate Energy Authority and Jeopardizes Grid Reliability

The regulation of electricity generation, transmission, and distribution has historically been the
authority of individual states and state regulators, with few exceptions, wholesale rates, and
targeted interference with interstate markets.?? Despite the modem development of energy
markets, grid, and utility services, retail sales of electricity and the development of regulated utility
resources continue to be within the jurisdictional sphere of the States. This is especially
pronounced in States like North Dakota.

North Dakota's authority over the intrastate generation and consumption of electricity is "one of
the most important functions traditionally associated with the police powers of the States."*?
Despite the modem development of energy markets, grid, and utility services, retail sales of
electricity and the development of regulated utility resources continue to be within the
jurisdictional sphere of the States. Congress recognized State authority over these "important
functions" in the Federal Power Act ("FPA"), which confines federal authority over electricity
markets to "the transmission of electric energy in interstate commerce and the sale of such energy

22 FERC v. Elec. Power Supply Ass'n, 577 U.S. 260,266 (2016), as revised (Jan. 28, 2016).
B Ark. Elec. Coop. Corp. v. Ark. Pub. Serv. Comm'n, 461 U.S. 375,377 (1983).
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at wholesale in interstate commerce.”?* The FPA and other federal energy statutes respect the
States' "traditional responsibility in the field of regulating electrical utilities for determining
questions of need, reliability, cost and other related state concerns."*’

The North Dakota Public Service Commission ("ND PSC") is a state agency created by the North
Dakota Constitution to regulate and oversee intrastate energy production and consumption.?’ ND
PSC has jurisdiction over economic regulation of public utilities and the orderly development and
siting of energy infrastructure within the State. It is charged with determining whether to authorize
generation, transmission, and other capital-intensive infrastructure in North Dakota that is needed
by jurisdictional utilities, and has the authority to determine the generation mix, planning reserve
margin, and enforce reliable service obligations of jurisdictional utilities.?” ND PSC is a member
and actively participates in the Organization of Midcontinent Independent System Operator
("MISO") and the Regional State Committee for Southwest Power Pool ("SPP"). Both MISO and
SPP are engaged in transmission planning processes to accommodate the growth of renewable
generation and the need to move that generation to the markets.”

The ND PSC has a statutory duty to ensure that North Dakotans receive a reliable supply of
electricity and natural gas at just and reasonable rates. For the reasons stated below, the Finalized
Rule infringes on the ND PSC's ability to fulfill its constitutional responsibilities and violates the
rights historically and statutorily reserved for the States under the FPA.

The North Dakota Transmission Authority ("NDTA") was created by the Legislature with
authority to make grants or loans; provide financing for approved transmission projects through
bonds; own, lease, rent and dispose of transmission facilities; enter into contracts to construct,
maintain and operate transmission facilities; engage in the relevant investigation and planning
processes for transmission corridors; and participate in regional transmission organizations.?’ The
purpose of the NDTA is to diversify and expand the North Dakota economy by facilitating
development of transmission facilities to support the production, transportation, and utilization of
North Dakota electric energy.>°

The Finalized Rule inhibits NDTA from carrying out their sovereign purpose by increasing the
risk potential for insufficient operating reserves, affecting NDTA's statutory right to facilitate

2416 U.S.C. § 824(a); see also id. § 824(b)(1).

% Pac. Gas & Elec. Co. v. State Energy Res. Conservation & Dev. Comm 'n, 461 U.S. 190,205 (1983); ¢/ 16 U.S.C.
§ 808(d)(2)(A).

26 See, N.D. Const. art. 5, § 2.

Y’N.D.C.C. § 49-02 et seq.

28 Isaac Orr et al., Forecasting Resource Adequacy in Southwest Power Pool Through 2035 (May 15, 2023)
PN.D.C.C. § 17-05-05.

07d.
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effective transmission of North Dakota electric energy.?! The preamble to the Finalized Rule
acknowledges the critical need for reliability, but EPA fails to analyze and address reliability in
the Finalized Rule. Rather, EPA relies on "design elements," its intention to exercise its
enforcement discretion, and a resource adequacy analysis.

In the Finalized Rule's Preamble, EPA conflates resource adequacy with reliability. The Resource
Adequacy Technical Support Document ("RA TSD") does not analyze reliability. The RA TSD
"is meant to serve as a resource adequacy assessment of the impacts of the final rule and how
projected outcomes under the final rule compare with projected baseline outcomes in the presence
of the [Inflation Reduction Act]."*? EPA points to third party studies that purportedly demonstrate
"how reliability continues to be maintained under high variable renewable penetration
scenarios."* Even assuming these studies are correct (which North Dakota disputes), the ability
to maintain reliability with an influx of new intermittent, weather-dependent renewable resources
does not address the reliability impacts of potential retirement of significant volumes of existing
baseload fossil-fuel fired generation or operation of new generating resources at lower capacity
factors. >

Further threatening electric reliability in North Dakota is the potential future retirement of some
EGUs as a result of the implementation of the Finalized Rule, contemplates with the projection
that total coal retirements between 2023 and 2035 will be 126 GW (or 18 GW annually), as
compared to an average historical retirement rate of 11 GW per year from 2015- 2020.% The
retirements of dispatchable resources that can immediately increase or decrease power generation
as needed results in significant uncertainty in the power grid, impacting the electric cooperatives'
ability to reliably provide power and increasing the odds of unplanned outages. ¢

Reliability is even more crucial when considering that NDT A's power forecast for 2021 indicates
an increase in energy demand of 10,000 GW over the next 20 years.>’

Coal and natural gas EGUs are necessary to ensure reliability during times when intermittent
generation is both available and unavailable. Transitioning reserve power generation sources to

31 Claire Vigesaa, Presentation: North Dakota Transmission Authority, regarding studies on the impact of the
Environmental Protection Agency's (EPA's) regulations on the resource adequacy of the Midcontinent Independent
System Operator and Southwest Power Pool grids (Aug. 7, 2023), Ex. 7.

32 BPA, Resource Adequacy Analysis Technical Support Document (May 23, 2023). Available at:
https://www.epa.gov/system/files/documents/2023-05/Resource%20Adequacy%20Analysis%20TSD.pdf

33 EPA-HQ-OAR-2023-0034 at 2.

34 Orr, Forecasting Resource Adequacy in Southwest Power Pool Through 2035.

3% North Dakota currently has approximately 3,895 MW of coal-fired generation. U.S. Energy Information
Administration, Energy Atlas (July 10, 2020), https://atlas.eia.gov/datasets/eia::power-plants/explore.

3 NDIC, North Dakota Transmission Authority presents electric grid resilience report (July 29, 2022, 11 :00
PM),https:/ /www. ndic.nd. gov /news/north-dakota-transmission-authority-presents-electric-grid-resilience-report
STNDT A, Annual Report (July 1, 2021 to June 30, 2022),
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intermittent sources increases the risk of outages as the nature of the energy source is not consistent
like coal.*® Accordingly, the Proposed Rule not only fails to provide an analysis of reliability
impacts, but also threatens the grid's reliability.

Regional transmission organizations like MISO and SPP mandate load-serving entities to maintain
sufficient generation capacity.>® EPA's carbon standards could have major adverse impacts on the
region's coal fleet, with 25 GW subject to CCS or gas co-firing requirements.*’ The loss of
generation capacity would be made up through the construction of smaller natural gas combustion
turbines using existing sites and interconnections.*! This would exacerbate occurrences of
observed natural gas scarcity and price increases.*

Given that predicted impacts of climate change include more frequent and more severe extreme
weather and grid reliability are increasingly important. The devasting effects of Winter Storm
Elliott from two years ago are telling. On December 23, 2022, this storm caused unplanned natural
gas outages that accounted for 23 GW.* Afterwards, MISO had to adjust the operating capacity
ratings for the Coal Creek Station in North Dakota because Coal Creek Station provided more
reliable energy during the storm, operating at maximum capacity to try to cover the outages.**

Not only does the reliability of the electrical system play a critical role in sustaining lives and
livelihoods in modem society, but so does the affordability of electricity to North Dakota's citizens.
The Finalized Rule estimated total compliance costs of $10-14 billion. However, the ND PSC
asserts that the combined costs (costs of replacement generation to meet capacity requirements,
additional electrical and pipeline transmission costs for the buildout of renewable and new
combustion turbine generation, and CCS and hydrogen co-firing technology costs) have a
likelihood of $10-14 billion in capital costs solely for North Dakota. Many States and customers
are still grappling with payment of customer fees due to deferred costs and ratepayer-backed bonds
that try to mitigate the burden on customers.*

38 Orr, Forecasting Resource Adequacy in Southwest Power Pool Through 2035.

¥1d.

40 Brian Tulloh, Presentation: MISO Updates - Reliability, Transmission, and EPA Regulations to the North Dakota
Legislative Assembly (Aug. 7, 2023), Ex. 8.

41 Orr, Forecasting Resource Adequacy in Southwest Power Pool Through 2035.

21

43 MISO Reliability Subcommittee, Overview of Winter Storm Elliott December 23, Maximum Generation Event
(Jan.17,2023),
https://cdn.misoenergy.org/2023017%20RSC%201tem%2005%20Winter%20Stonn%20Elliott%20Preliminary%20R
eport627535.pdf

44/d.

45 See Kansas Corporation Commission Approval of Settlement and Financing to Recover 2021 Winter Storm Costs
using Low Interest Bonds. https://www.kcc.ks.gov/news- 1 0-13-22; See also Matter of Oklahoma Dev. Fin. Auth.,
2022 OK 48, ,r 0,511 P.3d 1048.

26



Even if the Finalized Rule carved out units capable of 24/7 dispatch with high-capacity factors and
allowed these units to operate at lower capacity factors, they would be too costly to operate. If the
Finalized Rule causes premature retirements of coal and natural gas units capable of 24/7 dispatch
with high-capacity factors because of the cost of investments are not commercially viable, there
will be less overall availability of gas and likely more unplanned outages. Success in addressing
these issues relies heavily on retaining existing thermal EGUs and delaying the retirements until
actual, feasible solutions can be implemented.

The Finalized Rule will increase costs, which, compounded with inflation, will negatively impact
the affordability of electric and gas services, resulting in a disproportionate effect on low-income
citizens throughout the MISO and SPP regional grids. Given the high rural populations in North
Dakota, pricing low-income citizens out of a reliable energy source creates an economic and social
justice issue with devasting impacts on North Dakotans' lives.

Section C: Impact of Greenhouse Gas Regulations- Power
Plant Economics and Grid Reliability

Power Plant Economic Impacts

The economic impacts for a lignite power plant from the Greenhouse Gas finalized rule will be
substantial. Coal-firing power plants, and lignite-firing power plants in particular, may face
specific challenges and economic consequences in complying with this regulation, which could
result in their forced retirement. Some potential economic impacts include:

1. Cost of Compliance: One of the primary concerns for coal power plants is the cost of
complying with the EPA regulations. Implementing measures to reduce greenhouse gas
emissions, such as installing carbon capture and storage technology or switching to cleaner
energy sources, requires significant capital investment. This can increase operating costs
and reduce profitability for coal plants.

2. Reduced Competitiveness: Compliance with EPA regulations can make coal-fired
electricity generation less competitive compared to alternative energy sources, such as
natural gas or renewables. Coal plants may struggle to compete in electricity markets where
cleaner and more cost-effective alternatives are available, leading to decreased market
share and revenue.

3. Closure of Coal Plants: In some cases, the economic burden of compliance with EPA
regulations may lead to the closure of coal power plants, particularly older and less efficient
ones. Plant closures can have severe economic consequences for communities that rely on
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10.

them for employment and tax revenue, leading to job losses and economic decline in
affected areas.

Increased Electricity Prices: Compliance costs associated with EPA regulations can result
in higher electricity prices for consumers. As coal plants incur additional expenses to meet
emission standards, these costs may be passed on to electricity consumers through higher
utility bills. This can impact households and businesses, particularly those with limited
financial resources.

Impacts on Supply Chains: The closure of coal power plants can also affect supply chains
and related industries that support coal mining, transportation, and plant operations.
Reduced demand for coal can lead to job losses in these sectors, further exacerbating the
economic downturn in coal-dependent regions.

Regional Economic Disparities: The negative economic impacts of EPA greenhouse gas
regulations on coal power plants are often concentrated in specific regions that are heavily
reliant on coal production and electricity generation. These regions may experience
disproportionate economic hardship compared to areas with more diversified economies.

Cost Overruns: The construction of carbon capture facilities involves significant capital
investment, and under constrained conditions, there's a higher risk of cost overruns.
Limited availability of skilled labor, materials, and equipment can lead to delays, project
inefficiencies, and increased construction costs, ultimately driving up the overall cost of
implementing carbon capture technology.

Economic Viability: The high cost of carbon capture technology, coupled with limited
resources and tight timelines, may render some coal plants economically unviable. Power
plant operators may face difficult decisions about whether to proceed with costly retrofit
projects or retire aging coal units altogether. This could have economic ramifications for
affected communities, including job losses, reduced tax revenue, and impacts on local
economies.

Competitiveness: Mandating carbon capture technology at every coal plant could affect
the competitiveness of coal-fired electricity generation compared to other energy sources.
If the cost of compliance exceeds the economic viability of coal plants, it could accelerate
their retirement and shift electricity generation towards alternative fuels or technologies,
potentially impacting energy affordability and reliability.

Supply Chain Constraints: Limited availability of critical materials and components for
carbon capture projects, such as specialized equipment, absorbents, or construction
materials, can lead to supply chain bottlenecks and price volatility. This can further
exacerbate cost pressures and project delays, as power plant operators compete for scarce

resources in a constrained market.
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12.

Permitting Challenges: Obtaining the necessary permits for constructing carbon capture
facilities can be a time-consuming and complex process, involving regulatory approvals at
the federal, state, and local levels. Limited permitting timelines can hinder project
development and increase uncertainty for investors, delaying the deployment of carbon
capture technology and prolonging reliance on higher-emission energy sources.

Job Creation and Retention: While the deployment of carbon capture technology has the
potential to create new jobs in engineering, construction, and operations, workforce
shortages and skills gaps may limit job creation opportunities. Moreover, the transition
away from coal-fired generation could result in job losses in coal mining, power plant
operation, and related industries, impacting communities that depend on these sectors for
employment.

Grid Reliability Impacts

Compliance with the Greenhouse Gas Rule will likely have grid reliability impacts on regional

power grids that rely on lignite- or other coal-firing power plants. The impacts on grid reliability

for power grids that rely on lignite- or other coal-firing power plants can include:

1.

Retirement of Coal Plants: Compliance with EPA regulations may lead to the retirement
of coal-fired power plants, especially older and less efficient ones that cannot economically
meet emission standards. Coal plants have traditionally played a significant role in
providing baseload power, which is essential for maintaining grid stability. The retirement
of these plants can reduce the overall capacity available on the grid, potentially leading to
supply shortages during peak demand periods.

Loss of Dispatchable Capacity: Coal plants are typically considered dispatchable
generators, meaning they can ramp up or down their electricity output relatively quickly to
respond to changes in demand or supply fluctuations. As coal plants retire and are replaced
by intermittent renewable energy sources like wind and solar, the grid may lose
dispatchable capacity. This can make it more challenging to balance supply and demand in
real-time, increasing the risk of blackouts or brownouts.

Intermittency of Renewable Energy: The integration of renewable energy sources such
as wind and solar into the grid can introduce variability and intermittency in electricity
generation. Unlike coal plants, which can operate consistently, renewable energy
generation is dependent on weather conditions and time of day. This variability can pose
challenges for grid operators in maintaining grid stability and reliability, particularly during
periods of low renewable energy output.

Transmission Constraints: Compliance with EPA regulations may require changes in the
location and distribution of electricity generation facilities, such as building new renewable
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11.

energy projects in areas with high renewable potential. This can strain existing transmission
infrastructure and lead to transmission constraints, limiting the efficient flow of electricity
across the grid and potentially causing reliability issues.

Cost of Grid Upgrades: Adapting the electric grid to accommodate increased penetration
of renewable energy and the retirement of coal plants may require significant investments
in grid upgrades and infrastructure enhancements. These costs can be substantial and may
ultimately be passed on to electricity consumers through higher utility bills, further
exacerbating economic concerns.

Reliability Standards Compliance: Grid operators are required to comply with reliability
standards set by organizations like the North American Electric Reliability Corporation
(NERC). Changes in the generation mix and operational practices resulting from EPA
regulations may necessitate adjustments to ensure continued compliance with reliability
standards. Failure to meet these standards could increase the risk of grid failures and
disruptions. Ensuring that power plants remain in compliance with reliability standards
during the construction and operational phases of carbon capture projects requires careful
planning, coordination, and mitigation measures.

Financial Strain: The substantial financial burden of implementing carbon capture
technology could lead to financial strain on power plant operators. This strain may affect
their ability to invest in essential grid maintenance, upgrades, and reliability enhancements.

Resource Allocation: The significant capital investment required for carbon capture
projects may divert resources away from other critical grid infrastructure needs, such as
transmission upgrades, grid modernization initiatives, or renewable energy integration
efforts. This could result in deferred maintenance or delayed investments in reliability-
enhancing projects.

Operational Disruptions: Retrofitting existing coal plants with carbon capture technology
involves complex engineering and construction processes, which may require extended
downtime and operational disruptions. These disruptions could impact grid reliability by
reducing available generation capacity during the construction period.

Technology Risks: Carbon capture technology is still in the early stages of development
and deployment, with inherent technical risks and uncertainties. Mandating its widespread
adoption by a specific deadline could lead to rushed implementation, increasing the
likelihood of technical failures, operational inefficiencies, and reliability challenges.

Transition Planning: The transition to widespread deployment of carbon capture
technology requires comprehensive planning and coordination to minimize disruptions to
grid reliability. This includes assessing the impact on grid stability, developing contingency
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plans for unexpected outages or delays, and ensuring adequate backup capacity during the
transition period.

Section D: MISO and SPP Resource Adequacy, Reliability,
and Cost Analyses
MISO

Always on Energy Research (AOER) modeled the resource adequacy, reliability, and cost impacts
of the finalized carbon rules in the MISO region by evaluating EPA’s assumptions in its Regulatory
Impact Assessment and associated Integrated Planning Model output files. The Final Rule output
files were used to assess total installed capacity, capacity accreditation for each resource, the
projected peak demand, and reserve margins.

Figure D-1 shows the installed capacity and projected peak demand for each EPA model year as
outlined in the Final Rule output files.
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Total Installed Capacity: is calculated using Final Rule Zip File, RPT, Supply Resource Utilization, Capacity TypeDetails, Totaled the capacity in Dispatch Capacity MW for each resource type by
model year.

Resource Adequacy Analysis

The analysis below evaluates whether the agency has provided adequate generating resources to
meet peak demand based on standard resource adequacy metrics.

Table D-1 shows the capacity accreditation given to new and existing resources for EPA’s model
run and compares it to the proposed and final rules.
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Resource Proposed Rule Final Rule
Existing Wind 19% 14%-20%
Existing Solar 55% 19%-24%
New Wind 9%-25% 8%-23%
New Solar 32%-52% 30%-52%
New and Existing Thermal 100% 100%
Existing Hydro 56% 54%
New Hydro 65% 65%
Existing Energy Storage 48% 94%
Pumped Storage 95% 95%
New Battery Storage 100% 100%

Table D-2. Shows the capacity accreditation given to new and existing wind and solar resources

by year in EPA’s final rules for each model year.

Resource 2028

2030

2035 2040

2045

2050 2055

Existing Wind 14%

14%

14% 20%

20%

20% 20%

New Wind 16%

23%

15% 10%

9%

9% 8%

Existing Solar 24%

24%

24% 19%

19%

19% 19%

New Solar 39%

50%

52% 40%

34%

33% 30%

Figure D-2 shows the projected peak demand, target reserve margin, and capacity stacks for the
MISO region after EPA’s annual capacity accreditation by resource type is applied to the total

installed capacity of the grid.
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EPA Model Year Accredited Capacity and Peak Demand
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Table D-3 shows the current capacity accreditation by resource type and target reserve margin for
the Planning Years 2024-25. Note the seasonal nature of each value.

Season Wind Solar Thermal Target Reserve Margin
Winter 53.1 5 90 27.4
Spring 18 50 90 26.7
Fall 15.6 50 90 14.2
Summer 18.1 50 90 9

Figure D-3 applies the seasonal accreditation for summer in MISO to the EPA’s modeled MISO
grid in each model year. Note this projects MISO’s capacities into the future when the entity has
signaled it will downwardly revise its capacity accreditation for intermittent wind and solar in the
future.
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Figure D-4 applies the seasonal accreditation for fall in MISO to the EPA’s modeled MISO grid in
each model year. Note this projects MISO’s capacities into the future when the entity has signaled
it will downwardly revise its capacity accreditation for intermittent wind and solar in the future.
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Figure D-5 applies the seasonal accreditation for spring in MISO to the EPA’s modeled MISO grid
in each model year. Note this projects MISO’s capacities into the future when the entity has
signaled it will downwardly revise its capacity accreditation for intermittent wind and solar in the

future.
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EPA Model Year Accredited Capacity, Peak Demand, and Reserve Margin with MISO Fall Accreditation
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Figure D-6 applies the seasonal accreditation for winter in MISO to the EPA’s modeled MISO grid
in each model year. Note this projects MISO’s capacities into the future when the entity has
signaled it will downwardly revise its capacity accreditation for intermittent wind and solar in the
future.

EPA Model Year Accredited Capacity, Peak Demand, and Reserve Margin with MISO Winter Accreditation
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Summary Findings: EPA’s final rules rely on wind, solar, and battery storage to meet its reserve
margin in every year of the model run. These resources would be relied upon to meet projected
peak demand in MISO after 2030. This will result in capacity shortfalls if these generators not
operating as intended.
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Reliability Analysis

AOER conducted a reliability analysis on EPA’s modeled generation portfolio in the MISO region
under the final carbon rules by using EPA’s installed capacity assumptions from the Final Rule
output files.

The analysis was conducted by comparing EPA’s modeled generation portfolio to the historical
hourly electricity demand and hourly capacity factors for wind and solar in 2019, 2020, 2021,
2022, and 2023 to assess whether the installed resources would be able to serve load for all hours
in each Historic Comparison Year (HCY).

Hourly demand and wind and solar capacity factors were adjusted upward to meet EPA’s peak
load, annual generation, and capacity factor assumptions. This assumption is generous to EPA
because it increases the annual output of wind and solar generators to levels that are not generally
observed in MISO. Additionally, other policies pursued by the EPA may increase peak load even
further, but this additional load was not studied in this analysis.

The analysis replicated EPA’s additional reliability mechanisms by allowing greenhouse gas
emitting units to run without mitigating emissions to help meet demand during capacity shortfalls
and to charge the batteries on the system to reduce the severity of shortfalls. This analysis also
used generous assumptions for Load Modifying Resources that did not appear in the EPA’s [IPM
files.

Figure D-7 illustrates that the region would experience capacity shortfalls in the EPA model year
2035 under the 2020 HCY.

EPA Capacity Shortfalls in 2035 Using 2020 Demand and Weather
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Figure D-8 shows the depths of the capacity shortfalls. The largest shortfall reaches 25,900 MW
in July of 2035 based on the 2020 HCY. The shortfall exhibits varying levels of severity and lasts
for a total of 8 hours.

EPA Capacity Shortfalls in 2035 Using 2020 Demand and Weather
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B Capacity Shortfall

The shortfalls occur because wind is operating below EPA’s capacity accreditation for the resource
(See Figure D-9). This leaves the system short on energy.

Wind Drought During Largest Blackouts of EPA Model Year 2035
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Figure D-10 illustrates that the largest capacity shortfall of 25,900 MW is significant. It would
account for 19 percent of MISO PRMR for the 2024-25 Planning Year.
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Assessing Severity of the Blackouts

Summer 2024 PRA Results by Zone
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Table D-4 shows the hours of capacity shortfalls on EPA’s modeled MISO grid for each of the
model years when stress tested against the five HCYs. These values greatly exceed the one day in
ten year loss of load expectation (LOLE) and the .1 day (2.4 hours) per year metric that grid
planners deem necessary for reliability.*6

Year 2028 2030 2035 2040 2045 2050 2055 Total
2019] 0 0 10 4 4 2 2 22
2020 0 2 17 8 6 3 1 37
2021 0 1 18 0 0 0 0 19
2022 0 0 0 0 0 0 0 0
2023) 0 1 16 4 1 0 0 22

Table D-5 shows the number of MWhs of unserved load in each model year and each of the five
HCYs.

“¢ Electric Power Research Institute, Practices and Standards,” Resource Adequacy, Accessed May 17, 2024,
https://msites.epri.com/resource-adequacy/metrics/practices-and-
standards#:~:text=Consider%20a%2010%2Dyear%20time,1%20day%20per%2010%20years.
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Year 2028 2030 2035 2040 2045 2050 2055 Total
2019] 0 0 109,888 52,065 39,463 10,660 4,701 216,777
2020 0 3,017 229,235 86,640 48,393 9,081 934 377,300
2021 0 56 129,724 0 0 0 0 129,779
2022 0 0 0 0 0 0 0 0
2023) 0 5,880 132,189 21,615 4,917 0 0 164,601

Table D-6 shows the value of lost load (VOLL) by applying MISO’s damage factor by the number
of unserved megawatt hours on the system for each model year when stress tested against each o
the five HCYs.

Year | 2028 2030 2035 2040 2045 2050 2055 Total

2019 | $0 $0 $1,098,880,000 | $520,647,875 | $395,628,665 | $106,598,673 | $47,011,180 | $2,168,766,393
2020 | $0 | $30,169,037 | $2,292,350,000 | $866,401,675 | $483,925,493 | $90,814,986 | $9,343,828 | $3,773,005,019
2021 | $0 $555,775 | $1,297,240,000 $0 $0 $0 $0 $1,297,795,775
2022 | $0 $0 $0 $0 $0 $0 $0 $0

2023 | $0 | $58,796,196 | $1,321,890,000 | $216,154,963 | $49,167,850 $0 $0 $1,646,009,009 |

Figure D-11 shows the total cost of implementing EPA’s modeled MISO grid compared to the
operating costs of the existing MISO grid. The total cost is an additional $381.9 billion after fuel
savings and subsidies are applied to the total cost of the fleet transition.
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Interestingly, EPA downwardly revised its total energy consumption estimates in the final rules
compared to the proposed rules. This assumption is at odds with estimates for growing demand for
electricity due to data centers and reshoring of manufacturing (See Figure D-12).

EPA MISO Demand Projections: Final vs Proposed

EPA MISO Demand Projections: Proposed vs. Final EPA Rule
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Always on Energy Research (AOER) modeled the resource adequacy, reliability, and cost impacts
of the finalized carbon rules in the SPP region by evaluating EPA’s assumptions in its Regulatory
Impact Assessment and associated Integrated Planning Model output files. The Final Rule output
files were used to assess total installed capacity, capacity accreditation for each resource, the
projected peak demand, and reserve margins.

Resource Adequacy

Figure D-13 shows the installed capacity and projected peak demand for each EPA model year as
outlined in the Final Rule output files. EPA’s modeled SPP grid relies on wind and solar to meet
projected peak demand targets. Furthermore, EPA assumes SPP will be a net exporter of capacity.
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EPA Installed Capacity by Year

EPA SPP Model Year Capacity
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Total Installed Capacity: is calculated using Final Rulz Zip Filz, RPT. Supply Resource Utilization, CapacityTveeDetails, Totaled the capacity in Dispatch Capacity MW for each resource type by
madel year.

Total Installed Capacity: is calculated using Final Rule Zip File, RPT, Supply Resource
Utilization, Capacity TypeDetails, Totaled the capacity in Dispatch Capacity MW for each resource
type by model year

Table D-7. EPA continues to use unrealistically high capacity accreditations for new and existing
thermal plants and new and existing wind, solar, and battery storage.

EPA continues to give new and existing wind and solar resources different accreditations despite
a 2019 report from SPP which shows that increasing penetration of solar resources causes the
accredited percentage of capacity related to nameplate of each individual resource to decrease.
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Resource Final Rule
Existing Wind 10%
Existing Solar 82%
New Wind 14%-52%
New Solar 83%-100%
New and Existing Thermal 100%
Existing Hydro 76%
New Hydro 65%
Existing Energy Storage 100%
Pumped Storage 95%
New Battery Storage 100%

Table D-8. EPA continues to give new and existing wind and solar resources different
accreditations.

EPA gives new and existing solar resources unrealistic capacity accreditations above 80 percent.
EPA’s solar capacity accreditations are irresponsibly high.

Resource 2028 2030 2035 2040 2045 2050 2055
Existing Wind 10% 10% 10% 10% 10% 10% 10%
New Wind 14% 52% 21% 26% 18% 18% 19%
Existing Solar 82% 82% 82% 82% 82% 82% 82%
New Solar 100% 100% 84% 84% 83% 83% 83%

Figure D-14. Shows SPP resource adequacy calculations based on EPA’s capacity values shown in
Table D-7 when applied to EPA’s modeled SPP grid in Figure D-13.
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“Firm” Capacity Using EPA’s Accreditation

SPP EPA Model Year Accredited Capacity, Projected Peak Demand, and Target
Reserve Margin
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Table D-9. SPP is in the process adopting the use of Effective Load Carrying Capacity (ELCC) for
wind, solar, and battery storage accreditation.

These analyses show increasing penetration of wind, solar, and battery storage resources causes
the accredited percentage of capacity related to nameplate of each individual resource to decrease.

Wind accreditation is based off SPP’s 2022 analysis of the ELCC at 40,000 MW and held constant
through the model run.

Solar accreditation is based of SPP’s 2020 analysis of the solar ELCC at 20,000 MW of penetration
and this value is held constant through the model run.

Battery storage accreditation is based off the 2022 ELCC Study for Energy Storage Resources.
The model uses the accreditation at the 1,000 MW battery storage values for model years 2028 —
2040, which are 100% in the summer and 83% in the winter, and the at the 3,000 MW of 4-hour
battery storage values from 2045-2055.

Battery Storage
Season Wind Solar 3,000 MW
Summer 15 . 40 96
Winter 16 _ 6 71
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Figure D-15 shows EPA’s modeled SPP grid from Figure 13 when SPP’s summer capacity
accreditation values for wind, solar, and battery storage are applied to the generation fleet.

EPA “Firm” Capacity Using SPP Accreditation in Summer

SPP EPA Model Year Accredited Capacity, Peak Demand, and Reserve Margin with SPP Summer Accreditation
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Figure D-16 shows EPA’s modeled SPP grid from Figure 13 when SPP’s winter capacity
accreditation values for wind, solar, and battery storage are applied to the generation fleet.
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EPA Accredited Capacity Using SPP Accreditation in Winter

SPP EPA Model Year Accredited Capacity, Peak Demand, and Reserve Margin with SPP Winter Accreditation
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Reliability

AOER conducted a reliability analysis on EPA’s modeled generation portfolio in the SPP region
under the final carbon rules by using EPA’s installed capacity assumptions from the Final Rules
datafiles.

The analysis was conducted by comparing EPA’s modeled SPP generation portfolio to the
historical hourly electricity demand and hourly capacity factors for wind and solar in 2019, 2020,
2021, 2022, and 2023 to assess whether the installed resources would be able to serve load for all
hours in each Historic Comparison Year (HCY).

Hourly demand and wind and solar capacity factors were adjusted upward to meet EPA’s peak
load, annual generation, and capacity factor assumptions.

This assumption is generous to EPA because it increases the annual output of wind and solar
generators to levels that are not generally observed in SPP on a fleet-wide basis.

Additionally, other policies pursued by the EPA may increase peak load even further, but this
additional load was not studied in this analysis.

The analysis replicated EPA’s additional reliability mechanisms by allowing greenhouse gas
emitting units to run without mitigating emissions to help meet demand during capacity shortfalls
and to charge the batteries on the system to reduce the severity of shortfalls.
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Will EPA’s modeled SPP grid be able to meet demand based on these observed, real-life model
inputs?

Figure D-17 shows thirteen separate capacity shortfalls would occur from February 7, 2040
through February 19 2040 using 2021 hourly electricity demand profiles and wind and solar hourly
generation data.

Capacity Shortfalls Persist In EPA’s

Modeled SPP Grid

EPA SPP Capacity Shortfalls in 2040 Using 2021 Demand and Weather

70,000

60,000

50,000

40,000

30,000

20,000

10,000

=]

e T TN EEN_ L rTrEN ST rEN T r o rrl L rrN T rEN S rrErN o rr L Fr R _ TN TN
NN§§§§§§EE§§555§§ﬁﬁﬁggxﬁggﬁﬁzggﬁﬁgggﬁzxggEggggﬁxggﬁﬁﬁggﬁﬁﬁggﬁﬁﬁ
S A R RN R A N PR RS S R R
ah:taamgggmQgg:—cao::r—::ﬂm«p:nnm::vvvv: P e e BB rr R RN e r BB B0 DS
B NN~ NAANAN L L AN AN AN L T RN NN S C RN AN S S ANS S SANSS S
RS NN NN~ NN NN NN o~ NN NN NN
= Coal msm Coal CCS mm Other == Hydroelectric wem Nuclear NG Hydrogen P
mmGas ST == Biomass Wind Solar Gas CC GasCT AlWﬂYS
wem QiliGas ST = imports = | MR3 = Storage mmm Capacity Shortfall—Demand

Figure D-18 shows the largest capacity shortfall, observed on February 11%, would hit nearly
15,000 MW. The longest capacity shortfall would last for 41 straight hours spanning from February
12 rough February 13™. Note, this is the same weather year as Winter Storm Uri.
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mCapacity Shortfall

Figure D-19 shows the blackouts primarily occur during the evening hours because EPA’s modeled

SPP grid relies too heavily on solar to meet peak demand and its target reserve margin.
Furthermore, there is far too little dispatchable capacity in the footprint to meet demand even when

disregarding EPA’s emissions limits and allowing generators to run at full capacity.

During the longest blackout, solar is operating far below EPA’s accredited capacity value for the

resource.
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Solar Capacity Factors During Capacity Shortfalls

SPP Solar Capacity Factors During Largest Blackouts of EPA Model Year 2035
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Table D-10. For context, the largest capacity shortfall of around 15,000 MW would account for 27
percent of SPP-wide forecast Net Peak Demand for 2024.

Southwest Power Pool, Inc
Table 1: SPP 2023 to 2028 Summer Season Outlook

Demand 0 024 0 026 0 028

Total LRE Forecasted Net Peak Demand 53,954 54,661 55,575 56,270 57,256 ST n00
Controllable and Dispatchable Demand Response® 829 1,353 1,489 1,772 1,798 1,807
Energy Efficiency and Conservation 249 324 384 435 480 517
Stand-by Load Under Contract 25.4 254 25.4 254 25.4 25.4
apa 3 0 024 1 026 | 028

Total Cipldlv’ 64,822 63,380 63,357 61,707 59,630 57,430

Capacity Resources® 64,076 64,746 64,980 64,765 63,740 62,651
Confirmed Retirements 122 382 382 382 382 382
Unconfirmed Retirements 0 1,878 2,155 3,610 4,603 5,719
Other Capacity Adjustments - Additions 0 0 0 0 0 0
Other Capacity Adjustments - Reductions 128 128 128 128 128 128
External Firm Capacity Purchases 259 304 324 344 344 349
External Firm Capacity Sales 617 592 592 592 592 592
External Firm Power Purchases 1,355 1,355 1,354 1,354 1,295 1,295
External Firm Power Sales 0 0 0 0 0 0

SPP BA Area Planning Reserve® 12.2%
Planning Reserve Margin (As specified in SPP Planning Criteria) % 15%

Total LRE Resource Adequacy Requirement 65,761

Total LRE Excess Capacity -2,964

Total Generator Owner Excess Capacity (Excludes Generator Owner

uncommitted Deliverable Capacity of wind resources) Rl

 Demand Response Accredited MW is up 381 MW from the 2022 submittals. Over the next 5 years the accredited amount is expected to increase by approximately 1,000 MW.

T The Total Capacity and Capacity Resource values contain the Firm Capacity and Deliverable Capacity from LREs and Generator Owners. The equation for calculating the Total
Capacity is as follows: Capacity Resources ~ Confirmed Retirements ~ Unconfirmed Retirements + Other Capacity Adjustments (Additions) ~ Other Capacity Adjustments
(Reductions) + External Firm Capacity Purchases — External Firm Capacity Sales + External Firm Power Purchases — External Firm Power Sales

¥ The SPP BA Area Planning Reserve is calculated by dividing the difference between the (Total Capacity + Unconfirmed Retirements) and the Total LRE Forecasted Net Peak
Demand by the Total LRE Forecasted Net Peak Demand.
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Table D-11 shows the total hours of capacity shortfalls in each model year when compared to the
historical weather year. These values greatly exceed the one day in ten year loss of load expectation
(LOLE) and the .1 day (2.4 hours) per year metric that grid planners deem necessary for
reliability.*?

Year 2028 2030 2035 2040 2045 2050 2055 Total
2019 2 5 56 94 82 63 61 363
2020} 0 0 41 63 53 45 39 241
2021 2 6 220 300 298 271 268 1,365
2022 1 27 116 183 153 144 143 767
2023 30 47 121 182 140 134 132 786

Table D-12 shows the total megawatt hours of capacity shortfalls in each model year when
compared to each historical weather year.

2028 2030 2035 2040 2045 2050 2055 Total
2019 2,33 11,481 157,389 327,854 332,649 275,613 271,183 1,378,505
2020 0 0 122,456 232,589 243,625 190,871 189,259 978,800
202] 1,466 12,052 958,204 1,527,581 2,007,625 1,895,291 1,896,587 8,298,806
2022 604 27,668 467,164 843,236 914,724 880,436 903,176 4,037,008
2023 77,714 149,382 428,164 751,748 666,098 660,846 704,685 3,438,637
Table D-13 shows the value of lost load (VOLL) which multiples the number of unserved

megawatt hours by $10,000. These values indicate massive costs of blackouts in the region. In
Model Year 2045 using the 2021 the social cost of blackouts would be $20 billion, approximately
half of the entire gross domestic product of Vermont ($43 billion).

Year| 2028 2030 2035 2040 2045 2050 2055 Total

2019

$23,360,000

$114,810,000

$1,573,890,000

$3,278,543,170

$3,326,490,000

$2,756,130,000

$2,711,830,000

$13,785,053,170

2020 S0

S0

$1,224,560,000

$2,325,892,042

$2,436,250,000

$1,908,710,000

$1,892,590,000

$9,788,002,042

2021

$14,660,000

$120,520,000

$9,582,040,000

$15,275,814,637

$20,076,250,000

$18,952,910,000

$18,965,870,000

$82,988,064,637

2022| 56,040,000

$276,680,000

$4,671,640,000

$8,432,358,668

$9,147,240,000

$8,804,360,000

$9,031,760,000

$40,370,078,668

2023

$777,140,000

$1,493,820,000

$4,281,640,000

$7,517,477,459

$6,660,980,000

$6,608,460,000

$7,046,850,000

$34,386,367,459

Figure D-20 shows the total additional cost of implementing EPA’s modeled MISO grid compared
to the operating costs of the existing SPP grid. The total cost is an additional $65.6 billion after
fuel savings and subsidies are applied to the total cost of the fleet transition

47 Electric Power Research Institute, Practices and Standards,” Resource Adequacy, Accessed May 17, 2024,
https://msites.epri.com/resource-adequacy/metrics/practices-and-
standards#:~:text=Consider%20a%2010%2Dyear%20time,1%20day%20per%2010%20years.
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EPA Total Additional Costs in SPP

Total Additional Costs of Status Quo Scenario from 2024 through 2055
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Figure D-21 shows EPA downwardly revised the electricity consumption estimates in SPP in the
final rule output files relative to the proposed rules. This assumption is at odds with estimates for
growing demand for electricity due to data centers and reshoring of manufacturing

EPA SPP Demand Projections: Final vs Proposed

EPA Projected SPP Demand: Proposed vs. Final EPA Rule
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