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Executive Summary

North Carolina’s Clean Energy Plan, a proposal put together by the 
Department of Environmental Quality at the behest of Governor Roy 
Cooper, calls for a 70-percent reduction of greenhouse gas emis-

sions from electricity by 2030 and carbon neutrality by 2050. Duke En-
ergy has submitted Integrated Resource Plans that include pathways to 
the Clean Energy Plan targets. Duke Energy’s Portfolio D most resem-
bles the Clean Energy Plan, deploying wind, solar, and battery storage 
on an unprecedented scale.

This report assesses North Carolina’s existing electricity portfolio, ana-
lyzes the changes proposed by Duke Energy’s Portfolio D, and compares 
that scenario to alternatives that utilize nuclear energy and natural gas to 
achieve emissions reduction rather than the Clean Energy Plan’s preferred 
wind, solar, and battery storage.
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The report finds:

 f North Carolina has an exemplary record on emissions reduction, 
driven by its robust electricity generation from nuclear energy and 
its recent shift to natural gas.

 f The Clean Energy Plan is an expensive, wasteful, and risky means 
of achieving the state’s emissions goal, as demonstrated by Duke 
Energy’s cost estimates and by future grid scenario modeling from 
the Center of the American Experiment.

 f Duke Energy would require over $100 billion in present-value rev-
enue to realize the demands of the Clean Energy Plan with Port-
folio D. 

 f Duke Energy’s Portfolio D would increase electric bills for North 
Carolina households by more than $400 each year. North Caroli-
na’s industrial electricity customers would face increases of close 
to $50,000 each year in the scenario, compounding costs for all 
North Carolinians.

 f Achieving the Clean Energy Plan’s 2030 emissions goal with Duke 
Energy’s Portfolio D would come at a cost of over $110 per metric 
ton of reduced carbon dioxide.

 f An alternative scenario expanding natural gas’s role on the grid 
would reduce emissions more than 60 percent by 2030 at a cost 
of just $2.86 per metric ton.

 f A scenario expanding nuclear energy’s role on the grid using U.S. 
Energy Information Administration cost assumptions would re-
duce emissions 70 percent, achieving the Clean Energy Plan tar-
get at $79.23 per metric ton, a rate close to 30-percent more af-
fordable than Duke Energy’s Portfolio D.

 f A scenario deploying a Korean-developed nuclear reactor now in 
use internationally would reduce emissions 70 percent by 2030 at 
$39.98 per metric ton, roughly one-third the rate of Duke Energy’s 
Portfolio D.
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 f Nuclear energy and natural gas are both e�cient uses of land, 
requiring just 0.5 square miles and 2 square miles, respectively, 
in order to average 1,000 megawatts over the course of a year in 
North Carolina, compared to 575 square miles for onshore wind 
power, 265 square miles for offshore wind, and 60 square miles for 
solar power to provide the same amount of electricity.

 f The Clean Energy Plan’s reliance on wind, solar, and battery stor-
age entails significant environmental, supply chain, and land-use 
risks.

 f Expanded utilization of nuclear energy and natural gas would pro-
vide better pathways to emissions reduction than the wind, solar, 
and battery storage scenarios preferred by Governor Cooper and 
the Department of Environmental Quality.
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Spoiler alert. If people want zero carbon emissions and still want to live 
in the 21st century, the affordable, reliable, environmentally friendly 
way to do it is nuclear power. Period. It’s that simple. It’s that easy. 

And, yet, it isn’t. Why do the climate alarmists who claim we have a short 
window to resolve the issue make it so di�cult to do so? 

Here’s the dirty little secret of the Big Green industrial complex: This bat-
tle isn’t about clean air or affordable power. It’s about political power to 
control people. Controversial ecologist Paul Ehrlich said it out loud in the 
mid-1970s. Ehrlich argued that availability, reliability, and affordability of 
nuclear power, which we see as benefits, actually represent costs. 

He added, “In fact, giving society cheap, abundant energy at this point 
would be the moral equivalent of giving an idiot child a machine gun.”

In spring 1979, several years after Ehrlich made his provocative state-
ments, three events converged. Hollywood released the anti-nuclear 
movie The China Syndrome. Within 12 days of the release, the United 

Introduction
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States experienced a partial reactor meltdown at the Three Mile Island 
nuclear power plant. This unfortunate coincidence made the movie 
seem somewhat prophetic. Within weeks of both of those, I had to ar-
gue the pro-nuclear energy case in my high school debate class. Since 
my debate partner defected to the other side, it was just me. While I 
couldn’t convince my partner to be with me, I did convince the class. I’ve 
been pro-nuclear ever since.

I’m the opposite of Paul Ehrlich. I believe in the innovative and entre-
preneurial spirit of the American people. I believe they will use nuclear 
energy for good to improve the human condition at home and abroad. 

Apparently, North Carolina Governor Roy Cooper is more like my debate 
partner. He told Congress, “Everything needs to be on the table.” Howev-
er, his Clean Energy Plan defies his congressional testimony. Cooper has 
set North Carolina’s energy table as Ehrlich would. Cooper’s plan features 
unreliable, unaffordable wind, solar, and batteries because they appease 
his base, Big Green nonprofits, and profiteers.

By our calculations ratepayers and taxpayers will have to invest hundreds 
of billions of dollars into industrial wind turbines, utility-scale solar, and 
not-yet-ready for primetime, behemoth-sized batteries for Gov Cooper 
to realize his renewable goals. Even with all that spending, we would not 
achieve his goal of lowering emissions. 

Wind and solar advocates employ soft terms like “transform” or “transi-
tion.” A more appropriate word choice is “force.” Renewables will force 
us to change and not for the better. Unless living in the 11th century or 
on an energy starvation diet is your thing, wind and solar plus giant bat-
teries won’t work for our grid, our economy, our businesses, our homes, 
and our environment. These sources will force you to use significantly 
less energy whether you want to or not. 

This isn’t just having to choose between powering your cell phone or 
your computer or your child’s nebulizer. It’s wondering whether or not 
you’ll have the power for your child’s nebulizer. Gasoline-powered gener-
ators may be in everyone’s future. 
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Michael Shellenberger, author of the best-selling Apocalypse Never: 
Why Environmental Alarmism Hurts Us All, made an astute observation: 
“curiously, the people who are the most alarmist about the [climate] 
problems also tend to oppose the obvious solutions.” Shellenberger is 
a unicorn in the environmental movement. He’s an intellectually hon-
est conservationist who cares deeply about the condition of our planet 
and the human condition. In his book, he makes the obvious case for 
opposing renewables while championing nuclear. It’s a great read. I rec-
ommend it.

Intellectual honesty is why we are having to prove the obvious. North 
Carolinians should have their eyes wide open before being thrust into 
energy poverty and suffering through rolling brown outs or worse — sus-
tained blackouts. Think California on any given day or Texas during a 
historically brutal winter storm. 

As this paper and Shellenberger’s book prove, nuclear is the only way 
to achieve the goals of lower emissions and affordable, reliable power. 
Author of our study Jordan McGillis also addresses the huge amounts 
of land required for wind and solar projects. The demand for land de-
grades the environment in the name of saving it. 

There’s a geopolitical component as well. Renewables shackle us to un-
friendly regimes like the Chinese Communist Party in order to get the 
necessary raw materials to manufacture solar panels and wind turbines. 

Our paper isn’t likely to change Roy Cooper’s irresponsible position, but 
we do hope it impacts yours. 

Amy O. Cooke
CEO, John Locke Foundation
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ELECTRICITY IN NORTH 
CAROLINA
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Charting a course for North Carolina’s power future requires an under-
standing of where the state is today and how it arrived here. On this 
note, one can only be positive and optimistic. North Carolina has a 

diverse, affordable electricity mix compared with the national averages 
and its electricity is getting cleaner each year.

Electricity Mix
In 2019, the most recent year for which the U.S. Energy Information Ad-
ministration (EIA) offers its full state energy profile, North Carolina’s pri-
mary source of electricity generation was nuclear energy.1 The state’s 
electric power industry totaled 131,173,861 megawatt-hours (MWh) for 
the year.

Nuclear energy provided 32 percent (41,915,605 MWh). 

Natural gas provided 31.4 percent (41,146,865 MWh, of which combined 
cycle was responsible for 34,751406 MWh.)
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Coal was the third leading generation source, contributing 23.4 percent 
(30,672,101 MWh).

Together, those three sources generated 86.7 percent of North Carolina’s 
electricity.

The remaining 16,709,383 MWh came from photovoltaic (PV) solar pow-
er, hydroelectric power, wood, petroleum other biomass, and wind.

Solar generated 5.7 percent.

Hydro generated 4.7 percent.

Wood generated 1.4 percent.

Generation from other biomass was 0.5 percent.

Wind generated 0.4 percent 

Petroleum and other sources made up the remaining 0.54 percent.

North Carolina 2019 Electricity Generation by Source

SOURCE: U.S. ENERGY INFORMATION ADMINISTRATION
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Two of these figures stand out on a national scale. The first is nuclear en-
ergy’s stellar contribution to North Carolina’s electricity needs. Accord-
ing to EIA, North Carolina was sixth among the states in electricity net 
generation from nuclear power in 2019, producing about 5 percent of the 
nation’s total. 

The second noteworthy figure is the electricity generation North Caro-
lina gets from solar energy. In 2019, EIA reports, North Carolina ranked 
second after California in both the amount of total installed solar power 
generating capacity at almost 4,700 megawatts (MW) and actual solar 
generation. 

As the North Carolina Department of Environmental Quality (DEQ) notes 
in its Clean Energy Plan, state and federal renewable energy subsidies, 
favorable federal Public Utility Regulatory Policy Act conditions, and 
the state’s Renewable Energy and Energy E�ciency Portfolio Standard 
propelled North Carolina’s solar industry. With those advantages, solar’s 
megawatt-hour total jumped from 7,000 in 2010 to 700,000 in 2014 to 
7,000,000 in 2019. The Solar Energy Industries Association ranks North 
Carolina third nationally in its State Solar Spotlight and ranks the state’s 
solar growth projection ninth nationally.2 Nevertheless, as noted above, 
solar energy still contributes just a sliver of the state’s power. The genera-
tion gap looks even more stark when the jobs numbers are highlighted. 
Solar produces one-sixth of the electricity provided by nuclear and natu-
ral gas, but requires double the workers to do so. DEQ’s touting of what 
it calls clean energy jobs in the state reveals a blind spot in this regard.3

The changes in the North Carolina electricity and emissions profile over 
the course of this young century are remarkable and encouraging. In 
2007, the state’s highest electricity emissions year, North Carolina got 
the lion’s share of its electricity from coal, at over 60 percent.4 Nuclear, 
a mainstay of the state’s mix, has generated around a third of its power 
each year, totaling about 40 terawatt-hours annually since 2003.5 

The big climber has been natural gas. In 2000, natural gas generated less 
than one percent of North Carolina’s power. In the record emissions year, 
it was still at just 3.4 percent, but five years later in 2012 it jumped to 16.6 
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percent. Four years after that, in 2016, natural gas surpassed coal gen-
eration, contributing 30 percent, compared to the sedimentary rock’s 
28.6 percent. In the period between 2005 and 2019, Duke Energy retired 
close to 4 GW of coal resources between North and South Carolina.6 
Because natural gas emits about half as much carbon dioxide per Brit-
ish thermal unit (Btu), the emissions savings of this switch have been 
profound.7 

Greenhouse Gas Emissions
In 2017, the state’s electricity sector generated 47.3 million metric tons of 
carbon dioxide (CO2) according to the U.S. Energy Information Adminis-
tration, down almost 40 percent from the all-time state high of nearly 80 
million metric tons in 2007 and down 12 percent since 1980, when the 
state population was 42 percent smaller than it is today.8 9 As DEQ doc-
umented in its 2019 report,10 between 2005 and 2017 the state’s gross 
greenhouse gas emissions fell 23.7 percent. The leading contributor to 
this decline was the electricity industry. 

In this respect, North Carolina is representative of the country as a whole. 
Since the mid-2000s, the proliferation of natural gas from American 
shale basins has enabled the country to reduce greenhouse gas emis-
sions from electricity by a third.11

In 2018, the most recent year from which comprehensive EIA compari-
son tables are available, North Carolina’s electricity emissions total was 
lower than six smaller population states, Alabama, Indiana, Kentucky, 
Michigan, Missouri, and West Virginia. North Carolina’s total is also 8.8 
percent lower than Georgia’s, despite Georgia’s population being just 1 
percent larger.

Per capita, North Carolinians emit about 4.5 metric tons of CO2 each year 
by way of electricity, placing North Carolina 30th nationally (i.e., closer to 
the lowest per capita emissions states than to the highest).

According to the World Resources Institute (WRI), North Carolina is 
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among the nation’s leaders in “decoupling” emissions from econom-
ic performance, having better-than-average carbon intensity and bet-
ter-than-average improvement from 2005 to 2017.12 WRI reports that 
North Carolina reduced emissions by around a quarter in that period 
while increasing state GDP by almost a fifth. Only New York and Massa-
chusetts experienced better economic growth with as deep of reduc-
tions in emissions.

North Carolina’s relatively low per capita electricity emissions and car-
bon intensity profiles can be attributed to nuclear and natural gas lead-
ing its existing electricity mix.

Electricity Rates
As of February 2021, North Carolina customers pay 9.48 cents per kWh 

SOURCE: U.S. ENERGY INFORMATION ADMINISTRATION
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across all end-use sectors, placing it 
19th in affordability among the 50 
states and the District of Columbia 
and a full 2 cents below the average 
of 11.60. Within the South Atlantic 
region that also includes Delaware, 
the District of Columbia, Florida, 
Georgia, Maryland, South Carolina, 
Virginia, and West Virginia, North 
Carolina ranks third in all sector end-
use affordability, with only Virginia 
and West Virginia customers paying 
less per kilowatt-hour (kWh).13

Residential customers in North Carolina paid 11.13 cents per kWh in Feb-
ruary 2021, the 14th most affordable rate in the country and the second 
cheapest in the region. With the state average household consumption 
of electricity around 1,100 kWh per month, this comes out to an average 
monthly bill of about $123.14

Commercial customers paid 9.02 cents per kWh, ranking 10th in the 
country and second cheapest in the region. Industrial customers paid 
6.08 cents per kWh, ranking 11th in the country and again second in the 
region in affordability.

Energy Jobs
The Energy Future Initiative’s 2020 U.S. Energy and Employment Report 
recorded close to 60,000 workers employed in electric power genera-
tion, fuels, transmission, distribution, and energy storage, 1.2 percent of 
total state employment.15 Natural gas generation employed 2,800 work-
ers and nuclear generation employed 1,600 workers. 6,600 workers were 
reported as spending the majority of their time on solar and another 
2,300 workers spent some time on solar.

The report logged an additional 88,000 workers in energy e�ciency. It 

“According to DEQ, the 
combined capacity of 
North Carolina’s nuclear 
units was 5,118 MW in 
2017. The units had an 
average capacity factor 
of 94 percent.”
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should be noted, however, that the energy e�ciency designation is du-
bious in many cases. For example, of the 2.3 million jobs deemed by the 
report to be in energy e�ciency across the nation, 494,000 are in auto-
mobile manufacturing and are given the energy e�ciency designation 
because the workers “are contributing to producing vehicles that help 
achieve” national fuel-economy mandates.

North Carolina’s Power Plants

Nuclear Power Plants
Duke Energy operates five reactors at three nuclear plants in the state: 
the McGuire Nuclear Station in Mecklenberg County, the Harris Nuclear 
Plant in Wake County, and the Brunswick Nuclear Plant in Brunswick 
County. South of the state border, Duke Energy operates Oconee Nucle-
ar Station, Catawba Nuclear Station, and Robinson Nuclear Plant.

The McGuire Nuclear Station, which was commissioned in 1981, has the 
highest capacity at 2,316 megawatts. The Harris Nuclear Plant, commis-
sioned in 1987, has a capacity of 964 megawatts. The Brunswick Nuclear 
Plant, commissioned in 1975, has a capacity of 1,870 megawatts.16 Duke 
Energy noted in its 2018 Integrated Resource Plan that capacity uprates 
totaling 56 megawatts are planned for the Brunswick and Harris plants 
through 2028.

According to DEQ, the combined capacity of North Carolina’s nuclear 
units was 5,118 MW in 2017. The units had an average capacity factor 
of 94 percent.17 The licenses for these plants expire between 2034 and 
2046, but Duke Energy is in the process of renewing them.18

Natural Gas Power Plants
Duke Energy operates 11 gas-fired generating facilities in North Caro-
lina, ranging from the Asheville Combined Cycle Station in Buncombe 
County to the Dan River Combined Cycle Station in Rockingham County 
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to the Sutton Combustion Turbine facility in Wilmington. The state’s gas-
fired facilities offer dispatchable electricity from an array of points across 
the state.

Duke Energy reports that the Asheville Combined Cycle Station is 75-per-
cent more e�cient than the coal plant it replaced.19

Interstate pipelines supply the natural gas that North Carolina uses. 
Since 2015, significant volumes have arrived from the Utica and Marcel-
lus shale plays in the northern Appalachian Basin.

Coal Power Plants and Retirements
Duke Energy operates six coal-fired generating facilities in North Caroli-
na, ranging from the Rogers Energy Complex (Cliffside Steam Station) in 
Cleveland and Rutherford Counties to the Mayo Plant in Roxboro. 

According to S&P Global Market Intelligence, Duke Energy operates 
about 9,000 MW of coal-fired generation in the Carolinas.20 

The highest-capacity coal-fired facilities are the Roxboro Steam Plant in 
Semora, the Belews Creek Steam Station in Stokes County, and the Mar-
shall Steam Station in Catawba County. S&P Global states that these are 
among Duke Energy’s 10 largest operating plants in the region.

The Roxboro Steam Plant has the highest capacity at 2,422 megawatts, 
followed by the Belews Creek Steam Station, with its 2,240 megawatts, 
and the Marshall Steam Station with its 2,090 megawatts. 

While the Roxboro Steam Plant is a coal-exclusive plant, Marshall and 
Belews Creek will use both coal and natural gas in 2021.

Duke Energy states it will complete construction this year at Marshall to 
enable 50 percent natural gas co-firing on units 3 and 4 and up to 40 
percent natural gas co-firing on units 1 and 2. 

The Belews Creek Steam Station is a two-unit generating facility. In 2020, 
according to Duke Energy, natural gas was added to the station to allow 
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40 percent natural gas co-firing on both units. 

Duke Energy reports that for every pound of coal displaced with natural 
gas at Marshall and Belews Creek, sulfur dioxide is reduced by an esti-
mated 99 percent, and carbon dioxide emissions are reduced by about 
40 percent per megawatt-hour.

Duke Energy’s Integrated Resource Plan scenarios will retire all of its 
power plants in the Carolinas that “rely exclusively on coal.”

Through the first two months of 2021, the McGuire and Brunswick nucle-
ar plants were the highest generators, contributing 3,257,611 MWh and 
2,658,263 MWh respectively. The leading natural gas generators were 
the Smith, Asheville, and Dan River facilities, which generated 1,479,748 
MWh, 731,605 MWh, and 727,056 MWh, respectively. The Roxboro Steam 
Plant generated 1,369,025 MWh in the period, leading coal facilities.21

North Carolina’s long experience with baseload nuclear power and its 
copious recent natural gas additions position the state to succeed in its 
pursuit of reliable, low-carbon electricity.
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NORTH CAROLINA 
ELECTRICITY POLICY 
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As Locke’s Jon Sanders has noted, North Carolina policymakers have 
pursued a sequence of interventions to move the state’s electricity 
market towards renewable energy, including the Clean Smokestacks 

Bill in 2002,22 a 35-percent investment tax credit for renewable energy 
in 2005,23 a renewable electricity mandate in 2007,24 and an 80-percent 
property tax abatement for solar energy systems in 2008.25 Those pro-
grams were followed in the recently-ended decade by Governor Roy 
Cooper’s Clean Energy Plan. 

For the purposes of this paper, the renewable electricity mandate and 
the Clean Energy Plan are most germane.

Renewable Energy and Energy Efficiency 
Portfolio Standard
With the passage of Senate Bill 3 in August 2007,26 North Carolina be-
came the 25th state and the first in the southeastern U.S. to establish 
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a renewable electricity mandate, 
i.e., a legally-binding requirement 
for utilities to provide the state 
with a certain percentage of elec-
tricity from politically-preferred 
sources. 

North Carolina’s benchmark re-
newable energy requirement, 
codified as N.C. Gen. Stat. § 62-
133.8, is known as the Renewable 
Energy and Energy E�ciency 
Portfolio Standard (REPS).

REPS went into effect in 2012 
and requires investor-owned utilities such as Duke Energy to supply 12.5 
percent of retail electricity sales from eligible sources by 2021. Municipal 
utilities and cooperatives have a slightly lower bar to meet. The sources 
deemed eligible include solar, wind, small hydro (up to 10 megawatts), 
geothermal, wave energy, emissions-controlled biomass, landfill gas, and 
hydrogen derived from renewable sources. Up to a quarter of the re-
quirement can be satisfied through added energy e�ciency technolo-
gies, including combined heat and power systems.27 Beginning in 2021, 
a utility may meet up to 40 percent of the requirements through savings 
due to implementation of energy e�ciency measures. In 2011, demand 
response was added as a means for utilities to achieve compliance.28

 In February 2008, the North Carolina Utility Commission (NCUC) adopt-
ed final rules to implement REPS in the utility sector.29 Per NCUC, utilities 
comply with REPS by generating eligible electricity, purchasing eligible 
electricity, or purchasing Renewable Energy Certificates, tradable instru-
ments obtained from generation.30

North Carolina remains the only state in the region with a renew-
able electricity mandate. Neighbors Virginia and South Carolina have 
non-binding goals, but do not have binding standards.31 Critically from 

“North Carolina remains 
the only state in the 
region with a renewable 
electricity mandate. 
Neighbors Virginia and 
South Carolina have non-
binding goals, but do not 
have binding standards.”
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the viewpoint of the utility customer, REPS allows for utilities to recover 
the costs of adding eligible sources to their supply by passing their costs 
through to the public.

Executive Order 80
In October 2018, Governor Roy Cooper issued Executive Order 80, a state 
directive on responding to climate change.32 The order indicated:

“The State of North Carolina will strive to accomplish the following by 
2025: 

a. Reduce statewide greenhouse gas emissions to 40% below 2005 lev-
els; 

b. Increase the number of registered, zero-emission vehicles (‘ZEVs’; indi-
vidually, ‘ZEV’) to at least 80,000; 

c. Reduce energy consumption per square foot in state-owned build-
ings by at least 40% from fiscal year 2002-2003 levels.”

The order also directed the Department of Environmental Quality to de-
velop a “North Carolina Clean Energy Plan” that “fosters and encourages 
the utilization of clean energy resources, including energy e�ciency, so-
lar, wind, energy storage, and other innovative technologies in the public 
and private sectors, and the integration of those resources to facilitate 
the development of a modern and resilient electric grid.”

The North Carolina Clean Energy Plan
DEQ executed Governor Cooper’s request by delivering the North Caro-
lina Clean Energy Plan (CEP) in October 2019.33 The purpose of the CEP, 
stated DEQ upon the documents’ release, “is to outline policy and action 
recommendations that will accomplish these goals.” The CEP outlines, in 
DEQ’s words, “what our electricity system should look like in 2030 and 
what values we must retain moving forward.”
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With that framing, the CEP puts forth DEQ’s 
policy preferences. The meat of the CEP is 
DEQ’s Detailed Policy and Action Recom-
mendations. DEQ defines in this section 
three goals: 

(1) to reduce electric power sector green-
house gas emissions by 70 percent from 
2005 levels— a baseline of 79.37 million 
metric tons of carbon dioxide equivalent, 
according to DEQ’s 2019 Greenhouse Gas 
Inventory—by 2030 and attain carbon neu-
trality by 2050; 

(2) to foster long-term energy affordability for North Carolina’s residents 
and businesses by modernizing regulatory and planning processes; 

(3) to accelerate clean energy innovation, development, and deployment 
to create economic opportunities for both rural and urban areas of the 
state.

DEQ considers these three cardinal recommendations “critical to the 
transition to a 21st century regulatory model that incentivizes business 
decisions that benefit both the utilities and the public in creating an en-
ergy system that is clean, affordable, reliable, and equitable,” and “central 
to the transformational shift that is necessary to lay a new foundation for 
a clean energy future…”

In order to attain these goals, DEQ establishes six strategies: 

(1) carbon reduction—which focuses on the development of greenhouse 
gas mitigation policy designs for the electric power sector; 

(2) utility incentives and comprehensive system planning—which address 
recommendations related to utility compensation methods, regulatory 
processes, and long-term utility system planning; 

(3) grid modernization and resilience—which identify pathways to 

“North Carolina 
is an exemplar 
of smart carbon 
reduction and it 
can be a national 
leader deep into 
this century.”
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modernize the electric grid to support clean energy resources, and ways 
to establish and maintain grid resilience and flexibility;

(4) clean energy deployment and economic development—which focus 
on methods to increase customer access to clean energy resources, reg-
ulatory processes related to the way clean energy resources are valued, 
and emerging areas that can create economic opportunities; 

(5) equitable access and justice—which address methods to relieve the 
energy burden on low-income communities, provide job training, and 
develop a clean energy workforce;

(6) energy e�ciency and electrification strategies—which identify ap-
proaches to electrify the transportation sector and end-use sectors.

Assuming the risks posed by anthropogenic global warming as de-
scribed by bodies like the Intergovernmental Panel on Climate Change, 
the goals that DEQ establishes in the CEP and the broad strategies for 
achieving them are reasonable. But DEQ and, ultimately as the state’s 
chief executive, Governor Cooper, break from reality when presenting 
the state with pathways to get there. 

DEQ seems fixated on its preferred electricity sources to the exclusion 
of viable, and, arguably, more dependable sources. The sources towards 
which DEQ wants to steer the state are wind and solar energy, with co-
pious battery storage.

The word “solar” appears in the main document 158 times, “storage” ap-
pears 83 times, “wind” appears 62 times. “Nuclear,” as in nuclear energy, 
North Carolina’s leading power source, appears a paltry 14 times in the 
main document’s 146 pages.

DEQ implies its avoidance of nuclear energy was at the direction of Ex-
ecutive Order 80, arguing that “Executive Order 80 (EO 80) and DEQ 
define clean energy resources to include solar, EE, battery storage, wind, 
e�cient electrification, and other zero-emitting technology options ca-
pable of quickly decarbonizing the power sector and modernizing the 
electric power sector.”
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In fact, Governor Cooper’s executive order did not stipulate that DEQ 
should form a plan around specific energy sources. The order’s language 
regarding sources was open-ended, encouraging “the utilization of clean 
energy resources, including energy e�ciency, solar, wind, energy storage, 
and other innovative technologies in the public and private sectors...”

Nuclear energy most certainly qualifies as an innovative technology and 
as a zero-emitting technology option capable of quickly decarbonizing 
the power sector.

DEQ released its CEP Supporting Document (CEPSD) in the wake of the 
CEP announcement.34 The CEPSD sheds light on the scarce attention nu-
clear drew in the CEP. DEQ concludes its CEPSD section on nuclear ener-
gy by stating, “new generating resources should be identified to replace 
the [nuclear power plants’] existing capacity and generation even if the 
NRC extends their licenses (as desired by Duke Energy) for an additional 
twenty years. It is prudent to now begin looking for a nuclear generation 
replacement so that we can meet NC’s future baseload electric needs.”

As this conclusion make clear, DEQ is willfully spurning the electricity 
source that has provided the state a third of its power for decades, that 
supplies baseload power without carbon emissions, and that has proven 
itself at thousands of sites globally.

North Carolina is an exemplar of smart carbon reduction and it can be 
a national leader deep into this century. It should give policymakers and 
citizens pause that DEQ includes in its Clean Energy Plan a dozen pos-
itive references to California, the state with the nation’s highest-profile 
electricity failures over the past two decades. 

North Carolina can do better.
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DUKE ENERGY’S 
INTEGRATED RESOURCE 

PLANS
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North Carolina’s investor-owned utilities are required to present the 
state with periodic comprehensive updates on their plans for provid-
ing the state with electricity. These reports are known as Integrated 

Resource Plans (IRPs) and the body tasked by statute with evaluating 
them is the NCUC.

NCUC’s role, per the Public Utilities Act (G.S. 62),35 is to provide fair reg-
ulation of public utilities in the public interest. Among NCUC’s various 
functions are the aforementioned implementation of REPS and the ap-
proval of IRPs.36 According to NCUC, integrated resource planning exam-
ines conservation, energy e�ciency, load management, and other de-
mand- and supply-side issues in order to determine the least-cost way 
of providing electricity. 

Duke Energy Progress37 and Duke Energy Carolinas38 filed their latest 
IRPs with NCUC in September 2020. The two subsidiaries of Duke En-
ergy Corporation file separate IRPs with North Carolina and South Car-
olina, but since they operate as a joint-dispatch system across the state 
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line, they are mirror-image documents. For 
the purposes of this report, the documents 
will be referred to jointly as “the Duke Energy 
IRPs,” “the Duke IRPs,” or, simply, “the IRPs.”

The Duke Energy IRPs must be viewed in 
the context of the electricity policies and the 
2019 Clean Energy Plan described above. 
Duke Energy, in its position as a state-regulat-
ed monopoly, largely builds its plans around 
existing and anticipated policy.

As Duke Energy explains on its website, it “ap-
plies three primary objectives of increasingly 
clean, reliable, and affordable [electricity] to 
guide its IRP planning process, and consid-

ers and compares resource portfolio alternatives to comply with policy 
objectives.” Duke Energy notes in the IRPs, “In North Carolina, Duke En-
ergy is an active participant in the state’s Clean Energy Plan stakeholder 
process, which is evaluating policy pathways to achieve a 70% reduc-
tion in greenhouse gas emissions from 2005 levels by 2030 and carbon 
neutrality for the electric power sector by 2050.” While Duke Energy has 
announced a corporate commitment to achieving net-zero emissions by 
2050, in line with Governor Cooper’s agenda, it lags slightly behind the 
state with its corporate commitment to reduce CO2 emissions 50-per-
cent below 2005 levels by 2030. 

The Duke Energy IRPs consist of six portfolios, each offering a different 
electricity future for the state through 2035. All six scenarios would see 
Duke Energy achieve its 2030 goal of a 50-percent from baseline CO2 

reduction. 

This report will describe each, but pay closest attention to the scenario 
(Portfolio D) that most clearly reflects the policy preferences of Governor 
Cooper and DEQ. Duke Energy describes Portfolio D as illustrating a po-
tential pathway to the Clean Energy Plan goal of a 70-percent reduction 
by 2030 and maps high deployment of wind energy. This report will then 

“The Duke 
Energy IRPs 
consist of six 
portfolios, 
each offering 
a different 
electricity future 
for the state 
through 2035.”
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present some alternative scenarios that we think would better serve the 
state.

The six portfolios are designated in the following manner by Duke Energy:

Portfolio A — Base without Carbon Policy 

Portfolio B — Base with Carbon Policy

Portfolio C — Earliest Practicable Coal Retirements

Portfolio D — 70-Percent CO2 Reduction: High Wind

Portfolio E — 70-Percent CO2 Reduction: High Small Modular Nuclear

Portfolio F — No New Gas Generation

Portfolio A
Portfolio A is the base case without carbon policy, i.e., the scenario op-
erates under current policy assumptions. While readers may intuitively 
expect that this portfolio would lead to a stalling of emissions reduction, 
even in the simple base case without carbon policy the current trend 
continues and emissions drop precipitously. Since 2005, the Duke En-
ergy combined system has reduced its emissions by 38 percent. In the 
base case without carbon policy, that figure reaches 53 percent by 2030. 
This context is important to bear in mind when evaluating the costs as-
sociated with the incremental emissions reductions in the other portfo-
lios. 

Portfolio A meets new load growth by adding more natural gas gener-
ation to the electricity mix. It incorporates coal unit retirements based 
on the most economic selections (see: IRPs Chapter 11), taking 3,200 
MW oµine by 2029. This portfolio adds 2,000 MW of nameplate capac-
ity solar and solar plus storage throughout the IRP planning horizon. 
At the end of the IRP period, Duke Energy forecasts that battery stor-
age becomes more economical than combustion turbine natural gas 
capacity for peaking purposes. That battery storage will come on top of 
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the additional 140 MW of grid-tied battery storage in the early- to mid-
2020s. Overall, Portfolio A adds 5,300 MW of combustion turbine and 
combined cycle natural gas capacity beginning the winter of 2026 to, in 
Duke’s words, ensure the utility can meet customer load demand.

According to the Combined System Portfolio table on IRP Page 16: Port-
folio A results in a 56-percent system CO2 reduction by 2030, a 53-per-
cent CO2 reduction by 2035, a present value revenue requirement (PVRR) 
of $79.8 billion, and transmission investment of $0.9 billion. 

PVRR is a proxy for cost to Duke Energy customers.

Duke IRP Portfolio A Results Table

2030 CO2 
Reduction

2035 CO2 
Reduction

Present Value 
Revenue 

Requirement ($B)

Estimated 
Transmission 
Investment 

Required ($B)

56% 53% $79.8 $0.9
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Duke Energy, in its position as a state-regulated monopoly, largely builds its 
plans around existing and anticipated policy.
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Portfolio B
Portfolio B is the base case, but with carbon policy. This portfolio, the 
IRPs explain, assumes the same base planning assumptions as the pre-
vious case but is developed with a carbon tax simulation as a proxy for 
future carbon regulation. 

Portfolio B adds 4,300 MW of natural gas capacity, replacing new peak-
ing natural gas generation in favor of base and intermediate load natural 
gas resources. All differences between Portfolios A and B are attributable 
to the IRP carbon tax. Because of the added cost assumptions, Portfolio 
B selects 1,400 MW more of incremental solar plus storage than Portfolio 
A. This plan also adds 600 MW of onshore wind to 2035. Because wind 
and solar are intermittent sources of generation, additional storage is 
needed. This portfolio adds it in the form of 500 MW of standalone, grid-
tied battery storage in the early 2030s and 350 MW of storage coupled 
with solar.

According to the Combined System Portfolio table on IRP Page 16: Port-
folio B results in a 59-percent system CO2 reduction by 2030, a 62 -per-
cent CO2 reduction by 2035, a PVRR of $82.5 billion, and transmission 
investment of $1.8 billion. 

Duke IRP Portfolio B Results Table

2030 CO2 
Reduction

2035 CO2 
Reduction

Present Value 
Revenue 

Requirement ($B)

Estimated 
Transmission 
Investment 

Required ($B)

59% 62% $82.5 $1.8

Portfolio C
Portfolio C reflects the earliest possible coal retirements. The portfolio 
bumps up the retirement of Mayo Unit 1 from 2029 in the base cases to 
2026 and accelerates the Roxboro units 1 and 2 retirement from 2029 to 
2028, meaning they will retire in the same year as Roxboro units 3 and 4.
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This plan replaces 3,200 MW of coal capacity with a combination of nat-
ural gas, onshore wind, solar, and significant battery storage. 

Portfolio C adds 9,600 MW of natural gas capacity and 1,350 MW of on-
shore wind capacity. Solar additions in this scenario yield a total solar 
nameplate capacity of 12,400 MW. 

As in Portfolio B, it adds 2,200 of incremental battery storage capacity. 
Portfolio B requires 500 MW of standalone, grid-tied battery storage to 
be added in the early- and mid-2020s. It does, however, avoid “addition-
al transmission upgrades” by siting replacement gas generation at the 
Roxboro station.

According to the Combined System Portfolio table on IRP Page 16: Port-
folio C results in a 64-percent system CO2 reduction by 2030, a 64-per-
cent CO2 reduction by 2035, a PVRR of $84.1 billion, and transmission 
investment of $1.3 billion. 

Duke IRP Portfolio C Results Table

2030 CO2 
Reduction

2035 CO2 
Reduction

Present Value 
Revenue 

Requirement ($B)

Estimated 
Transmission 
Investment 

Required ($B)

64% 64% $84.1 $1.3

Portfolio D
Portfolio D reaches 70-percent CO2 reduction through high wind usage. 
It is the scenario that most closely resembles the Clean Energy Plan put 
forward by Governor Cooper and DEQ and the governor’s offshore wind 
executive order that was delivered in June 2021.39 In addition to this seg-
ment, our report will offer an in-depth analysis of Portfolio D in a follow-
ing section. 

Portfolio D emphasizes offshore wind energy. In order to achieve the 
emissions goal on time, it also retires coal units at the earliest dates pos-
sible, as in Portfolio C. Additionally, Portfolio D uses increased annual so-
lar integration limits.

Portfolio D includes the addition of 5,500 MW of combined offshore 
and onshore wind, at a roughly even split, and a total of 16,250 MW of 
nameplate capacity solar energy by 2035. It also utilizes 6,400 MW of 
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incremental natural gas and 4,400 MW of incremental storage—double 
the total for Portfolios B and C.

The IRPs note that even with assumptions of high energy e�ciency, 
demand response, and the accelerated coal retirements, this scenario 
“do(es) not get the combined system to 70% CO2 reductions by 2030.” In 
order to reach 70 percent, Duke Energy “adds 1,200 MW of offshore wind 
into the DEP system for the winter peak of 2030.” For reserve capacity 
reasons, coal units 1 and 2 at Roxboro are left in operation to 2030 when 
the offshore wind capacity becomes fully operational. 

According to the Combined System Portfolio table on IRP Page 16: Port-
folio D results in a 70-percent system CO2 reduction by 2030, a 73-per-
cent CO2 reduction by 2035, a PVRR of $100.5 billion, and transmission 
investment of $7.5 billion. 

The PVRR in Portfolio D is thus 22-percent more expensive than in Port-
folio B (the base case with carbon policy) and 26-percent more expen-
sive than in Portfolio A (the base case without carbon policy).

Duke IRP Portfolio D Results Table

2030 CO2 
Reduction

2035 CO2 
Reduction

Present Value 
Revenue 

Requirement ($B)

Estimated 
Transmission 
Investment 

Required ($B)

70% 73% $100.5 $7.5

Portfolio E
Portfolio E achieves the same 70-percent CO2 emissions benchmark as 
Portfolio D, but does so with small modular nuclear reactors (SMRs) em-
phasized. 

The plan also leverages high energy e�ciency and demand response 
expectations and assumes increased renewable integration limits. It re-
tires coal units at the earliest practicable dates. 

This scenario uses an addition of 1,350 MW of SMR technology, along 
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with the same 4,400 MW of incremental storage in Portfolio D. It adds 
slightly less natural gas, at 6,100 MW. Like the above scenario it yields a 
total nameplate solar capacity of 16,250 MW. It also includes additions of 
2,850 MW of onshore wind and a modest addition of 250 MW offshore.

As in Portfolio D, the IRPs note, even with assumptions of high energy 
e�ciency, demand response, and renewables, combined with acceler-
ated coal retirements, this scenario “do(es) not get the combined system 
to 70% CO2 reductions by 2030” until a 684-megawatt small modular 
nuclear reactor is added to the system at the beginning of 2030. 

And also as in Portfolio D, the retirements of Roxboro units 1 and 2 are 
delayed from 2028 to 2030 to maintain planning reserve capacity until 
the last nuclear addition is operational.

According to the Combined System Portfolio table on IRP Page 16: Port-
folio E results in a 71-percent system CO2 reduction by 2030, a 74-percent 
CO2 reduction by 2035, a PVRR of $95.5 billion, and transmission invest-
ment of $3.1 billion. 

This scenario is about 5-percent more affordable than Portfolio D.

Duke IRP Portfolio E Results Table

2030 CO2 
Reduction

2035 CO2 
Reduction

Present Value 
Revenue 

Requirement ($B)

Estimated 
Transmission 
Investment 

Required ($B)

71% 74% $95.5 $3.1

Portfolio F
Portfolio F presents a scenario in which no natural gas generation is add-
ed to the system. The results demonstrate how important new natural 
gas is to system affordability. 

In Portfolio F, coal is retired on the most economic schedule available, 
rather than the fastest. As coal is retired, energy and capacity needs are 
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met by deploying 4,000 MW of battery storage and 2,500 MW of offshore 
wind by 2030.

By 2035, this scenario includes 16,400 MW of nameplate solar capacity. 
It adds 3,150 MW of onshore wind capacity and 2,650 MW of offshore 
capacity, an additional wind capacity total of 5,800 MW, the highest of 
any scenario. Unlike Portfolio D, it adds SMR capacity, totaling 700 MW. It 
also has the highest storage addition of any portfolio at 7,400 MW.

Unsurprisingly, Portfolio F is the most expensive presented.

According to the Combined System Portfolio table on IRP Page 16: Port-
folio F results in a 65-percent system CO2 reduction by 2030, a 73-per-
cent CO2 reduction by 2050, a PVRR of $108.1 billion, and transmission 
investment of $8.9 billion. 

Duke IRP Portfolio F Results Table

2030 CO2 
Reduction

2035 CO2 
Reduction

Present Value 
Revenue 

Requirement ($B)

Estimated 
Transmission 
Investment 

Required ($B)

65% 73% $108.1 $8.1

IRPs Conclusion
The IRPs give us a peek at six possible electricity futures for the state. 
As the data show, Portfolio D, the scenario most-closely resembling the 
preferences of Governor Cooper and DEQ, presents an unconvincing val-
ue proposition. It would achieve the desired emissions reduction, but 
the costs would be calamitous for North Carolinians, with transmission 
cost forecasts alone exceeding $7 billion and a total PVRR price tag of 
over $100 billion.

Portfolios A, B, and C demonstrate that continued emissions progress 
can be achieved without burdening the state with politically-favored, in-
termittent wind and solar.
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MIN MEDIAN MAX

BASE PLANNING WITHOUT
CARBON POLICY $31.00 $34.40 $39.90

BASE PLANNING WITH 
CARBON POLICY $32.50 $35.70 $41.00

EARLIEST PRACTICABLE
COAL RETIREMENTS $34.50 $37.30 $42.10

70% CO2 REDUCTION:
HIGH WIND $42.40 $44.50 $47.90

70% CO2 REDUCTION:
HIGH SMR $39.60 $41.90 $45.70

NO NEW GAS
GENERATION $49.70 $52.10 $56.00

Total Cost PVRR Through 2050, Excluding the Explicit Cost 
of Carbon (2020 USD in Billions)

MIN MEDIAN MAX

BASE PLANNING WITHOUT
CARBON POLICY $32.50 $43.30 $50.60

BASE PLANNING WITH 
CARBON POLICY $34.80 $43.50 $49.70

EARLIEST PRACTICABLE
COAL RETIREMENTS $35.90 $44.60 $50.70

70% CO2 REDUCTION:
HIGH WIND $43.10 $49.50 $54.20

70% CO2 REDUCTION:
HIGH SMR $41.00 $47.20 $51.90

NO NEW GAS
GENERATION $51.80 $57.30 $61.30

Total Cost PVRR Through 2050, Including the Explicit Cost 
of Carbon (2020 USD in Billions)
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Portfolio F, a foil installed to show the importance of natural gas, should 
not overshadow the real threat of Portfolio D. Portfolio D, unlike F, is a 
realistic and concerning possibility.

Portfolio E shows that even to achieve the 70-percent-by-2030 bench-
mark, Portfolio D is unnecessary and undesirable. This report will now 
analyze Portfolio D in more detail and show that there are viable alter-
natives outside of Duke Energy’s six portfolios that would better serve 
the state.
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PUTTING THE CLEAN 
ENERGY PLAN IN 

CONTEXT
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At the behest of the John Locke Foundation, the Center of the Ameri-
can Experiment (henceforth “the Center”) modeled four North Caro-
lina electricity scenarios and four Duke Energy systemwide scenarios 

to aid in analysis of the Clean Energy Plan and the Duke Energy IRPs. 

Because Duke Energy’s Portfolio D resembles the Clean Energy Plan, that 
scenario is the focal point of the Center’s analysis, which runs through 
2051. In juxtaposition to the costly Portfolio D scenarios for North Caroli-
na and the Duke system, the Center modeled three other North Carolina 
scenarios and three other Duke system scenarios. The alternative North 
Carolina and Duke system scenarios share the same basic assumptions. 
For the sake of simplicity, this report will henceforth focus on the North 
Carolina scenarios, unless otherwise stated. 

The three alternatives to the Portfolio D scenario are: 

1. The Natural Gas Scenario, in which new natural gas capacity is 
added to replace retiring coal instead of a massive investment in 
wind, solar, and battery storage.
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2. The EIA Nuclear Scenario, in which new nuclear capacity is added 
to replace retiring coal instead of wind, solar, and battery storage.

3. The APR1400 Scenario, in which a particular reactor design, the 
Korean APR1400, is utilized in North Carolina in the place of the 
proposed wind, solar, and battery storage.

Each scenario has certain costs and benefits and the following sections 
will detail the advantages and drawbacks of each.

Portfolio D Scenario
According to the Center’s modeling, the Portfolio D Scenario’s shift to 
reliance on wind, solar, and battery storage would foist upon North Caro-
lina ratepayers over $100 billion in additional costs relative to the existing 
electricity mix by 2051. This increase comprises roughly $57 billion in 
utility returns, $7 billion in property taxes, and $33 billion in additional 
generation costs. The modeling shows annual operating expenses from 
the mid-2030s onward at more than $1.5 billion above current levels. 

Costs to Customers
Broken down by rate class, residential customers would see the greatest 
increase in cents per kWh. Rates for residential customers would climb 
by nearly 2 cents by the end of the decade, then increase to more than 
5 cents per kWh above baseline by the middle of the 2030s.

Residential customers would see costs above baseline of $411 on aver-
age from 2020 to 2051.  From 2032 to 2051, annual costs would be $522 
above baseline.

For commercial customers, rates would climb by about 1.5 cents per 
kWh by the end of the decade, then increase to 4 cents per kWh above 
baseline by the middle of the 2030s. 

Commercial customers would see costs above baseline of $1,705 per 
year on average from 2020 to 2051. From 2032 to 2051, costs would be 
$2,165 above baseline.
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For industrial customers, rates would climb by about 1 cent per kWh by 
the end of the decade, then increase to about 3 cents per kWh above 
baseline by the middle of the 2030s. 

The rate increases mean industrial customers’ annual electricity costs 
would increase by $48,553 on average from 2020 to 2051. Cost increases 
would be most dramatic from 2032 to 2051, when average costs would 
be $61,649 above baseline. 

Capacity Mix
The term “capacity mix” denotes the percentages of a system’s installed 
capacity from the various sources of electricity. Capacity mix differs criti-
cally from generation mix, which denotes the percentages of a system’s 
actual electricity generation from the various sources. Capacity factor, a 
key, related concept that will be discussed later in this report, describes 
a source’s generation relative to its capacity.

Portfolio D Scenario Costs Relative to Baseline by Year

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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The initial North Carolina capacity mix in the Center’s models includes:

 f 31 percent coal

 f 18 percent combustion turbine natural gas

 f 16 percent nuclear

 f 15 percent combined cycle natural gas

 f 12 percent utility solar

 f 6 percent hydro

 f 1 percent onshore wind

The 2051 Portfolio D Scenario capacity mix includes:

 f 24 percent utility solar

Portfolio D Scenario Rates Relative to Baseline by Year

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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 f 19 percent combustion turbine natural gas

 f 16 percent combined cycle natural gas

 f 11 percent nuclear

 f 9 percent solar plus storage

 f 6 percent onshore wind

 f 5 percent offshore wind

 f 5 percent storage

 f 4 percent hydro

 f 1 percent community solar

Generation Mix
The initial North Carolina generation mix in the Center’s models includes:

 f 33 percent nuclear

 f 27 percent combined cycle natural gas

 f 25 percent coal

 f 6 percent utility solar

 f 5 percent hydro

 f 4 percent combustion turbine natural gas

The 2051 Portfolio D Scenario generation mix includes:

 f 33 percent nuclear

 f 18 percent combined cycle natural gas

 f 17 percent utility solar

 f 7 percent solar plus storage
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 f 6 percent combustion turbine natural gas

 f 6 percent offshore wind

 f 6 percent onshore wind

 f 5 percent hydro

 f 2 percent storage

In 2051, nuclear, natural gas, and hydro account for 62 percent of elec-
tricity generation. Wind, solar, and storage account for the remaining 38 
percent.

Operating Costs by Energy Source
The Center’s modeling shows that by 2035 and through 2051, Portfolio 
D would still rely most heavily for electricity generation on nuclear and 

Portfolio D Scenario 2051 Capacity Mix
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SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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natural gas, with nuclear, combined cycle natural gas, combustion tur-
bine natural gas, coal, and hydro generating 100,000,000 MWh as late 
as 2029 and close to 80,000,000 MWh annually through the remainder 
of the model period to 2051. The operating costs, however, are skewed 
towards the intermittent sources and storage. 

From 2033 through 2051, onshore wind, utility solar, community solar, 
offshore wind, storage, and solar plus storage are responsible for more 
than half of the operating costs, at more than $3 billion each year.

The initial North Carolina costs by source in the Center’s models includes:

 f 36 percent coal

 f 25 percent combined cycle natural gas

 f 19 percent nuclear

 f 10 percent utility solar

Portfolio D Scenario 2051 Generation Mix

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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 f 8 percent combustion turbine natural gas

 f 1 percent hydro

 f 1 percent community solar

The 2051 Portfolio D Scenario costs by source include:

 f 19 percent offshore wind

 f 16 percent combined cycle natural gas

 f 15 percent utility solar

 f 15 percent combustion turbine natural gas

 f 15 percent nuclear

 f 8 percent solar plus storage

 f 6 percent onshore wind

 f 4 percent storage

 f 1 percent community solar

 f 1 percent hydro

Together, wind, solar, and storage account for 53 percent of costs in 2051.

To reiterate, wind, solar, and storage cost North Carolina more than half 
of its electricity operating costs in this scenario, but never account for 
even 40 percent of the annual electricity generation. Further, it should 
be noted that the operation of natural gas as backup for the intermittent 
sources dramatically reduces the e�ciency of the resource and inflating 
costs.

Relatedly, grid utilization—a term that describes the ratio of actual elec-
tricity generation to potential generation—in the Center’s models for the 
Portfolio D Scenario would decrease from 44.1 percent to 29.5 percent, 
meaning ratepayers would be forced to pay for more idle capacity sitting 
dormant on the grid. 
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Cost per Metric Ton of CO2 Reduced
In the Portfolio D Scenario, the state reduces CO2 emissions to 70 per-
cent below 2005 levels by the 2030 target, but the reductions come at 
a high cost.

The modeling indicates it will cost North Carolina $111.77 for every met-
ric ton of CO2 reduction through 2031. Through 2051, it will cost North 
Carolina $123.86 per metric ton. 

Readers should note that this figure soars beyond the federal social cost 
of carbon in use by the Biden administration at this time of $51.40 This 
discrepancy casts doubt on the favorability of Portfolio D on cost-benefit 
terms. When viewed alongside the JLF alternative scenarios’ emissions 
reduction costs, Portfolio D looks even more dubious. In the Center’s 
North Carolina models, the Portfolio D Scenario performance is poorer 
than in any other scenario by this measure.

Portfolio D Scenario 2051 Cost Breakdown by Source

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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Portfolio D Conclusion
Portfolio D, which most reflects Governor Cooper and DEQ’s Clean Ener-
gy Plan, would be a terrible bargain for the state of North Carolina. The 
plan would reduce carbon dioxide emissions as intended, but it would 
come at an unreasonable cost, as demonstrated by the Center’s mod-
eling.

Natural Gas Scenario
The first alternative scenario is one in which new natural gas capacity is 
added instead of wind, solar, and battery storage as in the Portfolio D 
Scenario.

SOURCE: CENTER OF THE AMERICAN EXPERIMENT

Portfolio D Scenario Emissions by Year
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In the Natural Gas Scenario modeling, 6,400 MW of natural gas is added 
to the capacity mix instead of the renewable energy additions listed in 
Duke Energy’s IRPs. All 6,400 MW of capacity additions are combined 
cycle. In the Natural Gas Scenario, the same capacity retirements are 
made as in the IRPs. This results in a net capacity increase of about 4,250 
MW for the state.

This scenario presents extraordinary savings for North Carolina relative to 
the Portfolio D Scenario. Whereas the Portfolio D Scenario would drive 
up operating costs to more than $1.5 billion above baseline annually, the 
Natural Gas Scenario reduces annual operating expenses to $500 million 
below baseline from the early-2030s to the end of the model period and 
reduces costs overall, even when incorporating property tax expenses, 
transmission and upgrade expenses, and Duke Energy returns.

Costs to Customers
As a result, ratepayers will see smaller increases in their bills in the Natu-
ral Gas Scenario than in the Portfolio D Scenario.

In the Natural Gas Scenario, residential customers will see their rates in-
crease by a fraction of a cent through the first decade, peaking at about 
0.15 cents per kWh above baseline in 2032. Rates will then fall on a sim-
ilarly minute scale, decreasing back to parity with baseline rates by the 
early-2040s, and continuing to fall until residential rates are about 0.15 
cents per kWh below baseline in 2051.

Commercial customers will see their rate follow the same trajectory, 
peaking at about 0.12 cents per kWh above baseline in 2032, then falling 
to about 0.12 below baseline in 2051.

The experience will be much the same for industrial customers. Rates 
will rise to just shy of 0.1 cents per kWh above baseline, then fall steadily 
to almost 0.1 cents per kWh below baseline in 2051.

Averaged over the entire model period to 2051, in the Natural Gas Sce-
nario residential customers will see annual costs of just $1.38 above 
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baseline; commercial customers will see annual costs of $5.71 above 
baseline; and industrial customers will see annual costs of $162.71 above 
baseline. The Portfolio D Scenario, recall, resulted in residential, com-
mercial, and industrial customers paying $411, $1,705, and $48,553 more 
each year, respectively.

Put another way, the Portfolio D Scenario cost increases would be 300 
times higher than those of the Natural Gas Scenario.

Capacity Mix
The initial North Carolina capacity mix in the Center’s models includes:

 f 31 percent coal

Natural Gas Scenario Costs Relative to Baseline by Year

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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 f 18 percent combustion turbine natural gas

 f 16 percent nuclear

 f 15 percent combined cycle natural gas

 f 12 percent utility solar

 f 6 percent hydro

 f 1 percent onshore wind

The 2051 Natural Gas Scenario capacity mix includes:

 f 39 percent combine cycle natural gas

Natural Gas Scenario Rates Relative to Baseline by Year

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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 f 20 percent combustion turbine natural gas

 f 18 percent nuclear

 f 14 percent utility solar

 f 7 percent hydro

 f 1 percent onshore wind

Generation Mix
The initial North Carolina generation mix in the Center’s models includes:

 f 33 percent nuclear

 f 27 percent combined cycle natural gas

 f 25 percent coal

Natural Gas Scenario 2051 Capacity Mix

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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 f 6 percent utility solar

 f 5 percent hydro

 f 4 percent combustion turbine natural gas

The 2051 Natural Gas Scenario generation mix includes:

 f 52 percent combined cycle natural gas

 f 33 percent nuclear

 f 6 percent utility solar

 f 5 percent hydro

 f 4 percent combustion turbine natural gas

Cumulatively, natural gas accounts for 56 percent of generation in this 
scenario. Gas and nuclear combine to provide 89 percent.

Natural Gas Scenario 2051 Generation Mix

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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Operating Costs by Energy Source
The initial North Carolina costs by source in the Center’s models includes:

 f 36 percent coal

 f 25 percent combined cycle natural gas

 f 19 percent nuclear

 f 10 percent utility solar

 f 8 percent combustion turbine natural gas

 f 1 percent hydro

 f 1 percent community solar

The 2051 Natural Gas Scenario costs by source include:

 f 59 percent combined cycle natural gas

 f 21 percent nuclear

 f 9 percent combustion turbine natural gas

 f 8 percent utility solar

 f 1 percent offshore wind

 f 1 percent community solar

 f 1 percent hydro

Unlike in the Portfolio D Scenario, the resources generally produce elec-
tricity commensurate with their cost to the system in this scenario. It is 
worth noting that in the Natural Gas Scenario, combustion turbine natu-
ral gas (the higher emitting, higher cost variety) needs to be utilized less 
than in the Portfolio D Scenario in which it serves as a critical backup for 
intermittent wind and solar.

Grid utilization in this scenario would increase from 44.1 percent to 50.6 
percent. This is primarily the result of retiring the current coal fleet that 
is operating at low capacity factors. 



63JOHN LOCKE FOUNDATION

Cost per Metric Ton of CO2 Reduced
The Natural Gas Scenario provides less in terms of total emissions reduc-
tion than the Portfolio D Scenario. Nevertheless, the emissions reduc-
tions in this scenario are significant and, importantly for North Carolin-
ians, they are remarkably cost-effective.

The Natural Gas Scenario reduces emissions to almost 20,000,000 metric 
tons below baseline annually by 2030 and through the remainder of the 
model period.

The 30,000,000 million metric ton figure that the state would emit from 
electricity annually from 2030 through 2051 in this scenario is more than 
60 percent below 2005’s emissions.

The emissions reductions by 2031 would come at a cost of $2.86 to the 
state per metric ton of CO2 reduced. Through 2051, the price would be a 
miniscule 79 cents per metric ton reduced.

Natural Gas Scenario 2051 Cost Breakdown by Source

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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Juxtaposed with the Portfolio D Scenario costs to North Carolina of 
$111.77 per metric ton of CO2 reduction through 2031 and $123.86 per 
metric ton through 2051, the Natural Gas Scenario looks attractive. The 
Portfolio D Scenario results in twice the emissions cut of the Natural Gas 
Scenario, but would cost 100 times more for each metric ton.

While the Natural Gas Scenario does not reach the Clean Energy Plan 
target of 70 percent below 2005 emissions levels, per dollar, natural gas 
additions are more effective at reducing emissions than the wind, solar, 
and battery storage additions Portfolio D demands. 

EIA Nuclear Scenario
The second alternative scenario is one in which the Center modeled 
new nuclear capacity using U.S. Energy Information Administration 

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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assumptions instead of the wind, solar, and storage additions in the Port-
folio D Scenario.

These additions come in the form of three 1,000-megawatt nuclear facil-
ities and one 2,000 facility, for a total of 5,000 MW of new nuclear capac-
ity. Additionally, the scenario includes another 1,500 MW of combined 
cycle natural gas capacity. In this scenario, the same coal retirements 
were made as in the Portfolio D Scenario. This results in a net capacity 
increase for North Carolina of about 4,150 MW.

Unlike the Natural Gas Scenario, the EIA Nuclear Scenario aims to achieve 
emissions reductions on par with the Portfolio D Scenario. The total ad-
ditional cost to ratepayers of the nuclear scenario for the North Carolina 

EIA Nuclear Scenario Costs Relative to Baseline by Year
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model would be $68 billion through 2051. While that is costly, it is $36.5 
billion less expensive than the Portfolio D Scenario.

Costs to Customers
The EIA Nuclear Scenario is costlier for customers than the Natural Gas 
Scenario, but more affordable than the Portfolio D Scenario.

Residential customers will see rates climb to about 3.5 cents per kWh 
above baseline in this scenario by the mid-2030s, then fall to about 2.5 
cents per kWh above baseline by 2051.

Annual costs for residential customers will average $267 above baseline 
through the model period. That figure is about $140 cheaper than the 
$411 increase in the Portfolio D Scenario.

EIA Nuclear Scenario Rates Relative to Baseline by Year

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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Commercial customers will see a similar pattern, with rates rising to 
more than 2.5 cent per kWh above baseline, then falling to 1.8 cents per 
kWh above baseline by 2051. Annual costs for residential customers will 
average $1,109 above baseline through the model period. That figure is 
about $600 cheaper than the $1,705 increase in the Portfolio D Scenario.

Industrial customers’ rates will increase to about 2 cents per kWh above 
baseline in 2035, then fall to about 1.3 cents per kWh above baseline by 
2051. Annual costs for industrial customers will average $31,570 above 
baseline through the model period. That figure is about $17,000 lower 
than the $48,553 increase in the Portfolio D Scenario.

Capacity Mix
The initial North Carolina capacity mix in the Center’s models includes:

 f 31 percent coal

 f 18 percent combustion turbine natural gas

EIA Nuclear Scenario 2051 Capacity Mix

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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 f 16 percent nuclear

 f 15 percent combined cycle natural gas

 f 12 percent utility solar

 f 6 percent hydro

 f 1 percent onshore wind

The 2051 EIA Nuclear Scenario capacity mix includes:

 f 35 percent nuclear

 f 22 percent combined cycle natural gas

 f 20 percent combustion turbine natural gas

 f 14 percent utility solar

 f 7 percent hydro

 f 1 percent onshore wind

 f 1 percent community solar

Generation Mix
The initial North Carolina generation mix in the Center’s models includes:

 f 33 percent nuclear

 f 27 percent combined cycle natural gas

 f 25 percent coal

 f 6 percent utility solar

 f 5 percent hydro

 f 4 percent combustion turbine natural gas

The 2051 EIA Nuclear Scenario generation mix includes:
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 f 64 percent nuclear

 f 21 percent combined cycle natural gas

 f 6 percent utility solar

 f 5 percent hydro

 f 4 percent combustion turbine natural gas

Operating Costs by Energy Source
The initial North Carolina costs by source in the Center’s models includes:

 f 36 percent coal

 f 25 percent combined cycle natural gas

 f 19 percent nuclear

EIA Nuclear Scenario 2051 Generation Mix

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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 f 10 percent utility solar

 f 8 percent combustion turbine natural gas

 f 1 percent hydro

 f 1 percent community solar

The 2051 EIA Nuclear Scenario costs by source include:

 f 66 percent nuclear

 f 19 percent combined cycle natural gas

 f 7 percent combustion turbine natural gas

 f 6 percent utility solar

 f 1 percent community solar

 f 1 percent hydro

EIA Nuclear Scenario 2051 Cost Breakdown by Source

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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Grid utilization in this scenario would increase from 44.1 percent to 50.4 
percent. As in the Natural Gas Scenario, costs are commensurate with 
generation in this scenario and combustion turbine natural gas is used 
sparingly, relative to the Portfolio D Scenario in which it is significantly 
relied upon to back up intermittent wind and solar.

Cost per Metric Ton of CO2 Reduced
The EIA Nuclear Scenario reduces emissions to the state goal of 70 percent 
below 2005 figures, and it does so at a lower cost than the Portfolio D.

Modeling for the Portfolio D Scenario revealed a cost per metric ton of 
CO2 reduced of $111.77 through 2031 and $123.86 through 2051.

The EIA Nuclear Scenario would only cost $79.53 per metric ton through 
2031 and $86.83 through 2051. 

SOURCE: CENTER OF THE AMERICAN EXPERIMENT

EIA Nuclear Scenario Emissions by Year
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This scenario achieves the same emissions reduction at a lower cost to 
North Carolina.

APR1400 Scenario
The final alternative scenario is one that deploys a specific nuclear reac-
tor, the APR1400.

APR1400 is a reactor developed by the Korea Hydro & Nuclear Power 
Co., Ltd. (KHNP), a subsidiary of the Korea Electric Power Corporation 
(KEPCO). APR1400, which is shorthand for 1400-megawatt advanced 
pressurized water nuclear reactor, has demonstrated credibility as a car-
bon-free, baseload source of electricity in South Korea and has recently 
begun commercial operation in the United Arab Emirates (UAE) as well.

KHNP submitted a Standard Design Certification Application for 
APR1400 to the U.S. Nuclear Regulatory Commission (NRC) on Decem-
ber 23, 2014. The NRC issued KHNP design certification for the APR1400 
in August 2019.41

APR1400 is the first foreign-designed nuclear reactor to receive NRC 
certification. It joins five other standard reactor designs that have been 
certified in the United States: General Electric’s Advanced Boiling Water 
Reactor (ABWR); Westinghouse’s System 80+, AP600 and AP1000; and 
GE’s Economic Simplified Boiling Water Reactor.

APR1400 was conceived in 1992 and was first put to use at South Korea’s 
Shin-Kori Nuclear Power Plant, with construction beginning in 2008.42 
The first unit, Shin-Kori Unit 3, began commercial operation in 2016. 
Shin-Kori Unit 4 began commercial operation in 2019.43 Six other units 
have been planned or are under construction in South Korea—two more 
at Shin-Kori and four at Shin-Hanul Nuclear Power Plant.44 Nuclear ener-
gy makes up one-eighth of South Korea’s electricity mix, but has faced 
political challenges in recent years, despite its stellar contribution toward 
the country’s 2050 carbon-neutrality goal.45
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The United Arab Emirates selected APR1400 from among a field of com-
petitors bidding to build nuclear capacity in the Persian Gulf nation in 
2009.46 Construction began on the first unit in 2012 and on three addi-
tional units by 2015. The Emirates Nuclear Energy Corporation (ENEC) 
announced in April 2021 that the first of four planned APR1400 units 
has begun commercial operations at the Barakah Nuclear Power Plant 
in the emirate of Abu Dhabi.47 According to S&P Global, the UAE is the 
first Gulf Cooperation Council country to generate power from nuclear 
energy.48

In an o�cial statement, ENEC chairman Khaldoon Khalifa Al Mubarak 
said of the development: 

APR1400 Scenario Costs Relative to Baseline by Year

$0

$1.0B

$2.0B

$1.5B

-$0.5B

SOURCE: CENTER OF THE AMERICAN EXPERIMENT

$0.5B

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

20
31

20
32

20
33

20
34

20
35

20
36

20
37

20
38

20
39

20
40

20
41

20
42

20
43

20
44

20
45

20
46

20
47

20
48

20
49

20
50

20
51

Property Tax Expenses Utility/Shareholder Returns 
Additional Operating Expenses



74 ENERGY CROSSROADS

“The UAE set a clear roadmap with solid principles to ensure this proj-
ect was developed in accordance with the highest international industry 
standards of safety and quality with full transparency…Our investment in 
pioneering technologies and the decarbonisation of our electricity pro-
duction not only advances the UAE’s clean energy leadership, but also 
produces tangible socioeconomic and environmental benefits.”49

Once all units are operational, they will produce 5.6 GW—enough to 
meet 25 percent of the UAE’s power demand.

Modeling conducted by the Center of the American Experiment shows 
that APR1400 would provide superb value for the state of North Carolina, 
as it has for South Korea and the UAE.

In the Center’s modeling, 5,600 MW of APR1400 nuclear capacity re-
place the renewable energy additions listed in Portfolio D. These addi-
tions come in the form of four 1,400-megawatt facilities beginning in 
2025. In addition, one 900-megawatt natural gas combined-cycle facility 
is included. The amount of nuclear capacity was based on reaching a 
similar carbon-free percentage as Portfolio D. Incidentally, the four facili-
ties mirror what will soon be in commercial operation in the UAE. In the 
modeled APR1400 scenario, the same capacity retirements were made 
as were made in Portfolio D, resulting in a net capacity increase of 4,149.7 
MW in the North Carolina scenario. Capital costs in this scenario were 
based on capital costs in the UAE.50

The Center finds that the total additional cost to North Carolina in the 
APR1400 scenario would be $34.4 billion through 2051, compared to 
the base year. This is the second least expensive scenario from among 
the Center’s North Carolina models and is $70 billion less expensive than 
Portfolio D.

Costs to Customers
Residential electricity rates in this scenario would increase on average by 
1.04 cents per kWh and reach a high of 1.75 cents above the base year 
rate per kWh in 2035. Commercial rates would increase on average by 
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0.81 cents per kWh and reach a high of 1.35 cents above the base year 
rate per kWh in 2035. Industrial rates would increase on average by 0.58 
cents per kWh and reach a high of 0.97 cents above the base year rate 
per kWh in 2035.

For residential customers, annual electricity costs will be an average of 
$135.16 higher through 2051 than in the base year. Between 2032 and 
2051 costs will be an average of $175.49 higher than in the base year.

For commercial customers, annual electricity costs will be an average of 
$561.01 higher through 2051 than in the base year. Between 2032 and 
2051 costs will be an average of $728.41 higher than in the base year.

For industrial customers, annual electricity costs will be an average of 
$15,973.78 higher through 2051 than in the base year. Between 2032 and 
2051 costs will be an average of $20,739.98 higher than in the base year.

APR1400 Scenario Rates Relative to Baseline by Year

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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The Portfolio D Scenario, recall, resulted in residential, commercial, and 
industrial customers paying $411, $1,705, and $48,553 more each year, 
respectively, meaning the APR1400 Scenario is $275 cheaper for residen-
tial customers, $1,040 cheaper for commercial customers, and $32,500 
cheaper for industrial customers than the Portfolio D Scenario.

Capacity Mix
The initial North Carolina capacity mix in the Center’s models includes:

 f 31 percent coal

 f 18 percent combustion turbine natural gas

 f 16 percent nuclear

 f 15 percent combined cycle natural gas

APR1400 Scenario 2051 Capacity Mix

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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 f 12 percent utility solar

 f 6 percent hydro

 f 1 percent onshore wind

The 2051 APR1400 Scenario capacity mix includes:

 f 37 percent nuclear

 f 20 percent combined cycle natural gas

 f 20 percent combustion turbine natural gas

 f 14 percent utility solar

 f 7 percent hydro

 f 1 percent onshore wind

 f 1 percent community solar

APR1400 Scenario 2051 Generation Mix

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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Generation Mix
The initial North Carolina generation mix in the Center’s models includes:

 f 33 percent nuclear

 f 27 percent combined cycle natural gas

 f 25 percent coal

 f 6 percent utility solar

 f 5 percent hydro

 f 4 percent combustion turbine natural gas

The 2051 APR1400 Scenario generation mix includes:

 f 68 percent nuclear

 f 17 percent combined cycle natural gas

 f 6 percent utility solar

 f 5 percent hydro

 f 4 percent combustion turbine natural gas

Operating Costs by Energy Source
The initial North Carolina costs by source in the Center’s models includes:

 f 36 percent coal

 f 25 percent combined cycle natural gas

 f 19 percent nuclear

 f 10 percent utility solar

 f 8 percent combustion turbine natural gas
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 f 1 percent hydro

 f 1 percent community solar

The 2051 APR1400 Scenario costs by source include:

 f 64 percent nuclear

 f 18 percent combined cycle natural gas

 f 8 percent combustion turbine natural gas

 f 7 percent utility solar

 f 1 percent onshore wind

 f 1 percent community solar

 f 1 percent hydro

APR1400 Scenario 2051 Cost Breakdown by Source

SOURCE: CENTER OF THE AMERICAN EXPERIMENT

Coal
Natural Gas (CC)
Natural Gas (CT)
Hydro
Nuclear
Onshore Wind
Utility Solar
Community Solar
Offshore Wind
Storage
Solar+Storage

8%

18%

64%

7%



80 ENERGY CROSSROADS

As in the first two alternative scenarios, the APR 1400 Scenario’s source 
costs reflect generation for the most part and the scenario minimizes 
the use of combustion turbine natural gas. Grid utilization in this scenar-
io would increase from 44.1 percent to 50.4 percent. 

Cost per Metric Ton of CO2 Reduced
The overarching purpose of the Duke Energy IRPs and of this project is 
to find ways for North Carolina to reduce its contribution to global green-
house gas concentrations from the electricity sector in a cost-effective 
way. The results of the Center’s modeling provide valuable insights to-
wards this end.

The APR1400 Scenario for North Carolina would result in a carbon-free 
generation percentage of 79.4 percent. North Carolina would reduce its 

SOURCE: CENTER OF THE AMERICAN EXPERIMENT

APR1400 Scenario Emissions by Year
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CO2 emissions from electricity in this scenario by 77 percent by 2035, 
from nearly 50 million metric tons to slightly above 10 million.

Total CO2 emissions in this scenario would amount to 668 million metric 
tons throughout the model, averting 857 million metric tons compared 
to 2020 emissions and would be the largest CO2 emissions decrease of 
any scenario in the North Carolina models. 

Critically, in the APR1400 Scenario the cost of reductions is much lower 
than in the other deep reduction scenarios. The cost per metric ton of 
CO2 emissions reduction through 2051 in the APR1400 scenario is $40.11. 

That cost is 53 percent less than the $86.83 that it would cost to reduce 
emissions in the EIA Nuclear Scenario and an astonishing 67 percent 
less than the whopping $123.86 it would cost to reduce emissions with 

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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Portfolio D.

To reiterate: 

The EIA Nuclear Scenario reduces emissions in 2050 to 12.7 million met-
ric tons at a reduction cost of $86.83 per unit. 

The Portfolio D Scenario reduces emissions to 12.7 million metric tons at 
a reduction cost of $123.86 per unit. 

APR1400 reduces emission even lower, to 11 million metric tons, at a 
reduction cost of just $40.11 per unit.

Of the modeled scenarios, utilizing APR1400 is the most cost-effective 
route to deep carbon dioxide emissions reduction. As one of 39 states 
with NRC agreements, North Carolina is positioned to fast-track APR1400 
and pursue its emissions goals in a way that holds costs to ratepayers in 
check and, as the next section will explain, reduces land-use impact.51

SOURCE: CENTER OF THE AMERICAN EXPERIMENT
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THE NORTH CAROLINA 
CLEAN ENERGY PLAN’S 
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The shortcomings of wind and solar as key players on an electricity grid 
are many. At the root of these issues is that wind and solar energy are 
both intermittent.

Wind and solar generation are at the mercy of weather and the planet’s 
diurnal cycle. Generation from these sources drops when wind and sun-
light are uncooperative. As a result, they cannot be relied upon to the 
extent that baseload electricity from, say, nuclear energy can. 

Wind and solar’s intermittency stresses the grid. As Duke Energy writes in 
Chapter 16 of the IRPs, “The utility’s control systems continuously ramp 
central station generating units up or down to meet electric demand 
of the customers it serves. With the growing contribution of renewable 
energy sources, which have variable output from minute to minute, this 
balance becomes increasingly challenging to maintain.” 

Downstream of this core problem is that wind and solar energy entail 
significant resource and space demands, both for the installation of 
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capacity and for energy storage in the form of batteries. As noted in the 
scenario analyses, this problem also necessitates extensive investment 
in dispatchable backup sources that can generate in a pinch when wind 
and solar fall off. The leading source for this type of generation is com-
bustion-turbine natural gas. Combustion-turbine gas has a quicker start 
up time than combined-cycle, but runs less e�ciently, emitting more, 
and thus undermining the ostensible emissions savings of adding wind 
and solar capacity.

Complicating matters further, the battery supply chain presents a host of 
environmental and geopolitical risks in its own right. This section will give 
attention to the concept of capacity factor, to levelized and imposed costs, 
to environmental and geopolitical risk, and, most extensively, to land use.

As Duke Energy describes, pursuing an electricity scenario compatible 
with Governor Cooper and DEQ’s Clean Energy Plan demands “exten-
sive additional analysis around the siting, permitting, interconnection, 
system upgrades, supply chain and operational considerations of more 
significant amounts of intermittent resources and much greater depen-
dence on energy storage on the system.” 

Capacity Factor
Another way of describing wind and solar’s intermittency problems is 
with the concept of capacity factor. In a handy guide to electricity lingo,52 
the U.S. Department of Energy describes the concept in this way:

“Capacity factors allow energy buffs to examine the reliability of various 
power plants. It basically measures how often a plant is running at maxi-
mum power. A plant with a capacity factor of 100% means it’s producing 
power all of the time.”

When North Carolinians see the scale of wind and solar additions, it is 
critical that they appreciate that capacity means something very differ-
ent for a source like nuclear than it does for wind and solar in terms of 
actual power production. 
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According to EIA, the capacity factors of the major electricity sources in 
2019 were: 

 f 93.5 percent for nuclear

 f 56.8 percent for natural gas

 f 47.5 percent for coal

 f 39.1 percent for hydro

 f 34.8 percent for wind

 f 24.5 percent for solar

Wind and solar’s low capacity factors mean that a grid needs to invest far 
more in total capacity than if baseload sources are put at the forefront. 

WindNuclear Natural 
Gas

HydroCoal Solar

SOURCE: U.S. ENERGY INFORMATION ADMINISTRATION

Capacity Factor by Source, 2019
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Imposed Costs and the Levelized Cost of 
Electricity
Another effect of wind and solar additions is that the more reliable sources 
of electricity are not able to run in their most effective manners, i.e., the 
intermittency of wind and solar imposes costs on the grid and to electricity 
ratepayers in the end. When imposed costs are accounted for, the levelized 
cost of electricity (LCOE) looks quite different.

In 2019, the Institute for Energy Research published a report titled “The 
Levelized Cost of Electricity from Existing Sources” that examined this is-
sue.53 Wind and solar, the report’s authors explain, increase the LCOE of 
dispatchable resources by reducing their utilization rates without reducing 
their fixed costs.

The report estimates the imposed cost brought on by wind energy is about 
$24 per MWh of wind generation when the cost is modeled against new 
combined-cycle natural gas generation it might displace. It estimates the 
imposed cost of solar is about $21 per MWh of solar generation when we 
modeled against the cost of natural gas generation it might displace. 

When these imposed costs are included, the average LCOEs of new wind 
($90) and new photovoltaic solar ($88.7) are more than double the average 
LCOEs of existing combined-cycle natural gas ($36) and nuclear ($33).

To be clear, however, this report uses LCOE values derived from Form 1 filings 
submitted to the Federal Energy Regulatory Commission (FERC) by Duke En-
ergy Carolinas and Duke Energy Progress. New LCOE values were calculated 
based on inputs from EIA’s electricity market module assumptions in the An-
nual Energy Outlook 2021. This methodology utilizes North Carolina capacity 
factors to calculate region-specific LCOE values.54

Environmental and Geopolitical Risks
While wind and solar electricity generation do not emit carbon dioxide, 
they do have environmental effects. Wind, solar, and battery power are 
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dependent on raw materials, just as baseload power is dependent on 
raw materials. 

Lithium-ion batteries in particular, which constitute the majority of grid-
scale storage and give plausibility to significant wind and solar penetra-
tion, bring with them a host of environmental and geopolitical thorns.55 
Batteries are resource-intensive goods that depend on extractive prac-
tices and a complex, geopolitically-fraught supply chain. Despite their 
centrality to what have been deemed “clean energy” plans, batteries be-
get toxic waste that as of yet does not have a recycling solution. 

Wind, Solar, and Battery Resource Demands 
Solar electricity generation requires a diverse mix of materials. Silica is 
the principal raw material used to manufacture solar cells. Copper is an-
other major component. According to the U.S. Geological Survey, metals 
such as cadmium, gallium, germanium, indium, selenium, and tellurium 

Jiangxi Ganfeng Lithium Co., the world’s largest lithium mining company. 
Lithium-ion batteries, which constitute the majority of grid-scale storage 
and give plausibility to significant wind and solar penetration, bring with 
them a host of environmental and geopolitical thorns.
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“are recovered as byproducts from the production of other metals and 
are critical to varying extents for the e�cient operation of photovoltaic 
cells.”56

Wind turbines, too, are resource-dependent. As an international team 
of researchers wrote for the journal One Earth in July 2020, “there are 
increasing concerns about conflicts between the supply of rare-earth 
elements (REs) (mainly neodymium, praseodymium, and dysprosium) 
and the global expansion of wind power.”57

A May 2021 report from the International Energy Agency (IEA) analyzed 
the mineral resource demands of a global shift to wind, solar, and battery 
storage.58 IEA presents a sobering picture, finding that per megawatt:

 f Offshore wind requires about 8,000kg of copper and 5,000kg of 
zinc. 

 f Onshore wind requires about 3,000kg of copper and 5,000kg of 
zinc. 

 f Solar requires about 3,000kg of copper and 3,000kg of silicon. 

 f Nuclear requires less than 2,000kg of copper and less than 6,000kg 
of minerals total. 

 f Natural gas requires less than 2,000kg of minerals altogether.

IEA comments broadly that, “(w)hile solar PV plants and wind farms do 
not require fuels to operate, they generally require more materials than 
fossil fuel-based counterparts for construction,” and adds, “(a)long with 
hydropower, nuclear is one of the low-carbon technologies with the low-
est mineral intensity.”

The batteries that would store the energy from wind and solar also, of 
course, rely on a global mining, refining, and transport network for lith-
ium, nickel, copper, cobalt, graphite, and manganese.59 Cobalt mining 
has sparked widespread concern on both environmental and social 
grounds.60
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Mining and processing of key minerals for wind, solar, and battery power, 
come with a host of water-related issues as well. “Mining and mineral 
processing require large volumes of water for their operations,” IEA notes, 
“and pose contamination risks through acid mine drainage, wastewater 
discharge and the disposal of tailings.” Around half of lithium and copper 
production takes place in areas of high water stress.

The processing of rare-earth elements (REs), similarly, “often generates 
toxic and radioactive materials,” that “can leak into groundwater, causing 
major health and safety issues, including fatalities,” IEA determines.

New Energy Geopolitics
According to Bloomberg New Energy Finance (BNEF), China controls 80 
percent of the world’s raw material refining for lithium-ion batteries, 77 
percent of the world’s cell capacity, and 60 percent of the world’s com-
ponent manufacturing.61

In BNEF’s 2020 national rankings, China comes in first in both the raw 
materials category and the cell and component category. The U.S., 
meanwhile, ranks 15th in raw materials and 4th in the cell and compo-
nent category.

The raw material rankings are based on resource availability, mining ca-
pacity, and refining capacity. Cell and components are ranked based on 
the manufacturing capacity of electrolyte salts and solutions, anodes, 
cathodes, separators, and cells.

James Frith, BNEF’s head of energy storage, describes the current situa-
tion as one of Chinese “dominance,” remarking that it is “to be expected 
given its huge investments and the policies the country has implement-
ed over the past decade. Chinese manufacturers, like CATL, have come 
from nothing to being world-leading in less than 10 years.”

For China and the United States, additions of wind, solar, and battery 
storage have different geopolitical consequences. As Paul Kolbe, director 
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of the Intelligence Project at Har-
vard University’s Belfer Center for 
Science and International Affairs, 
and Mark Finley, fellow in energy 
and global oil at Rice University’s 
Baker Institute, argued in the Feb-
ruary 2021 issue of the Oxford In-
stitute for Energy Studies’ quarterly 
journal, China is the geopolitical 
winner of a global transition away 
from oil and gas.62

For China, a government-driven 
focus on batteries and electric ve-
hicles enhances energy security, 
since the country imports the vast 
majority of the oil and gas it uses. 

Wood Mackenzie reports that by 2030 China will import 50 percent of its 
natural gas supply and 80 percent of its oil supply.63

The United States, on the other hand, is the world’s largest producer of 
natural gas, has been a net export of natural gas for four years, and be-
came in 2020 a net annual petroleum exporter for the first time since at 
least 1949, according to the U.S. Energy Information Administration.64 65

Meghan L. O’Sullivan, professor of international affairs at Harvard Uni-
versity’s Kennedy School of Government and director of the Geopolitics 
of Energy Project, wrote in the same issue of the Oxford energy jour-
nal, “In recent years, America found itself in a position to use energy as 
a means—an instrument—of foreign policy to achieve other, non-ener-
gy-related goals, largely due to the unconventional boom which cata-
pulted the United States into the position of being the largest oil and 
natural gas producer in the world.”66

Batteries are not a U.S. strength at this time. Reducing barriers to domes-
tic resource extraction would help, but as of 2019, the Department of 
Energy remarked, “the United States is not a large producer of minerals 

“For 31 of the 35 
minerals designated 
as ‘critical’ by the 
Department of the 
Interior, the U.S. imports 
more than half of its 
annual consumption. 
For 14 of the critical 
minerals, the U.S. has no 
production whatsoever.”
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such as lithium, manganese, cobalt, or graphite—all important compo-
nents of today’s lithium-ion batteries.”67

For 31 of the 35 minerals designated as “critical” by the Department of 
the Interior, the U.S. imports more than half of its annual consumption.68 
For 14 of the critical minerals, the U.S. has no production whatsoever.69

China holds 37 percent of global rare-earth reserves and was responsible 
for 63 percent of the world’s total production in 2019.70 As the interna-
tional research team described in One Earth, these minerals are essen-
tial for the generation of electricity for wind turbines. “As China cement-
ed its influence over the market, the rest of the world grew increasingly 
reliant on Beijing’s steady supply,” Christina Lu wrote for Foreign Affairs 
in the April 2021. “Between 2016 and 2019, the United States imported 
80 percent of its rare earths from China.”71 

China’s supply-chain primacy leads IEA to include “(d)ominance of Chi-
na across the value chain from mining to processing and magnet pro-
duction” among the key challenges of a global shift to wind, solar, and 
battery power.

Wind, Solar, and Battery Waste
According to IEA, the recycling rates for used copper, aluminum, chro-
mium, zinc, and cobalt are all below 50 percent. For lithium and REs, 
the recycling rate is below 1 percent. In a 2020 series of posts on the 
environmental risks of wind, solar, and batteries, the Union of Concerned 
Scientists (UCS) explained the basic waste challenge we face as volumes 
of wind turbines, solar panels, and batteries reach the end of their lifes-
pans.72 While UCS sees the possibility of solutions, it brings attention to 
the coming tsunami of waste from allegedly-clean energy.

Wind Energy Waste
The most visible environmental problem that arises from wind energy is 
solid waste. Wind turbine blades, which are now generally longer than 
100 feet, are beginning to pile up in landfills.
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 “Tens of thousands of aging blades are coming down from steel towers 
around the world,” Bloomberg Green’s Chris Martin wrote in February 
2020, “and most have nowhere to go but landfills.”73

Martin reports that in the United States, 8,000 turbine blades will need 
to find final resting places by 2024. Europe has over 3,500 blades coming 
down each year. Because of the rigors blades must withstand during 
their lifespan, they are not easily crushed, nor are there reasonable av-
enues to recycling. As of 2020, only three U.S. landfills—located in Lake 
Mills, Iowa; Sioux Falls, South Dakota; and Casper, Wyoming—accepted 
blades.

NPR reports that by 2040 the U.S. will generate more than 700,000 tons 
of wind turbine blade waste,74 the equivalent of 22,580 discarded Boe-
ing 737s.75

Solar Energy Waste
The main pollutants from discarded solar panels are lead, cadmi-
um, and selenium. UCS indicates that while safe waste processing 
(ideally, material recovery) is possible, processing capacity has not 
kept pace with deployments of solar panels as there is little incen-
tive to design or install custom processes at municipal waste facilities. 
 
The most prevalent type of panel—crystalline silicon—can be handled 
in municipal glass, metal, or electronic waste facilities. However, these 
facilities have limited capacity to extract all the materials and, due to the 
infrequency of supply of PV panels in need of recycling, little incentive to 
design or install custom processes.

Battery Waste
According to University of Wisconsin chemistry researcher Robert J. 
Hamers, “Nickel is dirt cheap. It’s pretty good at energy storage. It is also 
toxic. So is cobalt.”76 The Environmental Protection Agency agrees and 
classifies lithium-ion batteries as hazardous material.77 



97JOHN LOCKE FOUNDATION

According to Chemical and Engineering News (CEN), waste from lithi-
um-ion batteries will hit 2 million metric tons per year by 2030, most of 
which will end up in landfills, with grave potential for soil and ground-
water contamination.78

Unlike, for example, standard car batteries, lithium-ion battery recy-
cling has not proven economical and, thus, the battery binge has the 
potential to become a major environmental stressor. The onerous re-
cycling process for lithium-ion batteries is itself resource-intensive and 
capital-intensive. “Most of the batteries that do get recycled undergo 
a high-temperature melting-and-extraction, or smelting, process similar 
to ones used in the mining industry,” CEN explains. A significant portion 
of the recycling cost arise from “the need to treat the emission of toxic 
fluorine compounds released during smelting.” 

CEN adds that a battery’s environmental cost begins long before it be-
comes waste. “(M)ining for some battery metals requires processing 
metal-sulfide ore, which is energy intensive and emits SOx that can lead 
to acid rain.”

Duke Energy’s Battery Build-Out
The scale of the proposed North Carolina energy storage expansion is 
di�cult to overstate. As Duke Energy writes in the IRPs’ Technology, Pol-
icy and Operational Considerations subsection, “For the 70% reduction 
and No New Gas cases, the unprecedented levels of storage that are re-
quired to support significantly higher levels of variable energy resources 
present increased system risks, given that there is no utility experience 
for winter peaking utilities in the U.S. or abroad with operational proto-
cols to manage this scale of dependence on short-term energy storage.”

Portfolio F (No New Natural Gas) would involve the most extensive use 
of battery storage, with incremental additions totaling 7,400 MW, “over 
six times the amount of large-scale battery storage currently in service in 
the United States,” according to the IRPs.
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This plan would require the commitment of 1,100 acres (1.72 square 
miles) of land solely to batteries. That’s a space, Duke notes, that is larger 
than 830 football fields. 

At 4,400 MW of incremental storage, Portfolio D demands about 60 per-
cent of the sums listed above for Portfolio F. That means over 1 square 
mile, or about 500 football fields—still a daunting prospect for the state 
and one it should view with caution.

Land Use
One of the overlooked aspects of the energy and environment discus-
sion is land use. And as the Duke Energy battery figures indicate, it is 
going to be a major concern for North Carolina.

While resources like coal, natural gas, hydro, and nuclear are scrutinized 
for their effects on the natural environment, far less scrutiny has been 
applied to the effects on the natural environment of so-called green en-
ergy sources, like biofuels, solar, and wind energy.

Biofuels, while not of the utmost centrality in the North Carolina electric-
ity discourse, are an instructive example of green mythology clouding 
public understanding of real impact. 

Biofuels are made using organic matter from crops like corn, sugarcane, 
and palm oil. They have been marketed as pro-environmental alterna-
tives to fossil fuels, but come with tremendous environmental down-
sides. The fundamental problem with biofuels is energy density. 

The production of biofuels demands the appropriation of enormous 
swaths of land because biofuels lack the energy density provided by oth-
er energy sources, like nuclear and the liquid fossil fuels they are intend-
ed to replace in transportation. In other words, biofuels are ine�cient. 
According to the U.S. Environmental Protection Agency, biofuel develop-
ment means more land area consumption by agriculture, increased use 
of polluting inputs, and higher food prices.79 
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Bloomberg Green reports that as of February 2021, around 50 million 
acres in the U.S. are devoted to growing corn and soy for biofuels, ac-
cording to U.S. Department of Agriculture statistics.80 Despite taking up 
a cumulative acreage larger than the state of Missouri, biofuels provide 
just 5 percent of U.S transportation fuel by energy content, according to 
the U.S. Energy Information Administration.81

The biofuel problem is even more acute outside of the U.S., where trop-
ical rainforests have fallen prey to the industry’s voracious land appetite. 
In Indonesia a biofuel expansion is underway that o�cials say will neces-
sitate planting 37 million acres of new palm oil plantations—equivalent 
to 20 percent of the island of Borneo.82 To make matters worse, palm 
oil-derived biodiesel only delivers emissions benefits relative to fossil fu-
els in very narrow circumstances, meaning a program like Indonesia’s 
may actually be adding to global greenhouse gas concentrations.83 

The world is waking up to the problems of biofuel adoption,84 yet wind 
and solar energy, which present many of the same problems, remain 
reputationally unscathed.

A grid powered by wind and solar energy would be similarly destructive 
on the natural environment—a fact highlighted by Bloomberg Green’s 

Dave Merrill on April 29, 2021, in an expansive series of graphics giving vi-
sual a�rmation of the data that shows the ine�ciency of wind and solar 
compared to alternatives.85

Merrill’s work leverages research presented by Princeton University’s 
Net-Zero America Project in 202086 and by Strata Policy, a Utah-based 
think tank in 2017.87

The Strata paper Merrill uses, “The Footprint of Energy: Land Use of U.S. 
Electricity Production,” provides a quantification of area requirements for 
electricity from coal, natural gas, nuclear, hydro, onshore wind, and solar, 
using data from 2015. The quantifications include resource production, 
generation, transportation, transmission, and waste.
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Strata finds that natural gas and nuclear energy require about 12 acres 
per megawatt of electricity; that solar requires 43.5 acres; and that on-
shore wind requires 70.6 acres. Strata’s figures are worth breaking out in 
detail.

Natural Gas Land Use
 f In 2015, natural gas plants in the U.S. produced 1,333,482,000 

megawatt-hours of electricity, according to the U.S. Energy Infor-
mation Administration, 32.7 percent of the nation’s total electricity 
production. 

 f In 2015, there were 1,740 natural gas power plants in the U.S. with 
a total generating capacity of 448,529 megawatts. 

 f In 2015, natural gas had a combined capacity factor of 33.9 per-
cent. Combined cycle, which accounted for the majority of natural 
gas capacity, had a capacity factor of 55.9 percent.

 f According to the Natural Gas Supply Association, the average nat-
ural gas plant requires between 20 and 40 acres of land.

 f At an assumed mean of 30 acres, natural gas plants required ap-
proximately 52,200 acres of land in 2015, or 0.343 acres per mega-
watt produced.

 f In 2015, there were 555,364 producing gas wells in the U.S.

 f Multiplying the total well pad land use by the percentage of nat-
ural gas used for electricity generation equates to approximately 
194,377.4 acres, or 1.28 acres per megawatt produced.

 f Extrapolating from statistics in the state of Wisconsin, the land 
disturbed to source and process sand for hydraulic fracturing was 
57,982.186 acres total, or 0.381 acres per megawatt produced.

 f Approximately 1.58 million acres of land were required to trans-
mit natural gas by pipeline in 2015, or 10.406 acres per megawatt 
produced.
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 f Adding these various points in the supply chain, natural gas in the 
U.S. used about 12.4 acres per megawatt in 2015.

 f If the U.S. were to use natural gas as its only electricity source, it 
would require 4.68 million acres of land based on 2015 figures, or 
more than 90 percent of the land area of Massachusetts.

Nuclear Land Use
 f In 2015, 61 nuclear power stations with 99 reactors generated 

797,178,000 megawatt-hours of electricity, according to the U.S. 
Energy Information Administration, 19.6 percent of the nation’s 
total electricity production.

 f The 59 nuclear sites in the U.S. require an average of 832 acres (1.3 
square miles) for every 1,000 MW of installed capacity for a total of 
82,030 acres, or 0.901 acres per megawatt.

 f In 2015, nuclear had a capacity factor of 92.3 percent.

 f U.S. nuclear plant operators purchased 56.6 million pounds of ura-
nium in 2015.

 f 94 percent of that uranium was produced outside of the U.S.

 f Canada and Australia are the main sources of U.S. uranium im-
ports, combining for 39 percent of total U.S. purchases in 2019 
(a figure that includes domestically-sourced uranium). The Cen-
tral Asian countries of Kazakhstan and Uzbekistan are the second 
source, combining for 27 percent of U.S. uranium purchases. Rus-
sia account for 15 percent. The African countries of Namibia and 
Niger account for 7 percent combined.88

 f Approximately 130,000 acres of land were required to produce 
the percentage of the world supply (42 percent) that the U.S. pur-
chased.

 f The land used to produce that uranium divided by total U.S. nu-
clear energy produced was 1.42 acres per megawatt.
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 f At 19.6 percent of U.S. electricity, approximately 940,000 acres of 
land were needed for nuclear electricity transmission.

 f In total, U.S. nuclear waste storage requires approximately 6,145 
acres, or 0.07 acres per megawatt.

 f U.S. nuclear energy required 1.16 million acres of land in 2015, or 
12.71 acres per megawatt.

 f If the U.S. were to use nuclear as its only electricity source, it would 
require 4.79 million acres of land based on 2015 figures, or an area 
roughly the size of New Jersey.

Onshore Wind Land Use
 f By the end of 2015, the US had a total installed capacity of 75,714 

megawatts, which generated 190,719,000 megawatt-hours.

 f Wind energy produces at an average of 32.2 percent capacity.

 f According to the National Renewable Energy Laboratory, large 
wind facilities use between 24.7 and 123.6 acres per megawatt 
of capacity.

 f Wind turbines are one of the largest consumers of neodymium, a 
rare-earth element.

 f According to the Massachusetts Institute of Technology, the aver-
age wind turbine uses 171 kilograms of rare earths per megawatt 
of capacity. 

 f To mine the neodymium necessary for one megawatt of wind 
capacity, 0.09 acres of land are directly disturbed.

 f Accordingly, the land use total for mining is 0.279 acres per mega-
watt of wind energy produced.

 f At 4.7 percent of the nation’s total electricity production in 2015, 
approximately 225,600 acres of land were required to transmit 
wind energy, or 10.36 acres per megawatt.
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 f Onshore wind’s total estimate for land use is 70.64 acres per 
megawatt of electricity produced.

 f According to the estimates in this report, for the U.S. to be pow-
ered exclusively by wind power it would require 26.6 million acres 
of land, an area nearly equivalent to the state of Tennessee.

 f This estimate does not factor in the considerable solid waste that 
comes in the form of discarded turbine blades.

Solar Land Use
 f In 2015, solar energy had the worst capacity factor from among 

the sources evaluated by Strata, at 25.8 percent for photovoltaic 
solar and 22.1 percent for thermal (concentrated) solar.

 f Utility scale solar requires an average of 8.1 acres per megawatt of 
capacity and thermal solar plants require 10 acres per megawatt 
of capacity.

 f In 2015, distributed solar, or small-scale private generation, pro-
duced almost 36 percent of the total solar electricity output.

 f Because the majority of utility scale solar power is produced by 
photovoltaic panels rather than the thermal technology, Strata 
uses the estimate of 8.1 acres per megawatt of solar capacity or 
31.347 acres per megawatt of solar electricity produced.

 f To produce one megawatt of photovoltaic solar, 13 tons of solar 
grade polysilicon is needed, requiring 18.21 tons of silicon metal 
at the conversion rate of 0.714 from silicon metal to polysilicon.

 f Producing one megawatt of photovoltaic solar requires 0.14 acres 
for the mining of raw quartz.

 f At 0.6 percent of the nation’s electricity production in 2015, ap-
proximately 29,000 acres of land were used to transmit solar ener-
gy in 2015, or 10.135 acres per megawatt, not including distributed 
solar.
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 f Based on Strata’s methodology, solar requires 43.5 acres per 
megawatt produced.

 f Strata estimates that for solar to exclusively power the US it would 
require 16.4 million acres, an area larger than West Virginia and 
Rhode Island combined, but notes that there is considerable 
methodological disagreement on how to make solar estimates.

Princeton’s Net-Zero America Project
While Strata’s work provides a more granular look at the demands of the 
various electricity sources, Princeton’s Net-Zero America Project provides 
a view from above, describing just how much land would be required for 
the United States to reach carbon neutrality under a variety of scenarios.

The E+ scenario “assumes aggressive end-use electrification, but ener-
gy-supply options for minimizing total energy-system cost while meet-
ing the goal of net-zero emissions in 2050 are relatively unconstrained.” 
The E+RE+ scenario “assumes the electrification level of E+, but is sup-
ply-side constrained to be 100% renewable by 2050, with no new nu-
clear plants built, and no underground carbon storage by 2050.” Three 
mixed scenarios are also evaluated.

The Princeton results are jaw-dropping.

The cumulative total wind and solar farm area in the E+RE+ scenario by 
2050 is approximately 246,400,000 acres, or 385,000 square miles, as the 
authors describe it.

That’s an area roughly the size of Arkansas, Iowa, Kansas, Missouri, Ne-
braska, Oklahoma, and West Virginia combined—or seven North Caroli-
nas.

In this scenario, wind accounts for the overwhelming majority of the 
area needed, at 94 percent. The southeast would be most impacted 
by solar arrays, which require exclusive use of 90 percent of the area on 
which they are sited. In the southeast, Princeton expects that “forested 
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lands make up the largest directly impacted land cover type,” echoing 
the biofuel disaster in Indonesia.

The study provides estimates for land use in each state, finding that Tex-
as bears the highest total burden, with 26,000 square miles turned over 
to wind and solar energy. As a percentage of state land, Iowa would 
be impacted most, needing to devote 37 percent of its territory to the 
net-zero energy buildout.

In addition to onshore wind, this plan would require offshore wind farms 
to span entire Atlantic Coast, using 25,000 square miles, an area larger 
than West Virginia.

The Transmission Challenge
A challenge embedded in the land use issue is that wind and solar ener-
gy tends to be generated far from population centers and in widely dis-
persed locations, necessitating unprecedented expansion of electricity 
transmission capacity.

“The most di�cult land-use challenge in any scenario,” Bloomberg’s Mer-
rill writes, “may be building transmission lines…Transmission line capacity 
would need to more than triple under the high-renewable scenario laid 

Land Mass Required 
 (Acres)

U.S. State of Equivalent 
Land Mass

Natural Gas 4.68 million Massachusetts
Nuclear 4.79 million New Jersey
Solar 16.4 million Tennessee
Wind 26.6 million West Virginia

Land Mass Required to Exclusively Power the United 
States by Each Energy Source

SOURCE: STRATA POLICY
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out by the Princeton researchers. Without it, many new wind and solar 
projects would be stranded.”

According to Princeton’s study, the U.S. will need to quintuple transmis-
sion capacity in the next thirty years. In the E+RE+ with base siting sce-
nario, electricity transmission will require a capital investment of $3.7 
trillion—about 16 percent of the country’s 2019 gross domestic product.

The Duke Energy Carolinas and Duke Energy Progress power delivery 
systems currently consist of about 180,000 miles of distribution lines and 
close to 20,000 miles of transmission lines spanning the two states. As 
part of the IRPs, Duke Energy “conducted a high-level assessment to 
identify the number of transmission projects and estimated costs asso-
ciated with increasing import capability into the DEP/DEC area transmis-
sion systems from all neighboring transmission regions as well as from 
offshore wind.”

The assessments considered the necessary new construction and up-
grades needed to increase import capability by 5 GW and 10 GW re-
spectively. 

The 5 GW scenario would require on the Duke Energy transmission sys-
tems:

 f 4 new 500 kilovolt (kV) lines

 f 3 new 230 kV lines

 f 2 new 500/230 kV substations

 f 4 new 300 static volt-ampere reactive compensators (SVCs)

 f several reconductor and lower-class voltage upgrades

 f The estimated costs for the associated transmission projects are 
between $4B and $5B. 

The 10 GW import scenario would require on the DEP/DEC transmission 
systems:
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 f 7 new 500 kilovolt (kV) lines

 f 4 new 230 kV lines

 f 3 new 500/230 kV substations

 f 4 new 300 static volt-ampere reactive compensators (SVCs)

 f several reconductor and lower-class voltage upgrades

The estimated costs for the associated transmission projects are be-
tween $8B and $10B.

The IRPs add, “Importantly, actual upgrade costs may vary significantly 
when the specific projects to enable the requested incremental import 
capability need are identified through detailed Transmission Planning 
studies. Equally significant, these estimates exclude the cost of neigh-
boring third-parties’ transmission system upgrades...”

The IRPs also note risks of delays that can jeopardize the scheduled in-ser-
vice date of the transmission upgrades necessary for importing the capac-
ity resource. Loss of local ancillary benefits that are inherent with on-sys-
tem resources, curtailment due to transmission constraints in neighboring 
areas, and transmission system stability issues under certain scenarios due 
to added distance between the capacity resource and load.

Transmission from offshore wind, the main differentiator of Portfolio D, 
is particularly challenging. According to Eco Rhode Island, the transmis-
sion line connecting the Block Island project (the first offshore wind site 
in the U.S.) to Rhode Island’s shore has been prone to exposure as a re-
sult of shifting sands and storms.89

National Grid, Rhode Island’s primary electric utility, owns the high-volt-
age power line from Block Island to the coast and says it will spend 
$30 million for its share of the reconstruction. According to a National 
Grid spokesperson, “While exact bill impacts won’t be available for some 
time, we don’t anticipate major fluctuations to those charges with these 
needed repairs.”
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Ørsted, the Danish company that owns 
the 12-inch transmission cable from the 
offshore wind site to Block Island, does 
not have the ability to pass costs on to 
utility customers and will covers its re-
pairs from its own budget.90

Astronomical costs and physical risks 
aside, a plan like Portfolio D is likely to 
encounter fierce legal, political, and so-
cial opposition at the local level.

An April 2021 paper by energy analyst 
Robert Bryce, “Not In Our Backyard,” 

documents what Bryce describes as “the binding constraint” on plans 
like Duke’s Portfolio D.91 “(R)ural politicians and landowners across the 
U.S.,” Bryce writes, “are fighting against the encroachment of large-scale 
renewable energy projects.” 

According to Princeton, wind energy projects have “large spatial extent 
and significant visual impact” on the surrounding area and “will require 
broad-based and sustained support from communities across much of 
the nation.”

Bryce shows that sustained support is unlikely.

From New England to the Pacific coast and everywhere in between, lo-
cal spats abound over issues like noise and health impacts, reduction of 
property values, wildlife mortality, and despoliation of viewsheds. Bryce 
describes protests, lawsuits, and local bans in Maine, Vermont, New York, 
Pennsylvania, Indiana, Minnesota, North Dakota, and California, the com-
mon theme of which is that the people who live in the regions expected 
to become wind and solar generation hubs want little part of it.

This challenge for wind and solar has not only arisen in the U.S., but in 
Europe as well. 

“Murmurings of protests against wind farms here and there over the 

“Astronomical costs 
and physical risks 
aside, a plan like 
Portfolio D is likely 
to encounter fierce 
legal, political, and 
social opposition at 
the local level.”
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years have turned into a roar,” Julia Zilles, a political analyst at Germany’s 
University of Göttingen, told Bloomberg Green. “Partly it’s a problem of 
provincial sensibilities vs. big-city politics: Locals feel that policymakers 
just don’t care what they think.”92

An example Bryce cites pertaining to transmission is the long-anticipat-
ed, never-constructed transmission system to connect New York City to 
Canadian hydropower. Since the 1980s, numerous proposals have been 
made for a 1,000-megawatt high-voltage transmission line through the 
Hudson Valley only to wither away. Recently, New York politicians such 
as Bill de Blasio have said they support the construction of the proposed 
Champlain Hudson Power Express, a $2.2 billion project that could fi-
nally make good on the promise of using Canadian hydropower in New 
York. But the project still has not moved forward.93

Carving up rural and coastal America to build new electricity lines is easy 
to model but hard to accomplish. By forcing new construction onto local 
communities, the U.S. federal government and state governments risk 
catalyzing an American version of the yellow vests movement that has 
disrupted French energy plans since 2018.94

North Carolina Land Use Modeling
Modeling provided for the John Locke Foundation by the Center of the 
American Experiment estimates that for North Carolinians, the land-cost 
of wind is even higher than the estimates from Strata would suggest. 

The Center finds that to average 1,000 megawatts throughout the course 
of a year in North Carolina:

 f Nuclear would require 0.5 square miles (less than 350 acres).

 f Natural gas combined cycle would require 2 square miles (less 
than 1,300 acres).

 f Natural gas combustion turbine would require 3 square miles (less 
than 2,000 acres).
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 f Solar would require 61 square miles (almost 40,000 acres).

 f Offshore wind would require 267 square miles (over 170,000 
acres), or close to 2 times the area of Raleigh.

 f Onshore wind would require 576 square miles (over 365,000 
acres), an area larger than all of Mecklenburg County.

According to the Center’s methodology, to meet North Carolina’s total 
electricity needs:

 f The APR1400 Scenario would require 4.5 square miles (about 
2,900 acres).

 f The EIA Nuclear Scenario would require 5.4 square miles (about 
3,500 acres).

Onshore 
Wind

Nuclear Natural 
Gas (CC)

SolarNatural 
Gas (CT)

SOURCE: CENTER OF THE AMERICAN EXPERIMENT

North Carolina Land-Use Requirement for 1,000 MW by 
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 f The Natural Gas Scenario would require 13 square miles (about 
8,300 acres).

 f The Portfolio D Scenario would require 3,373 square miles (over 2 
million acres), an area larger than the three biggest counties in the 
state combined.

The land use problem for wind and solar will become more prevalent 
in the coming years as more states begin large-scale buildouts. An ad-
ditional consideration that lessens the quantitative case against wind is 
that wind energy does not require exclusive use of the area on which 
turbines are sited. Farming and ranching can often coexist in the same 
space. With that said, wind turbines’ verticality presents yet more con-
flict.

SOURCE: CENTER OF THE AMERICAN EXPERIMENT

North Carolina Land-Use Requirement by Scenario
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According to the U.S. Energy Informa-
tion Administration, since 2012, the av-
erage height of wind turbines installed 
in the United States has been about 
280 feet. New developments in offshore 
wind will send blades higher than ever. 
MHI Vestas Offshore Wind’s V164 has 
a hub height of 344 feet and a blade 
tip maximum height of over 600 feet.95 
With its 80-meter blades, the turbine’s 
sweep area is larger than that of the 
London Eye.

Vestas’ latest prototype will be over 850-
feet tall, making it 200 feet taller than St. 
Louis’s Gateway Arch and 300 feet taller 
than the Washington Monument.96

As has been widely documented, wind 
turbines are serious threats to avian life, killing hundreds of thousands 
of birds and bats each year in the United States. According to the U.S. 
Fish and Wildlife Service (FWS), the most comprehensive estimates 
show that bird deaths from turbine collisions are between 140,000 and 
500,000 birds per year.97 

As wind energy capacity increases, FWS states, statistical models pre-
dict that bird deaths resulting from collisions with turbines could reach 
1.4 million annually. In terms of raw numbers, songbirds are the most 
common victims. Hawks, eagles, and falcons are also especially vulnera-
ble to wind turbines due to their flight behaviors.

Yet another point against wind in the environmental and social columns 
is the scramble for balsa wood it has sparked in South America.98 

Balsa wood is a light-weight, stiff wood that is an ideal core material 
for wind turbine blades. The National Renewable Energy Laboratory, 
The Economist reports, has calculated that the 100-meter blades that 

“A sound electricity 
framework would 
attempt to maximize 
a system’s 
affordability and 
reliability while 
minimizing the 
disruption it causes 
and risks it imposes 
on ecosystems and 
communities.”
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are now making their way to the marketplace require 150 cubic me-
ters (5,300 cubic feet) of balsa wood. The primary global source of balsa 
wood is Ecuador.

According to The Economist, the global demand surge for wind turbines 
driven by government policy has created an illegal wood rush, with log-
gers invading land reserved for indigenous populations and denuding 
riverside plots with cut-and-float raids.

The Economist writes that indigenous groups such as the Waorani Nation 
of Ecuador “are still vulnerable to exploitation” and have been enticed to 
log balsa with payment of liquor and marijuana. The boom has fueled 
drug abuse and violence, the magazine reports, with Gilberto Nenquimo, 
the president of the Waorani Nation of Ecuador, saying that his brother-
in-law “was murdered with a chainsaw in a dispute over balsa.”

The May 2021 IEA report similarly remarks, “(c)hanges in land use can 
result in the displacement of communities and the loss of habitats that 
are home to endangered species.”

Wood Mackenzie forecasts that the share of synthetic alternatives to bal-
sa will increase from 20 percent in 2018 to more than 55 percent by 2023, 
spelling the end of the Ecuadorean balsa boom.

A final area worthy of mention is the contentious debate surrounding 
the health effects of wind turbine noise, particularly low-frequency 
sound and infrasound, on human beings. Wind advocates point out that 
low-frequency sound and infrasound are commonly encountered in dai-
ly life. A 2018 paper in the journal Trends in Hearing, however, finds that 
there are open questions relating to the measurement and propagation 
of wind turbine noise and “its encoding by the central nervous system” 
for which we do not have “a good scientific understanding.”99 The au-
thors call for “a more complete characterization and modeling of the 
sound generated” by individual wind turbines and the large aggrega-
tions that the modern wind facility comprises.
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Hidden Costs Conclusion
As the John Locke Foundation hopes is made clear by this section, hid-
den social, environmental, economic, and land-use costs are not merely 
areas for future work, but issues of grave import today as the political 
framework is being set for the state’s energy future.

A sound electricity framework would attempt to maximize a system’s 
affordability and reliability while minimizing the disruption it causes and 
risks it imposes on ecosystems and communities. The weight of the evi-
dence suggests that nuclear energy and natural gas provide electricity in 
a manner consistent with that framework. Wind and solar do not. 

As Bloomberg’s Merrill concludes, “if the U.S. wants a carbon-free econo-
my by 2050 using the least amount of land, it will need to rely far less on 
wind and solar and instead build hundreds of nuclear plants and natural 
gas plants…”

While Duke’s Portfolio D portends disaster, the Natural Gas Scenario, the 
EIA Nuclear Scenario, and the APR1400 Scenario would provide North 
Carolina with affordable, reliable electricity while also respecting the key 
considerations discussed above.
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LESSONS FROM 
ELSEWHERE 
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America’s two largest states by population, California and Texas, have 
followed electricity paths that North Carolinians may find of interest 
and that provide a degree of instruction.

Texas
In February 2021, Texas experienced historic power outages. In the after-
math, pundits generally responded by blaming the energy sources that 
their biases inclined them against. That is, proponents for fossil fuels 
pointed a finger at wind’s poor performance and advocates for a renew-
able energy transition blamed natural gas for not meeting expectations.

The first point that must be understood in the Texas situation, however, is 
that the historic blackouts were, at root, the result of an historic weather 
event. Texas was extraordinarily cold for a weeklong period relative to 
its norms. This had a multitude of effects including record winter elec-
tricity demand driven by home heating needs and a major disruption 
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of electricity supply due to the system’s 
under-preparedness for the extended 
period of cold. 

As temperatures were setting records, 
sources of electricity ranging from wind, 
to natural gas, to nuclear were rendered 
less effective than needed because they 
were not designed to withstand such an 
extended chill. According to the state’s 
grid operator, ERCOT, 46.8 percent of 
generation “was forced out at the high-
est point due to the impacts of various 
extreme weather conditions.”100 At the 
peak, demand climbed to over 69,000 
MW,101 compared to ERCOT’s seasonal 
demand peak forecast of 58,000 MW.102

Further, Texas has its own interconnection that severely limits electricity 
imports and a unique market structure that does not have the back-
stops in place that are standard elsewhere. In that sense, the Texas expe-
rience was anomalous.

Nevertheless, there are some points worth considering for a state like 
North Carolina.

One point is that, as has been stressed in earlier sections of this report, 
wind operates at a lower capacity factor than natural gas and nuclear, 
typically around 40 percent in Texas.103 For 2020 on the whole, wind gen-
erated 23 percent of ERCOT’s electricity.104 During the winter weather 
event, wind was expected to generate less than that typical standard, 
but in fact it did not meet even the lowered bar.

On February 15, at the height of the crisis, wind provided 73,395 MWh, 
or 6 percent of the region’s daily generation mix according to EIA track-
ing statistics.105 Natural gas, meanwhile, provided 759,708 MWh, or 65 
percent. 

“Proponents for 
fossil fuels pointed 
a finger at wind’s 
poor performance 
and advocates 
for a renewable 
energy transition 
blamed natural gas 
for not meeting 
expectations.”
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In other words, natural gas generated ten times the power wind gener-
ated, despite having just 66 percent more installed capacity in ERCOT 
territory.

The International Energy Agency made this comparison concisely.

“Gasfired generation has a rated winter capacity of 55 GW but output 
dropped to 31 GW on 15 February due to issues throughout the supply 
chain – freezing wellheads, pipeline derates and generator equipment 
failures all contributed. Wind generation was about half of its 6.1 GW 
seasonal rating.”106

“In Texas,” IEA concluded, “while the shortfall in the gas system was crit-
ical, coal and nuclear plants also experienced outages, and wind gener-
ators significantly underperformed expectations.”

Renewables advocates will highlight that gas underperformed relative 
to expectations. There is an aspect of truth to that claim and it does 
highlight a risk natural-gas reliance poses. The risk this crisis highlights 
regarding natural gas is that it uses on-time delivery of fuel. Nuclear en-
ergy and coal, on the other hand, are stored on-site and thus can be 
trusted in a wider range of situations. That said, natural gas still provided 
an abundance of electricity during the Texas freeze, particularly when 
held up against the paltry wind generation total.

California
A better example of the risks North Carolina faces is California. California, 
like North Carolina, has historically used nuclear for a significant portion 
of its electricity. It is much further along, however, in purging of nuclear 
from its mix. 

In 1996, nuclear was responsible for 29.7 percent of California’s utility 
generation, with the 2,500 MW San Onofre nuclear facility and 2,100 MW 
Diablo Canyon nuclear facility being the leading generators.107
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But California has since turned 
against nuclear. By 2014, after the re-
tirement of San Onofre, California’s 
electricity generation mix looked 
quite different. It was still, however, 
strongly anchored by dispatchable 
sources. 

In 2014, natural gas generated 61.3 
percent. Nuclear generated 8.6 per-
cent. Wind and solar combined to 
generate 11.9 percent.108

Over the ensuing years California be-
gan utilizing intermittent electricity 

sources en masse to meet it emissions reduction goals. According to 
a Wood Mackenzie’s Wade Schauer, California has taken 5 GW of dis-
patchable capacity oµine since 2018, replacing it with only 2,200 MW of 
comparable capacity.109

By 2019, the most recent year for which a full account is available, the 
mix had begun to skew more heavily towards intermittent sources. That 
year, natural gas generated 43 percent of California electricity. Nuclear 
generated 8.1 percent. Wind and solar combined to generate 21 per-
cent.110

Distressingly, California policymakers have determined the state’s lone 
remaining nuclear power plant, Diablo Canyon, will be taken oµine be-
ginning in 2024.111

State policy will make California increasingly dependent on wind, solar, 
and battery storage, instead of reliable baseload nuclear.

According to California’s grid operator, CAISO, electricity shortfalls, as 
have been seen in recent years, are bound to become more prevalent 
due to this shift. CAISO’s concerns center upon the imposition intermit-
tent sources, especially solar, place upon dispatchable sources that are 
called upon to ramp up to meet demand late in the day as the sun sets 

“As of January 
2021, California’s 
average retail price 
of electricity for the 
residential sector of 
21.43 cents per kWh is 
close to double that of 
neighboring Arizona.”
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and the wind dies down—a problem the Institute for Energy Research 
explicates in its paper, The Solar Value Cliff.112 This will occur despite Cali-
fornia having added the largest battery storage system in the U.S.113

California is already highly reliant upon imports from neighboring states 
during times of high load, and is becoming more so as local generation 
is retired. But CAISO warns that its neighbors have their own challenges 
and cannot be counted on to bail California out.

As of January 2021, California’s average retail price of electricity for the 
residential sector of 21.43 cents per kWh is close to double that of neigh-
boring Arizona (11.70 cents per kWh), Nevada (11.53 cents per kWh), and 
Oregon (11.06 cents per kWh).114

Germany
Germany provides another interesting example. Germany’s ener-

giewende (energy transition) is the country’s plan to reduce greenhouse 
gas emissions by 80 percent by 2050, to use renewable energy for 80 
percent of electricity, and simultaneously to phase out Germany’s nu-
clear power.

After 20 years, the results are sobering. Reuters reported in March 2021 
that an internal audit yet to be published as of this writing has found 
that the energiewende “has proven too costly and underestimated the 
risks to supply.”115

Energy researcher Vaclav Smil wrote in November 2020 for the Institute 
of Electrical and Electronics Engineers’ Spectrum publication, “In 2000, 
6.6 percent of Germany’s electricity came from renewable sources; in 
2019, the share reached 41.1 percent. In 2000, Germany had an installed 
capacity of 121 gigawatts and it generated 577 terawatt-hours, which 
is 54 percent as much as it theoretically could have done (that is, 54 
percent was its capacity factor). In 2019, the country produced just 5 
percent more (607 TWh), but its installed capacity was 80 percent higher 
(218.1 GW) because it now had two generating systems. The new system, 
using intermittent power from wind and solar, accounted for 110 GW, 
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nearly 50 percent of all installed capacity in 2019, but operated with a 
capacity factor of just 20 percent.”116 

Put another way, Germany has built copious volumes of wind and so-
lar capacity but is suffering from the inherent flaws of those resources. 
From 2000 to 2019, the average residential rate of electricity in Germany 
doubled, reaching about 34 cents per kWh (put into USD terms).

The worse is yet to come, though. According to Reuters, the ener-

giewende audit foretells a “looming energy supply shortfall as utilities 
prepare to turn off the last of their nuclear reactors and the government 
spurs a pullout from coal.” With its goal of ending nuclear reliance and 
its turn to wind solar, Germany’s energiewende is a plan North Carolina 
should keep its eyes on.
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THE NUCLEAR 
OPPORTUNITY
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As of 2021, Duke Energy provides approximately 50 percent of its pow-
er across its service area in the Carolinas with carbon-free nuclear 
generation. With nuclear energy and the supplanting of coal by nat-

ural gas, North Carolina has become a national leader in productivity rel-
ative to emissions. To reiterate a point made earlier, only two states have 
outpaced North Carolina in the race to “decouple” economic growth 
from emissions growth.

The state has an opportunity to build on this success by exploring an ex-
pansion of nuclear’s role rather than the elimination of it recommended 
by the DEQ’s Clean Energy Plan.

Duke Energy’s IRPs shows one path for a nuclear buildout, Portfolio E.

Among the options Duke presents that will achieve the 70-percent CO2 
emissions reduction, Portfolio E outshines its competitor, Portfolio D.

By leveraging advances in small modular nuclear technology, Portfolio 
E would slash emissions at a 5-percent discount relative to Portfolio D’s 
heavy reliance on high-cost offshore wind.
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There is reason for optimism on the small modular nuclear front, based 
on developments made at the Idaho and Oak Ridge (TN) National Labo-
ratories on new nuclear designs.

Small modular reactors have the potential to be even more e�cient 
than the already impressive existing nuclear fleet. To achieve a name-
plate capacity of 720 MWe, the developer NuScale claims its small mod-
ular reactor would require just 35 acres, compared to traditional plants 
that might take up close to 600 acres to reach the same capacity.117 
Smaller reactors can be deployed in places that could not support larger 
reactors, including remote and isolated areas, and areas with less access 
to the water necessary to cool larger reactors.118 Another advantage of 
SMRs is that they would decentralize risk from nefarious activities, such 
as the May 2021 cyberattack on the operator of the Colonial Pipeline.119 
SMRs, which can be sited below ground, also present a minimized phys-
ical target.120
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North Carolina has an opportunity to build on past success by exploring an 
expansion of nuclear’s role rather than the elimination of it recommended 
by the DEQ’s Clean Energy Plan.
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Duke Energy is an active participant in these developments, “working 
with private and public sectors to drive research, development and 
demonstration of additional advanced reactor technologies under the 
DOE’s Advanced Reactor Demonstration Program,” according to the 
IRPs.

The problem with this approach is that the pace of development does 
not necessarily match the state’s expectations. The costs remain far 
above the costs of larger reactors and the timelines are still long. The 
first NuScale reactor, for example, is not expected to begin operation 
until 2029.121

Resultantly, extending the lifespan of Duke Energy’s existing fleet is es-
sential. Duke plans to achieve an extension via the Nuclear Regulatory 
Commission’s Subsequent License Renewal (SLR) process. SLR is permis-
sion to extended operation from 60 years to 80 years.122 

NRC has to date complete three SLR application reviews, renewing the 
licenses in both cases. The first case involved Units 3 and 4 at the Tur-
key Point Nuclear Generating Station, a NextEra Energy facility in South 
Florida.123 The Turkey Point application was received in January 2018 and 
NRC issued license renewal in December 2019. The second application 
came from Peach Bottom Atomic Power Station in July 2018.124 NRC 
issues license renewal for Units 2 and 3 at the Pennsylvania facility in 
March 2020.

NRC most recently completed its review of the SLR application for Surry 
Units 1 and 2 (Virginia), issuing the renewal in May 2021.125 Two appli-
cations currently with NRC are Point Beach Units 1 and 2 (Wisconsin)126 
and North Anna Units 1 and 2 (Virginia).127 

Duke announced in September 2019 its intent to pursue SLR for all elev-
en nuclear units in the operating fleet and has begun the process for 
Oconee Nuclear Station’s Units 1, 2, and 3.

Along with the perpetuation of existing generation, building new base-
load nuclear facilities along the lines discussed in the EIA Nuclear Sce-
nario section and the APR1400 Scenario section would be wise.
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The IRPs indicate Duke Energy is considering doing so, stating, “the Com-
pany will continue to monitor and analyze key developments on factors 
impacting the potential need for, and viability of, future new baseload 
nuclear generation. Such factors include further developments on the 
Vogtle project and other new reactor projects worldwide, progress on 
existing unit relicensing efforts, nuclear technology developments, and 
changes in fuel prices and carbon policy.”

Nuclear is a proven, effective source of electricity for the state of North 
Carolina. Any pathway the state chooses to pursue a low-emission econ-
omy should put nuclear energy at the forefront.
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CONCLUSION
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This report analyzes the Clean Energy Plan put forward by the Depart-
ment of Environmental Quality and Governor Roy Cooper, finding that 
its costs and hidden risks far exceed those of alternative plans capable 

of achieving the same emissions-reduction goals. Rather than investing 
in redundant, intermittent power, the state would benefit from a recog-
nition and continuation of the nuclear and natural gas strategy that has 
thus far yielded success.

To recapitulate:

The Clean Energy Plan jeopardizes the reliability and affordability of 
North Carolina’s electricity. Pursuing the Clean Energy Plan via Duke En-
ergy’s Portfolio D would cause a direct cost increase of more than $400 
annually for each North Carolina household.

North Carolina is a national leader in productivity relative to emissions 
and has an opportunity to accelerate its growth by building on its record 
of success using nuclear energy and natural gas. 
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The Clean Energy Plan’s narrow focus on intermittent energy sources ob-
scures the emissions-reduction success that has already been demon-
strated and can be amplified by a nuclear energy expansion. 

A future electricity scenario expanding natural gas’s role on the grid 
would reduce emissions to 60-percent below North Carolina’s peak at a 
rate of less than $3 per metric ton of carbon dioxide, providing the best 
pound-for-pound emissions-cutting choice.

A scenario expanding nuclear energy’s role on the grid using U.S. Energy 
Information Administration cost assumptions would reduce emissions 
as deeply as Portfolio D at about 70 percent of Portfolio D’s cost.

A scenario deploying APR1400 would reduce emissions lower than even 
Portfolio D and would do so at just 35-percent of Portfolio D’s cost per 
metric ton.

Nuclear energy and natural gas are both e�cient uses of land, requiring 
just 0.5 square miles and 2 square miles, respectively, to average 1,000 
megawatts over the course of a year in North Carolina, compared to 
575 square miles for onshore wind power, 265 square miles for offshore 
wind, and 60 square miles for solar power to provide the same amount 
of electricity.

The Clean Energy Plan’s reliance on wind, solar, and battery storage en-
tails significant environmental, supply chain, and land-use risks.

Nuclear energy and natural gas provide North Carolina with reliable, 
cost-effective pathways to achieve its emissions-reduction goals.
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APPENDIX
The Center of the American Experiment conducted eight future elec-
tricity grid scenarios for the John Locke Foundation. Four scenarios are 
based on the Duke Energy Progress (DEP) and Duke Energy Carolinas 
(DEC) system and four scenarios are based on only North Carolina. Each 
set includes a scenario based on Portfolio D from the Integrated Re-
source Plans filed by Duke Energy Progress and Duke Energy Carolinas; 
a scenario based on adding natural gas capacity to replace retiring coal 
facilities without renewable additions; a scenario based on adding a 
combination of nuclear capacity and combined-cycle natural gas with 
U.S. Energy Information Administration-designated capital costs instead 
of renewables to achieve similar carbon-free percentages to Portfolio D; 
and one scenario based on adding a combination of Korean APR1400 
nuclear capacity and combined-cycle natural gas instead of renewable 
to achieve similar carbon-free percentages. 

The assumptions, which vary from scenario to scenario, are listed below.

North Carolina Scenarios vs. Duke Energy Scenarios
Center of the American Experiment included Duke Energy scenarios for 
analysis along with North Carolina scenarios. Duke Energy accounts for 
the vast majority of electricity sales in North Carolina, but not all. To de-
termine the impact of renewable energy on electricity prices and emis-
sions in the entire state of North Carolina, we extrapolated the findings 
from the Duke scenarios to match the electricity demand for the rest of 
North Carolina electricity consumers. The author has relied primarily on 
the North Carolina scenarios and has distinguished between the two 
sets when necessary.

North Carolina 
Annual capacity additions were based on extrapolating Portfolio B an-
nual additions to match Portfolio D total additions. With the exception of 
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natural gas capacity additions—which were attributed to North Carolina 
to replace retiring coal facilities in the state—additions were then split 
between North Carolina and South Carolina based on Duke Energy’s 
revenue share between the two states. Finally, the rest of North Carolina 
electricity providers were assumed to match Duke Energy’s renewable 
energy additions. Total capacity additions amounted to 27,086.4 MW 
while total capacity retirements were 10,649.7 MW—equating to a net in-
crease of 16,436.7 MW. Capacity additions include 20,608.6 MW of wind, 
solar, and storage facilities, as well as 6,400 MW of natural gas.

Duke Energy
Annual capacity additions were based on Portfolio B annual capacity 
additions (listed on Page 105 of DEC’s IRP and Page 107 of DEP’s IRP) 
and extrapolated to match capacity additions listed for Portfolio D (on 
Page 16 of DEC’s IRP and Page 17 of DEP’s IRP). Capacity retirements 
were based on the “Earliest Practicable” coal retirement schedule list-
ed on Page 175 of DEC’s IRP and Page 174 of DEP’s IRP. Total capacity 
additions for this scenario amounted to 26,876 MW while total capacity 
retirements were 11,529.5 MW—equating to a net increase of 15,346.5 
MW. Capacity additions include 20,399 MW of wind, solar, and storage 
facilities, as well as 6,400 MW of natural gas.

Portfolio D Scenario
For both the Duke Energy and North Carolina scenario, $7.5 billion in 
transmission costs were included. Duke Energy’s Portfolio D was used 
because it is more aggressive, in terms of greenhouse gas emissions 
reductions, than Portfolios A-C, but is not as unrealistic as Scenario F, 
which would allow no new natural gas plants to be built. Scenario D 
is also the most similar to the proposals put forward by North Carolina 
Governor Roy Cooper.
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Natural Gas Scenario
In both natural gas scenarios, renewable energy additions listed in Duke 
Energy’s Portfolio D were excluded and only 6,400 MW of natural gas 
additions were included. All 6,400 MW of capacity additions were com-
bined-cycle. The same capacity retirements were made in both sce-
narios as was made in Scenario D for North Carolina and Duke Energy, 
equating to a net capacity increase of 4,249.7 MW in the North Carolina 
scenario and 5,129.5 MW in the Duke Energy scenario.

EIA Nuclear Scenario
In both EIA reference case nuclear scenarios, 5,000 MW of new nuclear 
capacity are modeled in the place of renewable energy additions listed 
in Portfolio D. These additions come in the form of three 1,000 MW fa-
cilities and one 2,000 MW facility beginning in 2025. In addition, 1,500 
MW of combined-cycle natural gas additions are included in this scenar-
io. The amount of nuclear capacity was determined by reaching similar 
carbon-free percentages as Portfolio D. The same capacity retirements 
were made in both scenarios as was made in Portfolio D for North Car-
olina and Duke Energy, equating to a net capacity increase of 4,149.7 
MW in the North Carolina scenario and 5,029.5 MW in the Duke Energy 
scenario.

APR1400 Scenario
In both APR1400 scenarios, 5,600 MW of APR1400 nuclear capacity are 
modeled in the place of renewable energy additions listed in Portfolio D. 
These additions come in the form of four 1,400 MW facilities beginning 
in 2025. In addition, one 900 MW combined-cycle facility is included. The 
amount of nuclear capacity was based on reaching a similar carbon-free 
percentage as Scenario D. The same capacity retirements were made in 
both scenarios as was made in Scenario D for North Carolina and Duke 
Energy, equating to a net capacity increase of 4,149.7 MW in the North 
Carolina scenario and 5,029.5 MW in the Duke Energy scenario.
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Financial Lifespans
Natural gas facilities, both combined-cycle and combustion-turbine, 
were attributed financial lives of 30 years. Onshore and offshore wind 
facilities operated through 20-year financial lifespans. Solar, both stand-
alone and plus storage, received financial lifespans of 25 years. Storage 
facilities were attributed 20-year lifespans. Nuclear facilities operated 
through 40-year lifespans. These assumptions were applied in all sce-
narios.

Repowering
All existing renewable energy facilities were repowered and kept online 
in every scenario. Wind facilities were repowered after 20 years for both 
onshore and offshore, and solar facilities were repowered after 25 years. 
Storage facilities were not repowered. These assumptions were applied 
in all scenarios. These assumptions were applied in all scenarios.

Capital Costs
With the exception of APR1400 nuclear facilities, all overnight capital 
costs were derived from EIA’s assumptions to the Annual Electricity Out-
look of 2021.128 APR1400 capital costs were based on facilities built in 
United Arab Emirates.129 

Levelized Cost of Electricity 
Existing levelized cost of electricity (LCOE) values were derived from Form 
1 filings submitted to the Federal Energy Regulatory Commission (FERC) 
by Duke Energy Carolinas and Duke Energy Progress.130 New LCOE values 
were taken from EIA’s LCOE report of 2021.131

Existing Capacity and Capacity Factors
Existing generating capacity in the North Carolina group was based on 
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EIA’s State Electricity Profile of North Carolina.132 Existing generating ca-
pacity for the Duke Energy group was based on FERC Form 1 filings sub-
mitted by Duke Energy Carolinas and Duke Energy Progress.133 

Coal Retirements
Every scenario assumes that all coal capacity is retired from the system 
by 2035.

CO2 Emissions per Megawatt-hour (MWh)
CO2 Emissions per MWh were derived from the EIA State Electricity Pro-
file of North Carolina.134 

Capital Structure
The capital structure for every scenario was 53-percent equity with a 
9.6-percent return and 47-percent debt with a 4.7-percent return.

Timeframe
Each scenario begins in 2020 and ends in 2051.

Nuclear Land-Use Assumptions
Land use assumptions for nuclear power are based of the area for the 
McGuire Nuclear Station. 

2316 MW,135 700 acres,136 and 96.6 percent capacity factor.137

Combined-Cycle Natural Gas Land-Use Assumptions 
Land use assumptions for combined-cycle natural gas are taken from 
the Asheville Combined Cycle Station, which houses a 560 MW facility 
on 700 acres.138 
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Combustion-Turbine Natural Gas Land-Use Assumptions
Land use assumptions for combustion-turbine natural gas are taken 
from the Lincoln Combustion Project, a 402 MW facility sitting on 746 
acres of land.139

Solar Land-Use Assumptions
Solar land use assumptions are based on 8 acres per MW of installed 
capacity, based on the density of the Wilkes Solar LLC development.140 
The Center believe this is a defensible midpoint between a range of es-
timates. A Decommissioning Cost Estimate Study by Duke Energy Prog-
ress shows a land-use value of 11 acres per MW of installed capacity.141 A 
study conducted by the NC Sustainable Energy Association (NCSEA) and 
the NC Department of Agriculture and Consumer Services estimated a 
land use of 5.78 acres of land per MW of installed capacity.142 A capacity 
factor of 20.6 percent was used, reflecting the statewide total for solar 
installations found in the 2019 EIA state data profile for North Carolina.143

Onshore Wind Land-Use Assumptions
Land use assumptions for wind are based on the Desert Wind project 
in North Carolina. The plant has an installed capacity of 208 MW sits on 
22,000 acres of land.144 The capacity factor of 28.7 percent was obtained 
from Lawrence Berkeley Laboratory’s Wind Project-Level performance 
displays.145 

Offshore Wind Land-Use Assumptions
Land use assumptions and capacity factors are based on the Hornsea 1 
project off the coast of the UK. The project was used because it is one 
of the largest offshore wind facilities in the world. The project spans 157 
square miles, or roughly 100,500 acres, and has an installed capacity of 
1218 MW.146 A capacity factor of 48.4 percent is used, reflecting its 2020 
generation.147
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Limitations
Like all analyses, this analysis has limitations. The most important limita-
tion to this analysis is that it is not an hour-by-hour analysis of estimated 
electricity demand, also referred to as “load,” versus the estimated supply 
on the grid. To do this, the Center would need accurate forecast data on 
demand, and realistic supply data for each fuel type at each hour. This 
is complicated by the fact that offshore wind is a relative unknown in 
the United States, and North Carolina has only one onshore wind facility, 
which provides little insight as to the wind resources in the state. As a 
result, the Center estimated the electricity generation of these sources 
based on annual production assumptions. This means our analysis likely 
underestimates the amount of installed capacity needed to meet the 
peak demand for electricity on a grid that is increasingly powered by 
intermittent electricity supplies.
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