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Preface

The Virginia Academy of Science, Engineering, and Medicine
(VASEM) was founded in 2013 to address the need for

an independent body of experts—drawn from the ranks

of National Academies members from Virginia and other
leading authorities—to provide nonpartisan technical

insight for the Commonwealth’s decision-makers on complex

policy issues.

Few challenges facing Virginia are more complicated or
pressing than meeting Virginia’s sharply rising energy
demand over the next few decades in ways that are affordable
and sustainable without compromising the reliability
and resilience of its electric grid. The Virginia Academy
has produced this white paper to foster a fundamental
understanding of the technical issues and the options
available for meeting these goals. At the same time, VASEM’s
Energy Working Group has produced a more detailed study
r’.":"r.-r'?fl..';,' i I that examines these topics in greater depth. This study is
available at VASEM.org.

Our hope is that by making this information readily available,
we can help policymakers navigate this emerging crisis
successfully and ensure the prosperity and security of the

Commonwealth for years to come.
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Amazon Data Center in Ashburn
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The Challenge:

Meeting Sharply Growing Demand
with Affordable, Reliable, Resilient,
and Sustainable Electric Power

Between 2006 and 2020, Virginia’s energy demand was essentially flat,

but as the 2020s progressed, demand began to surge, driven primarily

by the proliferation of data centers. Although estimates reflect different
assumptions and methodologies, there is a firm consensus that demand
will double or come close to doubling by 2035. The PJM Interconnection
is the regional transmission organization that plans, coordinates, and
operates the high-voltage transmission grid for part of the eastern United
States, determines if the grid can accommodate new generation and
transmission projects, and administers its wholesale electricity markets.
PJM forecasts that peak demand for its Dominion Energy (DOM)
zone, which includes the high-demand, high-generation areas of
Virginia, will increase from approximately 23 gigawatts (GW) today to
between 40 and 42 GW over the next 10 years." This represents as much
as an 83% increase. This growth reflects larger spikes in demand from heat
waves and cold snaps as well as sharply elevated nonpeak demand. Utilities
use peak demand, which refers to energy load during stress periods, for

planning purposes to ensure the ongoing reliability of service.

Putting PJM’s estimate in context, 1 GW is slightly more than the capacity

of Virginia’s largest nuclear reactor. Under typical conditions, a GW can
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power as many as 800,000 homes—although this number drops during
periods of peak load—Dbut it can power only 10 modest AI data centers.*

TPJM Interconnection. (2026, January 14). PJM’s updated 20-year forecast continues to see
significant long-term load growth. Inside Lines. https://insidelines.pjm.com/pjms-updated-
20-year-forecast-continues-to-see-significant-long-term-load-growth/.

% Congressional Research Service. (2026). Data centers and their energy consumption:
Frequently asked questions (R48646). https:/ /www.congress.gov/crs-product/R48646.

VIRGINIA ACADEMY OF SCIENCE, ENGINEERING, AND MEDICINE ELECTRIC POWER IN VIRGINIA



The PJM forecast is in line with that of an

independent study commissioned by Virginia’s Joint

Legislative Audit and Review Commission (JLARC).

JLARC foresees a 100% increase in unconstrained
demand by 2035—that is, if there are no
impediments to supplying power for the expected
consumption.? JLARC attributed this increase

to sharply rising energy consumption from new
data centers in addition to economic growth and

electrification of homes and transportation.

The power demand estimate in Dominion Energy’s
2025 Integrated Resource Plan (IRP) is in accord
with PJM’s and JLARC'’s forecasts. Dominion
projects annual demand growth of 6.3% over
the next decade, an 84% increase.” Data centers
accounted for 28% of Dominion Energy’s
electricity sales in Virginia at the end 0of 2025, a
percentage Dominion expects to rise rapidly.®
Until April 2026, Dominion Energy was the

only electric utility in Virginia required to file an
integrated resource plan. Under legislation signed
by Gov. Abigail Spanberger, Appalachian Power
will also be filing an IRP, providing its estimate of
demand from its Virginia customers and enabling a
more comprehensive assessment of growing energy

demand in the Commonwealth.

There are already indications that growing
demand is stressing the system. The North
American Electric Reliability Corporation’s January
2026 long-term reliability assessment forecasts that
the PJM reserve margin for peak periods will fall
below acceptable limits by 2029.° In Virginia, the
ability to meet demand has already begun to exhibit
signs of stress.” If this situation is not managed
properly, Virginia’s electric suppliers, comprising its
primary utilities, Dominion Energy and Appalachian
Power, and its numerous electric cooperatives and
municipal utilities, may eventually be forced to

impose emergency measures at peak periods.

Building out the grid is not the only solution to this
problem. It can be mitigated by methods that reduce
consumption. Federal energy efficiency initiatives
that mandated the switch from incandescent to
LED lighting and the implementation of the Energy
Star program played a major role in keeping energy
demand flat during the 2010s.” Future reductions
from similar low-cost, demand-side measures on
the state level could reduce demand. They could

be supplemented by virtual power plants, cloud-
based networks that aggregate decentralized energy
resources like residential solar panels and electric

vehicle chargers, and customer demand response

#Joint Legislative Audit and Review Commission. (2024). Report 598. Commonwealth of Virginia. https://jlarc.virginia.gov/pdfs/

reports/Rpt598.pdf. Figure 3-3.

“Dominion Energy. (2025). 2025 integrated resource plan update. https://cdn-dominionenergy-prd-001.azureedge.net/-/media/content/
about/our-company/irp/pdfs/2025-integrated-resource-plan-update.pdf.
® Dominion Energy, Inc. (2026). 2025 annual report. https://s2.q4cdn.com/510812146/files/doc_downloads/2026/03/17/Dominion-

Energy-2025-Annual-Report.

®North American Electric Reliability Corporation. (2026, January 29). Resource adequacy risks intensify across North America as demand
growth surges. https://www.nerc.com/newsroom/resource-adequacy-risks-intensify-across-north-america-as-demand-growth-surges.

Rascius, B. (2026, January 13). East Coast could soon get rolling blackouts during summer because data centers have pushed electric grid
to the limit. The Independent. https://www.the-independent.com/news/world/americas/us-politics/east-coast-blackouts-ai-data-

centers-b2899669.html.

# Meyer, R. (2026, April 27). It's the age of electricity and America isn’t ready. The New York Times. https://www.nytimes.com/
interactive/2026/04/27/opinion/ electricity-power-grid-infrastructure. html?searchResultPosition=1.
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programs, which encourage electricity users to
voluntarily reduce or shift their energy consumption
to periods of low grid demand. The American Council
for an Energy-Efficient Economy estimates that
energy efficiency efforts aggregated nationally have
the potential to reduce electricity consumption by
8% and demand by about 70 GW by 2040.” However,
these gains will be overwhelmed by the magnitude

of demand growth from data centers. The Alliance

to Save Energy estimates that by 2040 the United
States will require between 800 GW and 885 GW

of additional generation.’® Major investments in
transmission and storage as well as generation will be

necessary to meet this need.

In May 2026, NextEra Energy and Dominion

Energy announced a proposed merger. The primary
rationale for the transaction is to create the scale

and efficiencies needed to rapidly bring more power
online. Headquartered in Florida , NextEra Energy is
the largest electric and energy infrastructure company
in North America. The proposed combination must
be approved by federal and state regulators as well as
shareholders of both companies before it can move
forward. The companies expect the transaction to

close in 12-18 months, subject to these approvals.

TECHNICAL ISSUES AFFECTING
AFFORDABILITY

According to JLARC, meeting estimated demand in
Virginia could add $16 to $18 billion annually to the
state’s electric utilities” expenses by 2035 under the
unconstrained scenario. This will include the annual
amortized share of up-front capital costs' as well as
the operating costs and maintenance costs incurred
by new infrastructure. One way to reduce the cost of
new power generation facilities is to build them near
current or retired power plants to take advantage

of existing transmission and power generation

infrastructure as well as a trained workforce.

These projected costs will also include anticipated
increases in the price of energy imported from other
states. The U.S. Energy Information Administration
reported in 2023 that Virginia imported
approximately 36 percent of the electricity it
consumed, higher than any other state in the
nation.”* While this percentage fluctuates from
year to year, reliance on energy imports makes the
Commonwealth particularly vulnerable to market
forces, a circumstance that is heightened during

times of peak demand.

To reduce price volatility, Virginia’s electric utilities
sign contracts with other PJM suppliers, through

either PJM’s markets or bilateral agreements, to make

? ACEEE (2024, November 4.) Faster and cheaper: Demand-Side solutions for rapid load growth. https://www.aceee.org/research-report/

u2601.

" Alliance to Save Energy. (2025, March 14). Report: Urgent need to expand energy supply to meet rapidly growing demand. Alliance to Save
Energy. https://www.ase.org/news/report-urgent-need-expand-energy-supply-meet-rapidly-growing-demand.
"In its 2025 IRP update, Dominion Energy estimates that its preferred plan, one that complies with VCEA mandates and that selects

resources on a least-cost basis, would cost $148.7 billion.

2U.S. Energy Information Administration. (2024, December 20). Virginia was the top net electricity recipient of any state in 2023. https://

www.eia.gov/todayinenergy/detail.php?id=64104.
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The PJM Interconnection System

up their shortfall. However, when there are sudden
load spikes or generator outages, they must turn to
the spot market. This can be costly. At 7:35 am on the
very cold morning of February 9, 2026, demand for
electrical power in the DOM zone reached an all-time
high of 25.56 GW. The PJM spot-market purchase
price at that time was $4,100/megawatt-hour
(MWh), compared with a typical winter-morning
price of approximately $30/MWh. (A MWh is a unit
of measurement that represents the total amount of
electrical energy generated or consumed over a given
time period, in this case 1 million watts of electricity
generated or consumed continuously over one hour.

A terawatt-hour (TWh) is a trillion watts per hour.)

The cost of imported power is expected to rise.
According to the unconstrained JLARC model
that has Virginia adhering to its energy goals,

Virginia would have to increase the amount of

power it imports from other PJM states by 146%,

ELECTRIC POWER IN VIRGINIA

from 50 TWh/year in 2025 to 123 TWh/year in
2040. Given their own growing power needs, these
states will have less surplus electricity to export,

causing both wholesale and spot prices to rise.

TECHNICAL ISSUES AFFECTING
RELIABILITY

It is imperative that new capacity be added in ways
that support the reliability of the grid. One element
in the grid’s reliability is its ability to meet peak
demand, which requires a mix of baseload and
dispatchable generation with non-dispatchable
generation serving as a supplement. Having this
mix is essential for reliability. Traditional nuclear,

a critical baseload source in Virginia, has high
efficiency and low operating costs but is relatively
inflexible. Dispatchable sources like natural gas can

be easily ramped up or down as needed to meet

VIRGINIA ACADEMY OF SCIENCE, ENGINEERING, AND MEDICINE



fluctuating demand. Peaker natural gas generators
are expressly designed to add energy to the grid at
short notice. Energy sources like solar and wind
that produce power intermittently and at variable
levels are considered non-dispatchable but have
proven invaluable in filling generation gaps for
limited periods during episodes of peak demand.
Battery storage is also an important part of the
equation, though it is currently limited to no more
than 10 hours. Other forms of stored energy such
as pumped hydro are dispatchable, providing rapid

ramping capability during extreme weather.

Another property affecting grid stability is its
inertia. Created by the rotational momentum

stored in massive rotating turbines and generators of
conventional power plants, inertia acts as a buffer that
resists rapid changes in frequency caused by sudden
imbalances between power generation and demand.
Because solar and wind are connected to the grid
by grid-following inverters that use electronic
means to convert the direct current they generate
to alternating current, they do not contribute
physical inertia. This makes frequency control more
challenging. Without sufficient inertia, rapid drops
in frequency can trigger protective systems, causing
widespread blackouts. To address this challenge,
utilities use static synchronous compensators
(STATCOMs), devices that provide dynamic voltage
regulation and reactive power compensation to
ensure power grid stability even with renewables.
Grid-forming inverters, which mimic the inertia
produced by generators with high physical mass,

are being developed, but they are more expensive to

deploy because of their complexity.” Regardless of
the type of inverter used, the electric system will also
need synchronous generators or condensers (freely
spinning rotors) to provide necessary current for
relays to detect faults, allowing for rapid separation of

a failing section from the main grid.

TECHNICAL ISSUES AFFECTING
RESILIENCE

Presidential Policy Directive 21 on critical
infrastructure and resilience’ defines “resilience”

as “the ability to prepare for and adapt to changing
conditions and withstand and recover rapidly from
disruptions.” Because Virginia is home to major
military, intelligence, and national law enforcement
facilities along with the largest data center
concentration in the world, the resilience of its grid
is critically important not only for the citizens of the
Commonwealth but also for the security, safety, and

prosperity of the nation.

Electric utility resilience planning has focused
on recovery from weather-related events like
floods or high winds. Increases in the frequency
and magnitude of extreme weather have led to
areassessment of resilience strategies. At the
same time, utilities face increasing threats from
nefarious actors and nation-states seeking to
damage their infrastructure through cyber-
attacks, insider threats, denial-of-service attacks,
electromagnetic pulse events, or physical attacks.

As smaller, distributed solar and wind sources

2 Nerd Volt. (2025, September S). Grid-forming vs grid-following inverters: Choosing the right power player. https:/ /nerdvolt.com/grid-

forming-vs-grid-following-inverters/.

4The White House. (2013, Feb. 12). Presidential Policy Directive/PPD-21: Critical infrastructure security and resilience. https://www.cisa.
gov/sites/default/files/2023-01/ppd-21-critical-infrastructure-and-resilience 508 _0.pdf. 14.
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are added to the grid, generation becomes less
centralized, which may limit damage caused by a
single intrusion. At the same time, this proliferation
of generators increases access points, an added

vulnerability for some forms of attack.

To restart the grid after a total or partial shutdown,
utilities need black start capacity, the ability to power
up baseload generation and restore operations after

a blackout. Traditionally, utilities have relied on
specialized independent energy sources such as
hydropower, diesel generators, and specialized peaker
gas turbines, but as the percentage of electricity
produced by inverter-based renewable sources
increases, they are beginning to pilot battery
energy storage systems (BESS) that use grid-
forming inverters and hybrid systems combining

renewable energy with BESS for black start.

ISSUES AFFECTING SUSTAINABILITY

The 2020 Virginia Clean Economy Act (VCEA)
mandates a transition to 100% clean energy on the
part of the state’s two major utilities—Dominion
Energy by 2045 and Appalachian Power by 2050. It
requires the retirement of most coal-fired power plants
in Virginia on specified schedules, sets mandatory
energy efficiency targets, and promotes solar, wind,
and energy storage development. VCEA includes

a reliability exception that allows utilities to bypass
mandatory carbon-free targets if fossil fuel is deemed

necessary to maintain grid reliability or security.

When planning for deployment of sustainable
sources, it is important to note that the nameplate
capacity of individual power sources reflects the
energy they could generate if operated continually at
full capacity. The ability to achieve this ideal varies
considerably—and is reflected in JLARC's projection
of the combination of additional generation

sources needed between 2025 and 2040 to reach
unconstrained peak capacity under the VCEA
requirements. It includes 30.8 GW of renewables,
15.3 GW of carbon-based generation, 7.5 GW of
storage and on-demand reduced consumption from
customers, 3.1 GW of imported electricity, and

2.7 GW of nuclear energy.

One reason that JLARC calls for 10 times more power
from renewables than from nuclear facilities is their
different capacity factors. The capacity factor is the
ratio of actual electrical energy generated by an energy
source to its maximum power capacity. Regardless

of power source, the capacity factor is always lower
than 100%, due to inherent inefficiencies in the
generating process and factors like maintenance and
fuel costs that may constrain its operation. Different
energy sources have different capacity factors,

which are tracked by the U.S. Energy Information
Administration. In 2024, nuclear facilities had

an average capacity factor of 91.0%, combined
cycle natural gas plants 58.4%, wind 34.2%, and
solar 24.4%."

5U.S. Energy Information Administration, Electric Power Monthly, Table 6.07.A: Average price of electricity to ultimate customers
by end-use sector. https:/ /www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_6_07_a. U.S. Energy Information
Administration, Electric Power Monthly, Table 6.07.B: Average price of electricity to ultimate customers by end-use sector, https://www.eia.

gov/electricity/monthly/epm_table grapher.php?t=epmt_6_07_b.
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Evaluating Options for
Additional Generation

There is no silver bullet for developing a power generation strategy to ensure affordable,
reliable, resilient, and sustainable energy in Virginia. Each power generation source has its own
unique advantages and challenges. The table below highlights their features, although the many

variables and intangibles in assessing each one mean that this table should serve primarily for

comparison purposes.
COMPARISON OF GENERATION SOURCES*
Capacity Acres per Capital Time to -
Factor** MW Intensity Implementation e lLL7 N
High variability, no fuel
Utility-Scale Solar 24.4% Moderate Low Medium Extremely | cost, requires storage for

High dispatchability, as penetration
grows requires STATCOMs

High variability, no fuel

cost, requires storage for
Offshore Wind 34.2% High Moderate Long Low dispatchability, increased cost
for transmission & distribution,
requires STATCOMs

Flexible dispatch, volatile

Combined-Cycle 58.4% Low Low Medium High fuel prices, limited turbine

Natural Gas o R
availability, emits CO,
High upfront cost, long life,
. ) low fuel and operating costs,
Traditional Nuclear 91% Low High Long Low p 9 R
waste storage is an ongoing
issue
Small First of kind deployments,
91%*** Low Moderate Lon Moderate long life, low fuel and operatin
Modular Reactor ° 9 9 P 9
costs
* General terms are used to suggest relative values. **U.S. Energy Information Agency *** Expected to be comparable to traditional nuclear
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Puller Solar Facility in Middlesex County

UTILITY-SCALE AND the high carbon footprint associated with solar panel
DISTRIBUTED SOLAR manufacturing. The capital investment needed to

construct utility-scale solar installations is low and has
Solar energy contributed approximately 5% to steadily declined, but in recent years tarifts and local
Virginia’s energy needs in 2025 and will play a land use and permitting restrictions have eroded some
central role in the state’s clean energy transition, of that advantage.

its value reinforced by VCEA mandates."®

In addition, because Virginia’s latitude is relatively low, Solar does come with several drawbacks. It is an

its average solar flux is significant.”” Consequently, intermittent source whose electrical generation
solar power can be used to supplement baseload and varies with the time of day, season, and weather.
dispatchable sources to meet peak demand. Even under the best of conditions, its capacity factor

hovers around 25%. This may increase over the next

Solar offers clear benefits. It is a carbon- decade as today’s monocrystalline silicon cells are
free energy source that insulates customers replaced by silicon-perovskite tandem cells.” In
from fluctuations in fuel prices, although its addition, unless paired with STATCOM:s and grid-
environmental benefits are offset to some degree by forming inverters, solar does not contribute to grid

% Virginia Clean Economy Act of 2020 (Va. Code § 56-585.5).

7 National Laboratory of the Rockies. (2018). Solar resource maps and data. https:/ /www.nlr.gov/gis/solar-resource-maps.

" LONGi Green Energy Technology Co., Ltd. (2026). Silicon-perovskite tandem solar cells achieve new world efficiency record. https:/ /www.
longi.com/en/news/silicon-perovskite-tandem-solar-cells-new-world-efficiency/.

12 ELECTRIC POWER IN VIRGINIA VIRGINIA ACADEMY OF SCIENCE, ENGINEERING, AND MEDICINE



stability. Finally, it must be combined with storage to

produce dispatchable generation.

Distributed solar, for instance on rooftops or
brownfields, generates electricity close to where it
is used, which can reduce transmission congestion,
improve local grid resilience during peak demand,
and diversify supply. However, it is typically more

expensive per unit of power than utility-scale solar.

OFFSHORE WIND

Because of limited appropriate terrain and
environmental issues, Virginia’s onshore wind
potential is low compared to other regions of the
country, but Virginia is a national leader in harnessing
offshore wind. Dominion Energy’s Coastal Virginia
Offshore Wind (CVOW) project, with a nameplate
capacity of 2.6 GW, is the largest in the nation.
Despite temporary federal stop-work orders, the
project is moving forward. It delivered its first power
to the grid in March 2026 and is scheduled to be fully
operational by early 2027."

As an intermittent source, wind suffers from some of
the same issues as solar. Until grid-forming inverters
are readily available, it cannot contribute to the
stability of the grid—and without complementary
storage, it cannot provide dispatchable energy for
spikes in demand. A particular challenge of offshore
wind is connecting it to the grid. Offshore wind
projects must deliver large amounts of power over

long distances through undersea cables into grid

systems that were not designed for multi-gigawatt
injections. This added cost of connection should be

considered when evaluating life-cycle affordability.

Tariffs, inflation, and stop-work orders have
increased the cost of CVOW from $9.8 billion to an
estimated $11.5 billion. These factors could forestall
Dominion Energy’s development of the 40,000-acre
CVOW-South leases until the 2030s.

COMBINED-CYCLE NATURAL GAS

Natural gas currently provides 40% of Virginia’s
energy needs. Gas units serve as a vital baseload

and dispatchable power source that complements
intermittent renewables and is essential to mitigate
system risks during extreme weather and peak
demand periods. Dominion Energy operates several
major combined-cycle natural gas units in Virginia,
which use advanced turbines and heat recovery steam
generators to maximize efficiency. It also maintains a
number of smaller peaker plants, which are designed
to start quickly—often in as little as 10 minutes—

to meet sudden spikes in electricity demand or to
balance the grid when renewable sources like solar

and wind are unavailable.

Although the VCEA does not automatically prohibit
new natural-gas generation, it is in structural

tension with the law’s purpose and timelines and

is permissible only under narrow reliability-based
exceptions. With demand doubling within the DOM

zone over the next decade, however, Virginia may

®Martucci, B. (2026, March 26). Coastal Virginia Offshore Wind begins delivering power. Utility Dive. https://www.utilitydive.com/news/

coastal-virginia-offshore-wind-begins-delivering-power/815874/.
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North Anna Power Station in Louisa County

need to construct natural gas assets until new nuclear
or long-term storage technologies can be built. These
new gas turbines could provide grid-stabilizing inertia

as well as voltage support.

The benefits of natural gas are offset by several
drawbacks. Although CO, emissions from natural gas
plants are less than half those of coal plants, they do
produce 0.96 pounds of CO, per kWh, according to
the U.S. Energy Information Agency.*® Furthermore,

DOMINION ENERGY

turbine availability has become a major procurement
bottleneck in recent years, slowing the construction
of new natural gas plants. Backlogs are reported

to stretch as long as five or more years,*" although
some suppliers, like GE Vernova, Siemens Energy,
and Mitsubishi Heavy Industries, are expanding
production.®* Average turbine prices have also risen

substantially in the past year.

20U.S. Energy Information Administration. (n.d.). Frequently asked questions: How much electricity does an American home use? https://

www.eia.gov/tools/fags/faq.php?id=74&t=11.

#'Walton, R. (2026, March 23). S-year waits and rising costs: How demand is redefining the gas turbine market. Utility Dive. https://www.
utilitydive.com/news/S-year-waits-and-rising-costs-how-demand-is-redefining-the-gas-turbine-mar/813385/.
#2National Association of Manufacturers. (2025, October 15). Gas turbines become big business. NAM. https://nam.org/gas-turbines-

become-big-business-34949/2stream=series-input-stories.
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TRADITIONAL NUCLEAR

Virginia has extensive operational experience and
an established institutional base in commercial
nuclear power and reactor technology. Today, the
baseload power that traditional nuclear plants
produce accounts for roughly one-third of the
Commonwealth’s electrical generation and
about 83% of Virginia’s carbon-free generation,
making it indispensable for both reliability and
decarbonization goals.** Dominion Energy’s North
Anna Unit 1 is now licensed to operate until 2058
and Unit 2 until 2060. Surry Unit 1 is licensed to
operate until 2052 and Unit 2 until 2053. There is
the possibility of additional 20-year life extensions
beyond those dates.**

Traditional reactors remain a proven option

for carbon-free generation, but additions to the
Commonwealth’s nuclear capacity face significant
hurdles. Utilities will have to secure substantial
tracts of land and access to an abundant supply of
water, accommodate the extended construction
timelines required by new designs, and capture public
support. They will also have to secure regulatory
approval as well as the substantial investment needed
to bring a new reactor online. Even with the federal
government’s newly announced $80 billion strategic

partnership with Westinghouse, Cameco, and

Brookfield to deploy a fleet of new AP1000 reactors
across the United States,** large nuclear projects
will continue to require substantial upfront

investment, often tens of billions of dollars.

In addition, the issue of nuclear waste disposal remains
unresolved. The U.S. has over 90,000 metric tons of
spent fuel from commercial nuclear power plants
currently stored at temporary facilities nationwide.
Although these storage methods are generally
considered safe, the federal government has paid
billions of dollars in damages to utilities for failing to
dispose of this waste and may potentially have to pay
tens of billions of dollars more in coming decades.*®
However, the need for long-term disposal cannot be
avoided since the amount of spent fuel is growing by

roughly 2,000 metric tons annually.

EMERGING TECHNOLOGIES:
SMALL MODULAR REACTORS

The Nuclear Energy Agency, an intergovernmental
agency that is part of the Organization for Economic
Cooperation and Development, currently identifies
127 small modular reactor (SMR) concepts, either
proposed or under development, around the world.*”
These advanced reactors, with outputs between
50 MW and 500 MW, offer the promise of factory

**Virginia Nuclear Energy Consortium Authority. (2025). Virginia strategic plan for nuclear energy. https:/ /virginianuclear.org/wp-
content/uploads/2025/11/Virginia-Strategic-Plan-for-Nuclear-Energy.pdf.

#4U.S. Nuclear Regulatory Commission. North Anna Power Station, Units 1 and 2— Subsequent license renewal application review. https://www.
nre.gov/reactors/operating/licensing/renewal/applications/north-anna-1-2-subsequent.

5 Westinghouse Electric Company, Cameco Corporation, & Brookfield Asset Management. (2025, October 28). United States
Government, Brookfield and Cameco announce transformational partnership to deliver long-term value using Westinghouse nuclear reactor
technology. https://bam.brookfield.com/press-releases/united-states-government-brookfield-and-cameco-announce-transformational-

partnership.

26U.S. Government Accountability Office. (2025, June 24). Nuclear waste disposal. https:/ /www.gao.gov/nuclear-waste-disposal.
#Nuclear Energy Agency. (2025). The NEA small modular reactor dashboard: Third edition. OECD Publishing. https://www.oecd-nea.
org/jcms/pl_108326/the-nea-small-modular-reactor-dashboard-third-edition.
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Rendering of the TerraPower Natrium SMR Demonstration Project in Kemmerer, Wyoming

fabrication, shorter construction timelines, of a coal-fired plant, allowing it to take advantage of
incremental capital deployment, enhanced existing transmission lines.*® As a point of reference,
safety, and emergency planning zones that are Dominion Energy’s IRP sees SMRs as a viable option
expected to be confined to the site boundary. by the end of 2033, positioning the technology as a
The TerraPower Natrium reactor, being built mid-term solution for reliability and clean energy.**
in a remote area in southwest Wyoming, will be Both Dominion Energy and Appalachian Power are
the first commercial-scale SMR in the U.S. when considering sites for SMR deployment.*® ** 32 #2

completed in 2030. It is being built near the site

22 TerraPower. (2024, June 10). TerraPower begins construction in Wyoming. https://www.terrapower.com/terrapower-begins-
construction-in-wyoming.

?° Dominion Energy. (2025). 2025 integrated resource plan update. https://cdn-dominionenergy-prd-001.azureedge.net/-/media/
content/about/our-company/irp/pdfs/2025-integrated-resource-plan-update.pdf .

*°Dominion Energy. (2024, July 10). Dominion Energy takes important step to determine feasibility of Small Modular Reactor (SMR)
technology to support customers’ needs. https://news.dominionenergy.com/press-releases/press-releases/2024/Dominion-Energy-takes-
important-step-to-determine-feasibility-of-Small-Modular-Reactor-SMR-technology-to-support-customers-needs-07-10-2024/ default.
aspx.

*'Lonzanida, M. (2025, June 10). NWS Yorktown. Dominion Energy Virginia sign historic agreement to explore new power options. DVIDS.
https://www.dvidshub.net/news/500233/nws-yorktown-dominion-energy-virginia-sign-historic-agreement-explore-new-power-
options.

*2Dominion Energy. (2024, October 16). Dominion Energy and Amazon to explore advancement of small modular reactor (SMR) nuclear
development in Virginia. https://investors.dominionenergy.com/news/press-release-details/2024/Dominion-Energy-and-Amazon-to-
explore-advancement-of-Small-Modular-Reactor-SMR-nuclear-development-in-Virginia/default.aspx.

32 Appalachian Power. (2025, May 16) Appalachian Power advances exploration of advanced nuclear technologies, environmental compliance,
and VCEA plans for Virginia (Release ID 10230). Appalachian Power. https://www.appalachianpower.com/company/news/
view?releaseID=10230.
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Published cost estimates for first-of-a-kind

SMR deployments reflect broad uncertainty
about capital costs, supply-chain maturity,

and financing assumptions.** ** ** Most near-

term SMR designs use conventional low-enriched
uranium, while several advanced reactor concepts
require high-assay low-enriched uranium, which is
not yet widely commercially available and will require
expanded enrichment, fabrication, and supply-chain

infrastructure to support large-scale deployment.®” **

There is some concern that SMRs, because of their
small size, may exhibit increased neutron leakage from
the fuel assembly, resulting in neutron activation of
the steel structure. This greatly increases the waste
stream, which will consist of structural elements as well
as spent fuel.** SMRs also face the same nuclear fuel

waste storage issues as traditional nuclear facilities.

Experience with its existing nuclear plants may provide
Dominion Energy with institutional knowledge

and regulatory approvals that could accelerate the
development of SMRs. These advantages, combined
with a trained workforce, established emergency-
planning infrastructure, and interconnection capacity,

can reduce risk for new nuclear projects.

POTENTIAL POWER GENERATION
TECHNOLOGIES

Power generation technologies like fusion,
geothermal, tidal, wave energy, and naturally
occurring hydrogen offer promising pathways for
diversifying the energy mix and reducing carbon
emissions, but they are in early stages of development
and must overcome significant technical, economic,
and siting challenges before their potential can

be realized.

For instance, there have been recent strides in fusion,
which occurs when two atomic nuclei combine to
form a heavier nucleus, releasing significant energy.
Although many important technical issues remain
unresolved, several fusion energy companies plan to
deploy prototypes within the decade. Commonwealth
Fusion Systems hopes to demonstrate net energy by
2027 and to deploy its first power plant in Virginia in
the early 2030s.“° Net energy is the point at which

a fusion reaction generates more usable energy than
the total energy required to initiate, sustain, and run

the reactor system.

% World Nuclear Association. (2025, November 24). Small modular reactors. https://world-nuclear.org/information-library/nuclear-

power-reactors/small-modular-reactors/small-modular-reactors.

% Carboncredits.com. (2025, February 18). What is SMR? The ultimate guide to small modular reactors. https://carboncredits.com/the-

ultimate-guide-to-small-modular-reactors.

¢ Asuega, . et al,, Estimation of levelized cost of energy for small modular reactors. Int. J. Energy Econ. Policy, vol. 15, no. 3, pp. 1-11, Jun.
2028. https://www.econjournals.com/index.php/ijeep/article/view/19364.
37U.S. Department of Energy, Office of Nuclear Energy, What is high assay low-enriched uranium (HALEU)? https://www.energy.gov/ne/

articles/what-high-assay-low-enriched-uranium-haleu.

*#World Nuclear Association. (2023, December 13). High-assay low-enriched uranium (HALEU). https://world-nuclear.org/information-
library/nuclear-fuel-cycle/conversion-enrichment-and-fabrication/high-assay-low-enriched-uranium-haleu.

**Krall, L. M., Ewing, R. C., & Macfarlane, A. M. (2022, May 30). Small modular reactors produce high levels of nuclear waste. Stanford
News. https://news.stanford.edu/stories/2022/05/small-modular-reactors-produce-high-levels-nuclear-waste.

“°Thompson, D. (2025, July 17). A nuclear fusion breakthrough may be closer than you think. Time. https://time.com/7302543 /nuclear-

energy-commonwealth-fusion.
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Bath County Pumped-Storage Station
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Evaluating Options for Storage

Energy storage is a key component of modern
electricity systems, providing operational flexibility
by serving as a dispatchable generation source when
energy is needed or a repository for electricity when
there is a surplus. Storage enhances reliability and
resilience, supports the integration of renewable
energy, and helps lower costs by reducing the

need to add generation or to purchase energy

from other states.

Despite these advantages, energy storage is not a
one-for-one substitute for dispatchable generation
because it currently can provide electricity for only a
limited period. Its contribution to accredited capacity
also depends on its expected performance during
extreme weather events and system conditions at the
time of peak demand. There are also environmental
impacts associated with battery manufacturing, raw
material sourcing, the type of generation used for

charging, and end-of-life management.

PUMPED STORAGE

Dominion Energy’s 3 GW Bath County Pumped-
Storage Station, the largest hydro energy storage
facility in North America, functions as a huge battery

and provides most of Virginia’s storage capacity. It
began full commercial operation in 198S. Appalachian
Power completed the 636 MW pumped-storage
facility at Smith Mountain in 1966. Pumped hydro is

considered a form of long-duration energy storage.

Construction of new pumped storage in Virginia
would be difficult. Even if a suitable site were
identified, utilities might face high capital costs,
lengthy regulatory approval processes, and
community opposition. Nonetheless, Invest

SWVA, the Southwest Virginia Energy Research

& Development Authority and the LENOWISCO
Planning District Commission are currently exploring
the development of a small pumped-storage facility in

Southwest Virginia.**

BATTERY ENERGY STORAGE SYSTEMS

Battery energy storage systems (BESS) are designed
to provide fast, short-duration power. They are

used to address peak events, effectively shifting
energy from off-peak to peak periods and providing
fast-responding capacity for up to 10 hours.
Dominion Energy has several battery energy storage

projects in operation or development, including the

“Payne, W. (2025, October 13). Appalachian Powet, Dominion Energy launch energy storage partnership. Energy DELTA Lab. https://www.
energydeltalab.org/news/appalachian-power-dominion-energy-launch-energy-storage-partnership-8gkpc.
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Scott Solar and Battery Storage Facility in Powhatan County

20 MW Dry Bridge Battery Energy Storage facility

in Chesterfield County, 50 MW storage at Dulles
International Airport in Loudoun County, 15.7 MW
Shands Energy Storage in Sussex County, 7S MW
Mulberry Energy Storage in Richmond County, and
80 MW Drake Energy Storage in Middlesex County.**
Appalachian Power cancelled its 7.5 MW facility in
Grayson and Smyth counties due to damage from

Hurricane Helene and rising materials costs.**

LONG-DURATION ENERGY STORAGE

For extended peak periods of 10 hours or more,
long-duration energy storage (LDES) is required.

A range of technologies, such as flow and non-

lithium chemical batteries, compressed air energy
storage, thermal storage, hydrogen-based systems
for use with fuel cells, modified gas turbines, and
other long-duration concepts are under active global
development but, with the exception of compressed

air storage, have not been widely commercialized.

Dominion Energy is partnering with Form Energy

to test a non-lithium iron-air technology at its
Darbytown Power Station. The unit is designed to
discharge electricity for up to 100 hours. In concert
with Appalachian State University and the National
Laboratory of the Rockies, Appalachian is developing
a hydrogen-based system that potentially can provide
up to 72 hours of backup power.**

“2Biss, M. (2025, September 19). Dominion receives approval to develop 400MWh BESS in Virginia after fire safety concerns alleviated.
EnergyStorage News. https://www.energy-storage.news/dominion-receives-approval-to-develop-400mwh-bess-in-virginia-after-fire-

safety-concerns-alleviated/.

“3Busse, M. (2025, June 20). Appalachian Power cancels Southwest Virginia battery energy storage system. Cardinal News. https://
cardinalnews.org/2025/06/30/appalachian-power-cancels-southwest-virginia-battery-energy-storage-system/.
“4 Appalachian Energy Center. (n.d.). Sustainable energy speaker series. https://energy.appstate.edu/about/news-events/speaker-series/.
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Evaluating Options
for Adding Transmission Capacity

An ambitious effort to build new generation and
storage facilities will not in itself solve Virginia’s
demand problem. Transmission and local distribution
systems must also be expanded and modified to
ensure that power can be delivered from areas with
high generation like Central and Southside Virginia to
areas with high demand like Northern Virginia. Steps
taken to improve capacity in one part of Virginia may
not be the most economical or practical solution for

other areas.

DYNAMIC LINE RATING AND SURPLUS
INTERCONNECTION SERVICES

Traditional static line ratings are based on
conservative weather assumptions, but power lines
can safely carry 30% to 50% more energy on cold or
windy days when improved heat transfer provides
more efficient cooling of the conductors, minimizing
overheating and line sagging. Dynamic line rating
(DLR) uses sensors and software to monitor

real-time conditions like wind speed, ambient

temperature, and solar irradiance and dynamically
adjust the carrying capacity of the line. In addition
to enabling higher power flows during cool or windy
weather, it can be used to limit power flows in extreme
heat or other weather conditions to ensure safe and

reliable operations.*®

Dominion Energy is deploying DLR technology on
power lines in Northern Virginia. Doing so requires
upgrades to the energy management system it uses to
balance supply and demand in real time and ensure

grid stability and reliability.*®

Another strategy to maximize the capacity of the
existing transmission system is to make better use of
surplus interconnection, which allows new power
generators constructed near existing facilities to take
advantage of any unused transmission capacity at
the facility. Using surplus interconnection avoids or
reduces the need for expensive new transmission
line construction or substation upgrades. According
to a recent study, thermal and renewable energy-

generating facilities in the PJM Interconnection have

“% Chojkiewicz, E. et al. (2021) Reconducturing with advanced conductors can accelerate the rapid transmission expansion required for a clean
grid. https://www.203Sreport.com/wp-content/uploads/2024/04/GridLab_203S-Reconductoring- Technical-Report.pdf.

“¢Velez, F. (n.d.). Comments on behalf of Virginia Electric and Power Company (Dominion Energy Virginia) (Docket No. AD19-15-000).
Federal Energy Regulatory Commission. https://www.ferc.gov/sites/default/files/2020-09/Velez-Dominion.pdf.
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surplus interconnection capacity that could support
about 153 GW of solar, wind, and storage.*” There
are limits associated with the surplus interconnection
strategy. It cannot be used for permanent generator
replacement, is limited by site-specific, non-
upgradable infrastructure, and is generally tied to the
original plant’s lifespan. In addition, all this capacity
may not be available when it is needed, depending on

operating conditions.

ADVANCED CONDUCTOR
TECHNOLOGIES

Many advances have been made in the design of

the conductors used to transmit electricity through
power lines. By replacing lines using traditional
conductors with those with advanced conductors,
utilities can move more power over existing rights

of way. Dominion Energy has replaced 800 miles
of traditional power lines with high-temperature
low-sag conductor power lines, reporting that
they can carry 50 percent more electricity than
the old lines.*® Power lines with advanced conductor
technologies tend to be about two to three times

the cost of lines with conventional conductors, but a
Berkeley/GridLab study found that when compared
to the cost of building a new transmission corridor

to achieve a similar increase in capacity, replacing
standard power lines with advanced conductor lines
can be 50% to 75% cheaper. They also can be installed

in a fraction of the time.*®

The drawback of lines with advanced conductors is
that, because they carry more electricity and generate
high temperatures, they require maintenance workers
to use insulated sticks, which may not be appropriate
for all repairs. In these cases, these lines must be

removed from service.

EXTRA-HIGH VOLTAGE
ALTERNATING CURRENT

Consisting of closely spaced thin conductors, extra-
high voltage (EHV) alternating current cables are
used to transport large amounts of power over long
distances by elevating their voltage to reduce the
current. Lower current means less electric energy
is lost as heat, making EHV transmission at least
50% more efficient than traditional power lines.
However, they require massive towers and wide
rights-of-way to maintain safety clearances and
mitigate the effects of the strong electromagnetic
fields they produce. EHV is extensively used in the
United States. Among other EHV projects, Dominion
Energy is planning to build a 115-mile EHV line to
bring electricity generated by Appalachian Power in
the Ohio River Valley to Northern Virginia.*°

In densely populated areas, the use of EHV lines is
limited by available land, public acceptance of large
structures, construction timelines, and impacts on the
grid. As additional EHV lines are added, voltage levels

can exceed equipment limits during light-load periods

“7Howland, E. (2025, August 21). PJM surplus interconnection can support 153 GW of solar, wind, storage: UC Berkeley researchers. Utility
Dive. https://www.utilitydive.com/news/pjm-surplus-interconnection-sis-solar-wind-storage/758121/.

“®Howland, E. 21 states, DOE launch initiative to spur grid-enhancing technologies, advanced conductors, Utility Dive, May 29, 2024. https://
www.utilitydive.com/news/states-doe-modern-grid-deployment-initiative-gets/717338/.

42 See Chojkiewicz et al.

%% Busse, M. (2026, March 12). Massive power transmission line planned for Campbell to Culpeper. Cardinal News. https://cardinalnews.
org/2026/03/12/massive-power-transmission-line-planned-for-campbell-to-culpeper/.
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High-Voltage Direct Current Transmission Line

and increase the likelihood of faults. Addressing this
issue requires reactive power compensation devices
to be installed at substations and, in some cases, new

substations built to handle this higher voltage.

HIGH-VOLTAGE DIRECT CURRENT

High-Voltage Direct Current (HVDC) transmission is
inherently more efficient than high-voltage alternating
current. As a result, HVDC lines can transmit
power with up to 30% to 50% less energy loss than
comparable EHV systems.*’

Specialized HVDC power lines are often placed on
existing rights of way or buried, making installation

less costly and disruptive than comparable EHYV lines,
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but because HVDC lines require stations at their
terminals to convert the current to AC, their

total cost is higher. Their higher construction costs
typically limit their viability to distances of between
400 to 500 miles for overhead applications and 30 to
50 miles for underground or underwater applications.
The converter stations can provide rapid dynamic
reactive support and voltage regulation on both
terminal ends, essentially acting as STATCOMs,

and they allow operators to control the magnitude
and direction of power in ways impossible with

AC transmission. Dominion Energy has received
approval to build a 186-mile underground HVDC
line from Southside Virginia to Loudoun County. The
project, costing almost $4 billion, is scheduled to be
completed in 2032.5*

5'Energy.gov. Connecting the country with HVDC. https:/ /www.energy.gov/oe/articles/connecting-country-hvde.
2Howland, E. (2026, February 17). PJM board approves $11.8B transmission expansion plan. Utility Dive. https://www.utilitydive.com/
news/pjm-rtep-transmission-expansion-plan-dominion-nextera-exelon/812311/.
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The Role of Innovation

Forecasting peak electrical power demand is not the Commonwealth’s ability to accommodate growing
a science and is inherently based on a number of demand will require a series of challenging policy
assumptions about the future. Both overestimating decisions. Anticipated advances in technology over
and underestimating demand have their own sets the next 20 years may offer decision-makers greater

of consequences that could prove quite costly. flexibility as they orchestrate additions to Virginia’s

Nonetheless, the consensus is that peak power demand electrical infrastructure.
in Virginia will grow at twice its historical rate for a
decade or more.

ADVANCES IN SOLAR AND WIND

In its report to the governor and General Assembly on

data centers, JLARC noted that even with an optimal Innovations in offshore wind and solar energy are
mix of generation sources, it would be “very difficult” likely to lead to increases in their capacity factor. For
to meet Virginia’s unconstrained demand for power in offshore wind, these include the advent of larger,
2040, whether Virginia continued to adhere to VCEA more powerful 15+ MW turbines by 2030. Utility-
requirements or not. JLARC further found that meeting scale solar will benefit from the growing adoption of
even half of that projected unconstrained demand would bifacial modules that capture energy on both sides
still be “difficult.” Regardless of the scenario, JLARC of the panel and the introduction during the next
envisions the need for additional carbon-emitting five years of new photovoltaic technologies such as
generation sources and continued imports. As a result, perovskite cells.
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ADVANCES IN SMRS

The extended timeline required for permitting and
construction of traditional nuclear plants makes it
unrealistic to expect additional nuclear power to

be brought online in Virginia before 2040. SMRs
represent a more likely way forward, thanks to their
shorter permitting times, greater siting flexibility, and
significantly lower capital outlay. Depending on the
success of initial installations, SMRs could become part
of a utility’s mix of generation sources by the mid-2030s.
With a typical capacity of 300 MW, they could provide
several gigawatts of electricity for Virginia by 204S.
Because their power levels can be rapidly changed, some
designs are considered to be dispatchable sources, which

means they could also contribute to grid reliability.

ADVANCES IN STORAGE, GRID-FORMING
INVERTERS, AND STATCOMS

With sustainable generation providing a greater
percentage of overall generation, the adoption of new
storage, inverter, and STATCOM technologies will
help ensure the reliability of the grid. They should all

be commercially available by 2035 if not sooner.

LDES battery storage systems—defined as providing
10+ hours of discharge—can contribute to grid
reliability and add dispatchable energy. Current pilot
programs are in the S MW to 20 MW range, although
Google and Xcel Energy are in partnership to

produce a 300 MW iron-air battery system by 2028.%*
Both grid-forming inverters and next-generation
STATCOM s replicate the inertia produced by rotating
generators, adding voltage stability and black start

capacity as renewables supply a growing percentage

of electricity. Virginia Tech and the University of
Virginia have research programs in all three areas.
UVA researchers are also studying the use of Al and

machine learning to improve grid reliability.

ADVANCES IN Al DATA CENTER
EFFICIENCY

While many data center operators prioritize being first
to market over cost, they all have a financial incentive
to reduce consumption. Most of the energy that

Al data centers consume is for the air conditioning
needed to keep chips within operational temperatures.
Some data center operators are exploring a variety

of energy efficient alternatives. Chipmakers are also
placing a priority on developing chips that require less
energy, and researchers are exploring Al management

systems that could also reduce energy use.

ADOPTION OF DATA CENTER
MICROGRIDS

Some data center operators are considering building
microgrids to meet their own power needs, reducing
demand on the utility grid. A microgrid is a small-
scale power system with its own generation, storage,
monitoring, control, and protection devices,

which serves a specific area and can be operated
independently of the larger grid. An added advantage
of microgrids is that they can disconnect from

the utility grid during disruptions, continuing an
uninterrupted supply of energy to the infrastructure
they serve. They could also be used to provide the
black start capacity needed for the utility grid to

recover from outages.

3Kennedy, R. (2026, February 25). Google to deploy world's largest iron-air battery for Minnesota data center. pv magazine USA. https://
Www.pv-magazine-usa.com/2026/02/24/google-to-deploy-worlds-largest-iron-air battery-for-minnesota-data-center/.
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Final Thoughts

Updating Virginia’s grid to meet its projected energy
needs cannot be achieved in a piecemeal fashion. For
instance, the decision to add a renewable resource can
ripple through the system, with implications for real-
time power management, grid stability and reliability,
and the deployment of storage and transmission
systems. The Virginia Academy’s Energy Working
Group has published an in-depth study of Virginia’s
energy challenges that complements this white paper
and explores many of these interrelationships. Written
by members of the National Academy of Engineering
and other experts from Virginia, Electrical Power
Technologies for a Decade of Extreme Virginia Demand
Growth is available for download at VASEM.org.
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However, technical solutions meeting standards for
affordability, reliability, resilience, and sustainability,
as difficult as these may be to implement, will

not alone be sufficient to meet Virginia’s energy
needs. Meeting the forecast growth in demand will
require accelerated permitting, increased regional
grid coordination, development of safeguards for
residential ratepayers, supply chain optimization, and
the recruitment and training of a skilled workforce.
Moving forward expeditiously on all these fronts will
require close cooperation among Virginia’s legislators,
regulators, and data center operators as well as

input from the general public, industry experts, and

university researchers.
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