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SUMMARY 
 

As Virginia confronts its fastest growth in electricity demand since World War II, this study 
reviews the forecast for electricity demand over the next 10 to 20 years and the approaches 
available to address it. With a forecast compounded annual growth rate of more than 5%, 
driven primarily by the growth of data centers in Northern Virginia, the Commonwealth’s 
electrical load must approximately double over the next ten years and continue rising rapidly 
during the following decade.  

Virginia currently meets its electricity demand through a combination of in-state generating 
resources and net purchases from the PJM wholesale market. The Commonwealth’s installed 
in-state generating capacity is composed primarily of natural gas, nuclear, solar and wind, coal, 
biomass, hydro, and pumped-storage resources. Market purchases supplement in-state 
generation to meet total load, particularly during periods of peak demand, and require imports 
of between 20% and 30% of the demand from other states connected to the PJM grid. 
However, the availability of this imported power is becoming threatened as demand in other 
regions connected to the PJM grid also rises. Its declining availability could make it even more 
challenging for the Commonwealth’s utilities, electric cooperatives, and municipalities to 
develop sufficient generation capacity and necessary transmission and distribution 
infrastructure to meet forecast demand growth, while maintaining affordability, reliability, 
resilience, and good stewardship of the environment.  

As Virginia confronts future upgrades to its electricity supply systems, it is important to 
recognize that planning and approval of initiatives to expand the Commonwealth’s electric 
system are distributed across multiple institutions with differing jurisdictions and objectives. 
The Virginia State Corporation Commission oversees generation and distribution facilities 
within the Commonwealth; regional transmission planning and market operations are 
conducted through PJM, subject to Federal Energy Regulatory Commission oversight; and 
utilities themselves undertake system-specific planning within these frameworks. While each 
entity evaluates affordability, reliability, and environmental considerations within its respective 
scope, there is no single, fully integrated planning process that comprehensively assesses the 
system-wide impacts of changes across generation, transmission, and distribution 
simultaneously. As a result, modifications to a discrete element of the electric supply system, 
such as expanding a particular storage or generation technology, may have broader cost or 
reliability implications that are not fully apparent when evaluated in isolation. 

The study reviews solar, wind, and natural-gas-power generation, along with energy storage 
concepts that could have an impact in the short term. It also includes an in-depth review of the 
many small modular reactor concepts that could have a significant impact in the mid- to long-
term if confidence in their safety, environmental impact, and cost can be established. The 
report also addresses the equally important expansion of an affordable, reliable, resilient 
transmission and distribution network with a reduced environmental footprint, which will be 
necessary to meet growing demand. As Virginia enters a period of rapid growth in electricity 
demand driven by increasingly large, customer-specific developments such as data centers, 
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rather than by the incremental, utility-regulated load growth of the past, the scale, pace, and 
location of new demand are beginning to challenge traditional resource planning and 
infrastructure development frameworks.



 3 

SECTION 1: THE EVOLVING ELECTRICITY NEEDS OF VIRGINIA 
 

At 7:35 am on the very cold morning of February 9, 2026, demand for electrical power in the 
DOM Zone of the PJM regional grid, which supplies most of Virginia, peaked at an all-time high 
of 25.56 GW. The PJM spot-market purchase price at that time was $4,100/MWh, compared 
with a typical winter morning price of approximately $30/MWh. During the peak load period, 
the system was served primarily by dispatchable and base-load generation resources capable of 
sustained output under extreme conditions. Renewable resources, including offshore wind and 
solar, continued to provide variable energy during portions of the event and contributed to the 
overall system energy supply. They reduced net demand on dispatchable units, though they did 
not materially contribute to meeting peak capacity requirements during the highest-stress 
hours. 

This episode underscores the increasing strain on the Commonwealth’s electric system as peak 
demand continues to outpace the growth in available supply. If 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 soon face conditions 
requiring emergency measures that risk power supplies for homes and businesses and the 
state's larger economy. 

To understand the challenge, it is important to recognize that Virginia’s electric power system is 
integrated into the PJM Interconnection, a regional transmission organization (RTO) that plans, 
coordinates, and operates the high-voltage transmission grid and administers wholesale 
electricity markets across parts of 13 states and parts of the District of Columbia. PJM does not 
own power plants or transmission facilities, nor does it sell electricity; instead, it performs real-
time dispatch of electricity from thousands of independently owned generation resources to 
maintain reliability and economic efficiency across the regional grid. Virginia’s electric utilities 
and other load-serving entities, which are organizations that either own or contract for 
electrical generation, procure supplemental power for the Commonwealth through PJM’s 
markets or bilateral agreements. They then deliver that electricity to Virginia customers over 
utility-owned transmission and distribution systems. While PJM’s regional grid serves more 
than 67 million people across multiple states, electricity consumed in Virginia is generated by 
specific resources1 and supplied by Virginia load-serving entities (and others outside the 
Commonwealth), with PJM serving as the coordinating transmission system operator.  

It is important to understand the distinction between the maximum or nameplate capacity of 
an electricity generation asset and the actual amount of electrical energy it actually produces. 
Capacity is the maximum potential power output of a generator, which is measured in units of 
power such as megawatts (MW) or gigawatts (GW). Generation is the energy consumed over a 

 
1 The phrase “specific resources” refers to the actual types of electricity-generating resources located in Virginia 
that produce the power consumed by customers in the Commonwealth. Even though PJM operates a large 
regional grid across 13 states and D.C., the electricity used in Virginia comes from the specific generating plants 
serving Dominion, APCo, and other Virginia load-serving entities. These facilities include natural gas plants, nuclear 
facilities, coal-fired plants, renewable resources, etc.  
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period of time (measured in MWh). We therefore consume electrical energy (MWh), not 
capacity. The capacity factor is the ratio of the actual energy output of an asset over a specified 
time interval to the output the asset could produce if it were operated at maximum capacity. 
Because of issues like weather, maintenance, and fuel costs, no generator has a capacity factor 
of 100%. The capacity factors for utility-scale generators using fossil fuels (coal and natural gas) 
and non-fossil fuels (nuclear, hydroelectric, solar, biomass, etc.) are published monthly by the 
U.S. Energy Information Administration (EIA).2 

There are fundamental differences in the amount of electricity that various types of generation 
facilities produce, because capacity factors vary widely across sources of electrical power. This 
distinction is important, since it means that the design of a region's power generation system 
will require significantly more nameplate capacity to meet its peak electrical demand, 
depending on the capacity factors of generation assets in the system. Wind and solar are 
growing as a share of electric-generating capacity, but they have a lower capacity factor than 
nuclear or gas. For example, in 2023, wind, solar, and hydro made up about 28% of this 
country’s utility-scale generation capacity, but they produced only 21% of our electricity. By 
contrast, nuclear power made up just 9% of our installed generation capacity, yet it produced 
18% of our electricity.  

Much of Virginia is located in the DOM Zone of the PJM grid. The demand for generation 
capacity in the DOM Zone has been rising rapidly due to the proliferation of data centers, 
electrification of homes and transportation systems, as well as manufacturing and overall 
economic growth. In Virginia, the future electrical generating, transmission, and distribution 
needs are first analyzed by Dominion Energy and reported in its annually updated integrated 
resource plan (IRP). The most recent 2025 IRP update indicates that demand growth will 
increase at a compound annual growth rate of 5.3% over the next decade.3 Based on 
reserve‑margin analyses and probabilistic assessments, the North American Electricity 
Reliability Corporation’s (NERC’s) January 2026 long-term reliability assessment indicates that 
the combination of rapid forecasted growth in electrical power demand, the retirement of 
significant legacy generation, and insufficient new generation capacity will result in reduced 
reserve margin during peak operating periods, with multiple regions expected to experience 
elevated or high reliability risk over the next five years.4 The PJM reserve margin for peak 
periods is now anticipated to fall below acceptable limits by 2029.  

The problem is further exacerbated in Virginia because the U.S. Energy Information 
Administration (EIA) data indicate that, in 2025, only ~75% of energy consumption was 
generated within the state. This imported fraction varies somewhat from year to year, and in 

 
2U.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 

3Dominion 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. 

4Clark, K. (2026, January 29). NERC warns reliability risk is rising as load growth outpaces infrastructure. Power 
Engineering. https://www.power-eng.com/business/policy-and-regulation/nerc-warns-reliability-risk-is-rising-as-
load-growth-outpaces-infrastructure/  

 

https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_6_07_a
https://cdn-dominionenergy-prd-001.azureedge.net/-/media/content/about/our-company/irp/pdfs/2025-integrated-resource-plan-update.pdf
https://cdn-dominionenergy-prd-001.azureedge.net/-/media/content/about/our-company/irp/pdfs/2025-integrated-resource-plan-update.pdf
https://www.power-eng.com/business/policy-and-regulation/nerc-warns-reliability-risk-is-rising-as-load-growth-outpaces-infrastructure/
https://www.power-eng.com/business/policy-and-regulation/nerc-warns-reliability-risk-is-rising-as-load-growth-outpaces-infrastructure/
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2023, Virginia's percentage of imported electricity was higher than that of any other state in the 
U.S., including California (Figure 1), and remains very high. The most recent data (for 2024) 
indicates that Virginia imported over 40 million megawatt-hours (40x106 MWh) of electricity, 
accounting for 31% of its annual requirement of 132x106 MWh.5 Virginia's power imports come 
from other states in the PJM system, and the data for 2023, Figure 1, show that Pennsylvania 
was by far the largest energy exporter. 

 

Virginia is at the epicenter of global data center deployment, and the electrical power 
requirements of rapidly growing data centers, along with the electrification of transportation 
and manufacturing, are driving a rapid increase in electricity demand—and the need for 
imports. PJM is required to forecast future peak electricity demand for each of its operating 
zones. Much of Virginia lies within the PJM DOM Zone, and the most recent forecast of peak 
summer and winter future demand for this region is shown in Figure 2.6 It can be seen that the 
2026 PJM load forecast is slightly less than that of 2025 due in part to adjustments for 
anticipated data center loads and a reduction in the rate of electric vehicle (EV) adoption.  

 
5 U.S. Energy Information Administration. “U.S. Electricity Profile 2024.” https://www.eia.gov/electricity/state/  
6 McGovern, J. (2026, January 14). PJMS updated 20-year forecast continues to see significant long-term load 
growth, Jason McGovern. https://insidelines.pjm.com/pjms-updated-20-year-forecast-continues-to-see-
significant-long-term-load-growth/ 

Figure 1. The major importing and exporting electricity states in the US3 

https://www.eia.gov/electricity/state/
https://insidelines.pjm.com/pjms-updated-20-year-forecast-continues-to-see-significant-long-term-load-growth/
https://insidelines.pjm.com/pjms-updated-20-year-forecast-continues-to-see-significant-long-term-load-growth/
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Even so, forecasts indicate a rise in peak power demand from ~23 GW today (during summer or 
winter extremes) to 40-42 GW over the next 10 years. In other words, the DOM Zone must 
bring online or import an additional 17-19 GW to serve peak demand over the next 10 years 
(with about half of this needed in the next five years). Significant growth in demand is projected 
to continue during the decade following 2036. Meeting the rapid growth in demand requires 
substantial increases in generation capacity (including both baseload and dispatchable forms of 
generation), continued imports of electricity, and rapid upgrades to the transmission system.7 

Estimates of electricity capacity and production by fuel type for Virginia in 2025 are 
summarized in Figure 3.8 These figures show that natural gas was the Commonwealth's largest 
source of generation (39%), followed by nuclear (25%). Renewables (solar and wind) 
represented 12% of capacity but only 3% of electricity produced, due to their low capacity 
utilization factors. However, both sources are expected to grow rapidly as directed by the 
Virginia Clean Economy Act (VCEA). Figure 3 shows that the Commonwealth retains significant 
coal generation capacity and has substantial pumped-storage capability.  

 
7  Bubbosh, P., J. D., Jack Potter, Todd Smith, Marcos Rahmeyer-Lara, Schuyler Lynch, & Meyer, D. E. 
(2025). Virginia Energy Report 2025: Policy Roadmap for the Commonwealth. George Mason 
University. https://cesp.gmu.edu/wp-content/uploads/2025/10/Virginia-Energy-Report-2025-Policy-Roadmap-
for-the-Commonwealth-Final.pdf 

8 Understand low-carbon energy in Virginia through data. (2026, May 1). 
https://lowcarbondpower.org/region/Virginia. 

Figure 2. The PJM predicted peak electrical power demand for the DOM Zone 

 
Figure 3. Electricity generation capacity and production by fuel type for Virginia in 2025 

https://cesp.gmu.edu/wp-content/uploads/2025/10/Virginia-Energy-Report-2025-Policy-Roadmap-for-the-Commonwealth-Final.pdf
https://cesp.gmu.edu/wp-content/uploads/2025/10/Virginia-Energy-Report-2025-Policy-Roadmap-for-the-Commonwealth-Final.pdf
https://lowcarbondpower.org/region/Virginia.
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The Joint Legislative and Audit and Review Commission (JLARC) has estimated the electricity 
sources required to meet forecast demand growth from 2025 to 2045.9 Figure 4 shows their 
forecast assuming either no or full implementation of VCEA. It is evident that substantial 
growth in renewable energy sources and storage technologies will be necessary in both 

scenarios. Their assessments also indicated that imported power would need to increase from 
a baseline of 50 terrawatt hours per year (TWh/year, the equivalent of 50×106 MWh/year) to 
123 TWh/year by 2040 to implement VCEA.  

This assessment raises important questions:  

• Can the Commonwealth develop sufficient renewable power sources (wind and solar) and 
the necessary infrastructure to keep up with expected demand?   

• Can it deploy the very large energy storage facilities and the grid-following and grid-forming 
technologies needed to support such renewable energy sources?  

• Since many of the other zones in the PJM region are themselves engaged in rapid data 
center expansion activities, is it wise to increase reliance on already high imports of power 
from other PJM zones?  

• Is the proposed mix of power generation sufficient to maintain grid stability and reliability 
and enable a restart (using the available black start capabilities10) of the generation and 
transmission network after a major outage?  

• What changes are needed to the transmission and distribution system, both within the 
DOM Zone and between it and other PJM Zones?  

 
9 Joint Legislative Audit and Review Commission. (2024). Report 598. Commonwealth of Virginia. 
https://jlarc.virginia.gov/pdfs/reports/Rpt598.pdf. Figure 3-3. 

10 A black start describes a process by which an electrical grid is restarted after shutdown without reliance on grid 
supplied power. It therefore requires the use of generators such as gas-fired or liquid engines, hydropower, or 
other resources to energize transmission systems and enable startup of other electrical generators. 

Figure 4. The JLARC assessment of Virginia's electrical energy source by generation technology for 
an unconstrained growth in demand from 2025 to 2040. (a) In the absence of VCEA constraints. (b) 
With implementation of VCEA 

https://jlarc.virginia.gov/pdfs/reports/Rpt598.pdf
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• Will VCEA constraints allow the system to reliably meet extended peak generation periods 
when renewable resources will not support network requirements?  

• What are the land use and cost implications associated with meeting the forecast growth in 
demand?  

• Can Virginia’s regulatory and permitting processes enable timely approval and deployment 
of firm, low-carbon generation, such as nuclear, at the scale needed to meet future demand 
and reliability needs? 

The assumptions on which power demand forecasts are based can and do change over time, 
and long-term projections are inherently uncertain. For instance, data center development 
could be constrained, their required power requirements could decline, or the rate of electric 
vehicle adoption could stall. Alternatively, demand could also increase beyond the forecast if 
artificial intelligence (AI) makes significant advances and becomes widely adopted throughout 
the economy. While the Dominion Energy 2025 IRP Update assessed the implications of such 
uncertainty, it still identifies an urgent need for the very rapid development of electricity 
generation, storage, and transmission capacity within the Commonwealth if the forecasts of 
Figure 2 are to be met. Virginia’s ability to meet demand could already be exhibiting signs of 
strain,11and failure to meet peak demand could have serious consequences. Reliance on spot-
market purchases can significantly increase consumer costs, and during severe storm-related 
disruptions, this electrical energy may be unavailable, leading to the potential for instances of 
unserved load (rolling blackouts).  

The DOM Zone is home not only to data centers requiring 24/7/365 power but also to a large 
fraction of global internet traffic and to many of the nation’s most critical government and 
national security agencies. While many critical facilities operate substantial back-up power 
generation systems, rolling blackouts can have severe adverse effects on citizen health 
(especially among the most vulnerable), on public safety, and on the region’s economy. 

This report describes the technologies that underpin the provision of electricity to the 
Commonwealth and identifies various approaches to meet the forecast power demand as the 
Commonwealth continues to implement the VCEA. It also underscores the importance of 
selecting the appropriate mix of power generation and transmission/distribution technologies 
to support consumer affordability and grid reliability, minimize environmental impact, sustain 
Virginia’s economic growth, and meet the needs of the many federal government facilities in 
the Commonwealth. While the report provides a foundation for Virginia’s decision-makers to 
navigate rapid growth and structural change in its energy system, many pivotal decisions will 
ultimately be made by entities such as PJM and the Federal Energy Regulatory Commission 
(FERC).12 The Commonwealth will need to continue refining its policies to protect rate payers, 

 
11Rascius, 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  

12 The Federal Energy Regulatory Commission (FERC) is an independent U.S. federal agency that regulates the 
interstate transmission of electricity, natural gas, and oil. https://www.ferc.gov/ 

https://www.the-independent.com/news/world/americas/us-politics/east-coast-blackouts-ai-data-centers-b2899669.html
https://www.the-independent.com/news/world/americas/us-politics/east-coast-blackouts-ai-data-centers-b2899669.html
https://www.ferc.gov/
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maintain reliability, and ensure that utilities and energy providers can operate effectively as 
federal and market forces reshape how large-scale electricity demand is served. 
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SECTION 2: THE CANDIDATE GENERATION TECHNOLOGIES 
 

Virginia’s forecast of growing electricity demand, together with the Commonwealth’s 
emergence as one of the nation's largest importers of electricity, is driving the need for a long-
term power generation strategy that ensures the availability of reliable, affordable, and 
increasingly clean energy. As shown below, there is no single “silver bullet” solution. Each 
power generation resource, from renewables and nuclear to natural gas and emerging 
technologies, brings unique advantages and challenges, with an optimum balance of 
approaches that varies with geographic location.  

Optimizing the options requires careful consideration of cost, reliability, resilience, 
environmental impact, and scalability, as well as a sustained focus on workforce development 
and strengthening supply chains. Equally important is the need to develop energy generation 
within the Commonwealth to reduce vulnerabilities associated with overreliance on out-of-
state power imports, ensuring energy security for Virginia’s homes, businesses, and critical 
infrastructure. The cost of electricity generated by each of the technologies is challenging to 
predict because of continual changes in the cost of (i) construction materials, (ii) energy 
generation subsystems (solar arrays, wind turbines, magnets, etc.), (iii) fuels, (iv) energy storage 
systems, and (v) tariffs applied to goods from supplier nations. 

Assessing potential options to meet demand forecasts begins at the main electrical utilities 
each year. At present, the Commonwealth requires Dominion Energy to submit an IRP every 
two years, with an annual update between each major plan; recent legislation now extends this 
requirement to Appalachian Power Company as well. The most recent update from Dominion 
Energy was issued on October 15, 2025, and includes several potential strategies to meet the 
projected 5.3% compounded annual growth in demand in Virginia over the next ten years and 
beyond.13 Dominion employs a sophisticated modeling approach to develop long-term plans 
that balance renewable solar and offshore wind energy, supported by increased storage for this 
intermittently available resource, with natural gas generation, nuclear power, and other 
generation methods. It also considers grid reliability, customer affordability, and compliance 
with state mandates such as VCEA. The State Corporation Commission (SCC) reviews the IRPs 
for completeness and compliance with statutory requirements but does not provide formal 
approval or authorize implementation; transmission planning and resource decisions reflected 
in the IRP are subsequently evaluated through separate PJM, FERC, and project-specific 
regulatory processes.14 

The Dominion Energy preferred plan, Figure 5, was developed to meet VCEA requirements at 
the lowest cost. It envisions substantial development of solar, wind, and energy storage 
technologies, along with continued use of natural gas generation facilities, and construction of 
six small modular reactors (SMRs) over the longer term. These are addressed in detail below. 

 
13 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 
14 State Corporation Commission, Division of Public Utility Regulation. https://www.scc.virginia.gov/regulated-

industries/utility-regulation/. 

https://cdn-dominionenergy-prd-001.azureedge.net/-/media/content/about/our-company/irp/pdfs/2025-integrated-resource-plan-update.pdf
https://cdn-dominionenergy-prd-001.azureedge.net/-/media/content/about/our-company/irp/pdfs/2025-integrated-resource-plan-update.pdf
https://www.scc.virginia.gov/regulated-industries/utility-regulation/
https://www.scc.virginia.gov/regulated-industries/utility-regulation/
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2.1 Solar Energy 

Solar energy currently contributes approximately 5% to Virginia's energy needs and will play a 
central role in the state’s clean energy transition, driven by mandates under the VCEA that 
require significant deployment of solar resources to meet renewable portfolio standards.15 
Virginia’s latitude is relatively low, so the average solar flux is significant, though far lower than 
that of the southwestern states (Figure 6).16 Solar offers clear benefits: it avoids fuel costs and 
shields customers from fuel price volatility, providing long-term price stability and reducing 
exposure to commodity markets. However, its supply varies throughout the day and across 
seasons and is affected by weather (e.g., cloud cover, snow load). Therefore, solar generation 
must be paired with energy storage or supported by other dispatchable technologies to 
overcome the intermittency of sunlight. Solar does not provide needed generation during 
winter peak morning periods but can provide system support once the sun rises. This source of 
power can be distributed locally via rooftop solar, reducing demand on the grid, or deployed as 
large solar arrays that contribute utility-scale power to the grid. In either case, this 
harvested/stored energy requires solid-state electronic inverter technology to convert its 
output from direct current to the 60 Hertz alternating current standard. Because it is a non-
inertial power source, it can cause grid stability issues (as discussed in Section 4). 

 
15Virginia Clean Economy Act of 2020 (Va. Code § 56-585.5). https://energy.virginia.gov/renewable-

energy/documents/VCEASummary.pdf  
16Natural Laboratory of the Rockies, Solar Resource Maps. https://www.nlr.gov/gis/solar-resource-maps. 

Figure 5. Dominion Energy’s preferred plan of capacity mix to meet the growth in load demand 
over the next ten and twenty years (After Dominion Energy 2025 IRP Update) 

https://energy.virginia.gov/renewable-energy/documents/VCEASummary.pdf
https://energy.virginia.gov/renewable-energy/documents/VCEASummary.pdf
https://www.nlr.gov/gis/solar-resource-maps
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Utility-scale solar development can bring energy at scale, but faces growing challenges, 
primarily related to land use and local permitting restrictions.17 While solar costs declined for 
many years, recent trends show rising costs due to increases in equipment prices, compounded 
by tariffs on imported solar cells (the majority are made in China), labor expenses, permitting 
complexity, and interconnection requirements.18 Furthermore, the solar currently installed is 
non-grid-forming. That means it does not provide frequency or voltage support to the grid. 
NERC’s PRC-029-1 standard to support inverter-based resources is intended to facilitate this 
generation capacity, but voltage stability requires the installation of power electronics such as 
STATCOMs (static synchronous compensators) and communication, such as transfer trips, to 
prevent islanding.19 Despite these headwinds, solar remains a critical component of Virginia’s 
energy mix and is expected to expand significantly over the next two decades as part of an all-
of-the-above strategy to meet growing demand. 

There is also an increased focus on small-scale solar installations in high-load areas where 
options for additional generation may be limited. These include rooftop solar, solar carports, 
and brownfield solar projects, which help meet localized demand and improve grid resilience. 
Such distributed resources are particularly valuable in urban and constrained areas where siting 
new, utility-scale generation is impractical. This focus is driven by four factors: (i) Virginia law 

 
17Paullin, C. (2024, October 30). Solar developers seeking changes to local siting process, again. Virginia  Mercury, 

https://virginiamercury.com/2024/10/30/solar-developers-seeking-changes-to-local-siting-process-again/  
18National Renewable Energy Laboratory. (2026). Solar installed system cost analysis. U.S. Department of Energy. 

https://www.nrel.gov/solar/market-research-analysis/solar-installed-system-cost. 
19Wikipedia contributors. (2026, April 23). Islanding. Wikipedia. https://en.wikipedia.org/wiki/Islanding  

Figure 6. The US annual average daily total solar resource for 1998-2016  

https://virginiamercury.com/2024/10/30/solar-developers-seeking-changes-to-local-siting-process-again/
https://www.nrel.gov/solar/market-research-analysis/solar-installed-system-cost
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explicitly promotes distributed solar (via the VCEA); (ii) distributed solar minimizes land‑use 
conflict; (iii) it can be built faster than utility-scale projects; and (iv) it reduces grid costs and 
congestion when properly integrated.  

Over the next 10 to 15 years, the monocrystalline silicon cells currently used for solar farm 
installations are likely to be replaced by tandem silicon cells with a thin perovskite layer applied 
to capture a greater fraction of the incident solar spectrum.20 The efficiency of solar-harvesting 
roofing tiles (currently 15-18%) is also increasing, providing an option for homes and office 
buildings to collect solar energy and, with lithium iron phosphate battery storage, to supply 
their daily power needs. While the carbon footprint associated with solar panel manufacturing 
is quite high (400-500 kg CO2/kWp), it can be reduced. Incentivizing innovation in Virginia and 
supporting local solar manufacturing to meet the growing regional market may present an 
economic development opportunity, provided the associated costs and substantial land use 
associated with utility-scale solar and accompanying large-scale battery storage can be 
mitigated.  

2.2 Wind Energy  

As an important low-carbon resource, wind generation can complement baseload and 
dispatchable sources such as nuclear and natural gas, enhancing grid diversity and resilience. 
Virginia’s onshore wind potential is limited compared to other regions of the country.  A map of 
wind speed at an altitude of 10 meters has been developed by the National Renewable Energy 
Laboratory (NREL) and is shown in Figure 7.21 The most viable areas for development are high-
elevation sites in western Virginia, where wind resources and terrain are favorable. However, 
these areas often present challenges that limit development, including permitting constraints 
and local ordinances that impose strict setback requirements, height limits, or noise 
restrictions. Additionally, many suitable regions overlap with protected habitats, scenic 
landscapes, or historical sites, creating regulatory hurdles and community opposition. Although 
there are no utility-scale onshore wind projects currently operating, Virginia’s first onshore 
wind farm, the 75- to 80-MW Rocky Forge Wind project in Botetourt County, is under 
construction, with commercial operations expected in 2026.22 

 
20Monocrystalline cells' theoretical capture efficiency limit (Shockley-Queisser limit) is 29.4% and is being 

approached. Tandem cells have a theoretical limit of 43-45% but are at an early stage of commercial deployment. 
Their reported efficiencies at present are 24-28% compared to 20-23% for monocrystalline Si (i.e., a 15-25% 
efficiency improvement) but are expected to mature rapidly in the coming decade. Bifacial systems offer further 
efficiency improvements by capturing light reflected from the back side of the panel. Fletcher, C. (2026, May 
20). New Solar Panel Technology 2026: 10 Innovations Changing Solar. Spectrum Energy 
Systems. https://spectrumenergysystems.co.uk/articles/new-solar-panel-technology-trends-for-2026/  

21 National Renewable Energy Laboratory. (2026). Solar installed system cost analysis. U.S. Department of Energy. 
https://www.nrel.gov/gis/wind 

22Apex Clean Energy. Rocky Forge Wind. Apex Clean Energy Project Overview. 
https://www.apexcleanenergy.com/rockyforgewind. ( 

https://www.nrel.gov/gis/wind
https://www.apexcleanenergy.com/rockyforgewind
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By comparison, offshore wind presents an opportunity for Virginia to add large‑scale clean 
generation to the grid. In October 2020, Dominion Energy commissioned the pilot phase of the 
Coastal Virginia Offshore Wind (CVOW) project, two 6‑MW turbines located 27 miles off 
Virginia Beach.23 The Virginia State Corporation Commission approved the larger commercial 
phase of the project in August 2022, enabling Dominion Energy to move forward with the 
nation’s largest offshore wind development, which is expected to deliver approximately 2.6 GW 
of clean energy.24 While the project faced a setback when the U.S. Department of the Interior 
issued a 90‑day stop‑work order in December 2025 citing classified national security concerns, 
a federal court subsequently granted Dominion a preliminary injunction on January 16, 2026, 
allowing construction to resume while litigation continues. Dominion has restarted offshore 
work, and turbine installation is underway using the Charybdis, a specialized vessel used to jack 
up and install turbines that complies with the U.S. Jones Act. the wind turbines. The project’s 

 
23 Dominion Energy. (2020, October 14). Dominion Energy's coastal Virginia offshore wind turbines complete final 

step to start serving Virginia customers. https://investors.dominionenergy.com/news/press-release-
details/2020/Dominion-Energys-Coastal-Virginia-Offshore-Wind-Turbines-Complete-Final-Step-To-Start-Serving-
Virginia-Customers/default.aspx  

24Virginia State Corporation Commission. (2022, August 5, 2022). Final order approving Dominion Energy’s Coastal 
Virginia Offshore Wind project. Case No. PUR-2021-00142. Available at: https://www.scc.virginia.gov.  

Figure 7. The NREL wind speed map for the United States at a height of 10 m 

https://www.scc.virginia.gov/
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first power was delivered to the grid on March 23/24, 2026.25 Although the pause was 
disruptive and its underlying justification remains under legal challenge, the project continues 
to advance and is expected to be completed by early 2027. (For additional information, visit 
Dominion Energy’s Coastal Wind Resource website.26) 

There are a number of caveats about offshore wind. Power generation is intermittent, and 
turbines should ideally be paired with storage to minimize reliance on optimal weather 
conditions. The ability to harness offshore wind depends on the federal government 
designating specific regions for offshore wind development and the efficiency of turbine 
design.27 Furthermore, although blade rotation provides significant inertia during generation, 
the variable frequency must be synchronized with the 60-Hz grid using inverters or converters 
to stabilize the grid's frequency. In addition, offshore wind projects must deliver large amounts 
of power over long distances via subsea cables into grid systems to offload multi‑gigawatt 
injections. Finally, the cost to maintain offshore wind turbines is higher than that for onshore 
wind turbines due to weather conditions, ocean wave conditions and the specialized equipment 
needed. This added maintenance cost is offset by the significant increase in energy production 
and higher capacity factors.28 

The affordability of power from wind farms is heavily influenced by the project's capital cost. 
That for the CVOW facility is in the public record. As of the end of February 2026, the total 
estimated cost of CVOW was ~$11.5 billion, including contingency and excluding financing 
costs.29 This represents an increase from the previous estimate of about $11.2 billion and 
reflects additional costs associated with federal stop‑work orders issued in December 2025 and 
the impact of tariffs. Future developments are expected to reduce the cost of wind energy via 
the use of segmented, longer blades (200 m), taller towers, novel blade designs, and wake 
steering, etc.30 

The CVOW project has already acted as a catalyst for a new offshore‑wind supply chain in 
Hampton Roads, with spillover effects across manufacturing, maritime services, logistics, and 
workforce development statewide. These include the port and heavy‑lift logistics infrastructure 
with the Portsmouth Marine Terminal. CVOW also directly supported LS GreenLink's decision to 
invest approximately $680 million in a high‑voltage submarine cable-manufacturing facility in 
Chesapeake and in secondary supply chains. It is important to recognize that the vagaries of 
Virginia’s weather, like those of many other states, can result in prolonged periods where 
renewables have much lower capacity utilization factors than expected.  

 
25Andrews, K. (2026, January 16). Federal court grants Dominion injunction, allowing offshore wind construction to 

proceed. Virginia Business. https://virginiabusiness.com/dominion-injunction-offshore-wind-construction-
proceed/ 

26 Dominion Energy. Coastal Wind Resource Website. https://coastalvawind.com/ 
27National Centers for Environmental Information (NCEI). The Great Texas Freeze: February 11-20, 2021. (2025, 

February 28). https://www.ncei.noaa.gov/news/great-texas-freeze-february-2021 
28Airpes. (2026, January 20). Difference between onshore and offshore wind farms. 

https://www.airpes.com/difference-onshore-offshore-wind-farms/) 
29 Dominion Energy lifts CVOW cost, delays completion.  (2026, January 30). StockTitan. 

https://www.stocktitan.net/sec-filings/D/8-k-dominion-energy-inc-reports-material-event-7c9868e05a5f.html 
30 U.S. Department of Energy. (2026, June 4). Next-generation wind technology. 

https://www.energy.gov/cmei/systems/next-generation-wind-technology 

https://coastalvawind.com/
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2.3 Nuclear Energy  

Nuclear power has been the backbone of Virginia’s electric grid for more than half a century. 
Today, it supplies roughly one-third of the Commonwealth’s electricity and accounts for about 
83% of Virginia’s carbon-free generation, making it indispensable for both reliability and 
decarbonization goals.31 

2.3.1 Traditional Nuclear: Proven but Challenging 

Large-scale nuclear plants, such as Dominion Energy’s existing Surry and North Anna stations, 
have provided decades of reliable baseload power. North Anna Unit 1 is now licensed to 
operate until 2058, and Unit 2 until 2060. Surry Unit 1 is now licensed to operate until 2052, 
and Unit 2 until 2053, with a possibility of additional life extensions beyond those dates.  

Traditional reactors remain a proven option for carbon-free generation, but new deployments 
face significant hurdles: 

• Siting Constraints: Large reactors require substantial land, abundant water for cooling, 
and an emergency planning zone (EPZ) that may extend 10 miles in each direction, 
limiting viable locations.32,33 

• Extended Construction Timelines and Capital Intensity: Recent experience at Georgia’s 
Plant Vogtle demonstrates that while large traditional reactors are technically feasible, 
first‑of‑a‑kind, non-modular builds entail significant construction complexity, extended 
schedules, and substantial cost escalation, challenges that arise in the absence of a 
repeatable, serial‑deployment model.34,35 

Despite these challenges, Virginia’s existing nuclear fleet provides institutional and regulatory 
advantages for future development, including an experienced workforce, established 
emergency-planning infrastructure, and interconnection capacity that can reduce risk for new 
nuclear projects.36, 

In October 2025, the U.S. government announced an $80 billion strategic partnership with 
Westinghouse, Cameco, and Brookfield Asset Management to deploy a fleet of new 1-GW-scale 
AP1000 reactors37 across the United States.38 This federal–industry partnership has the 

 
31Virginia Nuclear Energy Consortium. (2025). Strategic plan for nuclear energy 2025-

2029. https://virginianuclear.org/wp-content/uploads/2025/11/Virginia-Strategic-Plan-for-Nuclear-Energy.pdf 
32U.S. Nuclear Regulatory Commission. (2024, August 28). Emergency planning zones. https://www.nrc.gov/about-

nrc/emerg-preparedness/about-emerg-preparedness/planning-zones 
33U.S. Nuclear Regulatory Commission. (2025, October 30). Part 100—Reactor site criteria. NRC Regulations (10 

CFR). https://www.nrc.gov/reading-rm/doc-collections/cfr/part100/full-text 
34U.S. Energy Information Administration. (2024, May 1). Plant Vogtle Unit 4 begins commercial operation. Today in 

Energy.   
35Grace, D. (2025, April 1). What was learned from building new nuclear reactors? Power Magazine. 

https://www.powermag.com/what-was-learned-from-building-new-nuclear-reactors/ 
36U.S. Nuclear Regulatory Commission. (2024, September 23). North Anna, Units 1 and 2—Subsequent license 

renewal application. https://www.nrc.gov/reactors/operating/licensing/renewal/applications/north-anna-1-2-
subsequent  

37Westinghouse Electric Company. (n.d.). AP1000® pressurized water 
reactor. https://westinghousenuclear.com/new-plants/ap1000-pwr/ 

https://www.nrc.gov/about-nrc/emerg-preparedness/about-emerg-preparedness/planning-zones
https://www.nrc.gov/about-nrc/emerg-preparedness/about-emerg-preparedness/planning-zones
https://www.nrc.gov/reading-rm/doc-collections/cfr/part100/full-text
https://www.powermag.com/what-was-learned-from-building-new-nuclear-reactors/
https://www.nrc.gov/reactors/operating/licensing/renewal/applications/north-anna-1-2-subsequent?utm_source=chatgpt.com
https://www.nrc.gov/reactors/operating/licensing/renewal/applications/north-anna-1-2-subsequent?utm_source=chatgpt.com
https://westinghousenuclear.com/new-plants/ap1000-pwr/?utm_source=chatgpt.com
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potential to re‑energize traditional, large‑scale nuclear development in the U.S. by providing a 
pathway for standardized AP1000 deployment and reviving the supply chain that supported 
builds such as Plant Vogtle. However, even with meaningful federal support, large nuclear 
projects will continue to involve substantial upfront investment, often reaching into the tens of 
billions of dollars, which can present challenges for affordability and financing.  

Generally, it takes approximately 10 years from identifying a potential site to placing a new 
nuclear plant in service (with the possibility that the timeframe might decrease over time due 
to recent changes in Nuclear Regulatory Commission’s (NRC) published schedules for new 
applications39). This includes time for site due diligence, design engineering, interconnection 
studies, local permitting, federal NRC licensing, construction, and commissioning. The US has 
not yet established facilities for reprocessing used fuel or for long-term storage. While these 
capabilities are being addressed by the Department of Energy, used nuclear fuel can continue 
to be managed safely, as it has been for over half a century.  

Lastly, the existing units provide base-load power. New advanced reactors are also likely to be 
operated to provide base load, but some may become dispatchable (especially for some 
advanced, non-light-water reactors)40, thereby reducing the need for other dispatchable power 
during times of heavy demand or unscheduled loss of generation capacity.   

2.3.2 Small Modular Reactors (SMRs): A Potential Scalable Solution 

SMRs represent a transformative opportunity for Virginia’s energy future. The Nuclear 
Energy Agency (NEA) dashboard currently identifies 127 SMR concepts, either proposed or 
under development, globally.41 These advanced reactors attempt to offer the following: 

• Factory Fabrication: Modular construction enables standardized designs and controlled 
manufacturing environments, reducing cost and schedule risk, and improving quality.42 

• Incremental Capital Deployment: Smaller unit sizes allow utilities to invest in stages 
rather than committing to massive upfront costs.43 

• Shorter Construction Timelines: Compared to traditional reactors, SMRs can be 
deployed quickly, reducing time-to-market. 

 
38Westinghouse 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 

39 U.S. Nuclear Regulatory Commission. (n.d.). Generic schedules. https://www.nrc.gov/about-nrc/generic-
schedules 

40Framatome. (2019). Advanced load following protocol for non-baseload operation of pressurized water reactors. 
https://www.framatome.com/solutions-portfolio/docs/default-source/default-document-library/product-
sheets/a0655-p-ge-g-en-0655-201901-advanced-load-following-control.pdf 

41Nuclear Energy Agency. (2025). The NEA small modular reactor dashboard: Third edition. https://www.oecd-
nea.org/jcms/pl_108326/the-nea-small-modular-reactor-dashboard-third-edition (oecd-nea.org 

42World Nuclear Association. (2025, November 24). Small modular reactors. https://www.world-
nuclear.org/information-library/nuclear-power-reactors/small-modular-reactors. 

43U.S. Department of Energy, Office of Nuclear Energy. (2025). Benefits of small modular reactors (SMRs). 
https://www.energy.gov/ne/benefits-small-modular-reactors-smrs. 

https://bam.brookfield.com/press-releases/united-states-government-brookfield-and-cameco-announce-transformational-partnership
https://bam.brookfield.com/press-releases/united-states-government-brookfield-and-cameco-announce-transformational-partnership
https://www.nrc.gov/about-nrc/generic-schedules
https://www.nrc.gov/about-nrc/generic-schedules
https://www.framatome.com/solutions-portfolio/docs/default-source/default-document-library/product-sheets/a0655-p-ge-g-en-0655-201901-advanced-load-following-control.pdf
https://www.framatome.com/solutions-portfolio/docs/default-source/default-document-library/product-sheets/a0655-p-ge-g-en-0655-201901-advanced-load-following-control.pdf
https://www.oecd-nea.org/jcms/pl_108326/the-nea-small-modular-reactor-dashboard-third-edition
https://www.oecd-nea.org/jcms/pl_108326/the-nea-small-modular-reactor-dashboard-third-edition
https://www.oecd-nea.org/jcms/pl_108326/the-nea-small-modular-reactor-dashboard-third-edition?details=true
https://www.world-nuclear.org/information-library/nuclear-power-reactors/small-modular-reactors
https://www.world-nuclear.org/information-library/nuclear-power-reactors/small-modular-reactors
https://www.energy.gov/ne/benefits-small-modular-reactors-smrs
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• Enhanced Safety Systems and Site Boundary EPZ: Many SMR designs incorporate 
enhanced passive safety features that may allow for reduced emergency planning zones 
(EPZs), including the potential for site boundary EPZs, which can simplify siting and 
permitting.44 

• Enhanced Flexibility: With outputs typically around 300 MW or less, SMRs can serve 
diverse locations, including existing nuclear sites, brownfields, and industrial hubs. 

SMR development encompasses a diverse portfolio of reactor concepts at varying levels of 
technical maturity.  

In the near-term, the TerraPower Natrium reactor, a sodium-cooled fast reactor paired with 
molten salt energy storage, is likely to be the first commercial-scale SMR in the U.S. to be 
bought online (it is already under construction in Wyoming). While many light-water SMRs have 
been proposed (e.g., NuScale, GE Hitachi’s BWRX-300, Holtec SMR-300) to leverage established 
fuel cycles and regulatory pathways, none are under construction in the U.S. today.45Other 
advanced concepts besides the TerraPower Natrium—high-temperature, gas-cooled, fast-
spectrum, and molten-salt reactors (such as the Kairos Power Hermes reactor)—are also 
nearing the start of construction or are under construction. 

There are a number of planning issues that must be resolved in deploying SMRs. Individual unit 
outputs typically range from approximately 50 to 300+ MWe, enabling modular scale-out 
strategies. As a reference, meeting on the order of 1–3 GW of incremental firm capacity over a 
10- to 20-year horizon would require roughly 4–10 SMR units in the 300-MWe class, or 
proportionally more smaller modules, depending on reserve margins, transmission constraints, 
and the effective load-carrying capability of complementary resources.46 Published cost 
estimates for first-of-a-kind SMR deployments remain uncertain, with modeling studies and 
project targets generally indicating a range of approximately $50–$120/MWh (~5–12 ¢/kWh) 
for levelized cost of electricity (LCOE), reflecting optimistic near-term targets as well as broader 
uncertainty in capital costs, supply-chain maturity, and financing assumptions.47,48,49 Most near-
term SMR designs use conventional low-enriched uranium (LEU, ≤5% U-235), while several 
advanced reactor concepts require high-assay low-enriched uranium (HALEU, 5–20% U-235), 
which is not yet widely commercially available and will require expanded enrichment, 

 
44U.S. Nuclear Regulatory Commission. (2018–2024). Emergency planning zone sizing for small modular reactors – 

regulatory history & policy considerations. https://www.nrc.gov/docs/ML1817/ML18177A386.pdf 
45U.S. Nuclear Regulatory Commission. (2025, June 4). NuScale Power, LLC; NuScale US460 small modular reactor 

standard design approval. Federal Register, 90 FR 
23716. https://www.federalregister.gov/documents/2025/06/04/2025-10123/nuscale-power-llc-nuscale-us460-
small-modular-reactor-standard-design-approval 

46Joint Legislative Audit and Review Commission. (2024, December 9). Virginia data center 
study [PDF]. https://jlarc.virginia.gov/pdfs/presentations/JLARC%20Virginia%20Data%20Center%20Study_FINAL
_12-09-2024.pdf 

47World Nuclear Association. (2025, November 24). Small modular reactors. https://www.world-
nuclear.org/information-library/nuclear-power-reactors/small-modular-reactors. 

48CarbonCredits.com. (n.d.). The ultimate guide to small modular reactors. https://carboncredits.com/the-
ultimate-guide-to-small-modular-reactors 

49J. 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. 2025. https://www.econjournals.com/index.php/ijeep/article/view/19364 

https://www.nrc.gov/docs/ML1817/ML18177A386.pdf
https://www.federalregister.gov/documents/2025/06/04/2025-10123/nuscale-power-llc-nuscale-us460-small-modular-reactor-standard-design-approval
https://www.federalregister.gov/documents/2025/06/04/2025-10123/nuscale-power-llc-nuscale-us460-small-modular-reactor-standard-design-approval
https://www.world-nuclear.org/information-library/nuclear-power-reactors/small-modular-reactors
https://www.world-nuclear.org/information-library/nuclear-power-reactors/small-modular-reactors
https://carboncredits.com/the-ultimate-guide-to-small-modular-reactors
https://carboncredits.com/the-ultimate-guide-to-small-modular-reactors
https://www.econjournals.com/index.php/ijeep/article/view/19364
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fabrication, and supply-chain infrastructure to support large-scale deployment.50,51 The U.S. 
Department of Energy has recently invested $ 2.7 billion in three companies seeking to expand 
the nation’s uranium enrichment capability. In addition, domestic production of HALEU is 
proceeding rapidly, together with authorizations for the expansion of enrichment. 

In addition to electricity production, SMRs can serve as anchor assets in future integrated 
energy systems, for example, by coupling nuclear generation with electrolyzers for hydrogen 
production—an approach increasingly relevant to Virginia’s emerging hydrogen ecosystem. By 
supplying both electricity and steam, SMRs can enhance electrolyzer efficiency (particularly for 
high-temperature steam electrolysis) and enable high-capacity-factor hydrogen production that 
supports industrial decarbonization, transportation fuels, and long-duration energy storage 
pathways. This integrated configuration also provides a pathway for data center 
decarbonization and AI-driven load balancing, as hydrogen production can function as a 
controllable energy sink alongside computer, cooling, and battery systems. During periods of 
excess clean generation, hydrogen output can increase; during grid stress or peak demand, 
hydrogen production can ramp down while demand response and workload shifting help 
stabilize the system, creating a diversified flexibility portfolio without compromising uptime.52 
Recent industry analyses further demonstrate the technical feasibility of SMR-based hydrogen 
co-production and integrated energy system configurations for commercial deployment.53 In 
addition, ongoing research by the U.S. Department of Energy and Idaho National Laboratory 
underscores the potential role of nuclear–hydrogen hybrid systems in long-term clean energy 
strategies.54, 55 In addition, nuclear technology can also provide a source of thermal energy, in 
addition to electricity, for such industries as chemical production, petrochemical refining, 
hydrogen generation, desalination, and even high-energy manufacturing (steel, aluminum, 
carbon fiber, glass, and cement production). 

As a point of reference, Dominion Energy’s IRP anticipates SMRs as a selectable resource by the 
end of 2033, positioning the technology as a mid-term solution for reliability and clean 
energy.56 In July 2024, Dominion named North Anna Power Station as a potential site for 
Virginia’s first SMR. The company also indicated that other sites, such as Naval Weapons Station 
Yorktown, are under consideration.57 Appalachian Power Company (APCO) is evaluating the 

 
50U.S. Department of Energy, Office of Nuclear Energy. (2024, December 3). What is high-assay low-enriched 

uranium (HALEU)? https://www.energy.gov/ne/articles/what-high-assay-low-enriched-uranium-haleu 
51World Nuclear Association. (2026, February 11). 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 

52International Energy Agency. (2022). Nuclear power and secure energy 
transitions. https://www.iea.org/reports/nuclear-power-and-secure-energy-transitions 

53 NuScale Power. (2023). Small modular reactor integration for hydrogen and ammonia 
production. https://www.nuscalepower.com/en/research-and-development/hydrogen-production 

54 U.S. Department of Energy, Office of Nuclear Energy. (n.d.). Nuclear hydrogen 
production. https://www.energy.gov/ne/nuclear-hydrogen-production 

55 Idaho National Laboratory. (n.d.). Integrated energy systems. https://inl.gov/integrated-energy-systems/ 
56Dominion Energy. (2025). 2025 integrated resource plan update, Chapters 3.2.1 and 5.1 (Solar Facilities and 

Portfolio Assumptions) https://www.dominionenergy.com/about/our-company/irp 
57U.S. Navy. (2025, June 10). NWS Yorktown and Dominion Energy Virginia sign historic agreement to explore new 

power options. Defense Visual Information Distribution Service 

https://www.energy.gov/ne/articles/what-high-assay-low-enriched-uranium-haleu?utm_source=chatgpt.com
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Joshua Falls site near Lynchburg for a potential SMR deployment.58 Beyond existing nuclear 
sites, a state-sponsored feasibility study for Southwest Virginia’s LENOWISCO region identified 
brownfields, low population density, rail access, cooling water availability, and nearby 
transmission infrastructure as favorable attributes for SMR siting, positioning SMRs as a catalyst 
for regional economic redevelopment and energy-intensive industrial growth.59  

One reason that the Commonwealth is well-positioned to host new nuclear generation is that it 
is home to numerous Department of Defense installations that include nuclear engineers. 
Onsite nuclear power provides a dedicated, highly reliable source that interconnects at the 
same transmission substation serving the military installation, significantly enhancing energy 
resilience and mission assurance, while providing broader grid stability. It also enables potential 
islanding during critical events, while the transmission upgrades required for interconnection 
harden surrounding infrastructure and improve reliability for both the installation and nearby 
communities. 

While SMRs promise significant advantages, deployment requires navigating regulatory 
approvals, licensing, and technology validation. Recent actions at the U.S. Nuclear Regulatory 
Commission, including the approval of updated SMR design certifications at the national level, 
signal progress toward technological and regulatory maturity, though commercial deployment 
remains sensitive to cost, supply-chain readiness, and project-execution risk. 60,61 

It is concerning that the time to build nuclear generation facilities in the U.S. and Europe is 
much greater than in South Korea and China. The White House has issued a series of executive 
orders for streamlining the deployment of new nuclear reactor facilities.62 Virginia is a nuclear 
technology-rich state and may be able to propose ways to shorten the implementation timeline 
for reactor generation facilities without adversely affecting societal acceptance of the 
technology.   

For more detailed information on SMR technologies, including projects in development or 
construction, along with expected in-service dates, see Appendix A. 

 
(DVIDS). https://www.dvidshub.net/news/500233/nws-yorktown-dominion-energy-virginia-sign-historic-
agreement-explore-new-power-options 

58 Appalachian Power Company. (2025, May 16.). Appalachian Power advances exploration of advanced nuclear 
technologies, environmental compliance, and VCEA plans for Virginia. 
https://www.appalachianpower.com/company/news/view?releaseID=10230 

59Virginia Department of Energy. (2023). Final LENOWISCO SMR feasibility study (DEI 2023-05-
20) [PDF]. https://energy.virginia.gov/renewable-
energy/documents/FINAL%20LENOWISCO%20SMR%20Feasibility%20Study%20-%20DEI%2020230520%20.pdf 

60Nuclear Regulatory Commission. (2025, June 4). NuScale US460 small modular reactor standard design 
approval. Federal Register. https://www.federalregister.gov/documents/2025/06/04/2025-10123/nuscale-
us460-small-modular-reactor-standard-design-approval 

61U.S. Department of Energy, Office of Nuclear Energy. (2025, May 30). NRC approves NuScale Power’s uprated 
small modular reactor design. https://www.energy.gov/ne/articles/nrc-approves-nuscale-powers-uprated-small-
modular-reactor-design 

62The White House. (2025, May). Fact sheet: President Donald J. Trump directs reform of the Nuclear Regulatory 
Commission. https://www.whitehouse.gov/fact-sheets/2025/05/fact-sheet-president-donald-j-tr-johnson-
directs-reform-of-the-nuclear-regulatory-commission/ 

https://www.dvidshub.net/news/500233/nws-yorktown-dominion-energy-virginia-sign-historic-agreement-explore-new-power-options?utm_source=chatgpt.com
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2.4 Natural Gas Power Generation 

The emergence of natural gas has contributed to a substantial decline in coal use. Dominion 
Energy’s 2025 Update to its IRP indicates that natural gas-fired generation remains a critical 
component of the company’s strategy to maintain reliability amid rapid load growth and the 
transition to clean energy.63 Gas units provide flexible, dispatchable capacity that complements 
intermittent renewable resources and is essential for mitigating system risks during extreme 
weather and peak-demand periods. Natural gas generation resources can also be repurposed as 
synchronous condensers to provide short-circuit strength or voltage support in areas with 
significant solar generation. 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. While the long lead times for gas turbines are 
well-publicized, these are comparable to those for equipment used in other types of power 
generation. 

Natural gas power generation plays a key role in reliability, as natural‑gas‑fired combustion 
turbines can start quickly and operate when solar and wind output is low, thereby ensuring grid 
stability and meeting PJM reserve requirements. PJM’s operating reserve definitions specify 
that non‑synchronous quick-start reserves must be able to be fully deployable within 10 
minutes. These quick‑start units are relied upon to meet PJM’s Synchronized Reserve and 
Primary Reserve requirements, especially during system stress when intermittent renewable 
output is low.64 

Proposed in March 2025, Dominion Energy’s Chesterfield Energy Reliability Center (CERC) is an 
always‑ready 944-MW reliability resource that can come online in as little as 10 minutes and 
provide power during periods of peak demand or when other generation sources are 
unavailable.65 Located on the existing Chesterfield Power Station property, CERC will use four 
simple‑cycle natural gas turbines with fuel oil backup and potential hydrogen blending 
capability. The new turbines will also be designed with synchronous condenser capability, 
providing critical grid-stabilizing inertia and voltage support to help enable greater integration 
of renewable energy resources across the system. 

According to Dominion Energy's 2025 IRP Update, the company is evaluating additional natural 
gas sites and equipment for advanced-class combustion turbines (CTs) and combined-cycle (CC) 
units, which offer improved efficiency and lower emissions. Across all primary planning 
portfolios, Dominion Energy is modeling approximately 8,500 MW of new natural gas-fired 
generation for development from 2026 to 2045.66 Looking to the future, NREL has investigated 
using renewable energy to produce hydrogen, which may offer opportunities to reduce the 

 
63Dominion Energy. (2025). 2025 integrated resource plan update, Chapters 3.2.1 and 5.1 (Solar Facilities and 

Portfolio Assumptions) https://www.dominionenergy.com/about/our-company/irp 
64 PJM Interconnection. (2024). PJM GO exam flashcards—reserve definitions (quick start resources). Quizlet. 

https://quizlet.com/956297670/pjm-go-exam-flash-cards/  
65Virginia Business. (2025, March 7). Dominion files for SCC approval of Chesterfield gas-fired plant. 

https://virginiabusiness.com/dominion-files-for-scc-approval-of-chesterfield-gas-fired-plant/ 
66Dominion Energy. (2025). 2025 integrated resource plan update, Chapters 3.2.1 and 5.1 (Solar Facilities and 

Portfolio Assumptions) https://www.dominionenergy.com/about/our-company/irp 
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carbon footprint of this essential dispatchable power source.67 However, many yet-to-be-
resolved technical issues will need to be overcome before such deployments are possible.68  

The need for dispatchable power during peak demand drives the need for natural-gas-powered 
generation capacity. As required generation capacity within the DOM Zone potentially doubles 
over the next decade, the demand for natural gas generation will continue until new nuclear or 
long-term storage technologies become commercially viable. In the meantime, it is crucial to 
ensure that sufficient pipeline capacity exists to support elevated natural gas use.  

There has also been significant interest in reducing its environmental footprint through carbon 
capture technology. However, such technologies are expensive to implement, and Virginia’s 
potential for carbon capture and storage remains limited—mainly due to a lack of suitable 
geology. Even in the Appalachian region, only small pockets of deep formations are identified as 
potentially suitable. Ongoing research, such as Virginia Tech’s Project CARDINAL feasibility 
study in the Roanoke Valley, continues to assess whether specific sites can safely and 
permanently store CO₂ within the Commonwealth. Nevertheless, even with carbon capture, 
natural gas plants at these sites would likely require substantial pipeline infrastructure.  

The fuel for some generation technologies can have co-dependencies that adversely affect its 
availability when it is most needed. Natural gas is one example. During extremely cold weather, 
both natural gas and electricity generated by natural gas are used for home heating. The 
resulting demand can lower pipeline pressures and force pipeline companies to choose 
between residential and utility customers. When demand response measures do not properly 
recognize the relationship between pipeline pressure and power generation, gas pipeline 
compressor stations have been labeled as non-essential and designated for load-shedding at 
times when they are most needed.  

To provide resiliency, the State Corporation Commission in March 202, approved Dominion 
Energy’s proposal to construct a liquefied natural gas (LNG) production, storage, and 
regasification facility in Greensville County to enhance fuel security for the company’s 
Brunswick and Greensville combined cycle natural gas power stations. The facility is designed to 
store approximately 25 million gallons of LNG equivalent to about two billion cubic feet of 
natural gas, providing several days of onsite fuel supply during periods of extreme cold, pipeline 
disruptions, or regional gas supply constraints.69 

 
67Topolski, K., Reznicek, E., Erdener, B. C., San Marchi, C., Ronevich, J. A., Fring, L., ... & Chung, M. (2022). Hydrogen 

blending into natural gas pipeline infrastructure: Review of the state of technology (p. 82477). National 
Renewable Energy Laboratory. https://www.nrel.gov/docs/fy23osti/81704.pdf. 

68TGA Advisers. (n.d.). The future of hydrogen as a gas turbine fuel. https://tgadvisers.com/the-future-of-hydrogen-
as-a-gas-turbine-fuel/ 

69Global Flow Control. (2025, April 30). Dominion Energy secures state approval for LNG storage facility in 
Virginia. https://globalflowcontrol.com/newsroom/dominion-energy-secures-state-approval-for-lng-storage-
facility-in-virginia/ 

https://www.nrel.gov/docs/fy23osti/81704.pdf
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https://globalflowcontrol.com/newsroom/dominion-energy-secures-state-approval-for-lng-storage-facility-in-virginia/
https://globalflowcontrol.com/newsroom/dominion-energy-secures-state-approval-for-lng-storage-facility-in-virginia/
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2.5 Legacy Coal and Oil Power Generation  

A small number of coal and oil-fired power stations continue to operate in the state.70 These 
facilities primarily serve as generation resources and provide backup capacity during peak 
demand periods. Among them is the Virginia City Hybrid Energy Center (VCHEC), which delivers 
reliable power while contributing to environmental restoration. Legislative action under the 
Virginia Clean Economy Act provided an exemption for VCHEC, allowing it to remain operational 
beyond 2030 in recognition of its role in environmental cleanup and regional economic 
support.71 VCHEC has reclaimed more than 4 million tons of waste coal from historic gob piles, 
removing pollutants that once degraded waterways and posed fire hazards.72 

Looking ahead, the development of new coal or oil generation capacity in Virginia is highly 
unlikely. Market dynamics, environmental regulations, and state clean energy policies have 
shifted investment toward renewable and low-carbon technologies. As a result, opportunities in 
this segment are limited to optimizing existing facilities rather than expanding capacity.  

2.6 Fusion Power 

Fusion occurs when two atomic nuclei combine to form a heavier nucleus,73 releasing 
significant energy in the form of radiation. Over geologic time, radiation from the sun provided 
the energy needed to form fossil fuels, so we indirectly rely heavily on fusion for power 
generation. Radiation produced now enables solar and wind technologies to generate 
electricity. Although manmade fusion energy has been recognized as a potential source of 
unlimited, carbon-free electricity for over 75 years, it is only recently that advances in fusion 
technology, both in the United States and abroad, have set the stage for realizing that 
potential. Studies from MIT and the National Academies note that recent breakthroughs, such 
as high‑temperature superconducting (HTS) magnets, improved magnetic confinement, and 
rapidly expanding public‑ and private‑sector investment, are accelerating progress toward 
commercially relevant fusion systems.74,75 

 
70Dominion Energy Virginia. (n.d.). Virginia City Hybrid Energy Center fact sheet [PDF]. 

 https://www.dominionenergy.com/-/media/content/about/making-energy/coal-and-oil-
facilities/vchec/pdfs/virginia-city-hybrid-energy-center-fact-sheet.pdf  

71Virginia General Assembly. (2020). Senate Bill 851: Virginia Clean Economy Act; renewable energy portfolio 
standard program, etc. https://lis.virginia.gov/cgi-bin/legp604.exe?201+sum+SB851 

72 Dominion Energy Virginia. (n.d.). Virginia City Hybrid Energy Center fact 
sheet [PDF]. https://www.dominionenergy.com/-/media/content/about/making-energy/coal-and-oil-
facilities/vchec/pdfs/virginia-city-hybrid-energy-center-fact-sheet.pdf 

73 The most widely used fusion reaction for power generation applications is the fusing of deuterium (D) with 
tritium (T), which are hydrogen isotopes containing either one or two neutrons respectively. If the two atoms 
impact with sufficient energy to overcome the electrostatic repulsion between the hydrogen isotope, nuclei 
fusion can result according to the reaction: D+T → 4He (3.5 MeV) + n (14.1 MeV).  Allowing impact of the highly 
energetic neutron (n) and helium (4He) within a containment system results in the formation of heat that can 
harvested to make steam and drive a turbine. However, the energy that must be supplied to the hydrogen 
isotopes to induce a rapid rate of reaction is greater than 100 million degrees Celsius. 

74Massachusetts Institute of Technology. (2024, March 4). Tests show high-temperature superconducting magnets 
are ready for fusion. MIT News. https://news.mit.edu/2024/tests-show-high-temperature-superconducting-
magnets-fusion-ready-0304 

https://www.dominionenergy.com/-/media/content/about/making-energy/coal-and-oil-facilities/vchec/pdfs/virginia-city-hybrid-energy-center-fact-sheet.pdf
https://www.dominionenergy.com/-/media/content/about/making-energy/coal-and-oil-facilities/vchec/pdfs/virginia-city-hybrid-energy-center-fact-sheet.pdf
https://lis.virginia.gov/cgi-bin/legp604.exe?201+sum+SB851
https://www.dominionenergy.com/-/media/content/about/making-energy/coal-and-oil-facilities/vchec/pdfs/virginia-city-hybrid-energy-center-fact-sheet.pdf
https://www.dominionenergy.com/-/media/content/about/making-energy/coal-and-oil-facilities/vchec/pdfs/virginia-city-hybrid-energy-center-fact-sheet.pdf
https://news.mit.edu/2024/tests-show-high-temperature-superconducting-magnets-fusion-ready-0304
https://news.mit.edu/2024/tests-show-high-temperature-superconducting-magnets-fusion-ready-0304


 24 

Flagship projects such as Commonwealth Fusion Systems’ SPARC in Massachusetts and ITER in 
France illustrate this accelerating momentum. Both aim to demonstrate net energy gain within 
the next decade.76,77 Most proposed fusion energy systems involve capturing the released 
energy in a coolant, such as molten salt or liquid metal, as is done in some fourth-generation 
(Gen IV) nuclear fission reactors. In essence, the electricity-generating portion of a plant could 
be similar to other power plants, in which steam turbines convert thermal energy into 
mechanical (rotational) energy, which drives generators to produce electricity. Some 
developers propose direct energy conversion into electricity. For instance, Helion proposes 
using a pulsed magneto-inertial fusion system that eliminates the need for steam turbines.78 In 
many cases, developers envision using a lithium-containing coolant, which would function as a 
breeding blanket that would produce more tritium fuel than the reactor consumes.  

In December 2024, Commonwealth Fusion Systems announced plans for what could become 
the world’s first commercial-scale fusion power station in Chesterfield, Virginia.79 
Commonwealth plans to build this facility, called ARC, after it successfully demonstrates at the 
SPARC plant currently under construction in Devens, Massachusetts, that deploying HTS 
magnets will yield net energy. Commonwealth expects this to occur by 2027. If this occurs, it 
expects the Chesterfield fusion facility to be placed in service in the 2030s.80 A Chesterfield 
website provides detailed information on the planned ARC facility.81  

Many key technical challenges remain, including maintaining stable plasma conditions for an 
economically viable fusion rate, scaling reactor designs, integrating heat extraction systems, 
addressing the shortage of tritium fuel, and mitigating the rapid degradation of materials from 
energetic helium ions and neutrons. Nonetheless, the current trajectory could lead to 
experimental validation of net energy generation, followed by commercial deployment of a 
transformative clean energy resource.  

2.7 Other Emerging Power Generation Technologies  

While Virginia’s near-term energy strategy focuses on proven resources, the 2025 IRP Update 
acknowledges the potential of emerging technologies such as geothermal, tidal, wave energy, 
and naturally occurring hydrogen that offer promising pathways for diversifying the energy mix 

 
75National Academies of Sciences, Engineering, and Medicine. (2024). The current status and future direction of 

high-magnetic-field science and technology in the United States. Chapter 3: Superconducting magnet technology 
for fusion. https://www.nationalacademies.org/read/27830/chapter/3 

76Commonwealth Fusion Systems. (2024). SPARC: Proving commercial fusion energy is possible. 
https://cfs.energy/technology/sparc 

77 10 fusion projects closest to achieving net power output. (2025, November 9) Goldsea: Asian American Daily. 
https://goldsea.com/public/article_details/fusion-projects-closest-to-achieving-net-power-output 

78Helion Energy. (n.d.). Technology. https://www.helionenergy.com/technology/ 
79Commonwealth Fusion Systems. (2024, December 17). Commonwealth Fusion Systems to build world’s first 

commercial fusion power plant in Virginia. https://cfs.energy/news-and-media/commonwealth-fusion-systems-
to-build-worlds-first-commercial-fusion-power-plant-in-virginia/ 

80Commonwealth Fusion Systems. (n.d.). SPARC®: Proving commercial fusion energy is possible. 
https://cfs.energy/technology/sparc 

81Chesterfield County, Virginia. (2024, December 17). Chesterfield selected for world’s first commercial fusion 
power plant (NewsFlash No. 5634). https://www.chesterfield.gov/m/newsflash/home/detail/5634 
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and reducing carbon emissions. They remain in the early stages of development and face 
significant technical, economic, and siting challenges.  

Recent legislation in Virginia affirmed that geothermal electric generating resources continue to 
be eligible for Virginia’s renewable portfolio, but reporting indicates that the technology, 
particularly enhanced geothermal systems (EGS), is still in development and not yet widely 
commercialized.82 Geothermal resources have the potential to provide 24/7 baseload 
electricity, but identifying viable underground reservoirs containing hot water or steam in 
Virginia may prove challenging. Additionally, early‑stage feasibility, cost barriers, and 
technological uncertainty continue to limit near‑term deployment. 

Tidal and wave energy could offer new ways to harness Virginia’s coastal resources. A recent 
study from George Mason’s Center for Energy Science & Policy notes, however, that marine 
renewable technologies remain in the early stages of commercialization and face significant 
economic, technical, and environmental challenges that limit near‑term deployment.83 

Hydrogen could support future emissions goals and enhance grid reliability even when blended 
with natural gas. It could be drawn from naturally occurring sources or produced via electrolysis 
or hydrocarbon reforming when excess generation capacity exists, However, the U.S. 
Department of Energy emphasizes that realizing this potential will require major advances in 
infrastructure and supply‑chain development, as hydrogen production, transport, and delivery 
systems remain limited in scale today.84 

It is important to recognize that generation technologies all have strengths and weaknesses, 
and the introduction of new sources requires analysis of many factors. They include life cycle 
costs (including construction, maintenance, and replacement of components), the impact upon 
grid stability, and fluctuations in fuel costs. 

2.8 Estimation of Generation Land Use and Cost  

The selection of a power generation technology for a specific application often depends on the 
available footprint for its installation. Land use requirements vary by technology and are 
influenced by topography and geology, environmental constraints such as wetlands 
requirements, and local land use regulations. In practice, power generation providers use 
general guidelines in estimating acreage needs, recognizing that solar development in Virginia, 
for example, requires more land than comparable installations in flatter, arid regions of the 
western U.S. Proximity to existing transmission infrastructure and the feasibility of 
interconnection are additional factors that can materially affect site suitability. 

 
82The Cool Down, & WVTF. (2025, May 27). Virginia adds geothermal to renewable energy 

portfolio. https://www.thecooldown.com/green-business/virginia-geothermal-energy-renewable-portfolio/ 
83George Mason University Center for Energy Science and Policy. (2025). Virginia Energy Report: Policy roadmap 

for the Commonwealth. https://cesp.gmu.edu/wp-content/uploads/2025/10/Virginia-Energy-Report-2025-
Policy-Roadmap-for-the-Commonwealth-Final.pdf 

84Sprik, S. (2024). Hydrogen infrastructure technologies (Project No. H2-041). In FY 2024 Merit Review and Peer 
Evaluation Report. U.S. Department of Energy, Hydrogen and Fuel Cell Technologies 
Office. https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/review24/2024-amr-06-
hydrogen-infrastructure-technologies.pdf 
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Given these caveats, the area of land needed for each generation technology can be 
summarized as follows: 

§ Solar photovoltaics: Utility-scale solar installations typically require approximately 10 to 
20 acres per MW. This reflects Virginia-specific constraints, such as the prevalence of 
wetlands, rolling topography, buffer and setback requirements, and environmentally 
sensitive land features. 

§ Small modular reactors: These facilities will typically require approximately 0.16 to 0.23 
acres per MW. Their actual footprint will vary with design, but for planning purposes, it 
is typically assumed that a 50 to 70 acres would be required for an SMR facility of 
roughly 300 MW generating capacity. 

§ Traditional large-scale nuclear: One GW facilities typically require approximately 1 acre 
per MW. This translates to approximately 1,000 acres (including buffers and owner-
controlled areas). A thousand acres suffices for dual-unit stations, which equates to 
approximately 0.5 acres per MW. 

§ Natural gas: The land requirements vary depending on whether the facility is a 
combined-cycle plant or a simple-cycle combustion turbine. A combustion turbine 
generally requires acreage in the same range as an SMR, while a combined-cycle facility 
requires more because of its additional equipment, cooling infrastructure, and auxiliary 
systems. 

Generation cost comparisons expressed in $/kWh (or LCOE) are not feasible at a 
Virginia-specific level for this report because detailed capital and operation and maintenance 
cost data submitted by regulated utilities to the State Corporation Commission are designated 
as confidential and not publicly released. National datasets (e.g., Lazard’s LCOE analyses or 
selected NREL publications) are available, but they are not directly comparable across regions 
because of significant variation in labor costs, interconnection requirements, supply chain 
conditions, geotechnical considerations, cooling needs, and site-specific environmental 
constraints. In their submissions to state regulators, utilities routinely adjust or contextualize 
these national reference values to reflect regional realities. 

Finally, it's important to recognize that both power density (acres per MW) and $/kWh cost 
metrics can be misleading when examined in isolation, since they are based on nameplate 
capacity rather than actual energy delivered. Variations in capacity factor, especially for 
intermittent sources like solar and wind, significantly affect comparisons of land-use efficiency, 
reliability, and cost-effectiveness across technologies. 
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SECTION 3: ENERGY STORAGE AS A GRID RESOURCE 
 

Energy storage is a key component of modern electric systems, providing operational flexibility, 
enhancing reliability and resilience, supporting the integration of renewable energy, and 
helping manage costs amid sustained load growth. Dominion Energy's 2025 IRP Update 
incorporates energy storage as an enabling resource to meet future capacity needs while 
maintaining system reliability.85At present, pumped-storage hydropower accounts for most of 
the grid-scale energy storage in the world, with estimates ranging from 90 to 95%.86 Dominion 
Energy’s 3,000 MW facility in Bath County is the second-largest of its kind globally. Utilities are 
investigating short-term storage systems that provide energy for up to 10 hours, primarily 
based on lithium-ion batteries, and longer, multiday options. 

3.1 Contribution to Capacity and Resource Adequacy 

Although not a generation resource, energy storage contributes to system capacity by supplying 
power during periods of peak demand, thereby reducing the need for additional firm 
generation and capacity purchases from external markets. In the PJM region, where capacity 
prices have reached historically high levels and import capability is constrained during extreme 
system conditions, energy storage plays an important role in improving resource adequacy 
within the Dominion Energy Load Serving Entity (DOM LSE).87 Dominion Energy has managed 
the long-duration discharge capability of its pumped hydroelectric storage facility in Bath 
County to respond to fluctuating wholesale power costs and grid constraints during times of 
peak demand. 

3.2 Role in Reliability and System Resilience 

Beyond capacity value, energy storage enhances operational reliability and system resilience. 
Storage resources provide rapid ramping capability, frequency response, regulation services, 
and operating reserves, supporting grid stability as the proportion of inverter‑based renewable 
generation increases. Battery storage, however, does not provide fault current protection 
needed for the safe isolation of components.88 

Energy storage also contributes to resilience during extreme weather events by supplying 
energy when solar or wind output is limited, such as during winter mornings or extended heat 
waves. The 2025 Dominion Energy IRP Update’s extreme‑weather sensitivity analysis 
demonstrates that portfolios with higher levels of flexible, dispatchable resources, including 
storage, are better positioned to meet hourly energy requirements during abnormal conditions 

 
85Dominion Energy. (2025). 2025 integrated resource plan update. https://www.dominionenergy.com/about/our-

company/irp 
86International Energy Agency. (n.d.). Grid-scale storage. International Energy 

Agency. https://www.iea.org/energy-system/electricity/grid-scale-storage 
87Howland, E. (2025, December 18). PJM capacity prices hit record high as grid operator falls short of reliability 

target. Utility Dive. https://www.utilitydive.com/news/pjm-interconnection-capacity-auction-data-
center/808264 

88 A fault current arises, low impedance paths develop (such a connection of the grid to ground or equipment fails) 
which draws severe current flow and the risk of severe equipment damage.  
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without experiencing unserved energy. The value of this capacity is diminished during multi-day 
peak periods because it may be impossible under the circumstances to recharge storage 
systems during non-peak hours. 

At the distribution level, both fixed and mobile (for instance, high-energy lithium-ion battery 
packs stacked in a container on trailers) storage systems can support resilience by providing 
backup power to critical facilities, enabling non‑wired alternatives, and assisting with system 
restoration. Mobile and stationary storage applications may also be used to support critical 
infrastructure during outages.89 

3.3 Environmental Impacts 

Energy storage has minimal direct emissions consequences but plays an important, indirect role 
in reducing system‑wide environmental impacts.90 By enabling greater utilization of renewable 
energy resources and reducing reliance on fossil‑fueled peaking generation, storage can lower 
carbon emissions over time.91 However, environmental considerations also include life cycle 
impacts associated with battery manufacturing, raw material sourcing, and end‑of‑life 
management. Supply‑chain constraints for materials such as lithium, cobalt, and nickel, as well 
as evolving trade and sourcing issues, introduce additional complexity that must be managed 
through responsible procurement and recycling strategies.92,93,94 

3.4 Cost Considerations 

Although per-unit costs for energy storage have fallen, large-scale deployment still entails 
significant upfront investment. Batteries must be replaced at approximately 10-year intervals.  
In Dominion Energy’s 2025 IRP Update, storage costs contribute to rising overall system costs 
over the planning horizon, but these costs are partially offset by fuel savings, fewer capacity 
purchases, and renewable integration benefits. While batteries require inverters and therefore 
experience DC-AC conversion losses, it is important not to overlook the broader system‑level 
value of paired renewable energy and storage. Storage is not only charged via excess solar or 
wind energy, but also reduces peak-demand costs, defers some expensive transmission 
upgrades, and provides fast‑responding grid services (such as frequency regulation and 
reserves) that fossil units cannot supply as efficiently. These services have tangible monetary 
value and are already a major revenue source in regional markets like PJM, where battery 
projects participate in ancillary‑service markets at high performance levels. Moreover, the 

 
89Dugan, J., Mohagheghi, S., Kroposki, B. (2021). Application of mobile energy storage for enhancing power grid 

resilience: A review. Energies, 14(20), 6476. https://www.mdpi.com/1996-1073/14/20/6476  
90Blair, N., Augustine, C., Cole, W. et al. (2023). Storage Futures study: Key learnings for the coming decades. Pacific 

Northwest National Laboratories. https://docs.nlr.gov/docs/fy22osti/81779.pdf  
91K. Smith, A. Saxon, M. Keyser, B. Lundstrom, Z. Cao, & A. Roc, Life Prediction Model for Grid-Connected Li-ion 

Battery Energy Storage System: Preprint (Golden, CO: National Renewable Energy Laboratory, August 2017), 
NREL/CP-5400-67102, https://docs.nrel.gov/docs/fy17osti/67102.pdf 

92 Blair, N., Augustine, C., Cole, W. et al. (2023). Storage Futures study: Key learnings for the coming decades. 
Pacific Northwest National Laboratories. https://docs.nlr.gov/docs/fy22osti/81779.pdf 

93International Energy Agency. (2021, May 5). The role of critical minerals in clean energy transitions. International 
Energy Agency. https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions 

94U.S Environmental Protection Agency. Lithium-ion battery recycling and management. 
https://www.epa.gov/recycle/used-lithium-ion-batteries 
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economics of storage do not hinge on charging from firm generation; they hinge on 
time‑shifting—buying low, selling high—which is beneficial in systems with that experience 
higher demands in the evening just as solar output declines. The economic case for battery 
storage, therefore, appears strong and more multidimensional than simply its ability to absorb 
curtailed renewables, and its value is likely to grow as renewable penetration—and system 
volatility—continue to rise. 

Studies have shown that forcing large-scale storage deployments can increase system capital 
expenditures, particularly when coupled with accelerated fossil fuel retirements.95,96,97 Cost 
effectiveness, therefore, depends on balancing storage deployment with other resources, 
including dispatchable generation, transmission upgrades, and demand‑side management. 
Further, research by NREL and Carnegie Mellon University demonstrates that the emissions 
benefits of using grid-scale storage depend on charging behavior, grid mix, and dispatch 
conditions.98 Accordingly, any prescriptive deployment targets for energy storage should be 
carefully evaluated in light of these modeling results and empirical study findings.  

3.5 New Short-Term Battery Storage Technologies 

Lithium‑ion battery systems are the most common new energy storage technology 
commercially available at scale and routinely deployed for grid‑connected applications, 
including capacity, energy shifting, and ancillary services. Short‑duration battery energy storage 
systems (typically up to 10 hours) are effective at addressing short‑lived peak events by shifting 
energy from off‑peak to peak periods and by providing fast‑responding capacity during critical 
hours. In Dominion Energy’s 2025 IRP Update, utility‑scale storage was specified in many of the 
analyzed generation portfolios, with total installed storage capacity of approximately 2,000 MW 
in the least‑cost portfolio, underscoring the role storage can play in attaining peak capacity. 
However, battery energy storage is not a one‑for‑one substitute for traditional dispatchable 
generation. Its contribution to accredited capacity depends on duration, expected performance 
during extreme weather events, and system conditions at the time of peak demand.99 
Furthermore, grid-scale storage can be complicated because, like solar generation, it requires 
significant land, which can sometimes prevent deployment in the most optimal locations, for 
instance, near where the load is located. 

 
95Blair, N., Augustine, C., Cole, W. et al. (2023). Futures study: Key learnings for the coming decades. Pacific 

Northwest National Laboratories. https://docs.nlr.gov/docs/fy22osti/81779.pdf  
96Thompson, A. & Peters, K. (2024, July 15). Modeling long duration storage for resource adequacy. The Brattle 

Group and Electric Power Research Institute (EPRI). https://www.brattle.com/wp-
content/uploads/2024/08/Brattle-EPRI-LDES-07-15-2024.pdf 

97Blair, N., Augustine, C., Cole, W. et al. (2023). Storage Futures study: Key learnings for the coming decades. Pacific 
Northwest National Laboratories. https://docs.nlr.gov/docs/fy22osti/81779.pdf 

98Craig, M., Jaramillo, P, & Hodge, B. (2018). Carbon dioxide emissions effects of grid-scale electricity storage in a 
decarbonizing power system. Environmental Research Letters, 13(1), 014004. https://doi.org/10.1088/1748-
9326/aa9a78. Available at https://repository.library.noaa.gov/view/noaa/26067  

99North American Electric Reliability Corporation. (2025, September). Effective load carrying capability (ELCC) 
reference report. North American Electric Reliability Corporation. https://www.nerc.com/globalassets/our-
work/reports/special-reports/elcc_report._september_2025.pdf 
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3.6 New Long-Term Battery Storage Technologies 

Long‑duration energy storage (LDES) represents a promising approach to addressing sustained 
periods of high demand and low renewable-energy output that exceed the capabilities of 
conventional lithium‑ion batteries. There are many LDES under development to supplement 
pumped hydro. They include flow batteries, compressed air energy storage, thermal storage, 
and hydrogen‑based systems. LDES technologies typically provide discharge durations of 10 
hours or more and may offer value during severe, multi‑day weather events. For example, 
Winter Storm Elliott in December 2022, which significantly affected Virginia, demonstrated how 
prolonged extreme cold can simultaneously drive peak electricity demand and reduce the 
availability of thermal generation and fuel supply over multiple days, highlighting the potential 
role of longer‑duration resources in supporting grid reliability during extended system stress.100 
The Bath County pumped hydroelectric storage facility proved instrumental in maintaining 
reliability during this period. 

Dominion Energy’s 2025 IRP Update101 identifies multiple LDES technologies under evaluation, 
including electrochemical, thermal, and mechanical systems. Dominion Energy has received 
approval to pilot non‑lithium‑ion technologies, including systems capable of extended 
discharge durations (up to approximately 100 hours), with the objective of generating 
operational, performance, and cost data.102 The Darbytown Energy Storage Pilot Project, an 
approximately 8.94 MW of non‑lithium‑ion storage project located outside Richmond, Virginia, 
will evaluate iron-air and zinc-hybrid batteries.103 

While LDES holds significant potential, key challenges include uncertain capital costs, round‑trip 
efficiency, material durability, and operational complexity. As a result, LDES deployment 
remains contingent on successful demonstration and commercialization. Accordingly, planning 
analyses generally treat LDES as a mid- or longer‑term option rather than an immediately 
actionable resource. 104,105 

 
100Federal Energy Regulatory Commission. (2024, February 8). Winter Storm Elliott report: Inquiry into bulk-power 

system operations during December 2022. https://www.ferc.gov/media/winter-storm-elliott-report-inquiry-bulk-
power-system-operations-during-december-2022 

101Dominion Energy. (2025). 2025 integrated resource plan update. https://www.dominionenergy.com/about/our-
company/irp 

102 Larsen, P. (2024, May 16). Dominion approved for 3 long-term battery storage pilots. VPM 
News. https://www.vpm.org/news/2024-05-16/dominion-approved-for-3-long-term-battery-storage-pilots 

103Sundt Construction, Inc. (2023, November 7). Sundt selected to build Dominion Energy’s Darbytown Storage Pilot 
Project. https://www.sundt.com/2023/sundt-selected-to-build-dominion-energys-darbytown-storage-pilot-
project/ 

104U.S. Department of Energy. (2023, September). Pathways to commercial liftoff: Long duration energy storage 
opportunities. https://www.energy.gov/sites/default/files/2023-
09/Pathways%20to%20Commercial%20Liftoff%20Long%20Duration%20Energy%20Storage%20Opportunities_50
8.pdf 

105Sheilendranath, A., Pfeifenberger, J., Peters, K., & Yan, A. (2025, October 9). Outlook for energy storage in PJM. 
The Brattle Group. https://www.brattle.com/wp-content/uploads/2025/10/Outlook-for-Energy-Storage-in-
PJM.pdf 
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3.7 Time to Implementation for Short-Duration and Long-Duration Storage 

Provided supply chain limits are not an impediment, short‑duration storage can be deployed 
relatively quickly once permitted and interconnected. Although timelines are highly project‑ 
and site‑specific, energy storage projects in Virginia often require five or more years to achieve 
commercial operation after the site is identified, due to local permitting, interconnection, and 
construction requirements. This makes storage an attractive near‑term option for addressing 
localized reliability needs, accommodating load growth, and supporting renewable integration. 
By contrast, long‑duration energy storage (LDES) technologies require additional time for 
demonstration, supply‑chain development, and commercialization. As a result, LDES is 
expected to play a more significant role in the medium‑to‑long term. 
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SECTION 4: TRANSMISSION AND DISTRIBUTION FOR A 
CHANGING GRID 

 

The ability of transmission and distribution systems to accommodate additional generation or 
storage depends on their hosting capacity, which is the ability to accept and integrate a new 
generation source at the location being considered for interconnection. While this may seem 
simple, energy flows to the load on the transmission lines of the Eastern Interconnection are 
influenced by the system state at the time of need. In our alternating current grid system, 
power flows to the load based on the laws of physics, which depend on system impedance, the 
available current-carrying capacity of transmission lines, and system voltages. When the 
generation is located far from the load it serves, this physics makes serving that load more 
challenging. Therefore, if sufficient current-carrying capacity isn't available, high system 
impedances will prevent power flow due to limits on acceptable voltage levels. 

There are various ways to increase power flow across the Commonwealth’s electric grid system. 
However, it shouldn't be assumed that one solution fits all situations. Careful engineering 
assessment is necessary for each issue to ensure that the solution (i) solves the problem, (ii) 
allows for the removal of equipment or a line segment for repair, testing, or maintenance, and 
(iii) maintains network reliability if an element is removed. The following describes some of the 
solutions used today and their advantages and disadvantages to consider when exploring 
potential changes to the grid configuration. 

4.1 High-Voltage Transmission Lines 

One approach to enhancing the ability to deliver power to critical load areas such as Northern 
Virginia are high-voltage transmission lines. Adding alternating current extra -high-voltage 
(EHV) 500 kV or 765 kV lines to this region is limited by available rights-of-way, public 
acceptance, and impacts on system strength (voltage and fault current). These issues require 
careful consideration and engagement with the affected communities. As additional 
alternating-current EVH transmission lines are added to meet demand growth, the voltage level 
can surpass equipment limits during light-load periods. In Northern Virginia, this has raised 
fault-current levels, necessitating the installation of the highest-rated equipment in many 
substations. Land availability is another constraint on electric grid expansion in northern 
Virginia, and allocating space to build new facilities remains a challenge.    

High-voltage direct current (HVCD) is an alternative to traditional alternating current 
transmission. Dominion Energy recently received approval from the PJM to install a 186-mile 
underground bi-polar HVDC line from Southside Virginia. This line will have the capacity to 
deliver 3,000 MW of power to Loudoun County data centers, using existing line rights-of-way. 
HVDC technology allows precise control of power flow into high-load areas, as it provides point-
to-point injection. Southside Virginia is rich in generation capacity, and the use of HVDC has the 
added benefit of not increasing the fault current magnitude in Northern Virginia.  

This use of HVDC reduces power loss during transmission and enhances reliability because the 
converter station functions as a large static synchronous compensator (STATCOM). This helps 
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stabilize converter dynamics caused by the large electronic loads of Northern Virginia data 
centers. The additional benefit of HVDC deployment is that gas and solar generation in 
Southside Virginia can be used to power data center loads located far away, with a right-of-way 
requirement smaller than that of overhead lines. In effect, the natural gas and solar generation 
of Southside Virginia can be dispatched at a lower cost. 

4.2 Grid Enhancing Technologies 

Another approach to delivering power to critical load areas are grid enhancing technologies 
(GETs). Dynamic line rating can significantly boost operational efficiency by enabling maximum 
power transfer on transmission lines when additional capacity is available in the network. Other 
GETs, such as high-temperature conductors, allow the transmission of more energy, but 
because these conductors operate at temperatures ranging from 302°F to 492°F when 
energized, they can reduce the utility's ability to perform barehand maintenance. The only safe 
way to work on these lines with high-temperature conductors is with insulated sticks, which are 
not suitable for all repairs. In these cases, the line would have to be removed from service, 
which could compromise the network's reliability and resilience, depending on seasonal and 
system conditions. Therefore, careful consideration must be given to maintaining overall 
system reliability and resilience when using these technologies.  

While GET devices may have limitations in providing capacity solutions, they are essential tools 
for enabling operational flexibility in certain situations. After assessing these issues, Dominion 
Energy engineers are currently installing one of the world’s largest dynamic line rating systems 
on its transmission network.  

Solar and wind generation, or battery storage, requires converting direct current to utility-
grade AC power through inverters synchronized with the grid. Inverter-based resources are 
managed by electronic controls. Thanks to their power electronic controls and electronics, 
inverter-based generation can be more respond more rapidly, offering both advantages and 
disadvantages as it interacts with the load and other generation sources.  

To respond to transient events, the transmission and distribution system may use these 
systems and other power electronic technologies, such as STATCOMs, to react swiftly and help 
keep the grid stable. However, the stability of grid frequency and voltage is derived from the 
synchronized spinning of the many rotating generators in the PJM system. The grid-following 
inverters installed today are not stable at low short-circuit levels106 and therefore require 
synchronous condensers (rotating machines) to prevent disconnection. The loss of this 
renewable energy at certain times of the year can cause significant issues given the lack of 
regional generation capacity today, but it is hoped that, in the future, inverter-based resources 
can assist with system operations and infrastructure augmentation will no longer be required. 

As utilities transition to more inverter-based resources (IBR), infrastructure augmentation will 
be needed to ensure sufficient system strength to maintain voltage and frequency stability and 
to ensure that protective electrical systems operate appropriately.  As a region increasingly 

 
106The inverters lose synchronization with the grid since they are current controlled. When the grid is weak, there 

is significant voltage fluctuation at the point of common coupling causing the inverter to hunt a moving 
reference, leading to instability, oscillatory behavior, and potential tripping. 
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relies on inverter-based generation, its available short circuit strength decreases.107 This arises 
because, unlike rotating machines, inverters must operate within precisely defined current 
limits to avoid damage to their current-sensitive electronics. Consequently, they are strictly 
current-limited. This then prevents the development of the sudden, high current surges 
associated with the fault events that typically trip magnetic circuit breakers and fuses. The 
reduction in system short-circuit strength could necessitate the installation of synchronous 
condensers to provide rotating mass to electromagnetically create the needed current and limit 
voltage impacts.  

Since resistance to voltage and frequency changes is provided by rotational inertia, inertia is an 
important grid feature for IBR generation reliability.The risk of converter-dominated electric 
systems is no longer a theoretical concern as recent disturbances around the globe have control 
interactions that can compromise the stability of the system.108 In the case of the 2025 Iberian 
blackout, the failure of the peninsula's high-renewables grid resulted from the loss of voltage 
control and low system inertia, leading to protective tripping. By the laws of physics, wind and 
solar energy has a maximum penetration level beyond which the large-scale grid may lose the 
ability of traditional generators to control the frequency and voltage of the complex electrical 
system. There is no scientifically established limit for the U.S. at this time, so caution will be 
needed as solar and wind resources contribute more to the Commonwealth's generation 
system. 

4.3 Microgrids 

The U.S. Department of Energy defines a microgrid as ‘‘a group of interconnected loads and 
distributed energy resources within clearly defined electrical boundaries that acts as a single 
controllable entity with respect to the grid.” A microgrid can connect and disconnect from the 
grid to enable it to operate in both grid-connected or island mode. Microgrids are being 
installed in China, Australia, and Scotland in conjunction with battery storage to enhance 
reliability and reduce emissions (via the use of solar and wind renewable energy sources) in 
remote, off-grid areas. Using microgrids and energy storage in Virginia’s distribution networks 
could help restore areas of lost power as more grid-forming inverters become available. Unlike 
the power electronic inverters we use today, which are grid-following and need voltage and 
frequency to operate, grid-forming inverters can supply power from a battery to assist with 
restoration, providing synthetic inertia or frequency regulation. The systems deployed in China 
are particularly relevant to Virginia because they address industrial-scale applications. The main 
disadvantages now are cost and the limited number of manufacturers. 

Looking to the future, it may eventually be possible to use electric vehicle (EV) batteries to 
support grid functions, but it will require more investment in communications and electric 
distribution architecture to support such operations. 

 
107Homes and businesses must have a minimum short-circuit strength for their electrical protective equipment to 

operate or else the safety within their facilities is compromised. 
108Iberian Peninsula blackout (Spain-Portugal), 28 April 2025; Texas Odessa disturbances, May-June, 2021; South 

Australia blackout, 28 September 2016. 
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SECTION 5: RELIABILITY, RESILIENCY, ENVIRONMENT, RISK, AND 
COST  

 

Virginia’s need for electricity is unique because it serves critical loads required to meet some of 
the most vital functions of the nation. Virginia is home to major military, intelligence, and 
national law enforcement agencies, as well as the world's largest concentration of data centers. 
Resilience of the Commonwealth’s electric system is vitally important not only for its citizens 
but also for the security and safety of the nation. 

Electric utilities work continuously to improve the reliability and resilience of their networks, 
but as the electric grid changes, they face multiple challenges that are eroding past gains and 
requiring new approaches to ensure reliability and resilience. Presidential Policy Directive 21 in 
2013, “Critical Infrastructure Security and Resilience,” defines "resilience" as “the ability to 
prepare for and adapt to changing conditions and withstand and recover rapidly from 
disruptions. Resilience includes the ability to withstand and recover from deliberate attacks, 
accidents, or naturally occurring threats or incidents.” This is achieved by the following actions 
before, during, and after extreme events: 

• Anticipation 

• Preparation 

• Absorption 

• Sustainment of service to critical loads 

• Rapid recovery 

• Adaption which includes lessons learned.109 

Over the decades, electric utility resilience planning was primarily scenario-based and focused 
on reliable operations and recovery from events that have occurred or were likely to occur in a 
service area.  This focus led utilities to improve the types of structures used, elevate sensitive 
equipment from flood-prone locations, perform tree-trimming operations, and improve their 
lightning performance.  

In this century, we have seen an increase in the frequency and intensity of weather-related 
events, prompting a reassessment of resilience measures and additional hardening of facilities, 
including extensive use of underground equipment, gas-insulated substations, and design 
considerations for higher wind speeds and flood levels than previously considered for 
equipment placement. At the same time, the utilities industry faces increased threats from 
nefarious actors and nation-states seeking to damage this infrastructure through cyberattacks, 
insider threats, denial-of-service attacks, electromagnetic pulse (EMP) events, or physical 

 
109National Academy of Engineering WorkshopReport_V12, (2024). Creating a sustainable national electric 

infrastructure while maintaining reliability= and resiliency of the grid. 
 https://www.nae.edu/File.aspx?id=289973&v=ba0a816e 
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attacks. These new forms of attack have made the movement away from a few larger 
centralized generation stations toward many smaller power electronics-controlled generators 
appear, at first blush, to improve resilience. Unfortunately, a detailed look at this distributed 
paradigm is beginning to reveal challenges that must be overcome for future resilience.   

There is also concern that renewable energy may not support generation during extreme 
winter weather events, such as heavy snow, icing, and periods of poor visibility. However, tilting 
of utility-scale solar panels enables substantial snow shedding, and although ice can reduce the 
fraction of light reaching a panel's active region, cold temperatures can partially compensate by 
increasing efficiency. Peak winter demand typically occurs early in the morning, so traditional 
energy supplies, including nuclear, natural gas, oil, coal, and hydro, remain necessary to meet 
customer needs when sunlight is unavailable and stored energy is insufficient. During extreme 
events or when renewable energy is unavailable, a diversified generation mix is needed to 
ensure reliability and resilience. 

The growing deployment of renewable energy resources leads to the emergence of many 
decentralized and inverter-based generation resources placed in proximity to the load being 
served. However, they do not provide the needed control capabilities to support the utility 
system in managing voltage and frequency and may not respond as desired for certain 
events.110 Over time, the contribution of the load itself to the provision of system inertia (via 
rotating equipment such as pumps, fans, and compressors) may improve the stability of the 
grid. These inertial systems are not typically designed with EMP-hardened controls or firmware 
and provide little situational awareness to the grid operator. 

With the growing connectivity, these software-based resources respond at a greater speed than 
traditional rotating machines, resulting in a reduction of reaction time for selective isolation of 
disturbances. Many utilities are now considering several areas as they make this connectivity 
transition: 

• Black start: Extreme events like cyberattacks coupled with a destructive EMPs will be difficult to 
overcome when there are a large number of small generation resources. Planners must 
determine the appropriate level of black start and next-start natural-gas-fired generation plants 
required along defined hardened black start paths to provide a minimum grid to restore and 
sustain critical services until other generation facilities can be restored. This will provide the 
resilience needed for these new threats while also providing inertia within the timeframe 
needed to enhance system strength, or when replacing inverter-based generation should it be 
damaged in an area or otherwise be limited in its capability to deliver power. Existing inverter-
based systems use a grid-following topology and must have a stable grid voltage and frequency 
before they will return to service to support the grid. During these events, as well as during 
peak periods, Virginia may not be able to import power from our neighboring states to assist in 
a black start. In the future, grid-forming topology inverters will be developed and deployed to 
help restart the grid, but that is not the case today. 

 
110North American Electric Reliability Corporation. (2018, February 15). Inverter-based resource disturbance 

analysis: Key findings and recommendations [Webinar presentation]. 
 https://www.nerc.com/globalassets/programs/compliance/inverter-
based_resource_disturbance_analysis_webinar_2018-02-15.pdf 
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• Hardened critical facilities: Critical facilities should be analyzed for their importance to the 
network and hardened for cybersecurity, EMP, or weather events, based on their importance, 
potential impact of an event, etc. 

• Optimized Generation Mix: Generation types differ in their ability to provide energy to the 
electric grid and in their effect on the environment. Renewable energy sources such as solar 
provide an excellent source of energy for certain periods of the day and have their peak 
production efficiency in March of each year. In other times of the year, cloud cover, thermal 
degradation, or snow reduces per-hour efficiency. For instance, solar panels will provide 
approximately 30% of their power when they are snow-covered, but typically in Virginia, this is 
when extreme cold weather may call for maximum generation. The augmentation of solar with 
dispatchable generation—such as natural gas, or, in the future, small modular reactors—
ensures that the Commonwealth will have energy to meet these peak energy demands. Energy 
storage provides support during peak periods but will not cost-effectively provide enough 
energy for the long periods when it is needed. 

Microgrids will be important for the resilience of electricity service to data centers, military and 
industrial facilities, campuses, and communities. A microgrid incorporates various generation 
and load facilities, along with necessary monitoring, control, and protection devices, designed 
to sustain reliable, resilient operations for critical loads and services. With existing resources—
typically synchronous generators, possibly with available renewable and energy storage 
facilities—microgrid capability can be achieved by the development and installation of a 
microgrid control system, which is feasible and cost-effective if generation and load resources 
are already available. A microgrid plan was studied as part of an R&D project at Virginia Tech in 
collaboration with Rappahannock Electric Cooperative. The simulation of the hypothetical 
microgrid showed that critical loads can be served during natural disasters, enhancing the 
resilience of the system for residents.111 

 
111 Qi, C., Lee, L. A., Liu, C. C., Wills, W., Fincher, J., Cruise, J., Muhoro, P., Schneider, K., Tuffner, F., & Ton, D. 

(2023). Microgrids as an affordable resilience source for rural communities [Conference paper]. CIGRE Grid of the 
Future Symposium. https://cigre-usnc.org/wp-content/uploads/2023/11/02.-C.-Qi-Microgrids-as-an-Affordable-
Resilience-Source-for-Rural-Communities.pdf 

https://cigre-usnc.org/wp-content/uploads/2023/11/02.-C.-Qi-Microgrids-as-an-Affordable-Resilience-Source-for-Rural-Communities.pdf
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SECTION 6: TECHNOLOGY OPTIONS: NEAR TO FAR TERM  
 

Forecasting peak electrical power demand is not a science. It is not based on physical laws, and 
there are many instances in which forecasted growth in demand has either overestimated or 
underestimated actual demand.112 With this caveat, the most recent PJM forecast predicts a 
10-year average summer load growth of 5.4% (winter 5.1%) for the DOM Zone.113 This will 
increase peak demand by up to  approximately 20 GW over the next 10 years and by as much 
again in the decade beyond that. Approximately 20 to 30% of current electricity is imported. 
PJM’s own forecasts and market monitoring reports indicate that the DOM Zone’s ability to 
import power is likely to come under increasing pressure due to unprecedented load growth, 
binding transmission constraints, deliverability constraints, rising congestion, and regional 
generator retirements. PJM and its market monitor caution that imports into constrained load 
pockets, such as the DOM Zone, cannot be assumed to be firm, unlimited, or available at 
forecast prices, particularly during peak and stressed system conditions. These constraints lead 
to significant cost issues for the DOM Zone. The availability of these imports from neighboring 
states is widely expected to decline over time. The combination of the ongoing retirement of 
fossil fuel-based generation capacity, the forecast growth in demand, and the reduction in 
available imports has created a need for urgent action by the Commonwealth to address the 
capacity and affordability of electricity provided to consumers, as well as the reliability and 
resilience of the electric grid that transports and distributes it within the state.  

Five factors should be considered for a non-disruptive energy transition: (i) scalability, (ii) 
reliability, (iii) environmental sustainability, (iv) resilience, and (v) affordability. Each generation 
technology (including its associated storage) has a distinct power density, which affects factors 
such as land use and capacity factor (the ability to deliver rated power level over time). 
Scalability refers to a generation technology's ability to meet projected growth in power 
demand. Reliability refers to the incidence of unscheduled maintenance that takes a power 
generation system offline, while affordability is a function of the impact of introducing a 
generation technology on the cost of system operation, which is then distributed among 
customers. Environmental sustainability is a measure of the extent to which the generation 
method conforms to VCEA objectives. The resilience of the Virginia electric system is critical to 
the citizens and businesses of the Commonwealth, and, given the presence of many federal 
facilities, it is vital to the governance and security of the nation as well.  

To ensure power resilience within the Commonwealth, utilities must deploy an optimized mix 
of generation technologies. In addition to deploying sufficient power generation capacity to 
meet peak demand, utilities must also ensure resilience of the grid, which requires addressing 
additional factors, including the following:  

 
112U.S. Energy Information Administration. (2025, July 15). Battery storage capacity in the United States is expected 

to increase substantially in 2025. Today in Energy. https://www.eia.gov/todayinenergy/detail.php?id=65264 
113PJM Interconnection, L.L.C. (2026, January). 2026 load forecast report. https://www.pjm.com/-

/media/DotCom/library/reports-notices/load-forecast/2026-load-report.pdf 

https://www.eia.gov/todayinenergy/detail.php?id=65264
https://www.pjm.com/-/media/DotCom/library/reports-notices/load-forecast/2026-load-report.pdf
https://www.pjm.com/-/media/DotCom/library/reports-notices/load-forecast/2026-load-report.pdf
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§ Dispatchability—the ability of an energy resource to quickly match real-time energy 
demand. This ensures that grid stability adjusts as demand varies, as the percentage 
of renewable energy fluctuates, or as generation is abruptly taken offline. 

§ Grid stability requires precise monitoring and control of grid frequency and voltage. 
Current grid architecture relies on the rotational inertia generated in PJM regions, 
with many synchronized fossil- and nuclear-powered turbine-driven generators that 
maintain grid frequency and voltage. Increasing the share of renewable generation 
makes it more difficult to maintain these critical parameters. By 2035, as the share 
of non-spinning (solar and battery) or out-of-phase (wind) generation grows, the 
PJM system is at risk of insufficient spinning reserves during peak periods.   

§ Recoverability from failure is important given the potential risk that needed 
emergency measures could escalate into rolling blackouts if generation demand and 
grid responses are not met. The grid in use today is, in a sense, smart, and 
recoverability from disturbances focuses on self-healing concepts employed by 
utilities to prevent rolling blackouts. Wide-area monitoring and remedial action 
schemes are being deployed until a permanent solution can be implemented. Design 
of the generation and transmission system is therefore ideally predicated upon 
avoidance of a need for emergency measures by the timely implementation of 
infrastructure that meets forecast demand. 

§ Incremental implementability of generation within the state via a well-defined 
roadmap allows for adjustments to the build plan if actual electric demand increases 
differ from current projections. 

Turning to potential generation technologies, Virginia is well positioned at a latitude where 
significant solar generation is possible, and its proximity to the ocean, with its persistent 
offshore winds, makes wind turbine generation possible. It also has a long history of and deep 
expertise in nuclear energy, stemming from both naval propulsion and commercial power-
generation development and has access to fossil-fuel generation where needed. If used 
optimally, these generation technologies offer a means to provide the Commonwealth with an 
affordable, reliable, resilient, and environmentally sustainable approach that meets the rising 
power demands of the next 10, 20, or more years.  

Taken together with nuclear energy, zero-carbon solar and wind resources can make a 
meaningful contribution to meeting Virginia's average daytime energy demand. Of course, the 
system planning considerations relevant to preparing for peak demand are different than those 
for meeting average daytime demand. Given that peaks often do not coincide with the most 
favorable conditions for solar/wind energy production and potentially span multiple days of 
extreme weather, dispatchable resources remain an operational necessity. Long-term energy 
storage once ready for deployment at scale has the potential to effectively extend the duration 
for which intermittent resources can supply energy before dispatchable energy is required. 

Solar deployment timelines are highly case-specific and depend on the locality. Numerous 
projects in the Commonwealth have required more than five years to obtain local approval. 
Generally, seven to nine years is the approximate timeline for bringing such a facility into 
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service once land control is obtained. This schedule includes site due diligence, preliminary 
engineering, local permitting, design engineering, procurement, and construction contracting, 
approval of a certificate of public convenience and necessity (CPCN), and construction. Wind 
energy provides a complementary renewable energy technology to solar and nuclear power. 
While onshore wind development in some parts of the country is generally more cost-effective 
than offshore wind, Virginia’s onshore wind potential is limited by siting constraints, permitting 
challenges, and relatively modest resource availability. Consequently, offshore wind has been 
emphasized in Virginia because it offers access to higher-quality wind resources at utility-scale. 
A 1 GW offshore wind farm is typically a seven- to 11-year project, with a substantial fraction of 
the timeline devoted to permitting and approval processes. However, the extent of future 
growth of the Virginia offshore wind industry also warrants careful assessment, given the need 
for federal approval. Offshore wind generation also requires consideration of the cost of 
transmitting energy to shore and distributing it from there to demand sites. 

It is evident that neither solar nor wind energy will meet Virginia's peak demand during 
extreme weather events, such as those observed in the recent winter months. Long-term 
storage batteries can maintain frequency and voltage and assist with black start only when grid-
forming inverters are used. Long-term storage batteries should be piloted but are not ready for 
mass deployment. Both solar and wind can be combined with various electrochemical battery 
technologies for short- and long-term storage. Consideration of their use in combination with 
pumped hydro and other emerging storage technologies (compressed air, hydrogen generation, 
etc.) might address the intermittence of renewable energy generation.  

It is important to recognize that during emergencies, when additional power generation is 
suddenly needed, the combination of existing nuclear power and future solar and wind 
(including storage technologies) would be unable to provide the required response. 
Dispatchable natural gas generation will be needed to augment renewables during peak periods 
for some time to come. This remains true despite the lengthy development timeline for a 
typical 1 GW natural gas generation facility, which may span seven to nine years and requires 
local permitting, fuel sourcing, CPCN, and construction. It also provides high-energy density, 
meaning it produces substantial megawatts per unit area, which can be a considerable 
advantage when selecting its deployment location.  

Virginia currently operates four large (approximately 1 GW) nuclear reactors that contribute 
about a third of the electricity generated in the Commonwealth. If this share of generation 
capacity is to be retained over the coming decades, new nuclear facilities and life extensions for 
existing ones will be required. It is difficult to estimate how long it would take to obtain 
approval and construct another 1 GW reactor, such as an AP1000-type reactor. If placed at a 
greenfield site without an early site permit and with the new NRC timelines established by last 
May’s executive orders (an 18-month NRC review timeline), 10 years may be achievable. 
However, traditional-scale reactors like the AP1000 are not being developed in Virginia at this 
time due to significant capital and construction timelines, siting challenges related to footprint, 
water requirements, and EPZ, as well as the potential availability of more capable SMR options.  

It is estimated that the first (typically 300 MWe) SMR could be placed in service within eight 
years of selecting a type and site (by 2034 if begun in 2026). If one additional reactor were 
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initiated each year thereafter, this could result in >1 GW being online in 11 years. Looking 
beyond 2037 and toward the 20-year horizon, if the Commonwealth were to fully exploit the 
potential of new SMR technology, it could nearly double Virginia's current nuclear capacity. It is 
also now possible to regulate the power output from modern SMRs, so additional power can be 
dispatched as needed, potentially reducing the need for peaker resources in the long term. This 
is most feasible for advanced SMR-type systems whose power output is most flexible. While it 
is more challenging for larger light-water reactors to ramp up and down quickly (due to the 
xenon transient effect), some SMR concepts are capable of load following and can operate as 
baseload power plants. For example, the TerraPower Natrium reactor includes thermal storage 
with five hours of peaking capability of up to 1,000 MW for a dual-unit plant. Such a design 
could be very useful for meeting peak load and could reduce the dispatch required of other 
natural gas peaking units.  

The affordability of the various electric power generation technologies is difficult to evaluate. 
The SCC requires Dominion Energy to submit a least-cost plan (with and without data center 
load) as part of its IRP modeling activities. Dominion Energy’s IRP employs a capacity-expansion 
modeling framework that evaluates power-generation resource portfolios on a least-cost basis 
(See SCC Final Order, Case No. PUR 2024 00184),114 while balancing system constraints and 
customer impacts (Dominion IRP Overview).115 The modeling incorporates a wide range of 
inputs and assumptions, including power generation resource performance, reliability 
contributions, and system requirements. These are all consistent with analyses used to 
determine each resource’s electric load carrying capacity (ELCC), integration costs, 
dispatchability, siting limitations, and policy requirements. It outlines potential approaches to 
meeting future energy demand while balancing supply and demand requirements, 
environmental constraints, and the risks and benefits for customers.116 

Interconnecting the rapidly growing number of AI data centers with areas where power 
generation is expected to be sited naturally will require an expansion of the Commonwealth’s 
existing transmission and distribution grid. To reduce the cost of adding new generation, new 
generation resources should be sited near existing electrical infrastructure. To further reduce 
the cost of grid modifications, new generation can sometimes be installed at recently retired 
generation sites where transmission facilities remain. HVDC lines that enable energy flow to 
load centers requiring generation should be considered and deployed expeditiously. Grid-
enhancing technologies facilitate the deployment of generation and provide operational 
flexibility but may add complexity to the network. Microgrids can aid restoration but will 
require additional investment in the distribution system to enable the deployment of 
intelligence systems. These locations will incorporate synchronous generation, available 
renewable sources, and energy storage facilities. It is important not to lose sight of the role of 

 
114Reisinger, W., & Gooch, M. (2024, December 17). Virginia energy regulatory updates (November 2024). 

ReisingerGooch PLC. https://reisingergooch.com/virginia-energy-regulatory-updates-november-2024/ 
115Virginia State Corporation Commission. (2024). Final order, Case No. PUR-2024-00086 [PDF]. 

 https://www.scc.virginia.gov/docketsearch/DOCS/86qq01!.PDF 
116Synapse Energy Economics. (2025). Dominion Virginia 2024 integrated resource plan 

docket. https://www.synapse-energy.com/dominion-virginia-2024-integrated-resource-plan-docket 

https://reisingergooch.com/virginia-energy-regulatory-updates-november-2024/
https://www.scc.virginia.gov/docketsearch/DOCS/86qq01!.PDF
https://www.synapse-energy.com/dominion-virginia-2024-integrated-resource-plan-docket


 42 

dispatchable generation such as natural gas with onsite fuel supplies and, eventually, SMRs, 
which will be essential to support black start for the state of Virginia. 

The federal government is advancing new policies that require data centers to either provide 
their own power or fund onsite or nearby power generation over a 20-year planning horizon. 
Virginia is therefore witnessing the early stages of a transformation in how electricity will be 
generated in the Commonwealth. While this report provides the technological options available 
to Virginia, it must be understood that the Commonwealth’s approach to energy generation 
and transmission must be applied within a framework in which FERC will ultimately resolve 
many of the transformational issues now emerging.117 The Commonwealth’s role will be to 
adapt, supplement, and safeguard the public interest as federal and market forces reshape how 
large-scale electricity demand is served. 

 
117Bryant, A. (2024, May 14). Transmission planning reforms finalized in FERC Order No. 1920. White & Case 

LLP. https://www.whitecase.com/insight-alert/transmission-planning-reforms-finalized-ferc-order-no-1920 

https://www.whitecase.com/insight-alert/transmission-planning-reforms-finalized-ferc-order-no-1920
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SECTION 7: CONCLUDING REMARKS 
 

Virginia’s electric power systems are essential to the health, safety, and economic well-being of 
the Commonwealth’s residents and communities. These systems are highly integrated and 
complex in their design and operation, requiring a constant, real-time, 24/7 balance between 
generation and load demand. As such, sound policy dictates a coherent strategy that considers 
all system elements and the characteristics of the technologies that comprise a fully integrated 
system (i.e., generation, transmission, and distribution), rather than an approach that targets 
certain aspects of the system. Life cycle costs are also an important consideration. An 
integrated strategy based on total system life cycle costs is essential to achieve a reliable, 
resilient, sustainable, and affordable system. 

In addressing forecast demand growth across the Commonwealth, decision makers must 
recognize that Virginia’s electric system operates as part of the fully integrated PJM regional 
grid, in which electricity is dispatched and balanced across multiple zones rather than within 
isolated regional systems. While load growth drivers, customer profiles, and infrastructure 
constraints vary by location—for example, data center-driven, high load-factor demand in 
Northern Virginia versus more diurnally peaked residential demand in other parts of the 
Commonwealth—all regions rely on the same interconnected generation and transmission 
network. Consequently, system planning must account for both local conditions that influence 
where generation, transmission, and distribution investments are needed and for their impacts 
on the broader PJM system. Solutions may differ in their geographical application, but they 
must function coherently within a single, regional electric system rather than as independent 
local designs. 

Virginia has a robust, regulatory-based approach that uses sound engineering to plan 
affordable, reliable, sustainable, and resilient electrical power generation, transmission, and 
distribution systems to meet forecast demand growth. The Commonwealth has mandated that 
the state’s largest utility, Dominion Energy, present an IRP that forecasts expected demand and 
evaluates a range of options to meet that demand, including the sensitivity of the options to 
uncertainty in load growth, policy changes, and decarbonization scenarios. This requirement 
has recently been extended to include the Commonwealth’s other large utility, Appalachian 
Power. The State Corporation Commission (SCC) reviews the IRPs for completeness and 
compliance with statutory requirements but does not provide formal approval or authorize 
implementation; transmission planning and resource decisions reflected in the IRP are 
subsequently evaluated through separate PJM, Federal Energy Regulatory Commission (FERC), 
and project-specific regulatory processes. The North American Electric Reliability Corporation 
develops technical reliability standards, with FERC providing legal authority and enforcement of 
those standards. FERC orders are followed by PJM, which oversees the grid's expansion. 

Major generation and transmission projects proposed by Virginia’s utilities may be evaluated 
through PJM’s planning and interconnection processes, where applicable; however, PJM’s 
studies assess system impacts and reliability and do not constitute project approval. Permitting, 
contracting, and construction authority are governed by separate federal, state, and local 
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regulatory processes, including the Virginia SCC, FERC, and other agencies, and may proceed on 
timelines independent of the completion of PJM studies. The time required from the 
recognition of a load need to its fulfillment through this process is substantial and, in an era of 
rapid growth in demand, is a concern. Given the rigor of the IRP process and the location of 
most data centers in Virginia within the Dominion Energy footprint, this working group 
considered the Dominion Energy IRP an important source for its review of electricity demand in 
the Commonwealth. The future availability of an Appalachian Power IRP will be helpful to 
policymakers developing a holistic view of the needs of the Commonwealth’s electrical power 
infrastructure. 

However, it is important to recognize that planning and approval of the Commonwealth’s 
electric system are distributed across multiple institutions with differing jurisdictions and 
objectives. Virginia’s SCC oversees generation and distribution facilities within the 
Commonwealth; regional transmission planning and market operations are conducted through 
PJM, subject to FERC oversight; and utilities themselves undertake system-specific planning 
within these frameworks. While each entity evaluates affordability, reliability, and 
environmental considerations within its respective scope, there is no single, fully integrated 
planning process that comprehensively assesses the system-wide impacts of changes across 
generation, transmission, and distribution simultaneously. As a result, modifications to a 
discrete element of the electric supply system, such as the expansion of a particular storage or 
generation technology, may have broader cost or reliability implications that are not fully 
apparent when evaluated in isolation. 

The most recent (Fall 2025) IRP update developed by Dominion Energy includes a detailed 
lowest-cost plan to meet the forecasted growth in load demand while complying with the 
VCEA. By 2035, the installed capacity under the plan would comprise 37% natural gas, 7% large 
nuclear, 47% solar and wind with battery energy storage systems (BESS), 5% biomass, hydro, 
and pump storage, and 4% market purchases. By 2045, the share from solar, wind, and BESS 
would increase to 54%, while natural gas would decrease to 33%. Nuclear would rise slightly 
from 8% to 9% as the first small modular reactors are put in service. Unless future demand 
significantly exceeds PJM’s annually updated forecasts, the IRP analysis indicated that viable 
pathways exist to meet customer demand. However, there are significant affordability concerns 
regarding the large generation and transmission investments needed to support forecasted 
load growth. Global supply constraints and workforce limitations could also pose challenges to 
meeting the planned growth in generation capability. There is also a concern that legislative 
mandates to support specific technologies could create a disconnect between technology 
readiness and economic realities. 

It is important to recognize that load demand growth driven by Northern Virginia data centers 
also requires a rapid expansion of the Commonwealth's transmission and distribution systems 
since new generation is difficult to site in this region. This will include extra high-voltage (EHV) 
and high-voltage direct current lines, grid upgrades to enable the integration of renewable 
power sources, and the implementation of smart and microgrid concepts. While FERC regulates 
interstate electricity transmission, it ensures regional transmission operators are focused on 
long-term planning and cost allocation and approves rates to encourage expansion. The 
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distribution system undergoes a process similar to that for power generation facilities and is 
reviewed by the SCC to ensure that needs are addressed appropriately and at the least cost, 
while maintaining reliability. The design of the transmission system is therefore guided by 
NERC, which ensures that the grid meets enforceable reliability standards. Utilities assess 
resilience using probabilistic methods to determine the risk under various scenarios that a 
network will cascade into failure or experience voltage collapse. All of these approaches are 
based on sound engineering principles and serve as methods for remediation and resolving 
issues as they are identified. As grid expansion progresses, maintainability, affordability, 
constructability, and supply chain limitations are key constraints.  

As solar and wind power grow, it will be important to ensure that grid-forming and grid-
following inverter-based technologies are carefully implemented. Too rapid or large a transition 
risks loss of the synchronized inertial system that stabilizes the grid and increases reliability 
concerns, such as those recently encountered in the Iberian Peninsula. The proposed 
development of SMR systems, which use high rotational inertia turbines to generate electricity, 
may help with this emerging stability issue. The implementation of emerging demand-response 
practices by large data center customers will also need to be addressed alongside creative data 
center funding for captive generation and for grid expansion and enhancement technologies. 
Several other developments, including microgrids, dynamic line rating, and advanced power-
flow control, will require careful assessment. Policymakers could encourage research and pilots 
of emerging technologies to explore and evaluate their value to the electric system in Virginia 
for wider deployment, should they appear beneficial.  

The increasing data center load is driven by the rapid emergence of artificial intelligence and 
other data management tools, as well as policymakers' efforts to attract this data-centric 
industry to the Commonwealth. However, the time required to build the necessary 
infrastructure to supply this rapidly growing load is being affected by the growth of the network 
load, supply chain constraints, and a lack of available talent to evaluate and construct the 
needed infrastructure within the time required by these customers. Affordability is being driven 
by this acceleration in demand and the simultaneous need to reshape the generation and 
transmission landscape. Adapting the generation, transmission, and distribution infrastructure 
to meet a doubling of demand over the next decade will pose a major challenge for the 
Commonwealth. This report indicates that it can be met through close coordination among the 
utilities, customers, the national and regional grid regulators, and the various agencies of the 
Commonwealth of Virginia. 
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APPENDIX A: SMALL MODULAR REACTOR CONCEPTS AND THEIR 
READINESS 

 

Developers are attempting to bring a wide range of nuclear reactor technologies to market. This 
appendix contains a high-level summary of the most promising technologies, the potential 
advantages of each, the major companies associated with them, and their technological 
readiness.  

Although there is no universally accepted definition of the term small modular reactor (SMR), 
many consider 500 MWe (megawatts electricity) or fewer to be small. The very large upfront 
capital expense of deploying traditional nuclear reactors has been a major barrier to their 
broader adoption. SMR developers seek to reduce that upfront cost by building the reactor in a 
factory and shipping it to the generating site, much the same process as is used with gas 
turbines. In addition, most SMRs possess passive safety features that are an advantage 
compared to the current fleet as well as the potential for black start during periods of grid 
disruption. Some estimates suggest that SMRs may have somewhat higher levelized cost of 
electricity (LCOE) over the life of the plant in comparison with traditional, large GW-scale 
(gigawatt = 1,000 MWe) reactors, but utilities can offset that drawback by installing multiple 
units at a single site. Finally, the NRC mandates 10- to 50-mile emergency planning zones (EPZs) 
around large light water reactors for plume and ingestion, respectively. The NRC now accepts 
applications for reactor deployments of less than 1000 MWt (MW thermal) on a case-by-case 
basis, potentially reducing the size of the EPZ.  

Light Water Reactors 

The current commercial reactor fleet in the U.S. is composed of light water reactors (LWRs) 
which are cooled by natural water. They come in two types: a boiling water reactor (BWR) and a 
pressurized water reactor (PWR). About one-third of the current fleet are BWRs, which have 
simpler energy conversion systems where the steam that drives the turbines is created in the 
primary reactor cooling loop. Two-thirds are PWRs, in which the primary cooling loop is 
separated from steam generated at lower pressure, avoiding the possibility that steam turbines 
are exposed to radioactivity. Both types of systems have been safely operated by the utilities 
with high a capacity factor for over half a century. Table 1 below presents new LWR designs, 
including the large AP1000 reactor and several SMRs being developed here in the U.S. along 
with their readiness.   

The two nuclear power stations in the Commonwealth of Virginia each have two large 
Westinghouse PWRs. As indicated in Table 1, numerous sites around the world have already 
deployed or are seeking to deploy new AP1000s, which boast new passive safety features. 
Although it has offered them in the past, GE-Vernova is not currently promoting a single GW-
scale nuclear reactor as its primary market solution. Instead, it is focused on the BWRX-300 
SMR, which can be deployed in multi-unit clusters to reach GW-scale. For example, itgs project 
in Ontario, Canada, involves four BWRX-300 units, totaling 1.2 GW of total power.  
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Company Reactor Name 
(ReactorType) 

NRC/DOE Status Fuel type and 
Readiness 

State, Site, & Planned 
deployment or demo date 

Westinghouse 
AP1000 

(1100-1120 MW, 
GenIII+) 

NRC licensed; 2 
operating at Vogtle 

Plant in GA 

Zr-clad LEU oxide, 
NRC approved, 
commercially 

available 

US (2 in GA), 4 in China & 2 
planned, and more planned 

in Ukraine, Poland, etc.) 
2018 

Westinghouse 
AP300 

(300 MW, 
PWR-SMR) 

pre-application 
engagement phase “ 

Discussions in US (MO, OH, 
WV, PA,…)/UK (North 

Teesside)/Canada (mult.), 
2030-33 

GE-Vernova BWRX-300 
(BWR-SMR) 

NRC construction 
permit application 

(CPA) in review; 
CNSC construction 

license issued  

“ 

Plans in US (TN, TVA Clinch 
River Site), Canada (Ontario, 

Darlington);  

2030 

Holtec 
International 

SMR-300 

(300 MW, 
PWR-SMR) 

NRC conducting an 
acceptance review 

of application  
“ 

Plans in the US (MI, 
Palisades), UK (Cottam), 

2030 

NuScale 
Power 

NuScale VOYGR 
PowerModule (77 
MW, PWR-SMR) 

NRC standard 
design approval 

(77 MWe) 
“ 

Plans in US (TN, 
TVA/ENTRA1, ID Project was 

cancelled) 

Early 2030s 

Table 1. New light water reactor designs within the U.S. 

The Tennessee Valley Authority (TVA) has received cost-sharing funding from the Department 
of Energy (DOE) to provide up to $400 million for the deployment of up to four BWRX-300 units 
at its Clinch River site in Tennessee. Holtec has received a similar $400 million funding 
commitment from DOE to support deployment of two of its own SMR-300 units at the Palisades 
Plant in Michigan. The NuScale VOYGR PowerModule is a novel concept that envisions four to 
12 reactors deployed within a single containment building. VOYGR is the only SMR reactor 
design that is fully NRC approved. (Some developers are not seeking a design certification from 
the NRC and instead are choosing to proceed under a traditional regulatory licensing path.) A 
major NuScale power plant project in Idaho was cancelled due to rising cost estimates. 
However, NuScale Power/ENTRA1 has a collaborative agreement with TVA to deploy six power 
plants in Tennessee, each containing up to 12 VOYGR reactors. It is the largest SMR deployment 
framework announcement in the United States.  

All of the above are considered third generation plus (Gen III+) reactors, which are based on 
established LWR technology and decades of operational experience, with improvements that 
target increased passive safety and reduction of initial capital expense. In addition to those, 
there are several fourth generation (Gen IV) reactor concepts that do not make use of cooling 
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with water. They all operate at significantly higher temperatures than LWRs, which unlocks 
higher thermodynamic efficiency in the conversion of fission-derived heat into electricity. Gen 
IV reactors can be grouped into three broad categories: liquid-metal-cooled reactors, e.g., 
sodium fast reactors (SFRs); high-temperature gas reactors (HTGRs), many of which are micro-
modular reactors (MMRs); and finally, molten-salt reactors (MSRs).  

Liquid-Metal-Cooled Reactors 

A long-term advantage of so-called fast-spectrum reactors like the liquid-metal-cooled reactors 
listed in Table 2 is the potential to take advantage of byproducts derived from used nuclear 
fuel, potentially making better use of available uranium and reducing the long-term nuclear 
waste generated by the industry.  

 

Company Reactor Name 
(ReactorType) NRC/DOE Status Fuel type and 

Readiness 
State, Site, & Planned 

deployment or demo date 

TerraPower 

Natrium (300 
MWe) sodium 

fast reactor (SFR) 
SMR 

Construction 
permit 

application (CPA) 
docketed, under 

NRC review 

HALEU metallic, 
DOE tested, not 

yet NRC approved 
or commercially 

available 

PacifiCorp Naughton 
Power Plant, Kemmerer, 

WY; planned connection to 
grid 2031 

Oklo Aurora (50 – 75 
MWe) SFR, SMR 

NRC pre-licensing; 
DOE 

Authorization for 
demo at INL  

“ Demo at Idaho National 
Laboratory; 2027-28 

Aalo Atomics 

Aalo Pod (10 
MWe), Na-K 

cooled, thermal 
MMR 

NRC pre-licensing; 
DOE 

Authorization for 
demo at INL 

LEU+ oxide or or 
HALEU-ZrH TRIGA 

type fuel 

Demo at Idaho National 
Laboratory; 2028 

First 
American 
Nuclear 
(FANCO) 

EAGL-1 (240 
MWe) lead-

bismuth cooled 
fast SMR 

No available 
record of NRC or 
DOE engagement 

Zr-clad LEU oxide, 
NRC approved, 
commercially 

available, with 
plans to transition 

to reprocessed 
fuel 

State of Indiana; 2032 

Table 2. Leading U.S. liquid-metal-cooled reactor designs 

Another benefit of fast-spectrum reactors is reduced susceptibility to neutron-absorbing fission 
products (e.g., xenon-135), which reduce fuel efficiency in conventional LWRs. The TerraPower 
Natrium reactor boasts an additional feature that incorporates an integrated molten-salt 
thermal storage system that allows up to approximately 500 MW of additional energy to be 
dispatched during periods of peak demand. This capability enhances grid reliability and 



 49 

supports the integration of renewable energy sources like wind and solar. Under DOE’s 
Advanced Reactor Demonstration Program (ARDP), TerraPower’s Natrium reactor project was 
competitively selected in 2020 for a 50/50 cost-shared public-private partnership, beginning 
with an initial $80 million federal award and authorizing up to approximately $2 billion in DOE 
support over about seven years—matched dollar-for-dollar by TerraPower and its partners. 
These funds are being used to fund design, licensing, fuel and supply-chain development, and 
construction of the first Natrium demonstration plant in Wyoming. Terrapower also signed an 
agreement with Meta in January 2026, to build up to eight more Natrium plants across the 
nation. Oklo is pursuing a similar, though smaller SFR design based on the experimental EBR-II 
reactor that ran for decades at Idaho National Laboratory (INL).  

Aalo Atomics is promoting a design inspired by the INL Microreactor Application Research 
Validation and Evaluation (MARVEL) project. In contrast to other liquid-metal-cooled reactors, 
which operate in the fast spectrum, it employs graphite moderation, focusing on reducing its 
operational footprint to enable co-location with large energy consumers like data centers 
rather than waste reduction.  

While there have been decades of operational experience with around 20 different sodium-
cooled reactors around the world (especially in U.S., Russia, China, and France) since the 1950s, 
nearly every example was plagued by sodium leaks and/or fires. This has motivated some 
developers, such as First American Nuclear (FANCO) to contemplate other liquid metal coolants 
like lead (Pb) or a lead-bismuth (Pb-Bi) alloy, which are not as reactive or flammable. It is 
noteworthy that NRC completed its Final Safety Evaluation and Environmental Impact 
Statement (EIS) for the TerraPower Natrium reactor in December 2025, though final approval of 
the planned smaller emergency planning zones (EPZ) has been left to the final construction 
permit and operating license approval process.  

High-Temperature Gas Reactors 

The leading high-temperature gas reactor designs which are being promoted within the U.S. are 
listed in Table 3. There are three major advantages of these HTGR concepts. The first is very 
high temperature operation which unlocks additional thermodynamic efficiency. The second 
benefit of such high temperature operation will be demonstrated by the X-Energy project with 
Dow Chemical, and that is the potential to generate industrial process heat in addition to 
electricity. Finally, as suggested above, the EPZ for HTGR microreactors may be as small as the 
reactor site itself, opening the potential to co-locate the reactors near high-energy demand 
facilities like data centers and within population centers. 

There is extensive DOE and Department of Defense (DOD) support for the development of 
HTGRs and the HALEU TRISO fuel they require. As part of the U.S. DOE’s ARDP, X-Energy’s 
Xe-100 reactor was selected in 2020 for a 50/50 cost-shared public-private partnership that 
began with $80 million in initial federal funding and provides for up to roughly $1.23 billion in 
DOE support over about seven years, matched by private capital, to license, build, and 
demonstrate a four-unit Xe-100 plant and its associated TRISO-X fuel fabrication facility. DOD 
projects known as Pele and Janus also seek to develop these concepts to support remote and 
domestic military installations. The DOE has recently announced $2.7 billion investments in new 
uranium enrichment (especially centrifuge) facilities in partnership with American Centrifuge 
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Operating, General Matter, and Orano Federal Services. These investments will ultimately 
support all aspects of the nuclear energy industry, including legacy LWRs. Similarly, the nuclear 
industry (including the Commonwealth’s own BWXT) has received federal support to develop 
TRISO fuel manufacturing facilities. Despite this level of federal support, even proponents 
acknowledge that these reactors are expected to have substantially higher levelized cost of 
electricity (LCOE) in the short (and perhaps even in the long) term, at least in part due to their 
reliance on a new fuel form. Furthermore, while this fuel form boasts higher inherent safety 
and proliferation resistance than current fuel forms, it will result in a higher tonnage of spent 
nuclear fuel per unit of energy produced, which must be managed long-term. 

 

Company Reactor Name 
(ReactorType) NRC/DOE Status Fuel type and 

Readiness 
State, Site, & Planned 

deployment or demo date 

X-energy 
Xe-100 (100 

MWe, (HTGR) 
SMR 

construction 
permit 

application (CPA) 
docketed and 

under NRC 
review 

HALEU TRISO 
being DOE 

tested, not NRC 
licensed, 

commercial 
manufacturing 

being established 

Seadrift, TX Dow Chemical 
plant (to provide industrial 

process heat); 2029-30 

Kaliedos Radiant (1 MWe, 
HTGR-MMR) 

DOE 
Authorization for 
demo at INL 2026 

“ Idaho National Laboratory; 
2026 

Nano Nuclear 
Energy 

Kronos (45 
MWt/10 MWt, 

HTGR-MMR) 

Seeking to 
demonstrate in IL “ 

University of Illinois, 
Urbana-Champaign, IL; 

2028-2030 

ZettaJoule ZJ (12 MWe, 
HTGR) 

Decades of 
operational 
experience, 

Japan 

“ 
State of Texas, with 

support from Aramco, 
early 2030s 

Antares R-1 (1 MWe, 
heat pipe MMR) 

DOE 
Authorization for 
demo at INL 2026 

“ Idaho National Laboratory; 
2026 

Westinghouse eVinci (5 MWe, 
heat pipe MMR) 

Pursuing demos 
in PA and ID “ 

Penn State University, PA; 
Idaho National Laboratory; 

2026 

Table 3. Leading high-temperature gas reactor (HTGR) designs, as well as the similarly 
fueled Westinghouse eVinci and Antares R-1 heat pipe reactor designs, within the U.S. 
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Molten Salt Reactors 

The final major category, the Molten Salt Reactors, listed in Table 4, unlocks the same passive 
safety features of other Gen IV reactor concepts, since they all possess a highly negative 
coefficient of reactivity, which prevents the possibility of meltdown. Like the liquid-metal-
cooled reactors, MSRs operate at near ambient pressures (eliminating any concern about 
pressure-driven dispersion of radiotoxic materials, which is the major reason LWRs require 
sophisticated containment buildings) while avoiding the reactivity of liquid sodium. And like the 
other Gen IV reactors, MSRs operate at high temperatures, enabling higher thermodynamic 
efficiency. In addition, MSRs incorporate the possibility of on-line refueling, obviating the need 
for periodic reactor shutdowns to refuel, which has the potential to increase their capacity 
factor. One of the biggest challenges faced by MSR developers is the corrosive nature of the salt 
itself. 

The Kairos Power Fluoride Salt-Cooled High-Temperature Reactor is a hybrid concept which 
involves the use of a molten salt coolant and HALEU TRISO fuel pebbles. It foregoes some of the 
efficiency advantages of so-called integrated MSRs, where the fuel is integrated within the 
cooling salt, but also circumvents some of the regulatory challenges that other MSR developers 
are facing. Kairos Power was selected in 2020 for a $629 million, seven-year cost-shared award, 
with up to $303 million provided by DOE under a performance-based, fixed-price milestone 
agreement to design, construct, and commission the Hermes fluoride-salt-cooled test reactor 
being constructed in Oak Ridge, Tennessee, supporting development of its commercial KP-FHR 
technology. 

More generally, MSRs open new, more efficient avenues for fuel reprocessing. These can even 
include the possibility of on-line fuel reprocessing. This is exciting because it could lead to more 
efficient use of nuclear material. However, it could also lead to additional technical challenges 
associated with remote handling, and it also raises concerns with nuclear weapons non-
proliferation experts because traditional, international safeguards and nuclear material 
accounting methods do not apply, and new ones will have to be developed. For these reasons, 
many view the MSR as the most long-term solution of available options. On the other hand, the 
U.S. operated an experimental MSR for years during the 1960s, and the Shanghai Institute of 
Applied Physics has successfully repeated this demonstration in Wuwei, Gansu Province, with 
its deployment of a 2 MWt experimental thorium-based molten salt reactor, which began 
operation in 2023. 

The fast-spectrum molten chloride salt reactor experiment being developed by TerraPower 
with Southern Company explores further waste reduction beyond that achievable by its 
Natrium sodium fast reactor. The remaining companies have chosen to operate in the thermal 
spectrum, which reduces the waste-burning potential, but some (e.g., FLiBe Energy, ThorCon, 
and Copenhagen Atomics) still contemplate the possibility of breeding as much or more fuel 
than they consume by adopting the so-called thorium fuel cycle. These reactors would 
ultimately operate on the more abundant naturally occurring and fertile isotope, Th-232, which 
can be converted into fissile U-233, similar to the way U-238 is converted to fissile Pu-239 
within current reactors. The distinction is that breeding is technically possible with thermal 
spectrum reactors, which require a smaller fuel loading. Furthermore, fissile U-233 is inherently 
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more radiotoxic than Pu-239, due to inevitable U-232 contamination, rendering it less attractive 
for weapons proliferation than the Pu-239 generated within current reactors. 

 

Company Reactor Name 
(ReactorType) NRC/DOE Status Fuel type and 

Readiness 
State, Site, & Planned 

deployment or demo date 

Natura 
Resources 

Natura MSR-1 (1 
MWt)  

First NRC 
approved 

research reactor 
in 40 yrs 

UF4 containing 
FLiBe salt. Not 

yet NRC 
approved 

Abilene Christian 
University, Abilene, TX; 

2026 

TerraPower/ 

Southern 
Company 

MCRE (Molten 
Chloride Reactor 

Experiment) 
world’s first 

molten salt fast 
reactor 

DOE 
Authorization for 

demo at INL 

UCl4 containing 
chloride salt, not 

yet NRC 
approved 

Idaho National 
Laboratory; 2028-2030 

Terrestrial 
Energy 

Integral Molten 
Salt Reactor 
(IMSR, 390 

MWe, with 1 
MWt test 
planned) 

DOEProject 
TETRAto 

construct and 
operate a pilot 

reactor 

UF4 dissolved in 
Na, Be, Li 

fluoride, not yet 
NRC approved  

Texas A&M-RELLIS 
campus, Bryan, TX;  

early 2030s 

Flibe Energy 

Lithium Fluoride 
Thorium Reactor 
(LFTR, 25  MWe 

– 100 MWe 
MSR) 

Pre-licensing 
discussion with 

NRC 

UF4 dissolved in 
FLiBe salt, not yet 

NRC approved 
N/A 

ThorCon 
ThorCon-500 or 
TMSR-500 (2 x 

250 MWe) 

Active pre-
licensing in 
Indonesia 

Na, Be, Th, U 
fluoride salt, not 

yet NRC 
approved 

Indonesia, 2030 - 2032 

Copenhagen 
Atomics 

Waste Burner 
(33 MWe, MSR) 

Engaging via U.S. 
partners 

UF4 containing 
FLiBe salt, not yet 

NRC approved 

Paul Scherrer Institute, 
Switzerland; 2028 - 2030 

Kairos Power 
KP-FHR (320 

MWt) Hermes 
(35 MWt, demo)  

Demo reactor 
under 

construction at 
DOE Lab in TN 

HALEU TRISO  
“pebbles” in 

FLiBe salt, not yet 
NRC approved 

Oak Ridge, TN; 2026-2027 

Table 4. Leading molten salt reactors in the U.S. 
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In conclusion, this appendix is a high-level summary of the various nuclear energy technologies 
being actively developed, including small modular reactors, micro-modular reactors, and Gen IV 
advanced reactors. The tables with their lists of scheduled deployments of commercial and 
laboratory demonstration reactors as well as fuel forms and NRC licensing status have been 
included to provide readers with a sense of the reactors’ relative readiness for commercial 
deployment. Specific advantages (especially passive safety, efficiency, waste reduction) of each 
class as well as the challenges that must be faced are identified. The order in which they are 
listed is intentional: 

• LWRs have the highest level of readiness, if not the longest list of potential advantages. 
LWRs have operated safely and at high-capacity factors in the U.S. for decades.  

• SFRs and HTGRs both have decades of operational experience (mainly as laboratory 
demonstrations), momentum from private investors, and significant federal support.  

• MSRs may unlock the greatest advantages in the long run, but they also have the most 
outstanding technical and regulatory hurdles to overcome. 
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APPENDIX B: ENERGY WORKING GROUP MEMBERS AND 
REVIEWERS 

 

Energy Working Group 

Participation by the members of this working group does not indicate endorsement of this 
report’s contents by any organizations they represent. 

Sean Agnew is the William G. Reynolds Professor of Materials Science at the University of 
Virginia. His research focuses primarily on metal analysis, including magnesium alloy 
formability, intermetallic behavior, and aluminum alloy fatigue. He serves on the board of 
directors of the Virginia Nuclear Energy Consortium. 

Robert Carritte is the former principal officer at MPR Associates, an engineering firm in 
Alexandria, Virginia. He has worked on a number of energy projects, including nuclear- and 
fossil-fuel-fired power plants, large-scale wind farms, and high-voltage switchyards, substations, 
and transmission lines. 

David Christian is chairman of the National Nuclear Accrediting Board and served on the 
management committee of the Institute for Electric Innovation at the Edison Electric Institute. 
He is a former executive vice president and chief innovation officer at Dominion Energy. 

Todd Flowers is the director of generation development at Dominion Energy, leading the 
regulated power generation development team. His responsibilities include developing or 
acquiring power generation projects, such as utility-scale and distributed solar facilities and 
small modular reactors. 

Mathew Gardner is vice president of transmission planning and operations at Dominion Energy 
Virginia, where he is responsible for over 6,700 miles of electric transmission lines and more 
than 800 substation assets. He serves on the board of directors for the North American 
Transmission Forum and the executive advisory council of the Institute of Electrical and 
Electronics Engineers (IEEE) and its Power & Energy Society (PES).  

Liling Huang is an associate professor in the Department of Electrical and Computer 
Engineering at George Mason University and the Dominion Energy Faculty Fellow in Power and 
Energy Systems. She started the Mason Power Community and established the Power 
Engineering Program Advisory Board  

Mike Lamb is general manager of electric transmission operations and maintenance at 
Dominion Energy.  

Chen-Ching Liu is the American Electric Power Professor Emeritus and Director Emeritus of the 
Power and Energy Center at Virginia Tech. He is a member of the National Academy of 
Engineering and a Life Fellow of the Institute of Electrical and Electronics Engineers. Dr. Liu 
serves as Chair of VASEM's Energy Working Group. 

Mike Loose is a former corporate operations officer at the Parsons Corporation and retired vice 
admiral in the U.S. Navy, where he served as deputy chief of naval operations for fleet 
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readiness and logistics. He also served as the U.S. Navy’s executive agent for energy and 
energy-related matters for afloat and shore infrastructure. 

Mark Mcvey is an electrical transmission equipment and technology senior strategic advisor 
with 40 years of experience at Dominion Energy. He has served as the technical chair for CIGRE 
B3 Substations, the convener of CIGRE Brochures 614 and 805, and an advisor for CIGRE B3 AA3 
air-insulated substations. He is a fellow of the Institute of Electrical and Electronics Engineers. 

David Roop is the former director of electric transmission operations at Dominion Energy, 
where he focused on transmission reliability, resiliency, and operations. He is a member of the 
National Academy of Engineering and a life senior member of the Institute of Electrical and 
Electronics Engineers. 

John Scully is the Charles Henderson Chaired Professor of Materials Science and Engineering at 
UVA and co-director of the Center for Electrochemical Science and Engineering. His nuclear-
energy-related research includes the study of irradiation and corrosion of legacy as well as 
emerging materials in harsh environments typical of coolants used in Gen IV nuclear reactors. 

Brian Smith is the chief technology officer for nuclear science and technology at Idaho National 
Laboratory. He leads the laboratory’s strategy for accelerating the deployment of advanced 
nuclear reactors and fuel cycle technologies. 

Haydn Wadley is a University Professor and the Edgar Starke Professor of Materials Science and 
Engineering at the University of Virginia. His research has covered many aspects of nuclear and 
aerospace materials. He is a former member of the National Academies National Materials 
Advisory Board and was chair of its Defense Materials, Manufacturing, and Infrastructure 
Standing Committee. He led the development of this report. 

Richard Zhang holds the Hugh P. and Ethel C. Kelly Chair in Electrical and Computer Engineering 
at Virginia Tech and directs its Center for Power Electronics Systems. He is a former chief 
technology officer of GE’s Grid Integration Solutions, a $1 billion business focusing on high-
voltage DC transmission and flexible AC transmission systems. He is a fellow of the Institute of 
Electrical and Electronics Engineers. 

 

Reviewers 

The Virginia Academy of Science, Engineering and Medicine is grateful to the many individuals 
who reviewed this report during its preparation. The reviewers provided many constructive 
comments on the draft report and helped focus its objectives. However, they were not asked to 
endorse any of the report’s observations or findings, nor did they review this final version of the 
report. VASEM is also grateful to Nat Draper and Zach Eisenman for their support during the 
study. 

Alfred Grasso, President, Virginia Academy of Science, Engineering and Medicine. 

Andrew Grimshaw, Professor Emeritus, University of Virginia. 
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Charles Feigenoff, author of VASEM publications on climate change, the aerospace industry, 
artificial intelligence, and Virginia’s energy future. 

Carrie Hearne, Executive Director, Commission on Electric Utility Regulation. 

Anita Jones, University Professor Emerita, University of Virginia.  

M. Granger Morgan, Hamerschlag University Professor of Engineering, Carnegie Mellon 
University. 

Archie D Pugh, Vice President, American Electric Powers’ Transmission Field Services Group, 
Transmission East.  

 

 




