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Introduction

This paper articulates the case that deployment of advanced nuclear generation 

technologies can and should play a major role in enhancing electric grid resilience. 
Before addressing specific factors in support of this broad proposition, it is nec-
essary to define the scope of the recommendation, as well as to clarify issues to be 
addressed.

The term “resilience” is frequently overused. It is also applied by different 
audiences for different purposes, quantified by different measures to avoid a range 
of adverse consequences. I recently suggested an organizing framework to facili-
tate how industry, policymakers, and regulators could factor “resilience” into fu-
ture utility investments (Mroz 2021).

This article clarifies how advanced nuclear generation technologies could 
be deployed to enhance the “resilience” of the electric grid and to address emerg-
ing challenges associated with current electric grid evolution. Advanced nuclear 
technologies could also decrease the potential for negative consequences in the af-
termath of public policy aimed at accelerating grid development. While these ob-
servations are specific to the North American and, particularly, the United States 
electric grid, they are likely applicable in other international markets.

Grid Infrastructure Conditions and Public Policies

The condition of US electric power grid is being challenged by policies to decar-
bonize generation resources, including but not limited to the application of new 
digital technologies,  anticipated two-way power flow, and expanded use of renew-
able energy and other forms of distributed generation. Given the current state of 
these technologies and the nature of current grid evolution, care must be taken to 
build resilience going forward.

Many of the consequences associated with grid evolution are attributable 
to the nature of new technologies being deployed. Some result from the transi-
tion from existing generation sources. Others relate to ensuring the continuity of 
electricity supply. Emerging policies addressing climate change can be expected to 
have particular impact on reducing historic levels of base load electricity generation 
from coal and natural gas fueled facilities. Other policies have emerged to widely 
expand the deployment of energy production from solar and wind generation.  
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Avoiding Adverse Consequences on the Electric Grid

A widely recognized consequence of the expanded use of renewable generation 
sources, such as solar and wind, is intermittent electricity production. When the 
sun shines, solar generates; at night or under cloudy conditions it does not. Wind 
generation, whether land based or offshore, generally operates during the day but 
less so at night, during heavy and in other localized meteorological conditions. 
Additionally, demand for electricity is often greater at certain times of the day, 
namely early morning and at night, when generation renewable resources are not 
producing the power needed to meet demand.

The resulting mismatch of supply from renewable generation sources to 
meet demand for electricity load is regularly illustrated by the “California Duck 
Curve”. This mismatch is the consequence of the deployment of renewables and 
not having other resources such as energy storage or having zero or low carbon 
generation sources that can follow the demanded energy load (DOE 2017).

Public policies which compel emissions reduction from electricity genera-
tion simultaneously accelerate the retirement of base load generation facilities that 
are powered by coal and even natural gas. While intermittent renewable resources 
are being deployed at an accelerated rate and load following resources are retiring, 
the resulting mismatch poses new reliability concerns. The emerging problem has 
been the subject of commentary in the Midwest (Utility Dive 2022). In California, 
with a policy history favoring expanded renewables, the legislature recently called 
for continuing operation, and suspension of the previously announced retirement, 
of the two-unit Diablo Canyon nuclear generation facility (San Luis Obispo Tri-
bune 2022). 

The evolving grid and expanded deployment of renewable energy resources 
has led to another dynamic with two interrelated consequences. The increased 
deployment of distributed resources, most notably solar and wind, and parallel 
movement away from central station generation has amplified the need for ex-
panded transmission resources. The expansion of transmission resources could 
allow grid-scale generation which is distant from current transmission hubs to be 
transported across the country. However, planning and siting of multi-state trans-
mission projects, which typically require state and local government approvals, 
creating a significant challenges. Further, the financial investments needed for new 
transmission capacity are increasing at a rapid rate.  

At the same time, previously built transmission resources, particularly hubs 
at or near retiring fossil fuel generation locations and without replacement renew-
able generation, are being stranded literally and then figurately as financial assets. 
The consequence is that ratepayers are confronting new transmission costs while 
still paying the legacy costs for abandoned transmission assets.
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A second consequence, which is a corollary to new transmission planning, 
involves the distribution grid. As more resources such as solar are deployed on 
the distribution grid, localized circuits are challenged to accept the new distrib-
uted load. The additional challenges associated with expanded deployment of re-
newable resources is the inability of the existing grid to manage two-way power 
flow, voltage balance, and dispatch from net metered generation (ClenTechnica 
2022).

An additional consequence on grid operations involves the need to support 
defense critical infrastructure such as military bases. While the Department of 
Defense (DoD) has for many years focused on “mission assurance” of its facili-
ties, military bases often receive electricity like commercial customers and could 
be placed at risk during large grid outages (Department of Defense 2012). At the 
same time, DoD has instituted expanded renewable energy policies similar to those 
previously mentioned. The consequence is that military facilities can experience 
the same intermittent energy supply challenges as the civilian grid if local electric 
or utility service is disrupted. This could impact critical military operations and 
cause mission assurance failure (USDOE, Stockton 2022).

The consequences presented thus far are real, and current standards for grid 
reliability do not adequately address the full scope of reliability challenges. More-
over, with aggressive policies for decarbonization and a concerted drive to deploy 
intermittent distributed generation, there is real potential for stranded transmis-
sion investments. Concerns about the ability to keep electricity flowing during 
wide scale disruptive events are legitimate.  For these reasons, it is essential to pro-
vide solutions capable of averting major adverse consequences by ensuring con-
tinued electricity supply. Advanced nuclear power generation is poised to provide 
the adaptability needed.

Advanced Nuclear and Power Grid Resilience

Nuclear generation operations, particularly in the United States, have been con-
ducted safely since the early 1950s. Technologies that are re-emerging today were 
founded, and in some instances proven, in experiments conducted by the Depart-
ment of Energy (DOE). However, they have not been widely advanced for com-
mercial development (Third Way 2015). 

Specific nuclear technologies are not reviewed in this paper.  However, in 
Table 1, the technologies and representative companies currently seeking to bring 
these projects to completion are summarized.  They include the current light water 
reactor technology integrated into Small Modular Reactors (SMRs) that use water 
cooling systems as well as other reactor designs including molten salt, pebble bed 
with molten salt, high temperature gas, and metal reactors.  
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These technologies, though different in terms of fuel type and cooling pro-
cesses, share attributes that can be expected to advance “resilience,” especially in 
relation to the consequences discussed above. By virtue of being smaller, safer, and 
without significant risks related to used fuel, advanced nuclear technologies have 
important attributes that can meet resilience goals. Those attributes follow.

First, these generation units, including SMRs and microreactors, are “base-
load generation” that can run twenty-four hours a day and seven days a week 
(24/7). They can be deployed for continuous electric or heat production, unlike 
renewables which by definition are “intermittent” generation resources. This 
avoids conditions illustrated by the “California Duck Curve,” mentioned earlier. 
It is, therefore, not surprising that California recently decided to allow the Diablo 
Canyon units to continue operations.

Unlike renewables, small advanced nuclear units have capabilities to ramp 
up and down more quickly. Therefore, these units can be “load following” and 
support dispatch to meet electric demand especially rapidly. And they could be 
load following and even integrated with grid scale renewable resources to provide 
called up capacity when that renewable generation ramps down for the day (LeC-
roy 2021).  

These units can also be a viable option to repower retiring fossil fuel plants. 
This builds on the ability to site units closer to population centers than before. 

Table 1: Overview of current ANG companies and projects under development (Pillsbury 
Winthrop Shaw Pittman, LLP)
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The Nuclear Regulatory Commission (NRC) has required a ten-mile emergency 
evacuation zone around nuclear plants. This was based on the prevailing science 
that a nuclear plume release could migrate up to ten miles.   The NRC recently 
authorized a reduction of the emergency evacuation zone to the “fence line” of a 
facility with new nuclear. It was based on NRC findings that the source term or 
amount of potential radiation release is not of a magnitude necessitating a larger 
emergency zone. Thus, it is now possible to site an advanced nuclear generation 
unit at an existing generation site without further geographic restrictions. This 
would permit the reuse of existing generation sites. The resulting resilience effect 
is that replacement of existing fossil fuel generation will directly reduce carbon 
emissions of retiring coal plants while ensuring reliable generation to that location 
(NEI Website 2019).

An additional benefit relates to the re-use of existing generation sites which 
allow for continuing use of existing transmission assets. As noted, proposed  new 
transmission projects will undoubtedly create lengthy siting and environmental 
impact assessments, adding to the cost for new transmission. The repowering of 
fossil fuel generation through advanced nuclear will minimize new transmission 
costs, avoid delays in the siting process, and avert other impacts to new trans-
mission corridors (Scott Madden 2021). DOE recently issued a report identifying 
more than one hundred current coal generation sites that could be candidates for 
repowering with new nuclear (USDOE, Wrobel, et al. 2022). 

Next, and as an overarching environmental consideration, nuclear has by 
definition zero carbon emissions. With both national and state policies calling for 
complete or near zero carbon emission limits, it is becoming increasingly clear 
that other technologies cannot provide the capacity to attain long-term goals. In-
dustry and government officials in the United States and globally now project that 
most regions can likely attain about 80% of decarbonization goals. But reaching 
the 100% zero carbon mark may be a technological impossibility - unless nuclear is 
utilized to reach the final increment (International Atomic Energy Agency 2020).

Two other attributes of new nuclear designs are relevant here, but only come 
into play under the most extreme circumstances. They are not typically considered 
in assessing “reliability risks” to the grid. They become relevant if there is a cata-
strophic event such as widescale and prolonged grid outages otherwise known as 
“Black Sky” events.

Under such a circumstance, the grid would need to be restarted. The re-
sources necessary to ramp up or “Black Start” are still being evaluated. Most in-
dustry and other commentators do not believe that the United States has sufficient 
Black Start resources in place. Smaller advanced nuclear units could provide a 
foundation for the capability to restart the grid (Greene 2020, Stockton 2018). 

At the same time these discussions are occurring, there has emerged a fo-
cus on defense critical infrastructure and the ability to have uninterrupted power 
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supply for continuity of military operations and mission assurance. While the mil-
itary has considered the use of onsite generation including renewables at defense 
critical facilities, the need for 24/7 generation is crucial to meeting such goals. 
Advanced nuclear generation located on the premises of a defense critical facil-
ity such as a military base may be a viable option for meeting this critical need 
(Yachanin 2016). Recent recognition of this benefit was the announcement by the 
Department of Defense that advanced nuclear will be developed on the premises 
of Ellison AFB in Alaska (Department of Defense 2021).

Conclusion

As the national electric grid continues to evolve, the nation is faced with resiliency 
challenges associated with new policy initiatives and technological developments. 
Unless these challenges are addressed, the ability to attain aggressive climate goals 
and achieve grid reliability may be restricted. There are also implications for na-
tional security. Resilience is defined as the ability to avoid risks but to respond and 
recover quickly from adverse consequences if they occur. For the reasons detailed 
herein, the deployment of advanced nuclear generation technologies including 
small modular reactors and microreactors offers an important opportunity to en-
hance overall grid resilience.
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