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EXECUTIVE SUMMARY

he United States and the Republic of Korea

(ROK) are longstanding civil nuclear part-

ners, with the potential to intensify their

collaboration, especially as global markets
for nuclear energy expand. However, both the US
and South Korean domestic nuclear industries are
facing challenges that are unique to each country. In
the US, an ageing reactor fleet is struggling to remain
online in the face of the rapid growth of renewable
generating capacity and historically low natural gas
prices. Although nuclear power provided 30 percent
of South Korea’s nuclear power in 2016, South Korean
President Moon Jae-in took office in 2017 having run a
campaign that emphasized planned reductions in the
role of nuclear energy.

However, there is reason to anticipate revitalization in
each country’s respective nuclear industry, which will
only be strengthened by increased bilateral coopera-
tion. The US government has taken a renewed inter-
est in nuclear innovation, which has been expressed
in bipartisan legislation that provides funding for
demonstrating advanced reactors and streamlines
the regulatory process. The US has also taken steps
to shore up its civil nuclear export program through
reauthorizing the US Export-Import (Ex-Im) Bank
and lifting the US International Development Finance
Corporation (DFC) ban on nuclear project finance. At
the same time, the ROK-led consortium that is build-
ing the Barakah project in the United Arab Emirates
(UAE) successfully brought the first of four reactors
online in 2020, which will likely be a selling point for
future international projects.

To overcome their challenges and capitalize on their
successes, the US and ROK should seek opportuni-
ties for collaboration in the following areas: bilateral
trade in which US suppliers provide components and

services to projects in South Korea, and ROK firms
supply components to the United States; a key subset
of bilateral trade supporting the demonstration and
deployment of advanced nuclear technology; coop-
eration in research and development to jointly pur-
sue goals in new nuclear technologies; and collabora-
tion in third countries, in which US and South Korean
entities work together to deliver projects that deliver
improved value to the host country through collabo-
ration and bring meaningful value to suppliers in both
countries. To make collaboration along these lines
more effective, both countries should consider the fol-
lowing policy recommendations:

m Commercial and government entities in the US and
ROK should identify opportunities for joint partici-
pation in third-country projects, especially with an
eye toward advanced reactor projects.

= Both countries should invest in export financing
so that they can secure the long-term geopolitical
relationships that accompany the sale of nuclear
energy technologies.

® The US and ROK governments should pursue
cooperation on civil nuclear research, including the
potential for cost-sharing on the US Versatile Test
Reactor (VTR).

® The nuclear energy industries in both coun-
tries should increase commercial cooperation on
advanced reactors in order to strengthen the sup-
ply chain for initial deployment.

® ROK nuclear firms should restore opportunities
for US firms to participate in the ROK’s domestic
nuclear energy infrastructure.
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INTRODUCTION: US-ROK CIVIL
NUCLEAR COOPERATION

ooperation between the United States and
the ROK on civil nuclear energy began in
the earliest years of nuclear power gener-
ation. The United States and South Korea
first signed a Nuclear Cooperation Agreement on
the Non-Military Uses of Nuclear Energy in 1956, and
the first nuclear power plant in the ROK, Kori 1, was a
Westinghouse unit that began operating in 1978

Today, that history of cooperation takes on even more
importance. With nations around the world increas-
ing their demands for energy, and the world focused
on the challenge of decarbonization, global inter-
est in nuclear power is expanding in many countries,
even as the nuclear industry faces challenges in some
geographies where it has historically been strong. For
example, nuclear generation plays a key role in the
International Energy Agency (IEA) 2020 scenarios
that achieve carbon emission objectives; in the case of
achieving net-zero emissions by 2050, primary energy
demand from nuclear power increases by 35 percent.?

Furthermore, the relationships that the United States
and South Korea will build around the world in the
context of civil nuclear power extend into the realm
of geopolitics, and can be very long lasting, since the
export of nuclear technology is the start of a centu-
ry-long relationship that includes security and nonpro-
liferation, training, regulatory support, and ongoing
services and supplies.® Russia and China are also pur-
suing these openings, using the tools of state-owned,
vertically integrated enterprises, but without US disci-
pline on nonproliferation and safety.* Therefore, it is all
the more important that the United States and South
Korea work together on international civil nuclear
matters, both to counter the influence of Russia and
China and to overcome the challenges that the United
States and South Korea both face in their domestic
nuclear industries.

1 Jeffrey C. Crater and George David Banks, “The U.S.-Republic of Korea Nuclear Relationship—an Indispensable Alliance,”
American Council for Capital Formation, December 2016, http://accf.org/wp-content/uploads/2017/04/ACCF-U.S.-ROK-
Report-FINAL.pdf; “Nuclear Power in South Korea,” World Nuclear Association, last updated November 2020, https:/world-
nuclear.org/information-library/country-profiles/countries-o-s/south-korea.aspx.

2 “World Energy Outlook 2020,” International Energy Agency, October 2020, https:/www.iea.org/reports/world-energy-

outlook-2020.

3 “Leading on SMRs,” Nuclear Innovation Alliance, October 2017, https:/www.nuclearinnovationalliance.org/leading-smrs/.

4 Restoring America’s Competitive Nuclear Energy Advantage. A Strategy to Assure U.S. National Security, US Department of
Energy, https://www.energy.gov/sites/prod/files/2020/04/f74/Restoring%20America%27s%20Competitive%20Nuclear%20

Advantage_1.pdf.
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STATE OF THE NUCLEAR INDUSTRY
IN THE UNITED STATES

espite a renewed focus on decarbonizing the
electricity sector, US nuclear power—which
in 2019 provided 20 percent of US electric
generation and 55 percent of its carbon-free
electric generation—is in decline.® Since 2013, more
than 8,400 megawatts (MW) of nuclear generation
have retired prematurely, and another 8,300 MW
are projected to close by 2025, according to public
announcements. A further 13,800 MW of potential
closures were avoided through state policy actions.®
Construction of new generation, which seemed prom-
ising prior to the Fukushima Daiichi nuclear accident,
has fizzled. Two new reactors at the Vogtle nuclear
power plant in Georgia are being completed, but they
are many years delayed, and will cost almost twice
the initial estimate.” The abandoned construction of
two new reactors at the VC Summer plant in South
Carolina led to the demise of SCANA Corp, the former
parent of South Carolina Electric & Gas Company.?

US nuclear power is being pressed by several factors
that are particular to US electric markets, including the
rapid growth of natural gas and renewable generat-
ing capacity, historically low natural gas prices driven
by shale gas production, and the specific structures

of energy markets governed by independent system
operators (ISOs). US natural gas prices for electric
generation averaged $2.50 per thousand cubic feet
in the twelve months through July 2020, resulting in
an equivalent fuel cost component for modern nat-
ural gas combined cycle generation of less than $17
per megawatt hour.? Furthermore, because fuel rep-
resents more than 80 percent of the operating cost
of generation from gas-fired units, increased variable
renewable generation has less of an impact on gas-
fired generators than on nuclear generation.”” In 2018,
the Union of Concerned Scientists concluded that 35
percent of US nuclear power plants, representing 22
percent of US nuclear capacity, were “at risk for early
closure or slated to retire.”" Exelon Generation, which
operates the largest US nuclear fleet, has said that it
expects to retire two generating stations in lllinois in
fall 2021, and that two more lllinois plants are at risk.”?

US nuclear suppliers have been severely weakened,
and the US industry has relied on multinational com-
panies and investors for manufacturing and financial
support. Westinghouse Electric Company, which had
been constructing the Vogtle and VC Summer reac-
tors, was forced into bankruptcy, was purchased by

5 “Net Generation, United States, All Sectors, Monthly,” US Energy Information Administration,

https:/www.eia.gov/electricity/data/browser/.

6 “Closing Panel—Christopher Crane, Exelon,” Federal Energy Regulatory Commission, September 25, 2020,

https:/www.ferc.gov/media/closing-panel-christopher-crane-exelon.

7 Sonal Patel, “How the Vogtle Nuclear Expansion’s Costs Escalated,” Power, September 24, 2018,
https:/www.powermag.com/how-the-vogtle-nuclear-expansions-costs-escalated/.

8 Alex Crees, “The Failed V.C. Summer Nuclear Project: A Timeline,” Choose Energy, December 4, 2018,
https:/www.chooseenergy.com/news/article/failed-v-c-summer-nuclear-project-timeline/.

9 US Energy Information Administration data and author calculations; incorporates EIA’s “benchmark” heat rate of 7000 BTU/kWh.

10 Zeke Hausfather, “Mapped: The US Nuclear Power Plants ‘at Risk of Shutting Down,” CarbonBrief, July 24, 2018,
https:/www.carbonbrief.org/mapped-the-us-nuclear-power-plants-at-risk-of-shutting-down.

1 “The Nuclear Power Dilemma: Declining Profits, Plant Closures, and the Threat of Rising Carbon Emissions,” Union of
Concerned Scientists, October 9, 2018, https:/www.ucsusa.org/resources/nuclear-power-dilemma.

12 David Roeder, “In ‘Power Play, Exelon Vows to Close Byron and Dresden Nuclear Plants,” Chicago Sun-Times, August 27,
2020, https://chicago.suntimes.com/business/2020/8/27/21403463 /exelon-vows-close-byron-dresden-nuclear-plants;
Aaron Larson, “Exelon Makes Plans to Retire Byron and Dresden Nuclear Plants in 2021, Power, August 27, 2020,
https:/www.powermag.com/exelon-makes-plans-to-retire-byron-and-dresden-nuclear-plants-in-2021/.

FIGURE 1
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US Natural Gas and Marginal Fuel Cost for Power

$/Mcf $/Mcf (12-mo. avg.) $/MWh fuel cost for power (12-mo. avg.)
$/Mcf $/MWh
$6 $30
$5 $25
$4 $20
$3 $15
$2 $10
$1 $5
$0 $0

JAN "18 APR 18 JUL 18 OCT’18  JAN'19 APR 19

SOURCE: US ENERGY INFORMATION ADMINISTRATION

JUL"19 OCT’19 JAN’20 APR’20 JUL’20

NOTE: Natural gas price is the US average natural gas for electric generation (https:/www.eia.gov/opendata/
gb.php?sdid=NG.N3045US3.M). Fuel cost for power incorporates the “benchmark” heat rate of 7,000 British
thermal units (BTU) per kilowatt hour (kWh) used in the US Energy Information Administration (EIA) daily price
reporting (see https://www.eia.gov/todayinenergy/prices.php).

Brookfield Business Partners in 2018, and is primarily
focused on providing services.” The United States has
lost its ability to forge the pressure vessels for large
light water reactors (LWRs); Doosan Heavy Industries
and Construction (Doosan) fabricated the pressure
vessels and steam generators for the Westinghouse
AP1000 reactors at the Vogtle units in Georgia.*
General Electric (GE) reorganized its nuclear business
into an alliance with Hitachi, now GE Hitachi Nuclear
Energy (GE Hitachi or GEH).® The United States once
provided the entire world outside the former Soviet
Union and its allies with nuclear fuel, but no longer
has any enrichment production using US technology.
The only enrichment production located in the United

States is UUSA, a subsidiary of Urenco, which is owned
by European governments and government-sup-
ported entities and uses European technology.'®

The decline of the US nuclear industry has conse-
guences for national security.” Reductions in manu-
facturing and service work for civilian nuclear power
place a greater burden on the military to maintain
support for businesses with capabilities and qualifi-
cations that meet nuclear standards. It is more diffi-
cult to attract military personnel to work in nuclear
fields if there are fewer civilian nuclear jobs, or if those
jobs are less attractive because of a poor outlook for

13 “Brookfield Business Partners Completes Acquisition of Westinghouse Electric Company,” Brookfield, press release,
August 1, 2018, https:/bbu.brookfield.com/en/press-releases/2018/08-01-2018-211711827; “Our Vision and Values,”
Westinghouse, https:/www.westinghousenuclear.com/about/vision-and-values.

14 Matt Bowen, Strengthening Nuclear Energy Cooperation between the United States and Its Allies, Columbia School of
International and Public Affairs, July 28, 2020, https:/www.energypolicy.columbia.edu/research/report/strengthening-

nuclear-energy-cooperation-between-united-states-and-its-allies.

15 “About Us,” GE Hitachi, https:/nuclear.gepower.com/company-info/about-ge-hitachi.

16 “UUSA: The National Enrichment Facility,” Urenco, https:/www.urenco.com/global-operations/uusa.

17 Atlantic Council Task Force on US Nuclear Energy Leadership, US Nuclear Energy Leadership: Innovation and the Strategic
Global Challenge, Atlantic Council, May 20, 2019, https:/www.atlanticcouncil.org/in-depth-research-reports/report/
us-nuclear-energy-leadership-innovation-and-the-strategic-global-challenge-2/.
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the industry.® Nuclear exports enable US leadership
worldwide in nuclear safety and nonproliferation.”®

In contrast to the specter of retirements and the poor
near-term outlook for new nuclear power plants,
operations at existing power plants have been stellar.
Improvements in refueling and other aspects of opera-
tions have increased capacity factors (the percentage
of output available throughout the year) from 70 per-
cent in the early 1990s to an average of more than 93
percent in 2019, which translates proportionally into
increased generation output.?® In addition, the indus-
try has been able to achieve power uprates at existing
plants of more than 2,000 MW since 2010 and almost
4,000 MW since 20017

Furthermore, there is increasing optimism around the
prospects for several advanced nuclear power tech-
nologies being developed throughout the United
States. Recently, many innovative technology startups,
as well as established nuclear leaders, have begun to
pursue approaches to nuclear power that are very dif-
ferent from the current generation of gigawatt-sized
reactors, with their attendant long construction times
and significant risk of cost overruns. These technol-
ogies use a variety of technical approaches, but all
focus on modular construction, factory fabrication,
shorter construction times, and passive safety.?? As of
October 2019, there were more than seventy projects

to develop advanced nuclear technologies being pur-
sued in the United States and Canada.®

Two developers have begun the process of obtain-
ing license approvals from the US Nuclear Regulatory
Commission (NRC). NuScale Power is working
with Utah Associated Municipal Power Systems
(UAMPS) to construct a modular 720-MW project on
a Department of Energy (DOE) site in Idaho.?* The
DOE recently approved a cost-share award of up to
$1.4 billion to support the construction of this proj-
ect.?®> NuScale received its Final Safety Evaluation
Report from the NRC in August 2020, clearing the
way for UAMPS to pursue a construction and operat-
ing license.?® Oklo Power is seeking to build a 1.5-MW
micro nuclear reactor at an Idaho National Laboratory
site; in June 2020, the NRC accepted its application
for a combined license review.?”

The US government has recently taken several steps to
support advanced reactor development. The Nuclear
Energy Innovation Capabilities Act of 2017 (NEICA)
and the Nuclear Energy Innovation and Modernization
Act (NEIMA) received bipartisan support and became
law in 2018 and 2019, respectively, providing research
support for, and reinforcing regulatory changes to
facilitate, advanced nuclear development.?® The
Nuclear Energy Leadership Act (NELA) was pro-
posed, and passed by the Senate, as an amendment
to the National Defense Authorization Act for Fiscal

18 Robert F. Ichord, Jr., and Bart Qosterveld, The Value of the US Nuclear Power Complex to National Security, Atlantic Council,
October 2019, https:/www.atlanticcouncil.org/wp-content/uploads/2019/10/Nuclear-Power-Value-IB-final-web-version.pdf.

19 Jane Nakano, “The Changing Geopolitics of Nuclear Energy: A Look at the United States, Russia, and China,” Center for
Strategic and International Studies, March 12, 2020, https:/www.csis.org/analysis/changing-geopolitics-nuclear-energy-look-

united-states-russia-and-china.

20 “U.S. Nuclear Industry Capacity Factors,” Nuclear Energy Industry, https:/www.nei.org/resources/statistics/us-nuclear-

industry-capacity-factors.

21 “U.S. Nuclear Industry Yearly Power Updates and Capacity Additions,” Nuclear Energy Industry,
https:/www.nei.org/resources/statistics/us-industry-yearly-uprates-and-capacity-additions.

22 See, e.g., "Advanced Nuclear Energy: Need, Characteristics, Projected Costs, and Opportunities,” Clean Air Task Force, April
2018, https://www.catf.us/wp-content/uploads/2018/04/Advanced_Nuclear Energy.pdf.

23 John Milko, Jackie Kempfer, and Todd Allen, “2019 Advanced Nuclear Map,” Third Way, October 17, 2019, https:/www.

thirdway.org/graphic/2019-advanced-nuclear-map.

24 “UAMPS Carbon Free Power Project,” Fluor, https:/www.fluor.com/projects/carbon-free-power. UAMPS is a joint-action
governmental agency that provides energy services to forty-six community-owned power-system members located

throughout the intermountain western states.

25 Larry Pearl, “DOE Approves Up to $1.4B to Test 12-Module NuScale Reactor,” Utility Dive, October 19, 2020,
https:/www.utilitydive.com/news/doe-approves-up-to-14b-to-test-12-module-nuscale-reactor/587265/.

26 “NuScale Power Makes History as the First Ever Small Modular Reactor to Receive U.S. Nuclear Regulatory Commission
Design Approval,” NuScale, press release, August 28, 2020, https:/newsroom.nuscalepower.com/press-releases/news-
details/2020/NuScale-Power-Makes-History-as-the-First-Ever-Small-Modular-Reactor-to-Receive-U.S.-Nuclear-Regulatory-

Commission-Design-Approval/default.aspx.

27 Sonal Patel, “NRC Accepts Crucial Advanced Nuclear Applications from Centrus, Oklo,” Power, June 25, 2020,
https:/www.powermag.com/nrc-accepts-crucial-advanced-nuclear-applications-from-centrus-oklo/.

28 Nuclear Energy Innovation Capabilities Act of 2017, S.97 (2017), https://www.congress.gov/bill/115th-congress/senate-bill/97;
Nuclear Energy Innovation and Modernization Act, S.512 (2017), https:/www.congress.gov/bill/115th-congress/senate-bill /512.

Year 2021, and it provided the basis for the portions
of the Energy Act of 2020 that address advanced
nuclear energy.?® It would facilitate funding for
advanced nuclear development and enable the fed-
eral government to purchase power from advanced
nuclear projects.*® The Nuclear Energy Research and
Development Act (NERDA) has been introduced in the
House. Moving forward on this legislation potentially
enables President Biden to obtain bipartisan support
for an element of his climate agenda. The proposed
American Nuclear Infrastructure Act of 2020 (ANIA)
would support advanced nuclear development and, in
particular, remove restrictions on foreign funding for
nuclear investments.®

Congress has funded advanced reactor demonstra-
tions, appropriating $230 million in the fiscal year (FY)
2020 budget.®? With this funding, DOE is embarking
on an Advanced Reactor Demonstration Program with
the intent of demonstrating two reactors so that they
can be operational within the next five to seven years.
Under this program, the DOE has awarded $80 million
each to TerraPower and X-energy to build demonstra-
tion plants.** In addition, the Department of Defense
has contracted with three teams to begin design work
on mobile nuclear reactor prototypes to support
defense logistics, with the expectation that at least
one will be built out.3*
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In addition, Congress and the administration have
strengthened support for US exports of nuclear
goods and services. In 2019, with bipartisan support,
Congress reauthorized the US Ex-Im for an additional
seven years, representing the longest reauthorization
in the agency’s history.?> Additionally, in 2020, the US
DFC changed its Environmental and Social Policy and
Procedures (ESPP) to enable the support of nuclear
power projects.®® This change was one of the key rec-
ommendations of the United States Nuclear Fuel
Working Group established in 2019.%7

The 2020 US elections could introduce changes in
objectives, policies, and implementation that could
hamper or reverse some of the support that nuclear
power has recently received. However, the recognition
that nuclear power is likely to be needed as a compo-
nent of the effort to decarbonize energy supply, in the
United States and worldwide, makes that less likely.3®

IMPLICATIONS OF THE US ELECTION

resident Biden’s energy plan commits to a car-
bon-pollution-free power sector by 2035.3° To
achieve that, the plan recognizes the need to
continue to leverage the carbon-free energy provided
by existing nuclear power plants. His energy and cli-
mate plans both acknowledge the need for innova-
tion to address the challenge of climate change and,

29 "Advanced Reactors in the Energy Act of 2020 and the New Administration,” Nuclear Innovation Alliance, January 2021,
https:/nuclearinnovationalliance.org/advanced-reactors-energy-act-2020-and-new-administration.

30 A portion of NELA was passed by the Senate as an amendment to the National Defense Authorization Act for Fiscal Year
2021 (NDAA, S 4049); see “US Senate Passes Nuclear Energy Leadership Act,” World Nuclear News, July 27, 2020, https://
www.world-nuclear-news.org/Articles/US-Senate-passes-Nuclear-Energy-Leadership-Act; Jackie Kempfer, “Raising the Next
Generation of Nuclear: A Road Map for Deployment,” Third Way, October 17, 2019, https:/www.thirdway.org/memo/raising-

the-next-generation-of-nuclear-a-road-map-for-deployment.
3

“Barrasso Releases Draft Legislation to Revitalize America’s Nuclear Infrastructure,” US Senate Committee on Environment

and Public Works,” press release, July 29, 2020, https:/www.epw.senate.gov/public/index.cfm/2020/7/barrasso-releases-

draft-legislation-to-revitalize-america-s-nuclear-infrastructure.

32 “U.S. Department of Energy Launches $230 Million Advanced Reactor Demonstration Program,” US Department of Energy
Office of Nuclear Energy, press release, May 14, 2020, https:/www.energy.gov/ne/articles/us-department-energy-launches-

230-million-advanced-reactor-demonstration-program.

33 “US DOE Selects Advanced Reactor Designs for Demonstration Plants,” World Nuclear News, October 14, 2020, https:/www.
world-nuclear-news.org/Articles/US-DOE-selects-advanced-reactor-designs-for-demons.

34 “DOD Awards Contracts for Development of a Mobile Microreactor,” US Department of Defense, March 9, 2020, https:/
www.defense.gov/Newsroom/Releases/Release/Article/2105863/dod-awards-contracts-for-development-of-a-mobile-

microreactor/source/GovDelivery/.

35 “President Donald J. Trump Signs Historic Seven-Year Long-Term Reauthorization of EXIM,” Export-Import Bank of the United
States, press release, December 20, 2019, https:/www.exim.gov/news/president-donald-j-trump-signs-historic-seven-year-

long-term-reauthorization-exim-0.

36 “DFC Modernizes Nuclear Energy Policy,” US Internal Development Finance Corporation, July 23, 2020, https:/www.dfc.gov/

media/press-releases/dfc-modernizes-nuclear-energy-policy.
37 Restoring America’s Competitive Nuclear Energy Advantage.

38 Josh Siegel, “Biden Pledges to Eliminate Carbon from Power Plants by 2035 as Part of $2 Trillion Clean Energy Plan,” July 14,
2020, https://www.washingtonexaminer.com/policy/energy/biden-pledges-to-eliminate-carbon-from-power-plants-by-2035-

as-part-of-2-trillion-clean-energy-plan.

39 Biden for President, “The Biden Plan to Build a Modern, Sustainable Infrastructure and an Equitable Clean Energy Future,”

accessed December 16, 2020, https:/joebiden.com/clean-energy/.
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in particular, to recognize the need to pursue the
“future of nuclear energy” to achieve climate objec-
tives, and the opportunity presented by advanced
reactors.*® It is relevant that while the Trump admin-
istration has made significant strides in support of
advanced reactors, such as through the Advanced
Reactor Demonstration Program, the Department of
Energy’s initial steps on this effort were begun during
the Barack Obama administration, when Biden was
vice president.

Furthermore, Biden’s climate plan recognizes the
value of exporting clean energy technologies, for
both his climate objectives and US economic growth.
In addition to the bipartisan legislation on nuclear
energy mentioned in the previous section, moving for-
ward on more recent pieces of legislation—especially

NERDA and ANIA—may enable Biden to obtain bipar-
tisan support for an element of his climate agenda,
especially if a Republican-controlled Senate limits his
plans for broader climate legislation.

Biden also appears likely to seek international coop-
eration in pursuit of his objectives on energy and cli-
mate. His record and the foreign policy team he has
announced both indicate that he will aim to achieve
policy objectives through engagement with US allies.
Additionally, his appointment of former Secretary of
State John Kerry as his administration’s special envoy
for climate indicates that he views climate policy and
diplomacy as inextricably linked. Such an approach
is likely to enhance the opportunities for cooperation
described in this paper.

US President Joe Biden listens as former US Secretary of State John Kerry, his special envoy for climate appointee, speaks
as President Biden announces his national security nominees and appointees at his transition headquarters in Wilmington,
Delaware, November 24, 2020. SOURCE: REUTERS/Joshua Roberts

40 Biden for President, “Climate: Joe Biden’s Plan for a Clean Energy Revolution and Environmental Justice,” accessed

December 16, 2020, https:/joebiden.com/climate/.

41 “Obama Administration Announces $450 Million to Design and Commercialize U.S. Small Modular Nuclear Reactors,” US
Department of Energy, press release, March 22, 2012, https:/www.energy.gov/articles/obama-administration-announces-450-

million-design-and-commercialize-us-small-modular.
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STATE OF THE NUCLEAR INDUSTRY
IN THE REPUBLIC OF KOREA

uclear power provided 30 percent of

South Korea’s electricity in 2016, and its

nuclear-generating capacity has continued

to grow.#? South Korea was the world’s
eighth-largest energy consumer in 2017, and 87
percent of that consumption was powered by fossil
fuels, almost entirely imported.*® Given its dependence
on imported energy, South Korea’s substantial nucle-
ar-generating sector is an important counterweight.
Shin Kori 3 and 4, the first domestic units to use Korea
Electric Power Corporation's (KEPCO) APR-1400
design, were added to the grid in 2016 and 2019.44 By
2019, South Korea was the fifth-largest nuclear power
generator in the world.*®

FIGURE 2

Share of total annual electricity generation from
nuclear, top five nuclear power producers (2019)

M nuclear all other
United States 20%
France 71%
China
Russia 20%
South Korea 26%
o 2,000 4,000 6,000
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However, the growth of nuclear generation, including
the completion of the Shin Kori units, belies a funda-
mental change in the trajectory of nuclear power in
South Korea that began with events in 2011 and 2012.
In 2011, the tsunami in Japan, and the resulting failure
of the Fukushima nuclear power plant, caused a reas-
sessment of nuclear power around the world, includ-
ing in South Korea.*¢ In 2012, the South Korean nuclear
industry’s credibility was damaged as a result of scan-
dals including forged safety certificates for parts in
some South Korean nuclear plants, which led to exten-
sive investigations.4’

Number of operational
nuclear reactors (2020)
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42 “South Korea,” US Energy Information Administration, last updated November 6, 2020,

https:/www.eia.gov/international/analysis/country/KOR.
43 |bid.

44 “Nuclear Power in South Korea.”

45 “Today in Energy,” US Energy Information Administration, August 27, 2020,

https:/www.eia.gov/todayinenergy/detail.php?id=44916.

46 Josh Gabbatiss, “The Carbon Brief Profile: South Korea,” CarbonBrief, April 6, 2020,

https:/www.carbonbrief.org/the-carbon-brief-profile-south-korea.

47 Fred F. McGoldrick, et al., “ROK-U.S. Civil Nuclear and Nonproliferation Collaboration in Third Countries,” Brookings, January
2015, https:/www.brookings.edu/wp-content/uploads/2016/06/ROK-US-Civil-Nuclear-and-Nonproliferation-Collaboration-
in-Third-Countries.pdf; Gabbatiss, “The Carbon Brief Profile: South Korea”; Choe Sang-Hun, “Scandal in South Korea Over
Nuclear Revelations,” New York Times, August 3, 2013, https:/www.nytimes.com/2013/08/04/world/asia/scandal-in-south-
korea-over-nuclear-revelations.html; Max S. Kim, “How Greed and Corruption Blew Up South Korea’s Nuclear Industry,” MIT
Technology Review, April 22, 2019, https:/www.technologyreview.com/2019/04/22/136020/how-greed-and-corruption-blew-

up-south-koreas-nuclear-industry/.




Moon Jae-In took office in 2017 having campaigned,
in part, on a reduction in the role of nuclear power.
In June 2017, the government closed Kori 1, South
Korea’s oldest nuclear unit, and on that occasion Moon
announced, “We will withdraw existing plans to build
new nuclear power plants and not extend the lifes-
pan of nuclear power plants.”#8 In late 2017, the gov-
ernment adopted the 8th Basic Plan for Long-Term
Electricity Supply and Demand, which incorporates
determinations that several planned nuclear units
would not be constructed, and that life extension
would not be pursued on fourteen reactors. Originally,
the plan would have abandoned the Shin Kori 5 and
6 nuclear reactors, which are currently under con-
struction, but an in-depth opinion poll conducted by
a special government committee showed support for
both completing construction of the two units and the
overall phase-out plan.#?

The overall impact of the phase-out will be limited.
By 2030, nuclear-generating capacity is planned to
be reduced by only 2 gigawatts (GW) from the 22.5
GW operating in 2017, but this is the net result of 9
GW of planned retirements offset by 7 GW of new
nuclear generation, some of which is still under con-
struction. The plan anticipates meeting its green-
house gas objectives through environmental dis-
patch, adding renewable capacity “faster than nuclear
power generation is shrinking,” and targeting a 13-per-
cent reduction in electricity consumption from the
grid in 2030 compared to the reference case, to be
achieved through improved efficiency, energy man-
agement systems, and onsite solar generation.*® The
intentional phase-out of nuclear power is in contrast

to international calls to preserve existing nuclear
power as a significant contributor of zero-carbon gen-
eration that will be difficult to replace.” In addition,
researchers have highlighted the need for dispatch-
able zero-carbon energy resources, such as nuclear
power, to balance the variability of renewable gener-
ation as it becomes a growing part of the generation
portfolio.5?

Furthermore, the targeted reduction in electricity
consumption potentially puts the plan at odds with
decarbonization strategies that commonly incorpo-
rate a shift toward electrification of greater portions
of energy use, including for transportation, buildings,
and industry.>® The plan anticipates about one million
electric vehicles will be in service by 2030, which the
plan projects will result in an increase in winter peak
demand of only 0.3 GW, but incorporates no other
explicit movement toward electrification.>

In April 2020, Moon’s Democratic Party won a land-
slide in the elections for the National Assembly, sup-
porting a continuation of his policies.>* In March 2020,
the administration announced a “New Deal” pack-
age including a “Green New Deal,” under which South
Korea would aim to reach net-zero carbon emissions
by 2050, reduce domestic fine-dust emissions 40 per-
cent by 2040, and cease financing coal power plants
overseas.*® Moon recently announced that the country
would shut half of its coal-fired plants by 2034.57

Despite the planned domestic nuclear phase-out, the
administration has pledged continued support for
nuclear exports.>® That effort will be hampered by the

48 “South Korea's President Moon Says Plans to Exit Nuclear Power,” Reuters, June 19, 2017, https:/www.reuters.com/article/us-
southkorea-nuclear-president/south-koreas-president-moon-says-plans-to-exit-nuclear-power-idUSKBN19A04Q.

49 Se Young Jang, “South Korea’s Nuclear Energy Debate,” Diplomat, October 26, 2017, https:/thediplomat.com/2017/10/south-

koreas-nuclear-energy-debate/.

50 “The 8th Basic Plan for Long-term Electricity Supply and Demand (2017-2031),” Ministry of Trade, Industry and Energy No.
2017 - 611, December 29, 2017 https:/www.kpx.or.kr/www/downloadBbsFile.do?atchmnfINo=30051.

51 Geert De Clercq, “IEA Rings Alarm Bell on Phasing out Nuclear Energy,” Reuters, May 27, 2019, https:/www.reuters.com/
article/us-nuclearpower-iea/iea-rings-alarm-bell-on-phasing-out-nuclear-energy-idUSKCNI1SXTXW.

52 Nestor A. Sepulveda, et al., “The Role of Firm Low-Carbon Electricity Resources in Deep Decarbonization of Power
Generation,” Joule 2, 11, November 21, 2018, https://doi.org/10.1016/] joule.2018.08.006.

53 See, e.g., “United States Mid-Century Strategy For Deep Decarbonization,” White House, November 2016, https://unfccc.int/
files/focus/long-term_strategies/application/pdf/mid_century_strategy_report-final_red.pdf; Trieu Mai, et al., “Electrification
Futures Study: Scenarios of Electric Technology Adoption and Power Consumption for the United States,” National
Renewable Energy Laboratory, June 2018, https:/www.nrel.gov/docs/fy18osti/71500.pdf.

54 “The 8th Basic Plan for Long-term Electricity Supply and Demand (2017-2031),” 28.

55 Choe Sang-Hun, “In South Korea Vote, Virus Delivers Landslide Win to Governing Party,” New York Times, April 15, 2020,
https:/www.nytimes.com/2020/04/15/world/asia/south-korea-election.ntml.

56 Troy Stangarone, “South Korea’s Green New Deal,” Diplomat, May 29, 2020, https:/thediplomat.com/2020/05/south-koreas-

green-new-deal/.

57 Darrell Proctor, “South Korea Will Close Half Its Coal-Fired Fleet,” Power, September 8, 2020, https:/www.powermag.com/
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58 Sylvie Cornot-Gandolphe, “South Korea’s New Electricity Plan,” Institut Francais des Relations Internationales, February 28,
2018, https://www.ifri.org/sites/default/files/atoms/files/cornotgandolphe_south_korea_electricity_2018.pdf.
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history of scandals—including the resulting concern
for component quality and safety—and the phase-out
itself.>® For example, some manufacturers of nuclear
power plant components are giving up on their Korea
Electric Power Industry Code (KEPIC) certifications,
citing the phase-out.®® However, a consortium led by
KEPCO is in the process of constructing the four-unit
Barakah project in the UAE. While there have been
delays in bringing the units into operation, the con-
struction is generally viewed as successful, and the
South Korean consortium will likely rely heavily on that
success as a selling point for future projects.

Another path towards nuclear exports may be rep-
resented by the SMART reactor. SMART is a 330
MW-thermal (approximately 100 MW-electric) pres-
surized-water reactor with advanced safety features
that received standard design approval (SDA) in Korea
in July 2012.%" In early 2020, South Korea's Ministry of
Science and ICT and Saudi Arabia’'s King Abdullah City
for Atomic and Renewable Energy (KA-CARE) signed
a revised pre-project engineering (PPE) contract to
establish a joint entity for construction of its SMART
reactor in Saudi Arabia. Under the PPE contract, South

Korea has been leading projects to refine the SMART
design and license its use for deployment, as well as
promote the export of the technology to other coun-
tries.?? Saudi Arabia is considering SMR technologies
for process heat applications such as water desalina-
tion, and the two countries have been collaborating on
the SMART reactor since at least 2015.5%

In addition to the move to phase out nuclear power,
the disposal and storage of spent nuclear fuel is a
key policy concern in South Korea. Reactor site spent
fuel storage is becoming full, and the construction of
new, dedicated interim spent fuel storage facilities is
unpopular.t* In part due to the desire for a solution to
spent nuclear fuel, the Korea Atomic Energy Research
Institute (KAERI) has sought to investigate pyropro-
cessing, an approach to recovering useful elements
of spent fuel. However, this has led to a disagreement
with the United States regarding the potential prolif-
eration risks associated with pyroprocessing, and ulti-
mately resulted in KAERI’s participation in a ten-year
joint study on pyroprocessing (the “Joint Fuel Cycle
Study”) at the Idaho National Laboratory, which began
in 2011 and will conclude in 2021.8%

59 Dan Yurman, “Delays in Startup of 1st UAE Nuclear Reactor Linked to Problems with South Korean Firms Building All Four
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ADVANCING US-ROK COOPERATION ON NUCLEAR ENERGY

US-ROK CIVIL NUCLEAR

COOPERATION

Civil nuclear cooperation between the United States
and its allies has helped support civil nuclear develop-
ment in much of the world that shares US approaches
to nuclear safety and nonproliferation. Today, civil
nuclear development worldwide depends on a global
supply chain for major components. Developing
advanced reactors as part of global efforts to address
climate change could be further facilitated through
civil nuclear cooperation, which would also enable
greater competitiveness in third-country develop-
ment, especially as a counterweight to efforts from
Russia and China to sell advanced nuclear technolo-
gies in emerging markets.®¢ The civil nuclear cooper-
ation between the United States and South Korea is
deep and long-standing, so continuing and strength-
ening US-ROK civil nuclear cooperation could be par-
ticularly beneficial.

FRAMEWORK FOR COOPERATION

n 2015, the United States and South Korea signed a

successor agreement for civil nuclear cooperation

under Section 123 of the Atomic Energy Act (fre-
quently referenced as a “123 agreement”); the pre-
vious agreement had been signed in 1973.%7 A State
Department fact sheet on the agreement remarks
that it allows “for the continuation and expansion
of our robust and mutually beneficial trade relation-
ship.”6® The fact sheet emphasizes that “The ROK
is one of the United States’ strongest partners on

nonproliferation and has consistently reiterated its
commitment to nonproliferation.” It also references
expected benefits from “the continuation and expan-
sion of our robust and mutually beneficial trade rela-
tionship,” including: from US sales of enrichment to
South Korea; from South Korean sales of reactor
components to the United States; and from the con-
tract on the Barakah project that had already brought
“hundreds of new jobs and approximately $2 billion
in additional revenue to U.S. nuclear suppliers.”

The 2015 agreement established a High Level Bilateral
Commission (HLBC), “as a senior level forum to facil-
itate peaceful nuclear and strategic cooperation in
areas of mutual interest related to civil nuclear ener-
gy.”8® Under the HLBC are four working groups cover-
ing spent fuel management (reflecting the continued
ROK focus on this topic), the promotion of nuclear
exports and export control cooperation, assured fuel
supply, and nuclear security. Meetings of the HLBC
have been infrequent; the last meeting was in August
2018, and that was only the second plenary meeting
since the HLBC'’s creation.”®

A further forum for cooperation is the Joint Standing
Committee on Nuclear Energy Cooperation (JSCNEC),
which was established in 1980. The JSCNEC has served
as a forum to address environmental issues, waste
management, research and development, fuel cycle
issues, and nuclear safeguards and proliferation.”

66 Bowen, Strengthening Nuclear Energy Cooperation between the United States and Its Allies.

67 Daniel Horner, “S. Korea, U.S. Sign Civil Nuclear Pact,” Arms Control Association, July/August 2015,
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US-ROK High Level Bilateral Commission meetings in August, 2018. This photograph was reprinted from former US
Secretary of Energy Dan Brouillette's Twitter with the permission of the US Department of Energy.

The JSCNEC’s thirty-seventh meeting occurred in
December 2018.72

The 2015 agreement, the HLBC, and the JSCNEC—
along with the trade relationships underpinning
them—create a robust framework for potential future
civil nuclear cooperation.

OPPORTUNITIES FOR COOPERATION

he opportunities for civil nuclear cooperation

generally fall into four areas: bilateral trade in

which US suppliers provide components and
services to projects in South Korea, and ROK firms
supply components to the United States; a key sub-
set of bilateral trade supporting the demonstration
and deployment of advanced nuclear technology;
cooperation in research and development to jointly
pursue goals in new nuclear technologies; and col-
laboration in third countries, in which US and South
Korean entities work together to deliver projects that

deliver improved value to the host country through
collaboration and bring meaningful value to suppli-
ers in both countries.

BILATERAL TRADE The United States has historically
been a significant supplier to the South Korean civil
nuclear program, and that supply relationship con-
tinues today. In 2016, Westinghouse and Korea Hydro
& Nuclear Power (KHNP) signed a supply agreement
establishing the terms of equipment supply for at least
five years.”> KHNP explained that, “in response to the
Fukushima accident, it is seeking key foreign suppli-
ers to strengthen the supply chain, as well as enhanc-
ing quality and technical standards.” Westinghouse
reported that it was supplying “major components
(reactor coolant pumps and motors, reactor vessel
internals), instrumentation and control equipment,
man-machine interface systems, and technical and
engineering support services.” As of the timeframe
of the agreement, Westinghouse had provided tech-
nology and major equipment to fourteen operating

72 “Country Nuclear Power Profiles: Republic of Korea,” International Atomic Energy Agency, updated 2020, https:/cnpp.iaea.

org/countryprofiles/KoreaRepublicof/KoreaRepublicof.htm.

73 “Westinghouse Signs Supply Agreement with KHNP,” World Nuclear News, February 29, 2016, https:/www.world-nuclear-
news.org/Articles/Westinghouse-signs-supply-agreement-with-KHNP.
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plants and six plants then under construction in South
Korea.

The 2015 civil cooperation agreement provides
for mutual exchange of nuclear materials and was
expected to create a more balanced trade flow than
the historical relationship of the United States as
exporter and South Korea as importer. Indeed, when
the United States sought to resurrect its civil nuclear
construction program, such as with the construction
of Westinghouse AP1000 reactors in Georgia (and,
until the project was terminated, South Carolina), the
projects turned to foreign suppliers, including those in
South Korea, for components for which qualified US
suppliers were no longer available. For the AP1000
projects, ROK firms supplied reactor pressure vessels,
steam generators, condensers, de-mineralizers, heat
exchangers, and valves.”*

The DOE report, Restoring America’s Competitive
Nuclear Energy Advantage, describes several steps
intended to strengthen the front end of the nuclear
fuel cycle in the United States. US-ROK cooperation
could help support that effort. Specific information on
sales of nuclear fuel are rarely made public, but South
Korea had made large nuclear fuel purchases from US
sources in the past.”® Early this year, Russia’s Tenex
announced signing of a new ten-year contract with
KHNP, and that its total portfolio of contracts with
KHNP amounted to $2 billion, a substantial amount
of fuel even for KHNP’s nuclear fleet.”® As the United
States takes steps to strengthen its front-end fuel
cycle capabilities, nuclear fuel sales to the ROK could
represent an opportunity to further strengthen the US

industry and, at the same time, strengthen US-ROK
cooperation.

Dry-cask storage has become a common approach
worldwide to addressing interim storage of spent
nuclear fuel.”” Although there are challenges imple-
menting dry-cask storage in South Korea, it was
implemented at the Wolsong site in 2010, and the
government and KHNP are now seeking to expand
the capacity there.”® Several dry-cask systems, includ-
ing those developed and sold by US firms, have been
approved by the NRC.”? These systems have been
extensively implemented throughout the United
States.®° To the extent that South Korea considers dry-
cask storage as part of a future approach to the chal-
lenge of spent fuel management, systems provided by
US firms and approved by the NRC could represent a
further opportunity for bilateral trade to strengthen
US-ROK cooperation.

In addition to trade in nuclear materials, mutual bene-
fit could be realized from bilateral trade in services. In
particular, the US nuclear industry has obtained regu-
latory approval for extension of operating lifetimes to
as long as eighty years for some domestic units, deliv-
ered thousands of megawatts in additional generat-
ing capacity through unit uprates, and substantially
improved the capacity factor of its operating units to a
current average of over 93 percent.®’ While life exten-
sion opportunities are currently precluded by the
nuclear policy in South Korea, US firms could poten-
tially support opportunities for improved operations
through uprates and capacity factor improvements
that could deliver substantial value. (For example,
the capacity factor for ROK plants was 70.6 percent

74 “U.S.-ROK Cooperation on Nuclear Energy to Address Climate Change,” Nuclear Innovation Alliance, November 2019,
https:/www.nuclearinnovationalliance.org/us-rok-cooperation-nuclear-energy-address-climate-change.
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isn/161248/130301_korean_alternatives_reportl.pdf; Jongwon Choi, “Spent Fuel Management and Storage in Korea,” Korea
Atomic Energy Research Institute, November 15, 2010, https://criepi.denken.or.jp/result/event/seminar/2010/issf/pdf/1-6_
powerpoint.pdf; “S. Korea Moving to Build Additional Used Nuclear Fuel Storage,” Yonhap, August 20, 2020, https:/enyna.

co.kr/view/AEN20200820003100320.
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earlier discussion of the US market.
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in 2019, and averaged 77.4 percent for the five years
prior to that, though operator decisions may have
affected those figures).®?

Over time, as the ROK pursues its nuclear phase-
out policy, South Korean nuclear plants will need
to be decommissioned. US firms have recently
gained experience in expediting decommissioning
of nuclear power plants. For example, the US firm
EnergySolutions recently completed the accelerated
decommissioning of Exelon’s Zion 1and 2 reactors in
eight years, and has been engaged by Omaha Public
Power District in Nebraska to decommission its Fort
Calhoun plant.®?* The US firm Holtec Decommissioning
International is currently decommissioning the Oyster
Creek and Pilgrim plants.84

Benefits could continue to accrue from bilateral trade
opportunities in nuclear materials and services. In the
future, however, these opportunities may be chal-
lenged by the South Korean nuclear phase-out and
the current limited prospects for development of large
light water reactors in the United States.

Perhaps the
most consequential area of potential cooperation is
associated with the demonstration and deployment of
advanced nuclear reactors. Developing and deploying
a first-of-a-kind nuclear demonstration is expensive,
especially because substantial costs must be incurred
as part of the licensing review by the NRC. For exam-
ple, NuScale estimated that as of December 2019, it
had spent about $900 million in development costs
out of an expected total of about $1.4 billion.8> To help
defray these substantial costs, to supply components
(such as forgings) that can no longer be supplied in the
United States, and to create a robust supply chain that
can support the Idaho and future projects, NuScale
entered into an agreement with Doosan through
which DHIC would make a cash-equity investment in
NuScale, and DHIC would supply key components for
future NuScale plants. The companies estimated the

total value of the supply commitment to be at least
$1.2 billion.®s

An agreement of this nature provides benefits to all
parties, and is a clear example of the opportunities
potentially created through civil nuclear cooperation.
NuScale gains assured access to the well-qualified
South Korean nuclear supply chain, and cash to defray
its development costs. Doosan gains a known sup-
ply opportunity, and—perhaps equally importantly—
is able to demonstrate a role in the advanced nuclear
supply chain. The ROK nuclear ecosystem develops
another channel for future growth.

The Doosan agreement with NuScale addresses issues
common to developers of advanced nuclear technol-
ogies. The US Nuclear Industry Council regularly sur-
veys developers on key issues of importance; in its
2020 survey, developers raised financing and manu-
facturing resources as among the top issues of con-
cern.t” Although not as obvious, the agreement also
provides benefits to US suppliers. DOE’s desire to
restore the US nuclear supply chainis part of the ratio-
nale for the funding NuScale has received. NuScale has
solicited interest from US suppliers, and as NuScale
and other advanced nuclear developers create more
demand, US suppliers are likely to make the invest-
ments necessary to supply those projects.®® So, civil
nuclear cooperation could help support the recov-
ery of the US nuclear supply chain through the future
growth of US-developed advanced nuclear projects.

In another example of cooperation on advanced
nuclear technologies between US and ROK entities,
KAERI and the ROK’s Hyundai Engineering signed a
memorandum of understanding (MoU) with the US
company Ultra Safe Nuclear Corporation (USNC) in
August 2020. The agreement will last for five years,
and it delineates cooperation on the “develop-
ment of technologies that enhance the ability of the
USNC Micro Modular Reactor (MMR),” which uses
a high-temperature gas-cooled reactor design to
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“produce and deliver carbon-free power, heat, and
hydrogen.”&®

One question that arises in the context of these agree-
ments is whether cooperation of this nature will
be limited to one or a few developers, or whether it
could be more widespread. A report from Columbia
University, Strengthening Nuclear Energy Cooperation
between the United States and Its Allies, identifies sev-
eral reasons why investment in US advanced reactor
development might be attractive.®® The value of the
opportunity to be in the supply chain will be appli-
cable to other advanced nuclear designs, depending
on the view of their market potential. Contributing
to development in the United States enables shar-
ing development costs with US firms that are already
engaged, without taking on the full burden of inde-
pendent development. Development in the United
States permits investors to leverage the value of
development incentives provided by the US govern-
ment, such as the development funding being offered

through DOE—and, potentially, the cost and time sav-
ings gained through the use of DOE sites and facilities,
as may result from access to DOE lab and research
facilities. Finally, advanced reactors developed in the
United States will be licensed by the US NRC, which
continues to be respected worldwide. The report also
highlights that civil nuclear cooperation with US allies,
including South Korea, will be more important given
the 2018 policy change that constrained civil nuclear
cooperation with China related to small modular reac-
tors (SMRs) and other advanced technology, and, for
example, caused TerraPower to cancel its plans for a
$1-billion prototype in China.?

RESEARCH AND DEVELOPMENT The 2015 agree-
ment reinforced the focus on the Joint Fuel Cycle
Study to research options for addressing spent fuel
management challenges, and highlighted cooperation
on additional research and development efforts.®? In
2014, Argonne National Laboratory and KAERI signed
an MoU to develop a prototype sodium-cooled fast

89 “US, Korean Companies to Develop Micro Modular Reactors,” World Nuclear News, August 5, 2020,
https:/world-nuclear-news.org/Articles/USNC-Korean-companies-to-develop-micro-modular-rea.
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reactor (the Prototype Generation-IV Sodium-cooled
Fast Reactor, or PGSFR).** The PGSFR would be a 150-
MW advanced sodium-cooled fast reactor using metal
fuel, which “enables inherent safety characteristics.”
Argonne and KAERI were to develop the reactor sys-
tem and the South Korean engineering and construc-
tion firm KEPCO E&C was to design the balance of
the plant; the project was expected to pursue design
approval from the ROK licensing authority. However,
little new information has been forthcoming on the
PGSFR project since 2016, perhaps in part due to the
ROK nuclear phase-out.

With commercial interest turning to development of
advanced reactors, a future opportunity for coop-
eration could be in the context of the US develop-
ment of the VTR.?4 The VTR would be a reactor-based
fast-neutron source intended to support the devel-
opment of advanced reactor technologies. DOE
launched the development of the VTR in 2018 after
passage of NEICA, and views it as important to keep-
ing the US “technologically competitive” with China
and Russia.®®

However, the VTR would present a significant capi-
tal commitment and a budgetary challenge. Based
on similar projects, initial DOE cost estimates for
the VTR are in the range of $3 billion to $6 billion.%®
Obtaining a government funding commitment of this
magnitude will be difficult when DOE is also seek-
ing funding for advanced nuclear demonstration pro-
grams. Defraying the cost through contributions for
shared research—or paid use by other countries—
could be a meaningful way to improve the prospects

for funding. In addition, cooperation could facilitate
the use of relevant research, such as ROK research
on sodium-cooled fast reactors, in the development
of the VTR. The United States has had discussions
with South Korea, France, and Japan regarding their
interest in research with the VTR, though the proj-
ect is still early in its development.”” DOE recently
approved moving the project to the engineering
design phase and is seeking a $295-million appropri-
ation for FY2021 to move forward with that effort.®®
However, the budget is still a work in progress, and
the House Appropriations Committee recommended
funding only $65 million for the VTR effort, similar to
the FY2020 funding, and the Senate Appropriations
Committee recommended a reduction in funding to
$45 million.®®

Development and deployment of advanced fuel tech-
nologies may also represent a potential opportunity
for US-ROK cooperation. For example, Lightbridge
Corporation recently received a patent for a method
to manufacture its advanced fuel from the Korean
Intellectual Property Office, and views South Korea as
a potential market for the fuel.’®® Other manufacturers
are also developing and testing advanced fuels, and
South Korea could establish itself as a potential mar-
ket for demonstration and future deployment.®

As US developers pursue advanced reactor technol-
ogies, and the US government supports those efforts
through funding for research and demonstrations,
DOE is also supporting the development of high-as-
say low-enriched uranium fuel (HALEU), which
will be required by many of the advanced reactor
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technologies, but which is not produced by existing
uranium enrichment facilities.’? DOE is conducting
a demonstration of HALEU production with Centrus
Energy Corp., using US-origin enrichment technology,
but expansion of production after the demonstration
is uncertain.’®®> US-ROK cooperation could help sup-
port further deployment, and would be consistent
with potential cooperation on advanced reactors.

In response to congressional direction, the US
National Academies of Sciences, Engineering, and
Medicine have commenced a study of nuclear fuel
cycles, including waste implications of advanced
nuclear reactors. Two reports will be produced as
part of this study.”°* Following the results of this study,
given the challenges both countries face in managing
spent nuclear fuel, further work could be the subject
of research in cooperation with South Korea.

Civil
nuclear exports engender long-term international
relationships. The DOE report, Restoring America’s
Competitive Nuclear Energy Advantage, states,
“Establishment of nuclear infrastructure incorpo-
rates large scale cross-cutting economic, security,
and geopolitical relationships between the purchas-
ing nation and the technology providing nation for
the ensuing 100 years.”'°> Furthermore, exports of US
nuclear technology support the host country’s adop-
tion of US-influenced safety and nonproliferation
standards.10®

With growing energy needs, a focus on low-carbon
energy sources, and the prospect on the horizon for
advanced reactors that may be a better fit for their
electric grid, many countries may become candidates
for nuclear development. Third Way’s recent effort to

identify global markets for advanced nuclear technol-
ogy characterized thirty-seven countries as potential
candidates for nuclear technology today, and another
eleven that would potentially be ready by 2030.°7 As
world participation in nuclear power grows, it will be
even more essential to export safety and nonprolifera-
tion provisions consistent with US standards.

The growing international nuclear market represents a
substantial economic opportunity. The US Department
of Commerce (DOC) estimates the market is valued at
$500-740 billion over the next ten years.°® A recent
study concluded that to meet the targets for nuclear
capacity in the median Intergovernmental Panel on
Climate Change (IPCC) scenario that limit the global
temperature rise to 1.5 degrees Celsius by 2050, the
cumulative nuclear expenditures would be $8.6 trillion
(in 2019 dollars).'0?

However, the potential for US companies to participate
in this growth has diminished over time as US capa-
bilities to build new large-scale nuclear plants have
eroded. Furthermore, the United States must face
competition from Russia and China, which have a his-
tory of using energy and state-sponsored investment
as tools to further their foreign policy objectives.®

In this context, civil cooperation with South Korea
in third-country nuclear projects could improve the
position of the United States to participate in world-
wide commercial nuclear development, and con-
tinue to play a valuable role in nuclear safety and
nonproliferation. The ROK’s first foray into interna-
tional nuclear projects was the development of the
four-unit, 5,400-net-MW Barakah project in the UAE.
Commercial operation of the four Barakah units was
originally expected in 2017, 2018, 2019, and 2020.
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Construction of Unit 1 was completed in March 2018,
although delays in the comprehensive Operational
Readiness Review postponed the start of operations.
Unit 1was connected to the grid in August 2020." The
project announced at that time that construction of
Unit 2 was complete, and that Units 3 and 4 were 93
percent and 86 percent complete, respectively. The
relatively close adherence to the original construction
schedule stands in stark contrast to the substantial
delays incurred in other recent large nuclear construc-
tion projects.

The 2009 shortlist of bidders for the Barakah proj-
ect, in addition to the ROK consortium led by KEPCO,
included a French consortium led by Areva (now
Framatome) and a consortium led by GE Hitachi.
KEPCO attributed the success of its proposal to high
projected capacity factors and the lowest construc-
tion cost and shortest construction time among the
bidders."? Westinghouse was not on the shortlist,
but it became part of the KEPCO consortium. As a
result, Westinghouse and other US companies pro-
vided equipment and services including reactor cool-
ant pumps, reactor components, controls, engineer-
ing services, and training. The contributions from US
suppliers, as well as the presence of US diplomats
and nuclear executives on the UAE’s International
Advisory Board and the board of directors of the
Emirates Nuclear Energy Corporation, maintained an
ongoing connection between the US diplomatic and
nuclear community and the project.

Cooperation could also bring joint benefits in the
transition to safe operations. The delay in startup
of Barakah Unit 1 was attributed to additional time
required for operational readiness and regulatory
approvals, including ensuring adequate communica-
tions among the staff.®* The US nuclear industry has

been responsible for the transfer of nuclear technol-
ogy around the world, working with partners to facil-
itate the education and training of local staff.™ US
support for the transition to operations could help
address one of the few problem areas in the Barakah
project and strengthen a combined offering in third
countries.

For cooperation in third-country projects to be suc-
cessful, US and ROK companies must be able to bring
elements of government support that are competi-
tive with those from Russian and China. Rosatom, the
single Russian entity responsible for nuclear energy
and nuclear exports, is vertically and horizontally inte-
grated, and provides “reactor technology, plant con-
struction under an EPC contract, fuel, operational
capability (including training), maintenance services,
decommissioning, spent nuclear fuel reprocessing,
and regulatory support, as well as generous financing
(debt and equity).”" China can use major capital proj-
ects, and the financing for those projects, as a means
to cement long-term geopolitical relationships."®

The United States and South Korea may not be able to
compete head to head with every element of Russian
and Chinese offerings. However, working with US and
ROK suppliers may provide other offsetting bene-
fits. The United States has a strong reputation for
operational expertise, safety, and technology trans-
fer, and South Korean suppliers have a reputation
for efficient construction gained at Barakah, as well
as an acknowledged strong supply chain."” Potential
partners will also consider geopolitical alignment as
they make decisions about support for civil nuclear
development.”™ Stronger combined financial support
from the United States and South Korea could con-
tinue to close the gap. For the Barakah project, the
Export-Import Bank of Korea (KEXIM) provided $2.5
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The flags of South Korea and the UAE are displayed at the Barakah Nuclear Power Plant in Abu Dhabi, UAE.
SOURCE: Emirates Nuclear Energy Corporation

billion and the US Ex-Im Bank provided $2 billion in
loans. KEPCO also provided an equity commitment.
The United States strenghtened its ability to support
combined nuclear export financing through the reau-
thorization of the Ex-Im Bank and the removal of the
prohibition on nuclear financing by the DFC. Given
the strength and scope of government support by
Russia and China, US cooperation with South Korea in
nuclear export projects, including co-financing, could
help level the playing field.”°

Cooperation in third-country projects strengthens the
overall team presented to the host country. Even if, as
in the case of Barakah, US participation is as part of a
South Korean team, the project can generate substan-
tial economic benefit for the United States. In future
projects, especially to the extent that hosts are inter-
ested in more technically advanced reactors such as
the Westinghouse AP1000, GE Hitachi ABWR, or one
of the US advanced reactors under development, US
companies may have the opportunity to lead a consor-
tium. However, ROK participation may be critical, as it
has been at Vogtle or is expected with Doosan’s sup-
port of of NuScale. In either case, US policy objectives

will be advanced through exports that maintain stan-
dards for safe operation, leadership of global nonpro-
liferation, and trade relationships that support US for-
eign policy”

CHALLENGES TO COOPERATION

came after some delay and extensions of the

prior agreement due, in part, to ROK interest
in obtaining—and US reticence to provide advance
consent for—South Korea to engage in pyroprocess-
ing. The ROK government is expected to review the
results of the Joint Fuel Cycle Study on pyropro-
cessing upon its completion, with no further action
on the technology until after that review.!?? In the
current climate for nuclear power in South Korea,
it is unclear whether the administration would pro-
vide substantial funding for further demonstrations
of pyroprocessing, and certainly for further pursuit
of a fast reactor in South Korea, which would be an
essential component of a spent fuel solution using
pyroprocessing. If, after its review, the ROK govern-
ment decides to pursue pyroprocessing in South

T he 2015 successor 123 agreement with the ROK
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Korea, that would reopen the issues encountered in
the pursuit of the 2015 agreement and could hamper
efforts toward further cooperation.

In addition, the context for the agreement on civil
nuclear cooperation included expectations of mutual
benefits—including from US sales of enrichment to
South Korea, from ROK sales of reactor components
to the United States, and from joint participation in
third-country projects such as Barakah.”®* However,
the prospects for ongoing benefits of this nature may
now be challenged. Westinghouse continued to pro-
vide components, such as reactor coolant pumps, for
recently completed ROK reactors including Shin Kori 3
and 4, as it did for the Barakah project.””* However, the
newest South Korean reactors, Shin Hanul 1and 2, will
use locally made coolant pumps and control systems,
further reducing the US content.” Thus, whether US
components will be required for future ROK export
projects similar to Barakah—and, therefore, whether
US suppliers would be part of those projects—could
be in doubt.

Regarding supply to the United States, Doosan pro-
vided components for Vogtle, but with the difficulties
encountered at that project and the abandonment of
VC Summer, the prospects for future large light water
reactors (LWRs) in the United States—and, therefore,
the prospects for South Korean suppliers to partici-
pate in the supply chain for large LWRs—is cloudy at
best. However, the supply chain for advanced reactors
could serve as an offsetting opportunity, though one
that may take time to develop.

Frictions in the recent history of third-country nuclear
opportunities may be an impediment to improved
civil nuclear cooperation. Ultimately, the US diplo-
matic effort to establish a nuclear cooperation agree-
ment with the UAE led to a primarily South Korean
consortium, with the benefit of strong experience
constructing nuclear projects in the ROK, winning
the opportunity to build the Barakah project with
US-licensed technology. Westinghouse benefitted

ADVANCING US-ROK COOPERATION ON NUCLEAR ENERGY

from participation in the consortium, but it was not
shortlisted with its own reactor technology.

More recently, when Toshiba Corporation faced finan-
cial difficulties after placing Westinghouse in bank-
ruptcy, the fate of the NuGeneration (NuGen) proj-
ect at the Moorside site in Cumbria, United Kingdom
(UK), for which Toshiba was the sole remaining spon-
sor, was put into question. KEPCO entered discussions
with Toshiba to acquire the project. Under Toshiba,
the project was conceived as using the Westinghouse
AP1000 technology, which had received UK regulatory
approval. If KEPCO proceeded with the acquisition,
it intended to change the project technology to the
APR-1400 design it was in the process of constructing
at Barakah, which would have required restarting the
UK approval process.”® Ultimately, KEPCO decided
not to pursue the acquisition, and Toshiba cancelled
the project because it was unable to find a buyer and
could not justify the ongoing costs.””’

US nuclear export policies are at the heart of sim-
mering tensions involving US and South Korean com-
mercial nuclear vendors and Saudi Arabia’s potential
interest in nuclear energy. The Saudi government first
announced its potential interest in nuclear power in
2009, and subsequently established the King Abdullah
City for Atomic and Renewable Energy (KA-CARE) to
pursue this interest. In 2017, KA-CARE announced that
it was soliciting proposals for nuclear projects from
South Korea, China, Russia, and Japan.?® US compa-
nies are also pursuing the potential Saudi projects and,
in 2017, the Department of Energy granted Part 810
authorizations for US companies to “engage in discus-
sions, including marketing, with the Saudi government
regarding its civil nuclear program.”?°

However, the export of nuclear fuel and major reac-
tor equipment requires a 123 agreement. Discussions
between the United States and Saudi Arabia on a
potential 123 agreement are stalled over potential
restrictions on enrichment and reprocessing facili-
ties in the Kingdom, as well as the current lack of a

123 "U.S.-Republic of Korea (R.O.K.) Agreement for Peaceful Nuclear Cooperation.”
124 McGoldrick, et al., “ROK-U.S. Civil Nuclear and Nonproliferation Collaboration in Third Countries.”

125“Nuclear Power in South Korea.”

126 “Kepco Named Preferred Bidder for UK’'s NuGen,” World Nuclear News, December 7, 2017,
https:/www.world-nuclear-news.org/C-Kepco-named-preferred-bigger-for-UKs-NuGen-07121704.html.

127 Adam Vaughan, “UK Nuclear Power Station Plans Scrapped as Toshiba Pulls Out,” Guardian, November 8, 2018,
https:/www.theguardian.com/environment/2018/nov/08/toshiba-uk-nuclear-power-plant-project-nu-gen-cumbria.

128 “Nuclear Power in Saudi Arabia,” World Nuclear Association, last updated August 2020,
https://world-nuclear.org/information-library/country-profiles/countries-o-s/saudi-arabia.aspx.

129 “Prospects for Enhanced U.S.-Saudi Nuclear Energy Cooperation,” Congressional Research Service,
last updated August 13, 2020, https://crsreports.congress.gov/product/pdf/IF/IF10799.

21



ADVANCING US-ROK COOPERATION ON NUCLEAR ENERGY

Saudi commitment to the International Atomic Energy
Agency's Additional Protocol.®® The US government’s
position has been that there is US technology in the
APR1400 and, thus, US export control requirements
exist regarding its potential export to Saudi Arabia.™
Depending upon the resolution of these issues, and
which reactors and suppliers are ultimately selected
for Saudi Arabia’s nuclear power program, the out-
come could potentially put a damper on future
US-ROK civil nuclear cooperation.

This situation highlights a recognized dilemmma for US
policymakers. While the United States seeks to pur-
sue strong nonproliferation standards, Russia and
China are competing with US and allied suppliers,
including the ROK, to supply the Saudi interest, and
can use flexibility regarding nonproliferation controls
to their advantage.®? If the United States and Saudi
Arabia can come to an agreement, and US-origin reac-
tors are supplied to Saudi Arabia, they will incorpo-
rate US safety certifications and technical approaches
to nonproliferation. There are many potential markets
for future nuclear-export opportunities. And, although
the potential for future enrichment will not be an issue
in many of them, circumstances similar to those in
Saudi Arabia may well arise again.
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CONCLUSIONS AND
RECOMMENDATIONS

Civil nuclear cooperation between the United States
and ROK could yield economic benefits from bilat-
eral trade, mutual benefits in research and develop-
ment, and better opportunities for the demonstration
and deployment of advanced nuclear technologies. In
addition, cooperation could enable a strengthened,
more competitive presence in third-country proj-
ects, reflecting the complementary technical, oper-
ating, and financial capabilities of both countries,
which would yield geopolitical and economic bene-
fits. Actions on the part of US and South Korean com-
mercial entities and governments could improve the
opportunity to achieve these results.

m Commercial entities and governments in both
countries should reconsider the value of joint par-
ticipation in third-country projects. Separate from
the technical requirements, there is value in the
contribution of both US and ROK content and
expertise that will bring with them improved oper-
ational, safety, regulatory, and financing capabili-
ties, and will strengthen both countries’ influence
on the political and economic relationships that
civil nuclear investment helps foster. Advanced
reactors could become part of this effort, which
would extend cooperation into the future of
nuclear technology.

®m The US and ROK governments should make
greater investments in export financing for nuclear
projects. Nuclear exports have always been a
valuable means of creating long-term geopolit-
ical relationships, and today are a key opportu-
nity to support clean energy development in third
countries. The steps recently taken by the United
States to reauthorize the Ex-Im Bank and elimi-
nate restrictions on nuclear projects in DFC financ-
ing have helped preserve the capability; now the
resources need to be applied.

® The US and ROK governments should pursue
greater cooperation on joint research, including
potential shared funding of the US VTR and coop-
eration on associated research opportunities for
which testing of proprietary technologies does
not impose constraints.

= US and South Korean commercial entities should
increase commercial cooperation on advanced
reactors that will strengthen the supply chain for
initial deployment and expand sources of fund-
ing for development and deployment, subject to
the continued focus of developers and govern-
ment funding of rebuilding the US supply chain as
deployment expands. If the approach is thought-
ful and balanced, initial support from the ROK sup-
ply chain and investment can support the recov-
ery of the US supply chain, and both countries can
benefit.

B The ROK nuclear establishment should restore
opportunities for US firms to participate in the
domestic South Korean nuclear infrastruc-
ture. ROK nuclear firms have made great strides
toward creating a relatively self-sufficient domes-
tic nuclear ecosystem. However, that may not be
optimal from the perspective of civil nuclear coop-
eration. Even if South Korea continues on its path
toward a domestic nuclear phase-out, there are
potential opportunities for US firms to contribute
to operational improvements, spent fuel storage,
and decommissioning.

= While the United States by itself cannot resolve
the issues impeding potential nuclear coopera-
tion agreements, it should strive to make prog-
ress on those agreements through reasonable
compromise. Nonproliferation considerations
represent a delicate balance, but US failure to
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establish cooperation agreements with third coun-
tries will not only limit opportunities for coopera-
tion between the United States and South Korea,
as well as other potential partners, but will create
a vacuum that will invite Russia and China to grow
their own nuclear exports, with potential safety
and nonproliferation consequences, and gain
increased geopolitical influence.

® The US and ROK governments could benefit from
greater use of the HLBC, including more frequent
meetings, as a means of improving communica-
tions, facilitating the steps identified above, and
resolving issues that may arise.

Both the US and ROK domestic nuclear industries
are confronted with challenges. However, the grow-
ing international interest in nuclear energy technolo-
gies—mainly as a means to increase energy demand
while also reducing carbon emissions—provides an
opportunity for US-ROK civil nuclear cooperation to
improve industry prospects, support shared geopolit-
ical goals, and help address global energy and climate
objectives.
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