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by Aviel Verbruggen'

When you read these words, you have found the way to the world’s unique source of knowledge
about the nuclear industry. The independent ‘coordinating lead authors’,> Mycle Schneider and
Antony Froggatt, compose the WNISR annually since 2007. Their rigorous, perseverant work
has grown the scope and impact. The yearly editions provide the essential statistical series for
a reliable assessment of the industry’s status, complemented with chapters exploring topical
issues.

Consistent and transparent data series, updated until mid-2022, gives us a comprehensive and
longitudinal perspective of the global industry. As usual, the text is illustrated with tables and
figures, making the contents more accessible in shorter time, with reading even more pleasant.
After the status of the global industry, we as readers are spoiled with a richness of information
about the status of the nuclear industry in various nations and from various angles. The ten
focus countries got a specific analysis in relation to the specific issues affecting their nuclear
businesses. For example, for France, a specific section on “Nuclear Unavailability” provides all
information you would like to assess the gravity of this problem. In addition to the ten focus
countries, WNISR2022 holds a 75 pages Annex 1 with an Overview by Region and by Country.
None escape from the scrutiny of the WNISR team. Further, the topical chapters cover, on the
one hand, two thorny issues (Fukushima Status, and Decommissioning Status), on the other
hand, two anticipatory issues (Potential Newcomer Countries, and Small Modular Reactors).
The sobering approach of the issues by the WNISR team is enormously welcome in a world
overridden by flawed and deceiving news.

In 2022, for the first time, there is a chapter on “Nuclear Power and War”, prompted by the
war in Ukraine. First, the authors painstakingly discuss higher loss-of-coolant risks in
nuclear reactors and in spent fuel ponds. Invading and defending combatants likely increase
the probability of such loss and hinder fast and full emergency interventions. Second, the
situation in Ukraine is documented by a selection of official statements by the International
Atomic Energy Agency (IAEA) and the State Nuclear Regulatory Inspectorate of Ukraine,
chronologically over the period 24 February-13 September 2022. Timely, yet frightening,
information. The authors refrain from any comments on these statements, acknowledging
that either source is not unbiased, and that truly independent sources of information on the
situation at the Ukrainian nuclear facilities simply do not exist.

Valuable academic research depends on accurate data, unbiased information, and on the
independent disposition of the researcher. For issues of global importance, such as climate
change and related energy use, the worldwide involvement of scientists enhances diversity
and quality of the research and its products. Free access to data and documents is vital for the
participation of scientists who do not enjoy wealthy college privileges. In my energy research,
I use BP Statistical Reviews, IRENA reports, and WNISRs, for data and information about
respectively fossil fuels, renewable energy sources and technologies, and nuclear affairs. The
three are open access. BP is a superrich oil major. IRENA is financed by national governments.

1- Prof. Dr. Emeritus, University of Antwerp, Belgium, for details see https://www.avielverbruggen.be.

2 - Phraseology used by the Intergovernmental Panel on Climate Change (IPCC).


https://www.avielverbruggen.be
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WNISR thrives by the seemingly inexhaustible energy of the coordinating lead authors,
boosted by contributions from several independent scientists and a few sponsors.

The WNISR is in good hands, guaranteeing ever improving reports. However, the longevity of
the nuclear industry, and certainly of its legacy, encourages the consideration of a more robust
WNISR financing and/or a stable institutional framework.

One of the observed flaws in the international regulation of the nuclear sector, is the double
mission of the IAEA: on the one hand, reduce the proliferation of nuclear weaponry, and on the
other hand, promote the proliferation of nuclear power generation. Once, a nation acquires the
knowledge and technologies of nuclear power, it is capable of building atomic bombs. I support
the recommendation that the governments of the world categorically dissolve the IAEA’s double
role and limit TAEA tasks to control and enforcement of the Non-Proliferation Treaty, and to
care for the nuclear legacy. A multiple win: finally, the TAEA would fully focus on minimizing
proliferation; the high spending on propaganda for nuclear power would be reduced; and the
Intergovernmental Panel on Climate Change (IPCC)? Working Group 3 (WG3) “nuclear-gate”
would be closed.

The IPCC assessment reports* encompass three volumes, realized by three WGs. WG1 is
phenomenal in assessing all available climate science. WG2 is less comprehensive because
climate change impacts it assesses are many, diverse, and not fully inventoried. WG3 covers
mitigation options, and it is problematic because of the influence of neoclassical economics,
neoliberal viewpoints, incumbent interests. A salient case is how WG3 assesses the literature
on nuclear power. The nuclear sections’ are skipping most of the peer-reviewed literature on
nuclear performance, on its degree of sustainability, its compatibility with renewable power
from sun and wind. The sections depend on nuclear sector non-peer reviewed literature of the
IAEA, the Nuclear Energy Agency (NEA), and similar.

The lopsided treatment of such an important subject means a grave infliction on the “Principles
Governing IPCC Work, Section 4.3.3”, requesting full assessment of the available literature, and
“clearly identify disparate views for which there is significant scientific or technical support,
together with the relevant arguments”. A balanced assessment of the literature on nuclear
power would be a formidable challenge for IAEA’s nuclear advocacy. It would help to dissolve
the juxtaposition “renewables, nuclear, carbon capture and storage” as mitigation options.® This
deceiving triptych mantra retards the transformation of the global energy systems to 100%
renewable energy supplies, the substrate for a genuine common future as spelled out in the
Brundtland report (1987).

WNISRs are vital reality checks of the nuclear industry’s performance. Every yearly report is a
barrier against utopian fantasies and wishful thinking, a tool to connect with reality. We count
on the perseverance of the WNISR coordinating lead authors, contributing authors, and the
entire team.

3 - The Intergovernmental Panel on Climate Change (IPCC) is the United Nations body for assessing the science related to climate
change.

4 - See IPCC, “Reports”, Intergovernmental Panel on Climate Change, 2022, see https://www.ipcc.ch/reports/.

5 - For example: See IPCC (2019) Global warming of 1.5°C, Ch.4 (section 4.3.1.3, p. 325); IPCC (2022). Sixth Assessment Report WG3,
Ch. 6 (section 6.4.2.4, p.6-34 to 6-36).

6 - More detail is available in Aviel Verbruggen, “Pricing Carbon Emissions—Economic Reality and Utopia”, 2021, pp.93-97, and pp.106-
111.


https://www.ipcc.ch/reports/
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KEY INSIGHTS

Nuclear Share Drops Below China has by far the most reactors under

10 Percent - Official Figures See construction (21, as of mid-2022) but is not building
. e abroad.

ReactorsICapauty Peakmg in Russia is dominating the international market

2018 with 20 units under construction including 17 units

[ | in seven other countries (as of mid-2022). The

impact of sanctions and potential other geopolitical
developments on these projects is uncertain.

Construction started on 10 reactors in 2021,
including six in China. The other four are implemented
by Russia’s Rosatom in India (2), in Turkey, and
domestically. Two of the construction starts in China
were also by Rosatom.

Two potential newcomer countries had nuclear
reactorsunderconstructionasofmid-2022: Bangladesh
and Turkey. Egypt started construction shortly after.
All of these projects are implemented by the Russian
nuclear industry.

Besides Rosatom, only French and South Korean
companies are acting as leading contractors building
nuclear power plants abroad.

At least nearly half (26) of the 53 construction
projects are delayed. Of these, 14 have reported
increased delays and two have indicated first delays
over the past year.

At the beginning of 2021, 16 reactors were scheduled
to be connected to the grid during the year, but only six
did, the other 10 were delayed at least into 2022.

The situation onsite and offsite is far from
stabilized.

The safety authority agreed to release over
1.3 million cubic meters of contaminated water into
the ocean, which would take at least three decades.
Most of the water would have to be treated again
before being diluted and released. The plan remains
widely contested, both in Japan and overseas.
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China. Nuclear power generation
increased by 11 percent and provided,
as in 2020, 5 percent of total electricity
production in 2021.

Finland. The first European Pressurized
Water Reactor (EPR) on the continent, under
construction since 2005, finally started up in
March 2022, 13 years later than scheduled.

France. The unexpected detection of
stress corrosion cracking in emergency
cooling systems led to a massive inspection
and repair program on the entire nuclear
fleet. The problem adds to extended
outages due to other issues. The ensuing
decline in electricity generation is expected
to lead in 2022 to an annual output level last
seen in 1990.

India. Nuclear generation has been
declining since 2019 and represented
3.2 percent of total electricity production
in 2021. Eight reactors are listed as under
construction, including four of Russian
design.

United States. Nuclear output peaked
in 2019 and had dropped by a cumulated
3.9 percent by 2027; its share of commercial
electricity generation declined to 18.9
percent, its lowest level since it reached its
maximum in 1995.

The number of closed power reactors
exceeded 200 for the first time at the end of
2021, reaching 204 units as of mid-2022, eight
more than one year earlier.

Only 22 reactors or 11 percent have been
fully decommissioned; of these, only 10 units
or 5 percent of all closed reactors have been
returned to greenfield sites for unrestricted
use.

Russia’s invasion of Ukraine has led to several
unprecedented situations including the operation of
commercial nuclear power plants during a full-scale war.

No nuclear power plant in the world has been designed
to operate under wartime conditions.

The key challenge is to maintain continuous cooling of
the reactor core and the spent fuel pool, even after the
shutdown of the reactor.

Failure to evacuate residual decay heat can lead to core
meltdown within hours or spent fuel pool fire within days or
weeks with potentially large releases of radioactivity.

Coolingrequires an effective chain of elements providing
a reliable supply of electricity and water.

During war, there are many vulnerabilities and potential
deliberate as well as accidental impacts, onsite and offsite,
that can lead to the interruption of electricity and water
supply.

The operation of a nuclear facility requires motivated,
well-rested, and skilled staff, but operators are likely to be
under severe stress during a war or when under military
occupation.

Specialists from outside, and spare parts necessary to
maintain operations and carry out inspections or repairs at
the nuclear plant might not get permission or access to the
facility.

World. Investments in non-hydro renewables in
2021 totaled a record US$366 billion adding around
250 gigawatt net to the grids while operating nuclear
capacity decreased by 0.4 gigawatt. In 2021, wind and
solar alone reached a 10.2 percent share of gross
power generation, the first time, they provided more
than 10 percent of global electricity and surpassed the
contribution of nuclear energy.

China. In 2021, renewable-energy-based power
generation grew faster than any other energy sources.
Wind energy output grew by 40 percent and solar by
25 percent. Wind turbines generated 71 percent more
power than nuclear reactors and solar remained just
15 percent short of the nuclear output.

India. In 2021, both wind and solar each contributed
more than 150 percent of nuclear to national power
generation



World Nuclear Industry Status Report | 2022

As much of 2021 has been dominated by the ongoing COVID-19 pandemic, the end of the year
saw the beginning of a global energy crisis with unprecedented price levels for natural gas and
electricity that will likely impact the well-being of many and the economic systems for years to
come. The war in Ukraine dramatically exacerbated the energy crisis and will profoundly alter
international geopolitics for the long term. For the first time in history, operating commercial
nuclear facilities were directly attacked and then occupied by hostile forces during a full-scale
war.

As with earlier reports, The World Nuclear Industry Status Report 2022 (WNISR2022) provides a
comprehensive overview of nuclear power plant data, including information on age, operation,
production, and construction of reactors. But due to the unprecedented situation in Ukraine,
WNISR2022 includes a dedicated chapter that assesses the specific challenges and risks of
Nuclear Power and War.

WNISR2022 analyses the status of newbuild programs in some of the 33 nuclear countries (as
of mid-2022) as well as in potential newcomer countries. WNISR2022 includes sections on
ten Focus Countries representing 30 percent of the nuclear countries, two thirds of the global
reactor fleet, and four of the world’s five largest nuclear power producers.

The Decommissioning Status Report provides an overview of the current state of nuclear
reactors that have been permanently closed. The chapter on Nuclear Power vs. Renewable
Energy Deployment offers comparative data on investment, capacity, and generation from
nuclear, wind and solar energy, as well as other renewables around the world. Finally, Annex 1
presents overviews of nuclear power programs in the countries not covered in the Focus
Countries sections.

PRODUCTION AND ROLE OF NUCLEAR POWER

Prior to the entry into force of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT)
in 1970, 14 countries were operating nuclear power reactors. By 1985, 16 additional countries
had reactors on the grid. Over the 30-year period 1991-2020 (none in 2021), only five countries
started up their first power reactors—China (1991), Romania (1996), Iran (2011), United Arab
Emirates, and Belarus (both 2020); in 2021, no newcomer country started any reactor. Three
countries abandoned their nuclear power programs, Italy (1987), Kazakhstan (1998), and
Lithuania (2009).

Reactor Operation and Capacity. As of 1 July 2022, a total of 411 reactors—excluding Long-
Term Outages (LTOs)—were operating in 33 countries, four units less than WNISR2021, seven
less than in 1989, and 27 below the 2002-peak of 438. The nominal net nuclear electricity
generating capacity declined in 2021 over the previous year by 0.4 GW7 As of mid-2022,

7 - Six reactor startups +5.2 GW, eight reactor closures -7.6 GW, LTO restarts +1.6 GW, nominal capacity changes (uprating) +0.4 GW
=-0.4 GW. Two additional reactor closures were announced in 2021 but they did not generate any power since 2018 and are thus
retroactively closed according to WNISR criteria.
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operating capacity reached the same level as in mid-2021 at 369 GW, representing a peak just
above the 2006-end-of-year record of 367 GW. (This might change at the end of the year.)

IAEA versus WNISR Assessment. International Atomic Energy Agency (IAEA) statistics
show a historic peak in officially operating reactors, both in terms of number (449) and
capacity (396.5 gigawatt), in 2018. As of December 2021, the IAEA included 33 units in Japan in
its total of 437 reactors “in operation” in the world while 23 of these reactors have not produced
electricity since 2010-2013 (of which, three since 2007). Again, as of December 2021, WNISR
classified 29 units are as LTO, of which 23 in Japan, three in India, two in Canada, and one in
South Korea. These 29 reactors are still in LTO status as of mid-2022, and amount to three
more than classified in that category in WNISR2021.

Nuclear Electricity Production. In 2021, the world nuclear fleet generated 2,653 net
terawatt-hours (TWh or billion kilowatt-hours) of electricity. Nuclear production increased by
3.9 percent in 2021 but remained just below the 2019 level.

China produced more nuclear electricity than France for the second year in a row and remains
in second place—behind the United States—for the top nuclear power generators. Outside of
China, nuclear production increased 2.8 percent to a level similar to 2017.

Share in Electricity Mix. Nuclear energy’s share of global commercial gross electricity
generation in 2021 dropped to 9.8 percent—the first time below 10 percent and the lowest
value in four decades—and over 40 percent below the peak of 17.5 percent in 1996, as globally
electricity generation continues to rise.

Startups. Six units were connected to the grid in 2021, of which three were in China, and one
each in India, Pakistan (built by China), and the UAE. Five new units became operational in
the first half of 2022, including two in China, one each in Finland, Pakistan (built by China),
and South Korea.

Closures.? Eight reactors were closed in 2021, including three in Germany and one each in
Pakistan, Russia, Taiwan, U.K., and U.S. Two additional closures in the U.K. were announced
during the year but they had not generated any power since 2018 (thus WNISR retroactively
considers them closed since 2018).

Over the two decades 2002-2021, there were 98 startups and 105 closures. Of these, 50 startups
were in China which did not close any reactors. As a result, outside China, there has been a
drastic net decline by 57 units over the same period; net capacity declined by over 25 GW.

8 - See Focus Countries and Annex 1 for a country-by-country overview.

9 - WNISR accounts for closures in the respective years of last electricity generation and adjusts statistics retroactively if units have
not generated power in the year in review.
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10

As of 1 July 2022, 53 reactors (53.3 GW) were considered as under construction, the same
number the WNISR reported a year ago, but 16 fewer than in 2013 (five of those units have
subsequently been abandoned).

Four in five reactors are built in Asia or Eastern Europe. 15 countries are building nuclear
plants, two less (Finland and Pakistan) than in WNISR2021. Only four countries—China,
India, Russia, and South Korea—have construction ongoing at more than one site. Since
mid-2021, construction started on seven reactors worldwide, including six in China and one in
India (Kudankulam-6).

Building vs. Vendor Countries

As of mid-2022, with 21 units or 40 percent, China has by far the most reactors under
construction. However, China is currently not building anywhere outside the country.

Russia is largely dominating the international market as a technology supplier with
20 units under construction in the world as of mid-2022 of which only three are being built
domestically. The remaining 17 units are being constructed in seven countries, including
four each in China and India, and three in Turkey." It is uncertain at this point to what
extent these projects will be impacted by the sanctions imposed on Russia and other
consequential geopolitical developments following the invasion of Ukraine.

Besides Russia’s Rosatom, there are only French and South Korean companies acting as
leading contractors building nuclear power plants abroad.

Construction Times

For the 53 reactors being built, it is an average of 6.8 years has passed since construction
started, slightly lower than the mid-2021 average of seven years.

All reactors under construction in at least 10 of the 15 countries have experienced mostly
year-long delays.

At least half (26) of all projects are delayed. Of these, at least 14 have reported increased
delays and two have reported new delays over the past year.

WNISR2020 noted a total of 19 reactors scheduled for startup in 2021, and at the beginning
of 2021, 16 were still planned to be connected to the grid but only six of these made it,
while the other 10 were delayed at least into 2022.

Construction starts of two projects date back 37 years, Mochovce-3 and -4 in Slovakia,
and their grid connection has been further delayed. Bushehr-2 in Iran originally started
construction in 1976, over 45 years ago, and resumed construction in 2019 with grid
connection currently scheduled for 2024.

Six additional reactors have been listed as “under construction” for a decade or more:
the Prototype Fast Breeder Reactor (PFBR), Kakrapar-4 and Rajasthan-7 & -8 in India,
Shimane-3 in Japan, and Flamanville-3 (FL3) in France. The French and Indian projects

10 - See Annex 3 for a detailed overview of the 53 reactors under construction in the world as of mid-2022.

11 - Construction of a fourth unit started at the Akkuyu site in Turkey on 21 July 2022, see WNISR, “Akkuyu-4 in Turkey: Second
Construction Start in a Week for the Russian Nuclear Industry—Anyways 47, 24 July 2022, see https://www.worldnuclearreport.org,
Akkuyu-4-in-Turkey-Second-Construction-Start-in-a-Week-for-the-Russian-Nuclear.html, accessed 9 September 2022.


https://www.worldnuclearreport.org/Akkuyu-4-in-Turkey-Second-Construction-Start-in-a-Week-for-the-Russian-Nuclear.html
https://www.worldnuclearreport.org/Akkuyu-4-in-Turkey-Second-Construction-Start-in-a-Week-for-the-Russian-Nuclear.html
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have been further delayed this year, and the Japanese reactor does not even have a
provisional startup date.

Construction Starts

Construction started on 10 reactors in 2021, including six in China. The other four are
implemented by Rosatom in India (2), in Turkey, and domestically. Two of the construction
starts in China were also by Russia. In other words, of the global total of ten, six reactors
were designed by Russian builders and four by the Chinese industry.

Construction of three reactors started in the first half of 2022, all of them in China, two of
which are of Russian design.

Chinese and Russian government-owned or -controlled companies launched all of the
18 reactor constructions in the world over the 30-month period from the beginning of
2020 to mid-2022.

The average age (from grid connection) of operating nuclear power plants has been
increasing since 1984 and stands at 31 years as of mid-2022.

A total of 270 reactors, two-thirds of the world’s operating fleet, have operated for 31 or
more years, including 105—more than one in five—for at least 41 years.

If all currently licensed lifetime extensions and license renewals are maintained, all
construction sites completed, and all other units operated for a 4o0-year lifetime (unless
a firm earlier or later closure date has been announced), in the decade to 2030, the net
balance of operating reactors would turn negative as soon as 2024, and an additional
110 new reactors (83.5 GW)—one unit or 0.7 GW per month—would have to start up or
restart to replace closures. This would mean the need to double the annual building rate of
the past decade from six to twelve over the period to 2030.

The following ten countries covered in depth in this report represent 30 percent of the nuclear
countries, which operate two thirds of the global reactor fleet. Some key developments in 2021
and the first half of 2022:

China. Nuclear power generation increased by 11 percent and provided a stable 5 percent of
total electricity generation. Meanwhile, wind energy output grew by 40 percent and solar
by 25 percent. China failed its 2020-target for operating nuclear capacity and will miss its
2025-target of 70 GW by at least 9 GW.

Finland. The country’s fifth reactor, the first European Pressurized Water Reactor (EPR)
on the continent, under construction since 2005, finally started up in March 2022, 13 years
later than scheduled. However, commissioning of the reactor has been hampered by a series
of “unexpected” events. The Russian-designed Hanhikivi follow-up project was cancelled
following the invasion of Ukraine.
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France. Nuclear generation was up 7.5 percent following a 12-percent fall in 2020. In December
2021, stress corrosion cracking was first identified in safety injection systems of the largest
and most recent reactors. Later the default was detected on other units.”” The problem adds
to extended outages due to ageing issues, backfitting, decennial inspections, and upgrading
requested by the safety authorities. The subsequent decline in electricity generation is
expected to lead in 2022 to an annual level last seen in 1990. The government has announced
the renationalization of operator EDF, which faces potential bankruptcy.

Germany. Nuclear generation increased by 7.4 percent after a 14-percent drop in 2020.
According to the legally binding phaseout schedule, three reactors were closed at the end
of 2021, and the three remaining are scheduled to close by the end of 2022. Accordingly, the
nuclear share declined to 5.6 percent in the first half of 2022. Triggered by the unfolding energy
crisis, an unexpected controversy is underway about the potential stretching of the operation
or a lifetime extension of the remaining three units. The government has proposed to put two
of them into reserve status until the end of winter in mid-April 2023.

India. Nuclear generation has been slightly declining since 2019 and represented 3.2 percent of
total electricity production. Eight reactors are listed as under construction, including four of
Russian design. Meanwhile, both wind and solar continued growth and contributed more than
150 percent of nuclear power generation each.

Japan. One reactor was restarted from LTO since WNISR2021 (none was slated for closure).
Nuclear generation increased by 42.2 percent but to provide 7.2 percent of the country’s
electricity. However, as of July 2022, only seven of ten licensed units generated power. In
an unprecedented ruling, a Hokkaido District Court prohibited the restart of the only three
reactors on the island due to concerns about spent fuel storage safety and protection levels
against tsunamis.

South Korea. Nuclear generation slightly declined and provided 27.5 percent of electricity.
The new administration clearly aims to shift nuclear policy away from a long-term phaseout
(then rather a program limitation) and contemplates a stronger role for nuclear power further
lowering the part of renewables. The country already has the lowest share of renewables in the
power mix of any OECD member state.

Taiwan. Nuclear generation dropped by 11.6 percent following the closure of one reactor
in mid-2021. The country follows a nuclear phaseout plan that will see the remaining three
reactors closed by 2025. An attempt by the opposition and the nuclear lobby to overturn the
phaseout policy by referendum and reactivate the construction of two reactors at Lungmen
failed in December 2021. Renewables only contributed 4.2 percent of electricity, and, so far,
only solar photovoltaics are developing rapidly with 1.9 GW in capacity added over the year.

United Kingdom. The nuclear program is declining faster than anticipated. Since June 2021,
two reactors were closed, and the decision was taken to close two additional units that had not
generated any power since 2018. Nuclear power contributed 14.8 percent to national power
production, down from 26.9 percent in 1997. Renewables have seen a rise in two decades
from 2.5 percent in 2001 to 39.6 percent in 2021, while coal declined in just the past decade

12 - As of 21 September 2022, 15 reactors are impacted by investigations or repairs.
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from 39.2 percent to 2.6 percent. The construction project at Hinkley Point C continued to
experience cost overruns and delays.

United States. Nuclear output peaked in 2019 and has dropped by a cumulated 3.9 percent by
2021; its share of commercial electricity generation declined to 18.9 percent, its lowest level
since it peaked in 1995. The U.S. nuclear fleet is still the largest with 92 units and one of the
oldest in the world with a mean age of 41.6 years. Cost estimates for the only two reactors under
construction at the Vogtle site now exceed US$30 billion. Substantial new subsidy programs
for uneconomic operating reactors and for new projects have been enacted on federal and
state levels. Three major corruption and fraud investigations involving both new reactors and
nuclear subsidies continued and involve politicians, utility-, and industry-executives.

Eleven years have passed since the Fukushima Daiichi nuclear power plant disaster began,
triggered by the East Japan Great Earthquake on 11 March 2011 (referred to as 3/11 throughout
the report). The situation is still far from stabilized.

Onsite Challenges

Spent Fuel Removal from the pool of Unit 3 was completed in February 2021. Preparatory
work has only started on Units 1 and 2, with removal planned to begin in FY 2024 at the earliest.

Core Cooling. Water levels dropped in all three reactor pressure vessels after a 7.4 magnitude
earthquake on 16 March 2022. Water injection rates have been increased again as a result.

Fuel Debris Removal, last planned to start with Unit 2 by 2021, had been delayed by “about
one year due to the spread of COVID-19” and was delayed again following transmission loss
of the camera mounted on a remotely operated vehicle. There is no new timeline for debris
removal.

Contaminated Water Management. As water injection continues to cool the fuel debris,
highly contaminated water runs out of the cracked containments into the basements where
it mixes with water that has penetrated the basements from an underground river. Various
measures have reduced the influx of water from up to 500 m3/day to about 130 m3/day. An
equivalent amount of water is partially decontaminated and stored in 1,000-m? tanks. Thus, a
new tank is still needed almost every week.

About 1.3 million m? of treated water are stored in 1,020 tanks. As of 28 July 2022, capacity
saturation had reached 96 percent, so the existing tanks would be full by summer or fall of
2023.

The safety authority agreed to operator TEPCO’s plan to release the contaminated water into
the ocean. Close to three quarters of the water would have to be treated again, then the water
would be diluted by a factor of 100 (or more) before being released via a one-kilometer-long
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sub-seabed tunnel. The operation would take at least three decades. The plan remains widely
contested, including overseas.

Offsite Challenges

Offsite, the future of tens of thousands of evacuees, food contamination, and the management
of decontamination wastes, all remain major challenges.

Evacuees. As of March 2022, about 32,400 residents of Fukushima Prefecture were still living
as evacuees; the number decreased from a peak of close to 165,000 in May 2012. In June 2022,
for the first time, the evacuation order was lifted for a district designated as “difficult-to-
return” zone (an area with high levels of radiation). But only eight people from four households
expressed an interest in returning to the district. For the first time, the evacuation order was
also lifted for part of Okuma city that hosts the Fukushima plant. Only 3.6 percent of the
residents returned. Rates of return have been much higher, 62-85 percent, in cases where
evacuation orders have been lifted for entire municipal territories.

Food Contamination. According to official statistics, a total of 41,361 samples were analyzed
in FY2021, of which 157 samples (30 more than a year earlier and 0.4 percent of total) exceeded
the legal limits. As of February 2022, 14 countries—down from a peak of 54 countries—still
had import restrictions for Japanese food items in place. In June 2022, the U.K. lifted its import
restrictions.

Decontamination and Contaminated Soil Management. The contaminated soil in the
temporary storage area in Fukushima Prefecture is currently being transferred to intermediate
storage facilities in eight areas. As of the end of August 2022, a total of about 13.3 million m? of
contaminated soil had been transferred to such interim storage facilities. The government is
legally responsible for the final disposal of the contaminated soil.

Health Issues and Legal Cases. In a first-of-a-kind procedure, in January 2022, a group of six
men and women, diagnosed with thyroid cancer as children, filed a class action suit against
TEPCO, seeking US$5.4 million in compensation. In March 2022, Japan’s Supreme Court
ordered TEPCO to pay compensation to 3,700 people impacted by the disaster but ruled out
government responsibility for the catastrophe in a separate June-2022 judgement. In July 2022,
the Tokyo District Court ordered four former executives of TEPCO to pay 13 trillion yen
(US$95 billion) in damages to the company. The case was brought by TEPCO shareholders, and
the ruling was the first time a court has found former executives responsible for the nuclear
accidents.

As more and more nuclear facilities either reach the end of their pre-determined operational
lifetime, or close due to deteriorating economic conditions, their decommissioning is becoming
a key challenge (note that the status of radioactive waste management is not part of this
analysis).
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The number of closed power reactors exceeded 200 at the end of 2021, reaching 204 units
with 97.4 GW of capacity as of mid-2022, eight more than one year earlier. 182 units are
awaiting or are in various stages of decommissioning, five more than one year earlier.

Only 22 units or 11 percent have been fully decommissioned, two more than a year earlier:
17 in the U.S., four in Germany®, and one in Japan. Of these, only 10 or 5 percent of all
closed reactors have been returned to greenfield sites for unrestricted use.

The average duration of the decommissioning process is about 21 years, with a large range
of 6-45 years (both extremes for reactors with very low power ratings of respectively
22 MW and 63 MW).

Only three countries amongst the 23 with closed nuclear power reactors have completed
the technical decommissioning process of at least one reactor: the United States (17 units),
Germany (4), and Japan (1).

The analysis of 11 major nuclear countries hosting 85 percent of all closed reactors
shows that progress in decommissioning remains slow: of 146 units in various stages of
advancement, 66 are in the “warm-up stage”, 24 are in the “hot-zone stage”, 11 are in the
“ease-off stage”, while 45 are in “long-term enclosure”.

None of the early nuclear states—U.K., France, Russia, and Canada—has fully
decommissioned a single reactor yet.

Two potential newcomer countries had nuclear reactors under construction as of mid-2022:
Bangladesh and Turkey. [Egypt started construction shortly after]. All of these projects are
implemented by the Russian nuclear industry. The impact of sanctions and potential other
geopolitical developments on the future of these projects is uncertain.

Other countries like Nigeria, Poland, or Saudi Arabia have more or less advanced plans, but
so far neither selected a design nor assured a financing package. Several countries, including
Indonesia, Jordan, Kazakhstan, Thailand, Uzbekistan, and Vietnam have suspended or
cancelled earlier plans. Some key developments:

Bangladesh. Two reactors of Russian design have been under construction since 2017-2018.
Both units are scheduled to start up in 2023 and 2024. There is widespread concern in the
country about the safety and security of the plant.

Egypt. On 20 July 2022, despite the war in Ukraine, construction of the first, Russian designed,
nuclear power plant was launched at the El-Dabaa site.

Nigeria. The country signed nuclear cooperation agreements with several countries and
considers the option of developing up to 4 GW of nuclear capacity. Plans are vague and no
design or provider has been chosen and no investment decision has been taken.

Poland. The country abandoned two reactors under construction following the Chernobyl
accident in 1986. There have been repeated attempts to revive the program ever since. In

13 - Contrary to the categorization in previous WNISR editions that counted Gundremmingen-A to be fully decommissioned, the plant
should rather be placed into the “Ease-Off-Stage” of decommissioning, as work is still ongoing.
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December 2021, the site of Choczewo in Pomerania was chosen for a first plant. However, no
design and no supplier have been selected, and no financing package has been assured.

Saudi Arabia. In 2013, a plan for the deployment of 18 GW of nuclear power was announced,
with the first reactor to start operating in 2022. It did not happen. In May 2022, the government
finally invited bids from China, France, Russia, and South Korea for the construction of two
1400 MW reactors.

Turkey. The Akkuyu site was selected in 1976 and several attempts to implement the project
had failed until a 2010 agreement with Russia to build four reactors that were all to be in
operation by 2019. After repeated delays, construction of these four units started between 2018
and 2022. Construction on Unit 4 started in July 2022, in the middle of the war in Ukraine.
Turkish authorities hope to connect Unit 1 to the grid in 2023, to coincide with the 100™
anniversary of the foundation of the Republic of Turkey.

Following assessments of the development status and prospects of Small Modular Reactors
(SMRs) in earlier WNISR editions, this year’s update does not reveal any major advances
but still increasing media attention and some additional public funding commitments. The
country-by-country status:

Argentina. The CAREM-25 project has been under construction since 2014. Following
numerous delays, the latest estimated date for startup is 2027. The lower end of cost estimates
per installed kilowatt correspond to roughly twice the cost estimates for the most expensive
Generation-III reactors.

Canada. There is continuous strong federal and provincial government support for the
promotion of SMRs. While several grants to the value of tens of millions of dollars have
been awarded to different design developers, the amounts remain small when compared to
what would be required to advance one of these designs to the point of being licensed for
construction. No design has yet been transmitted to the safety authority for review, leave alone
for certification.

China. Construction on two high-temperature reactor modules started in 2012. The first
module was connected to the grid for a few days in December 2021, almost five years behind
schedule. Reportedly, neither unit has generated power since. The reasons are unknown.
Construction started on a second design, the ACP100 or Linglong One, in July 2021, six years
later than planned. It is scheduled to be completed by early 2026.

France. In February 2022, President Macron announced a €500 million contribution
(US$559 million) until 2030 to the financing of the development of the Nuward SMR design.
However, EDF made it clear that the project is not high amongst its priorities.

India. An Advanced Heavy Water Reactor (AHWR) design has been under development since
the 1990s, but its construction has been continuously delayed. Earlier in 2022, the government
announced that a “Pre-Licensing Design Safety appraisal of the reactor has been completed”.
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Russia. Russia operates two SMRs on a barge called the Akademik Lomonosov. Both reactors
were connected to the grid in December 2019, nine years later than planned. Since then, their
performance has been mediocre. A second SMR project, a lead-cooled fast reactor design, was
launched in June 2021.

South Korea. The System-Integrated Modular Advanced Reactor (SMART) has been under
development since 1997. In 2012, the design received approval by the safety authority, but there
have been no orders. Reportedly, several other designs are in very early stages of development.

United Kingdom. Since 2014, Rolls Royce has been developing the “UK SMR”, a 470 MW
reactor (exceeding the size-limit of 300 MW for the usual SMR definition). In November 2021,
Rolls Royce announced it had received US$281 million in government funding and
US$261 million from private sources (including company funding), far short of its earlier calls
for US$2.8 billion in support. In March 2022, the regulator accepted the design for a Generic
Design Assessment (GDA).

United States. The Department of Energy (DOE) has already spent more than US$1.2 billion
on SMRs and has announced further awards over the next decade that could amount to an
additional US$5.5 billion. However, there is still not a single reactor under construction. Only
one design, NuScale, has received a final safety evaluation report. However, since then, the
design capacity has been increased from 50 MW to 77 MW per module, and many issues remain
unsolved. In October 2021, eight municipalities withdrew from the only investment project in
Utah, leaving the 6-module 462 MW project with subscriptions amounting to just 101 MW.
Cost estimates (including financing) have ballooned to US$5.3 billion.

Russia’s invasion of Ukraine has led to several unprecedented events including the operation
of commercial nuclear power plants during a full-scale war, shelling of commercial reactor
sites, the occupation by enemy forces of nuclear facilities, and the operation of reactors under
physical threat. No nuclear power plant in the world has been designed to operate under those
conditions.

A nuclear power plant depends on continuously functioning cooling systems to evacuate
decay heat from reactor cores and spent fuel pools, even when the reactor is shut down.

Immediately after shutdown, a reactor core still generates about 7 percent of the nominal
thermal power. Decay heat decreases with time, first rapidly, then slowly. After one day
residual heat is at about 0.5 percent (considerable 15 MWth in the case of a 1,000 MWe
reactor) and still half of that after ten days.

After the service life, the spent fuel is unloaded from the reactor core and placed in a pool
filled with water. The residual heat must be permanently evacuated from the pool in order
to prevent the fuel from overheating.
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Failure to evacuate residual decay heat will lead to core meltdown or spent fuel fire with
potentially large releases of radioactivity.

Effective cooling chains—usually three cooling circuits linked together via heat exchangers
and a final heat sink like a river, a lake, or the ocean—must be available at all times to
evacuate residual heat from the reactor core and from the spent fuel pool.

Power Supply in War Times

Some countries heavily rely on nuclear power. In 2021, eight countries generated over one
third of their electricity from nuclear plants (Ukraine 55 percent). The higher the nuclear
share, the more difficult to shut down all reactors as a precautionary measure in case of
war.

The attacker might want to disrupt the power supply of the attacked country in the short
term but might also wish to maintain power supply in the longer term in case the objective
is the occupation of attacked territories. In any case, nuclear power plants are strategic
sites.

Nuclear Power Plants and Nuclear Weapons

Nuclear explosive devices can contain plutonium and/or highly enriched uranium as fissile
material.

Highly enriched uranium (HEU) is not used in common commercial nuclear power
reactors (although some research reactors, naval applications, and fast reactors run on
HEU).

Every nuclear power plant generates weapons usable plutonium in its fuel during normal
operation. The extraction of plutonium from highly radioactive irradiated fuel requires
remote-handling equipment (a large hot cell or a reprocessing plant).

An attacker can either suspect or insinuate that the designated enemy has used or is
planning to use its power reactors to produce plutonium for a weapons program.

Fear of an Accident as Political Pressure Tool

Nuclear power plants can release large quantities of radioactive substances in case of
accident. Wartime destruction would lead to similar consequences.

The attacker can use the threat of destruction as blackmail as the country hosting the
nuclear facilities has an obvious interest in preserving public health and the environment.

Regardless of whether there is a military rationale to occupy, recapture, or destroy in a
scorched-earth mode a nuclear power plant site, there can be multiple unintended causes of
impact on nuclear safety.
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Accidental hits due to limited accuracy of weapon systems.

Collateral damage in the course of a military campaign.

Limited knowledge of combatants of safety relevance of parts of a nuclear plant.
In a life-or-death combat situation, nuclear safety will likely not be a priority.

The power plant site can be used as a shield, thus becoming an impregnable fortress.

Nuclear power plants are complex industrial facilities. Their safe operation depends on a stable
technical, human, regulatory, political, and economic environment. Previous research on
nuclear safety have taken these stable conditions for granted.

The consequences of system failures are nevertheless the same, whether they are triggered by
accident or by the effects of war.

Direct destruction of safety-relevant parts can be caused by military munitions on purpose
or by mistake.

Some important safety systems are located in the reactor buildings that vary greatly in
design. While many are robust buildings, only few are truly bunkered.

Many important safety systems are located in other traditional industrial buildings
including parts of the cooling chains, large parts of the power supply, transformers, diesel
generators for emergency power, generator fuel, switchgear, and the control room.

Power Supply
A stable connection to the power grid is the most important requirement for electricity
supply.
Electricity is required at all times to operate large pumps in the various cooling chains.

In the case of grid loss, emergency generators can supply the minimum required to
maintain the cooling systems operational for a short time, but they are not designed for
continuous long-term operation.

A shutdown nuclear power reactor cannot be restarted from diesel generators and needs
the grid connection to operate again.

In case of multi-unit sites, one operating reactor can also supply its own and the other
units’ basic needs for electricity (island mode). Switch to island mode frequently fails and
is highly unstable.

Cooling Water Supply and Other Important Infrastructure

An operational cooling capacity is as vital for nuclear safety as a reliable power supply.

Interruption of pipelines, destruction of the links to the final heat sink, or pump inlets
blocked by debris would jeopardize the cooling capacity.

| 29
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Free road access is essential for rotating shifts, delivery of spare parts, outside personnel,
and emergency services like fire departments.

Skilled Operating Staff

Reactor operators are trained for a specific individual plant. They cannot be simply
replaced by operators from other plants, including those from an attacker country.

Under war conditions, staff are unsure whether they can leave the plant at the end of their
shift, uncertainties that heighten their stress level.

Operating a nuclear facility at gun point could easily lead to considering even standard
safety procedures as secondary.

Staff will likely be deprived of their usual communication tools like their cell phones,
restricting their ability to exchange with colleagues, supervisors, and regulators.
Uncertainty about the well-being of family and friends in the middle of an active war zone
further increases the stress level.

Maintenance

Regular maintenance is indispensable, including the delivery and installation of
replacement parts, some of which might have to be ordered from foreign suppliers.

Annual outages usually involve a large number of subcontractors. These companies might
not want or be able to send their employees into a war zone or into an occupied nuclear
power plant.

Inspection

Inspections by the state regulator or other third parties are an integral part of the safety
approach. They will likely not be carried out under warlike conditions.

International organizations like the IAEA have certain inspection rights under international
law. These will likely not be implemented, at least not under usual conditions.

All nuclear power plants have spent fuel storage pools, some are in the reactor buildings,
some are in separate, considerably less robust buildings.

While spent fuel pools are better protected inside the containment, there is a possibility
that in case of a severe accident on the reactor, the pool will be impacted as well.

Spent fuel pools, especially centralized pools that serve several reactors, contain the
equivalent of several, up to several dozen reactor cores and thus cumulate very large
radioactivity inventories.

After several years of cooling, spent fuel can be moved to dry storage casks. The residual
heat is removed by the air flow and no active cooling system is needed.

Pool destruction or disruption of power and cooling water supply:
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The cooling chain of the pool could be interrupted, which would lead to the progressive
evaporation of the cooling water and uncover the fuel within days or weeks.

If the pool itself is damaged or destroyed the water would be lost. The fuel would likely
self-ignite and release a large share of its radioactive inventory.

In case of a power cut, the cooling chain would become dysfunctional. The grace time
would be significantly longer compared to the reactor core cooling but could eventually
lead to fuel destruction.

The interruption of core cooling at an operating nuclear reactor would lead to a core-
melt accident within less than one hour to several hours. A meltdown would also occur
at a shutdown reactor with a delay depending on various parameters, especially the time
elapsed since shutdown.

During a core meltdown, free hydrogen is formed that can explode (see Fukushima events).

If the containment is breached, e.g. by a military strike in a wartime situation, a meltdown
would release a significant fraction of the radioactive inventory into the environment.

The interruption of cooling spent fuel in a pool leads to progressive evaporation until
the fuel elements are partly or wholly uncovered. They then heat up until the cladding
is destroyed and release radioactivity into the environment. At higher temperatures,
explosive hydrogen can also be formed. When strongly heated cladding material is exposed
to air, it can also catch fire. Under this scenario a very large fraction of the radioactive
inventory would be released to the environment and lead to widespread contamination.

In the case of a dry storage facility, only the destruction of the container integrity would
lead to war-induced radioactivity releases. Most cask-destruction scenarios would lead to
geographically limited radiation effects, except for a munition-triggered spent fuel fire.

It should be noted that the Nuclear Power and War chapter has been drafted in May 2022.
It is striking to what extent, many of the theoretical assumptions have—reportedly—
turned into reality in the following months of the war in Ukraine.

In a war situation, it is particularly difficult to verify whether certain reports cover
indisputable facts, are exaggerated, or false. We have therefore refrained from attempting
an objective account of what is happening in Ukraine with and at nuclear facilities.

Nevertheless, some insight into the developments should be provided. Therefore, we
have compiled a timeline from 24 February to 13 September 2022 based exclusively on
two sources: the State Nuclear Regulatory Inspectorate of Ukraine (SNRIU) and the
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International Atomic Energy Agency (IAEA). Neither are neutral in this conflict, a situation
requiring appropriate caution.

The year since the publication of WNISR2021 has been seminal for climate change and energy
security, nuclear power, and renewable energy, with climate change high on the political
agenda and an energy crisis in the making in the second half of 2021. Obviously, 2022 has been
dominated by the events in Ukraine which had significant effects on energy-policy decisions
for the short and medium term.

Investment. In 2021, total investment in non-hydro renewable electricity capacity reached a
record US$366 billion, 15 times the reported global investment decisions for the construction of
nuclear power plants that have nevertheless increased over the previous year by about one third
to US$24 billion for 8.8 GW. Investment in solar surged by 37 percent to reach US$204 billion
and investments in wind power plants increased by 2.8 percent to US$146 billion. Individually,
solar investments total 8.5 times and wind six times nuclear power investment decisions.

Costs. Levelized Cost of Energy (LCOE) analysis by U.S. bank Lazard shows that between
2009 and 2021, utility-scale solar costs came down 9o percent and wind 72 percent, while
new nuclear costs increased by 36 percent. The gap continues to widen. Estimates by the
International Renewable Energy Agency (IRENA) has seen the LCOE for wind drop by
15 percent and solar by 13 percent between 2020 and 2021 alone. IRENA also calculated that
800 GW of existing coal-fired capacity in the world have higher operating costs than new
utility-scale solar photovoltaics (PV) and new onshore wind.

Installed Capacity. In 2021, wind added 92 GW of new capacity and solar PV capacity grew
by 138 GW, largely contributing to the new global record of 257 GW of non-hydro renewables
added to the world’s power grids. These numbers compare with a net decrease of 0.4 GW in
operating nuclear power capacity.

Electricity Generation. In 2021, the annual global growth rates for the generation from wind
power were 17.0 percent (11.9 percent in 2020), 22.3 percent (20.9 percent in 2020) for solar PV,
and 3.9 percent (-4 percent in 2020) for nuclear power.

Share in Power Mix. In 2021, wind and solar alone reached a 10.2 percent share of power
generation, the first time, they provided more than 10 percent of global power and surpassed
the contribution of nuclear energy that fell to 9.8 percent. The nuclear share is below 10 percent
for the first time in four decades. Non-hydro electricity generation outperformed nuclear
power production by 30.6 percent. The gap widens.

China. In 2021, renewable-energy-based gross power generation grew faster than any other
energy sources, with wind producing 656 TWh, solar, 327 TWh, compared to 407.5 TWh
(383 TWh net) for nuclear and 1,300 TWh for hydro. Thus, wind turbines generated 71 percent
more power than nuclear reactors and solar remained just 15 percent short of the nuclear
output.
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European Union. In 2021, renewable electricity generation in the E.U. reached a new record
of 1,068 TWh—a 9 percent (+88 TWh) jump compared to 2019—and accounted for 37 percent
of the E.U/s electricity production, up from 34 percent in 2019. In comparison, nuclear power
produced 733 TWh gross (699 TWh net), around 7 percent more than the previous year,
but about 4 percent lower (-32 TWh) than in 2019. Nuclear accounted for 26 percent of E.U.
electricity production in 2021.

India. Solar power capacity reached 49.7 GW at the end of 2021 overtaking for the first time
the installed capacity of wind with 40.1 GW. Wind has outpaced nuclear in power generation
since 2016. Solar passed nuclear generation in 2018 and wind power output in 2021. Wind and
solar with each generating 68 TWh together produced 3.4 times more power than nuclear
plants. Nuclear electricity production has been declining slightly since 2019.

United States. In 2021, installed wind capacity increased by a record 17 GW, solar added
15.5 GW. Wind power generation increased by 13 percent and solar output by 25 percent
while nuclear energy generation dropped to the lowest level since 2012. Renewables provided
14 percent of commercial power while nuclear still contributed just under 20 percent.
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The year that passed since the publication of WNISR2021 has seen dramatic geopolitical
changes in the world with energy issues playing a key role. Low natural gas supply and storage
levels in the second half of 2021, and the war in Ukraine and its consequences in 2022 have laid
bare Europe’s dependencies on fossil fuels from Russia.

Despite the world’s media focused on Russia and on energy supplies, there has been little
attention given to the extent of interdependencies with Russia’s nuclear sector. About half
of the natural uranium imported by the European Union (EU) in 2020 was purchased from
Russia, and Kazakhstan and Uzbekistan, two Former Soviet Union countries (FSU). Five days
after the Russian invasion of Ukraine began, and one day after the European Union closed its
airspace to all Russian aircrafts, the Slovakian Government provided a special permission to
a Russian plane to fly fresh nuclear fuel assemblies into the country. Slovakia is operating six
Russian designed VVER reactors that, in 2021, generated more than half of its electricity. Two
additional units, under construction at Mochovce since 1985, are expected to start up soon,
with Russian fuel.

The shipment to Slovakia was not the only one to get exceptional flight permission for Russian
nuclear fuel. Besides Slovakia, Bulgaria, the Czech Republic, Finland, and Hungary operate
VVERs and depend on Russian fuel. Westinghouse, the only other manufacturer, has so far
supplied VVER fuel mainly to Ukraine. Even though Ukraine started to get off Russian fuel
several years ago, it has converted only about half of its 15 reactors to the alternative fuel. Some
other European VVER operators have shown interest in the option in the past and that interest
has obviously grown in the past six months.

There are many other services provided by the Russian nuclear industry, which also carries
out joint activities with several EU entities. Rosatom has been cooperating with French utility
EDF for 30 years in many areas. In 2009, Rosatom purchased the German former nuclear fuel
manufacturing company Nukem, now specializing in decommissioning. In December 2021,
Rosatom and EDF subsidiary Framatome signed a “long-term cooperation agreement” (see
press release hereunder), and in early 2022, Rosatom subsidiary TVEL was about to take a stake
in Framatome’s fuel manufacturing plant in Lingen, Germany. Rosatom was also to acquire a
20-percent share in Arabelle-turbine manufacturer GEAST. These turbines produce electricity
for European Pressurized Water Reactors (EPR) and Rosatom’s VVER plants. With Russia
dominating the narrow international nuclear newbuild market, sanctions against Rosatom
would deprive EDF’s subsidiary GEAST from its main customer.

The European Parliament has explicitly called for the inclusion of the nuclear sector in
sanctions against Russia. Do these commercial interdependencies explain why the call was not
followed-up?

The Russian military occupation of the two nuclear sites, Chernobyl and Zaporizhizhia, and the
involvement of Rosatom staff in the forced operation of the facilities by Ukrainian personnel
raises questions about the relationship of commercial companies, whether public or private,
with the Russian state-owned company.
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It also raises questions about the role of the International Atomic Energy Agency (IAEA).
The Agency’s Director General Rafael Mariano Grossi visited the Ukrainian nuclear sites and
confirmed Rosatom’s presence in Zaporizhizha. While Grossi is lobbying for a security zone
around nuclear facilities, Mikhail Chudakov, former longtime official of Rosatom companies,
remains his Deputy Director General and Head of the IAEA’s Department of Nuclear Energy.

The TAEA General Assembly started on 26 September 2022, while this is being written. It will
be an important challenge to clarify what the basic conditions for technical assistance are and
will be in the future. Today, Russia is the country that implements the most new-build projects
around the world, many, if not a majority, with the assistance of the IAEA. It is of utmost
importance for the TAEA to clarify the conditions under which Russia, state-owned Rosatom,
and its many subsidiaries can be seen as a responsible partner for nuclear cooperation in the
future.

The issue of shared industrial interests between Russian and non-Russian companies would
have merited a focus chapter in WNISR2022. It did not happen. WNISR2022 is nevertheless
covering a large range of issues including, for the first time, the implications and risks of
operating nuclear power plants in wartimes.

Other developments occurred during the past year that would have merited in-depth coverage
in WNISR2022 but proved impossible within the limited capacity of the team. These include:

The European Parliament’s adoption of the Commission’s proposed Delegated Act that
includes certain nuclear and gas activities under the EU Taxonomy of environmentally
sustainable economic activities. The regulation will enter into force on 1 January 2023.

An expansion of our earlier analysis of the COVID-19 pandemic’s serious impacts on the
operation, construction, inspection, and control of nuclear power plants.

Because the situation rapidly changed in many countries as a consequence of the war in
Ukraine—e.g. the controversy about potential lifetime extensions in Germany—we paused
WNISR’s standard editorial practice of limiting content to occurrences before 1 July of the year
of publication and updated some chapters well into September 2022.

The winter 2022/2023 might turn into a tough test of the European energy system’s resilience.
Some countries rely heavily on natural gas for heating homes and creating industrial process
heat (e.g. Germany), while others rely on nuclear energy for electricity generation (e.g. France).
Both sets of countries encounter serious difficulties. While Germany is struggling to
compensate for the lack of Russian gas, France is affected by a large fraction of its reactors not
operating due to multiple causes. Of any EU-country, France has by far the highest thermal
sensitivity in the electricity system. If the thermometer drops by 1°C, the power generating
capacity needs climb by 2.4 gigawatt—the equivalent of two large reactors—to cover additional
electric space heating needs. Another significant parameter will be the extent to which the
wind blows over the European continent. The climate might provide the ultimate system test.
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Framatome Press Release, 2 December 2021
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GENERAL OVERVIEW

PRODUCTION AND ROLE OF NUCLEAR POWER

In 1970, the Treaty on the Non-Proliferation of Nuclear Weapons (commonly known as the
nuclear Non-Proliferation Treaty, or NPT) entered into force. It was seen as a key tool to limit
nuclear weapons programs to the five “official” nuclear weapon states China, France, Russia
(then the Soviet Union), the U.K., and the U.S.*# In return for not acquiring nuclear weapons
capabilities, countries were guaranteed access to technology for nuclear power. Article IV of
the NPT stipulates that “nothing in this Treaty shall be interpreted as affecting the inalienable
right of all the Parties to the Treaty to develop research, production and use of nuclear energy
for peaceful purposes without discrimination”.’s

As of the end of 2021, 33 countries operated nuclear power programs in the world. Figure 1
illustrates how the spread of nuclear power throughout the world took place at a significantly
slower pace and smaller scope than anticipated in the early 1970s:

- Fourteen countries had operating nuclear power reactors (grid connected) when the NPT
entered into force in 1970.

- Sixteen additional countries were operating power plants by 1985, the year when reactor
startups peaked.

= Five countries (China, Romania, Iran, United Arab Emirates, and Belarus) started up
power reactors for the first time over the 30-year period 1991-2020 (none in 2021).

= The number of countries operating power reactors in 1996-1997 reached 32. It took another
23 years to reach a new peak at 33 countries.

- Three countries (Italy, Kazakhstan, Lithuania) abandoned their nuclear programs.
= Fifteen of the current 33 nuclear countries have active reactor construction programs.

- Eighteen countries are not constructing any reactors currently; of these, eight countries
have either nuclear phase-out, no-new-build or no-program-extension policies in place.
Some of these policies are currently being reviewed.

In 2021, the world nuclear fleet generated 2,653 net terawatt-hours (TWh or billion kilowatt-
hours) of electricity®, (see Figure 2) After a decline in 2020, nuclear production increased by

14 - Four additional countries have since acquired explosive nuclear devices (Israel, India, North Korea, and Pakistan). South Africa
developed and manufactured nuclear weapons but has dismantled its program. For an overview see IPFM, “Global Fissile Material
Report 2022—Fifty Years of the Nuclear Non-Proliferation Treaty: Nuclear Weapons, Fissile Materials, and Nuclear Energy”,

29 July 2022, see https://fissilematerials.org/publications/2022/07/global _fissile_material r.html, accessed 4 September 2022.

15 - UNODA, “Treaty on the Non-Proliferation of Nuclear Weapons (NPT)”, United Nations Office for Disarmament Affairs, Undated,
see https://www.un.org/disarmament/wmd/nuclear/npt/text/, accessed 4 September 2022.

16 - If not otherwise noted, all nuclear capacity and electricity generation figures based on International Atomic Energy Agency
(IAEA), Power Reactor Information System (PRIS) online database, see https://prisweb.iaea.org/Home/Pris.asp. Production
figures are net of the plant’s own consumption unless otherwise noted, from https://pris.iaea.org/PRIS/WorldStatistics/
NuclearShareofElectricityGeneration.aspx.


https://fissilematerials.org/publications/2022/07/global_fissile_material_r.html
https://www.un.org/disarmament/wmd/nuclear/npt/text/
https://prisweb.iaea.org/Home/Pris.asp
https://pris.iaea.org/PRIS/WorldStatistics/NuclearShareofElectricityGeneration.aspx
https://pris.iaea.org/PRIS/WorldStatistics/NuclearShareofElectricityGeneration.aspx
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3.9 percent in 2021, but stayed just below the 2019 level. China, with an 11.3 percent increase,
produced more nuclear electricity than France for the second year in a row, and remains in
second place—behind the United States—for the top nuclear power generators. Outside of
China, nuclear production increased 2.8 percent to a similar level as in 2017.

National Nuclear Power Program Startup and Phase-out

Cumulated Number of National Programs, as of Year-End,1954-2021

End of 2021

Nuclear Power Program Status 1996-1997 33 Active Programs

As of end of 2021 32 Active Programs o Belarus

Phased-out (3) H_l o UAE

° Program Limitation or Phase-out (8) ° Iran
. ® Romania
No Active Construction (10) ° China
° Active Construction (15) ° Mexico
® Czech Republic
® South Africa
12/2009
) Brazil
® Hungary
1970 ° Slovenia
NPT Entry into force @ Finland
[ South Korea
Taiwan
Ukraine
® Armenia
[ Argentina
® Bulgaria
3/1998
[ Slovakia
[ Pakistan
[ India
® Switzerland
[ Netherlands
[ Spain
® Sweden
3/1987
® Japan*
® Belgium
® Canada
PS Germany
[ France
° USA
° UK
® Russia
. [ [ [ [ [ | [ | [ [ | [ [ J
1954 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
1 4 10 14 19 24 30 30 31 31 31 30 31 33 Number of
Programs

Sources: Compiled by WNISR, with IAEA-PRIS, 2022

Notes:
This figure only displays countries with operating or once operating reactors.

* Japan is counted here among countries with “active construction”; it is however possible that the only project under active construction (Shimane-3) will be
abandoned.

Nuclear energy’s share of global commercial gross electricity generation in 2021 was 9.8
percent—the lowest value in four decades—and over 40 percent below the peak of 17.5 percent
in 1996.7

Nuclear’s main competitors, non-hydro renewables, grew their output by 16 percent and their
share in global power generation increased by 1.1 percentage points to 12.8 percent.”

17 - BP, “Statistical Review of World Energy 2022 - 71th edition”, June 2022, see https://www.bp.com/content/dam/bp/business-sites
en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2022-full-report.pdf, accessed 28 June 2022.

18 - Ibidem.


https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2022-full-report.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2022-full-report.pdf
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In 2020, in a global economic environment depressed by the COVID-19 pandemic, fossil fuel
consumption slumped: oil by 9.7 percent, coal by 4.2 percent, and natural gas by 2.3 percent. In
2021, in the power sector, the trend was reversed with significant increases in oil +8.9 percent
and coal +8.5 percent, while natural gas-based electricity increased by only 2.3 percent.

Nuclear commercial primary energy consumption increased by 3.6 percent while its share in
global consumption remained stable at 4.3 percent; it has been around this level since 2014.
In the European Union (EU) nuclear primary energy consumption increased by 6.7 percent,
mainly due to generation increases in Belgium and France compared to 2020.

Non-hydro renewables, including mainly solar, wind and biofuels, continued their growth, with
an unprecedented 14.7 percent increase, to reach a share of 6.7 percent in primary energy. While
the share of non-hydro renewables is now 1.6 times the nuclear share, both figures illustrate
how modest the current contribution of both technologies remain in the global context.”

In 2021, there were six countries that increased the share of nuclear in their respective
electricity mix (including the two newcomer countries Belarus and United Arab Emirates) —
versus eight in 2020— while nine decreased, and 18 remained at a constant level (change of
less than 1 percentage point). Besides the two newcomer countries, six countries (Argentina,
Belgium, China, Czech Republic, Pakistan, Russia) achieved their largest ever nuclear
production. China, Pakistan, and the United Arab Emirates (UAE) started up new reactors
during the year, while the others either profited from startups in the previous year, returns
from long upgrading, or backfitting outages.

The following noteworthy developments for the year 2021 illustrate the volatile operational
situation of the individual national reactor fleets (see country-specific sections for details):

Belgium had an exceptional 2021 after years of struggling with technical issues greatly
varying nuclear power generation. Output increased by 46 percent in the past year,
following a plunge of 21 percent in 2020, a 52-percent increase in 2019, and a 32-percent
drop in 2018.

China started up three units versus two in 2020, just as in 2019, with nuclear generation
increasing 11.2 percent, despite the full outage of the Taishan-1 EPR since July 2021.

France’s nuclear generation increased by 7.3 percent following a 12-percent drop in 2020
but remained below 400 TWh for the sixth year in a row. The outlook for 2022 is dire
because numerous reactors have been shut down for various technical reasons.

Germany generated 7.4 percent more nuclear electricity than in 2020. However, three
reactors were closed at the end of 2021.

Japan had restarted nine reactors after all of them were down in 2014. But after a
progressive increase in output, nuclear generation plunged in 2020 by over 34 percent. In
2021, nuclear production increased again by a remarkable 42.2 percent.

South Africa has a highly volatile nuclear generation pattern. In 2021, the country
generated 5 percent more nuclear power than in 2020. In previous years, production
declined by 15 percent in 2020, increased by 28 percent in 2019, and dropped by 30 percent
in 2018.

19 - Ibidem.
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Sweden’s nuclear output increased by 8.6 percent following a 26.5 percent drop in 2020,
partly due to the closure of one reactor (Ringhals-2).

The U.K. nuclear generation has been decreasing steadily since 2016, by another 8.5 percent
in 2021, partly due to the closure of three reactors. Since 2016, annual production has
dropped by 36 percent. The trend will continue as three more reactors have been closed in

2022 (as of the end of August).

In the U.S., following the all-time high in 2019, in 2020, nuclear electricity generation
dropped (by 2.4 percent) below the 8oo TWh mark for the first time since 2015. Five
reactors were closed 2019-2021 and, as stated in WNISR2021, it is possible that the country
has seen “peak nuclear” and will not get back to earlier production levels.

Figure 2 - Nuclear Electricity Generation in the World.
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Sources: WNISR, with BP, IAEA-PRIS, 2022%°

Similar to previous years, in 2021, the “big five” nuclear generating countries—the U.S., China,
France, Russia, and South Korea, in that order—generated 71 percent of all nuclear electricity

in the world (see Figure 3, left side).

In 2002, China was 15™, in terms of global production levels; in 2007, it was tenth, and reached
third place in 2016. In 2020—earlier than anticipated due to the mediocre performance of the
French fleet—China became the second largest nuclear generator in the world, a position that

France held since the early 1980s.

In 2021, the top three countries, the U.S., China, and France, accounted for 57 percent of global
nuclear production, underscoring the concentration of nuclear power generation in a very

small number of countries.

20 - WNISR for World Nuclear Industry Status Report, BP stands for BP plc.
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Figure 3 - Nuclear Electricity Generation and Share in Global Power Generation
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Sources: IAEA-PRIS, and national sources for France and Switzerland, compiled by WNISR, 2022

Note: For comparison reasons, data used in this graphic are IAEA-PRIS data, (except for France and Switzerland), and may differ from data used in the country
sections.

In many cases, even where nuclear power generation increased, the addition is not keeping pace
with overall increases in electricity production, leading to a nuclear share below the respective
historic maximum (see Figure 3, right side). Eight countries achieved their historically largest
nuclear share in the 1980s and seven in the 1990, in other words, almost half of the nuclear
countries had seen the peak before the turn of the century.
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Besides the two newcomers which started reactors in 2020 and 2021, only two countries,
Pakistan and China reached new historic peak shares of nuclear in their respective power mix.
China saw a negligible increase of 0.1 percentage points to 5 percent and Pakistan’s nuclear
share advanced by 3.5 percentage points to 10.6 percent.

Since the first nuclear power reactor was connected to the Soviet power grid at Obninsk in
1954, there have been two major waves of startups. The first peaked in 1974, with 26 grid
connections in that year. The second reached a historic maximum in 1984 and 1985, just before
the Chernobyl accident, reaching 33 grid connections in each year. By the end of the 1980s, the
uninterrupted net increase of operating units had ceased, and in 1990 for the first time the
number of reactor closures* outweighed the number of startups.

The 1992-2001 decade globally produced twice as many startups than closures (51/25), while
in the decade 2002-2011, startups amounted to less than two third of the closures (36/61).
Furthermore, it took the whole decade 2000-2009 to connect as many units (33) as in a single
year in the middle of the 1980s (see Figure 4).

In the past decade 2012-2021, 62 reactors—of which 37 (60 percent) in China—were started-
up, and 44 were closed.

Over the two decades 2002-2021, there were 98 startups and 105 closures. Of these, 50 startups
were in China which did not close down any reactors. As a result, outside China, there has
been a drastic net decline by 57 units over the same period (see Figure 5). As larger units were
started up (totaling 88 GW) than closed (totaling 66 GW) the net nuclear capacity added
worldwide over the 20-year period was 22 GW. However, since China alone added 47.5 GW, the
net capacity outside China declined by over 25 GW.

After the startup of 10 reactors in each of the years 2015 and 2016, only four units started up
in 2017, of which three in China and one in Pakistan (built by Chinese companies). In 2018,
nine reactors generated power for the first time, of which seven in China and two in Russia. In
2019, six units were connected to the grid, of which three in Russia, two in China, and one in
South Korea, while five units were closed, of which two in the U.S., and one each in Germany,
Sweden and Switzerland.

In 2020, five units were connected to the grid, two in China and one each in Belarus, Russia
and the United Arab Emirates (UAE). During the year, six units were closed including two each
in France and the U.S. and one each in Russia and Sweden. In 2021, six units were connected
to the grid, of which three were in China, one each in India, Pakistan and the UAE, and eight
were closed, including three in Germany and one each in Pakistan, Russia, Taiwan, U.K., and
U.S. Two additional closures in the U.K. were announced during the year but they had not
generated any power since 2018.

21 - With WNISR2019 we have introduced “closure” as general term for permanent shutdown, in order to avoid confusion with the use
of “shutdown” for provisional grid disconnections for maintenance, refueling, upgrading or due to incidents. WNISR considers closure
from the moment of grid disconnection—and not from the moment of the industrial, political or economic decision—and as the units

have not generated power for several years, in WNISR statistics, they are closed in the year of their last power generation.
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Five new units were connected to the world’s power grids in the first half of 2022, including
two in China, while two reactors were closed, one each in the U.S. and the U.K. (See Figure 5).

Figure 4 - Nuclear Power Reactor Grid Connections and Closures in the World

Reactor Startups and Closures in the World
in Units, from 1954 to 1 July 2022
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Notes:

As of 2019, WNISR is using the term “Closed” instead of “Permanent Shutdown” for reactors that have ceased power production, as WNISR considers the
reactors closed as of the date of their last production. Although this definition is not new, it had not been applied to all reactors or fully reflected in the WNISR
database; this applies to known/referenced examples like Superphénix in France, which had not produced in the two years before it was officially closed or the
Ttalian reactors that were de facto closed prior to the referendum in 1987, or some other cases. Those changes obviously affect many of the Figures relating to
the world nuclear reactor fleet (Startup and Closures, Evolution of world fleet, age of closed reactors, amongst others.)

As of 1 July 2022, a total of 411 nuclear reactors were operating in 33 countries, down four
units from the situation in mid-2021.>* The current world fleet has a total nominal electric net
capacity of 369 GW (no change since WNISR2021), representing a peak just above the former
record of 367 GW 2006. As the annual statistics always reflect the status at year-end, the
situation might change again by the end of 2022.

The number of operating reactors remains by seven below the figure reached already in 1989
and by 27 below the 2002 peak (see Figure 6).

22 - +7 startups +1 restart -4 new LTO -8 closures.
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Reactor Startups and Closures in the World
in Units, from 1954 to 1 July 2022
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For many years, the net installed capacity has continued to increase more than the net number
of operating reactors. This is a result of the combined effects of larger units replacing smaller
ones. (In 1989, the average size of an operational nuclear reactor was about 740 MW, while that
number has increased to 897.5 MW in 2022). Technical alterations raised capacity at existing
plants resulting in larger electricity output, a process known as uprating.® In the U.S. alone,
the Nuclear Regulatory Commission (U.S.NRC) has approved 171 uprates since 1977. The
cumulative approved uprates in the U.S. total 8 GW, the equivalent of eight large reactors.
These include seven minor uprates (<2 percent of reactor capacity) approved since mid-2020,
of which only one since mid-2021.>

A similar trend of uprates and major overhauls in view of lifetime extensions of existing
reactors has been seen in Europe. The main incentive for lifetime extensions is economic
but this argument is being increasingly challenged as backfitting costs soar and alternatives
become cheaper.

23 - Increasing the capacity of nuclear reactors by equipment upgrades e.g. more powerful steam generators or turbines.

24 - U.S.NRC, “Approved Applications for Power Uprates”, U.S. Nuclear Regulatory Commission, Updated 19 November 2021,
see http://www.nrc.gov/reactors/operating/licensing/power-uprates/status-power-apps/approved-applications.html,
accessed 18 July 2022.


http://www.nrc.gov/reactors/operating/licensing/power-uprates/status-power-apps/approved-applications.html
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Figure 6 - World Nuclear Reactor Fleet, 1954-2022
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Changes in the database regarding closing dates of reactors or LTO status slightly change the shape of this graph from previous editions. In particular, the
previous “maximum operating capacity” of 2006 (overtaken in July 2019) is now at 367 GW.

As of mid-2022, the International Atomic Energy Agency (IAEA) continues to count 33 units
in Japan in its total number of 440 reactors “in operation” in the world.> No nuclear electricity
was generated in Japan between September 2013 and August 2015, and as of 25 July 2022, only
seven of ten reactors with a valid operating license were operating. Nuclear plants provided
7.2 percent of the electricity in Japan in 2021 up from 5.1 percent in 2020 (for details see Japan
Focus).

The WNISR reiterates its call for an appropriate reflection in world nuclear statistics of the
unique situation in Japan. The approach taken by the IAEA, the Japanese government, utilities,
industry and many research bodies as well as other governments and organizations to continue
classifying the entire stranded reactor fleet in the country as “in operation” or “operational” is
misleading.

The TAEA does have a reactor-status category called “Long-term Shutdown” or LTS.>® Under
the TAEA’s definition, a reactor is considered in LTS, if it has been shut down for an “extended
period (usually more than one year)”, and in early period of shutdown either restart is not being
“aggressively pursued” or “no firm restart date or recovery schedule has been established”. The
IAEA currently lists one single reactor in the LTS category: the Rajasthan-1 reactor in India,

25 - IAEA, “Power Reactor Information System”, International Atomic Energy Agency, Undated,
see https://pris.iaea.org/pris/CountryStatistics/CountryDetails.aspx?current=JP, accessed 22 July 2021.

26 - See IAEA Glossary, at www.iaea.org/pris/Glossary.aspx, accessed 22 July 2021.


https://pris.iaea.org/pris/CountryStatistics/CountryDetails.aspx?current=JP
http://www.iaea.org/pris/Glossary.aspx
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which has not generated power since 2004 and is considered permanently closed in 2004 by
WNISR. It was moved from the operating to the LTS category by the IAEA in June 2022.

The IAEA criteria are vague and hence subject to interpretation. What exactly are extended
periods? What is aggressively pursuing? What is a firm restart date or recovery schedule? Faced
with this dilemma, the WNISR team in 2014 decided to create a new category with a simple
definition, based on empirical fact, without room for speculation: “Long-Term Outage” or
LTO. Its definition:

A nuclear reactor is considered in Long-Term Outage or LTO if it has not generated any
electricity in the previous calendar year and in the first half of the current calendar year. It is
withdrawn from operational status retroactively from the day it has been disconnected from
the grid.

When subsequently the decision is taken to close a reactor, the closure status starts with the
day of the last electricity generation, and the WNISR statistics are retroactively modified
accordingly.

Applying this definition to the world nuclear reactor fleet, as of 1 July 2022, leads to classifying
29 units in LTO—all considered “in operation” by the IAEA—three more than in WNISR2021,
of which 23 in Japan, three in India (Madras-1, Tarapur-1 & -2), two in Canada (Bruce-6
and Darlington-3, scheduled to restart, after refurbishment, in 2023 and 2024), and one in
South Korea (Hanbit-4).

One reactor that re-entered the LTO category in Japan as of July 2021 (Ikata-3) was reconnected
to the grid in October 2021.

Figure 7 presents the evolution of the number and capacity of the world reactor fleet “in
operation” as reported by the IAEA vs. WNISR.

The evolution of the world nuclear fleet according to the IAEA shows a peak of officially
operating reactors, both in terms of number and capacity, in 2018, while WNISR analysis shows
the number of units peaking as early as 2002 and capacity in 2006.

WNISR’s assessment of “operating” reactors shows significant differences with IAEA statistics
since the beginning of the Fukushima disaster in 2011. The following section provides a
detailed explanation and justification of the differences.

Although not the only case, the Japanese fleet provides the main and more visible differences,
especially over the past decade. As of December 2021, the IAEA included 33 units in Japan in
its total number of 437 reactors “in operation” in the world. However, 23 of these reactors have
not produced electricity since 2010-2011 (of which three since 2007). When subsequently the
decision is taken to close a reactor—whether or not it was previously considered in LTO—the
closure status starts with the day of the last electricity generation, and the WNISR statistics
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are retroactively modified accordingly. Those are the reactors “Officially closed at a later date”
in Figure 7.

Figure 7 - World Nuclear Reactor Fleet - IAEA vs WNISR 1954-2021
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Notes: The IAEA data used for this graph includes at least three reactors that have been later withdrawn from the PRIS statistics for operating reactors
(Niederaichbach, VAK-Kahl and HDR Grofiwelzheim, in Germany). On the other hand, the Swiss research reactor in Lucens is not included. Reactors classified
as in “Long-term Shutdown” (LTS) by the IAEA are not represented here. Until July 2022, the IAEA list of operating reactors also included Rajasthan-1 in
India, which has not produced since 2004, but has only been classified as “Long-term Shutdown” in June 2022 (with an LTS start date retroactively set to
October 2004).”

Applying this definition to the world nuclear reactor fleet, as of 31 December 2021, leads to
classifying 29 units as LTO —all considered “in operation” by the IAEA.

Besides the 23 Japanese reactors, the LTO definition also applies to three units in
India (Madras-1, Tarapur-1 & -2), two in Canada (Bruce-6 and Darlington-3), and one in
South Korea (Hanbit-4).

Bruce-6 and Darlington-3 are under refurbishment since January and July 2020
respectively. They are scheduled to come back online in 2023 and 2024 respectively
(see section on Canada in Annex 1).

27 - IAEA - PRIS, “PRIS - Reactor Details - Rajasthan-1”, 8 August 2022, see https://pris.iaea.org/pris/CountryStatistics/ReactorDetails.
aspx’current=302, accessed 9 August 2022.


https://pris.iaea.org/pris/CountryStatistics/ReactorDetails.aspx?current=302
https://pris.iaea.org/pris/CountryStatistics/ReactorDetails.aspx?current=302

World Nuclear Industry Status Report |2022

Madras-1 is shutdown since January 2018 to carry out major repair work and has not
restarted as of mid-2022. Tarapur-1 and -2, the two oldest reactors in the world, are “under
project mode...for extensive health assessment of primary system” since April and August

2020 respectively (see India Focus).?®

Hanbit-4, impacted by various ageing issues, has not been operating since May 2017. As of
mid-2021, it was scheduled to be reconnected to the grid in August 2021, but this did not

happen (see South Korea Focus).

The biggest difference is found as of the end of 2012, with 53 units less operating according to

WNISR criteria, detailed in Table 1.

Table 1 - WNISR Rationale for the Classification of 53 Reactors as Non-Operational as of end 2012

Typology

Japan

South Korea

Spain

u.s.

Reactors that last produced electricity in (or prior to) 2012,
officially closed after 2012 (either considered closed by WNISR
as early as 2012, or after an LTO period). Most of those reactors
were considered “in operation” for many years before their
official closure date.

Reactors considered
closed in 2012

6 Reactors
Fukushima Daiichi 5-6
Fukushima Daini 1-4
Officially Closed
in 2013 and 2019

1 Reactor
Santa Maria de Garofia
Last production in 2012
Officially Closed in 2017*

3 Reactors
San Onofre-2 &-3
Last production in 2012
Officially closed in 2013
Crystal River-3
Last production in 2009
Officially closed in 2013

Last production in 2010-2012
Officially closed 2015-2019

Reactors not restarted
since 2012, officially
“in operation”

as of 31 December 2021.

23 Reactors
Last production
2006-2012

Reactors in LTO as of
December 2012 Restarted
prior to 31 December 2021

8 Reactors
Restarted 2015-2021

1 Reactor
Wolsong-1
Restarted in 2015

Sources: IAEA-PRIS and WNISR, 2022

Note: *Garofla was subsequently considered in Long-term Shutdown (LTS) 2013-2016 by the TAEA until its official closure.

The differences between the IAEA and WNISR are not limited to the effects of the Fukushima
disaster. Even prior to 3/11, WNISR and IAEA-PRIS data had differences, reaching up to 10 units

at the end of some years. These differences were mainly due to the definition of the closure

date that the IAEA sometimes sets at last production and sometimes as closure-decision date
while WNISR systematically applies the day of last electricity generation.

28 - TAEA, “Operating Experience with Nuclear Power Stations in Member States - 2022 Edition”, 2022.
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OVERVIEW OF CURRENT NEW-BUILD

As of 1 July 2022, 53 reactors are considered as under construction, the same number the
WNISR reported a year ago, but 16 fewer than in 2013 (five of those units have subsequently
been abandoned). The number includes 21 units (40 percent) being built in China.

Four in five reactors are built in Asia or Eastern Europe. In total, 15 countries are building
nuclear plants, two less (Finland and Pakistan) than in WNISR2021 (see Building vs. Vendor
Countries.)

However, only four countries—China, India, Russia, and South Korea—have construction
ongoing at more than one site (see Annex 3 for details). Since mid-2021, seven new construction
sites were launched worldwide, including six in China. One construction start took place in
India (Kudankulam-6).

The 53 reactors listed as under construction by mid-2022 compare poorly with a peak of 234—
totaling more than 200 GW—in 1979. However, many (48) of those projects listed in 1979 were
never finished (see Figure 8). 2005, with 26 units under construction, was the lowest since the
early nuclear age in the 1950s.

Compared to the year before, the total capacity of the 53 units under construction in the
world in mid-2022 slightly decreased by just 0.8 GW to 53.3 GW, with an average unit size of
1,005 MW.

Figure 8 - Nuclear Reactors “Under Construction” in the World (as of 1July 2022)
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Notes:

This figure includes construction of two CAP1400 reactors at Rongcheng/Shidaowan, although their construction has not been officially announced
(see China Focus). At Shidao Bay, the HTR plant under construction since 2012 has two reactor modules on the site and is therefore counted as two units as of
WNISR2020. Grid connection of the first unit of the twin reactors officially took place on 20 December 2021. There is no indication of grid connection of the
second module (see China Focus for details).
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As of mid-2022, China has by far the most reactors (21 units) under construction in the world.
However, China is currently not building anywhere outside the country and has only exported to
Pakistan. Russia is in fact largely dominating the international market as a technology supplier
with 20 units under construction in the world as of mid-2022 of which only three domestically
but 17 in seven countries, including four each in China and India and three in Turkey.* It is
uncertain at this point to what extent these projects will be impacted by the various layers of
sanctions imposed on Russia and other consequential geopolitical developments following the

invasion of Ukraine.

Besides Russia’s Rosatom, there are only French and South Korean companies building abroad
(see Table 2 and Figure 9).

China

India
Russia
South Korea
Turkey
Bangladesh
Slovakia
UAE

U.K.

u.s.
Argentina
Belarus
France

Iran

Japan

Total

21 (17)
8@
303
303
3(0)
2(0)
2(0)
2 (0)
2 (o)
2(2)
10)
1(0)
10)
1(0)
1)

53

Russia: 4 20 932
Russia: 4 6 028
- 2 650

- 4020
Russia: 3 3342
Russia: 2 2160
Russia: 2 880
South Korea: 2 2 690
France: 2 3260
- 2234

_ 25
Russia: 1 1110
- 1630
Russia: 1 974
- 1325
53260

2012 - 2022
2004 - 2021
2018 - 2021
2013 - 2018
2018 - 2021
2017 - 2018
1985
2014 - 2015
2018 - 2019
2013
2014
2014
2007
1976
2007

1976 - 2022

Table 2 - Nuclear Reactors “Under Construction” (as of 1 July 2022)%

2022 - 2028
2023 - 2027
2023 - 2026
2023 - 2025
2024 - 2026
2023 - 2024
2022 - 2023
2023
2027 - 2028
2023
2027
2022
2023
2024
2025°

2022 - 2028

6@

1

26

Total per Vendor Country: Russia: 20 - China: 17 - South Korea: 5 - India: 4 - France: 3 - U.S.: 2 - Argentina: 1 - Japan: 1

Notes:

Sources: Various, compiled by WNISR, 2022
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(a) - Of the eight reactor projects under construction, all are delayed or likely to be delayed, with all Kudankulam reactors under construction “likely to be
impacted” by the war in Ukraine. Six is the number of reactors “formally” delayed. See India Focus.

(b) - The Mochovce Units 3 and 4 are a Russian VVER design being completed by Czech-led consortium.

This table does not contain suspended or abandoned constructions.

It includes construction of two CAP1400 reactors at Rongcheng/Shidaowan, although their construction has not been officially announced (see China Focus).
At Shidao Bay, the HTR plant under construction since 2012 has two reactors on the site and is therefore counted as two units as of WNISR2020. Grid

connection of the first unit of the twin reactor officially took place on 20 December 2021. There is no indication of grid connection of the second unit.

29 - Construction of a fourth unit started at the Akkuyu site in Turkey on 21 July 2022, see WNISR, “Akkuyu-4 in Turkey: Second
Construction Start in a Week for the Russian Nuclear Industry—Anyways 47, 24 July 2022, see https://www.worldnuclearreport.org/
Akkuyu-4-in-Turkey-Second-Construction-Start-in-a-Week-for-the-Russian-Nuclear.html, accessed 9 September 202.2.

30 - For further details, see Annex 3.


https://www.worldnuclearreport.org/Akkuyu-4-in-Turkey-Second-Construction-Start-in-a-Week-for-the-Russian-Nuclear.html
https://www.worldnuclearreport.org/Akkuyu-4-in-Turkey-Second-Construction-Start-in-a-Week-for-the-Russian-Nuclear.html
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Nuclear Power Reactors Under Construction by Technology-Supplier Country

Units by Technology-Supplier Country and Construction Country
as of 1 July 2022
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UAE
Technology-Supplier Country
Argentina Reactors under Construction with
@ @ Domestic Technology

® Foreign Technology
Technology supplied to a Foreign Country

* The Mochovce Units 3 and 4 in Slovakia
are a Russian VVER design being completed
by Czech-led consortium.

Sources: WNISR, with IAEA-PRIS, 2022

A closer look at projects listed as “under construction” as of 1 July 2022 illustrates the level of
uncertainty and problems associated with many of these projects, especially given that most
builders still assume a five-year construction period:

For the 53 reactors being built, an average of 6.8 years has passed since construction
start—slightly lower than the mid-2021 average of seven years— and many remain far
from completion.

All reactors under construction in at least 10 of the 15 countries have experienced mostly
year-long delays. At least half (26) of the building projects are delayed. Most of the units
which are nominally being built on-time (yet) were begun within the past three years or
have not yet reached projected startup dates, making it difficult to assess whether they are
on schedule. Particular uncertainty remains over construction in China because of lack
of access to information. While it is unclear what will happen with Russian designed and/
or implemented projects in seven other countries, as sanctions have or will likely have an
impact on supply chains.
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Of the 26 reactors clearly documented as behind schedule, at least 14 have reported
increased delays and two have reported new delays over the past year.

WNISR2020 noted a total of 19 reactors scheduled for startup in 2021, and at the beginning
of 2021, 16 were still planned to be connected to the grid but only six of these made it,
while the other 10 were delayed at least into 2022.

Construction starts of two projects date back 37 years, Mochovce-3 and -4 in Slovakia, and
their grid connection has been further delayed, currently to late 2022 and 2023. Bushehr-2
in Iran originally started construction in 1976, over 45 years ago, and resumed construction
in 2019 after a 40-year-long suspension. Grid connection is currently scheduled for 2024.

Six additional reactors have been listed as “under construction” for a decade or more:
the Prototype Fast Breeder Reactor (PFBR), Kakrapar-4 and Rajasthan-7 & -8 in India,
Shimane-3 in Japan, and Flamanville-3 (FL3) in France. The French and Indian projects
have been further delayed this year, and the Japanese reactor does not even have a
provisional startup date.

The actual lead time for nuclear plant projects includes not only the construction itself but
also lengthy licensing procedures in most countries, complex financing negotiations, site
preparation and other infrastructure development.

Since the beginning of the nuclear power age, there has been a clear global trend towards
increasing construction times. National building programs were faster in the early years
of nuclear power, when units were smaller and safety regulations were less stringent. As
Figure 10 illustrates, construction times of reactors completed in the 1970s and 1980s were
quite homogenous, while in the past two decades they have varied widely.

The seven units completed in 2019-2021 in China took on average 6.4 years to build, while the
four projects finalized in Russia took a mean 11.4 years (compared to 15 years for the period
2018-2020).

As Figure 11 shows for the period 2019-2021, the longest construction times for those two
countries were for the EPR at Taishan-2 (9.2 years), the first reactor of the two HTR module
at Shidao Bay 1 (9.1 years) and the floating reactors Academic Lomonosov-1 and -2 (12.1 years).

The case of the twin “floating” reactors Akademik-Lomonosov is particularly interesting.
These are small 30-MW reactors meant to demonstrate a new generation of Small Modular
Reactors (SMRs), smaller, cheaper, and faster to build. However, construction has taken longer
than any other reactor that has come on-line over those three years and took about 3.5 times
as long as originally projected; a little before construction of the ship began in 2007, Rosatom
announced that the plant would begin operating in October 2010.3' But that happened only in
December 2019. Not surprisingly, the “nuclear barge” has become more expensive, from an

31 - Rosatom, “The first offshore nuclear heat and electrical power plant of small capacity is planned to operate in October 2010 in
Severodvinsk (Arkhangelsk district)”, Press Release, 15 December 2006; and IPFM, “Global Fissile Material Report 2007—Developing
the technical basis for policy initiatives to secure and irreversibly reduce stocks of nuclear weapons and fissile materials”, Second
Report of the International Panel on Fissile Materials, Program on Science and Global Security, Princeton University, 1 October 2007,
see http://fissilematerials.org/publications/2007/10/global_fissile_material_report_1.html, accessed 3 September 2020.


http://fissilematerials.org/publications/2007/10/global_fissile_material_report_1.html
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initial estimate of around 6 billion rubles (US$ZOO7232 million)?* to at least 37 billion rubles as of
2015 (US$
as the most expensive Generation III reactors.3*

(740 million),® or close to US$25,000 per installed kilowatt, almost twice as costly

201,

Average Annual Durations from Construction Start to Grid Connection Duration in Years
by Grid Connection Date, from 1954 to 1 July 2022 6
1
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10 10
8 8
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2 2
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Sources: WNISR, with IAEA-PRIS, 2022

The mean time from construction start to grid connection for the six reactors started up in 2021
was 7.1 years, comparable to 2020 (7.2 years), a clear improvement over the 9.9 years in 2019. In
the case of the five units connected in the first half of 2022, the duration was nine years.

While mean construction times have been declining recently, over the three years 2019-2021,
only two of 17 units started up on-time. Those are Tianwan-4 and -5 in China, a Russian-
designed but mainly Chinese-built VVER-1000 (model V-428M), that the designers claim to
belong to Gen I1I classification, but few details are known. The two Chinese units Hongyanhe-5
and Yangjiang-6 were completed with minor delays in 6.2 and 5.5 years respectively. These are
ACPR1000 reactors, designed by China General Nuclear Corp. (CGN) that claims contain at
least ten improvements making them a Gen III design3.

32 - WNN, “Russian floating reactor construction starts”, 17 April 2007,
see https://www.world-nuclear-news.org/Articles/Russian-floating-reactor-construction-starts, accessed 3 September 2020.

33 - Charles Digges, “New documents show cost of Russian floating nuclear power plant skyrockets”, Bellona, 25 May 2015,
see http://bellona.org/news/nuclear-issues/2015-05-new-documents-show-cost-russian-nuclear-power-plant-skyrockets,
accessed 28 December 2015.

34 - The current cost estimate—including financing costs—of the Flamanville-3 EPR is about US$13,700/kW (see France Focus).

35 - Caroline Peachey, “Chinese reactor design evolution”, NEI Magazine, 22 May 2014,
see https://www.neimagazine.com/features/featurechinese-reactor-design-evolution-4272370/, accessed 14 August 2019.


https://www.world-nuclear-news.org/Articles/Russian-floating-reactor-construction-starts
http://bellona.org/news/nuclear-issues/2015-05-new-documents-show-cost-russian-nuclear-power-plant-skyrockets
https://www.neimagazine.com/features/featurechinese-reactor-design-evolution-4272370/
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Figure 11 - Delays for Units Started Up 2019-2021

Expected vs. Real Duration from Construction Start to Grid Connection for Startups 2019-2021
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Sources: Compiled by WNISR with IAEA-PRIS, 2022

Note:

Expected construction time is based on grid connection data provided at construction start when available; alternatively, best estimates are used, based on
commercial operation, completion, or commissioning information.

The longer-term perspective confirms that short construction times remain the exceptions.
Ten countries completed 62 reactors over the decade 2012-2021—of which 37 in China
alone—with an average construction time of 9.2 years (see Table 3). That is an improvement of
0.7 years over the mean construction time in the decade 2011-2020.
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Table 3 - Duration from Construction Start to Grid Connection 2012-2021

Country

China 37 6 44 9.2
Russia 9 17.9 81 35.1
South Korea 5 6.4 4.2 9.6
India 3 12 10.1 14.2
Pakistan 3 56 55 5.6
UAE 2 82 81 83
Argentina 1 33.0 33.0
Belarus 1 7.0 7.0

us. 1 42.8 42.8

World 62 9.2 44 42.8

Sources: Various, compiled by WNISR, 2022

The number of annual construction starts* in the world peaked in 1976 at 44, of which
11 projects were later abandoned. In 2010, there were 15 construction starts—including 10 in
China—the highest level since 1985 (see Figure 12 and Figure 13). That number dropped to five
in 2020—including four in China—while building started on ten units in 2021—including six
in China. The other four units are implemented by the Russian nuclear industry in India (2), in
Turkey and domestically, and two of the construction starts in China were also by the Russian
industry. In other words, of the global total of ten, six reactors were by Russian builders and
four by Chinese industry.

Three reactors got underway in the world in the first half of 2022, all of them in China, two of
which are of Russian design. Chinese and Russian government owned or controlled companies
launched all of the 18 reactor constructions in the world over the 30-month period from the
beginning of 2020 to mid-2022.

36 - Generally, a reactor is considered under construction with the beginning of the concreting of the base slab of the reactor building.
Site preparation work, excavation and other infrastructure developments are not included.
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Construction Starts of Nuclear Reactors in the World
in Units, from 1951 to 1 July 2022

Construction Status
as of 1 July 2022

40 Construction Abandoned or Suspended
[l Construction Completed
Under Construction...

30

1 . I
1951 1965

1955 1960

Bushehr-2 Mochovce
-3 and -4

Flamanville-3
Shimane-3

Sources: WNISR, with IAEA-PRIS, 2022

Notes:

Construction of Bushehr-2, started in 1976, was considered abandoned in earlier versions of this figure. As construction was restarted in 2019, it now appears
as “Under Construction”.

The Chinese project at Shidao Bay-1 is considered as two reactors, and construction starts in 2012 reflect this change.

Over the decade 2012-2021, construction began on 63 reactors in the world, of which half (31)
in China. Three of these building sites have been abandoned over the period (Baltic-1 in Russia,
V.C. Summer-2 and -3 in the U.S.). As of mid-2022, 19 of the remaining 60 units have started
up, while 41 remain under construction.

Seriously affected by the Fukushima events, China did not start any construction in 2011 and
2014 and began work only on seven units in total in 2012 and 2013. While Chinese utilities
started building six more units in 2015, the number shrank to two in 2016, only a demonstration
fast reactor in 2017, none in 2018, but four each in 2019 and 2020, six in 2021 and three in the first
half of 2022 (see Figure 13). While this increase represents a sign of the restart of commercial
reactor building in China, the level continues to remain far below expectations. The five-year
plan 2016-2020 had fixed a target of 58 GW operating and 30 GW under construction by 2020.
As of the end of 2020, China had 49 units with 47.5 GW operating, one reactor in LTO (CEFR),
and 17 units (16 GW) under construction, much lower than the original target. At the end of
2021, 53 reactors with a total capacity of 49.7 GW were operating and 20 units (19.2 GW) were
under construction (for details, see China Focus).
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Construction Starts of Nuclear Reactors in the World
in Units, from 1951 to 1 July 2022
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Sources: WNISR, with IAEA-PRIS, 2022

Experience shows that having an order for a reactor, or even having a nuclear plant at an
advanced stage of construction, is no guarantee of ultimate grid connection and power
production. The two V.C. Summer units, abandoned in July 2017 after four years of construction
and following multi-billion-dollar investment, are only the latest in a long list of failed nuclear
power plant projects.

Abandoned Reactor Constructions from 1970 to 1 July 2022

in Units by Cancellation Year and Country
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Note: This graph only includes constructions that had officially started with the concreting of the base slab of the reactor building.
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French Alternative Energies & Atomic Energy Commission (CEA) statistics through 2002
indicate 253 “cancelled orders” in 31 countries, many of them at an advanced construction stage
(see also Figure 14). The United States alone accounted for 138 of these order cancellations.?”

Of the 790 reactor constructions launched since 1951, at least 93 units in 19 countries had been
abandoned or suspended, as of 1 July 2022. This means that 12 percent—or one in eight—of
nuclear constructions have been abandoned.

Close to three-quarters (66 units) of all cancelled projects were in four countries alone—
the U.S. (42), Russia (12), Germany and Ukraine (six each). Some units were 100-percent
completed—including Kalkar in Germany and Zwentendorf in Austria—before it was decided
not to operate them.

OPERATING AGE

In the absence of significant, successful new-build over many years, the average age (from grid
connection) of operating nuclear power plants has been increasing since 1984, and as of mid-
2022 is 31 years, up from 30.9 years in mid-2021 (see Figure 15).3°

A total of 270 reactors, two-thirds of the world’s operating fleet, have operated for 31 or more
years, including 105—more than one in five—for at least 41 years.

Figure 15 - Age Distribution of Operating Reactors in the World

Age of World Nuclear Fleet
as of 1 July 2022
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Sources: WNISR, with IAEA-PRIS, 2022

In 1990, the average age of the operating reactors in the world was 11.3 years; in 2000, it was
18.8 years and it stood at 26.3 years in 2010. The leading nuclear nation is also leading the age

37 - CEA, “Elecnuc—Nuclear Power Plants in the World”, French Alternatives Energies and Atomic Energy Commission, 2002. The
section “cancelled orders” has disappeared after the 2002 edition.

38 - WNISR calculates reactor age from grid connection to final disconnection from the grid. In WNISR statistics, “startup” is
synonymous with grid connection and “closure” with withdrawal from the grid. In order to have a better image of the fleet and
ease calculations, the age of a reactor is considered to be 1 between the first and second grid connection anniversaries. For some
calculations, we also use operating years: the reactor is in its first operating year until the first grid connection anniversary, when it
enters the second operating year.
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pyramid. The average age of reactors in the U.S. passed 40-years in 2020 and reached 41.2 years
as of the end of 2021. France’s fleet now exceeds 36 years. Russia inverted the curve starting
in 2016 and its average fleet age of 28.4 years as of the end of 2021 remains 1.8 years below the
2015-peak. South Korea’s reactors at 22.4 years remain almost half as old as the U.S. fleet, and
China is the obvious newcomer with an average fleet age of just 8.8 years. (See Figure 16).

Evolution of Mean Age of Top 5 Reactor Fleets in the World Méa"YAge
In Years
in Years, as of year-end 1954-2021 as of 31 December 2021
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Sources: WNISR, with IAEA-PRIS, 2022

Many nuclear utilities envisage average reactor lifetimes of beyond 40 years up to 60 and
even 8o years. In the U.S,, reactors are initially licensed to operate for 40 years, but nuclear
operators can request a license renewal from the Nuclear Regulatory Commission (NRC) for
an additional 20 years. An initiative to allow for 40-year license extensions in one step was
terminated in June 2021 after NRC staff recommended that the Commission “discontinue the
activity to consider regulatory and other changes to enable license renewal for 40 years.”

As of mid-2022, 97 U.S. units had received a 20-year license extension, no further applications
were under NRC review. Ten units with renewed licenses were closed early, and two applications
for three reactors were withdrawn as Crystal River was closed; the two Diablo Canyon units
are scheduled to close when their current license expires in 2024-2025, although their closure
might be deferred until 2029 and 2030 (see United States Focus). Three additional applications
for five reactors are expected in 2023-2024.4°

39 - Division of New and Renewed Licenses, “Closure of Activity to Consider License Renewal for 40 Years of Additional Nuclear Power
Plant Operation”, Office of Nuclear Reactor Regulation, U.S. Nuclear Regulatory Commission, 22 June 2021, see https://www.nrc.gov
docs/ML2111/ML21117A007.pdf, accessed 11 August 2021.

40 - U.S. NRC, “Status of License Renewal Applications and Industry Activities”, Nuclear Regulatory Commission, Updated
12 January 2022, see http://www.nrc.gov/reactors/operating/licensing/renewal/applications.html, accessed 26 July 2022.
Y , I 3 I 8 8 PI y


https://www.nrc.gov/docs/ML2111/ML21117A007.pdf
https://www.nrc.gov/docs/ML2111/ML21117A007.pdf
http://www.nrc.gov/reactors/operating/licensing/renewal/applications.html
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So far, the NRC has granted Subsequent Renewed Operating Licenses to six reactors, which
permit operation from 60 to 8o years. A further nine reactors have their applications still
under review.*

Only nine of the 41 units that have been closed in the U.S. had reached 40 years on the grid.
All nine had obtained licenses to operate up to 60 years but were closed mainly for economic
reasons. In other words, at least a quarter of the 133 reactors connected to the grid in the U.S.
never reached their initial design lifetime of 40 years. Only one of those already closed had just
reached 50 years of operation (Palisades, closed after 50.4 years). The mean age at closure of
those 41 units was 22.8 years.

On the other hand, of the 92 currently operating plants, 47 units have already operated for
41 years and six have been on the grid for 50 years or more; thus, over half of the units with
license renewals have entered the lifetime extension period, and that share is growing rapidly
with the mid-2022 mean age of the U.S. operational fleet exceeding 41.5 years (see Figure 40 in
United States Focus).

Many countries have no specific time limits on operating licenses. In France, for example,
reactors must undergo in-depth inspection and testing every decade against reinforced safety
requirements. The French reactors have operated for 37 years on average. The Nuclear Safety
Authority (ASN) has evaluated each reactor, and most have been permitted to operate for
up to 40 years, which is the limit of their initial design. However, the ASN assessments are
years behind schedule. For economic reasons, the French state-controlled utility Electricité de
France (EDF) prioritizes lifetime extension to 50 years over large-scale new-build.

EDF’s approach to lifetime extension has been reviewed by ASN and its Technical Support
Organization. In February 2021, ASN granted a conditional generic agreement to lifetime
extensions of the 32 reactors of the goo MW series. However, lifetime extensions beyond
40 years require reactor-specific licensing procedures involving public inquiries in France.

Recently commissioned reactors and the ones under construction in South Korea do or will
have a 60-year operating license from the start. EDF will certainly also aim for 6o-year
operating licenses for its Flamanville-3 project and the Hinkley Point C units in the U.K.

In assessing the likelihood of reactors being able to operate for 50 or 60 years, it is useful
to compare the age distribution of reactors that are currently operating with the 204 units
that have already closed (see Figure 15 and Figure 17). In total, 89 of these units operated for
31 years or more, and, of those 89, 39 reactors operated for 41 years or more. Many units of
the first-generation designs only operated for a few years. The mean age of the closed units is
about 28 years.

41- U.S. NRC, “Status of Subsequent License Renewal Applications”, Nuclear Regulatory Commission, as of 9 June 2022, see https:
www.nrc.gov/reactors/operating/licensing/renewal/subsequent-license-renewal.html, accessed 26 July 2022.


https://www.nrc.gov/reactors/operating/licensing/renewal/subsequent-license-renewal.html
https://www.nrc.gov/reactors/operating/licensing/renewal/subsequent-license-renewal.html
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Figure 17 - Age Distribution of Closed Nuclear Power Reactors

Age of Closed Nuclear Reactors in the World
as of 1 July 2022
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Sources: WNISR, with IAEA-PRIS, 2022

While the operating time prior to closure has clearly increased continuously, the mean age at
closure of the 29 units taken off the grids in the five-year period between 2017 and 2021 was
42.2 years (see Figure 18).

Figure 18 - Nuclear Reactor Closure Age

Evolution of Nuclear Reactors' Average Closure Age 1963 — 1 July 2022

by Closure Year Age in Years
Average Closure Age —— (]
2017-2021 () 45
e o @® . . 42.2 years o O .
125 12 25 [ ] 40
Number of Reactors .. ° o L) ()
35 ® o “ 35
¢ .
30 30
‘. ‘. -®
25 . o 25
® o
° L[]
[ J
15 0 15
[} [
10 5 10
o © o
5 © ® 5
[ J
’. © WNISR - MYCLE SCHNEIDER CONSULTING

(]
1963 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 7/22

Sources: WNISR, with IAEA-PRIS, 2022

As a result of the Fukushima nuclear disaster (elsewhere referred to as 3/11), many analysts
have questioned the wisdom of operating older reactors. The Fukushima Daiichi units (1 to 4)
were connected to the grid between 1971 and 1974. The license for Unit 1 had been extended
for another 10 years in February 2011, just one month before the catastrophe began. Four days
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after the accidents in Japan, the German government ordered the closure of eight reactors that
had started up before 1981, two of which were already closed at the time and never restarted.
The sole selection criterion was operational age. Other countries did not adopt the same
approach, but clearly the 3/11 events in Japan had an impact on previously assumed extended
lifetimes in other countries, including in Belgium, Switzerland, and Taiwan. Some of the main
nuclear countries closed their respective then oldest unit before age 50, including Germany at
age 37, South Korea at 40, Sweden at 46 and the U.S. at 49. France closed its two oldest units in
spring 2020 at age 43.

Nuclear operators in many countries continue to implement or prepare for lifetime extensions.
As in previous years, WNISR has created two lifetime projections. A first scenario (40-Year
Lifetime Projection, see Figure 19), assumes a general lifetime of 40 years for worldwide
operating reactors—not including reactors in Long-Term Outage (LTO).

Forty years corresponds to the design lifetimes of most operating reactors. Some countries
have legislation or policy in place—including Belgium, South Korea (in the course of being
changed by the incoming administration)—Taiwan, that limit operating lifetime, for all or
part of the fleet, to 40 or 50 years. Recent designs, mostly reactors under construction, have a
design lifetime of 60 years (e.g. APR1400, EPR). For the 115 reactors that have passed the 40-
year lifetime as of mid-2022, we assume they will operate to the end of their licensed, extended
operating time.

A second scenario (Plant Life Extension or PLEX Projection, see Figure 2.0) takes into account
all already-authorized lifetime extensions and assumes that the respective reactors will operate
until the expiration of their license.

The lifetime projections allow for an evaluation of the number of plants and respective power
generating capacity that would have to come online over the next decades to offset closures
and simply maintain the same number of operating plants and level of capacity, if all units were
closed after a lifetime of 40 years or after their licensed lifetime extension.

Considering all units under construction scheduled to have started up 12 additional reactors
(compared to the end of 2021 status) would have to be commissioned or restarted prior to
the end of 2022 in order to maintain the status quo of operating units. Without additional
startups, or last-minute lifetime extensions as envisaged in Germany and in Belgium, installed
nuclear capacity would decrease by 10.6 GW by the end of 2022.

In the decade to 2030, in addition to the units currently under construction, 161 new reactors
(137 GW)—18 units or 15 GW per year—would have to be connected to the grid to maintain
the status quo, almost three times the rate achieved over the past decade (63 startups between
2012 and 2021).
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Figure 19 - The 40-Year Lifetime Projection
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Notes pertaining to Figure 19, Figure 20 and Figure 21:

Those figures include one Japanese reactor (Shimane) and two Chinese 1400 MW-units at Shidao Bay, for which the startup dates were arbitrarily set to 2025
and 2024, as there are no official dates.

Restarts or closures amongst the 29 reactors in LTO as of 1 July 2022 are not represented here although at least two Canadian reactors that are in LTO are set
to be restarted, and thus later closed as well.

The figures also take into account current political decisions or legally binding obligations as of end of August 2022 to close reactors prior to 40 years
(Germany, South-Korea). These decisions are under discussions in both countries and might be reversed after the editorial deadline of WNISR2022, as it is the
case in Belgium, with discussions on a ten-year lifetime extension for two reactors.

In the case of reactors that have reached 40 years of operation prior to 2022, the 40-year projection also uses the end of their licensed lifetime (including
reactors licensed for 8o years in the U.S.).

In the case of French reactors that have reached 40 years of operation prior to 2022 (startup before 1982), we use the deadline for their 4th periodic safety
review (visite décennale) as closing date in the 40-year projection. In case this deadline is or will be passed by the end of 2022 (9 reactors), we use a 10-year
extension, although no licensing procedure has been completed for this extension. For all those that have already passed their 3rd periodic safety review, the
scheduled date of their 4th periodic safety review (or 10-year extension for the cases previously mentioned) is used in the PLEX projection, regardless of their
startup date.

The stabilization of the situation by the end of 2022 is only possible because most reactors
will likely not close at the end of the year, regardless of their age. As a result, the number
of reactors in operation will probably continue to stagnate at best, unless—beyond restarts—
lifetime extensions become the rule worldwide. Such generalized lifetime extensions—far
beyond 40 years—are clearly the objective of the nuclear power industry, and, especially in the
U.S., there are numerous attempts to obtain subsidies for uneconomic nuclear plants in order
to keep them on the grid (see United States Focus).

Developments in Asia, including in China, do not fundamentally change the global picture.
Reported ambitions for China’s targets for installed nuclear capacity have fluctuated in the
past. While construction starts have picked up speed again, Chinese medium-term ambitions
appear significantly lower than anticipated in the pre-3/11 era.
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Projection 2022-2050 of Nuclear Reactors/Capacity in the World

General assumption of 40-year mean lifetime + Authorized Lifetime Extensions
Operating and Under Construction as of 1 July 2022, in GWe and Units

Capacity in GWe Yearly Reactor Startups R
Balance [: —— Capacity Added -
10 Reactor Closures — Capacity Closed 10

<~ 2022-2030 2031-2040 2041-2050 —>
—110 Reactors —95 Reactors —72 Reactors
-835GW -81GW -71GW

Sources: Various sources, compiled by WNISR, 2022

Notes: see Figure 19.

Every year, WNISR also models a scenario in which all currently licensed lifetime extensions
and license renewals are maintained, and all construction sites are completed. For all other
units, we have maintained a 40-year lifetime projection, unless a firm earlier or later closure
date has been announced. By the end of 2022, the net number of operating reactors and
operating capacity would remain almost stable (+ 1 unit / + 0.9 GW).

In the decade to 2030, the net balance would turn negative as soon as 2024, and an additional
110 new reactors (83.5 GW)—one unit or 0.7 GW per month—would have to start up or restart
to replace closures. The PLEX-Projection would still mean, in the coming decade, a need to
double the annual building rate of the past decade from six to twelve (see Figure 19, Figure 20
and the cumulated effect in Figure 21).

However, as has been documented construction starts have not been picking up over the past
decade. Between 2012 and 2016, a total of 32 constructions were launched around the world, of
which 16 in China and three later abandoned. Between 2017 and 2021, constructions started at
31 units, of which 15 in China, thus an average of six units per year were launched and sustained,
significantly less than half than of the building rate needed according to the PLEX Projection
over the coming decade just to maintain the current number of operating reactors in the world.
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Figure 21 - Forty-Year Lifetime Projection versus PLEX Projection

World Nuclear Reactor Fleet
in Units, from July 2022 to 2050
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Sources: Various sources, compiled by WNISR, 2022
Note: This figure illustrates the trends, and the projected composition of the current world nuclear fleet, taking into account existing reactors (operating
and in LTO) and their closure dates (40-years Lifetime vs authorized Lifetime Extension) as well as the 53 reactors under construction as of 1 July 2022.
(See Figure 19.)

The graph does not represent a forecasting of the world nuclear fleet over the next three decades as it does not speculate about future constructions.
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The following chapter offers an in-depth assessment of ten countries: China, Finland,
France, Germany, India, Japan, South Korea, Taiwan, United Kingdom (U.K.), and the United
States (U.S.). They represent 30 percent of the nuclear countries, two thirds of the global
reactor fleet and four of the world’s five largest nuclear power producers. For other countries’
details, see Annex 1.

Unless otherwise noted, data on reactor capacity (as of mid-2022) and nuclear’s share in
electricity generation in 2021 are from the International Atomic Energy Agency’s Power
Reactor Information System (IAEA-PRIS) online database.

Numbers of reactors under construction, operating, in LTO or closed are WNISR assessments
based on IAEA-PRIS and industry data. Historical maximum figures indicate the year that the
nuclear share in power generation of a given country was the highest since 1986, the year the
Chernobyl disaster began.

See Annex 2 for a general country overview of main indicators.

CHINA FOCUS 20 5 ]

As of mid-2022, China had 55 operating reactors, including the China Experimental Fast
Reactor (CEFR), with a combined capacity of around 52 GW. Nuclear plants generated
383.2 TWh in 2021, which constitutes 5 percent of the electricity produced in the country,
almost the same as in 2020. In absolute terms, total electricity generated represents an increase
of 11 percent over the 2020 value, which pales in comparison to increases of 40 percent and
25 percent increases in wind and solar energy generation respectively. Coal increased by about
9 percent.+

China operates by far the youngest large nuclear fleet in the world, with 41 reactors, almost
four in five, having connected to the grid within the past ten years (see Figure 22).

In March 2022, the National Energy Administration (NEA) issued the “14th Five-year Plan
for Modern Energy System”, which called for “the active development of nuclear power in a
safe and orderly manner” and set the target of increasing installed nuclear power capacity to
70 GW by 2025.4 The target laid out in the 2021-2025 five-year plan was also 70 GW. That

42 - China Energy Portal, “2021 electricity & other energy statistics (preliminary)”, 27 January 2022,
see https://chinaenergyportal.org/2021-electricity-other-energy-statistics-preliminary/, accessed 27 January 2022.

43 - Global Times, “China to expand deployment of nuclear power in clean, secure energy push”, 22 March 2022,
see https://www.globaltimes.cn/page/202203/1256556.shtml, accessed 10 April 2022.


https://chinaenergyportal.org/2021-electricity-other-energy-statistics-preliminary/
https://www.globaltimes.cn/page/202203/1256556.shtml
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target of 70 GW was first suggested for 2020 by the China Nuclear Energy Association more
than a decade ago, in 2010, and there were even targets as large as 114 GW by 2020 that were
reported at the time.*

Figure 22 - Age Distribution of Chinese Nuclear Fleet

Age of Chinese Nuclear Fleet
as of 1 July 2022
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Sources: WNISR, with IAEA-PRIS, 2022

The relatively low target appears to reflect a continued caution about the growth of nuclear
power, which became apparent in the aftermath of the multiple nuclear accidents at
Fukushima.* Indeed, there were concerns about expanding nuclear power too rapidly even
prior to those accidents. In 2009, Li Ganjie, then the director of China’s National Nuclear
Safety Administration, warned: “At the current stage, if we are not fully aware of the sector’s
over-rapid expansions, it will threaten construction quality and operation safety of nuclear
power plants”.4¢

In the end, the suggestion of 70 GW by 2020 was not accepted by the Chinese leadership.
Instead, the target set for 2020 was to put “58 GW into operation and have another 30 GW
under construction”, and in 2016, the chairman of the China Atomic Energy Authority asserted
that China was due to meet that target.¥ Those targets were not met; which will also be
the case with the current target for 70 GW of operational capacity by the end of 2025. The
combined net capacity of the operational plants and the ones under construction that are due
to be operating before 2026 is only around 61 GW—and that is assuming no further delays. In
other words, the goal of 70 GW at the end of 2025 is simply not achievable.

44 - David Stanway, “China nuclear body recommends 2020 target of 70 GW”, Reuters, 24 November 2010,
see https://www.reuters.com/article/china-nuclear-idUSBJ100247420101124, accessed 8 April 2022;

and Power Engineering, “China raises 2020 nuclear target by 62 per cent to 114 GW”, 3 December 2010,

see https://www.power-eng.com/nuclear/china-raises-2020/, accessed 25 February 2017.

45 - Amy King and M.V. Ramana, “The China Syndrome? Nuclear Power Growth and Safety After Fukushima”, Asian Perspective, Vol 39,
No 4, Johns Hopkins University Press, October-December 2015.

46 - Keith Bradsher, “China’s Rapid Reactor Expansion Raises Safety Concerns”, The New York Times, 15 December 2009,
see http://www.nytimes.com/2009/12/16/business/global/i6chinanuke.html, accessed 28 December 2016.

47 - David Stanway, “China on course to meet 2020 nuclear capacity targets -official”, Reuters, 27 January 2016,
see https://www.reuters.com/article/china-nuclear-idUSL3N15B299, accessed 24 April 2022.


https://www.reuters.com/article/china-nuclear-idUSBJI00247420101124
https://www.power-eng.com/nuclear/china-raises-2020/
http://www.nytimes.com/2009/12/16/business/global/16chinanuke.html
https://www.reuters.com/article/china-nuclear-idUSL3N15B299
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The NEA’s plan also set a 2025 target of 39 percent for the share of electricity generated from
non-fossil fuels, as compared to 32.6 percent in 2021. But much of this increase is expected
to come from renewables. In October 2021, China’s Nationally Determined Contribution
report (NDC) submitted to the United Nations Framework Convention on Climate
Change (UNFCCC) set a target of 1,200 GW by 2030 for total installed capacity of wind and
solar power, but media reports and expert analyses of projects already being planned suggest
that this target could even be met by 2025.4

As of June 2022, there was a total of 340 GW of solar PV reportedly installed in the country.#
About half of the wind and solar capacity to be connected to the grid by 2025 is expected to
be from gigantic clean energy bases.>° Further, the NEA’s March 2022 plan requires “200 GW
of coal-fired generation to be retrofitted to enhance flexibility, especially small units below
300 MW, which allows them to be restarted at short notice to back up solar and wind capacity,
to resolve intermittency issues”’ The Chinese government is evidently trying to resolve
the widely acknowledged challenge for solar and wind power projects of their outputs being
curtailed during periods of high production and/or low demand.>> Curtailment has declined
in recent years,s but there is still concern that it will increase as renewable energy becomes a
larger fraction of the supply of electricity.

The ongoing anticorruption campaign might also have some effect on the pace of growth of
nuclear power. In March 2022, Liu Baohua, NEA deputy director, was sentenced to 13 years
in prison for taking bribes.* Since the launch of the anti-corruption campaign, numerous
officials—from central to local energy system representatives, from regulatory agencies to
large power generation institutions—have been investigated for corruption. According to a
listing from October 2020 in Nuclear Intelligence Weekly, there had been at least eleven other
indictments of senior NEA officials in the previous eight years.s

48 - Ivy Yin and Oceana Zhou, “China to raise share of non-fossil fuels in electricity supply to 39% by 2025”, S&P Global, 23 March 2022,
see https://www.spglobal.com/commodity-insights/en/market-insights/latest-news/energy-transition/o32322-china-to-raise-share-
of-non-fossil-fuels-in-electricity-supply-to-39-by-2025, accessed 8 April 2022; and Bloomberg, “China Could Hit 2030 Renewable
Target by 2025 on Local Ambitions”, 24 March 2022, see https://www.bloomberg.com/news/articles/2022-03-25/china-could-hit-2030-
renewable-target-by-2025-on-local-ambitions, accessed 8 April 2022; also Lauri Myllyvirta and Xing Zhang, “Analysis: What do China’s
gigantic wind and solar bases mean for its climate goals?”, Carbon Brief, 3 May 2022, see https://www.carbonbrief.org/analysis-what-do-
chinas-gigantic-wind-and-solar-bases-mean-for-its-climate-goals, accessed 3 May 2022.

49 - Vincent Shaw, “China may install up to 100 GW of solar this year”, PV Magazine International, 22 July 2022, see https://www.pv-
magazine.com/2022/07/22/chinese-pv-industry-brief-china-may-install-up-to-100-gw-of-solar-this-year, accessed 22 July 2022.

50 - Lauri Myllyvirta and Xing Zhang, “Analysis: What do China’s gigantic wind and solar bases mean for its climate goals?”, 2022,
op. cit.

51 - Ivy Yin and Oceana Zhou, “China to raise share of non-fossil fuels in electricity supply to 39% by 2025, S&P Global, 2022, op. cit.
52 - Emily Feng, “China wants to go carbon neutral, but has no way to forcibly end its reliance on coal”, NPR, 1 October 2021,

see https://www.npr.org/2021/10/01/1041266538/china-wants-to-go-carbon-neutral-but-has-no-way-to-forcibly-end-its-reliance-on-,
accessed 16 April 2022.

53 - Xian Zhang et al., “What is driving the remarkable decline of wind and solar power curtailment in China? Evidence from China and
four typical provinces”, Renewable Energy, Volume 174, August 2021; and Hao Chen, Jiachuan Chen et al., “Winding down the wind
power curtailment in China: What made the difference?”, Renewable and Sustainable Energy Reviews, Vol. 167, October 2022.

54 - The BL, “China’s energy department former top official punished 13 years in jail for taking $11M in bribes”, Spotlight on China,
18 March 2022, see https://thebl.tv/video/chinas-energy-department-former-top-official-punished-13-years-in-jail-for-taking-11m-in-
bribes, accessed 8 April 2022.

55 - C.F. Yu, “Top NEA Nuclear Official Indicted on Corruption Charges”, Nuclear Intelligence Weekly, 30 October 2020.


https://www.spglobal.com/commodity-insights/en/market-insights/latest-news/energy-transition/032322-china-to-raise-share-of-non-fossil-fuels-in-electricity-supply-to-39-by-2025
https://www.spglobal.com/commodity-insights/en/market-insights/latest-news/energy-transition/032322-china-to-raise-share-of-non-fossil-fuels-in-electricity-supply-to-39-by-2025
https://www.bloomberg.com/news/articles/2022-03-25/china-could-hit-2030-renewable-target-by-2025-on-local-ambitions
https://www.bloomberg.com/news/articles/2022-03-25/china-could-hit-2030-renewable-target-by-2025-on-local-ambitions
https://www.carbonbrief.org/analysis-what-do-chinas-gigantic-wind-and-solar-bases-mean-for-its-climate-goals
https://www.carbonbrief.org/analysis-what-do-chinas-gigantic-wind-and-solar-bases-mean-for-its-climate-goals
https://www.pv-magazine.com/2022/07/22/chinese-pv-industry-brief-china-may-install-up-to-100-gw-of-solar-this-year
https://www.pv-magazine.com/2022/07/22/chinese-pv-industry-brief-china-may-install-up-to-100-gw-of-solar-this-year
https://www.npr.org/2021/10/01/1041266538/china-wants-to-go-carbon-neutral-but-has-no-way-to-forcibly-end-its-reliance-on-
https://thebl.tv/video/chinas-energy-department-former-top-official-punished-13-years-in-jail-for-taking-11m-in-bribes
https://thebl.tv/video/chinas-energy-department-former-top-official-punished-13-years-in-jail-for-taking-11m-in-bribes
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Since the release of WNISR2021, only three units have been connected to the grid: Fuquing-6,
Shidao Bay 1-1 and Honghyane-6. Fuqging-6, a Hualong 1 unit, was connected to the grid in
January 2022, a little over six years after construction started in December 2015.5

The first of two High Temperature Gas Cooled Reactor (HTGR) units at Shidao Bay
(Shidao Bay 1-1 and 1-2)—IAEA-PRIS considers these as one plant—was connected to the
grid on 20 December 2021.57 As of the time of this writing, there is no public announcement
that the second unit has been connected. Further, between January and June 2022, there
was no power fed to the grid from this site, according to China Nuclear Energy Industry
Association (CNEIA).*® No information has been published about the reasons for the additional
delays in commissioning the second unit and for the shutdown of the first unit in the first half-
year of 2022. CNEIA also records no power fed into the grid from Taishan-1 during the same
period.

Construction of the Shidao Bay HTGR reactors started in December 2012 and at that time
construction was projected to “take 50 months, with 18 months for building, 18 months for
installation and 14 months for pre commissioning”* Actually, construction took nearly
109 months, more than twice the expected length. In addition to the lengthy delay, another
problem for these HTGR units is high capital cost. The World Nuclear Association (WNA)
reported a construction cost of US$6,000 per kW for these units as compared to figures in
the range of US$2,600 to US$3,500 per kW for Hualong-One reactors.® Further, the costs for
fuel fabrication, operations, and maintenance would be thrice the corresponding costs for light
water reactors.”

When construction of Hongyanhe-6 started in 2015, it was scheduled to begin operating in
2020.% In March 2022, China General Nuclear (CGN) announced that fuel loading had been
completed® and the reactor was finally connected to the grid on 2 May 2022.%

56 - WNN, “Fuqing 6 reaches full power as Hongyanhe 6 nears startup”, 21 February 2022, see https://www.world-nuclear-news.
org/Articles/Fuging-6-reaches-full-power-as-Hongyanhe-6-nears-s, accessed 20 April 2022; and WNN, “First concrete for sixth
Fuging unit”, 22 December 2015, see http://www.world-nuclear-news.org/NN-First-concrete-for-sixth-Fuqing-unit-2212154.html,
accessed 16 June 2019.

57 - WNISR, “Grid Connection for First High-Temperature Reactor Module in China”, World Nuclear Industry Status Report,
24 December 2021, see https://www.worldnuclearreport.org/Grid-Connection-for-First-High-Temperature-Reactor-Module-in-China.
html, accessed 17 April 2022.

58 - Department of Nuclear Power Evaluation, “ { = [EZ/#i27 1157 (20224£1-6) ) ” [“National Nuclear Power Operation (January-
June 2022)”], China Nuclear Energy Industry Association, 29 July 2022, see https://www.china-nea.cn/site/content/41232.html,
accessed 26 August 2022.

59 - David Dalton, “China Begins Construction Of First Generation IV HTR-PM Unit”, NucNet, 7 January 2013, see http://www.nucnet.
org/all-the-news/2013/01/07/china-begins-construction-of-first-generation-iv-htr-pm-unit, accessed 9 January 2013.

60 - WNA, “Nuclear Power in China”, World Nuclear Association, February 2022, see https://www.world-nuclear.org/information-
library/country-profiles/countries-a-f/china-nuclear-power.aspx, accessed 28 February 2022.

61 - Edwin Lyman, “‘Advanced’ Isn’t Always Better — Assessing the Safety, Security, and Environmental Impacts of Non-Light-Water
Nuclear Reactors”, Union of Concerned Scientists, March 2021, see https://www.ucsusa.org/resources/advanced-isnt-always-better.

62 - WNN, “Grid connection for Hongyanhe 47,1 April 2016, see https://www.world-nuclear-news.org/NN-Grid-connection-for-
Hongyanhe-4-0104164.html, accessed 27 May 2020.

63 - WNN, “Fuel loading completed at Hongyanhe 6”, 28 March 2022, see https://www.world-nuclear-news.org/Articles/Fuel-loading-
completed-at-Hongyanhe-6, accessed 5 April 2022.

64 - WNISR, “Startup of Hongyanhe-6 Nuclear Reactor in China”, 6 May 2022, see https://www.worldnuclearreport.org/Startup-of-
Hongyanhe-6-Nuclear-Reactor-in-China.html, accessed 31 August 2022.


https://www.world-nuclear-news.org/Articles/Fuqing-6-reaches-full-power-as-Hongyanhe-6-nears-s
https://www.world-nuclear-news.org/Articles/Fuqing-6-reaches-full-power-as-Hongyanhe-6-nears-s
http://www.world-nuclear-news.org/NN-First-concrete-for-sixth-Fuqing-unit-2212154.html
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As of 1 July 2022, there were 21 nuclear units under construction, including the Xiapu fast
reactor units and the second HTGR unit at Shidao Bay 1. The projects that are currently
under construction include Fangchenggang-3 since 2015, Fangchenggang-4 since 2016, four
reactors (Zhangzhou-1, Taipingling-1, Shidao Bay 2-1 and Shidao Bay 2-2) since 2019; three
units (Taipingling-2, Sanaocun-1, Zhangzhou-2) since 2020, and three more (Changjiang-3,
Tianwan-7, and Xudabao-3) since the first half of 2021.

Since mid-2021, construction has started on six reactors (Changjiang SMR, Changjiang-4,
Sanaocun-2, Tianwan-8, Xudabao-4, and Sanmen-3).°® Two of these are reactors supplied by
Russia’s Rosatom with construction starting after the commencement of the war on Ukraine.
There are no official dates for the construction start of the Xiapu fast reactor units, but
construction of the first unit is reported to have started in 2017 and the second unit in 2021.%

The startup of at least two reactors currently under construction has been significantly
delayed. The first of the Fangchenggang units was scheduled to start trial operations in
2020.%® In January 2022, CGN adjusted the expected date of commencement of operation of
Fangchenggang-3 to the second half of 2022, and Fangchenggang-4 to the first half of 2024.%
These units were to be the reference for the proposed Bradwell B project in the U.K.”°

China has ambitions to export nuclear power plants. Chinese officials promote this aim with
the justification that it will encourage industrial production, especially of highly sophisticated
equipment. In 2016, the president of China National Nuclear Corporation (CNNC) announced
that “China aims to build 30 overseas nuclear power units... by 2030”7* So far China has
only exported nuclear plants to Pakistan. All six units operating in Pakistan are of Chinese

65 - NEI Magazine, “First concrete poured for China’s Changjiang 3”7, 1 April 2021, see https://www.neimagazine.com/news/newsfirst-
concrete-poured-for-chinas-changjiang-3-8644649, accessed 2 April 2021; Rosatom, “Start of new unit construction at China’s
Tianwan and Xudapu nuclear power plants”, Press Release, 19 May 2021, see https:/
unit-construction-at-china-s-tianwan-and-xudapu-nuclear-power-plants/, accessed 14 June 2021 and WNA, “Nuclear Power in China”,
February 2022, op. cit.

osatom.ru/en/press-centre/news/start-of-new-

66 - WNISR, “Construction Start of Changjiang-4 and Sanaocun-2 Reactors in China”, World Nuclear Industry Status Report,

10 January 2022, see https://www.worldnuclearreport.org/Construction-Start-of-Changjiang-4-and-Sanaocun-2-Reactors-in-China.
html, accessed 24 April 2022; Rosatom, “Yet Another First Concrete”, Rosatom Newsletter, March 2022, see https
com/2022/03/27/yet-another-first-concrete/, accessed 24 April 2022; and WNN, “Construction begins at second Changjiang Hualong
One”, 29 December 2021, see https://world-nuclear-news.org/Articles/Construction-begins-at-second-Changjiang-Hualong-O,
accessed 30 December 2021; and WINN, “China starts construction of demonstration SMR”, 13 July 2021, see https://www.world-
nuclear-news.org/Articles/China-starts-construction-of-demonstration-SMR, accessed 15 July 2021; also WNISR, “Third Nuclear
Reactor Construction Start in China in 2022 - As of mid-year, no new-build launched yet in any other country”, 29 June 2022,

see https://www.worldnuclearreport.org/Third-Nuclear-Reactor-Construction-Start-in-China-in-2022.html, accessed 29 June 2022.
Construction of one reactor started since 1 July 2022, see WNISR, “Nuclear Construction Starts 2022: China 4, Rest of the World 0”,
15 July 2022, see https://www.worldnuclearreport.org/Nuclear-Construction-Starts-2022-China-4-Rest-of-the-World-o.html,
accessed 24 July 2022.

rosatomnewsletter.

67 - WNN, “China begins building pilot fast reactor”, 29 December 2017, see http://www.world-nuclear-news.org/NN-China-begins-
building-pilot-fast-reactor-2912174.html, accessed 16 June 2019; NEI Magazine, “China begins construction of second CFR-600

fast reactor”, 4 January 2021, see https://www.neimagazine.com/news/newschina-begins-construction-of-second-cfr-6oo-fast-
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design. Various other international projects, including in Romania and the U.K., have so far not
proceeded to the stage of construction.

In February 2022, CNNC signed an agreement to build a Hualong One nuclear plant in
Argentina.”> How this project will evolve is uncertain. Argentina has signed many agreements
earlier, including one between Nucleoelectrica Argentina SA, Atomic Energy of Canada Ltd, and
CNNC in 2007 to construct a CANDU reactor.”? Again, in 2017, Chinese president Xi Jinping
and Argentinean president Mauricio Macri signed an agreement with China to build a CANDU
and a Hualong One reactor.* Neither of these happened.

In the case of the latter agreement, the requirement reportedly hinged “entirely on the Chinese
side putting up the financing”’s This time too, the Argentinian government is pushing China
to fully finance construction of this plant because it is dealing with high debt levels.”® Whether
China can come up with this financing—on top of all the other Belt and Road Initiative
construction projects—remains an open question.””

In the meantime, renewable energy capacity in China continues to grow rapidly. According to
the China Electric Power Industry Association, total installed renewable capacity increased
by 13.4 percent in the past year, going from 905 GW in 2020 to 1,026 GW in 2021. The largest
component of that expansion was in solar capacity, which increased from 253 GW in 2020 to
306 GW in 2021; wind capacity went from 281 GW in 2020 to 328 GW in 2021.7® Wind and solar
power injected respectively 656 TWh and 327 TWh to the grid in 2021; solar power generated
the equivalent of more than 8o percent of nuclear electricity whereas wind power exceeded
nuclear generation by 60 percent.”
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Four nuclear reactors supplied 22.7 TWh of electricity in Finland, close to the peak 22.9 TWh
in 2019. The nuclear share represented 32.8 percent in 2021, a drop of 1.1 percentage points over
2020, compared to a peak of 38.4 percent in 1986.

Finland’s fifth reactor, the 1.6 GW EPR at Olkiluoto (OL3)—which had been under construction
since August 2005 and was originally scheduled to begin operations in 2009—was finally
connected to the grid on 12 March 2022.%° Credit-rating agencies welcomed the development
and raised TVO’s rating based on then scheduled commercial operation by July 2022.*

Following the pattern of countless technical problems and delays during the construction
phase, the commissioning stage of OL3 continues to be hampered by “unexpected” events
like the untimely triggering of the boron pumps in April 2022 and “foreign material issues
observed in the turbine’s steam reheater” in May 2022. Therefore, according to TVO “regular
electricity production is to start in December 2022, instead of the previously announced start
in September 2022”.%> In mid-2020, the schedule was still for commercial operation to begin
by 31 May 2021,% but progressively delayed to July, then September, then December 2022. Even
after first grid connection, technical issues keep impacting the startup schedule.

Finland has adopted different nuclear technologies and suppliers, as two of its operating
reactors are modified VVER-V213 built by Russian contractors at Loviisa, while two are AAIII,
BWR-2500 built by Asea Brown Boveri (ABB) at Olkiluoto. The OL3 EPR contractor is AREVA
(-Siemens). After the technical bankruptcy and dismantling of AREVA Group, the French
government kept AREVA S.A. to deal with the liabilities of the project.

The average age of the first four operating reactors is 43.3 years. In January 2017, operator
TVO (Teollisuuden Voima Oyj) filed an application for a 20-year license extension for
Olkiluoto-1 and -2 (OL1, OL2), which were connected to the grid in 1978 and 1980 respectively.®
On 20 September 2018, the Cabinet approved the lifetime extension for both units to operate
until 2038.%

In March 2022, Fortum, owner-operator of the Loviisa nuclear power plant, filed a license
renewal application with the Finnish government aiming at a permission to operate the two
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units until the end of 2050.% Current licenses had already been extended in 2007 and expire in
2027 and 2030 respectively.®” As Loviisa-1 was first connected to the grid in 1977 and Loviisa-2
followed in 1980 that would mean 73- and 70-year operating lifetimes respectively. Fortum
estimates that the application review process will take about one year.

In 2007, the group Fennovoima was set up as a non-profit cooperative of power companies
and industry.®® In March 2014, Russian state nuclear operator Rosatom, through subsidiary
company RAOS Voima Oy, completed the purchase of 34 percent of the Finnish company
Fennovoima for an undisclosed price,* and then in April 2014 a “binding decision to construct”
Hanhikivi-1, a 1,200 MW AES-2006 reactor, was announced.*®

Following repeated delays, on 28 April 2021, Fennovoima submitted an updated application to
the Finnish regulator STUK (Siteilyturvakeskus) for a construction license with work to start
in 2023, and commercial operation by 2029.” Construction of Hanhikivi-1 was then ten years
behind the original schedule.”” Estimated costs for the project had increased from €6.5-7 billion
(US$7.7-8.3 billion) to €7-7.5 billion (US$8.3-8.8 billion).

In November 2021, the Finnish Ministry of Defense included a quite premonitory request into a
security risk analysis of the Hanhikivi Project that “should include a clear look at, for example,
how any new sanctions on Russia would affect the project and how they would be treated.
Account should also be taken of the Rosatom Group’s links with the Russian defense industrial
complex and related measures to pursue Russia’s security policy goals.”*

Three months later, Russia invaded Ukraine, which dramatically changed the situation of the
Hanhikivi project. Four days after the invasion started, Fennovoima declared that “for the
time being, we continue executing our project and carefully follow the developments of the
situation” and on 15 March 2022 added that, while the nuclear sector has not been explicitly
included, “the current decided sanctions are expected to impact the Hanhikivi 1 project.
Fennovoima considers the situation to be challenging.”
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The Finnish city of Vantaa was the first Fennovoima shareholder to publicly state, on
28 March 2022, that its municipal energy company, Vantaan Energia, would have to withdraw
from the Hanhikivi project, saying the situation in Ukraine “makes it unlikely a license would
be granted”.?”

On 4 April 2022—one month after Russian forces attacked and then occupied the Zaporizhzhia
nuclear plant in Ukraine—Fennovoima reiterated the statement that “for the time being,
we continue executing our project and carefully follow the developments of the situation”.*®
One week later, Rosatom’s subsidiary RAOS Project told Reuters: “Rosatom and RAOS Project
continue fulfilling their obligations under signed agreements and contracts relating to the
Hanhikivi 1 project”.?

On 2 May 2022, Fennovoima announced that the contract of plant delivery and cooperation
with RAOS Project on Hanhikivi-1 was terminated “with immediate effect”.*° The reasons
indicated in a press statement were

..RAOS Project’s significant delays and inability to deliver the project. There have been
significant and growing delays during the last years. The war in Ukraine has worsened the
risks for the project. RAOS has been unable to mitigate any of the risks."

Rosatom immediately replied that the decision to cancel the contract “was taken without any
detailed consultation with the project’s shareholders, the largest of which is RAOS Voima” and
that “the reasons behind this decision are completely inexplicable to us.”°> On 6 May 2022,
Rosatom issued a further statement saying that “the arguments presented by our Finnish
partners for the termination contradict the actual status of the project and Fennovoima’s
earlier statements noting the progress and prospects for its successful completion”. Rosatom
concluded that “the decision of the Finnish partners to terminate the Hanhikivi-1 NPP project
is non-market and politically motivated” and thus “we have no other choice but to defend
ourselves and demand compensation for this unlawful termination”.'*

On 24 May 2022, Fennovoima has officially withdrawn the Hanhikivi-1 license application.'*
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In 2018, it was reported that Fennovoima would invest €400-500 million (US$  .494-
618 million) into the project before the construction even started.’*s When announcing the contract
cancellation, Fennovoima’s Board Chairman, Esa Harmala, told reporters the consortium had

already spent €600-700 million (US$  600-700 million) on the project.*®

2022

The contract cancellation will no doubt lead to a lengthy legal battle between stakeholders.

In December 2003, Finland became the first country in Western Europe to order a new nuclear
reactor since 1988. AREVA NP, then a joint venture owned 66 percent by AREVA and 34 percent
by Siemens, was contracted to build the European Pressurized Reactor (EPR) at OL3 under a
fixed-price, turnkey contract with the utility TVO. Siemens quit the consortium in March 2011
and announced in September 2011 that it was abandoning the nuclear sector entirely.”*” After
the 2015 technical bankruptcy of the AREVA Group, in which the cost overruns of Olkiluoto
had played a large part, the majority shareholder, the French Government, decided to integrate
the reactor-building division under “new-old name” Framatome into a subsidiary majority-
owned by state utility EDF.

However, EDF made it clear that it would not take over the billions of euros’ liabilities linked
to the costly Finnish AREVA adventure.”*® Thus, it was decided that the financial liability for
OL3 and associated risks stay with AREVA S.A. after the sale of AREVA NP and the creation of
a new company AREVA Holding, now named Orano, that will focus on nuclear fuel and waste
management services, very similar to the old COGEMA. In July 2017, the French Government
confirmed that it had completed its €2 billion (US$ _ 2.3 billion) capital increase,'* most of
which was to cover some of the costs to AREVA of the OL3 investment.

The OL3 project was financed essentially on the balance sheets of the Finland’s leading firms
and heavy energy users as well as several municipalities under a unique arrangement that
makes them liable for the plant’s indefinite capital costs for an indefinite period, whether or
not they get the electricity—a capex “take-or-pay contract”—in addition to the additional
billions incurred by AREVA under the fixed price contract.

OL3 construction started in August 2005, with operations planned from 2009. However, that
date—and other dates—passed.
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From the beginning, the OL3 project was plagued with countless management and quality-
control issues. Not only did it prove difficult to carry out concreting and welding to technical
specifications, but the use of sub-contractors and workers from over 50 nationalities made
communication and oversight extremely complex (see previous WNISR editions).

After further multiple delays, TVO announced in June 2018 that grid connection was planned
for May 2019 and “regular electricity generation” in September 2019." In April 2019, fuel
loading was pushed further to August 2019. TVO’s plans for grid connection in October 2019
and electricity generation by January 2020™ were considered by WNISR2019 as highly
optimistic

In July 2019, TVO announced that it had once again delayed operations for OL3 by six
months."* The startup date was moved to July 2020 by nuclear plant supplier the AREVA-
Siemens consortium. TVO announced that nuclear fuel was scheduled to be loaded into
the reactor in January 2020 and the first connection to the grid was to be in April 2020. By
November 2019, the revised schedule for OL3 start had slipped a further six weeks, according
to TVO."” The delays were said to be due to final verification of the mechanical, electrical and
Instrumentation and Control (I&C) systems.

In December 2019, the AREVA-Siemens Consortium informed TVO"4 that OL3 would be
connected to the grid in November 2020 with regular electricity generation from March 2021."
Nuclear fuel loading was planned for June 2020. The delays were said to be due to “slow
progress of system tests and shortcomings in spare-part deliveries”."® Among other things, in
the tests of auxiliary diesel generators some faulty components were found."”

On 8 April 2020, TVO announced that it had applied to the regulator STUK, for approval
for fuel loading."® It was expected to take two months. At the same time, TVO revealed that
“a significant amount of measures [were] taken to prevent the spreading of the coronavirus
epidemic (COVID-19) in order to minimize the effects of pandemic risk to the project. The
coronavirus pandemic may have significantly added uncertainty to the progress of the

110 - TVO, “OL3 EPR’s regular electricity generation starts in September 2019”7, Press Release, 13 June 2018,
see https://www.tvo.fi/en/index/news/pressreleasesstockexchangereleases/2018/hAZ20l0tQ.html, accessed 13 July 2021.

111 - WNN, “TVO starts work to resolve Olkiluoto 3 vibration issue”, 23 May 2019, see https://www.world-nuclear-news.org/Articles/
TVO-starts-work-to-resolve-Olkiluoto-3-vibration-i, accessed 13 July 2021.

112 - TVO, “OL3 EPR’s regular electricity generation starts in July 2020”, 17 July 2019,
see https://www.tvo.fi/en/index/news/pressreleasesstockexchangereleases/2019/h3BCeyaya.html, accessed 13 July 2021.

113 - TVO, “Plant supplier updates the schedule of OL3 project”, Press Release, 8 November 2019,
see https://www.tvo.fi/en/index/news/pressreleasesstockexchangereleases/2019/hoaOkf1fA.html, accessed 13 July 2021.

114 - YLE, “Olkiluoto 3 reactor delayed yet again, now 12 years behind schedule”, 20 December 2019, see https://yle.fi/uutiset/osasto/
news/olkiluoto_3_reactor_delayed_yet_again_now_12_years_behind_schedule/11128489, accessed 13 July 2021.

115 - TVO, “OL3 EPR’s regular electricity generation starts in March 2021”7, Press Release, 19 December 2019, see https://www.
tvo.fi/fen/index/news/pressreleasesstockexchangereleases/2020/ol3eprsregularelectricitygenerationstartsinmarch2o21.html,
accessed 13 July 2021.

116 - Ibidem.

117 - YLE, “Olkiluoto 3 reactor delayed yet again, now 12 years behind schedule”, 20 December 2019, see https://yle.fi/uutiset/osasto/
news/olkiluoto_3_reactor_delayed_yet_again_now_12_years_behind_schedule/11128489, accessed 13 July 2021.

118 - TVO, “TVO has submitted OL3 EPR unit nuclear fuel loading permission application”, Press Release,
8 April 2020, see https://www.tvo.fi/en/index/news/pressreleasesstockexchangereleases/2020/
tvohassubmittedolzeprunitnuclearfuelloadingpermissionapplication.html, accessed 13 July 2021.
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project.” As a consequence, fuel loading would not take place in June 2020 as planned, and “it
is possible that the regular electricity production will be delayed respectively. AREVA-Siemens
consortium will update the schedule for OL3 EPR unit as soon as spreading and effects of the
coronavirus pandemic are known.”*°

As reported by WNISR2019 (see WNISR2019 Finland Focus), TVO and AREVA-Siemens signed
a settlement agreement in March 2018, which states that TVO would receive compensation
of €450 million (US$,_ 549 million) from the supplier consortium. The settlement further
includes a penalty mechanism, under which the supplier consortium pays additional penalties
to TVO in case of further delays beyond 2019. However, these are capped at €400 million
(US$458 million), which were reached in June 2021. With delays beyond June 2021, the
agreement does not cover the financial impact on TVO. It was reported in April 2020, that
AREVA was making arrangements to secure funding until the end of the project (including the
guarantee period).””

In March 2021, fuel was finally loaded into the OL3 reactor, with grid connection announced
in mid-May 2021 for October 2021."* By the end of July 2021, startup had already been pushed
back by another month to November 2021, “due to turbine overhaul”.»s

On 17 May 2021, TVO announced that it had reached a consensus settlement agreement with
the Areva-Siemens consortium.” Negotiations had been underway since summer 2020
on the terms of the OL3 EPR project-completion. Critical to the goal was agreement for an
additional €600 million (US$736,  million) to be made available from the AREVA companies’
trust mechanism as of the beginning of January 2021. Other key issues agreed included that
both parties are to cover their own costs from July 2021 until end of February 2022, and
that in case the consortium companies do not complete the OL3 EPR project until the end
of February 2022, they would pay additional compensation for delays, depending on the date
of completion. The deadline was missed once again. Further financial arrangements have not
been communicated.

119 - Ibidem.
120 - Ibidem.

121 - Ibidem; and TVO, “OL3 EPR’s schedule work continues”, Press Release, 2 July 2020, see https://www.tvo.fi/en/index/news
pressreleasesstockexchangereleases/2020/ol3eprsscheduleworkcontinues.html, accessed 13 July 2021.

122 - TVO, “The terms of the OL3 EPR project completion have been agreed”, Press Release, 17 May 2021, see https://www.tvo.fi/
en/index/news/pressreleasesstockexchangereleases/2021/thetermsoftheol3eprprojectcompletionhavebeenagreed.html, accessed
22 August 2021.

123 - TVO, “The regular electricity production of the OL3 EPR will be postponed for a month due to turbine overhaul”,
Press Release, 30 July 2021, see https://www.tvo.fi/en/index/news/pressreleasesstockexchangereleases/2021
theregularelectricityproductionoftheolzeprwillbepostponedforamonthduetoturbineoverhaul.html, accessed 22 August 2021.

124 - NEI Magazine, “TVO and Areva-Siemens reach consensus on OL3”, Nuclear Engineering International, 20 May 2021,
see https://www.neimagazine.com/news/newstvo-and-areva-siemens-reach-consensus-on-ol3-8757426, accessed 13 July 2021.
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As documented in WNISR2021, 2020 was considered “particularly difficult for the French
nuclear sector”, but 2022 is likely to be significantly worse. While nuclear production increased
over the previous year, the discovery in December 2021 of cracks in emergency core cooling
systems led to the shutdown of the four largest (1,450 MW) and most recent French reactors.
The event represented an unexpected loss of close to 6 GW of capacity in the middle of the
winter when consumption peaks in France, more than in any other European country, due to
about a third of the buildings using direct-resistance electric space heating. Subsequently, it
turned out that certain 1300-MW reactors—there are 20 such units—are also showing similar
symptoms and, as of mid-2022, 12 reactors are shut down for an unknown period of time due
to the problem. To what extent the issue also concerns the 9oo MW reactors—32 units—is yet
to be seen.

Inspection techniques providing reliable results are a challenge in itself. Inspections take
time and it took until the end of July 2022 for the Nuclear Safety Authority (ASN) to judge
EDF’s inspection strategy “appropriate in the light of the knowledge acquired concerning the
phenomenon and the corresponding safety issues”.”s If defaults are detected, it takes time
to fabricate replacement parts, and it takes time to do the replacement work. High profile,
experienced nuclear welders are rare—there are many more simultaneous challenges for
these specialists on the French nuclear fleet, including the construction site of the EPR at
Flamanville—and there are significant radiation doses involved in the work that could quickly
lead to regulatory exposure limits. As there have been already cases with several cracked
piping pieces need to be replaced per reactor, inspection and repair will take time. EDF intends
to inspect the entire fleet of 56 reactors only by 2025.

Following the discovery of the corrosion issue, on 13 January 2022, EDF published a downwards
revised forecast for nuclear generation, and the French government announced the same day
that it would force EDF to provide its competitors 20 percent more power, at fixed price, than
expected—120 TWh instead of 100 TWh—to limit the effect of sky-rocketing market prices
for the consumer... and to keep potential voters happy prior to the April 2022 Presidential
and June 2022 National Assembly elections. These measures were intended to limit the price
increase, especially for companies and communities where regulated electricity rates (capped
at 4 percent VAT) are not applied. However, rates will have to catch up in 2023.

The day following EDF’s announcement of lower production expectations and the government-
decided consumer subsidy, the company’s shares plunged by 15 percent, and on 17 January
2022, credit-rating agency Standard & Poor’s put EDF on credit watch negative, on the basis
that they considered the combined effect of these developments could cut EDF’s 2022 result by
€10-13 billion (US$__ 11.4-14.8 billion).»¢

2022

125 - ASN, “Stress corrosion phenomenon : ASN considers that EDF’s inspection strategy is appropriate”, 29 July 2022,

see https://www.french-nuclear-safety.fr/asn-informs/news-releases/stress-corrosion-phenomenon-asn-considers-that-edf-s-
inspection-strategy-is-appropriate, accessed 30 August 202.2.

126 - S&P Global, “Electricité de France Placed On CreditWatch Negative On Nuclear Outages And Adverse Political Decisions”,
Research Update, 17 January 2022, see https://www.edf.fr/sites/default/files/contrib/groupe-edf/espaces-dedies/espace-finance-en
investors-analysts/credits/rating/sp-research-update-2022-01-17.pdf, accessed 30 August 2022.
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This latest technical issue affecting the French nuclear fleet adds to a series of excessive outages
for maintenance, repair, and backfitting cumulating in half or more of the reactors being down
most of the time in the first half of the year. In May and June 2022, availability never exceeded
half of the installed nuclear capacity and dropped as low as one third. The worst is yet to come
when electric space heating pushes up consumption in winter. “The current low production of
the French nuclear fleet could prove to be a disaster for France”, a commentator wrote in the
economic daily Les Echos under the headline “Power Cuts: Inform the French!”*

All of these new problems for an already strained industry did not prevent the French President
making a landmark speech on 10 February 2022 hailing a “French nuclear renaissance”. While
current legislation stipulates the closure of a dozen reactors until 2035 and the reduction of the
nuclear share in the power mix to 50 percent, the President wishes that “six EPR2 be built and
that we launch the studies for the construction of eight additional EPR2”."*® For now, the EPR2
does not even exist on the drawing board, no detailed design is available yet. The government
administration estimated in October 2021 in an internal note that 19 million engineering
hours still had to be deployed to get from “basic design” to the “detailed design” stage and
that, if everything goes well, the first EPR2 could start up by 2039-2040. In case unexpected
industrial difficulties occur—as they have in the past and do currently—it could take until
2043 to commission the first EPR2, the project review states."

The government had asked EDF to “prepare a comprehensive file with the nuclear industry by
mid-2021 relating to a programme of renewal of nuclear facilities in France”. EDF has “started
to prepare economic and industrial proposals based on the EPR2 technology”.*° However, EDF
clearly stated in its annual report 2021 that “No investment decision has yet been taken, and
the programme will require appropriate regulation and funding arrangements.”

Meanwhile, some estimates put EDF’s expected net debt as high as €65 billion (US$67.9 billion)
at the end of 2022.%* Trade union officials let it be known that the company “might not make it
through the year”.? In early July 2022, the government announced it would fully re-nationalize
EDF (it currently holds 84 percent). Following the avalanche of disastrous news over the
past few years, EDF’s shares had plunged below €8 (US$8), less than one tenth of the peak in
2007, picked up a bit due to the nationalization announcement and remained just below the
advertised takeover offer of €12 (US$12) per share. However, analysts and commentators were

127 - Agnes Verdier-Molinié, “Coupures de courant : informez les Francais!” [“Power cuts: inform the French!”], Les Echos,
Updated 1 August 2022, see https://www.lesechos.fr/idees-debats/cercle/opinion-coupures-de-courant-informez-les-francais-1779786,
accessed 30 August 2022.

128 - Presidency of the French Republic, “Reprendre en main notre destin énergétique !” [“Reclaiming our energy destiny!”], Speech by
President Emannuel Macron, Elysée, French Government, 10 February 2022, see https://www.elysee.fr/femmanuel-macron/2022/02/10,
reprendre-en-main-notre-destin-energetique, accessed 30 August 2022.

129 - French Government, “Travaux relatifs au nouveau nucléaire—PPE 2019-2028”, as published by Contexte, October 2021, see https://
www.contexte.com/article/energie/info-contexte-nucleaire-pas-encore-lances-les-futurs-epr-deja-en-retard-et-plus-chers_140631.
html, accessed 30 August 2022.

130 - EDF, “Annual Financial Report 2019—Universal Registration Document”, March 2020.
131 - EDF, “Consolidated Financial Statements at 31 December 2021”7, February 2022.

132 - Christine Kerdellant, “Nationaliser EDF : pour quoi faire ?” [“Nationalise EDF: what for?”], Les Echos, 8 July 2022,
see https://www.lesechos.fr/idees-debats/editos-analyses/nationaliser-edf-pour-quoi-faire-1775293, accessed 30 August 202.2.

133 - Florian Maussion, “EDF : quatre questions sur une nationalisation tres politique” [“EDF: four questions on a very political
nationalisation”], Les Echos, 8 July 2022, see https://www.lesechos.fr/industrie-services/energie-environnement/edf-quatre-questions-
sur-une-nationalisation-tres-politique-1775426, accessed 30 August 2022.
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quick in arguing that the nationalization would not solve EDF’s problems. As the economic
daily Les Echos put it:

What it takes to save EDF is a transformation from top to bottom to increase flexibility and
efficiency. However, for the past forty years, the State shareholder never demonstrated it was
able to transform mammoths into gazelles.’3

After Worst Performance in Decades, Worse is Yet to Come

Until the closure of the two oldest French units at Fessenheim in the spring of 2020, the
French nuclear fleet had remained stable for 20 years, except for the closure of the 250 MW fast
breeder Phénix in 2009 and for two units in LTO within the period 2015-2017 (see Figure 23).

Figure 23 - Operating Fleet and Capacity in France

Nuclear Reactors and Net Operating Capacity in France 2021
56 Reactors
in Units and GWe, from 1959 to 2021 1999 2009 Cl2020 614 GW
Grid Connection osure i
1994 " Civaux-2 I %?Z::ir: Fessenheim-1 & -2 Units

Bugey-1
[ ReactorsinLTO
I Reactors in Operation II III

— Operating Capacity
© WNISR - MYCLE SCHNEIDER CONSULTING M
-

1975

Sources: WNISR with IAEA-PRIS, 2022

No new reactor has started up since Civaux-2 was connected to the French grid in 1999. The
first and only PWR closed prior to Fessenheim was the 300 MW Chooz-A reactor, which was
retired in 1991. The other closures were eight first generation natural-uranium gas-graphite
reactors, two fast breeder reactors and a small prototype heavy water reactor (see Figure 2.4).

In 2021, the 56 operating reactors®s produced 360.7 TWh, a 7.5 percent increase over the
previous year, but still below the level of 2019 and the sixth year in a row that generation
remained below 400 TWh. In 2005, nuclear generation peaked at 431.2 TWh. It took the fleet
five years to build up to that maximum generation, and with a quasi-stable installed nuclear
capacity between late 1999 and early 2020, performance plunged after 2015 (see Figure 25).

134 - Les Echos, “Nationaliser EDF : pour quoi faire 27, 8 July 2022, op. cit.

135 - All Pressurized Water Reactors (PWRs), 32 x 900 MW, 20 x 1300 MW, and 4 x 1400 MW.
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Figure 24 - Startups and Closures in France
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Notes:

PWR: Pressurized Water Reactor; GCR: Gas-Cooled Reactor; HGWGCR: Heavy Water Gas Cooled Reactor; FBR: Fast Breeder Reactor.

Figure 25 - Nuclear Electricity Production vs. Installed Capacity in France 1990-2022
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In 2021, nuclear plants provided 69 percent (+1.9 percentage points) of the country’s electricity
following the exceptional plunge in 2020, however remaining below the 2019 level. According
to RTE, the nuclear share peaked in 2005 at 78.3 percent. The outlook for 2022 is grim. After
several downward revisions, as of mid-2022, EDF estimates of the annual production range at
280-300 TWHh, a figure not seen since 1990 (see Figure 25 and Figure 26.)

Figure 26 - Nuclear Electricity Production vs. Nuclear Share in France 1990-2022
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Monthly production has continued to deteriorate in 2022 with a lower output in every single
month of the first half of the year than in any year over the past decade (see Figure 27).

Electricity represented 24.5 percent of final energy in France in 2021. As nuclear plants provided
69 percent of electricity, as in 2020, according to provisional numbers, nuclear plants covered
17 percent of final energy in France in 2021. The largest share being covered by fossil fuels with
oil at 42 percent and natural gas at 20 percent, while renewables contributed only 11 percent.s

136 - Ministry of Ecological Transition, “Bilan énergétique de la France en 2021 - Données provisoires” [“Energy Balance of France in
2021—Provisional Data”], April 2022.
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Monthly Nuclear Production in France
in TWh, 2012-2022
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In 2021, there were 5,810 reactor-days, (down 655 days or 10 percent from the 6,465 reactor-
days in 2020), an average of 104 days per reactor, when reactors in France were not producing
any power, not including load following or other operational situations with reduced capacity
but above-zero. The number is still almost 8 percent higher than the average 96 days per
reactor compared to the pre-COVID situation of 2019. All 56 reactors were subject to outages
ranging 9-272 days (Figure 29 and see Figure 30).

Table 4 - Total Unavailability at French Nuclear Reactors 2019-2021 (in reactor-days)

2019 5272.9 315.5 55883 96.3
2020 6179.1 286.2 64653 115.4
2021 5638.6 1721 5810.8 103.75

Sources: RTE and EDF REMIT Data, 2019-2022

Note: The categorization follows EDF’s classification. However, it is not reflecting reality as a “planned” outage remains in that category even if it lasts much
longer than “planned”.
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The unavailability analysis for the year 2021 on Figure 28 further shows:

= On 338 days (92 percent of the year), at least 10 units and up to 23 were down during the
same day.

= On 109 days (30 percent of the year), 19 or more units were shut down for at least part of
the day.

= Atleast seven reactors were down (zero capacity) simultaneously at any day of the year.

= Atleast 20 reactors were offline simultaneously during the equivalent of 32.5 days.

Figure 28 - Reactor Outages in France in 2021 (in number of units and GWe)
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Sources: compiled by WNISR, with RTE and EDF REMIT Data, 2021-2022

Note: For each day in the year, this graph shows the total number of reactors offline, not necessarily simultaneously as all unavailabilities do not overlap, but
on the same day.

According to EDF’s classification of “planned” and “forced” unavailabilities, in 2021,

- 16 reactors did not experience any “forced” outage,
at seven units “forced” outages lasted less than one day,

at 30 their cumulated duration represented between one and ten days,

v ¥ 9

and only three reactors did fall in the range between 11 and 15.5 days of “forced” outage
over the year (see Figure 29).
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Reactors Unavailability of French Nuclear Reactors in 2021
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Notes:

This graph only compiles outages at zero power, thus excluding all other operational periods with reduced capacity >0 MW. Impact of unavailabilities on
power production is therefore significantly larger.

“Planned” and “Forced” unavailabilities as declared by EDF.

However, EDF’s declaration of “planned” vs. “forced” outages is highly misleading. EDF
considers an outage as “planned” whatever the number and length of extensions (or, in rare
cases, reductions) of its total duration if the outage was first declared as “planned”.

WNISR analysis shows a different picture. Of 240 full outages in 2021, 161 were declared
“planned” and 79 “forced”. In the case of “forced” outages, a generic duration of one day is
first declared in most cases (75 percent) and is then readjusted. The additional duration of
“forced” outages represented less than 100 days. For “planned” outages, additional unplanned
unavailability represented 1,238 days that EDF nevertheless labeled as “planned”. In fact,
almost 25 percent of the full-outage durations were unplanned.
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Of 240 full outages, 86 experienced a prolongation exceeding 1 day and up to 156 days (Chooz-2)
in 2021%7; the cumulated prolongation over the year was over 1,500 days. On the other side,
18 outages were shorter than planned by at least one day; the cumulated reduction over the
year was 171 days. (These cases are likely due to outage re-scheduling rather than net savings
of outage days.) As a result, the net additional unplanned unavailability added up to 1,330 days,
an increase of 30 percent beyond the expected outage durations (see Figure 30).

Figure 30 - Scheduled vs. Realized Unavailability by Nuclear Reactor in France in 2021
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Sources: compiled by WNISR, with RTE and EDF REMIT Data, 2021-2022.

Note: This figure represents the cumulated outage duration per reactor as planned at the beginning of the outages and the real durations during the same year
(cumulation of planned and forced unavailabilities). In the case of reactors that were shut down in 2020 and planned to restart before 1 January 2021, the entire
outage duration in year 2021 is considered outage extension. Extensions into 2022 are not considered.

The categories “Extension” and “Not implemented” represent the cumulation of balances between all planned and real outage durations per reactor. These
numbers do not consider cancelled or rescheduled outages that were moved into 2022.

137 - In case a reactor was shut down in 2020 and due to be back on-line prior to 31 December 2020, the outage duration in 2021 is
entirely considered as extended unavailability.
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The cumulated outage analysis over the three years 2019-2021 reveals the following
(see Figure 31):
= Three reactors were down half of the time or more (Flamanville-1 and -2, Dampierre-1);

= 23 reactors were generating zero power over 30 percent of the time, that is 108 days and

more per year on average.

Figure 31 - Unavailability of French Nuclear Reactors 2019-2021

Unavailability of French Nuclear Reactors in 2019-2021
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Lifetime Extensions - Fact Before License

By mid-2022, the average age of the 56 nuclear power reactors exceeds 37 years (see Figure 32).
Lifetime extension beyond 40 years—50 operating units are now over 31 years old of which 18
over 41 years—requires significant additional upgrading. Also, relicensing is subject to public

inquiries reactor by reactor.

EDF will likely seek lifetime extension beyond the 4™ Decennial Safety Review (VD4) for most,
if not all, of its remaining reactors. This is (yet) in line with the Government’s pluriannual
energy plan, which does not envisage any further reactor closures until 2023 and only a limited
number in the following years. But President Macron in his February 2022 programmatic
speech made it clear that the government has no intention anymore of closing reactors and
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stated: “While the first extensions beyond 40 years have been implemented successfully since
2017, ’'m asking EDF to examine the conditions of the [lifetime] extensions beyond 50 years, in
conjunction with the nuclear safety authority”3*

The first reactor to undergo the VD4 was Tricastin-1 in 2019. Bugey-2 and -4 were scheduled
in 2020, and Tricastin-2, Dampierre-1, Bugey-5 and Gravelines-1 in 2021... until the COVID-19
pandemic further disrupted the safety review schedule.

While the President of the Nuclear Safety Authority (ASN) judged the VD4-premiere on
Tricastin-1 “satisfactory”, he questioned whether EDF’s engineering resources were sufficient
to carry out similar extensive reviews simultaneously at several sites.* Beyond the human
resource issue, the experience raises the question of affordability. EDF had scheduled an outage
for Tricastin-1 of 180 days in 2019, which was extended by 25 days. Including further, unrelated
unavailabilities, the reactor was in full outage during two thirds of that year (232 days).

EDF expects these VD4 outages to last six months, much longer than the average of three to
four months experienced through VD2 and VD3 outages. However, as illustrated, many factors
could lead to significantly longer outages. EDF, in fact, has already started negotiating with
ASN for the workload to be split in two packages, with the supposedly smaller second one to be
postponed four years after the VD4.'4°

On 23 February 2021, the ASN issued detailed generic requirements for plant life extension.'+
The key aspects of ASN’s decision were not the five short administrative articles but the two annexes
setting the technical conditions and the timetable for work to be carried out. The challenge for operator
EDF will be high, as ASN outlines:

Over the coming five years, the nuclear sector will have to cope with a significant increase
in the volume of work that is absolutely essential to ensuring the safety of the facilities in
operation.

Starting in 2021, four to five of EDF’s 9goo Megawatts electric (MWe) reactors will undergo
major work as a result of their fourth ten-yearly outages. (...)

All of this work will significantly increase the industrial workload of the sector, with
particular attention required in certain segments that are under strain, such as mechanical
and engineering, at both the licensees and the contractors.'+

138 - French Presidency, “Reprendre en main notre destin énergétique !”, 10 February 2022, op. cit.

139 - Bernard Doroszsuk, “Présentation du rapport annuel 2019 de ’Autorité de stireté nucléaire (ASN) sur I’état de la stireté nucléaire
et de la radioprotection en France” [“Presentation of the 2019 Annual Report of the French Nuclear Safety Authority (ASN) on

the Status of Nuclear Safety and Security in France”], ASN, French Nuclear Safety Authority, Hearing before The Parliamentary
Office for Scientific and Technological Assessment, French National Assembly, 28 May 2020 (in French), see http://videos.senat.fr/
video.1628244_5ecf547f8ag6f.audition-pleniere---autorite-de-surete-nucleaire?timecode=2963962, accessed 13 August 2020.

140 - ASN, “Réexamen périodique associé aux quatriemes visites décennales des réacteurs du palier goo MWe”, Presentation at a
meeting of the local information committee on the major energy facilities at Tricastin, Commission locale d’information des grands
équipements énergétiques du Tricastin (CLIGEET), 4 July 2018 (in French), see https://www.ladrome.fr/sites/default/files/5.2_
presentation_asn_vd4.pdf, accessed 23 March 2019.

141 - ASN, “L’ASN prend position sur les conditions de la poursuite de fonctionnement des réacteurs de 9oo MWe au-dela de 40 ans”
[“ASN takes position on the conditions for continued operation of 9oo MW-reactors beyond 40 years”], 25 February 2021 (in French),
see https://www.asn.fr/Informer/Actualites/La-poursuite-de-fonctionnement-des-reacteurs-de-9oo-MWe-au-dela-de-40-ans,
accessed 25 February 2021.

142 - ASN, “Abstracts ASN Report on the state of nuclear safety and radiation protection in France in 2020”, Autorité de Streté
Nucléaire/French Nuclear Safety Authority, May 2021, see http://www.french-nuclear-safety.fr/Information/Publications/ASN-s-
annual-reports/ASN-Report-on-the-state-of-nuclear-safety-and-radiation-protection-in-France-in-2020, accessed 27 July 2021.


http://videos.senat.fr/video.1628244_5ecf547f8a96f.audition-pleniere---autorite-de-surete-nucleaire?timecode=2963962
http://videos.senat.fr/video.1628244_5ecf547f8a96f.audition-pleniere---autorite-de-surete-nucleaire?timecode=2963962
https://www.ladrome.fr/sites/default/files/5.2_presentation_asn_vd4.pdf
https://www.ladrome.fr/sites/default/files/5.2_presentation_asn_vd4.pdf
https://www.asn.fr/Informer/Actualites/La-poursuite-de-fonctionnement-des-reacteurs-de-900-MWe-au-dela-de-40-ans
http://www.french-nuclear-safety.fr/Information/Publications/ASN-s-annual-reports/ASN-Report-on-the-state-of-nuclear-safety-and-radiation-protection-in-France-in-2020
http://www.french-nuclear-safety.fr/Information/Publications/ASN-s-annual-reports/ASN-Report-on-the-state-of-nuclear-safety-and-radiation-protection-in-France-in-2020
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This was prior to the corrosion issues that struck EDF’s fleet at the end of 2021. ASN has
shown remarkable tolerance for extended timescales of refurbishments and upgrades in the
past, e.g. many of the post-Fukushima measures have not yet been implemented eleven years
after the events. As of the end of 2020, none of the 56 French reactors were backfitted entirely
according to ASN requests issued in 2012. According to some estimates, the completion of the
work program could take until 2039.'#

Additionally, the implementation of work to be carried out as part of the lifetime extension
beyond 40 years stretches over 15 years until 2036, when the last 9oo MW reactor is supposed
to be upgraded: Chinon B-4, connected to the grid in 1987, gets the 15-year delay to implement
15 of a total of 37 measures. By then, the unit will have operated for 49 years. This is just an
example, and it is the most recent operating 9oo MW reactor. ASN has accepted similar
timescales for all 32 of the 9oo MW units. The French Nuclear Safety Authorities have proven
flexible, and—considering the dire state of the reactor fleet—pressure for even more flexibility
might increase in the future, particularly in the winter 2022-2023.

Figure 32 - Age Distribution of French Nuclear Fleet (by Decade)
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Sources: WNISR, with IAEA-PRIS, 2022

The public inquiry for the first unit to undergo relicensing, Tricastin-1—first connected to the
grid on 31 May 1980—took place in early 2022. Over 1,800 citizens submitted comments. The
Inquiry Committee highlighted in its conclusions formulated numerous complaints the lack
or inadequacy of documentation, the absence of a planning overview for the backfitting work
to be carried out and the limitation of the invitation to participate to the seven municipalities
within a §-km radius from the plant, rather than the 76 towns within the 20 km radius that is
the basis for emergency planning. The Committee report also criticizes that while the public
understood the inquiry to be about the decision to extend the lifetime of the reactor, the
subject of inquiry is a catalogue of technical modifications proposed by EDF as a result of ASN’s

143 - Manon Besnard and Yves Marignac, “Les mesures de renforcement du parc nucléaire frangais, dix ans apres Fukushima”
[“Reinforcement measures of the French nuclear fleet, ten years after Fukushima”], Institut négaWatt, 5 March 2021,

see https://cdn.greenpeace.fr/site/uploads/2021/03/Institut-n%C3%A9gaWatt-Les-mesures-de-renforcement-du-parc-nucl%C3%Agaire-
fran%C3%A7ais-10-ans-apr%C3%A8s-Fukushima-rapport-mars-2021-1.pdf, accessed 30 August 2022.


https://cdn.greenpeace.fr/site/uploads/2021/03/Institut-n%C3%A9gaWatt-Les-mesures-de-renforcement-du-parc-nucl%C3%A9aire-fran%C3%A7ais-10-ans-apr%C3%A8s-Fukushima-rapport-mars-2021-1.pdf
https://cdn.greenpeace.fr/site/uploads/2021/03/Institut-n%C3%A9gaWatt-Les-mesures-de-renforcement-du-parc-nucl%C3%A9aire-fran%C3%A7ais-10-ans-apr%C3%A8s-Fukushima-rapport-mars-2021-1.pdf
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requests. None of the Committee members were technically qualified to understand and judge
the technicalities involved. The report adds: “Since ASN itself has decided on the provisions
even before the public inquiry, the Inquiry Committee wonders how the public’s contribution,
the conclusions of the Inquiry Committee and the opinion of the communities concerned will
be taken into account...” ¢ Remarkably, a majority of the members voted nevertheless in favor
of the modifications proposed by EDF.

Operating costs have increased substantially over the past few years (see also previous
WNISR editions). The Court of Accounts has calculated the operating costs for the year
2019 at €43.8/MWh (US$
MWh (USS$,_,
investments) as chosen by the Court. Lifetime extension would cost “at least €,.:35 /MWh
[€,  39/MWh or US$ 40/MWh] based on EDF figures”.ss

49/MWh) when using an “accounting” methodology and €64.8/

2019

72.6/MWh) when applying an “economic” approach (taking into account past

2022 2022

Outages that systematically exceed planned timeframes are particularly costly. EDF’s net
financial debt increased by €8 billion (US$, ¢ billion) in 2019, grew by another €1.2 billion
(US$,_, 15 billion) in 2020, and a further €o.7 billion (US$ _ 0.8 billion)—to a total of
€43 billion (US$___ 48.7 billion)—as of the end of 2021.14

2021

EDF has been losing 100,000-200,000 clients per month for several years. As of the end of
2021, EDF’s 51 national competitors—in addition, there are over 100 public local utilities—
had captured 36 percent of non-residential customers and 31 percent of the residential clients,
representing 44 percent of the national demand. In spite of the huge market price increases,
EDF lost an additional 100,000 residential clients and 18,000 non-residential customers in the
fourth Quarter 2021./ On 1 January 2021, EDF lost 300,000 non-residential customers in one
go when the regulated tariffs for small commercial users were abolished.'+*

However, as the sky-rocketing price increases continued into 2022, some consumers returned
to EDF’s regulated tariffs that profited from the government-imposed price control mechanism.
EDF claims an increase of about half a million clients between September 2021 and May 2022.'#
The drawback is that during low nuclear production and excessively high prices on the market,

144 - Prefect of Drome, “EDF, Réacteur Tricastin-1, Espace Procédure”, Préfet de la Drome, French Government, 16 December 2021
(in French), see http://www.drome.gouv.fr/st-paul-3-chateaux-edf-reacteur-tricastin-1-a8154.html, accessed 28 June 2022.

145 - French Court of Accounts, “L’analyse des cotts du systeme de production électrique en France”, S2021-2052, 15 September 2021.

146 - EDF, “Consolidated Financial Statements at 31 December 20217, 13 April 2021, see https://www.edf.fr/sites/groupe/files/2022-02/
annual-results-2021-consolidated-financial-statements-20220218.pdf, accessed 4 July 2021.

147 - French Energy Regulatory Commission, “La CRE publie son observatoire des marchés de détail de I’électricité et du gaz naturel
pour le 4eme trimestre de "année 2021.”, Commission de Régulation de l’ﬁnergie, 25 March 2022, see https://www.cre.fr/Actualites/
la-cre-publie-son-observatoire-des-marches-de-detail-de-l-electricite-et-du-gaz-naturel-pour-le-4eme-trimestre-de-l-annee-2021,
accessed 29 March 2022.

148 - French Energy Regulatory Commission, “Délibération de la Commission de régulation de I’énergie du 18 mars 2021 portant
communication sur le déroulé des échéances relatives a la fin partielle des tarifs réglementés de vente d’électricité et a la suppression
des tarifs réglementés de vente de gaz naturel”, Deliberation 2021-84, Commission de Régulation de 'Energie, 18 March 2021.

149 - Sharon Wajsbrot, “La crise de ’énergie permet a EDF d’engranger de nouveaux clients”, Les Echos, 29 June 2022 (in French),
see https://www.lesechos.fr/industrie-services/energie-environnement/edf-profite-de-la-crise-de-lenergie-pour-engranger-de-
nouveaux-clients-1582529, accessed 29 June 2022.
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this forces EDF to “buy volumes [of power] at a price that is higher than we [EDF] resell it to
the clients at the regulated tarift”, an EDF executive director stated.'s

The 2005 construction decision of Flamanville-3 (FL3) was mainly motivated by the industry’s
attempt to confront the serious problem of maintaining nuclear competence. Fifteen years
later, ASN still drew attention to the “need to reinforce skills, professional rigorousness and
quality within the nuclear sector”.”'

In December 2007, EDF started construction on FL3 with a scheduled startup date of 2012.
The project has been plagued with design issues and quality-control problems, including basic
concrete and welding difficulties similar to those at the Olkiluoto (OL3) project in Finland,
which started construction two-and-a-half years earlier. These problems never stopped.
In April 2018, it was discovered that the main welds in the secondary steam system did not
conform with the technical specifications; so by the end of May 2018 EDF stated that repair
work might again cause “a delay of several months to the start-up of the Flamanville 3 European
Pressurized Water Reactor (EPR) reactor.”s*

In October 2019, EDF had stated that fuel loading would be delayed to “late 2022” and
construction costs had been re-evaluated at €12.4, billion (US$201513.9 billion), an increase of
€15, billion (US$20151.7 billion) over the previous estimate.'s3

In July 2020, the French Court of Accounts estimated that additional costs arising until
startup of the unit—then expected to occur by mid-2023—could reach € _ 6.7 billion
(US$20157.4 billion), including €4.2 billion in financial costs, thus reaching a total of
€,,,19-1 billion (US$__ 19 billion). Deploring the absence of projected profitability calculations,

the Court stated that FL-3 electricity could possibly be generated at € 110-120/MWh
(US$ _ 123-134/MWh).'s

2015

None of these numbers take into account the COVID-19 effect, and already in July 2020, EDF
warned that the several weeks long construction interruption at the Flamanville EPR “could
result in further delays and additional costs”.’ss

In January 2022, EDF released an “adjusted timetable” and a new estimate of the overnight
costs at € _ 12.7 billion (US$__ 14.2 billion), without interim interests.’s®
2015 2015

150 - Ibidem.

151 - ASN, “ASN Report on the state of nuclear safety and radiation protection in France in 2020—Abstracts”, Autorité de Stireté
Nucléaire/French Nuclear Safety Authority, 2021, see https://www.french-nuclear-safety.fr/content/download/178655/file/Abstracts-of-
the-full-ASN-Report-on-the-State-of-nuclear-safety-and-radiation-protection-in-France-in-2020.pdf, accessed 30 August 2022.

152 - EDF, “Quality deviations on certain welds of the secondary circuit at the Flamanville EPR: the investigation continues”,
Press Release, 31 May 2018, see https://www.edf.fr/en/the-edf-group/dedicated-sections/journalists/all-press-releases/quality-
deviations-on-certain-welds-of-the-secondary-circuit-at-the-flamanville-epr-the-investigation-continues, accessed 7 June 2018.

153 - EDF, “Annual Financial Report 2019 - Universal Registration Document”, March 2020.
154 - Court of Accounts, “La filiere EPR”, Cour des Comptes, 9 July 2020. See WNISR202.0 for excerpts from the report.

155 - EDF, “2020 Half-Year Results”, Press Release, 30 July 2020, see https://www.edf.fr/sites/default/files/contrib/groupe-edf]
espaces-dedies/espace-finance-en/financial-information/publications/financial-results/h1-2020/20200730-h1-2020-cp-en.pdf,
accessed 30 August 2022..

156 - EDF, “Update on the Flamanville EPR”, 12 January 2022, see https://www.edf.fr/en/the-edf-group/dedicated-sections/journalists|
all-press-releases/update-on-the-flamanville-epr, accessed 31 August 2022..


https://www.french-nuclear-safety.fr/content/download/178655/file/Abstracts-of-the-full-ASN-Report-on-the-State-of-nuclear-safety-and-radiation-protection-in-France-in-2020.pdf
https://www.french-nuclear-safety.fr/content/download/178655/file/Abstracts-of-the-full-ASN-Report-on-the-State-of-nuclear-safety-and-radiation-protection-in-France-in-2020.pdf
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https://www.worldnuclearreport.org/The-World-Nuclear-Industry-Status-Report-2020-HTML.html#_idTextAnchor236
https://www.edf.fr/sites/default/files/contrib/groupe-edf/espaces-dedies/espace-finance-en/financial-information/publications/financial-results/h1-2020/20200730-h1-2020-cp-en.pdf
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Known technical issues cumulate with new ones. ASN notes in its 2021 Review:

Considerable works and examinations still remain before commissioning of the reactor. This
in particular concerns the design and reliability of the primary system valves, repairs to the
main secondary system welds, with anomalies on three nozzles of the main primary system
and post-weld heat treatment of the nuclear pressure equipment, the performance of the
filtration system on a containment internal water tank, and the various anomalies detected
on the cores of the Taishan EPR reactors, including the fuel clad ruptures observed in 2021.5

Especially the issue that struck the Taishan EPRs and kept Unit 1 off the grid for over one year—
it was eventually restarted in mid-August 2022—has consequences on FL3. EDF has proposed
to refabricate 64 of the 241 fuel assemblies that have already been produced for FL3. According
to EDF’s plan, certain assembly components would undergo thermal treatment prior to use,
others would be replaced by and by on all fuel assemblies. The plan has yet to be assessed by
the Institute for Radiation Protection and Nuclear Safety (IRSN) and to be approved by ASN.'s®

EDF assures that the issue “does not question the design of the EPR”.5

% ? 33 _L 12.

Germany decided immediately after 3/11 to close eight of the oldest'® of its then 17 operating
reactors and to progressively phase out the remaining nine by the end of 2022, effectively
reactivating a “consensus agreement” negotiated a decade earlier (see Table 5 for the phaseout
schedule). This choice was implemented by a conservative, pro-business, and, until the
Fukushima disaster, very pro-nuclear Government, led by physicist Chancellor Angela Merkel.
With no political party dissenting, it looked like virtually irreversible under any political
constellation. On 6 June 2011, the German Bundestag passed a seven-part energy transition
legislation almost by consensus and it came into force on 6 August 2011 (see carlier WNISR
editions for details).

A decade later, in September 2021, legislative elections saw the Social Democrats (SPD) become
the strongest political party in Germany. But even in a coalition with the Green Party they
would not have had a parliamentary majority, so after complex negotiations, an unprecedented
“traffic light” coalition-government was formed by adding the Liberal Democratic Party
FDP (yellow) to the SPD (red) and Greens.

157 - ASN, “ASN Report on the state of nuclear safety and radiation protection in France in 2021—Abstracts”, May 2022, op. cit.

158 - Sfen, “L’EPR Taishan 1 Redémarre” [“Taishan-1 EPR Restarts”], Société francaise d’énergie nucléaire/French Nuclear
Energy Society, Revue Générale Nucléaire, Updated 25 August 2022, see https://www.sfen.org/rgn/lepr-taishan-1-redemarre/,
accessed 31 August 2022.

159 - EDF, “Update on the Flamanville EPR”, 12 January 2022, see https://www.edf.fr/en/the-edf-group/dedicated-sections/journalists/
all-press-releases/update-on-the-flamanville-epr, accessed 31 August 2022.

160 - Including the Kriimmel and Brunsbiittel reactors that by then had not generated power for almost two and four years
respectively.
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One year into the legislative period, on 5 September 2022, Robert Habeck, Minister for Economy
and Climate Protection and Vice-Chancellor of Germany, presented the results of a second
stress test of the electricity system’s resilience for the winter 2022-2023. He announced, he
will recommend to the government to transfer two of the three remaining operating nuclear
reactors into “reserve status” as of the end of 2022. He made it very clear what it means:

This also means that all three of the nuclear power plants currently still on the grid in
Germany will be taken off the grid as planned at the end of 2022. We are sticking to the
nuclear phase-out stipulated in the Atomic Energy Act. New fuel elements will not be used,
and the deployment reserve will be terminated in mid-April 2023. Nuclear power is and
continues to be a high-risk technology, and the highly radioactive waste will be a problem for
many future generations. You can’t play around with nuclear power. '

What happened? Why would the consensus-driven nuclear-phaseout decision even be
questioned? Sky-rocketing energy prices in late 2021, the war in Ukraine, and high German
dependency on Russian fossil fuel imports (gas, oil, and coal) provided an unexpected
opportunity for a few remaining pro-nuclear voices in the country to receive considerable
attention. In fact, the discourse of the “German isolated phaseout decision in a world going
all nuclear” had entered the main media already in the past few years—the same handful
of individuals could publish their pro-nuclear lobbying pieces in top German media like
Der Spiegel, Die Zeit, Focus, and the likes—some prominent journalists took it on, and a few
conservative politicians started questioning the phaseout legislation.

The war in Ukraine triggered an astounding public controversy that hardly assessed options
based on factual understanding of their respective implications but often consisted of a fact-
free opinion debate. Are you for or against lifetime expansions? Never mind legal aspects,
technical feasibility, costs, and potential safety implications. A whole series of opinion polls
have shown comfortable majorities in favor of stretching the operation of the three remaining
reactors by a few months or even up to five years. The public perception linked continued
operation of the reactors with the hope for more independence from Russian gas.'®* A mirage,
as the latest stress test illustrated, since less than 1 percent of gas burnt for power could
potentially be saved.

On 7 March 2022, three days after the Russian army attacked and then occupied the
Zaporizhzhia nuclear power plant, the German Government issued a 5-page joint statement of
the Ministries of Environment and Economy assessing a potential restart of the three reactors

161 - Federal Ministry for Economic Affairs and Climate Action, “Power system stress test: Federal Ministry for Economic Affairs and
Climate Action stepping up precautionary measures to safeguard power grid stability this winter”, Federal Government of Germany,
Press Release, 5 September 2022, see https://www.bmwk.de/Redaktion/EN/Pressemitteilungen/2022/09/20220905-power-system-
stress-test.html, accessed 5 September 2022.

162 - Some surveys link the question directly to gas shortages, without any indication of the very low impact the continued use of
nuclear power would have on gas consumption (<1 percent), e.g. Infratest for ARD Deutschlandtrend, see Tagesschau, “Mehrheit
fiir lingere AKW-Laufzeiten” [“Majority in favor of longer NPP lifetimes”], 24 June 2022, see https://www.tagesschau.de/inland/
deutschlandtrend/deutschlandtrend-3051.html, accessed 10 September 2022.
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that were closed at the end of 2021 and the potential lifetime extension of the remaining three
operating reactors beyond the legal closure date of end of 2022:'

The restart of the three units closed end of 2021 is “out of the question” notably due to the
expired operating license.

The lifetime extension of the still operating units would not lead to additional power
generation in the winter 2022/2023, as there is no new fuel available before fall 2023 at the
earliest.’*

A lifetime extension of the currently still operating three units beyond the end of 2022
would require an in-depth safety assessment of each of the reactors last carried out in
2009. The outcome and potential backfitting and upgrading work needed cannot be
reliably predicted.

A lifetime extension could not be economically justified for 2-3 years and would not make
sense under 3-5 years considering the safety related issues and the need to re-train staff.
The two ministries consider that in that timeframe there are other options.

From a constitutional rights perspective, a lifetime extension would require a
comprehensive, new risk-benefit assessment by the legislator. “Against this background,
the expected lawsuits against a possible lifetime extension would definitely have promising
chances of success.”

The operators have signaled that a lifetime extension would essentially mean the takeover
of legal and economic risks by the state. As the two ministries consider that compromising
on safety is not an option, lifetime extension could mean lengthy backfitting programs in
the period 2022-2024.

In conclusion, the two ministries “cannot recommend a lifetime extension of the three still
operating nuclear power plants”.

Four days after the government statement and two weeks after Russia launched its all-out war
against Ukraine the parliamentary group of the far-right AfD (Alternative fiir Deutschland/
Alternative for Germany) tabled a proposal for a resolution in which the German Bundestag
would “call on the Federal Government to implement, together with the Linder Governments
a lifetime extension of the nuclear power plants” and “immediately give nuclear power plant
operators unambiguous and binding assurances that the nuclear power plants may be operated
without restriction until their technically reasonable end of life.” The proposal was rejected
by all of the parliamentary committees and, on 7 July 2022, received a unanimous rejection by

163 - BMWK and BMUYV, “Priifung des Weiterbetriebs von Atomkraftwerken aufgrund des Ukraine-Kriegs” [“Examination of
Continued Operation of Nuclear Power Plants Due to the Ukraine War”], Federal Ministry for Economic Affairs and Climate Action,
and Federal Ministry for the Environment, Nature Conservation, Nuclear Safety and Consumer Protection, Federal Government

of Germany, 8 March 2022 (in German), see https://www.bmuv.de/fileadmin/Daten_BMU/Download_PDF/Nukleare_Sicherheit
laufzeitverlaengerung_akw_bf.pdf, accessed 13 September 2022.

164 - It has been argued that the reactors could go into “stretch operation” (Streckbetrieb), lowering generation in the summer and
save fuel for the winter beyond the end of the year. However, that would mean additional quantities of other fuel, notably gas, would
have to be burnt in the summer to make up for the saved nuclear kilowatt-hours. That would not change the overall availability of non-
Russian fuel in the winter 2022/2023. Also, utility representatives have stated it would rather take between one and two years to get
new fuel manufactured.

165 - German Bundestag, “Keine Abschaltung von Kernkraftwerken—Erst recht nicht in einer neuen Realitdt” [“No Closure of Nuclear
Reactors—Especially Not in a New Reality”], Drucksache 20/1021, Motion introduced by Dr. Rainer Kraft, Karsten Hilse et al, and
Parliamentary Group AfD, 15 March 2022, see https://dserver.bundestag.de/btd/20/010/2001021.pdf, accessed 13 September 2022..
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all parliamentary groups from the far left to the Christian democrats. The vote ended 581 to 67,
whereas only AfD members and four independents voted for the proposal.

Since then, some remarkable developments occurred, including the following:

A legal analysis commissioned by Greenpeace concluded on 22 July 2022 that any form of
operation of the remaining reactors beyond the end of the year would violate constitutional
law, necessitate significant backfitting, and require cross-border consultations under EU-
Environmental Impact Assessment legislation and ESPOO Convention.'¢®

On 26 July 2022, the smallest government coalition partner FDP called for a lifetime
extension of all three reactors to 2024, arguing: “This is the period when we face energy
shortages. That is why we must be prepared for it.”*¢7

On 28 July 2022, five key SPD parliamentarians on energy and climate issues, led by the
parliamentary group’s Vice-President Matthias Miersch, sent a 4-page letter to party
members pointing to a comprehensive list of issues highlighting problems around the
potential lifetime extension, like the “challenges in times of gas shortages are in the
industry and the provision of heat - not in the power sector”; while less suitable than
gas plants, coal plants are more suitable to make up for shortages than nuclear plants, as
they are more flexible; under regular circumstances, the three nuclear plants would have
had to undergo a comprehensive decennial safety inspection in 2019, which they were
exempted from considering the anticipated closure in 2022—that safety review would
be “mandatory”, could last several years and entail “significant investment needs”; the
operators do not want to bear the legal, economic, and safety risks, that would have to be
covered by the state.'®

On 29 July 2022, Green MP and former Environment Minister, Jiirgen Trittin stated:
“If one seriously wanted to change the nuclear law, it will not work without a party
congress”.*® Early September 2022, a circulating draft motion for the regular Green Party
congress scheduled for October 2022 is calling on the federal party executive board,
the parliamentary group, and the federal government “to stick to the 31 December 2022
phaseout date for the last three nuclear power plants in Germany.””°

166 - Ulrich Wollenteit, “Stellungnahme zu der von der TUV SUD Industrie Service GmbH erstellten und auf der Seite des
Staatsministeriums fiir Umwelt und Verbraucherschutz des Freistaates Bayern verdffentlichten ,,Bewertung der konkreten
erforderlichen technischen Mafinahmen fiir einen Weiterbetrieb des KKI 2 bzw. eine Wiederinbetriebnahme des Blocks C des

KRB I1*” [“Statement on the Report Prepared by TUV SUD Industrie Service GmbH and published on the Website of the Bavarian
State Ministry for the Environment and Consumer Protection Titled “Assessment of the Concrete Technical Measures Required for
the Continued Operation of KKI 2, or Rather the Recommissioning of Unit C of KRB II”'], Rechtsanwilte Giinther, commissioned by
Greenpeace, 22 July 2022 (in German), see https://www.greenpeace.de/publikationen/20220729-greenpeace-stellungnahme-guenther-
akw-laufzeitverlaengerung.pdf, accessed 14 September 2022.

167 - Tagesschau, “Atomkraftwerke sollen bis 2024 laufen” [“Nuclear Power Plants Must Operate Until 2024”], 26 July 2022,
see https://www.tagesschau.de/inland/fpd-atomkraftwerke-laufzeit-energiekrise-gas-ukraine-101.html, accessed 10 September 2022.

168 - Matthias Miersch et al., Letter to SPD party members, 28 July 2022.

169 - Felix Hackenbruch and Georg Ismar, “Ampel-Koalition im Krisenmodus: Trittin in Atomfrage fiir Parteitagsbeschluss der
Griinen” [“Traffic-light Coalition in Crisis Mode”], Der Tagesspiegel Online, 29 July 2022, see https://www.tagesspiegel.de/politik
trittin-in-atomfrage-fur-parteitagsbeschluss-der-grunen-8542462.html, accessed 10 September 2022..

170 - Markus Decker, “Atomkraft: Griine Basis will Laufzeitverlingerung stoppen” [“Nuclear Power: Green Base Wants to Stop the
Lifetime Extensions”], 1 September 2022, see https://www.rnd.de/politik/atomkraft-gruene-basis-will-laufzeitverlaengerung-stoppen-
GSAXELPJ2ZB7LNSWNAUA7JUI2Y.html, accessed 10 September 2022.
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Between mid-July and early September 2022, the four grid operators in Germany carried out a
second stress test on security of supply and stability of the grid for the winter 2022/2023 under
significantly more stringent assumptions. The hour-by-hour analysis included the potential
contributions or needs of neighboring countries. A sensitivity analysis found the greatest
potential impact with the performance of the French nuclear fleet and the water levels of rivers
in Germany (in particular for the shipment capacity of coal).

The French Government has assured the German Government, “orally and in writing”,
so said Minister Habeck on 5 September 2022, that 50 GW of the installed total of 61 GW
of French nuclear capacity would be operational in the winter. Between mid-August and
mid-September 2022 (at the time of writing), the available nuclear capacity in France never
reached even half of the winter target level and the country continuously depended on power
imports, most of it from Germany. Thus, the French assurances seem to be based on highly
optimistic assumptions, and the German grid operators have judged it necessary to model
scenarios with a French nuclear capacity limited to 45 GW (in Scenario ++) and 40 GW (in
Scenario +++) respectively.”" The most severe scenario combines the limited nuclear capacity
with the assumption of unavailability of half of the reserve capacity (mainly coal) and half of
the gas plants in southern Germany.”>

The continued generation of the remaining 4 GW of nuclear power would ease capacity
constraints and improve grid security to a limited extent. In the median Scenario ++, capacity
needs would be narrowly covered but grid security would only lower redispatch needs (power
imports) by 0.5 GW, from 5.1 GW to 4.6 GW.

Under the most severe assumptions in Scenario +++, capacity would not be covered for a
cumulated 3-12 hours (not continuous) in total over the winter, with 7-8 GW and the supply of
17-53 GWh missing. For Europe—Germany has transmission links to 11 European countries—
the extreme case would lead to a shortage in a cumulated 91 hours (3.8 days) with a peak of
18-19 GW and 682 GWh short of demand (Germany included).'

According to assumptions under the stress test, the three reactors could generate with their
current cores a cumulated total of about § TWh beyond year-end, that corresponds to about
52 days if operated at nominal capacity. That appears a lot considering a few hours of load
constraints under the most severe assumptions, and not enough to make a major difference
over the entire winter. And, of course, considering the legal, technical, safety-related, and
political hurdles, there is no guarantee that they would actually generate power.

Minister Habeck concluded from the stress test results that “it remains highly unlikely that we
will face a crisis or an extreme scenario”, but due to the cumulation of circumstances, “given
all these risks, we cannot rely on our neighbouring countries having enough power stations

171 - 5oHertz, Amprion, Tennet and Transnet, “Sonderanalysen Winter 2022/2023—Ergebnisse & Empfehlungen” [“Special
Analysis Winter 2022/2023—Results and Recommendations”], 5 September 2022 (in German), see https://www.netztransparenz.
de/portals/1/20220905_Sonderanalysen%20Winter%2020222023%20%e2%80%93%20Ergebnisse%2ound%20Empfehlungen.pdf,
accessed 9 September 2022.

172 - Federal Ministry for Economic Affairs and Climate Action, “FAQ Liste Zweiter Stresstest und Mafinahmen zur Sicherung

der Stromnetz-Stabilitdt im Winter 22/23”, Federal Government of Germany, 5 September 2022, see https://www.bmwk.de
Redaktion/DE/Downloads/F/faq-zweiter-stresstest-massnahmen-sicherung-stromnetz-stabilitat.pdf?__blob=publicationFile&v=8,
accessed 14 September 2022.

173 - 5oHertz, Amprion, Tennet and Transnet, “Sonderanalysen Winter 2022/2023—Ergebnisse & Empfehlungen”, September 2022,
op. cit.


https://www.netztransparenz.de/portals/1/20220905_Sonderanalysen%20Winter%2020222023%20%e2%80%93%20Ergebnisse%20und%20Empfehlungen.pdf
https://www.netztransparenz.de/portals/1/20220905_Sonderanalysen%20Winter%2020222023%20%e2%80%93%20Ergebnisse%20und%20Empfehlungen.pdf
https://www.bmwk.de/Redaktion/DE/Downloads/F/faq-zweiter-stresstest-massnahmen-sicherung-stromnetz-stabilitat.pdf?__blob=publicationFile&v=8
https://www.bmwk.de/Redaktion/DE/Downloads/F/faq-zweiter-stresstest-massnahmen-sicherung-stromnetz-stabilitat.pdf?__blob=publicationFile&v=8
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available to help stabilise our power grid at short notice in the event of grid congestion.”
Therefore, the ministry decided to propose the creation of a new reserve capacity, limited in
time, in the form of the two southern nuclear plants Isar-2 and Neckarwestheim. The two
reactors shall “remain available until mid-April 2023 so that they can, if necessary, make an
additional contribution to the power grid in southern Germany this winter.”"”s It remains to be
seen, how Green Party members will appreciate the proposal, and whether the proposal proves
practicable.

Certain other countermeasures recommended by the grid operators are already in preparation,
including additional production in biogas plants and the increase of transmission capacity and
effectiveness. The ministry clarifies that the two nuclear units shall be “deployed only when
it seems likely that the other instruments will be insufficient to avert a supply crisis.” The
extension beyond mid-April 2023 or the reactivation in the winter 2023/2024 “is not possible
due to the safety status of the nuclear power plants and the fundamental considerations about
the risks of nuclear power.”7

The idea is to monitor European capacity availability throughout the winter and, should
it appear in November or early December 2022 that a severe shortage could appear in
January 2023—e.g. due to lower French nuclear capacity than expected—the two southern
reactors would keep operating until their fuel is exhausted. Otherwise, the units would be shut
down at year-end as stipulated under the current legislation and restarted only should a crisis
situation occur later in the winter. This would not be a stop-and-go kind of operation, but once
restarted, the reactors would keep operating until fuel exhaustion. Germany has been a net
exporter to France for many years, especially in winter.

Meanwhile, the French government, faced with an unprecedented unavailability level of its
own nuclear power fleet (see France Focus), has called on Germany, in the name of mutual
solidarity, to extend the operation of the three remaining reactors “for a few months”, while
assuring to upgrade the gas links to Germany in return.””

The organization of two units as “reserve” power plants will not be easy. There is no precedent,
and there is no available protocol as for other reserve power plants. What does it mean for staff
availability, for continuous inspection and maintenance, insurances, civil liability, etc.?

Following the publication of the stress test results and the conclusions of the Ministry of
Economy and Climate Protection, coalition partner FDP reiterated the call for a lifetime
expansion at least until 2024. The party leader of the Christian Democrats, Friedrich Merz,
has called the potential closure of the three reactors at year end “completely absurd”."”®

174 - Federal Ministry for Economic Affairs and Climate Action, “Power system stress test: Federal Ministry for Economic Affairs and
Climate Action stepping up precautionary measures to safeguard power grid stability this winter”, Press Release, September 2022,
op. cit.

175 - Ibidem.
176 - Ibidem.

177 - Les Echos, “Un « deal » franco-allemand et un appel a la sobriété pour éviter la panne de courant” [“A French-German
“deal” and a call for sufficiency to avoid blackouts”], 5 September 2022 (in French), see https://www.lesechos.fr/industrie-
services/energie-environnement/un-deal-franco-allemand-et-un-appel-a-la-sobriete-pour-eviter-la-panne-de-courant-1785896,
accessed 11 September 2022

178 - AFP and ZDF, “Kernkraftwerke: FDP und CDU wollen dauerhaften Weiterbetrieb”, as published on ZDF.de, 6 September 2022
(in German), see https://www.zdf.de/uri/s32a315e-d1f6-4c43-8cea-7357¢1029527, accessed 11 September 2022.
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Germany’s nuclear fleet generated 65.4 TWh net in 2021, a 7.4 percent increase after a 14 percent
decline in 2020, and only a fraction of the peak generation of 162.4 TWh in 2001. Nuclear plants
provided 11.9 percent (+0.6 percentage points) of Germany’s electricity generation, compared
to the historic maximum of 35.6 percent in 1999, according to data from AGEB."”?

Renewables generated 234 TWh (gross), a significant 7-percent-decline over the previous
year, mainly due to a particularly weak wind year with onshore generation dropping by close
to 15 percent and offshore wind by almost 11 percent. Consequently, the share of renewables
dropped below 40 percent again to 39.7 percent of gross national electricity generation.
Nevertheless, wind power remains ahead of nuclear power which it has out generated since
2017.18°

Figure 33 summarizes the main developments of the German power system between 2010—
the last year prior to the post-3/11 closure of the eight oldest nuclear reactors—and 2021.

While the increase in renewables (+128.5 TWh) and the decline in consumption (-47.5 TWh)
still overcompensate the decline in fossil fuel (-100.5 TWh) and nuclear generation (-71.5 TWh),
all indicators are in retreat compared to 2020.

Main Evolution of the German Power System Between 2010 and 2021
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Sources: WNISR based on AG Energiebilanzen (AGEB), 2022

Within the fossil-fuel generating segment:

Lignite peaked in 2013 and then declined—especially in 2019-2020—before increasing
again by 20.2 percent in 2021. However, lignite generation remained below the 2019-level
and 25 percent below the 2010 level.

179 - AGEB, “Auswertungstabellen zur Energiebilanz Deutschland - Daten fiir die Jahre von 1990 bis 2021”, September 2022.

180 - AGEB, “Stromerzeugung nach Energietrigern (Strommix) von 1990 bis 2021 (in TWh)—Deutschland insgesamt (Datenstand
April 2022)”, [“Electricity Generation by Source (Electricity Mix) from 1990 to 2021 (in TWh)—Total Germany (Data as of

April 2022)”], Arbeitsgemeinschaft Energiebilanzen/Working Group on Energy Balances, 26 April 2022, see https://ag-energiebilanzen.
de/wp-content/uploads/2022/03/STRERZ_2021Feb22_web.pdfhttps://ag-energiebilanzen.de/wp-content/uploads/2022/03
STRERZ_2021Feb22_web.pdf, accessed 11 September 2022.
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Hard coal also peaked in 2013 then dropped to 64 percent below the 2010-level. While it has
seen, at 27.7 percent, the strongest increase in 2021 of any power generation technology, it
also remains below the 2019 numbers.

Natural gas fluctuated since 2010 and peaked in 2020 at 2.6 percent above the 2010-level
before dropping by 5.3 percent in 2021.

Table 5 - Legal Closure Dates for German Nuclear Reactors 2011-2022

Biblis-A (PWR, 1167 MW) RWE 1974
Biblis-B (PWR, 1240 MW) RWE 1976
Brunsbiittel (BWR, 771 MW) KKW Brunsbiittel® 1976
Isar-1 (BWR, 878 MW P Elekt
. ( 7 ) reusseﬁ] extra 7y 6 August 2011

Kriimmel (BWR, 1346 MW) KKW Kriimmel® 1983
Neckarwestheim-1 (PWR, 785 MW) EnBW 1976
Philippsburg-1 (BWR, 890 MW) EnBW 1979
Unterweser (BWR, 1345 MW) PreussenElektra 1978

. 31December 2015
Grafenrheinfeld (PWR, 1275 MW) PreussenElektra 1981

(closed 27 June 2015)

Gundremmingen-B (BWR, 1284 MW) KKW Gundremmingen®© 1984 31December 2017
Philippsburg-2 (PWR, 1402 MW) EnBW 1984 31December 2019
Brokdorf (PWR, 1410 MW) PreussenElektra/Vattenfall® 1986
Grohnde (PWR, 1360 MW) PreussenElektra 1984 31December 2021
Gundremmingen-C (BWR, 1288 MW) KKW Gundremmingen 1984
Isar-2 (PWR, 1410 MW) PreussenElektra 1988
Emsland (PWR, 1329 MW) KKW Lippe-Ems®© 1988 31December 2022
Neckarwestheim-2 (PWR, 1310 MW) EnBW 1989

Sources: German Atomic Energy Act/Atomgesetz, 31July 2011; Atomforum Kernenergie, May 2011; WNISR with IAEA-PRIS, 2022

Notes:
Kriimmel and Brunsbiittel were officially closed in 2011 but had not been providing electricity to the grid since 2009 and 2007 respectively

PWR: Pressurized Water Reactor; BWR: Boiling Water Reactor; KKW: Nuclear Power Plant (Kernkraftwerk); RWE: Rheinisch-Westfilisches Elektrizitdtswerk
Power AG; EnBW: Energie Baden-Wiirttemberg AG.

(a) - Vattenfall 66.67%, E.ON 33.33%
(b) - Vattenfall 50%, E.ON 50%.

(©) - RWE 75%, E.ON 25%.

(d) - E.ON 80%, Vattenfall 20%.

(e) - RWE 87.5%, E.ON 12.5%.

The provisional half-year results for 2022 show significant changes in the power generation
(gross) compared to the same period in the previous year:*>

Nuclear generation dropped (due the closure of three reactors at year-end) by half and
represented only 5.6 percent of national production.

Natural gas-based production declined by a further 11.7 percent and covered 14.6 percent
(-2.3 percentage points).

181 - German Bundestag, “Dreizehntes Gesetz zur Anderung des Atomgesetzes”, signed into Law on 31 July 2011, Bundesgesetzblatt,
Nr. 43, 5 August 2011; and “Atomforum Kernenergie”, May 2011,

182 - Data mainly from Michael Nickel, “Entwicklungen in der deutschen Stromwirtschaft - 1. Halbjahr 2022” [“Developments
in the German Power Industry — First Half-year 2022”7, Bundesverband der Energie- und Wasserwirtschaft e.V., Presentation at
AGEB Summer Conference, Working Group on Energy Balances, 29 July 2022.
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The share of lignite plants is up by 1.7 percentage points to reach 19.1 percent.
Hard coal burning represented 10.2 percent of production, up 2 percentage points.

Renewables generated 14 percent more power and gained 4.6 percentage points to
contribute 46.4 percent of electricity generation.

The geopolitical situation provided a strong incentive for the expansion of renewables. But
while solar capacity expanded by 3.6 GW in the first half-year 2022—about as much as in the
record years 2010-2012—land-based wind energy additions have been modest at 0.9 GW and
no offshore capacity was added yet.'®3

24 3

8 19 3 1 N

India has 19 operational nuclear power reactors, with a total net generating capacity of 6.3 GW.
Even though it is listed as operational by the Nuclear Power Corporation of India (NPCIL)
and placed since July 2022 “in LTS” in the International Atomic Energy Agency’s (IAEA)
Power Reactor Information System (PRIS), the Rajasthan-1 reactor is considered by WNISR
to be permanently closed because it has not generated power since 2004.'* Three units fall
under the LTO category: Tarapur-1, Tarapur-2, and Madras-1, as these have not generated any
electricity in 2021 and in the first half of 2022.

Eight more reactors, with a combined capacity of 6.0 GW, are under construction. These include
four VVER-1000s at Kudankulam, the last of which had first-pour of structural concrete in
December 2021. There are also three Pressurized Heavy Water Reactors (PHWR)—including
one at Kakrapar (under construction since November 2010) and two at Rajasthan (since July
and September 2011)—and a Prototype Fast Breeder Reactor (PFBR) that has been under
construction since October 2004.

According to the IAEA, nuclear power contributed 39.8 TWh net of electricity in 2021,
marginally less than 40.4 TWh in 2020. This represents a share of 3.2 percent of total power
generation, compared to 3.3 percent in 2020.'%

The latest reactor to be connected to the grid, Kakrapar-3, has been performing erratically. In
November 2021, the NPCIL petitioned the Central Electricity Regulatory Commission to delay
the start of commercial operation and requested that the reactor continue to inject “infirm

183 - AGEE, “Schitzung zur Entwicklung der erneuerbaren Energien im 1. Halbjahr 20227, Presentation at AGEB Summer Conference,
Working Group on Energy Balances, 29 July 2022.

184 - Deccan Herald, “End of the road for RAPS 17, 6 September 2014,
see https://www.deccanherald.com/content/429550/end-road-raps-1.html, accessed 16 January 2020.

185 - IAEA, “Nuclear Power Reactors in the World—2022 Edition”, Reference Data Series No. 2, June 2022,
see http://www-pub.iaea.org/MTCD/Publications/PDF/RDS-2-42_web.pdf, accessed 22 June 2022;

and TIAEA, “Nuclear Power Reactors in the World—2021 Edition”, Reference Data Series No. 2, July 2021,
see https://www-pub.iaea.org/MTCD/Publications/PDF/RDS-2-41_web.pdf, accessed 31 August 2022.
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power” into the grid until 9 July 2022."% As of July 2022, the NPCIL website had not reported
any electricity generation from Kakrapar-3. One report suggests that this performance is due
to ventilation and cooling problems.™”

BP 2022 statistical review reports 43.9 TWh gross of nuclear electricity in 2021, with a
corresponding figure of 171.9 TWh for non-hydro renewables, with wind contributing 68.1 TWh
and solar energy contributing 68.3 TWh.**® The figures for 2020 are 44.6 TWh (nuclear energy),
152.0 TWh (non-hydro renewables), 60.4 TWh (wind energy), and 58.;7 TWh (solar energy).
Thus, nuclear energy has come down slightly since 2020, whereas both wind and solar have
grown and are contributing about 150 percent of nuclear power each. (See Figure 62).

According to the International Renewable Energy Agency (IRENA), installed capacity of all
renewable energy sources has gone up from 60.5 GW in 2012 to 147.1 GW in 2021.* Of this,
wind and solar energy contribute 40 GW and 49.7 GW respectively; the latter maintains the
lead it established over wind energy in 2020.

Of the eight reactor projects under construction, all are delayed or likely to be delayed. In
March 2022, the Indian government announced that the “project completion schedule” for
the four reactors under construction at Kudankulam are “likely to be impacted” because “the
components and equipments to be imported from Ukraine and Russia may be delayed due
to the logistical and ocean freight problems” arising from the war on Ukraine.”° An official
update from July 2022 reports the anticipated date of commissioning for Kudankulam-3 and -4
as November 2023, 36 months after the original date of November 2020.”' The November 2023
date apparently represents the commissioning of the Kudankulam-4 unit, as according to the
NPCIL website, Unit 3 will be commissioned in March 2023.* However, already in July 2021,

186 - Central Electricity Regulator Commission, “Petition No. 241/MP/2021”, filed by NPCIL Vs. Western Regional Load Dispatch
Centre, November 2021, see https://cercind.gov.in/2021/orders/241-MP-2021.pdf, accessed 24 May 2022.

187 - Spansen, “At India’s Largest Indigenous Nuclear Reactor, Ventilation & Cooling Issues Have Halted Operations”, 24 April 2022,
see https://www.spansen.com/2022/04/at-indias-largest-indigenous-nuclear.html, accessed 24 May 202.2.

188 - BP, “Statistical Review of World Energy 2022”, June 2022, see https://www.bp.com/en/global/corporate/energy-economics/
statistical-review-of-world-energy.html, accessed 12 July 2022.

189 - IRENA, “Renewable Capacity Statistics 2022”, International Renewable Energy Agency, April 2022,
see https://irena.org/-/media/Files/IRENA/Agency/Publication/2022/Apr/IRENA_RE_Capacity_Statistics_2022.pdf,
accessed 14 April 2022.

190 - Rajya Sabha, “Unstarred Question No. 3286: Status of Work at Kudankulam Power Plant”, Department of Atomic Energy,
Government of India, answered by Jitendra Singh, Ministry of State for Personnel, Public Grievances & Pensions and Prime Minister’s
Office, 31 March 2022, see http://dae.gov.in/writereaddata/rsusq3286.pdf, accessed 7 April 2022.

191 - MoSPI, “440th Flash Report on Central Sector Projects (Rs.150 crore and above)—July, 2022”, Ministry of Statistics and
Programme Implementation, Government of India, July 2022, see http://www.cspm.gov.in/english/flr/FR_July_2022.pdf,
accessed 27 August 2022.

192 - NPCIL, “Status of Projects Under Construction”, Nuclear Power Corporation of India Limited, August 2022,
see https://npcil.nic.in/content/297_1_ProjectConstructionStatus.aspx, accessed 27 August 202.2.
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Nuclear Intelligence Weekly reported that “Units 3 and 4 were targeted for commissioning in
March and November 2023, but will now be completed in September 2024 and March 2025”.'3

The three PHWRs under construction are also delayed. Unit 4 of Kakrapar was to be
commissioned in 2015, while the two Rajasthan units were to be commissioned in late 2016. The
above-mentioned official update from July 2022 reports anticipated dates of commissioning
of June 2023 for Kakrapar-4 and December 2023 for Rajasthan-7 and Rajasthan-8.%¢ In
April 2022, the Central Electricity Regulatory Commission approved a petition from NPCIL
that anticipates Rajasthan-7 being synchronized with the grid only by June 2023."5 According
to a power ministry memo from May 2022, completion of Kakrapar-4 appears to have been
pushed back to March 2024."° At the time of writing this, the NPCIL website only says “under
review” for the expected dates of commercial operation for Kakrapar-3 and -4 and Rajasthan-7
and -8 projects.'”

Finally, as has been the case for some years now, the PFBR is still the most delayed project. The
latest “anticipated” date for commissioning the PFBR has been pushed back from October 2022,
as reported in the last WNISR, to September 2024."° When construction started in 2004, the
anticipation completion date was September 2010, and that has been pushed back little by
little.**?

The projected cost of the PFBR has also risen, from the initially anticipated Rs.34.9 billion>°° to
Rs.75 billion as of July 2022.>* The Kakrapar project, where Unit 3 has already been
commissioned, is now projected to cost Rs.192.2 billion, up from Rs.114.6 billion; the Rajasthan
project is now expected to cost Rs.170.8 billion, up from Rs.123.2 billion. Kudankulam-3 and -4
are still projected to cost Rs.398.5 billion.

For nearly a decade now, there has been talk about a large number of new PHWRs. Back in 2014,
soon after the national elections, the Indian government’s spokesperson announced in the
parliament that a number of reactors were to be launched by NPCIL. The wave of construction
was to start in 2015 and included two 700 MW PHWRs each in Gorakhpur in Haryana state
(GHAVP 1 & 2), Chutka in Madhya Pradhesh state (CMAPP 1 & 2), Mahi Banswara in Rajasthan

193 - Rakesh Sharma, “Kudankulam-5 Construction Start Marks New Milestone”, Nuclear Intelligence Weekly, 2 July 2021.
194 - MoSPI, “440th Flash Report on Central Sector Projects (Rs.150 crore and above) - July 2022”, 2022, op. cit.

195 - Central Electricity Regulator Commission, “Petition No. 112/MP/2022”, filed by NPCIL Vs. Norther Regional Load Dispatch
Centre, 22 April 2022, see https://cercind.gov.in/2022/orders/112-MP-2022.pdf, accessed 24 May 2022.

196 - Sudarshan Varadhan, “Operation of Fourth Nuclear Power Unit in Gujarat’s Kakrapar Delayed”, The Wire, 1 June 2022,
see https://thewire.in/energy/operation-of-fourth-nuclear-power-unit-in-gujarats-kakrapar-delayed, accessed 1 June 2022.

197 - NPCIL, “Status of Projects Under Construction”, August 2022, op. cit.
198 - MoSPI, “440th Flash Report on Central Sector Projects (Rs.150 crore and above) - July 2022”, 2022, op. cit.

199 - M. V. Ramana and Nidhi Sharma, “Problems with the Prototype Fast Breeder Reactor”, The India Forum, 26 February 2021,
see https://www.theindiaforum.in/article/problems-prototype-fast-breeder-reactor, accessed 6 March 2021.

200 - As of 1 July 2022, the conversion rate to US$ is around Rs.79 per U.S. dollar. However, the PFBR as other nuclear project cost
estimates are in mixed-year Rupees and so directly converting it into other currencies using one conversion rate would be misleading.

201 - MoSPI, “440th Flash Report on Central Sector Projects (Rs.150 crore and above) - July 2022”7, 2022, op. cit.
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state (Mahi Banswara 1 & 2), and Kaiga in Karnataka state (Kaiga 5 & 6).>°> The envisioned
dates for “first pour of concrete” and “completion” were June 2015 and September 2020/
March 2021 (for the two Gorakhpur units); June 2015 and December 2020/June 2021 (for the
two Chutka units); June 2016 and December 2021/June 2022 (for the two Mahi Banswara
units); and December 2016 and June 2022/December 2022 (for the two Kaiga units). None of
those projects started construction by these planned dates.

Instead, in May 2017, the union cabinet approved the construction of ten more 700 MW
PHWRs, at an estimated cost of 1.05 trillion Rupees, and the news was promoted widely by
NPCIL as a “mega impetus for nuclear power”.>° In 2018, the list included the units mentioned
earlier, but also two additional units at Gorakhpur (GHAVP 3 & 4) and Mahi Banswara
(Mahi Banswara 3 & 4).>°* In other words, by that time, 12 new 700 MW units were promised.

It has been more than five years since that announcement and construction is yet to begin
on any of these. The latest update is from March 2022, when Department of Atomic Energy
officials reportedly told the science and technology committee of the Indian Parliament that
“first concrete for Kaiga units 5 and 6 is expected in 2023, followed by Gorakhpur Haryana Anu
Vidyut Praiyonjan units 3 and 4 and Mahi Banswara Rajasthan Atomic Power Projects units 1-4
in 2024 and Chutka Madhya Pradesh units 1 and 2 in 2025”.>%

The status of the first two units at Gorakhpur is ambiguous. The government has repeatedly
listed these as “projects under construction”, with the latest such announcement being made
in the Indian Parliament on 31 March 2022.2° According to that announcement, GHAVP-1 & -2
is expected to be complete in 2028. However, there is no evidence that the project’s concrete
pour for the base slab of the reactor building has taken place. In March 2022, the Deccan Herald
newspaper reported that “NPCIL... didn’t answer questions on why the construction of...
GHAVP-1 and -2—the first two 700 MW units at Haryana—remained stalled”.>*”

The other major element in India’s nuclear plans, ever since the U.S.-India nuclear deal was
negotiated between 2005 and 2008, has been to import reactors from the U.S. and France.
The 2014-announcement in parliament mentioned above also included envisioned dates for

202 - Lok Sabha, “Unstarred Question No. 956—New Nuclear Reactors”, Department of Atomic Energy, Government of India,
answered by Jitendra Singh, Ministry of State for Personnel, Public Grievances & Pensions and Prime Minister’s Office, 16 July 2014,
see https://dae.gov.in/writereaddata/parl/budget2014_2/lsus956.pdf, accessed 24 May 2022.

203 - NPCIL, “Mega Impetus for Nuclear Power — Cabinet approves 10 new indigenous Pressurised Heavy Water Reactors”,

18 May 2017, see http://www.npcil.nic.in/pdf/news_18may2017_o1.pdf, accessed 28 May 2017; also see M. V. Ramana and Suvrat Raju,
“Old Plans, Ongoing Handouts, New Spin—Deciphering the Nuclear Construction Announcement”, Economic and Political Weekly,
Vol 52 Issue 24, 17 June 2017, see http://www.epw.in/journal/2017/24/web-exclusives/old-plans-ongoing-handouts-new-spin.html,
accessed 17 June 2017.

204 - Rajya Sabha, “Unstarred Question No. 813—Construction of New PHWR?”, Department of Atomic Energy, Government of India,
answered by Jitendra Singh, Ministry of State for Personnel, Public Grievances & Pensions and Prime Minister’s Office, March 2018,
see http://dae.nic.in/writereaddata/parl/budget2018/rssq218.pdf, accessed 24 May 2022.

205 - Sarita C. Singh, “Beginning 2023, India to start building nuclear power plants in ‘fleet mode’”, The Economic Times, 27 March 2022,
see https://economictimes.indiatimes.com/industry/energy/power/beginning-2023-india-to-start-building-nuclear-power-plants-in
>/articleshow/90470373.cms; and WINN, “2023 construction start for Indian reactor fleet”, 28 March 2022,

see https://www.world-nuclear-news.org/Articles/2023-construction-start-for-Indian-reactor-fleet; both accessed 23 May 2022.

fleet-mod

206 - Rajya Sabha, “Unstarred Question No. 3203—Status of Under Construction and Planned Nuclear Power Plants”, Department of
Atomic Energy, Government of India, answered by Jitendra Singh, Ministry of State for Personnel, Public Grievances & Pensions and
Prime Minister’s Office, 31 March 2022, see http://dae.gov.in/writereaddata/rsusq3203.pdf, accessed 6 April 2022.

207 - Kalyan Ray, “Construction of 700 MW units at Kaiga nuclear plant may begin in 2023”, Deccan Herald, 16 March 2022,
see https://www.deccanherald.com/national/construction-of-700-mw-units-at-kaiga-nuclear-plant-may-begin-in-2023-1091908.html,
accessed 25 May 2022..
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“first pour of concrete” and “completion” for imported reactors: October 2015 and April 2021/
April 2022 (for two 1650 MW EPR units from France to be built at Jaitapur in Maharashtra);
June 2016 and October 2021/October 2022 (for two 1500 MW ESBWR [Economic Simplified
Boiling Water Reactor] units from GE-Hitachi to be built in Kovvada in Andhra Pradesh),
and June 2016 and December 2020/December 2021 (for two 1100 MW AP 1000 units from
Westinghouse to be built in Chhaya Mithi Virdi in Gujarat).>*® However, no project has gone
forward. In February 2022, when the government was asked in parliament about any additional
capacity as a result of the nuclear deal, it simply stated “discussion[s] to arrive at project
proposals (...) are in progress”.>®®

Among the foreign vendors, only EDF appears to be making some progress, albeit slow, on a
contract. In May 2022, EDF announced that it hopes to seal a deal “in the coming months”.>°
But such announcements have been made before. In 2018, EDF reportedly submitted a techno-
commercial proposal and there were media reports that construction was to commence “as
soon as possible”.*" Two years earlier, in 2016, it was reported that an agreement was “due
by year-end”.>"> Given EDF’s major cost-escalation experiences with EPR projects in Europe,
it is unlikely that they would be able to make an attractive enough offer to offset the major
economic disadvantages associated with EPRs in Jaitapur.>

The other two vendors—Westinghouse and GE-Hitachi—seem to be balking at the idea that
they might be held liable for damages in the event of an accident. In September 2021, India’s
Foreign Secretary confirmed that talks with Westinghouse are continuing but admitted that
some issues, including liability for accidents, are yet to be addressed.”* GE-Hitachi has flatly
refused to sell reactors to India because of its concern about liability.*s

In fact, the problem has less to do with the amount vendors would be liable for, which is but
a small fraction of the cost of these reactors; rather, these vendors seem to be opposing the
principle that they might be asked to compensate victims in the event that their supposedly

208 - Lok Sabha, “Unstarred Question No. 956—New Nuclear Reactors”, Government of India, July 2014, op. cit.

209 - Rajya Sabha, “Unstarred question No. 167—Indo-US nuclear deal”, Department of Atomic Energy, Government of
India, answered by Jitendra Singh, Ministry of State for Personnel, Public Grievances & Pensions and Prime Minister’s Office,
3 February 2022, see https://dae.gov.in/writereaddata/rsusq167.pdf, accessed 20 February 2022.

210 - Dominique Vidalon, “EDF hopes to seal EPR nuclear reactor deal in India in coming months”, Reuters, 5 May 2022,
see https://[www.reuters.com/world/india/edf-hopes-seal-epr-nuclear-reactor-deal-india-coming-months-2022-05-05/,
accessed 29 May 2022.

211 - Business Today, “France submits techno-commercial offer for Jaitapur nuclear power project”, 24 December 2018,

see https://www.businesstoday.in/top-story/france-submits-techno-commercial-offer-for-jaitapur-nuclear-power-project/story/303697.
html, accessed 25 December 2018; and The Hindu, “France, India working on Jaitapur nuclear power project”, 15 December 2018,

see https://www.thehindu.com/news/national/france-india-working-on-jaitapur-nuclear-power-project/article25753453.ece,

accessed 23 June 2019.

212 - WNN, “Jaitapur agreement due by year-end”, 25 January 2016, see http://www.world-nuclear-news.org/NN-Jaitapur-agreement-
due-by-year-end-2501165.html, accessed 27 May 2016.

213 - Suvrat Raju and M. V. Ramana, “Cost of electricity from the Jaitapur Nuclear Power Plant”, Economic and Political Weekly,
29 June 2013.

214 - Huma Siddiqui, “Liability clause holds up the Westinghouse & NPCIL nuclear reactors”, Financial Express, 23 September 2021,
see https://www.financialexpress.com/defence/liability-clause-holds-up-the-westinghouse-npcil-nuclear-reactors/2336246/,
accessed 29 May 2022.

215 - Press Trust of India, “GE says no to nuclear power plants in India, cites liability risks”, as published on DNA India, 20 March 2018,
see https://www.dnaindia.com/business/report-ge-says-no-to-nuclear-power-plants-in-india-cites-liability-risks-2127340,
accessed 29 May 2022.
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safe reactors do actually undergo a severe accident.® Unless India’s parliament undoes the
liability provisions, which is unlikely, the possibility of importing reactors from U.S. vendors
appears remote.

None of this is new for India’s nuclear program. Its history has been full of overly ambitious
announcements that have never materialized, despite ample financial and political support
from parties across the spectrum.>”

4
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In Financial Year 2021 (April 2021-March 2022), the number of “operable” nuclear reactors in
Japan remained stable at only ten with a capacity of just under 10 GWe. The average capacity
factor has improved from 15.5 percent in FY 2020 to 21.1 percent in FY 2021. As a result,
nuclear power generation increased from 38.8 TWh to 67.8 TWh, and its share in total power
generation doubled from 3.9 percent to 7.9 percent. The respective numbers for the calendar
years are a growth from 43.1 TWh representing a share 5.1 percent in 2020 to 61.3 TWh and
7.2 percent in 2021. (See Figure 34).

Rise and Fall of the Japanese Nuclear Program - 1963 to July 2022
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216 - M. V. Ramana and Suvrat Raju, “Profitability without accountability”, The Hindu, 16 February 2015,

see http://www.thehindu.com/opinion/op-ed/comment-profitability-without-accountability/article6898851.ece,

accessed 16 February 2015; M. V. Ramana and Suvrat Raju, “The Impasse Over Liability Clause in Indo-U.S. Nuclear Deal”, India Ink,
15 October 2013, see http://india.blogs.nytimes.com/2013/10/15/the-impasse-over-liability-clause-in-indo-u-s-nuclear-deal/?_r=0; also
Athena Kerins and M. V. Ramana, “Liability for nuclear accidents: Whose interests are served?”, in “Conserve for Future”, ed. by K.

Sudha, Damodaram Sanjivayya National Law University, 2021.

217 - M. V. Ramana, “The Power of Promise—Examining Nuclear Energy in India”, Penguin Books, December 2012..
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As of 25 July 2022, only seven of the ten operable reactors (Takahama-3, Ohi-3 & -4, Ikata-3,
Genkai-4, Sendai-1 & -2) were actually operating. No new operating license was issued during
the past year. A total of 33 units (33.1 GWe) are still officially in “commercial operation” status,
out of which 25 units (24.8 GWe) have applied for an operating license, with 17 approved so far,
of which 10 have restarted at some point.>*

Eleven years after the Fukushima disaster began, reactors now operating are all PWRs although
the Nuclear Regulation Authority (NRA) confirmed that five BWRs (Kashiwazaki Kariwa-6
and -7, Tokai-2, Onagawa-2, and Shimane-2) were meeting the new regulatory requirements set
in 2013. Tokyo Electric Power Co.’s (TEPCO) Kashiwazaki Kariwa units were the first BWRs
which received approval from NRA on 27 December 2017. However, due to the lack of approval
from Niigata Prefecture and a nuclear security violation in 2021, it is not known when the
reactors will restart operating.*® Japan Atomic Power Co’s (JAPCO) Tokai-2 was the first BWR
to get lifetime-extension approval from NRA on 7 November 2018. Actual restart operation
has been postponed until 2024 or later because of ongoing work on additional safety measures
including the installation of a Specialized Safety Facility (SFF) against terrorist attacks.
Onagawa-2 received approval from NRA on 26 February 2020 but work on additional safety
measures will not be completed until November 2023 with power generation thought to resume
in February 2024.>>° Chugoku Electric Power Co’s Shimane-2 received approval from NRA on
15 September 2021 but negotiations with local governments continued until 2 June 2022 when
the Governor of Shimane Prefecture, Tatsuya Maruyama, agreed to the restart of the unit. It is
now expected that Shimane-2 will be reconnected to the grid sometime in 2023.>*

Kansai Electric Power Co (KEPCO) has the largest number of reactors (seven in total, all PWRs)
but only three of them (Takahama-3, Ohi-3 and -4) are currently operating (as of July 2022).
Takahama-3 was shut down on 1 March 2022 for periodic inspections when damaged steam
generator tubes were identified, and restart of operation was postponed. It was reported that
Takahama-3 finally started operation on 24 July 2022, after damages were repaired.>** For both
Ohi-3 and -4, the deadline for completion of the SSF against terrorist attacks is 24 August 2022.
They received the construction permit for SSFs in August 2021, but while Ohi-4 will likely
meet the deadline, it is not the case for Ohi-3. Therefore, it is expected that Ohi-3 will need
to be shut down after 24 August 2022 and restart 18 December 2022.>» Although there was
an unprecedented court decision not to start operation of Ohi-3 and -4 in December 2020,?*

218 - JAIF, “Current Status of Nuclear Power Plants in Japan”, Japan Atomic Industrial Forum, as of 7 July 2022,
see https://www.jaif.or.jp/cms_admin/wp-content/uploads/2022/07/jp-npps-operation20220707_en.pdf; also available in Japanese,
see https://www.jaif.or.jp/cms_admin/wp-content/uploads/2022/07/jp-npps-operation20220707.pdf; both accessed 25 July 2022.

219 - Ibidem; and WNN, “Security lapses impact Kashiwazaki-Kariwa restart”, 17 March 2021,
see https://world-nuclear-news.org/Articles/Security-lapses-impact-Kashiwazaki-Kariwa-restart, accessed 19 August 2022.
220 - JAIF, “Current Status of Nuclear Power Plants in Japan”, as of 7 July 2022, op. cit.

221 - Ibidem, and The Asahi Shimbun, “Governor of Shimane agrees to restart idled nuclear reactor”, 2 June 2022,
see https://www.asahi.com/ajw/articles/14635842, accessed 25 July 2022.

222 - NHK News, “Kansai Denryoku Takahama 3 Go-ki Fukkyu Sagyo Oe Kyo Unten Saikai” [“Kansai Electric Power’s Takahama-3 will
start its operation today after reparation work”], 24 July 2022 (in Japanese),
see https://www3.nhk.or.jp/Inews/fukui/20220724/3050011877.html, accessed 25 July 2022.

223 - Chunichi Shimbun, “Oi Genpatsu 3 go-ki ga 12 gatsu 18 nichi hasso-den, tosho yori 4nichi hayameru” [“Ohi-3 will start
its operation on December 18, 2022, 4 days earlier than planned”], 23 July 2022, see https://www.chunichi.co.jp/article/513284,
accessed 25 July 2022.

224 - Nikkei Asia, “Japan court nullifies approval of Oi nuclear reactor safety steps”, 4 December 2020,
see https://asia.nikkei.com/Business/Energy/Japan-court-nullifies-approval-of-Oi-nuclear-reactor-safety-steps, accessed 25 July 2022.
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Kansai Electric Power immediately appealed the upper court and thus they were allowed to
operate the reactors at least until the final ruling is made.>*s

Shikoku Electric Power’s Ikata-3 restarted operation on 2 December 2021, after an outage of
close to two years. The unit had been taken offline in December 2019 to undergo refueling
and maintenance, when it met with a series of incidents in January 2020, the first involving
control rods during spent fuel removal, another one a brief loss of power.>* In January 2021,
Hiroshima High Court decided not to allow the restart of Ikata-3, but later overturned its
ruling in March 2021*” and then denied the injunction appeal on 4 November 2021 (see legal
cases section). Ikata-3 did not restart immediately, however, due to delays in SSF construction
and a safety violation incident (an emergency operator illegally left his position without
permission). The SSF was finally completed in October 2021, and the reactor was allowed to
restart on 6 December 2021, resuming commercial operation on 24 January 2022.>>

Status of Reactors Officially Operational in Japan vs. WNISR Assessment
in Units, as of year end 2005-2021 and mid-2022
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Kyushu Electric Power Co’s Genkai-3 was shut down in January 2022, and the operator
will not meet the deadline of SSF construction of 24 August 2022. The unit is expected to

225 - Tokyo Shimbun, “Kanden wa Oi-Genpatsu 3,4 go-ki no unten keizoku-e, secchi kyoka torikeshi no Osaka chisai hanketsu
niwa koso hoshin” [“KEPCO will continue to operate Ohi-3 and 4 as they plan to appeal the Osaka regional court decision”],
7 December 2020, see https://www.tokyo-np.co.jp/article/72923, accessed 25 July 2022..

226 - Shota Ushio and Yuzo Yamaguchi, “NRA will not ‘intervene’ in safety issues at Shikoku Electric’s Tkata: Fuketa”, Platts Inside NRC,
S&P Global, 3 February 2020; and Kyodo News, “Spent MOX fuel removed at Ikata nuclear plant, 1st time in Japan”, 14 January 2020,
see https://english.kyodonews.net/news/2020/01/c6c067292f23-spent-mox-fuel-removed-at-ikata-nuclear-plant-1st-time-in-japan.html,
accessed 19 August 2022.

227 - David Dalton, “Japan/Court Overturns Decision to Suspend Operation of Ikata-3”, NucNet, 18 March 2021.

22.8 - JAIF, “Current Status of Nuclear Power Plants in Japan”, July 2022, op. cit.
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restart in January 2023. Genkai-4 was shut down on 30 April 2022 for regular inspection and
restarted on 13 July 2022.>*° But again due to delays in construction of SSF whose deadline is
13 September 2022, it will be taken off the grid again then. It is currently expected to restart
in February 2023.%° Sendai-1 and -2 were shut down for inspection in October 2021 and
13 June 2022 respectively. Unit 1 restarted on 20 December 2021, Unit 2 on 13 June 2022 and
both remain online as of July 2022.?* Both units, 39 and 37 years old respectively, are preparing
for license extension beyond 40 years.

No additional reactors have been declared for permanent closure during the past year,»> thus
the total remains unchanged at 27 reactors (21 reactors after the Fukushima accident, including
the ten at Fukushima Daiichi & Daini). (See Figure 35 and Table 6).

Legal Cases Against the Restart of Existing Reactors

Like the year 2020-2021, the year since mid-2021 witnessed significant rulings from courts
across Japan that underscore the continuing uncertainties for future reactor operation, as well
as highlighting some of the underlying safety issues that remain unresolved. The following
cases do not include the important decisions on the Fukushima disaster that are discussed in
the Fukushima Status Report.

The court decision made by the Sapporo District Court on Hokkaido Electric Power Co.’s
Tomari nuclear plant on 31 May 2022, was probably the most important one made in the
past year. It is a somewhat unusual case as the safety licensing process is still underway, and
typically legal challenges are launched against licensing decisions made by the NRA. The case
was filed in November 2011 by over 1,000 plaintiffs against Hokkaido Electric Power Co. The
Sapporo District Court ruled that the utility company should not resume operation of all three
reactors at its Tomari nuclear plant in Hokkaido but rejected the request to decommission the
plant. The reactors were all shut down for regular inspections by May 2012, and the utility was
applying for a license to restart the units by meeting the new regulatory requirements made
by the NRA. The presiding judge Tetsuya Taniguchi said that the power company had “not
provided evidence of the safety of spent nuclear fuel stored at the plant and the plant does not
have adequate protection against a tsunami”, ruling that 44 of the plaintiffs who live within a
30-km radius would be seriously affected by a severe accident “and have their human rights
hindered”. The Hokkaido utility said that it will appeal the case.s

Two other cases resulted in injunctions against operating nuclear power plants being rejected.
On 4 November 2021, the Hiroshima district court ruled against injunctions on the Ikata

229 - Kyodo News, “Kyuden, Genkai 4 go-ki no hatsuden saikai, Jyukyu hippaku ni taio” [“Kyushu Electric Power started
its Genkai-4, responding to tight demand/supply condition”], 13 July 2022 (in Japanese), see https://news.yahoo.co.jp
articles/4a27a8es063deeoesesc238fe264a14fobsee132, accessed 25 July 2022.

230 - JAIF, “Current Status of Nuclear Power Plants in Japan”, July 2022, op. cit.

231 - NHK News, “Sendai Genpatsu 2 go-ki 11 nichi kido shi, 13 nichi ni hatsuden kaishi e, Kyuden happyo” [“Kyushu Electric said Sendai
2 will start its operation on 11" and start power generation on 13'"”], 7 June 2022 (in Japanese),
see https://www3.nhk.or.jp/Inews/kagoshima/20220607/5050018970.html, accessed 25 July 2022; and JAIF, July 2022, op. cit.

thy’

232 - JATF, “Current Status of Nuclear Power Plants in Japan”, July 2022, op. cit. 27 reactors in total including JPDR, Fugen, Monju.

233 - Kyodo News, “Japan court rules against restarting nuclear power plant in Hokkaido”, 31 May 2022, see https://english.kyodonews.
net/news/2022/05/44f2349084b6-urgent-court-rules-against-restarting-nuclear-power-plant-in-hokkaido.html, accessed 26 July 2022.
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nuclear power plant.»* The court ruled that the evidence provided by the plaintiffs over the risk
of an accident caused by potential earthquakes were not sufficient. The only unit that has not
been permanently shut down is Unit 3, which resumed commercial operation in January 2022.
On 10 March 2022, the Nagoya regional court ruled against plaintiffs requesting an injunction
against Kansai Electric Power Co’s (KEPCO) Takahama nuclear plant.”s On 9 March 2016,
the Otsu district court had issued an injunction against the operation of Takahama-3 and -4,
but the Osaka Hight Court lifted the injunction on 28 March 2017.%¢ (see dedicated section in
WNISR2021).

The Kashiwazaki Kariwa Safety/Security Affair

A serious breach of nuclear security regulations occurred in 2020 at Kashiwazaki Kariwa
plant in Niigata Prefecture. The unauthorized entry by employees into the central control
room and inadequate management of security related equipment which detect intrusion of
outsiders resulted in NRA’s decision to prohibit TEPCO to load fresh nuclear fuel at the plant
in April 2021.%7 (See detailed account in WNISR2021.) On 27 April 2022, NRA published its
interim report on the Kashiwazaki Kariwa security issue in which they investigated enhanced
nuclear security measures taken by TEPCO and made a series of recommendations to be
implemented by the operator.>®

On 25 July 2022, an independent Expert Commission on the Assessment of Nuclear Security
submitted its first report to TEPCO.»?* The Commission was appointed by TEPCO to
evaluate nuclear security measures at their facilities in December 2021. This is one of the
measures which TEPCO promised to take in its own assessment report submitted to NRA on
22 September 2021.>#° The report concluded that improvement of security measures is steadily
progressing, but it noted that in May 2021 employees received an expired site access badge.
Isao Itabashi, director of the Research Center for Public Policy Investigation Committee and
the chair of the Expert Commission, said, “The improvement is progressing, but there are
many points to be strengthened. It is necessary to continue the investigation until the culture

234 - Datsu Genpatsu Bengo-dan Zenkoku Renraku Kai, “Ikata Genpatsu Teishi Mitomezu” [“Court ruled not allowing injunction of
Ikata nuclear plant”], National Liaison Group of Lawyers for Nuclear Phase-out, 4 November 2021 (in Japanese),
see http://www.datsugenpatsu.org/bengodan/judgment/21-11-4/, accessed 26 July 2022.

235 - Datsu Genpatsu Bengo-dan Zenkoku Renraku Kai, “Futo Hanketsu: Takahama Teishi Gimuzuke sosho seikyu kikyaku [“Unfair
judge: appeal to legally requiring injunction of Takahama nuclear plant was rejected”], National Liaison Group of Lawyers for Nuclear
Phase-out, 10 March 2022, see http://www.datsugenpatsu.org/bengodan/news/22-3-10/, accessed 26 July 2022.

236 - WNISR, “Japan: Court Overturns Injunction Against Operation of Takahama-3 and 4”, 29 March 2017,
see https://www.worldnuclearreport.org/Japan-Court-Overturns-Injunction-Against-Operation-of-Takahama-3-and-4.html,
accessed 21 August 2022.

237 - Osamu Tsukimori, “Tepco lapse a wake-up call for Japan’s nuclear security protocols, expert says”, The Japan Times, 15 April 2021,
see https://www.japantimes.co.jp/news/2021/04/15/national/nra-niigata-tepco-nuclear-security/, accessed 26 July 2022

238 - NRA, “Tokyo Denryoku Kashiwazaki-Kariwa Genshiryoku Hatsudensho ni Okeru ID ka-do fuseisiyou jian oyobi Kaku bussitsu
bougo setsubi no kino no ichibu sousitsu jian ni taisuru tuika tensa no chukan torimatome” [“Interim Report on Additional Inspection
of Issues Regarding Illegal Use of ID Card and Loss of Function of Nuclear Material Protection Equipment at Kashiwazaki Kariwa
Plant”], Nuclear Regulation Authority, 27 April 2022, see https://www.nsr.go.jp/data/oo00388647.pdf, accessed 26 July 2022.

239 - Kaku Sekyuriti Senmonka Hyoka Iinkai, “Tokyo Denryoku ni Okeru Kaku Sekyuriti ni Kansuru Hyoka Houkokusho-Dai 1kai
Houkoku” [“Assessment Report on Nuclear Security at Tokyo Electric Power Co.: 1* Report”], Expert Committee on Assessment of
Nuclear Security, 25 July 2022, see https://www.tepco.co.jp/press/news/2022/pdf/220725a.pdf, accessed 26 July 2022.

240 - TEPCO, “Kashiwazaki Kariwa Gennshiryoku Hatsudennsho No ID ka-do fusei shiyo oyobi kaku busshitsu bogo setsubi no kino
no ichibu soshitsu ni kakawaru kaizen sochi houkoku nit suite [“Regarding Improvement Measures on illegal use of ID Card and a
Loss of Function of Equipment for Nuclear Materials Protection at Kashiwazaki Kariwa Nuclear Power Plant”], 22 September 2021,
see https://www.tepco.co.jp/press/release/2021/1642625_8711.html, accessed 28 July 2022.
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of nuclear security is rooted company-wide.” The Commission is expected to continue its
investigation and make reports and recommendations semi-annually.>#

No additional reactors were formally declared for decommissioning in the year to 7 July 2022.
The 11 commercial Japanese reactors now confirmed to be decommissioned—not including
the Monju Fast Breeder Reactor (FBR) or the ten Fukushima reactors—had a total generating
capacity of 6.4 GW, representing about 15 percent of Japan’s operating nuclear capacity as
of March 2011.*# Together with the ten Fukushima units, the total rises to 21 reactors and
15.2 GW or just under 35 percent of nuclear capacity prior to 3/11 that has now been permanently
removed from operations (see Figure 35 and Table 6).

Regarding spent fuel from research reactors—such as Fugen, a 165 MWe Advanced Thermal
Reactor or ATR, that first reached criticality in 1978 and was closed in 2003, and Monju, a
280 MWe FBR, that first reached criticality in 1994, was connected to the grid in August 1995
and produced its last electricity in December 1995 but was officially closed only in 2017—
Japan’s basic policy is still the reprocessing of all spent fuels from those reactors. Although,
there are no specific plans to use the separated plutonium.

By 22 April 2022, all spent fuel from Monju had been moved to a temporary storage tank filled
with liquid sodium and transfer to a pool storage cooled with water was scheduled to start
“after June”. Japan Atomic Energy Agency (JAEA), which manages decommissioning work of
Monju, plans to complete the spent fuel transfer by the end of the year, start the extraction of
the liquid sodium in 2023, and then, eventually, ship all spent fuels to France for reprocessing.
Shipment is expected to be completed in 2037.>%

241 - NHK News, “Counterterrorism Countermeasures at Kashiwazaki-Kariwa Nuclear Power Plant Further Improvement Request
Report TEPCO Third Party Committee”, as published on Teller Report, 25 July 2022, see https://www.tellerreport.com/life/2022-07-25-
counterterrorism-countermeasures-at-kashiwazaki-kariwa-nuclear-power-plant-further-improvement-request-report-tepco-third
party-committee.ByH_7zG229.html, accessed 26 July 2022.

242 - Based on a total installed capacity of 43.6 GW (not including the 246 MW Monju FBR and Kashiwazaki Kariwa 2-4) which were in
LTO in March 2011.

243 - NHK News, “Monju decommissioning work Completed moving to temporary storage location for nuclear fuel in the reactor”, as
published on Teller Report, 22 April 2022, see https://www.tellerreport.com/life/2022-04-22-monju-decommissioning-work-completed-
moving-to-temporary-storage-location-for-nuclear-fuel-in-the-reactor.SkxUuezeSq.html, accessed 27 July 2022.
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Table 6 - Official Reactor Closures Post-3/11in Japan (as of 1July 2022)

Fukushima Daiichi-1 (BWR) 439 1970 - 19/04/12 2011

Fukushima Daiichi-2 (BWR) 760 1973 - 19/04/12 20M

Fukushima Daiichi-3 (BWR) 760 1974 - 19/04/12 20M

Fukushima Daiichi-4 (BWR) 760 1978 - 19/04/12 20M

Fukushima Daiichi-5 (BWR) 760 1977 19/12/13 31/01/14 20M
TEPCO

Fukushima Daiichi-6 (BWR) 1067 1979 19/12/13 31/01/14 20M

Fukushima Daini-1 (BWR) 1067 1981 31/07/19 30/09/19 20M

Fukushima Daini-2 (BWR) 1067 1983 31/07/19 30/09/19 2011

Fukushima Daini-3 (BWR) 1067 1984 31/07/19 30/09/19 201

Fukushima Daini-4 (BWR) 1067 1986 31/07/19 30/09/19 2011

Mihama-1 (PWR) 320 1970 17/03/15 27/04/15 2010

Mihama-2 (PWR) 470 1972 17/03/15 27/04/15 20M
KEPCO

Ohi-1 (PWR) 1120 1977 22/12/17 01/03/18 20M

Ohi-2 (PWR) 1120 1978 22/1217 o1/03/18 2011

Genkai-1 (PWR) 529 1975 18/03/15 27/04/15 201
KYUSHU

Genkai-2 (PWR) 529 1980 13/02/19 13/02/13 20M

Ikata-1 (PWR) 538 1977 25/03/16 10/05/16 20M
SHIKOKU

Ikata- 2 (PWR) 538 1981 27/03/18@ 27/03/18 2012

LTS®si
JAEA Monju (FBR) 246 1995 12/2016© o5/12/17 51995:;66
JAPC Tsuruga -1 (BWR) 340 1969 17/03/15 27/04/15 20M
CHUGOKU Shimane-1 (PWR) 439 1974 18/03/15 30/04/15 2010
TOHOKU Onagawa-1 (BWR) 498 1983 25/10/18 21/12/18® 20M
TOTAL: 22 Reactors [15.5 Gwe
Sources: JAIF, Japan Nuclear Safety Institute, compiled by WNISR, 2011-2022
Notes

BWR: Boiling Water Reactor; PWR: Pressurized Water Reactor; FBR: Fast Breeder Reactor; LTS: Long-Term Shutdown.
JAEA: Japan Atomic Energy Commission; JAPC: Japan Atomic Power Company

(a) - Unless otherwise specified, all announcement dates from Japan Nuclear Safety Institute, “Licensing status for the Japanese nuclear
facilities”, 26 February 2020, see http://www.genanshin.jp/english/facility/map/, accessed 27 July 2020.

(b) - Unless otherwise specified, all closure dates from individual reactors’ page via JAIF, “NPPs in Japan”, Japan Atomic Industrial Forum,
see http://www.jaif.or.jp/en/npps-in-japan/, as of 27 July 2020.

(c) - Note that WNISR considers the age from first grid connection to last production day.

(d) - WNN, “Shikoku decides to retire Ikata 2”, 27 April 2018,
see http://www.world-nuclear-news.org/C-Shikoku-decides-to-retire-Tkata-2-2703184.html, accessed 22 July 2018.

(€) - The Mainichi, “Japan decides to scrap trouble-plagued Monju prototype reactor”, 21 December 2016,
see http://mainichi.jp/english/articles/20161221/p2g/oom/odm/o50000c, accessed 21 December 2016.
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(f) - The Monju reactor was officially in Long-Term Shutdown or LTS (IAEA-Category Long Term Shutdown) since December 1995. Officially closed in 2017.

(g) - Date from IAEA-PRIS. (No official closure date in according to JAIF).

On 24 June 2022, it was reported that JAEA had negotiated a contract with French nuclear fuel
company Orano for the transport and reprocessing of all spent fuel (731 fuel assemblies) from
Fugen. JAEA originally gave a contract to Orano in November 2018 to carry out preparatory
work for shipment of the Fugen spent fuel to France. Under the new contract, which is reported

to be worth €250 million (US$__ 268 million), Orano will also be in charge of MOX fabrication

2022


http://www.genanshin.jp/english/facility/map/
http://www.jaif.or.jp/en/npps-in-japan/
http://www.world-nuclear-news.org/C-Shikoku-decides-to-retire-Ikata-2-2703184.html
http://mainichi.jp/english/articles/20161221/p2g/00m/0dm/050000c
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and the reuse of separated Japanese plutonium in French reactors for power generation.
Therefore, separated plutonium from reprocessing will not return to Japan, while wastes
generated from reprocessing will be shipped back. This is the first such contract in which
separated plutonium, which officially is considered an important energy resource in Japan, will
not be returned to Japan. It is likely that JAEA will pay Orano for keeping the plutonium as the
material usually has a zero-book-value and a negative market value.

Orano is also responsible for design and fabrication of transport casks, and the execution of
shipments, which are scheduled to take place between 2023 and 2026.24

As of mid-2022, the Japanese nuclear fleet of 33 units, including 23 in LTO, had reached a mean
age of 31.4 years, with 17 units over 31 years (see Figure 36).

Figure 36 - Age Distribution of the Japanese Nuclear Fleet

Age of Japan Nuclear Fleet
as of 1 July 2022
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Sources: WNISR with IAEA-PRIS, 2022

Energy Policy and the Role of Nuclear Energy

Japan’s latest Strategic Energy Plan (SEP), also called the Basic Energy Plan, was published in
October 2021.>% The biggest difference from the previous Strategic Energy Plan published in
July 2018 is the introduction of a new policy goal of “carbon neutrality by 2050”. It naturally
emphasizes the importance of renewable energy sources, but utilization of nuclear power is
included as an option to achieve the goal. However, the basic policy of “reducing its dependence

244 - WNN, “Orano contracted to reprocess Fugen used fuel”, 28 June 2022, see https://www.world-nuclear-news.org/Articles/Orano-
contracted-to-reprocess-Fugen-used-fuel, accessed 27 July 2022; and Orano, “Orano wins a contract for the transport and recycling of
Japanese used fuel”, Press Release, 27 June 2022, see https://www.orano.group/en/news/news-group/202.2/june/orano-wins-a-contract-
for-the-transport-and-recycling-of-japanese-used-fuel, accessed 28 June 2022..

245 - Agency for Natural Resources and Energy, “Outline of Strategic Energy Plan”, Ministry of Economy, Trade and Industry,
October 2021, see https://www.enecho.meti.go.jp/en/category/others/basic_plan/pdf/6th_outline.pdf; see also full text in Japanese,
see Agency for Natural Resources and Energy, “Enerugi kihon keikaku” [“Basic Energy Plan”], METI, October 2021,

see https://www.enecho.meti.go.jp/category/others/basic_plan/pdf/20211022_o1.pdf; both accessed 27 July 2022.

246 - METI, “Strategic Energy Plan”, Ministry of Economy, Trade and Industry, Government of Japan, July 2018,
see https://www.enecho.meti.go.jp/en/category/others/basic_plan/sth/pdf/strategic_energy_plan.pdf, accessed 27 July 2022.


https://www.world-nuclear-news.org/Articles/Orano-contracted-to-reprocess-Fugen-used-fuel
https://www.world-nuclear-news.org/Articles/Orano-contracted-to-reprocess-Fugen-used-fuel
https://www.orano.group/en/news/news-group/2022/june/orano-wins-a-contract-for-the-transport-and-recycling-of-japanese-used-fuel
https://www.orano.group/en/news/news-group/2022/june/orano-wins-a-contract-for-the-transport-and-recycling-of-japanese-used-fuel
https://www.enecho.meti.go.jp/en/category/others/basic_plan/pdf/6th_outline.pdf
https://www.enecho.meti.go.jp/category/others/basic_plan/pdf/20211022_01.pdf
https://www.enecho.meti.go.jp/en/category/others/basic_plan/5th/pdf/strategic_energy_plan.pdf
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on nuclear power as much as possible” remains unchanged, and there is no explicit mentioning
of building new nuclear power plants.

Here are some important quotes concerning nuclear targets from the Strategic Energy Plan of
2021:*4

We will address maximum introduction of renewable energy as major power sources on the
top priority....and necessary amount of nuclear power will be continuously utilized on the
major premise of ensuring safety and public trust. (...)

Restart of operation with safety as top priority: launch of restart acceleration task force;
bringing human resources and knowledges together; and maintaining and improving
technological capability.

Measures for spent nuclear fuel: promotion of construction/utilization of interim storage
facilities and dry storage facilities, etc. to increase storage capacity; and technology
development for reducing the volume and harmfulness of radioactive waste.

Nuclear fuel cycle: makes efforts towards the completion and operation of Rokkasho
Reprocessing Plant by public and private partnership obtaining understanding of relevant
municipalities involved and international society; and further promotion of plutonium-
thermal (MOX [Mixed Oxide] fueled) power generation.

(... development of fast reactor will be steadily promoted by utilizing international
cooperation;**® small modular reactor [SMR] technology will be demonstrated through
international cooperation, and component technologies related to hydrogen production
at high temperature gas-cooled reactor will be established, as well as R&D [Research and
Development] of nuclear fusion will be promoted through international collaboration as
ITER Project, etc.

The targeted share of nuclear power by 2030 remains the same as in the previous plan, that
is 20-22 percent of total power generation, while the target for the renewable energy share
has been increased to 36-38 percent compared with 22-24 percent in the previous plan. The
target shares for various fossil fuels were lowered compared to the previous plan: for LNG
from 27 percent to 20 percent, and for coal from 26 percent to 19 percent.>#

Impact of Ukraine Crisis on Nuclear Power Debate

The impact of the Ukraine crisis on the debate about energy and nuclear policy in Japan has
been quite significant. Japan has a significant reliance on LNG, including about 9 percent from
Russia (in 2021).>°

247 - METI, “Outline of Strategic Energy Plan”, October 2021, op. cit.

248 - On 26 January 2022, JAEA, Mitsubishi Heavy Industry (MHI) and Mitsubishi FBR Systems announced that they signed a
Memorandum of Understanding (MOU) with Terra Power of the US to cooperate on the development of sodium-cooled fast reactor,
called “Natrium”. See WNN, “US, Japanese firms agree to cooperate on fast reactors”, 27 January 2022, see https://www.world-nuclear-
news.org/Articles/US,-Japanese-firms-agree-to-cooperate-on-fast-reac, accessed 27 July 2022.

249 - It assumes total electricity generation will reduce to 934 TWh from current 1,065 TWh, and greenhouse gas reduction rate will
improve from 14% in the previous plan to 26% in the new plan.

250 - S&P Global: “Japan eyes operating up to 9 nuclear reactors from current 5 by winter: METI minister”, 15 July 2022.


https://www.world-nuclear-news.org/Articles/US,-Japanese-firms-agree-to-cooperate-on-fast-reac
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Russian attacks against civilian nuclear facilities, including Chernobyl and Zaporizhzhia
nuclear power plants, raised serious safety and security concerns over Japanese nuclear
facilities. On 8 March 2022, the Governor of Fukui Prefecture, which hosts 15 reactors, met
with Defense Minister Nobuo Kishi and asked for tighter defense over nuclear facilities in the
prefecture requesting to deploy the Self-Defense Forces in the region where a large number of
nuclear plants are located.**

On 30 March 2022, the National Governors’ Association issued an emergency request to the
government which includes the following points:>*

The government should deter such military attack and invasion of other countries’
territories through diplomatic channels;

order nuclear utilities to shut down all nuclear reactors when such military attacks are
imminent; and

in case missile attacks against nuclear power plants are imminent, take all necessary
measures, including missile defense by Self-Defense Forces.

Other pre-eminent policy issues are higher electricity prices as well as possible power shortages
in Japan. Due to higher fossil fuel prices, even prior to the price rises caused by the Ukrainian
crisis, Japan’s spot power price rose to more than double the five-year average. According to
the Japan Electricity Power Exchange, the average wholesale day-ahead price was JP¥15.47/
kWh (US$0.11/kWh) on 18 April 2022, up 26 percent over the previous week.>3

On 22 March 2022, METI and TEPCO warned of a possible power outage in the areas serviced
by TEPCO and Tohoku Electric Power Co, potentially affecting around 2-3 million households,
as some power plants remained offline following a powerful earthquake in the Tohoku area
and lower than expected power savings. Later, METI reported nevertheless that significant
decline in power consumption helped to avoid a power outage.”* On 26 June 2022, METI
again warned that the power supply situation would be very tight in the area of Tokyo, asking
for energy conservation by citizens and industry.*® And on 30 June 2022, the Government
still maintained power shortage advisory for the fourth straight day as severe summer heat
conditions continued.*

Although it is not clear that restarting nuclear power would help the tight energy situation
better than other options, public opinion gradually shifted in favor of restarting idled nuclear
power plants. According to Jiji Press polling released on 21 July 2022, 48.4 percent of the
2,000 respondents were in favor of restarting reactors whose safety has been confirmed

251 - Nikkei Asia, “Japan Weighs deploying Self-Defense Forces to guard nuclear plants”, 18 March 2022, see https://asia.nikkei.com/
Politics/Ukraine-war/Japan-weighs-deploying-Self-Defense-Forces-to-guard-nuclear-plants accessed 27 July 2022.
252 - NHK News, “Zenkoku Chijikai ‘Kokunai no Genpatsu Kogeki eno Sonae Tettei O: Kuni ni Kinkyu Yosei” [“Japan’s National

Governors’ Association issued an emergency request to the Government for ‘protection of nuclear plants against military attack’],
30 March 2022, see https://www.nhk.or.jp/politics/articles/lastweek/80186.html, accessed 27 July 2022

253 - Shoko Oda, “Japan Power Prices Rise as More Utilities Decline New Customers”, Bloomberg News, 18 April 2022, see https://www.
bloomberg.com/news/articles/2022-04-18/japan-power-prices-rise-as-more-utilities-decline-new-customers, accessed 27 July 2022.

254 - Kyodo News, “Power supply on tightrope in Tokyo, 15 other areas after quake”, 22 March 2022, see https://english.kyodonews.net;
news/2022/03/330a6¢8e735b-tokyo-8-other-prefs-urged-to-save-power-as-demand-outstrips-supply.html, accessed 27 July 2022.

255 - Daniel Leussink, “Japan issues warning over possible power crunch on Monday”, Reuters, 26 June 2022, see https://www.reuters.
com/business/energy/japan-issues-warning-over-possible-power-crunch-monday-2022-06-26/, accessed 27 July 2022.

256 - NHK News, “Power shortage advisory for greater Tokyo continues on Thursday”, 30 June 2022,
see https://www3.nhk.or.jp/nhkworld/en/news/20220630_13/, accessed 27 July 2022.


https://asia.nikkei.com/Politics/Ukraine-war/Japan-weighs-deploying-Self-Defense-Forces-to-guard-nuclear-plants
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while 27.9 percent of respondents were opposed to restarts.*” The shift was documented in
further surveys carried out by media outlets since the beginning of the war in Ukraine, as in
March 2022, Nikkei reported that more than half of respondents supported a restart of the
reactors (53 percent), and in June Mainichi Shimbun found that 47 percent of respondents were
in favor of a restart and 30 percent opposed it, in early 2018 the same survey showed only
32 percent in favor and 48 percent against.>s®

Given this background, Prime Minister Kishida announced on 14 July 2022, that he had asked
METI to have up to nine nuclear reactors operational this winter.® Although METI has no
legal power to push NRA to accelerate the licensing process, some see this as a sign of the
Japanese government’s commitment to counter power shortage as well as to regain the role of
nuclear power in carbon neutrality policy. On August 24, 2022, Prime Minister Kishida, in his
speech at the GX (Green Transformation) Council, stated that the government should consider
building a new generation of nuclear reactor.>® Although this has been interpreted as a “new
phase” of Japan’s nuclear energy policy, PM Kishida confirmed again at the press conference on
31 August 2022, that the policy of “reducing dependence on nuclear power as much as possible”
remained unchanged.>

Given the tight power supply situations and higher electricity prices, the argument for the
restart of existing reactors may have some positive impacts on public opinion, at least in short
term. Due to the declining economic competitiveness of nuclear power, longer term prospects
for nuclear power are still highly uncertain. Carbon neutrality policy may encourage nuclear
power further, but the unfavorable environment surrounding nuclear power will not change
dramatically.

In addition, many difficult issues facing the nuclear industry stem from the legacy of the
Fukushima disaster. Notably, decommissioning of the Fukushima reactors and compensation
issues are the most important matters that will not be resolved for a long time. Furthermore,
spent fuel and waste disposal issues remain unsolved. A brighter future for nuclear power in
Japan is not on the horizon.

257 - Jiji Press, “Nearly Half in Japan Support N-Reactor Restart: Jiji Poll”, 21 July 2022,
see https://jen.jiji.com/jc/eng?g=eco&k=2022072100800, accessed 22 August 2022..

258 - Will Fee, “Local Opposition and Regulations Slow Japan’s Return to Nuclear”, The Japan Times, 26 May 2022.

259 - Elaine Lies, “Japan PM Kishida: asked industry minister to have up to 9 nuclear reactors operational this winter”, Reuters,
15 July 2022, see https://www.reuters.com/business/energy/japan-pm-kishida-asked-industry-minister-have-up-9-nuclear-power
plants-2022-07-14/, accessed 27 July 2022.

260 - Nikkei Asia, “Japan PM Kishida orders new nuclear power plant construction: Major shift in energy policy would focus on next-
generation types of facilities”, 24 August 2022. https://asia.nikkei.com/Politics/Japan-PM-Kishida-orders-new-nuclear-power-plant-
construction, accessed 17 September 2022

261 - Peter Landers, “Japan’s Kishida Says He Wants to Reduce Reliance on Nuclear Power as Much as Possible: Prime Minister leaves
open possibility of studying new plants”, August 31, 202.2. https://www.wsj.com/articles/japans-kishida-says-he-wants-to-reduce-
reliance-on-nuclear-power-as-much-as-possible-11661928640, accessed 17 September 2022.
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The Republic of Korea (South Korea) operates 24 reactors and has three reactors under
construction. Hanbit-4 is in Long-Term Outage (LTO) because it has been shut down since
May 2017 mainly due to 140 voids found in concrete containment walls and corrosion on
containment liner plates.

President Yoon Suk-yeol, who took the office in May 2022, scrapped the nuclear phaseout policy
by the previous Moon Jae-in administration (2017-2022). In August 2022, the incoming Yoon
administration disclosed the first draft of the “Basic Plan for Long-term Electricity Supply
and Demand” (BPE) which aims to increase the share of nuclear in power generation at the
expense of slowing down the increase of renewables.

South Korea’s nuclear fleet, owned by Korea Hydro & Nuclear Power (KHNP), is located at the
Hanbit, Hanul, Kori and Wolsong sites. The average number of reactors per site in South Korea
is the highest in the world. Kori with seven reactors at the site and 7,489 MW is the world’s
largest nuclear power plant.

According to the Korean Statistical Information Service (KOSIS), nuclear power provided
158 TWh (gross) in 2021, slightly less than the 160 TWh in 2020, providing 27.5 percent of the
electricity, versus 29 percent in 2020.26> (See Table 7).

As mentioned in the South Korea Focus in WNISR2021, the future of South Korean energy
policy, especially regarding the role of nuclear power generation for the coming years, was
likely to be determined by the outcome of the March 2022 presidential election.

The newly elected President, Yoon Suk-yeol, from the conservative People Power Party (PPP)
said during the electoral campaign that he would make South Korea the strongest nuclear
power country. Even before he became President, Yoon had been very critical of the nuclear
phaseout policy implemented by President Moon. In fact, it was one of the reasons why he
resigned as Prosecutor General appointed by President Moon and became a politician.

The nuclear power policy has been one of the major issues of political confrontation between
the liberal Democratic Party of Korea (DPK) and the conservative People Power Party (PPP)
since 2017 when President Moon Jae-in was elected with a pledge to phase out nuclear power.

The establishment of the nuclear phaseout policy in 2017 was supported by the majority of the
population. After the Fukushima accident in 2011, a series of events occurred in South Korea
pushed political leaders to support the phaseout of nuclear power. Such events include the
complete station blackout of the Kori-1 reactor in 2012, a series of nuclear corruption scandals
over safety in 2012 and 2013, local referendum victories against new nuclear projects in

262 - KOSIS (KOrean Statistical Information Service), “Power Generation by Energy Source”, Updated 22 July 2022,
see https://www.index.go.kr/potal/main/EachDtlPageDetail.do?idx_cd=1339, accessed 4 September 2022.

263 - WNN, “Safety culture questions after loss of power at Kori 17, 22 March 2012, see https://www.world-nuclear-news.org/RS_
Safety_culture_questions_after_loss_of_power_at_Kori_1_2203121.html, accessed 9 September 2022.
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Samcheok and Yeongdeok in 2014 and 2015 respectively.** The alarming Gyeongju earthquake
not far from nuclear power plants in 2016 also raised a serious concern about the safety of
nuclear reactors in South Korea.*s (See previous WNISR editions for additional information
on these events.)

Therefore, it was not surprising that four out of the five major candidates —Moon Jae-in,
Yoo Seung-min, Ahn Cheol-soo and Sim Sang-jung— in the 2017 presidential election all
agreed on no more nuclear power plant construction. However, the positions of the major
candidates on nuclear power in the 2022 election changed.

The Justice Party’s candidate, Sim, was unchanged, with a clear aim to reach a nuclear
phaseout by 2040. The ruling Democratic Party of Korea’s candidate, Lee Jae-myung, promised
to continue Moon’s long-term nuclear phaseout policy. The People’s Party’s candidate,
Ahn Cheol-soo, changed from his nuclear phaseout position in 2017 and promised to discard
the policy. Lastly, the People Power Party’s candidate, Yoon, pledged to scrap the nuclear
phaseout strategy.

President Moon’s nuclear phaseout policy consisted of continuing the reactors already under
construction but not building new ones and guaranteeing defined lifetimes of existing nuclear
reactors. The nuclear reactors (APR1400) under construction in South Korea usually get
operational licenses for 60 years from the start.

Therefore, under Moon’s policy, even if it was called a nuclear “phaseout” policy, the total
installed nuclear capacity was increased in Moon’s term and the complete phaseout was
scheduled to be seen in 2085 when Shin-Kori 6, currently under construction, is to reach the
end of its 60-year lifetime. Compared to other nations, for instance, Germany, which aims
to phase out nuclear by 2022, and Taiwan, which plans to phase it out by 2025, the Korean
phaseout plan was very slow and more like a “program limitation” policy.

Even if South Korea had continued Moon’s phaseout policy, nuclear power would still have
played a role towards the goal of carbon neutrality by 2050, because the total nuclear installed
capacity then would have been 11,400 megawatts with nine operating reactors.

Moon’s nuclear phaseout policy was reflected in several administrative plans, but it was not
legislated. Therefore, the policy was easily overturned following the regime change after the
2022 presidential election.

As President Yoon led the investigation on the earlier-than-scheduled closure of Wolsong-1
when he was the head of the Prosecutor’s Office, the prosecution under the Yoon administration
continues the investigation on Wolsong 1. For instance, on 19 August 2022, the Presidential
Archives were raided by prosecutors who investigate possible illegalities in the Moon
administration’s decision in 2019 to close an aging nuclear reactor ahead of its legal expiration
date.

The Yoon administration aims to extend the lifetime of the existing reactors. Under current
regulations, KHNP needs to submit a Periodic Safety Review within two to five years prior to

264 - Choe Sang-Hun, “Bitter Debate Over Nuclear Power Simmers in Rural South Korea”, The New York Times, 5 January 2016.

265 - Jane Chung, “South Korea’s biggest earthquake triggers nuclear safety concerns”, Reuters, 13 September 2016,
see https://www.reuters.com/article/us-southkorea-nuclear-quake-idUSKCN11JoR2, accessed 9 September 2022.
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the operating license expiration to apply for a lifetime extension. The current administration
plans to modify these conditions and increase the application lead time to five to ten years
to facilitate lifetime extensions under the current legislative period. If such an amendment
is implemented, the number of reactors which the Yoon administration can extend within its
term (2022-2027) increases from 10 to 18 reactors, among which six reactors whose lifetime
would be extended for a second time.>*

The Yoon administration also aims to start to build at least two more reactors, Shin-Hanul-3
and -4. These two reactors are expected to be completed in 2032 and 2033 respectively.®” If the
construction was completed prior to the closure of the first reactors, Hanul would become the
world’s largest and densest nuclear power plant, with a 11,500 MW capacity and ten reactors
located at one site. For comparison, the total installed capacity of Europe’s largest nuclear
power plant, Zaporizhzhia site in Ukraine, is 5,700 MW with six reactors.

It is not clear yet whether the new government will also revive the plan of building six reactors
at Samcheok and Yeongdeok which was cancelled by the preceding administration.

A recent public survey shows that President Yoon’s overall job approval rating around his
100 days in office was 32.9 percent and when it comes to Yoon’s discarding of South Korea’s
nuclear phaseout policy, 47.5 percent of the respondents favored the option “the nuclear
phaseout policy needs to continue”, 37.8 percent answered “the nuclear phaseout policy needs
to be scrapped”, and the remaining 14.7 percent chose “don’t know”.26#

The Ministry of Industry, Trade and Energy (MOTIE) under the Yoon administration unveiled
the draft of the 10th Basic Plan for Long-term Electricity Supply and Demand (BPE, 2022-2036)
in August 2022.2° The plan increases the share of nuclear in the future electricity mix, aiming
for 33 percent by 2030, compared to 24 percent under the plans of the Moon administration.
(See Table 8). With the increase of nuclear power in the draft plan, the share of fossil fuels
(coal and LNG) barely changes, while the share of new and renewable energy (NRE) decreases
significantly, a surprising strategic orientation in these times of climate emergency.

266 - The Hankyoreh, “T8974 L7 10711871 &AL R Q=0 A= 712418} » [“Lifetime extended reactors 10 - 18... Yoon’s ‘a
strong nuclear country’ policy is coming”], 20 April 2022 (in Korean), see https://www.hani.co.kr/arti/society/environment/1039762.
html, accessed 5 September 2022; and David Dalton, “New President Aiming To Boost Reactor Lifetime Extensions”, NucNet,

22 April 2022.

267 - MOTIE, “I A|102F A& 43718418 ) 22719 AT 370”7 [“Disclosure of the draft of the 10th Basic Plan for Electricity
Supply and Demand], 30 August 2022 (in Korean), see http://www.motie.go.kr/motie/ne/presse/pressz/t
n=165956&bbs_cd_n=81&currentPage=1&search_key_n=title_v&cate_n=1&dept_v=&search_val_v=%
3%84%ED%9A%8D, accessed 14 September 2022.

bs/bbsView.do?bbs_seq
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268 - CBS Nocutnews, “o|=2 AE] & F42)2] 33% " 54 A% 46%%= SA"  [“Yoon’s approval rating 33% in the middle
of Lee Junseok scandal.. the 46% negative outlook is Yoon’s task”], 16 August 2022 (in Korean), see https://www.nocutnews.co.kr,
news/5802134, accessed 5 September 2022.

269 - MOTIE, “[ A|10x} AH5F72A1E | FZE7H9] ATt 371” [“Disclosure of the draft of the 10th Basic Plan for Electricity
Supply and Demand], 30 Aug 2022 (in Korean), see http://www.motie.go.kr/motie/ne/presse/press2/bbs/bbsView.do?bbs_seq
n=165956&bbs_cd_n=81&currentPage=1&search_key_n=title_v&cate_n=1&dept_v=&search_val_v=%EA%B8%B0%EB%B3%B8%EA%B
3%84%ED%9A%8D, accessed 14 September 2022.
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In June 2022, President Yoon and his administration already pledged KRW1,000 billion
(US$725 million) in investments for the industry by 2025.7° The current administration also
means to allocate KRW400 billion (US$ 309 million) for the development of SMRs.>”

2022

Table 7 - 2021 Electricity Mix in South Korea

P .
(-;3::;“0“ 158.0 198.0 168.3 431 9.4 576.7
Share of o

4% 3% 2% 5% 6% o,
Electricty S 343% 29.2% 7.5% 16% 100%

Source: KOSIS (KOrean Statistical Information Service), 2022

Table 8 - Projections of 2030 Electricity Mix in South Korea according to Different Plans

o' BPE (2020) TWh 146.4 17541 136.6 1217 - 6.0 585.8
Moon Administration Share 25.0% 29.9% 23.3% 20.8% = 1.0% 100%
New NDC (2021) TWh 146.4 1332 19.5 185.2 221 6.0 612.4
under Moon Admin. Share 23.9% 21.8% 19.5% 30.2% 36 1.0%  100%
10™ BPE® (2022) TWh 2017 130.3 128.2 132.3 13.9 8.6 615.0
Yoon Administration Share 32.8% 212%  209% 215% 2.3% 1.3% 100%

Sources: MOTIE 202072, CNC 202173, MOTIE 202274

Notes:

BPE=Basic Plan for Long-term Electricity Supply and Demand; NDC=Nationally Determined Contributions (under the Paris Agreement)
(@) - New and Renewable Energy (NRE). New energy in South Korea includes IGCC and fuel cell

(b) - Zero carbon sources include hydrogen and ammonia

(c) - Based on the first draft disclosed on 30 August 2022 by the MOTIE and scheduled to be finalized by the end of 2022.

Even though South Korea has the lowest renewables share in the electricity mix amongst
OECD member countries,*”s the Yoon administration intends to still lower the ambitions on
renewables and increase the share of nuclear with over 40 percent of electricity still coming
from fossil fuels in 2030.

270 - NEI Magazine, “South Korean President affirms support for nuclear”, 24 June 2022, see https://www.neimagazine.com/news/
newssouth-korean-president-affirms-support-for-nuclear-9797716/, accessed 9 September 2022.

271 - NEI Magazine, “South Korea plans 30% nuclear share by 2030”, 7 July 2022, see https://www.neimagazine.com/news/newssouth-
korea-plans-30-nuclear-share-by-2030-9832470/, accessed 9 September 2022.

272 - MOTIE, “I Al 92} &8 437|248 (2020-2034) #1” [“Announcement of the gth Basic Plan for Electricity Supply and
Demand”], 28 December 2020 (in Korean), see http://www.motie.go.kr/motie/in/ay/policynotify/announce/bbs/bbsView.do?bbs_seq_
n=66387&bbs_cd_n=6, accessed 14 September 2022.

273 - Carbon Neutrality Commission(CNC), “I 2030 7} 2712 745 5 3 (NDC) A<k [“A Strengthened Plan of the 2030 National
Greenhouse Gas Reduction Goals (NDC)”], 18 October 2021.

274 - MOTIE, “I Aok A2 5=F7]1 818 | S283}9] A%-ek 27)” [“Disclosure of the draft of the 10 Basic Plan for
Electricity Supply and Demand”], 30 August 2022 (in Korean), see http://www.motie.go.kr/motie/ne/presse/press2/bbs/
bbsView.do?bbs_seq_n=165956&bbs_cd_n=81&currentPage=1&search_key_n=title_v&cate_n=1&dept_v=&search_val_
v=%EA%B8%Bo%EB%B3%B8%EA%B3%84%ED%9A%8D, accessed 14 September 2022.

275 - OECD, “Data—Renewable Energy”, as of 2020, see https://data.oecd.org/energy/renewable-energy.htm,
accessed 9 September 2022.
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At the completion ceremony of the first nuclear reactor in Korea, Kori-1, in 1978, President
Park Chung-hee said that since Korea had become one of the nuclear power countries, it was
also time to “put more effort into developing new energies such as solar, wind and geothermal”.
More than 40 years have passed since 1978.

All three reactors under construction—Shin-Hanul-2 and Shin-Kori-5 and -6—are APR-1400
design. Construction of Shin-Hanul-2 launched in June 2013 has been nearly completed, but
startup dates have been pushed back several times. More recently, Unit 2 was expected to enter
commercial operation in May 2022,*¢ which did not happen and is now expected in 2023.77
Ongoing issues at Unit 1 cast further uncertainty on the operation timeline at Unit 2.

The Nuclear Safety and Security Commission (NSSC) conditionally approved issuance of an
operating license for Shin-Hanul-1 on 9 July 2021, almost 10 years after the issuance of the
construction license in December 2011. It took the NSSC 79 months to come to a decision
following KHNP’s application in December 2014, a record as the longest licensing procedure in
the history of Korean nuclear regulation. The delay of the issuance of operating license for Shin-
Hanul-1 was mainly due to safety concerns including passive autocatalytic recombiner (PAR)
destined to remove hydrogen from the reactor containment in certain accident scenarios, and
possible aircraft risk issues. Therefore, the approval was made with four specific technical
conditions attached.””®

Shin-Hanul-1 reached first criticality on 22 May 2022 and first grid connection on 9 June 2022.
However, these were done before KHNP successfully completed the PAR test and submitted
their final report to the regulator. In fact, NSSC changed the conditions of the operating
license of Shin-Hanul-1 on 11 August 2022. As of early September 2022, it is uncertain whether
Shin-Hanul-1 will start commercial operation in 2022 and the outcome of various reviews will
also affect the issuance of an operating license for Shin-Hanul-2..

Two other reactors, Shin Kori-5 and -6, have been under construction since April 2017 and
September 2018 respectively and were planned to be completed in March 2023 and June 2024
respectively.””” However, in March 2021, KHNP applied for an extension of the construction
license, with a completion schedule for Shin Kori-5 now extended one additional year until
31 March 2024, and for Shin Kori-6, nine months later to 31 March 2025.2%°

276 - WNN, “Korean reactor starts supplying electricity”, 10 June 2022, see https://www.world-nuclear-news.org/Articles/Korean
reactor-starts-supplying-electricity, accessed 9 September 2022.

277 - WNA, “Nuclear Power in South Korea | Nuclear Energy in the Republic of Korea”, June 2022, see https://world-nuclear.org
information-library/country-profiles/countries-o-s/south-korea.aspx, accessed 9 September 2022.

278 - NSSC, “NSSC Commissioners Approved Issuance of Operating License of Shinhanul Unit 1”, Press Release, Nuclear Safety and
Security Commission, 9 July 2021, see https://www.nssc.go.kr/ajaxfile/FR_SVC/FileDown.do?GBN=X01&BOARD_SEQ=1&SITE _
NO=3&BBS_SEQ=46038&FILE_SEQ-=1, accessed 9 September 2022

279 - S&P Global, “S Korea’s 9 nuclear plants restarting Sep-Oct to pressure LNG demand”, 2 September 2020,
see https://www.spglobal.com/platts/en/market-insights/latest-news/natural-gas/o90220-s-koreas-9-nuclear-plants-restarting-sep-
oct-to-pressure-Ing-demand, accessed 9 June 2021.

280 - KHNP, “Shin-Kori #5,6”, Undated, see https://www.khnp.co.kr/eng/url, accessed 9 September 2022.
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There have been only two reactors, Kori-1 and Wolsong-1, closed in Korea. Ten additional
reactors totaling 8,450 MW will reach the end of their operating license before 2030. These
reactors are Kori-2 to be closed in 2023, Kori-3 in 2024, Kori-4 and Hanbit-1 in 2025, Hanbit-2
and Wolsong-2 in 2026, Hanul-1 and Wolsong-3 in 2027, Hanul-2 in 2028 and finally Wolsong-4
in 2029. The Yoon administration will likely try to extend the operating license of all of these
reactors starting with Kori-2 in 2022. Opposition to the government plans starts organizing,
and a local civil society group in Busan where Kori-2 is located organized a press conference
on 25 August 2022, claiming a shutdown of Kori-2 at the expiry of its current license.*® It is
possible that the lifetime extensions will not go through as easily as the new administration
hopes, considering safety concerns and economic implications, as well as lack of public
acceptance.

On 10 January 2021, a Korean media exposed that groundwater near storage tanks of the
Wolsong nuclear plant contained levels of tritium exceeding legal limits. According to a
report written in 2020 by Korea Hydro & Nuclear Power (KHNP), tritium was discovered in
groundwater near the storage tanks for spent fuel rods. The report said that the amounts found
in the water in 2020 were as high as 13.2 times the safety standard.>® In response to public
concern on the leakage, NSSC formed a civil investigation team for the scientific assessment of
the tritium issue at the Wolsong plant.

Greenpeace East Asia Seoul Office and Ulsan Federation for Environmental Movements (KFEM
Ulsan) on 7 March 2022 announced a criminal complaint against KHNP for environmental
damage to the site of the Wolsong nuclear power plant and requested a public-interest audit on
NSSC, KINS and KHNP, claiming that the long-term leakage of radioactive substances would
represent a serious scandal that saw numerous safety management failures cumulate.>®

On 4 May 2022, the civil investigation team published the “Progress of the second-phase
investigation on the tritium at the Wolsong NPP and future plans”,*+ a follow-up of the
“Progress of the first-phase investigation and future plan” presented on 10 September 2021.>%

The report contained a staggering admission:

281 - The Hankyoreh, “Y-2+ AIekA)] «a12]237] 41 A% A2} | # 2} [“Busan NGOs “Stop Lifetime Extension of Kori-2""],
22 August 2022 (in Korean), see https://www.hani.co.kr/arti/area/yeongnam/1056154.html, accessed 7 September 2022.

282 - Ser Myo-ja“Plant contamination called a gamma ray in a teacup”, Korea JoongAng Daily, 12 January 2021,
see https://koreajoongangdaily.joins.com/2021/01/12/national/politics/Wolsong-tritium-Korea-Hydro-and-Nuclear
Power/20210112185500572.html, accessed 9 September 2022.

283 - Naeil, “@39H WA B4 74D TATAF -7 [“Request for a Public Audit of the Leakage of Radioactive Substance at
Wolsong NPP”], 8 March 2022 (in Korean), see http://www.naeil.com/news_view/?id_art=416245, accessed 7 September 2022.

284 - NSSC, “NSSC Shares the Progress of the Second-phase Investigation of Tritium in the Wolsong Site and Future Plans”,
Press Release, Nuclear Safety and Security Commission, 4 May 2022, see https://www.nssc.go.kr/en/cms/FR_BBS_CON/BoardView.
do?MENU_ID=90&CONTENTS_NO=1&SITE_NO=3&BOARD_SEQ=1&BBS_SEQ=46100, accessed 9 September 2022

285 - NSSC, “Progress of First-phase Investigation on Tritium Found in Wolsong Site and Future Plans Announced”, Press Release,
Nuclear Safety and Security Commission, 10 September 2021, see https://www.nssc.go.kr/en/cms/FR_BBS_CON/BoardView.
do?pageNo=1&pagePerCnt=10& MENU_ID=90&CONTENTS_NO=&SITE_NO=3&BOARD_SEQ=1&BBS_SEQ=46055&USER_
NAME=&TEL_NO=&WRITER_DI=&_csrf=&SEARCH_FLD=&SEARCH-=tritium, accessed 9 September 2022.
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In April 2019, tritium of the maximum concentration of 713,000 Bq/L was detected in the
stagnant water in the manhole of the turbine gallery of the Wolsong Unit 3, and tritium of
28,200 Bq/L, in the observation well, WS-2, in May 2019.

The indicated tritium contamination values represent 19 and 475 times the limit of 1,500 Bq
per liter set by the Japanese authorities prior to the planned discharge of contaminated water
generated by the Fukushima disaster (see Fukushima Status Report).

¢o0_ p

Taiwan has three operating reactors at Kuosheng (Guosheng) and Maanshan, all owned by the
Taiwan Power Company (Taipower), the state-owned utility monopoly. The latest reactor to
close was the BWR Kuosheng-1 (or Guosheng), on 1 July 2021.* Accordingly, in 2021, nuclear
generation dropped by 11.6 percent to 26.8 TWh, compared to 30.3 TWh in 2020, contributing
10.8 percent to the country’s electricity production in 2021, compared to 12.7 percent the
previous year. Nuclear generation reached its maximum share of 41 percent in 1988.

Following the January 2020 re-election of President Tsai Ing-wen of the Democratic
Progressive Party (DPP), the nuclear-phaseout and energy-transition policy enacted in the first
term, remains the official strategy.>®”

During the previous term, citizens voted in a 2018-referendum to remove the amendment to
the Electricity Act which made the 2025-phaseout deadline legally binding. The paragraph was
withdrawn, but the government’s commitment to the policy remains intact, thus Kuosheng-1
was the third Taiwanese reactor to be closed under the current government’s nuclear phaseout
plan and another milestone in the island’s energy transition.

The opposition Chinese Nationalist Party (KMT) continues to reject President Tsai’s energy
policy, calling for a life extension of existing reactors and the construction of new plants, and
points to renewed international interest in nuclear power and to the technology’s inclusion
in the EU’s sustainability taxonomy.**® Pro-nuclear lobbying experienced a major setback in
December 2021, when a referendum rejected a proposal to resume construction of two reactors
at the Lungmen Nuclear Power Plant.”® The vote was significant as it showed the population’s
support for current government policy but, whatever the outcome, it would have remained
rather symbolic. Considering the dire state of the Lungmen project, it is indeed unlikely that a
favorable outcome would have translated into policy changes or any concrete action ultimately
leading to operation of the plant (see The Lungmen Saga.)

286 - Taipower, “IZ 15711 0)m 572 A1 (2 ” [“The fuel pool of Nuclear No. 2 Unit 1 was shut down ahead of schedule
today”], 1 July 2021 (in Chinese), see https://www.taipower.com.tw/tc/news_info.aspx?id=4741&chk=75ddf691-44f7-406a-922c-
ebf676c2fbd8&mid=17, accessed 5 July 2021.

287 - Yang Chun-hui, Shih Hsiao-kuang and Lin Liang-sheng, “2020 Elections: Tsai wins by a landslide”, Taipei Times, 12 January 2020,
see https://www.taipeitimes.com/News/front/archives/2020/01/12/2003729107, accessed 7 July 2021.

288 - Liu Kuan-ting, Wen Kuei-hsiang, Hsieh Fang-we and Shih Hsiu-chuan, “KMT’s Ma, DPP butt heads over nuclear phase-
out”, Focus Taiwan, 16 July 2022, see https://focustaiwan.tw/business/202207160020; and Shih Hsiao-kuang and Jake Chung,

“KMT calls for extensions of nuclear power licenses”, Taipei Times, 23 April 2022, see https://www.taipeitimes.com/News/taiwan/
archives/2022/04/23/2003777091; both accessed 1 September 2022.

289 - Ben Blanchard, “Taiwan referendums fail in major setback for opposition”, Reuters, 18 December 2021, see https://www.reuters.
com/markets/commodities/taiwan-opposition-hopes-boost-contentious-referendums-2021-12-18/, accessed 4 September 2022.
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As part of an ongoing reform, the government announced in May 2022 that it was working on
replacing the current regulator, the Atomic Energy Commission (AEC), with an independent
nuclear regulator, the Nuclear Safety Commission. The new commission will be tasked to
oversee and implement waste management, which will be a major challenge in the coming
decades due to the scheduled closure of the remaining nuclear fleet by 2025 and ensuing
decommissioning activities.>° The authority was to be set up about a decade ago,”* and an
organizational act was passed in early 2013 as part of restructuring ministerial affiliations>*,
yet, as of July 2022, the AEC was still exercising regulatory oversight in Taiwan.

As reported in previous editions, Taipower announced the closure of Chinshan-1 on
5 December 2018, while Chinshan-2 has remained shut down from June 2017 but was officially
closed on 15 July 2019, when its 40-year operating license expired.

On 1 July 2021, Taipower announced that due to a lack of spent fuel storage capacity, Kuosheng
Unit 1 had been permanently shut down, which was six months earlier than planned.*** The
closure of Kuosheng-1 was originally scheduled for 27 December 2021 when its operating
license expired. Nuclear fuel was loaded into the reactor during the refueling and maintenance
outage in 2020 but in February 2021, Taipower reduced the reactor power level to 8o percent
to save fuel and allow it to extend operations until higher-consumption month of June 2021.>%4

The reactor, which is located on the northern coast of Taiwan, approximately 22 km northeast
of Taipei City, was a 985 MW BWR/6 unit supplied by General Electric (GE) and was connected
to the grid on 21 May 1981. In its last full year of operation in 2020, it generated 7.4 TWh of
electricity and about 4 TWh over the six months it operated in 2021.>%

Local opposition in Taiwan prevented the construction of additional spent fuel dry storage
capacity and is one reason for the early closure of Kuosheng-1. Taipower undertook the
installation of high-density spent fuel storage racks (HDFSRs) in the early 1990’s at Kuosheng
and retrofitting work for even higher density in 2005.2¢ In April-June 2017, racks initially
intended for Lungmen-2 were installed to expand capacity for two 18-months cycles.>”

290 - Matthew Strong, “Taiwan plans to set up independent nuclear safety commission”, Taiwan News, 4 May 2022,
see https://www.taiwannews.com.tw/en/news/4527845, accessed 1 September 2022.

291 - WNA, “Nuclear Power in Taiwan”, Updated July 2022, see https://world-nuclear.org/information-library/country-profiles/others/
nuclear-power-in-taiwan.aspx, accessed 1 September 2022.

292 - Executive Yuan, “Nuclear Safety Commission organizational act passed by the Executive Yuan”, Press Release, Government
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Kuosheng-2 is planned for closure on 15 March 2023, and Maanshan’s two PWRs on 26 July 2024
and 17 May 2025 respectively. In line with the official policy and current regulation, the
application for the closure of the Maanshan plant was submitted in July 2021.2%®

A referendum was to be held on 28 August 2021 that included an attempt at overturning the
current nuclear phaseout policy, by asking voters to approve the construction restart of two
ABWRs at the Lungmen Nuclear Power Plant. Due to the COVID-19 pandemic, the vote was
postponed to December 2021 and resulted in the rejection of the proposal by a 5.7 percent
margin (47.2 percent in favor, 52.8 percent against).>*

According to the AEC, as of the end of March 2014, Lungmen-1 was 97.7 percent complete,°
while Lungmen-2 was 91 percent complete. The plant was by then estimated to have cost
NT$300 billion (US$, 9.9 billion).** After multiple delays, rising costs, and large-scale public
and political opposition, including through local referendums, on 28 April 2014, then Premier
Jiang Yi-huah announced that Lungmen-1 will be mothballed after the completion of safety
checks while work on Unit 2 at the site was also to be stopped. In December 2014, it was
announced that the project was put on hold for three years.>** It never resumed.

There was little prospect that the units would ever operate even with a different referendum
outcome, considering that resumption would have required Taiwan’s legislature and AEC
approval, which was not going to happen given the current government was reelected with the
promise to end nuclear power generation by 2025. Taipower has long considered a completion
of the project “neither feasible nor desirable” .3

Beyond industrial or political will, a plethora of obstacles compromised the realism of such
undertaking. First, new licensing processes and a new environmental impact assessment
would have been necessary as the initial construction permit expired at the end of 2020, this
would have required additional geological surveys since a seismic fault running two kilometers
beneath both reactors was identified in 2014.3%

Even if the seismic fault was proven inactive, numerous further technical challenges would
still have to be overcome. As Taipower explained in February 2019 that it would not be able
to simply replace major components installed nearly 20 years ago, including instrumentation
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and control, as well as full-scale renegotiation with the main supplier General Electric (GE).3%
Taipower stated at the time that it could take at least 6-7 years to complete construction if all
of these obstacles were to be overcome, that is without accounting for the negotiation process
with GE whose original project team no longer exists.>*¢ In 2021, the AEC Chairman cited a
“10 years or more” timeline until grid connection of both units.3*”

Moreover, in November 2021, the government revealed previously confidential documentation
from 2015 showing the extent of unresolved safety-relevant technical issues that would impact
the project should it be relaunched. The documents were unearthed during an investigation
launched in summer 2019 by the government’s supervisory and auditory branch, the Control
Yuan, into the rationale behind two settlement payments issued by Taipower to GE. The
first was a US$158 million compensation for equipment supplied at Lungmen awarded to GE
by the International Chamber of Commerce (ICC). This was awarded in a December 2018
ruling (notified in March 2019), following a 3-year investigation initiated at the request of
GE over cessation of payment by Taipower. A second ruling by ICC resulted in a settlement
agreement between the two companies, amounting to a third of the US$66 million that GE
was demanding (which Taipower said it agreed to in order to minimize compensation payment
and avoid further legal fees).

Compliance with safety specifications had long been subject to contradicting assertions,
including from the former-Minister of Economic Affairs, Chang Chia-chu, who declared in
2014, that Unit 1 was cleared for hot-testing based on a task-force report he commissioned.
The result of this “confidence-building” exercise initiated by GE and a nuclear engineer from
Bechtel (who later became a prominent critic of the project) did not involve AEC findings
yet was used by the Minister to legitimize the process citing it as evidence and was still used
prior to the December 2021 referendum. One of the Commissioners stated at the launch of the
investigation in 2019, that sanctions could be considered either against Taipower executives or
individual ministry officials, depending “on the evidence”.>*®

The probe scrutinized counterclaims filed by Taipower with the International Court of
Arbitration in 2015, alleging a “wide range of system design shortcomings and noncompliance
with specifications of its [GE’s] ...ABWR.”* GE was cleared at the time by blaming the
suspension of the project for its shortcomings—an explanation the company maintains to this
day. Nevertheless, documents revealed by the inquiry showed that 23 out of the 43 counterclaims
remained unresolved—including some relating to emergency core cooling, and radiation
monitoring—casting further doubt on costs and delay until hypothetical operation of the
facility.>° Further findings revealed that out of 187 preoperational system-function test-reports
at Lungmen-1, the AEC only approved 155, leaving 32 unresolved. Evidently, the regulator
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Intelligence, 19 November 2021, see https://www.energyintel.com/ooooo17d-33fa-do8a-abfd-fffe71afoooo, 4 September 2022.
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had not cleared the unit for operation. No sanctions have been announced, but the summary
conclusions of the investigation state that Minister Chang’s July 2014-claims had “no legal
standing” yet “created the mistaken understanding among a part of society that the report
meant that the nuclear power plant was safe.”"

While the opposition labeled the findings “irrelevant” repeating past declarations that
Lungmen-1 had been cleared for testing, voters were more affected by the revelations. A 2019-
poll illustrated the impact of cost and delays on public opinion by revealing that a majority
of the population supported the project at the time, but support fell from 54 percent to just
44 percent, while opposition rose from 33 percent to 42 percent, once individual respondents
were presented with estimates that placed costs of resuming construction at NT$50 billion
(US$__ 1.7 billion) over five years.** According to some polls, a slight majority of voters were
favorable to the project until November 20213

WNISR took the units off the construction listing in 2014, where they remain as of 1 July 2021.
The IAEA kept listing the Lungmen reactors as under construction at least until June 20193+
however, as of 2022 they were no longer listed.>s

Historical public opposition to nuclear power in Taiwan dramatically escalated during and
in the months following the beginning of the Fukushima Daiichi disaster which has been a
principal driver of the nation’s ambitious plans for a renewable energy transition. The “New
Energy Policy Vision”, announced by the administration in summer 2016, aims at establishing
“a low carbon, sustainable, stable, high-quality and economically efficient energy system”
through an energy transition and energy industry reform.>¢ On 12 January 2017, the Electricity
Act Amendment completed and passed its third reading in the legislature, setting in place
Taiwan’s energy transition, including the nuclear phaseout.?” The law also gives priority to
distributed renewable energy generation by which its generators will be given preferential
rates, and small generators will be exempt from having to prepare operating reserves.

The closure of Kuosheng-1 in July 2021 prior to summer peak electricity demand has led
some to question the merits of the government’s energy policy;** however, a Taipower official
stated that the loss of the reactor would not impact power supply margins as the company had
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“anticipated the shutdown for several months and Taipower has controlled for this”, through
the commissioning of a new 500-MW combined cycle gas turbine (CCGT) and 500 MW of new
solar PV installations.?” There were nevertheless reports about blackouts in August 2021 but
the exact causes remain unclear.3*°

President Tsai in October 2020 called for Taiwan to become a leading center of green energy in
the Asia-Pacific region.>' The island’s potential for offshore wind is very high, and in 2021, the
Global Wind Energy Council estimated Taiwan’s offshore wind technical potential to be as high
as 494 GW. > Between 2021 and 2025, Taiwan aims to add 5.7 GW of offshore wind capacity
to the grid. In 2020, the government’s position was that an additional 10 GW of offshore wind
will be added to the grid between 2026-2035.3* In May 2021, this was increased to 15 GW, thus
corresponding to the deployment of 1.5 GW per year over the decade.?

However, in the shorter term, after stagnating in 2020, offshore wind capacity grew by only
109 MW in 2021, reaching 237 MW, and bringing total installed wind capacity to just 1 GW?3*
delivering 2.2 TWh (gross) over the year.*® Three wind farms with a combined capacity of
1 GW are to come online in 20223

Meanwhile, Solar PV deployment has proven more effective, 1.9 GW were installed in 2021
bringing the total to 7.7 GW (compared to 0.1 GW in 2011),3*® and according to BP, these
provided about 7.9 TWh, a 30.4 percent increase from 6.1 TWh in 2020. Current targets for
2025 place solar capacity at 20 GW and combined renewable energy capacity at 25 percent of
the power mix.3* In 2021, non-hydro renewables provided a combined 2.4 percent of primary
energy consumption and 4.2 percent of generated electricity, corresponding to 12.1 TWh,
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compared to 10.4 TWh in 2020 and 3.4 TWh in 2012. Taiwan was ranked thirtieth in the
Renewable Energy Country Attractiveness Index 2021.33°

Despite being blocked from joining the Paris Agreement and COP negotiations, the Taiwanese
Government, in April 2021, unilaterally pledged to achieve Net-Zero by 2050 and announced
drafting regulations to that end as well as the accelerated implementation of existing targets.’s'

As of 2021, the island remains heavily dependent on energy imports—with over 97 percent of
imported primary energy that year3**—and is the ninth biggest fossil fuel consumer per capita
in the world, according to S&P Global calculations. In 2021, coal still dominated electricity
generation with a 44 percent contribution, followed by a 37 percent share from natural gas.3s
The government’s strategy—summarized by MOEA as “Promote Green Energy, Increase
Nature Gas, Reduce Coal-fired, Achieve Nuclear-free”—would see natural gas consumption
increase substantially, and provide 50 percent of gross electricity production by 2025.33 Such
reliance on gas requires a very stable supply, which in the light of unfolding geopolitical
changes is a high risk strategy.

In March 2022, Taiwan’s National Development Council unveiled its “Pathway to Net-Zero
Emissions in 2050”, an updated strategy to pursue the transition more aggressively through a
wide range of measures. The strategy is based on a NT$9oo0 billion (US$30.2 billion) budget to
2030, of which NT$210.7 billion (~US$7.1 billion) are allocated to “renewables and hydrogen”,
and a further NT$207.8 billion (~US$7 billion) are to be invested in “grid and energy storage”.
The plan provides for 40 GW of combined wind and solar capacity by 2030, and by 2050,
renewables are to represent 60-70 percent of the country’s energy mix, representing an
installed capacity of 40-80 GW in solar and 40-55 GW of offshore wind alone33.

The reform of the electricity market is continuing with the second stage during 2019-2025
to include grid unbundling, the restructuring of Taipower into a holding company with two
entities: a power generation corporation and a transmission and distribution corporation; and
the separation of the accounting system for these planned within two years and complete
separation within six to nine years°.
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As of mid-2022, the United Kingdom operated 11 reactors, following the closure of the two
reactors at Hunterston in November 2021 and January 2022, and two units at Dungeness closed
in June 2021. In total, 34 nuclear reactors have been closed in the U.K., the second largest
number of any country behind the U.S. This includes all 26 Magnox reactors, two fast breeders,
one small unit at Sellafield and five Advanced Gas Reactors (AGRS).

UK Reactors Startups and Closures

in Units, from 1956 to 1 July 2022 Magnox FBR AGR SGHWR PWR
Operating |
Startups
Closed
6
4
2 .
Sizewell B

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 7/22

2 Wylfa-1
Oldbury 2018
4 A-2 Dungeness
B-1&B-2
0 2012
Oldbury A-1 2021
Closures Wylfa-2 Hunterston B-1
2022 —

Hunterston B-2

Source: WNISR with IAEA-PRIS and EDF Energy, 2022

Type of Reactors:

AGR: Advanced Gas Reactors; FBR: Fast Breeder Reactor; PWR: Pressurized Water Reactor; SGHWR: Steam Generating Heavy Water Reactor

In 2021, nuclear plants generated 42 TWh, on the decline for the sixth year in a row, representing
14.8 percent of electricity, down from a maximum share of 26.9 percent in 1997.

The electricity mix in the U.K. has changed rapidly over the past decades as can be seen in
Figure 38. The most significant trend has been the rapid increase in the use of renewable
energy—from 2.5 percent at the turn of the century to 39.6 percent in 2021—the rapid demise
in the use of coal—from 39.2 percent in 2012 to 2.1 percent one decade later—and the relatively
more gradual decline in the generation of electricity from nuclear power. The closure of all the
Magnox reactors and now the often-extended outages and closure of some of the AGRs has
resulted in nuclear generation decreasing from 64 TWh in 2017 to 42 TWh in 2021.
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Figure 38 - Electricity Generation by Source in the U.K. 2000-2021
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Source: U.K. Government, DUKES 202237

While Great Britain—including England, Scotland, and Wales, but not Northern Ireland—
has left the EU Internal Energy Market as a consequence of Brexit, electricity trade continues
with EU member states. In fact, electricity trade is increasing as new interconectors become
operational. In 2021, a new connection was made with Norway, the North Sea Link, a 1.4 GW
~720 km cable33®, which follows on the back of new interconnectors to France in 2020 and to
Belgium in 2019. In total, there are now seven cables with a total capacity of 7.4 GW,*° and
while these allow power to flow both ways, the British market is increasingly a net importer:
24 TWh in 2021 compared to 19 TWh in 2018,3*° although this may change in 2022, due to the
low production in France (see France Focus).

EDF Energy, a wholly owned subsidiary of French state-controlled utility EDF, is the majority
owner of the company Lake Acquisitions that owns the operating nuclear reactors. Centrica
has a minority share (20 percent) in Lake Acquisitions. Centrica reported an adjusted operating
loss in nuclear operations of £38 million (US$  s1.3 million) in 2021, up from £17 million
(US$,_, 23 million) in 2020, and compared to a profit of £19 million (US$201925 million) in 2019,

337 - BEIS, “National Digest of UK Energy Statistics - Electricity fuel use, generation and supply”, Department for Business, Energy
& Industrial Strategy, U.K. Government, 2022, see https://assets.publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/1094460/DUKES_5.6.xlsx, accessed 28 July 2022.

338 - National Grid Group, “National Grid powers up world’s longest subsea interconnector between the UK and Norway”,
Press Release, 1 October 2021, see https://www.nationalgrid.com/national-grid-powers-worlds-longest-subsea-interconnector-
between-uk-and-norway, accessed 19 July 2022.

339 - National Grid, “Interconnectors”, June 2022, see https://www.nationalgrid.com/national-grid-ventures/interconnectors-
connecting-cleaner-future, accessed 19 July 2022.

340 - BEIS, “Energy Trends”, National Statistics, Department for Business, Energy & Industrial Strategy, U.K. Government,
30 June 2022, see https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1086789/Energy_
Trends_June_2022.pdf, accessed 19 July 2022.


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1094460/DUKES_5.6.xlsx
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1094460/DUKES_5.6.xlsx
https://www.nationalgrid.com/national-grid-powers-worlds-longest-subsea-interconnector-between-uk-and-norway
https://www.nationalgrid.com/national-grid-powers-worlds-longest-subsea-interconnector-between-uk-and-norway
https://www.nationalgrid.com/national-grid-ventures/interconnectors-connecting-cleaner-future
https://www.nationalgrid.com/national-grid-ventures/interconnectors-connecting-cleaner-future
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1086789/Energy_Trends_June_2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1086789/Energy_Trends_June_2022.pdf
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as unplanned outages resulted in having to buy power from the market to fulfill hedge3*,
electricity sold in advance.3* Given the higher power prices in 2022, EDF Energy may make
significant profits this year, although the early closure of a number of reactors may dampen
these.

For several years EDF has tried to coax additional operation out of its aging AGR fleet through
extensive maintenance and backfitting during extended outages.

Managing reactors as they age—the U.K. fleet age exceeds 37 years now (see Figure 39)
is a constant problem for any technology design, and the AGRs are no exception. In recent
years, issues with the core’s graphite moderator bricks have raised concerns. Keyway Root
Cracks (KWRC) were unexpectedly found at the Hunterston B reactors in 2016. This can lead
to the degradation of the keying system, a vital component which houses the fuel, the control
rods, and the coolant (CO;). Their cracking or distortion could impact the insertion of the
control rods or the flow of the coolant. There are also issues of erosion of the graphite, and a
number of the AGRs are close to the erosion limits that the Office for Nuclear Regulation (ONR)
has set. ONR has said “most of the AGRs will have their life limited by the progression of
cracking”, as replacing the graphite bricks is impossible.3#

Beside the small unit at Windscale, 14 AGRs were built (see Figure 37) operating at seven
stations and despite increasing concerns all reactors were said to be in service at the start of
2021 although Hunterston B and Hinkley Point B had generated little electricity in the previous
two years, and Dungeness B none since 2018. Until mid-2021, Hinkley Point B and Hunterston B
were due to operate until 2023 while Dungeness B was due to operate until 2028. However, by
early 2022, the situation had dramatically changed with EDF officially closing Dungeness B-1
and -2 in June 2021, Hunterston B in January 2022, and with Hinkley Point B scheduled for
closure in July 2022. Furthermore, Hartlepool and Heysham A are due to close in 2024 and
even the closure of the last two units (Torness and Heysham B), previously due in 2030, was
brought forward to 2028.3# (See Table 9)

341 - Companies take out a hedge—which is a form of insurance—that guarantees availability at a fixed price.

342 - Centrica, “Centrica plc Annual Report and Accounts 2021—Strategic Report”, April 2022, see https://www.centrica.com/
media/5513/centrica-arai-strategic-report.pdf, accessed June 2022; and Centrica, “Annual Report and Accounts 20197, 17 March 2020,
p- 32, see https://www.centrica.com/media/4204/annual-report-and-accounts-2019.pdf, accessed 5 July 2022.

343 - ONR, “Operating power stations: Graphite core of AGRs”, Office for Nuclear Regulation, 5 March 2021,
see http://www.onr.org.uk/civil-nuclear-reactors/graphite-core-ageing.htm, accessed 11 April 2021.

344 - EDF, “AGR lifetime reviews carried out”, Press Release, 15 December 2021, see https://www.edfenergy.com/media-centre/news-
releases/agr-lifetime-reviews-carried-out, accessed 17 June 2022; and EDF, “Zero-carbon electricity generation ends at Hunterston B”,
Press Release, 7 January 2022, see https://www.edfenergy.com/media-centre/news-releases/zero-carbon-electricity-generation-ends-
hunterston-b; also WNN, “EDF Energy confirms Hinkley Point B shutdown plan”, 1 June 2022, see https://www.world-nuclear-news.
org/Articles/EDF-Energy-confirms-Hinkley-Point-B-shutdown-plan; both accessed 5 July 2022.


https://www.centrica.com/media/5513/centrica-ar21-strategic-report.pdf
https://www.centrica.com/media/5513/centrica-ar21-strategic-report.pdf
https://www.centrica.com/media/4204/annual-report-and-accounts-2019.pdf
http://www.onr.org.uk/civil-nuclear-reactors/graphite-core-ageing.htm
https://www.edfenergy.com/media-centre/news-releases/agr-lifetime-reviews-carried-out
https://www.edfenergy.com/media-centre/news-releases/agr-lifetime-reviews-carried-out
https://www.edfenergy.com/media-centre/news-releases/zero-carbon-electricity-generation-ends-hunterston-b
https://www.edfenergy.com/media-centre/news-releases/zero-carbon-electricity-generation-ends-hunterston-b
https://www.world-nuclear-news.org/Articles/EDF-Energy-confirms-Hinkley-Point-B-shutdown-plan
https://www.world-nuclear-news.org/Articles/EDF-Energy-confirms-Hinkley-Point-B-shutdown-plan
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Table 9 - Status of U.K. EDF AGR Nuclear Reactor Fleet (as of 1July 2022)

Dungeness B-1 545 03/04/1983 Closed
Dungeness B-2 545 29/12/1985 Last power in 2018
Hartlepool A-1 590 01/08/1983 March
Hartlepool A-2 595 31/10/1984 2024
Heysham A-1 485 09/07/1983 March
Heysham A-2 575 11/10/1984 2024
Heysham B-1 620 12/07/1988 March 2028
Heysham B-2 620 11/11/1988 March 2028
Hinkley Point B-1 485 30/10/1976 July
Hinkley Point B-2 480 05/02/1976 2022
Hunterston B-1 490 06/02/1976 Closed 2021
Hunterston B-2 495 31/03/1977 Closed January 2022
Torness-1 595 25/05/1988 March 2028
Torness-2 605 03/02/1989 March 2028

Sources: EDF Energy, 2022

The decommissioning cost estimates for the AGRs have continued to rise and according to
the Parliament’s Public Accounts Committee, costs “have almost doubled since March 2004,
estimated at £23.5 billion [US§_
that the costs could rise further”. Furthermore, despite having already provided £10.7 billion
[US$ 13 billion] (from a total value of the funds of £14.8 billion [US$ 20.3 billion]),
the Government was committed to “top up the Fund with taxpayers’ money, providing
an injection of capital of £5.1 billion [US§  6.9] in 2020-21 with a further £5.6 billion
[US$. 7 billion] expected in 2021-227.34

32.7 billion] in March 2021, and there remains a significant risk

2020

2022

Figure 39 - Age Distribution of U.K. Nuclear Fleet
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Sources: WNISR, with IAEA-PRIS, 2022

345 - Committee of Public Accounts, “The Future of the Advanced Gas-cooled Reactors”, Third Report of Session 2022-23, House of
Commons, 20 May 2022, see https://publications.parliament.uk/pa/cms803/cmselect/cmpubacc/118/report.html, accessed 5 July 2022.


https://publications.parliament.uk/pa/cm5803/cmselect/cmpubacc/118/report.html
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The U.K. has set one of the most ambitious greenhouse gas emissions targets in the world,
committing to a 68 percent reduction from 1990 levels by 2030 and 78 percent by 2035%°
compared to a 50 percent reduction achieved in 202034 The U.K. Government has also
committed to a zero-emission power sector by 2035.34*

In June 2019, the Parliament set in law a commitment to reach net zero carbon emissions by
2050 and as part of this process six select committees jointly agreed to establish a citizens’
assembly on climate change and how the Net Zero Target could be met. Special attention was
to be given to the findings of the citizens’ assembly as “it is unique: a body whose composition
mirrors that of the U.K. population.”#

The citizens’ assembly found

three main disadvantages to nuclear: “its cost, safety, and issues around waste storage and
decommissioning”.

Support for nuclear power was second lowest to the use of fossil fuels with Carbon Capture
and Storage (CCS), with 34 percent of the assembly agreeing or strongly agreeing that it
should be part of how the U.K. generates electricity, compared to 78 percent for onshore
wind, 95 percent for offshore wind and 81 percent for solar.35°

The Climate Change Committee, an independent body established to advise the Government
on meeting its climate commitments has produced a report in 2019 on how the U.K. can meet
its Net Zero commitments. Three out of five of the Committee’s energy scenarios featured just
5 GW of nuclear capacity by 2050, equating to completing Hinkley Point C and life-extending
Sizewell B for 2035-2055. The remaining two scenarios featured 10 GW of nuclear capacity.
The Committee concluded:

Renewables are cheaper than alternative forms of power generation in the UK and can be
deployed at scale to meet increased electricity demand in 2050 - we therefore consider deep
decarbonisation of electricity to be a Core measure. (...)

346 - U.K. Government, “UK enshrines new target in law to slash emissions by 78% by 2035”, Press Release, 20 April 2021,
see https://www.gov.uk/government/news/uk-enshrines-new-target-in-law-to-slash-emissions-by-78-by-2035, accessed 19 July 2022.

347 - BEIS and National Statistics, “2020 UK Greenhouse Gas Emissions, Final Figures”, Department for Business, Energy & Industrial
Strategy, U.K. Government, 1 February 2022, see https
attachment_data/file/1051408/2020-final-greenhouse-gas-emissions-statistical-release.pdf, accessed 5 July 2022.

sets.publishing.service.gov.uk/government/uploads/system/uploads/

348 - BEIS, “Plans unveiled to decarbonise UK power system by 2035”, Department for Business, Energy & Industrial Strategy,
U.K. Government, Press Release, 7 October 2021, see https://www.gov.uk/government/news/plans-unveiled-to-decarbonise-uk-power-
system-by-2035, accessed 6 July 2022.

349 - Climate Assembly UK, “The Path to Net Zero”, House of Commons, 2020, see https://www.climateassembly.uk/report/read/final-
report-exec-summary.pdf, accessed 6 July 2022.

350 - Ibidem. Note: the U.K. public opinion survey echoes a 2020 study on France where nuclear—also with 34 percent—came in
second lowest to oil with solar getting 91 percent and wind (general) 82 percent of “good or very good” opinions, see IRSN, “Barometre
IRSN 2020 sur la perception des risques et de la sécurité”, 23 June 2020 (in French), see https://www.irsn.fr/fr/actualites_presse/
communiques_et_dossiers_de_presse/pages/20200623_barometre-risques-securite-france-2020.aspx, accessed 17 June 2022.

351 - Committee on Climate Change, “Net Zero - Technical Report”, 2 May 2019, see https://www.theccc.org.uk/publication/net-zero-
technical-report/, accessed 12 April 2021.


https://www.gov.uk/government/news/uk-enshrines-new-target-in-law-to-slash-emissions-by-78-by-2035
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1051408/2020-final-greenhouse-gas-emissions-statistical-release.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1051408/2020-final-greenhouse-gas-emissions-statistical-release.pdf
https://www.gov.uk/government/news/plans-unveiled-to-decarbonise-uk-power-system-by-2035
https://www.gov.uk/government/news/plans-unveiled-to-decarbonise-uk-power-system-by-2035
https://www.climateassembly.uk/report/read/final-report-exec-summary.pdf
https://www.climateassembly.uk/report/read/final-report-exec-summary.pdf
https://www.irsn.fr/fr/actualites_presse/communiques_et_dossiers_de_presse/pages/20200623_barometre-risques-securite-france-2020.aspx
https://www.irsn.fr/fr/actualites_presse/communiques_et_dossiers_de_presse/pages/20200623_barometre-risques-securite-france-2020.aspx
https://www.theccc.org.uk/publication/net-zero-technical-report/
https://www.theccc.org.uk/publication/net-zero-technical-report/
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Reducing emissions towards net-zero will require continued deployment of renewables and
possibly nuclear power and other low-carbon sources such as carbon capture and storage
and hydrogen, along with avoiding emissions by improving energy efficiency or reducing
demand. [Emphasis added.]

The Committee is clearly recognizing the economic and deployment advantages of renewables
over nuclear power as the country moves toward a zero emissions economy.

In November 2020, the U.K. Government published a Ten-Point Plan for a Green Industrial
Revolution, which included a specific point on, “Delivering New and Advanced Nuclear
Power” 35> This put forward milestones for the sector, including:

2021: Launch of Phase 2 of U.K. SMR design development;
Mid 2020s: Hinkley Point C (HPC) comes online;

Early 2030s: First SMRs and Advanced Modular Reactor (AMR) demonstrator deployed in
the UK.

Then in December 2020, the Government published a long-awaited Energy White Paper. In
this they stated that their aim was to “bring at least one largescale nuclear project to the point
of Final Investment Decision by the end of this Parliament [2024], subject to clear value for
money and all relevant approvals”.3$ In an accompanying press statement the Government said
it would begin negotiations with EDF on Sizewell C.3* However, the approval has a requirement
for a “value-for-money” hurdle to be passed, which given the current economics of nuclear vs.
renewables is likely to be difficult. Then U.K. minister for Investment Lord Gerry Grimstone
told the Financial Times at the time “If you read the energy white paper before Christmas it’s
by no means certain that this country is going to be building large nuclear power stations”.3$

The U.K. has failed in the area of energy efficiency, which is all the more surprising as it is
the one measure that can rapidly and cheaply address energy security, climate change, and
affordability simultaneously. Domestic buildings are the largest user of natural gas and account
for 20 percent of greenhouse gas emissions, however, inadequate progress has been made on
energy efficiency.

In January 2021, the U.K. Government proposed that all new homes be “zero carbon ready”
by 2025, meaning they should emit 75-80 percent less carbon than those built to the current
standards introduced in 2013. But this is just the latest target for new buildings, and when
part of the EU, the U.K. Government signed up, through the Energy Performance of Buildings
Directive, required all new buildings to be “Nearly Zero Energy” by 31 December 2020, and

352 - BEIS, “The Ten Point Plan for a Green Industrial Revolution”, Department for Business, Energy & Industrial Strategy,
U.K. Government, November 2020, see https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/
file/936567/10_POINT_PLAN_BOOKLET.pdf, accessed 6 July 2022.

353 - BEIS, “Energy White Paper — Powering our Net Zero Future”, Presented to Parliament by the Secretary of State for Business,
Energy and Industrial Strategy, December 2020, see https://assets.publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/945899/201216_BEIS_EWP_Command_Paper_Accessible.pdf, accessed 11 April 2021.

354 - BEIS, “Government sets out plans for clean energy system and green jobs boom to build back greener”, Department for Business,
Energy & Industrial Strategy, Press Release, 14 December 2020, see https://www.gov.uk/government/news/government-sets-out-plans-
for-clean-energy-system-and-green-jobs-boom-to-build-back-greener, accessed 14 December 2020.

355 - Daniel Thomas and Jim Pickard, “UK woos sovereign wealth funds over green investments”, Financial Times, 28 April 2021,
see https://www.ft.com/content/f2352470-2bef-4b15-bae8-fbgeoo2212do, accessed 5 May 2021.

356 - Glen Dimplex, “The Energy Performance of Buildings Directive and the NZEB 2020 target for new buildings”, 25 August 2020,
see https://www.gdhv.co.uk/energy-performance-buildings-directive-and-nzeb-2020-target-new-buildings, accessed 22 May 2022..


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/936567/10_POINT_PLAN_BOOKLET.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/936567/10_POINT_PLAN_BOOKLET.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/945899/201216_BEIS_EWP_Command_Paper_Accessible.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/945899/201216_BEIS_EWP_Command_Paper_Accessible.pdf
https://www.gov.uk/government/news/government-sets-out-plans-for-clean-energy-system-and-green-jobs-boom-to-build-back-greener
https://www.gov.uk/government/news/government-sets-out-plans-for-clean-energy-system-and-green-jobs-boom-to-build-back-greener
https://www.ft.com/content/f2352470-2bef-4b15-bae8-fb9e002212d0
https://www.gdhv.co.uk/energy-performance-buildings-directive-and-nzeb-2020-target-new-buildings
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before that in 2006 the Government announced that by 2016 all new homes would be “net
energy buildings”3% In 2007, energy analyst Walt Patterson published an article for Chatham
House which highlighted the importance of energy efficiency, specially for foreign policy, which
stated:

Forget fighting wars to protect oil and gas supplies, worry less about unsavoury leaders who
extract a price for access to these precious products. Instead, order some loft insulation for
homes, offices and especially government buildings.3s®

If this advice had been followed, the U.K. would likely today be in a very different place, one
with affordable household heating and far greater energy independence. That is true, of course,
not only for the U.K.

As with many other countries, especially those in Europe, the invasion of Ukraine by Russia
in February 2022 and the subsequent spike in energy prices led the Government to announce
that it would review its energy policy and particularly around energy security. However,
the U.K. is in a markedly different position to the Member States of the EU, in that it is not
highly dependent on Russia for its fuel, that, in 2021, supplied just 4 percent of the natural
gas consumed, 9 percent of its oil, and 27 percent of its coal.*® This is a result of domestic
production, although this is decreasing, and in the case of gas of the far greater use gas from
Norway and the Netherlands and of Liquified Natural Gas (LNG), as well as increasing
renewable energy deployment.

In April 2022, the Government published its revised strategy?*® which was met with howls
of derision from many interested parties.3* As well as the failure to prioritize demand side
measures, given the policy’s stated purpose to increase supply diversity away from dependency
on Russian fuels, it is remarkable that the policy has chosen to ignore measures that can be
introduced most rapidly. The document does not set any further target for onshore wind
and goes further saying that it “will not introduce wholesale changes to current planning
regulations for onshore wind”, the very regime that slowed its deployment. Then on solar, while
it looks more promising on the surface, as it says “we expect a five-fold increase [in capacity]
by 20357, there is little indication of how such an increase would be achieved. The ruling party,
the Conservatives, given their support mainly in rural areas, are particularly sensitive to local
planning concerns and have therefore used the policy to shore up their chances of re-election.

357 - Matt Weaver, “Brown pledges to build ‘zero carbon” homes”, The Guardian, 6 December 2006,
see https://www.theguardian.com/environment/2006/dec/o6/politics.greenpolitics, accessed 22 May 2022.

358 - Walt Patterson, “Energy, Fuel and Efficiency: Loft Insulation as Foreign Policy”, Chatham House, 1 July 2007,
see https://www.chathamhouse.org/publications/the-world-today/2007-07/energy-fuel-and-efficiency-loft-insulation-foreign-policy,
accessed 22 May 2022.

359 - Paul Bolton, “Imports of energy from Russia”, Research Briefing, House of Commons Library, U.K. Parliament, 14 June 2022,
see https://commonslibrary.parliament.uk/research-briefings/cbp-9523/, accessed 7 July 2022.

360 - U.K. Government, “British Energy Security Strategy”, April 2022, see https:
uploads/system/uploads/attachment_data/file/1069973/british-energy-security-strategy-print-ready.pdf, accessed 7 July 2022.

/[assets.publishing.service.gov.uk/government/

»

361 - Will Stevens, ““Wholly inadequate’ Government’s Energy Security Strategy ‘fails to rise to the challenge facing the country””,
REA, The Association for Renewable Energy & Clean Technology, 7 April 2022, see https://www.r-e-a.net/wholly-inadequate-
governments-energy-security-strategy-fails-to-rise-to-the-challenge-facing-the-country/, accessed 19 July 2022.


https://www.theguardian.com/environment/2006/dec/06/politics.greenpolitics
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Oftshore wind does get more direct encouragement by setting a specific target of 50 GW by
2030—including 5 GW of new floating wind—up from 14 GW. The Government proposes
to support this by reducing the planning and development time by 50 percent. However, the
Government chose to highlight its ‘big bet” on nuclear power as the cornerstone of the new
policy, with then Prime Minister, Boris Johnson saying “we’re embracing the safe, clean,
affordable new generation of nuclear reactors, taking the UK back to pre-eminence in a field
where we once led the world” 3¢

Furthermore, the Government said in April 2022 that “A new government body, Great British
Nuclear, will be set up immediately to bring forward new projects, backed by substantial
funding,” and it would “launch the £120 million [US$__ 161.5 million] Future Nuclear Enabling
Fund this month”3% The nuclear fund had previously been announced in the spending review
of October 20213* and was ultimately launched in May 2022.3% To the great deception of the
industry, there was no new commitment of government funding. “I was expecting this to be
bad, but not as bad as it was”, one industry source told Nuclear Intelligence Weekly.3*°

The main details of the “new” plan®*’ were:

To increase the deployment of nuclear power of up to 24 GW of capacity by 2050.

To take a project to the final investment decision in this parliament, by 2024 (Sizewell C),
which has already been announced.

Two further projects, including SMRs, in the next Parliament (scheduled for between
January 2025-2029).

Four nuclear projects in total by 2030:

Initiate the selection process in 2023 for further U.K. projects, with the intention that
Government will enter negotiations with the most credible projects to enable a potential
government award of support as soon as possible, including (but not limited to) the Wylfa
site. However, as with existing policy, “any projects would be subject to a value for money
assessment, all relevant approvals and future spending reviews”.

In contrast to other onshore technologies, the Government has said it will “work with the
regulators to understand the potential for any streamlining or removing of duplication
from the consenting and licensing of new nuclear power stations”.

The Government will “develop an overall siting strategy for the long term” targeted at
eight designated nuclear sites: Hinkley, Sizewell, Heysham, Hartlepool, Bradwell, Wylfa,
Oldbury, and Moorside.

362 - Ibidem.

363 - BEIS and Prime Minister’s Office, “Major acceleration of homegrown power in Britain’s plan for greater energy independence”,
U.K. Government, Press Release, 6 April 2022, see https://www.gov.uk/government/news/major-acceleration-of-homegrown-power-in-
britains-plan-for-greater-energy-independence, accessed 22 May 2022.

364 - U.K. Government, “Autumn Budget and Spending Review 2021—A stronger economy for the British people”, 27 October 2021,
see https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1043688/Budget_AB2021_Print.
pdf, accessed 7 July 2022.

365 - NEI Magazine, “UK launches Future Nuclear Enabling Fund”, Nuclear Engineering International, 16 May 2022,
see https://www.neimagazine.com/news/newsuk-launches-future-nuclear-enabling-fund-9701659, accessed 22 May 2022.

366 - Stephanie Cooke and Phil Chaffee, “Latest”, Nuclear Intelligence Weekly, 8 April 2022.

367 - U.K. Government, “British Energy Security Strategy”, April 2022, op. cit.
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As noted, the U.K. has one power plant with two reactors under construction at Hinkley Point C
and one project with two units awaiting a final investment decision at Sizewell C. Both projects
use the EPR design. Formally the development of a new reactor at Bradwell, continues, based
on the Hualong One design, although geopolitical concerns are likely to slow or cancel the
project due to engagement of Chinese partners.

More definitive action was taken by the Government in 2022, and in its spending review of
2021, it was announced that £1.7 billion (US$_ 2.29 billion) were being made available “to
enable a final investment decision for a large-scale nuclear project in this Parliament” and
that “the government remains in active negotiations with EDF over the Sizewell C project.”

In addition, the Government was making available £385 million (US$ 518 million) towards

2021

advanced nuclear R&D; and £120 million (US$, 1615 million) for a new Future Nuclear
Enabling Fund to address barriers to entry.*®

Hinkley Point C

EDF Energy was given planning permission to build two reactors at Hinkley Point in April 2013.
In October 2015, EDF and the U.K. Government3* announced updates to the October 2013
provisional agreement of commercial terms of the deal for the £16 billion (US$19.5 billion)
overnight cost of construction of Hinkley Point C (HPC).?° The estimated cost of construction
has since risen at the following times:

In 2017, it stood at £,.,519:6 billion (US$201525.3 billion), up from the £,,,,18.1 billion
(US$,,23.2 billion)— EDF said at the time that the £1.5 billion (US$1.9 billion) increase
results mainly “from a better understanding of the design adapted to the requirements
of the British regulators, the volume and sequencing of work on site and the gradual
implementation of supplier contracts.”?”

In November 2019, EDF announced a further increase in costs due to “challenging ground
conditions”, “revised action plan targets” and “extra costs needed to implement the
completed functional design”, with the new completion cost (in 2015 values) now being
estimated between £21.5 billion (US$26.6 billion) and £22.5 billion (US$27.9 billion).
Furthermore, it was stated that the risk of delay had increased and that such a delay would
increase costs by £0.7 billion (US$0.9 billion) over and above these estimates, so the upper
end of the range was £23.2 billion (US$28.8 billion).372 EDF stated that “management
of the project remains mobilised to begin generating power from Unit 1 at the end of

368 - U.K. Government, “Autumn Budget and Spending Review 2021—A stronger economy for the British people”, 27 October 2021,
op. cit.

369 - Department of Energy & Climate Change, “Hinkley Point C to power six million UK homes”, U.K. Government, Press Release,
21 October 2015, see https://www.gov.uk/government/news/hinkley-point-c-to-power-six-million-uk-homes, accessed 11 April 2021.

370 - BEIS and Prime Minister’s Office, “Initial agreement reached on new nuclear power station at Hinkley”, Press Release,
21 October 2013, see https://www.gov.uk/government/news/initial-agreement-reached-on-new-nuclear-power-station-at-hinkley.

371 - EDF, “Clarifications on Hinkley Point C project”, Press Release, 3 July 2017, see https://www.edf.fr/en/the-edf-group/dedicated-
sections/journalists/all-press-releases/clarifications-on-hinkley-point-c-project, accessed 11 April 2021.

372 - EDF, “Update on Hinkley Point C project”, Press Release, 25 September 2019,
see https://www.edfenergy.com/media-centre/news-releases/update-on-hinkley-point-c-project, accessed 11 April 2021.
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2025”, which does not appear to be a clear statement of confidence in the then current
schedule.373

In its annual financial statement, published in March 2022, EDF confirmed that Unit 1
is expected to generate power in June 2026, compared to end-2025 as announced in
2016. The project completion costs were then estimated in the range of £, 22-23 billion
(US$ _ 32.6-34.1 billion), a rise of £0.5 billion (US$0.7 billion).37

2015
Less than three months later, in May 2022, EDF then announced that cost estimates had
further risen by £, 3 billion (US$ZOIS4.4 billion), to between £, 25-26 billion (US$201537—
38.5 billion) and that its startup would be delayed by an additional year to June 202737

The critical points of the HPC deal were a Contract for Difference (CfD), effectively a guaranteed
real electricity price for 35 years, which, depending on the number of units ultimately built,
would be £ 89.50-92.50/MWh (US$  133.7-139.8/MWh), with annual increases linked to
the Retail Price Index.¥® In early 2020, EDF broke down the £92.50/MWh (US$ _ 133.7/MWh)
strike price saying that £19.5 (US$  23.7) would go toward operating and maintenance costs,
and only £11 (US$___ 13.4) to standard construction costs, excluding financing. The remaining
£62 (US$,  75.4) covers risk, with £26 (US$__
asset without construction risk and £36 (US$
risk.377

2022

2022

31.6) for financing costs for typical regulated
43.8) to cover first-of-a-kind construction

2022

2022

There was an expectation that construction would be primarily funded by debt (borrowing)
backed by U.K. sovereign loan guarantees, expected to be up to about £17 billion
(US$26.9 billion), but the loan guarantees were never taken up.¥® EDF announced in
October 2015 its intention to sell non-core assets worth up to €10 billion (US$11.4 billion) over
five years to help finance HPC and other capital-intensive projects.3”

The expected composition of the consortium owning the plant changed from October 2013 to
October 2015 with the effective bankruptcy and dismantling of AREVA making their planned
contribution of 10 percent impossible, the Chinese stake, through CGN, fell to 33.5 percent
from 40 percent and the other investors (up to 15 percent) had not materialized, leaving EDF
with 66.5 percent rather than 45 percent it had hoped for in 2013. The rising construction cost
and its increased share has impacted upon the amount EDF has to pay. Since 2013, the cost
of EDF’s expected share of the project has gone up by about 150 percent?*° and significantly

373 - Ibidem.

374 - EDF Energy, “Annual Report and Financial Statements”, March 2022, see https://www.edfenergy.com/sites/default/files/edf_
energy_holdings_limited_fy21_signed_financial_statements_full.pdf, accessed 8 July 2022.

375 - EDF, “Hinkley Point C Update”, Press Release, 19 May 2022, see https://www.edf.fr/sites/groupe/files/epresspack/3081/
ccb6205433272bbocbfacs6oceaszbs3y.pdf, accessed 19 May 2022.

376 - EDF, “Agreement reached on commercial terms for the planned Hinkley Point C nuclear power station”, Press Release,

21 October 2013, see https://www.edf.fr/sites/default/files/contrib/groupe-edf/espaces-dedies/espace-finance-en/investors-analysts
events/special-announcements/agreement_reached_on_commercial_terms_for_the_planned_hinkley_point_c_nuclear_power.
station.pdf, accessed 13 July 2022.

377 - Phil Chaffee, “United Kingdom: Industry Pushes for Government Action”, Nuclear Intelligence Weekly, 6 March 2020.

378 - Phil Chaffee, “United Kingdom: Difficulties With Hinkley’s IUK Support”, Nuclear Intelligence Weekly, 4 December 2015.

379 - Michael Stothard, “EDF looks to sell €10bn of assets to boost balance sheet”, Financial Times, 18 October 2015,

see https://www.ft.com/content/fcd6a462-7578-11e5-a95a-27d368e1ddf7, accessed 21 May 2020.

380 - Steve Thomas, “Financing the Hinkley Point C”, PSIRU, University of Greenwich, Commissioned by the Theberton & Eastbridge
Action Group on Sizewell, January 2020, see https://www.nuclearconsult.com/wp/wp-content/uploads/2020/01/HPC-finance-Steve-
Thomas.pdf, accessed 11 April 2021.
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contributed to its large debt load.® The HPC cost overruns were part of credit-rating agency
Standard & Poor’s (S&P) rationale to downgrade EDF’s rating in June 2020%* and, after a
further downgrade in February 20223%, the placement on credit-watch negative in May 20223%.
In the same rating actions, S&P downgraded EDF’s U.K. subsidiary EDF Energy to BB, deep in
speculative territory (“junk”) and put it as well on credit-watch negative for potential further
downgrade. These developments will further increase the cost of EDF’s debt service.

The administration of Prime Minister Theresa May finally approved and signed binding
contracts for the HPC project in September 2016, with the Government retaining a ‘special
share’, that would give it a veto right over changes to ownership, including preventing
EDF from selling down to less than 50 percent, if national security concerns arose.* The
U.S. Government continued to have security concerns and in October 2018 Assistant
Secretary of State, Christopher Ashley Ford, warned the U.K. explicitly against partnering
with CGN, saying that Washington had “evidence that the business was engaged in taking
civilian technology and converting it to military uses”3*¢ Reportedly, U.S. diplomats have
been “celebrating the UK’s effort to push a Chinese company out of a sensitive nuclear power
project” in the fall of 2021.3*” The comment refers to the Bradwell project where CGN was
planning to build its own design (see hereunder).

A New Funding Model for Nuclear?

In March 2022, the U.K. Parliament finally adopted a Nuclear Energy (Financing) Act, which
introduces a new funding model to facilitate the construction of new nuclear via a Regulated
Asset Base (RAB),*® after over two years of consultation, review and adoption process. There
are at least 3 key differences between RAB and Contract for Difference (CfD) models. One is
consumers paying finance costs, another is that the owners would be institutional investors
such as pension funds, sovereign wealth funds etc and the third is the price is not fixed because
unlike CfD, the owners do not assume the risk of cost escalation and time overrun. If a project
is taken forward under this model the project developer could charge consumers upfront for
the construction, which would be broken down into different phases during the build process.

381 - EDF, “EDF Annual Results 20217, 18 February 2022, see https://www.edf.fr/sites/groupe/files/2022-02/fy-results-2021-english
transcript.pdf, accessed 13 July 2022.

382 - S&P Global Ratings, “Research Update: French Utility EDF Downgraded To ‘BBB+ On Prolonged Operational Weakness,
Lower Output Due To COVID-19; Outlook Stable”, 22 June 2020, see https://www.edf.fr/sites/default/files/contrib/groupe-edf]
espaces-dedies/espace-finance-en/investors-analysts/credits/rating/sp-edf-ratings-direct-edf-downgraded-to-bbb2020-06-22.pdf,
accessed 12 July 2022.

383 - S&P Global Ratings, “Research Update: Electricite de France Downgraded To ‘BBB’ From ‘BBB+ On Strong Debt Increase In
2022-2023; Outlook Negative”, 21 February 2022, see https://www.edf.fr/sites/groupe/files/2022-02/sp-edf-ratings-direct-2022-02-21.
pdf, accessed 17 July 2022.

384 - S&P Global Ratings, “Research Update: Electricite de France Placed On CreditWatch Negative On Further Nuclear Issues
And Increase In Debt”, 24 May 2022, see https://www.edf.fr/sites/groupe/files/2022-05/sp-press-release-2022-05-24_0.pdf,
accessed 17 July 2022.

385 - Rowena Mason and Simon Goodley, “Hinkley Point C nuclear power station gets government green light”, The Guardian,
15 September 2016, see http://www.theguardian.com/uk-news/2016/sep/15/hinkley-point-c-nuclear-power-station-gets-go-ahead,
accessed 11 April 2021.

386 - Jonathan Ford, “UK’s reliance on China’s nuclear tech poses test for policymakers”, Financial Times, 14 February 2019,
see https://www.ft.com/content/7734e3be-2f6f-11€9-8744-¢7016697f225, accessed 21 May 2020.

387 - The Independent, “US celebrates ‘win’ as Britain looks to push China out of nuclear energy sites”, 29 September 2021.

388 - U.K. Parliament, “Nuclear Energy (Financing) Act 2022 (c.15)”, 31 March 2022,
see https://bills.parliament.uk/bills/3057, accessed 22 May 2022.
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Furthermore, consumers would pay the finance charges so borrowing would be effectively
interest free to the owners in the construction phase.

In 2019, EDF claimed that all households would have to pay only about £6 (US$7.5) per
year additionally for them to build the proposed reactors at Sizewell C.3* In May 2022, the
BEIS Secretary of State, Kwasi Kwarteng told householders to prepare for a “small rise” in their
energy bills.3*°

It is noteworthy that in the Impact Assessment produced by the U.K. civil service to support
the legislation it was noted that on average the construction cost is

20% higher than expected at the point of FID [Final Investment Decision] based on data
from nth of a kind nuclear power plants built in Europe; and

100% higher than expected at the point of FID based on data from all nuclear power plants
built after 1990.3

It is further noted that at the FID for Hinkley Point C it was estimated to have a construction
on0>400/KW (US$_  8,646.4), but the governments model
7,700-13,000/kW (US$  10,363-17,496/kW).3%>

cost (excluding financing cost) of £
is assuming construction costs of £

2021 2021

Charging upfront reduces the overall construction costs as it avoids the need to include
interest during the construction phase, thus cutting the amount of compounded debt to be
serviced and paid off during the life of the asset, which could be key for nuclear projects as
financing represents a significant share of the overall project costs. Furthermore, by breaking
the construction into different phases, it is expected that this would increase certainty and
therefore further reduce the cost of finance. EDF argues that the aim would be to reduce
the weighted average cost of capital (WACC) from the 9.2 percent on HPC to around
5.5-6 percent.3* However, as a 2019-assessment by the National Infrastructure Commission
concludes:

it would be inappropriate to compare the price achieved under a CfD model, into which the
developer has priced the risks of cost and time overruns, with a price achieved under a RAB
model made on the basis that the project will be built on time and on budget.3**

Furthermore, the consumer protection association, Citizens Advice stated in their response to
the consultation that:

While there are credible reasons to believe that a RAB model would reduce the cost of capital
associated with bringing forward new nuclear power stations, these are outweighed by

389 - David Sheppard, “EDF forecasts nuclear plant project would add £6 a year to UK bills”, Financial Times, 11 June 2019,
see https://www.ft.com/content/897d548a-8c34-11€9-a24d-b42f641eca37, accessed 23 May 2020.

390 - Hannah Baker, “Hinkley Point could save households £1bn on energy bills, says EDF”, Business Live, 16 May 2022,
see https://www.business-live.co.uk/economic-development/hinkley-point-c-nuclear-plant-23951914, accessed 22 May 2022

391 - BEIS, “Regulated Asset Base Model for new nuclear - Impact Assessment”, Department for Business, Energy and
Industrial Strategy, 26 October 2021, see https://publications.parliament.uk/pa/bills/cbill/58-02/0174/ImpactAssessment.pdf,
accessed 22 May 2022.

392 - Ibidem.

393 - Jonathan Ford, “EDF seeks to charge customers upfront for UK nuclear plants”, Financial Times, 22 November 2018,
see https://www.ft.com/content/fgag6304-e980-11e8-885c-e64da4cof981, accessed 23 May 2020.

394 - National Infrastructure Commission, “Estimating comparable costs of a nuclear regulated asset base versus a contract for
difference financing model”, October 2019, see https://nic.org.uk/app/uploads/NIC_RAB_Paper_October_2019-3rd-Layout-003.pdf,
accessed 12 July 2022.
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the risk of highly material increases in the volume of capital that consumers will need to

finance.3%

A key selling point for the Government was a hope that funding would not have to come
from the Treasury—and therefore remains off the Government’s balance sheet. However, in
October 2020 Energy Minister Kwasi Kwarteng reportedly told an event at the Conservative
Party conference that the Treasury now believes that a nuclear RAB would be considered as a
U.K. Government balance sheet debt, given the support it is given.3*¢

Other U.K. New-Build Projects

EDF and CGN are also preparing to launch the development of a follow-on to HPC, the
Sizewell C project. Chinese investment would be limited to 20 percent, leaving EDF with
80 percent. The budget—about £500 million (US$ _ 607)—to get to FID is nearly spent and
CGN is not obliged to pay more and the signals from the EDF Reference Document are that it

2022

is either unwilling or won’t be allowed to spend more. The 80/20 split covers only the stage up
to final investment decision. There is no agreement to invest beyond that stage.?” Given the
apparent problems EDF is having financing HPC, this makes the Sizewell project even more
difficult. Despite this, a public engagement process has been ongoing, and EDF was expected
to submit a planning application, a so called “development consent order” in February 2020,
but concerns by statuary agencies about the readiness of the application followed by the
pandemic and the Government’s control measures led it being delayed until May 2020.2* On
24 June 2020, the Planning Inspectorate, accepted the application and consequently the next
stage of the planning process could begin.** However, in October 2020, EDF announced it
intended to make changes to the application, leading to further delay.*°°> The final decision
on whether to grant a development consent order to build Sizewell-C was given by the
Government in July 20224,

395 - Citizens Advice, “Response to BEIS consultation on whether it should move to a Regulated Asset Base (RAB) model to finance
new nuclear power stations”, Press Release, 11 October 2019, see https://www.citizensadvice.org.uk/Global/CitizensAdvice/Energy/

Energy%20Consultation%2oresponses/Response%20t0%20BEIS%20consultation%200n%20adopting%20a%20RAB%20model%20
for%2onew%2onuclear%2oprojects%20(corrected).pdf, accessed 12 July 2022.

396 - Phil Chaffee, “United Kingdom: Policy Void Prompts Developer Scramble”, NIW, 30 October 2020.

397 - EDF, “Universal Registration Document 2021—Including the Annual Financial Report”, filed 17 March 2022, pp.70-71,
see https://www.edf.fr/sites/groupe/files/2022-03/edf-2021-universal-registration-document.pdf, accessed 12 July 2022.

398 - EDF Energy, “Sizewell C submits planning application”, Press Release, 27 May 2020, see https://www.edfenergy.com/media-
centre/news-releases/sizewell-c-dco, accessed 11 April 2021.

399 - The Planning Inspectorate, “Application by NNB Nuclear Generation (SZC) Limited for an Order Granting Development Consent
for The Sizewell C Project—Notification of decision to accept an application for Examination for an Order Granting Development
Consent”, National Infrastructure Planning, Secretary of State for the Ministry of Housing, Communities and Local Government,
Email to Richard Bull, EDF Energy, 2020, see https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/
ENo10012/EN010012-002268-A05%20Notification%200f%20decision%20to%20accept%20application_.pdf, accessed 26 June 2020.

400 - Richard Cornwell, “EDF formally submits proposed changes to Sizewell C plans”, East Anglian Daily Times, 13 January 2021,
see https://www.eadt.co.uk/news/sizewell-c-plans-changes-submitted-6900486, accessed 4 May 2021.

401 - Planning Inspectorate, “The Sizewell C Project development consent decision announced”, Press Release, GOV.UK, 20 July 2022,
see https://www.gov.uk/government/news/the-sizewell-c-project-development-consent-decision-announced, accessed 20 July 2022.
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EDF is hoping that it can sequence the construction of Sizewell C with the completion of
HPC, so that workers can move from one project to another. But given the earliest conceivable
preliminary construction works start date of Sizewell C in 2024, this seems impossible.
EDF is optimistic that it can reduce construction costs, with their estimate in 2020 put at
£18 billion (US$_ 22 billion).*> However, they are also hoping that the financing costs of
Sizewell-C can be reduced by shifting from the CfD mechanism to the RAB model. EDF has
suggested that with a better financing model and no “first-of-a-kind costs”, they could “peel
away” the strike-price by £36/MWh (US$44.5/MWh),*3 as a result of EDF’s “base case” for
Sizewell C’s cost being £20 billion (US$24.8 billion), with 60 percent financed by loans.** In
its planning documents, EDF confirmed construction costs of £20 billion (US$24.8 billion),
despite previously suggesting that costs would be 20 percent lower than HPC thus limited to
£18 billion (US$22.3 billion).+>s

In March 2021 EDF’s financial report for 2020 said a Final Investment Decision (FID) was
likely to be made in mid-2022, but used cautious language on the whole about the project,
stating:

EDF aims to ensure that risk sharing with the U.K. government in the as-yet un-validated
regulatory and financing scheme will make it possible to find third party investors during the
FID and avoid consolidating the project (including the economic debt calculation adopted by
rating agencies). To date, it is not clear whether the Group will reach this target.

It went on to say:

EDF’s ability to make a FID on Sizewell C and to participate in the financing of this project
beyond the development phase could depend on the operational control of the Hinkley Point
C project, on the existence of an appropriate regulatory and financing framework, and on the
sufficient availability of investors and funders interested in the project. To date, none of these
conditions are met. Failure to obtain the appropriate financing framework and appropriate
regulatory approval could lead the Group not to make an investment decision or to make a
decision in less than optimal conditions.#°

In January 2022, the Government reiterated its intention to see a FID on “at least one” large
scale nuclear project in this Parliament—which is set to run until May 2024. The Government
has also pledged £100 million [US$135 million] for EDF to “help bring [the project] to maturity,

402 - NEI Magazine, “Plans for Sizewell C submitted to UK Planning Inspectorate”, Nuclear Engineering International,
28 May 2020, see https://www.neimagazine.com/news/newsplans-for-sizewell-c-submitted-to-uk-planning-inspectorate-7943163,
accessed 11 April 2021.

403 - Phil Chaffee, “United Kingdom: Industry Pushes for Government Action”, Nuclear Intelligence Weekly, 6 March 2020.
404 - Roger Murray, “Hinkley Point Cost Overrun- Bad News for Sizewell C2”, Nuclear Intelligence Weekly, 27 September 2019.

405 - Donato Paolo Mancini and Nathalie Thomas, “Cost of new Sizewell C nuclear plant put at £20bn”, Financial Times, 26 June 2020,
see https://www.ft.com/content/77¢c209f7-6d18-4609-ac3c-77d1bsb82b34, accessed 26 June 2020.

406 - EDF, “2020 Annual Results - Appendices”, March 2021, see https://www.edf.fr/sites/default/files/contrib/groupe-edf/espaces-
dedies/espace-finance-en/financial-information/publications/financial-results/2020-annual-results/pdf/annual-results-2020-
appendices-20210304.pdf, accessed 4 May 2021.
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attract investors and advance the next phase in negotiations”. In return the Government will
take rights over the land of Sizewell C, “should the project not ultimately be successful”.+”

In June 2022, the U.K. Government bought an option to take a 20 percent share in Sizewell
C, should the project reach a final investment decision, in the apparent intention to ease the
ousting of Chinese investors.*®

In the same week that the U.K. Government announced that Sizewell C had been granted
development consent, it was announced by the French Government that it would fully
renationalize EDF (see France Focus) which is likely to affect the timing and potentially the
scope of the FID, which is currently expected in 2023.

EDF is allowing CGN to use the Bradwell site it had bought as back-up, if either the
Hinkley Point or Sizewell sites proved not to be viable. CGN plans to build with its own
technology, the Hualong One (or HPR-1000) at this site, with EDF taking a 33.5 percent stake,***
up to the point of getting the Generic Design Assessment (GDA), going forward the plant will
need a new consortium. In January 2017, the U.K. Government requested that the regulator
begin the GDA of the HPR-1000 reactor,+° and by February 2020 the ONR had completed Step 3
of the GDA.#" The final step and the issuing of a Design Acceptance Confirmation (DAC) from
Office for Nuclear Regulation (ONR) and a Statement of Design Acceptability (SoDA) from the
Environment Agency was made on 7 February 2022.#> In December 2020, the U.Ks gas and
electricity markets regulator, Ofgem, granted an electricity generating license to the Bradwell
Power Generation Company Ltd.*3

In August 2019, the United States blacklisted CGN for allegedly stealing the country’s
nuclear technology for “military uses” and added the state-owned Chinese firm and its three
subsidiaries to its “entity list”. The move makes it virtually impossible for American companies
to supply or cooperate with the company without specific permissions.#4 This and the
increasing breakdown in the relationship between China, the U.S. and to some extent Europe,
may well impact on the development of Bradwell as will the current economic climate and

407 - BEIS, “Government readies Sizewell C nuclear project for future investment”, Department for Business, Energy and Industrial
Strategy, UK Government, Press Release, 27 January 2022, see https://www.gov.uk/government/news/government-readies-sizewell-c-
nuclear-project-for-future-investment, accessed 22 May 202.2.

408 - Alex Lawson, “UK buys option to take 20% stake in Sizewell C nuclear power plant”, The Guardian, 14 June 2022,
see https://www.theguardian.com/environment/2022/jun/14/uk-buys-option-to-take-20-stake-in-sizewell-c-nuclear-power-plant,
accessed 17 June 2022.

409 - EDF Energy, “Agreements in place for construction of Hinkley Point C nuclear power station”, Press Release, 21 October 2015,
see https://www.edfenergy.com/energy/nuclear-new-build-projects/hinkley-point-c/news-views/agreements-in-place,
accessed 11 April 2021.

410 - ONR, “Assessing new nuclear reactor designs—Generic Design Assessment Periodic Report: November 2016 - January 20177,
March 2017, see http://www.onr.org.uk/new-reactors/reports/gda-quarterly-report-novi6-jani7.pdf, accessed 11 April 2021.

411 - ONR, “Generic Design Assessment (GDA) of new reactors - Timeline”, § March 2021, see http://www.onr.org.uk/new-reactors
timeline.htm, accessed 11 April 2021.

412 - CGN and EDF, “UK HPR1000 ~ GDA Process”, 7 February 2022, see https://www.ukhpriooo.co.uk/, accessed 22 May 2022.

413 - NEI Magazine, “UK’s Bradwell B granted electricity generating licence”, 21 December 2020, see https://www.neimagazine.com/
news/newsuks-bradwell-b-granted-electricity-generating-licence-8420726/, accessed 12 April 2021.

414 - Todd Felix, “China nuclear firm blacklisted by US for ‘unauthorised’ use of tech”, NS Energy, 15 August 2019,
see https://www.nsenergybusiness.com/news/china-nuclear-us-tech/, accessed 5 July 2021.
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the likelihood of a global recession. In particular for the U.K., there is ongoing and growing
concern over the situation in Hong Kong. Consequently, it has been suggested that as nuclear
power plants “are part of the U.K/s strategic national infrastructure, and China is no longer
a friend to be trusted with such levers of power” it is impossible to envisage the Government
approving the Bradwell station.#s Furthermore, there is increased attention on the Bradwell
project with the cancellation of negotiations about future nuclear projects in the Czech
Republic and Romania in 2020 due to security concerns with China.#*¢

Various media in the U.K. reported at the end of July 2021 that the Government was
investigating how to block CGN from operating future power plants in the U.K.. This would ban
them from engagement in either Sizewell C or Bradwell. The Chinese Government responded
by saying that “The British should earnestly provide an open, fair and non-discriminatory
business environment for Chinese companies. China and the U.K. are important trade and
investment partners for each other.™”

Other sites have been proposed and developed to various degrees over the years. This includes
Moorside in Cumbria, being developed at some point by Toshiba-Westinghouse, as well
as Wylfa Newydd on Anglesey and Oldbury on Severn in South Gloucestershire, owned by
Hitachi-GE. However, as of mid-2022, work had been suspended on all of these sites.

In November 2020, to support the development of a potential next generation of reactors the
Government proposed to provide up to £385 million (~US$500 million) in an Advanced Nuclear

Fund for the next generation of nuclear technology, with up to £215 million (US$__ 278 million)

going to Rolls-Royce’s SMR program.*® Rolls-Royce is in the final stages of completing
its feasibility study and is hoping that its technology will complete the Generic Design
Assessment (GDA) process with U.K. regulators around September 2024 and deliver first power
in about 2030.#? As noted in the SMR Chapter, in November 2021, Rolls Royce announced
that it had received £210 million (US$281 million) in government funding and £195 million
(US$261 million) in private funds and then an additional £85 million (US$112 million) from the

Qatar Investment Authority.

The reactor is said to be able to be used for power, hydrogen production and for the
manufacturing of jet fuel, and its multipurpose will enable a larger number of reactors to be

415 - Nick Butler, “How growing conflict with China could impact UK nuclear power”, Prospect Magazine, 10 April 2021,
see https://www.prospectmagazine.co.uk/world/nuclear-investment-power-uk-china-government-energy, accessed 12 April 2021.

416 - America Hernandez, “Czech nuclear tender competition dodges Russian and Chinese bids”, Politico, 24 June 2021,
see https://www.politico.eu/article/czech-nuclear-tender-competition-dodges-russian-and-chinese-bids/, accessed 12 July 2022.

417 - NEI Magazine, “UK looks to ban CGN from participation in nuclear projects”, Nuclear Engineering International, 27 July 2021,
see https://www.neimagazine.com/news/newsuk-looks-to-ban-cgn-from-participation-in-nuclear-projects-8935996/,
accessed 22 May 2022.

418 - BEIS and Prime Minister’s Office, ”The Ten Point Plan for a Green Industrial Revolution”, Department for Business, Energy
& Industrial Strategy, HM Government, November 2020, see https://assets.publishing.service.gov.uk/government/uploads/system,
uploads/attachment_data/file/936567/10_POINT_PLAN_BOOKLET.pdf; and BEIS, “Advanced Nuclear Technologies”, Department
for Business, Energy & Industrial Strategy, 7 March 2022, see https://www.gov.uk/government/publications/advanced-nuclear-
technologies/advanced-nuclear-technologies#the-low-cost-nuclear-challenge; both accessed 13 July 2022.

419 - WNN, “Rolls-Royce on track for 2030 delivery of UK SMR”, World Nuclear News, 11 February 2022,
see https://world-nuclear-news.org/Articles/Rolls-Royce-on-track-for-2030-delivery-of-UK-SMR, accessed 22 May 202.2.
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installed.+° Rolls-Royce are confident about the price of the units and suggest that the nth-of-
a-kind reactor (after five have been built) will be in the order of £1.8 billion (US$2.2 billion)
(capex) for 470 MW units and £40-60/MWh (US$48-73/MWh) over 60 years.*' In evidence
submitted in 2017, Rolls-Royce told the House of Lords, that 7 GW would “be of sufficient
scale to provide a commercial return on investment from a UK-developed SMR, but it would
not be sufficient to create a long-term, sustainable business for UK plc.” The House of Lords
concluded: “Therefore, any SMR manufacturer would have to look to export markets to make
a return on their investment.”*>

The capital cost estimate is a heroic assumption equating to £4,000/kW (US$4,858/kW)
compared to what EDF estimates for the cost of Sizewell C of £5,600/kW (US$6,802/kW) and
the current cost of Hinkley Point C of £8,100/kW (US$9,838/kW). It is fair to say that if there
was any confidence that the SMRs would be delivered at the cost quoted that Sizewell C and
any similar sized reactors would be abandoned.

Technically speaking, the Rolls-Royce design is not an SMR. These are in a 30-300 MW range,
according to a definition used by the IAEA and most national and international organizations
(see Chapter on SMRs).

While nuclear power has become one of the cornerstones of the U.K. Government’s future
energy security policy, it seems unlikely—despite the various proposed measures—that there
will be an acceleration of the development of nuclear power over the next decade. Furthermore,
given the Government’s commitment to have a zero-carbon power sector by 2035, before
significant new nuclear capacity can come on-line, the likelihood of additional nuclear, beyond
Hinkley Point C and possibly Sizewell C in the late 2030s and beyond seems remote, despite
the rhetoric of the new Government led by Liz Truss.

While the political support for nuclear power seems high, especially in light of heightened
concerns over energy security, this cannot overcome the material and economic state of the
sector. During the past year, the implications of the aging problems at the AGRs have become
clearer, with reactors closed and others to cease operation shortly, while the taxpayer is
having to pay billions more for ever increasing decommissioning costs. Furthermore, in 2022
the estimated costs of the completion of Hinkley Point C, have risen by at least a further
£,,,:3 billion (US$__ 4.45 billion) to around £, 26 billion (US$,_ 38.5 billion) and startup put
back at least a year to 2026 or later for the first reactor. The power purchase price for the
reactors was set in 2013 at £92.5/MWh (US$__ 133.7/MWh) when EDF claimed the construction
cost would be £, 14 billion (US$__ 17 billion). The cost estimate has nearly doubled since then
but the nuclear feed-in tariff did not increase, so it is difficult to see how Hinkley Point C could
be anything but a major loss-maker for EDF.

420 - Rolls-Royce, “Small Modular Reactors”, Rolls-Royce.com, Undated, see https://www.rolls-royce.com/innovation/small-modular-
reactors.aspx#/, accessed 13 July 2022.

421 - WNN, “Rolls-Royce on track for 2030 delivery of UK SMR”, 11 February 2022, op. cit.

422 - Science and Technology Committee, “Nuclear research and technology: Breaking the cycle of indecision”, HL Paper 160,
3" Report of Session 2016-17, House of Lords, 2 May 2017, see https://publications.parliament.uk/pa/ld201617/ldselect
ldsctech/160/16002.htm, accessed 17 July 2022.
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With 92 commercial reactors operating as of 1 July 2022, the U.S. continues to possess by far
the largest nuclear fleet in the world. One reactor was closed in the year since WNISR2021.
Palisades-1 in the state of Michigan was closed on 20 May 2022, after 50 years of operation.*3
The retirement was announced in 2018 to coincide with the expiration of a lucrative power
purchase contract between Energy Nuclear and the original owner of Palisades-1, utility
corporation Consumers Energy. On 1 September 2022, California enacted legislation to finance
a 5-year extension of the Diablo Canyon-1 and -2 reactors, to 2029 and 2030 (see the section
Securing Subsidies to Prevent Closures).***

The U.S. reactor fleet provided 778.2 TWh in 2021%5, a drop of 1.5 percent over 2020.
According to IAEA-PRIS, nuclear plants provided 19.6 percent of the nation’s electricity in
2021—18.9 percent according to the U.S. Department of Energy’s (DOE) Energy Information
Administration (EIA)—down from 19.7 percent in 2020 and approaching 4 percentage points
below the highest nuclear share of 22.5 percent, reached in 1995. Counting non-commercial
rooftop solar PV generation (which increased 18 percent year-over-year), nuclear energy’s
share of total electricity generation was 18.7 percent in 2021.4*

With only one new reactor started up in 26 years, the U.S. fleet continues to age, and with a
mid-2022 average of 41.6 years, it is amongst the oldest in the world: 47 units have operated for
41 and more years (of which six for more than 51 years) and all but three for 31 and more years
(see Figure 40).

423 - Carolyn Muyskens, “The Palisades nuclear plant is offline. What happens next and is it closed for good?”, Holland Sentinel,
27 May 2022, see https://www.hollandsentinel.com/story/news/local/2022/05/27/palisades-nuclear-power-plant-prepares-
decommissioning/9923747002/, accessed 29 August 2022.

424 - Catherine Clifford, “California lawmakers vote to extend Diablo Canyon nuclear plant operations as state battles energy
emergency”, CNBC, 1 September 2022, see https://www.cnbc.com/2022/09/01/california-lawmakers-vote-to-keep-diablo-canyon-
nuclear-plant-open.html, accessed 1 September 2022.

425 - U.S. Energy Information Administration, “Electric Power Monthly”, Table 1.1., U.S. Department of Energy, 24 August 2022,
see https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=table_1_o1, accessed 1 September 202.2.

426 - Ibidem.
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Figure 4o - Age Distribution of the U.S. Nuclear Fleet
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Construction continued on the one new nuclear plant in the U.S., the twin AP-1000s at Plant
Vogtle Units 3 and 4, in the state of Georgia. Projected construction costs continued to increase
over the last 12 months, and start-up dates were again pushed back. As of June 2022, Vogtle’s
cost had increased to at least US$30.34 billion,*” according to Associated Press calculations.**®
That figure does not include US$3.68 billion in costs that Westinghouse refunded to the
co-owners in 2017, putting the total cost of the project over US$34 billion—2.4 times the
US$14 billion projected cost at the start of construction in 2013. The most recent cost increases
and construction delays are due largely to quality assurance problems in the installation
of electrical cabling throughout the plant,#° as well as administrative errors in failing to
complete over 26,000 inspection records.#' On 3 August 2022, the U.S. Nuclear Regulatory
Commission (NRC) authorized the loading of fuel in Unit 3, with a planned startup date in the
first quarter of 2023. Georgia Power estimates the startup of Unit 4 before the end of 2023.

Large New Subsidies for Nuclear Power

Since the publication of WNISR2021, the U.S. Congress has enacted two major pieces of
infrastructure and energy finance legislation: the Infrastructure Investment and Jobs Act

427 - Associated Press, “Georgia nuclear plant’s cost now forecast to top $30 billion”, as published by Georgia Public
Broadcasting, 9 May 2022, see https://www.gpb.org/news/2022/05/09/georgia-nuclear-plants-cost-now-forecast-top-30-billion,
accessed 7 September 2022.

428 - Jeff Amy, “Co-owners sue Georgia Power in $685M Vogtle contract dispute”, Associated Press, 21 June 2022,
see https://apnews.com/article/politics-lawsuits-florida-georgia-aoeafsc77e77e2b6bagsfoad93137572, accessed 1 September 2022.

429 - Georgia Power, “Toshiba fulfills $3.68 billion parent guarantee obligation for Vogtle nuclear expansion,” 14 December 2017,
see https://www.prnewswire.com/news-releases/toshiba-fulfills-368-billion-parent-guarantee-obligation-for-vogtle-nuclear-
expansion-300571464.html, accessed 1 September 2022.

430 - Jeff Amy, “Nuclear regulators uphold violations at Georgia reactors”, Associated Press, 19 November 2021,
see https://www.statesboroherald.com/local/nuclear-regulators-uphold-violations-georgia-reactors/, accessed 1 September 2022

431 - Drew Kahn, “Monitors blame Georgia Power’s lax oversight for Plant Vogtle delays”, Atlanta Journal-Constitution,
19 July 2022, see https://www.ajc.com/news/monitors-blame-georgia-powers-lax-oversight-for-plant-vogtle-delays/
BGRQWF65PFDMLB;QXKT7XYZLZQ/, accessed 1 September 2022.
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(I1JA),#* with US$1.2 trillion in proposed spending*?; and the Inflation Reduction Act (IRA),**
with US$437 billion available.#s Each law includes significant new spending to promote
nuclear energy—existing reactors, new reactors, and enrichment infrastructure. IIJA creates
a US$6 billion Civil Nuclear Credits program to support uneconomic reactors at imminent
risk of closure, as well as US$3.2 billion to support new reactor demonstration projects. IRA
includes five measures that provide subsidies and financing for existing and new reactors:

Production tax credits for existing reactors;*°

Clean energy production and investment tax credits for new energy sources, including new
reactors;

US$4o0 billion in loan guarantees for new clean energy projects, including new reactors;

US$250 billion in loan guarantees for existing energy infrastructure (Energy Infrastructure
Reinvestment Financing), for which existing reactors are likely to be eligible; and

US$700 million for High-Assay Low-Enriched Uranium (HALEU).

The total amount of spending for nuclear energy under these measures is not yet determined
but is certainly the largest direct federal investment in commercial nuclear energy in decades.
Congress’s Joint Committee on Taxation’s (JTC) latest estimate of the bill’s budget impacts
projects the production tax credits for existing reactors to cost US$30 billion over the nine
years of the program (from 2024 through 2032).47

The Energy Policy Act of 2005 (EPACT 2005) was the previous law authorizing large amounts
of federal funding for commercial nuclear energy,®® which directed DOE to provide loan
guarantees for new reactors,®® up to US$6 billion in production tax credits, US$2 billion in
grants to compensate for delays in reactor licensing, and US$1.25 billion for a Next Generation
Nuclear Plant Project. The JTC provided no breakdown by energy source/technology of the

432 - House Transportation and Infrastructure Committee, “H.R. 3684—Infrastructure Investment and Jobs Act”, Public
Law No. 117-58 enacted 15 November 2021, U.S. Congress, see https://www.congress.gov/bill/117th-congress/house-bill/3684,
accessed 3 September 2022.

433 - Heather Long, “What’s in the $1.2 trillion infrastructure law”, The Washington Post, 16 November 2021,
see https://www.washingtonpost.com/business/2021/08/10/senate-infrastructure-bill-what-is-in-it/, accessed 3 September 2022.

434 - House Budget Committee, “H.R. 5376—Inflation Reduction Act of 20227, Public Law No. 117-169, U.S. Congress,
enacted 16 August 2022, see https://www.congress.gov/bill/117th-congress/house-bill/5376, accessed 3 September 2022.

435 - Chelsey Cox, “Biden signs Inflation Reduction Act into law, setting 15% minimum corporate tax rate”, CNBC, 17 August 2022,
see https://www.cnbc.com/2022/08/16/watch-live-biden-to-sign-inflation-reduction-act-into-law-setting-15percent-minimum-
corporate-tax-rate.html, accessed 3 September 2022.

436 - This provision is a modified version of legislation introduced in 2021, Zero-Emission Nuclear Power Production Credit Act of 2021
(S. 2291), on which WNISR reported previously.

437 - Joint Tax Committee, “Estimated Budget Effects Of The Revenue Provisions Of Title I - Committee On Finance, Of An
Amendment In The Nature Of A Substitute To H.R. 5376, “An Act To Provide For Reconciliation Pursuant To Title IT Of S. Con.
Res. 14,” As Passed By The Senate On August 7, 2022, And Scheduled For Consideration By The House Of Representatives On
August 12, 20227, JCX-18-22, 9 August 2022, see https://www.jct.gov/CMSPages/GetFile.aspx?guid=40bo8e39-706e-46aa-aef2-
438226936398, accessed 3 September 2022.

438 - 109th Congress, “Energy Policy Act of 2005”, Public Law 109-58 enacted 8 August 2005, U.S. Congress,
see https://www.congress.gov/109/plaws/publs8/PLAW-109publs8.pdf, accessed 7 September 2022.

439 - EPACT 2005 did not appropriate funds for the loan guarantee program, but subsequent appropriations bills in 2007 and 2009
authorized DOE to provide up to $18.5 billion in loan guarantees for new reactors and up to $4 billion for fuel cycle facilities.

See U.S. DOE, “History: Loan Programs Office,” see https://www.energy.gov/lpo/innovative-clean-energy-nuclear-loan-guarantees;
and U.S. Government Publishing Office, “Omnibus Appropriations Act, 2009, P.L. No. 111-8, Division C, Title III,”
see http://www.gpo.gov/fdsys/pkg/PLAW-111publ8/html/PLAW-111publ8.htm; both accessed 4 September 2022.
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other tax credits and loan guarantees for which commercial reactors are eligible, but the
Nuclear Production Credits alone likely match or exceed the value of all EPACT 2005 spending
on commercial reactors.

As one insider noted to Reuters news agency in 2021, “There’s a deepening understanding within
the [Biden] administration that it needs nuclear to meet its zero-emission goals.”*° With no
prospects of major nuclear plant construction in the coming years,*' the legislative efforts
have focused on providing subsidies to prevent further reactor closures. It is unclear to what
extent the funding allocated in the IIJA and the IRA will successfully prolong the operation
of otherwise uneconomical reactors through direct subsidies and lowering the industry’s
risk exposure to financing large maintenance projects (e.g. steam generator replacements).
However, the much larger federal investments in existing reactors than in new construction
suggest the U.S. industry is focused on treading water rather than on breaking ground in the
next decade.

In addition to the trends of closures and subsidies among existing reactors, there is a trend of
corporate restructuring in the merchant nuclear sector over the past three years. Three utility
holding companies that controlled approximately one-third of operating reactors a decade
ago have divested their nuclear power plants. Entergy has closed or sold off its six merchant
reactors since 2014.%#* With the closure and sale of Palisades-1 to Holtec for decommissioning,
it has completed its exit from the merchant nuclear generation business. It still owns and
operates five reactors through its regulated utility subsidiaries in Arkansas, Louisiana, and
Mississippi. In 2020, FirstEnergy sold off its four nuclear reactors+# and two coal power plants
to Energy Harbor through the bankruptcy settlement of its merchant generation subsidiary,
FirstEnergy Solutions.

In February 2022, Exelon, by far the largest nuclear generator in the U.S., completed the
spin-off of Constellation Energy Corp., with its holdings in 23 reactors and other merchant
generation and power marketing ventures. In 2021, as the spin-off was being executed, Exelon
also completed the acquisition of EDF’s 50 percent stake in the corporations’ joint venture
Constellation Energy Nuclear Group, which owned five reactors. Following the spin-off,
Constellation CEO Joe Dominguez stated that the corporation’s growth strategy includes

440 - Timothy Gardner and Jarrett Renshaw, “U.S. eyes nuclear reactor tax credit to meet climate goals -sources”, Reuters, 5 May 2021,
see https://www.reuters.com/business/sustainable-business/white-house-eyes-subsidies-nuclear-plants-help-meet-climate-targets-
sources-2021-05-05/, accessed 22 July 2021.

441 - Mark Cooper, “Building a Least-Cost, Low-Carbon Electricity System With Efficiency, Wind, Solar, & Intelligent Grid
Management: Why Nuclear Subsidies Are an Unnecessary Threat to the Transformation”, Institute for Energy and the Environment,
Vermont Law School, July 2021, see https://www.vermontlaw.edu/sites/default/files/2021-07/Building_a_21st_Century_Electricity_
System.pdf, accessed 22 July 2022.

442 - Entergy retired Indian Point-2 and -3 (2020 and 2021), Palisades (2022), Pilgrim (2018), and Vermont Yankee (2014), and sold
FitzPatrick to Exelon (2016). It has also canceled a longstanding contract to manage the operations of Nebraska Public Power District’s
Cooper Nuclear Station (2022). Entergy has also transferred ownership of all of the reactors that it closed and their decommissioning
funds to other firms that plan to decommission them: Northstar purchased Vermont Yankee, and Holtec International purchased
Indian Point, Palisades, and Pilgrim.

443 - Beaver Valley-1 and -2 in Pennsylvania, and Davis-Besse and Perry in Ohio.

444 - Jeremy Pelzer, “FirstEnergy Solutions emerges from bankruptcy, becomes Energy Harbor”, Cleveland.com, 27 February 2020,
see https://www.cleveland.com/open/2020/o2/firstenergy-solutions-emerges-from-bankruptcy-becomes-energy-harbor.html,
accessed 4 September 2022.
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acquiring more merchant reactors “from other companies looking to exit the competitive
power business.™* In 2020, Public Service Enterprise Group (PSEG) announced that it
would divest its generation assets except its nuclear holdings,*® which include interests in
four reactors it co-owns with Constellation, as well as the Hope Creek reactor in New Jersey.
Following enactment of the IRA, analysts have already speculated that PSEG may strike a deal
to transfer its ownership of the reactors to Constellation and fully exit the merchant generation
business.*” PSEG has also repurposed a site adjacent to its Salem-1 and -2 and Hope Creek
reactors for which it received an early site permit in 2016+ for an unspecified small modular
reactor project. The site is now being developed to serve as a logistics facility for construction
of offshore wind installations.*+

The trend signals that utility holding companies believe regulated distribution utility
operations will be the primary profit centers of their businesses going forward, and that
owning and operating nuclear reactors in wholesale power markets is no longer in the interests
of their shareholders, even with billions of dollars in state and federal subsidies.

During the past few years, utilities have both succeeded and failed in their ongoing efforts
to secure state financial support for operating nuclear plants, with the balance being in the
industry’s favor. As of July 2022, 18 reactors in the U.S. were receiving or are eligible for
subsidies as a result of state legislation such as Zero Emission Credits (ZEC) or equivalent: Nine
Mile Point-1 and -2, FitzPatrick, and Ginna in New York; Braidwood-1 and -2, Byron-1 and -2,
Clinton, Dresden-2 and -3, and Quad Cities-1 and -2 in Illinois; Salem-1 and -2 and Hope Creek
in New Jersey; and Millstone-2 and -3 in Connecticut. ZEC subsidies in Ohio for Davis Besse
and Perry were rescinded in 20214° before any of the funds had been disbursed. As a result of
the federal corruption investigation into FirstEnergy’s contributions of US$61 million to state
legislators and political action committees to pass House Bill 6 (HB6) in 2019, the legislature
repealed the nuclear subsidies in the bill (see previous WNISR editions).

As of 1 July 2022, 84 of the 92 operating U.S. units had already received 20-year Initial
License Renewals, which permits reactor operation beyond 40 and up to 60 years. Since
December 2019, the Nuclear Regulatory Commission (NRC) did not issue any additional

445 - Katherine Blunt, “This New Company Is Betting Big on Nuclear Power in America”, The Wall Street Journal,
2 February 2022, see https://www.wsj.com/articles/this-new-company-is-betting-big-on-nuclear-power-in-america-11643820916,
accessed 7 September 2022.

446 - Robert Walton, “PSEG to sell almost 7 GW of fossil fuel generation, retain nuclear plants”, Utility Dive, 3 August 2020,
see https://www.utilitydive.com/news/pseg-to-sell-almost-7-gw-of-fossil-fuel-generation-retain-nuclear-plants/582743/,
accessed 4 September 2022.

447 - Jessica Sondgeroth and Stephanie Cooke, “US Enacts ‘Game-Changing’ Nuclear Tax Credits”, Energy Intelligence Weekly,
19 August 2022, see https://www.energyintel.com/oo000182-b682-diec-alee-befff53doooi, accessed 4 September 2022.

448 - U.S. NRC, “Issued Early Site Permit - PSEG Site,” 8 January 2021, see https://www.nrc.gov/reactors/new-reactors/esp/pseg.html,
accessed 4 September 2022.

449 - Tom Johnson, “A site once earmarked for nuclear power will now assemble wind turbines”, NJ Spotlight News, 15 September 2021,
see https://www.njspotlightnews.org/2021/09/nj-wind-power-pseg-salem-county-nuclear-power-lease-turbines-port/,
accessed 4 September 2022.

450 - Jeremy Pelzer, “Gov. Mike DeWine signs repeal of nuclear bailout, other parts of scandal-tainted House Bill 6”, Cleveland.com,
31 March 2021, see https://www.cleveland.com/open/2021/03/gov-mike-dewine-signs-repeal-of-nuclear-bailout-other-parts-of-scandal-
tainted-house-bill-6.html, accessed 4 September 2022.
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20-year license renewals. Four reactors are currently listed as intending to apply for license
extension in the period 2022-2024.%' Under the Atomic Energy Act (AEA) of 1954, as amended,
and NRC regulations, the NRC issues initial operating licenses for commercial power reactors
for 40 years. NRC regulations permit license renewals that extend the initial 40-year license
for up to 20 additional years per renewal.

In July 2017, the NRC published a final document describing “aging management programs”
that allow the NRC to grant nuclear power plants operating licenses for up to 8o years,
which the NRC has designated “Subsequent License Renewal.”™* As of 4 May 2021, the NRC
had granted Subsequent Renewed Operating Licenses to six reactors,*3 which would permit
operation from 60 to 80 years. Applications for a further nine reactors are under review.**

However, in February 2022, the NRC issued an unprecedented order effectively suspending the
approvals it had granted for four reactors,** and holding approvals of the other applications in
abeyance, while it develops a new environmental assessment for license renewals authorizing
operation from 60 to 80 years. Intervenors in the reviews of the Turkey Point and Peach Bottom
applications alleged to the NRC that it had violated its own regulations and the National
Environmental Policy Act (NEPA) in approving them on the basis of an inapplicable Generic
Environmental Impact Statement (GEIS). Initially, in a ruling issued on 12 November 2020,
the NRC upheld its decision granting the licenses stating that it was correct to rely on NRC’s
Generic Environmental Impact Statement for license renewal.* However, two of the NRC
Commissioners dissented from the decision, arguing this interpretation violates the NRC’s
obligations under the NEPA.%7 As a result of the expiration of two Commissioners’ terms in
2021, the dissenting commissioners then held the majority of two to one, and determined to
avoid legal challenges in the courts and suspend the previous approvals.

451 - U.S.NRC, “Future Submittals of Applications”, as of 12 January 2022, see https://www.nrc.gov/reactors/operating/licensing/
renewal/applications.html, accessed 6 September 2022.

452 - Office of Nuclear Reactor Regulation, “Generic Aging Lessons Learned for Subsequent License Renewal (GALL-SLR)
Report”, U.S. NRC, Final Report, NUREG-2191, Vol. 2, July 2017, see https://www.nrc.gov/docs/ML1718/ML17187A204.pdf,
accessed 10 June 2020.

453 - Turkey Point-3 and -4 (2020), Peach Bottom-2 and -3 (2020), and Surry-1 and -2 (2021). See U.S. NRC, “Status of Subsequent
License Renewal Applications”, 9 June 2022, see https://www.nrc.gov/reactors/operating/licensing/renewal/subsequent-license-
renewal.html, accessed 1 September 2022..

454 - North Anna-1 and -2; Oconee-1, -2, and -3; Point Beach-1 and -2; St. Lucie-1 and -2.

455 - Turkey Point-3 and -4 and Peach Bottom-2 and -3. Because no intervenors challenged the subsequent license renewal application
for Surry-1 and -2, the Commission did not suspend its approval in that case, even though the Surry application relied upon the same
Generic Environmental Impact Statement as the other applications.

See U.S. NRC, “Memorandum and Order CLI-22-02”, 24 February 2022, see https:
and U.S. NRC, “Memorandum and Order CLI-22-04”, 24 February 2022, see https:/
both accessed 1 September 2022.

vww.nrc.gov/docs/ML2205/ML22055A496.pdf;
[www.nrc.gov/docs/ML2205/ML22055A557.pdf;

456 - U.S.NRC, “In the Matter of Exelon Generation Company, LLC (Peach Bottom Atomic Power Station, Units 2 and 3)-Commission
Memorandum and Order (CLI-20-11)”, Docket Nos. 50-277-SLR and 50-278-SLR, 12 November 2020,
see https://www.nrc.gov/docs/ML2031/ML20317A110.pdf, accessed 11 August 2021.

457 - Paul M. Bessette, Ryan K. Lighty and Scott D. Clausen, “NRC Reaffirms Its Decision Allowing SLR Applicants to Rely on License
Renewal GEIS”, Morgan Lewis, 25 November 2020, see https://www.morganlewis.com/blogs/upandatom/2020/11/nrc-reaffirms-its-
decision-allowing-slr-applicants-to-rely-on-license-renewal-geis, accessed 11 August 2021.
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When the NRC promulgated its rules for review of initial 20-year license renewals in 1996,
NRC fulfilled its NEPA obligations by publishing a GEIS#® (updated in 2013%°), covering a broad
array of environmental impacts that the NRC deemed common to all initial license renewals.
When applying for initial license renewal, the licensee needs only to provide a Supplemental
Environmental Impact Statement, addressing impacts that are site-specific to the reactor/s in
question. In doing so, the NRC issued a regulation authorizing licensees to use the GEIS for
initial license renewals to operate for up to 60 years. At the Commissioners’ direction, the
NRC is in the process of updating the GEIS to cover operation from 60 to 80 years. It must also
amend its regulations to authorize the use of the updated GEIS in subsequent license renewal
applications.*°

While not guaranteeing reactors’ continued operation, multiple applications are expected over
the coming years for subsequent license renewals. Duke Energy Corporation has said it plans
to seek license extensions for all 11 of its reactors.*"' The federal legislation providing extended
financial support for reactor operations are likely to encourage additional applications for 8o-
year operational licenses.

The retirement of Palisades-1 in May 2022 marks the completion of Entergy’s planned exit
from the merchant generation business, preceded by the retirements of Vermont Yankee-1
(2014), Pilgrim-1 (2018), Indian Point-2 (2020), and Indian Point-3 (2021), as well as the 2016
divestiture of FitzPatrick-1 to Exelon. The final shutdown of Palisades-1 was preceded by a
proposal initiated by Michigan Governor Gretchen Witmer to apply a federal subsidy under
the Civil Nuclear Credit program created by federal infrastructure legislation enacted in
December 2021 toward attracting a new owner who would extend the Palisades-1. The proposal
failed to garner interest, particularly as Entergy had already entered into a contract to transfer
ownership of Palisades-1 and its decommissioning trust fund (DTF) to Holtec International.
Entergy has transferred all of its retired reactors to consortia specializing in decommissioning:
Holtec and Northstar.

The average age of the six reactors closed in the U.S. over the four-year period 2018-2021
(none was closed in 2017) was 46.5 years (see Figure 41), which remains far below their licensed
lifetimes of 60 years.

458 - U.S. NRC, “Generic Environmental Impact Statement for License Renewal of Nuclear Plants: Appendices - Final Report
(NUREG-1437, Volume 2)”, May 1996, see https://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1437/vz/index.html,
accessed 1 September 2022.

459 - U.S. NRC, “Reactor License Renewal Process”, 10 November 2020, see https://www.nrc.gov/reactors/operating/licensing/renewal
process.html#generic, accessed 1 September 2022.

accessed 1 September 2022.

461 - Ari Natter, “The U.S. May Soon Have the World’s Oldest Nuclear Power Plants”, Bloomberg, 4 February 2020,
see https://www.bloomberg.com/news/articles/2020-02-04/the-u-s-may-soon-have-the-world-s-oldest-nuclear-power-plants,
accessed 2 July 2020.
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Evolution of Nuclear Reactors' Average Closure Age in the U.S. 1963 — 1 July 2022

by Closure Year 2017-2021
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As WNISR has reported in recent years, utilities have been lobbying for state legislation and
contracts that would provide significant financial support for the operation of their uneconomic
reactors (see WNISR2018 Annex 4). A total of 23 reactors were scheduled for early retirement
between 2009 and 2025, of which 13 have already been closed, eight had their closure delayed
following subsidy programs, and two at Diablo Canyon remain in question (see Figure 42).

The enactment of two major pieces of legislation making federal financing and subsidies
available to currently operating nuclear power reactors has disrupted projections for the pace
of retirements. The Infrastructure Investment and Jobs Act (November 2021) authorized the
issuance of Civil Nuclear Credits to unprofitable reactors, to be administered by the Department
of Energy (DOE) through a five-year, US$6 billion federal grant program.+** Implementation of
the program prompted the governors of California and Michigan to request that DOE apply the
grants toward preempting the planned retirements of Palisades-1 and Diablo Canyon-1 and -2.
Entergy Nuclear, the owner of Palisades-1, did not embrace Governor Witmer’s proposal and
retired the reactor as planned.

Governor Gavin Newsom’s proposal for Diablo Canyon took a different course. Driven by
California’s seasonal electricity reliability challenges,* Newsom’s proposal garnered political
support and convinced Diablo Canyon’s owner, Pacific Gas & Electric (PG&E), to consider
breaking an innovative multi-stakeholder agreement to retire the reactors when their

462 - U.S. House of Representatives, “H.R.3684—Infrastructure Investment and Jobs Act”, Public Law No. 117-58,
enacted 15 November 2021, see https://www.congress.gov/bill/117th-congress/house-bill/3684/text, accessed 2 September 2022.

463 - Anne C. Mulkern, “California Faces Summer Blackouts from Climate Extremes”, EXE News, 23 May 2022, see https://www.
scientificamerican.com/article/california-faces-summer-blackouts-from-climate-extremes/, accessed 4 September 202.2.
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federal operating licenses expire in 2024 and 2025. The proposal prompted DOE to amend in
June 202244 the program guidance it had recently issued in April 2022,4*S under which Diablo
Canyon likely would not have been eligible. In order to further accommodate the state’s
policymaking process, DOE twice extended the deadline for PG&E to apply: first, from 19 May
to 5 July 2022 and then again to 6 September 2022.4¢

On 1 September 2022, the California legislature passed a bill proposed by Governor Gavin
Newsom to extend Diablo Canyon’s operations and make US$1.4 billion in loans available to
PG&E to pursue 5-year extensions of the reactors’ federal operating licenses, as well as deferred
maintenance and other expenditures. The state funding is contingent on both Diablo Canyon’s
eligibility for Civil Nuclear Credits, as well as future determinations by the California Public
Utilities Commission on the prudency of Diablo Canyon’s cost to consumers and whether the
reactors are needed to ensure transmission system reliability.+

The decision may delay the most deliberate and planned nuclear power-plant retirements in
the U.S. In 2016, PG&E entered into a settlement with four environmental organizations and
two labor unions. Under the agreement, PG&E would withdraw its license renewal application
at NRC, close the reactors when their operating licenses expire in 2024 and 2025, make
investments in renewables and energy efficiency to ensure it meets California’s renewable
energy and emissions goals, provide salary bonuses, training, and job opportunities for Diablo
Canyon workers, and make stable property tax payments to local municipalities through
2025. The California Public Utilities Commission (CPUC) approved the proposal in 2018,
after the California Legislature enacted a law expressly giving it the authority to implement
the additional payments to workers and local communities and requiring the CPUC to ensure
that Diablo Canyon’s retirement would not result in increases in greenhouse gas emissions. In
subsequent proceedings since 2019, the CPUC has issued orders to PG&E and all other utilities
in the state to procure a total of 22 GW of renewable energy and storage capacity by 2026—the
vast majority of which by the time Diablo Canyon-1 is to close in November 2024. The CPUC
has affirmed publicly that its system planning proceedings and procurement orders have been
directed at assuring grid reliability and emissions reductions through the retirements of Diablo
Canyon and several fossil fuel power plants.+®

464 - U.S. DOE, “Proposed Guidance Amendment for the Civil Nuclear Credit Program”, U.S. Department of Energy, 17 June 2022,
see https://www.energy.gov/sites/default/files/2022-06/Proposed%20CNC%20Guidance%20Amendment%206.17.2022._0.pdf,
accessed 2 September 2022..

465 - U.S. DOE, “Notice of Availability of Guidance for the First Award Period of the Civil Nuclear Credit Program”, Federal Register,
25 April 2022, see https://www.federalregister.gov/documents/2022/04/25/2022-08773/notice-of-availability-of-guidance-for-the-first-
award-period-of-the-civil-nuclear-credit-program, accessed 2 September 2022.

466 - Office of Nuclear Energy, “U.S. Department of Energy Extends Application Deadline for $6 Billion Civil Nuclear Credit Program”,
U.S. DOE, 18 May 2022, see https://www.energy.gov/ne/articles/us-department-energy-extends-application-deadline-6-billion-civil-
nuclear-credit; and Office of Nuclear Energy, “DOE to Revise Eligibility for Civil Nuclear Credit Program and Extend Submission
Deadline”, U.S. DOE, 30 June 2022, see https://www.energy.gov/ne/articles/doe-revise-eligibility-civil-nuclear-credit-program-and-
extend-submission-deadline, both accessed September 2022.

467 - California Senate, “California Senate Bill 846—Diablo Canyon Powerplant: Extension of Operations”, passed 1 September 2022,
see https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202120220SB846, accessed 7 September 2022.

468 - CPUC, “CPUC Orders Historic Clean Energy Procurement To Ensure Electric Grid Reliability and Meet Climate Goals”,
Press Release, California Public Utilities Commission, 24 June 2021, see https://www.cpuc.ca.gov/news-and-updates/all-news/cpuc-
orders-clean-energy-procurement-to-ensure-electric-grid-reliability; and Peter Skala, “Letter to the Editor: CPUC responds to
commentary on Diablo Canyon”, CPUC, published in Capitol Weekly, 15 April 2022, see https://capitolweekly.net/letter-to-the-editor-
cpuc-responds-to-inaccurate-commentary/, both accessed 4 September 2022.
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The Inflation Reduction Act contains six potential sources of funding and financing for existing
and new reactors:

Zero-Emission Nuclear Power Production Credit: Production tax credits for existing
reactors, available for nine years (2024 through 2032). All existing reactors are eligible. If
a reactor owner meets prevailing wage and union apprenticeship requirements, they may
claim as much as US$15/MWh in tax credits. If not, the credits are worth a maximum of
US$3/MWh. If the annual sales revenue of the reactor is greater than US$25/MWh, the
value of the credits that can be claimed is reduced, phasing out at US$o for annual revenue
of US$43.75/MWh. Other state or federal ZEC payments must be counted as sales revenue,
unless those programs specify that their credits would be reduced in the amount of these
federal credits.

Energy Infrastructure Reinvestment Financing: A US$250 billion loan guarantee
program for owners of existing energy infrastructure to finance projects that will “avoid,
reduce, utilize, or sequester air pollutants or anthropogenic emissions.” Existing reactors
would likely be eligible for these loan guarantees, particularly for license renewals and/
or major capital projects necessary to continue operating, such as steam generator
replacements.

Tax credits for new generation sources

Clean Electricity Production Credit: Production tax credits for new electricity
sources, available for 10 years after the facility begins operation. New reactors would
be eligible. Similar to the Nuclear Production Credit, the credit is worth US$15/MWh
if the owner meets prevailing wage and union apprenticeship requirements, and only
US$3/MWh otherwise. Facilities sited in “energy communities™® receive a 10 percent
bonus to the credit. An additional 10 percent bonus is available for facilities that meet
domestic content requirements.

Clean Electricity Investment Credit: Investment tax credits for new electricity
sources. Facilities cannot claim both the production credit and the investment credit.
Similar to the production credit, the investment credit can be claimed on 30 percent of
the eligible investment amount for the facility if the owner meets prevailing wage and
union apprenticeship requirements, but only 6 percent if it does not. Facilities sited
in “energy communities” receive a 10 percent bonus to the credit. An additional 10
percent bonus is available for facilities that meet domestic content requirements.

Funding for DOE Loan Programs Office: Authorizes an additional US$40-43.6 billion for
loan guarantees under DOE’s existing program, for which new reactors would be eligible.

Availability of High-Assay Low-Enriched Uranium (HALEU): Authorizes a total
of US$700 million toward assuring the availability of HALEU for new commercial
reactors research, development, and demonstration (RD&D) projects and commercial
use. USp100 million is allocated for development and certification of transportation
canisters. US$500 million is allocated for procurement of HALEU for a commercial reactor
development consortium. US$100 million is to assure availability of HALEU for RD&D
and commercial use.

469 - Defined as communities with high levels of unemployment where there are brownfield industrial sites or historical dependence
on fossil fuel extraction, production, or generation.
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Figure 42 - Timelines of 23 Reactors Subject to Early Retirement in the United States

Timelines of 23 U.S. Reactors Subject to Early-Retirement 2009-2025
as of 1 July 2022
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Sources: Various, compiled by WNISR, 2022

Notes:

* Crystal River: No production after 2009 (WNISR considers it closed as of this date). Official closure announced in 2013. Renewal application submitted in
2008, withdrawn in 2013. See U.S. NRC, “Crystal River - License Renewal Application”, U.S. Nuclear Regulatory Commission, Updated 9 December 2016,
see https://www.nrc.gov/reactors/operating/licensing/renewal/applications/crystal-river.html, accessed 8 September 2020.

** Possible deferral of closure until 2029 and 2030
** Early closure reversed following access to new subsidies. For Braidwood-1 &-2, and Byron-1 & -2, the enacted legislation extends the subsidies to 2027.

##+ License Renewal Application cancelled in 2018. In 2020, Energy Harbor announced its intention to submit a new license renewal application. See
Perry Nuclear Power Plant, “Notice of Intent to Submit License Renewal Application”, Energy Harbor, addressed to U.S. Nuclear Regulatory Commission,
13 May 2020, see https://www.nrc.gov/docs/ML2013/ML20134H987.pdf, accessed 8 September 2022. Submission is expected in 2023.

As of 1 July 2022, legislation in five states (Connecticut, Illinois, New Jersey, New York and
Ohio) had been enacted—with one retraction in Ohio as a result of the FirstEnergy corruption
scandal (see below)—which in total provided state subsidies to 18 reactors at eleven nuclear
plants. All of these five states have unbundled, retail-choice electricity markets, where
generators do not receive cost recovery from state regulatory commissions. In the four states
with active nuclear subsidy programs, those reactors account for 16 percent of the utility-scale
generating capacity and 19 percent of the U.S. nuclear generating capacity.+°

As reported previously, central to the future of nuclear power in the PJM Interconnection
LLC (PJM) and other wholesale electricity markets are the rules governing how these state

470 - U.S. EIA, “State Electricity Profiles”, U.S. Energy Information Administration, 4 November 2021, see https://www.eia.
gov/electricity/state/; and U.S. EIA, “Electric Power Annual: Table 4.3. Existing Capacity by Energy Source, 2020 (Megawatts)”,
29 October 2021, see https://www.eia.gov/electricity/annual/html/epa_o4_o3.html, both accessed 5 September 2022.


https://www.nrc.gov/reactors/operating/licensing/renewal/applications/crystal-river.html
https://www.nrc.gov/docs/ML2013/ML20134H987.pdf
https://www.eia.gov/electricity/state/
https://www.eia.gov/electricity/state/
https://www.eia.gov/electricity/annual/html/epa_04_03.html
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subsidies for incumbent nuclear power plants are rationalized in the competitive pricing
auctions. Since state-level subsidies for merchant nuclear reactors were first implemented
in 2016, regional wholesale markets (labeled alternately regional transmission organizations
or independent system operators, RTOs or ISOs) and the Federal Energy Regulatory
Commission (FERC), which oversees them, have tried to balance the competing interests of
different industry segments—principally, the coal, gas, and nuclear industries. RTOs/ISOs are
private organizations whose governance is dominated by the commercial interests with the
greatest market shares.#”" For instance, in June 2018, FERC invalidated the PJM market rules.+>
The FERC order related to how PJM set the price of capacity it procures through its capacity
market, known as the Reliability Pricing Model (RPM). The new FERC rules would have
affected how state subsidies, including ZECs, would be considered in the wholesale market.
At issue was whether the subsidies being received by utilities for their nuclear plants would
be factored into the capacity auction pricing. As reported in previous WNISRs, the legislation
passed in four of the five states has been Zero Emission Credits or ZECs.

These instruments are similar in name but different in function from the more well-established
system of renewable energy credits (RECs). ZECs in Illinois, New York, and New Jersey are
awarded on an uncompetitive, fixed-price basis to single corporations gigawatts of nuclear
capacity, representing large shares of the existing state/regional generation supply. In states
that have established renewable energy (or portfolio) standards (RES or RPS), contracts for
RECs are auctioned to renewable energy projects on a competitive basis, from a fixed pool
of credits determined by annually increasing targets for renewable energy consumption.
ZECs provide subsidies to help nuclear generators boost profitability and hold onto their
market share, whereas RECs provide a competitively priced incentive for the deployment of
new renewable technologies at the lowest cost. Both policies are intended to reshape market
outcomes, and FERC noted in its 2018 order that “With each such subsidy, the market becomes
less grounded in fundamental principles of supply and demand.””3

In December 2019, FERC released an order+* directing PJM#> to significantly expand its
minimum offer price rule (MOPR) to mitigate the impacts of state-subsidized resources on
the capacity market. The ruling had the potential to undermine renewable energy development
and drew sharp opposition from a range of interests, including renewable energy industry

471 - The Federal Energy Regulatory Commission, or FERC, is an independent agency that regulates the interstate transmission of
natural gas, oil, and electricity. FERC also regulates natural gas and hydropower projects.

472 - Sonal Patel, “FERC Nixes PJM’s Fixes for Capacity Market Besieged by Subsidized Resources”, POWER Magazine, 5 July 2018,
see https://www.powermag.com/ferc-nixes-pjms-fixes-for-capacity-market-besieged-by-subsidized-resources/?printmode=1,
accessed 7 July 2020.

473 - FERC, “Order Rejecting Proposed Tariff Revisions, Granting In Part And Denying In Part Complaint, And Instituting Proceeding
Under Section 206 Of The Federal Power Act”, Docket Nos. EL16-49-000, issued 29 June 2018, p. 3, see https://elibrary.ferc.gov/
eLibrary/filelist?accession_number=20180629-4005, accessed 24 August 2021.

474 - FERC, “Order Establishing Just And Reasonable Rate”, Docket Nos. EL16-49000 and EL18-178-000, 169 FERC 61,239,
issued 19 December 2019, see https://www.pjm.com/-/media/documents/ferc/orders/2019/20191219-el16-46-000-€l18-178-000.ashx,
accessed 7 July 2020.

475 - Adam Keech, “Capacity Market Minimum Offer Price Rule Order”, Vice President of Market Operations, Market Implementation
Committee, PJM, 8 January 2020, see https://www.pjm.com/-/media/committees-groups/committees/mic/2020/20200108/20200108-
item-oga-ferc-order-on-mopr.ashx, accessed 7 July 2020.
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https://elibrary.ferc.gov/eLibrary/filelist?accession_number=20180629-4005
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associations, environmental groups, and states with specific RES/RPS policies, which are
particularly concerned about the ruling’s de-facto support for continued fossil fuel use.+*

One consequence of the FERC ruling was a delay to the 2021 PJM auction (which are held
twice annually). When it was held in June 2021, nuclear generation cleared the most additional
capacity compared to the previous capacity auction, with an additional 4,460 MW.#7 Industry
analysts noted that Public Service Enterprise Group Inc. (PSEG) and Exelon’s Salem plant in
New Jersey and PSEG’s Hope Creek plant in New Jersey likely secured contracts by appealing for
PJM’s unit-specific exemption to the MOPR, which allows them to bypass default numbers PTM
may assign a resource because of its status as a state-subsidized resource.#® One explanation
for the more successful auction for nuclear plants compared to the previous auction was the
impact of the Biden administration’s active support for nuclear power.+? This was despite the
64-percent reduction in the auction price compared to 2018, with PJM confirming that for the
period 2022-2023 the price was US§50/MW-day compared to the US$140/MW-day three years
ago.+%°

Exelon, in a filing with the U.S. Securities and Exchange Commission, revealed that its Byron,
Dresden and Quad Cities nuclear plants in Illinois all failed to sell their power at the PTM
auction, losing out to other power plants and energy resources.*" At the time of the filing,
two reactors each at the Byron and Dresden sites were slated to be closed in September and
November 2021 respectively, while Quad Cities is in receipt of Illinois state subsidies from
2017-2027. PIM confirmed that the four reactors can retire without putting overall grid
reliability at risk,*** But Exelon retracted the closure plans in September 2021, after Illinois
enacted legislation providing US$694 million in subsidies to them over five years.

A proposal from PJM in response to the FERC MOPR ruling was issued on 30 June 2021. Under
the PJM proposal, state policies providing out-of-market payments to generating resources,
such as nuclear plants, would be recognized as being a legitimate exercise of a state’s authority
over the electric supply mix. Those policies would not be subject to the MOPR “so long as
the policy does not constitute the sale of a FERC-jurisdictional product that is conditioned on

476 - Jeft St. John, “FERC Denies Rehearings on PJM Capacity Orders, in a Blow to States’ Renewables Plans”, GreenTechMedia,
16 April 2020, see https://www.greentechmedia.com/articles/read/ferc-denies-rehearings-on-its-pjm-capacity-rulings-opening-door-
for-legal-challenges, accessed 7 July 2020.

477 - Catherine Moorhouse, “Nuclear capacity increases by 4.5 GW in long-delayed ‘MOPRed’ PJM auction, coal loses 8 GW”,
Utility Dive, 3 June 2021, see https://www.utilitydive.com/news/nuclear-capacity-increases-by-44-gw-in-long-delayed-mopred-pjm-
auction/601208/, accessed 11 August 2021.

478 - Ibidem.
479 - Ibidem.

480 - Scott Van Voorhis, “Fate of Illinois nuclear plants in balance after 3 fail to clear PJM auction and subsidy plan stalls”, Utility Dive,
7 June 2021, see https://www.utilitydive.com/news/fate-of-illinois-nuclear-plants-in-balance-after-pjm-auction-fail-and-stall/601324/,
accessed 11 August 2021.

481 - U.S. States Securities and Exchange Commission, “Form 8-K—Current Report”, Registrant Exelon Corporation and Exelon
Generation Company, 2 June 2021, see https://investors.exeloncorp.com/node/12696/html, accessed 11 August 2021.

482 - 23 WIFR, “Byron Nuclear Plant scheduled to shut down in Sept., Exelon says”, 28 July 2021,
see https://www.wifr.com/2021/07/28/byron-nuclear-plant-scheduled-shut-down-sept-exelon-says/, accessed 12 August 2021.
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clearing in any RPM [Reliability Pricing Model] auction,” the grid operator said in its proposal
summary. %

A change in leadership at FERC and the retirement of a commissioner after President Biden
took office in January 2021 resulted in a deadlock when the commission reviewed PJM’s
“focused MOPR” proposal.**+ The policy went into effect 9o days later without FERC taking
action, effectively defaulting back to the previous rules after three years of market uncertainty
and deferred capacity auctions. The proposals from PJM were to be incorporated into the
next auction, which was to be held in December 2021, for the period 2023-2024. However, the
auction was again delayed when FERC reversed a previous decision affecting the amount of
capacity PJM must procure.**

While efforts to secure ZEC legislation stalled in Pennsylvania, the decision by the state
Governor to join the Regional Greenhouse Gas Initiative (RGGI) has led to the choice to
reverse the decision to close Beaver Valley-1 and -2. Plant owner Energy Harbor Corp. notified
PJM that it would rescind its March 2018 deactivation notices. The reactors were owned
previously by FirstEnergy Solutions (the merchant generation subsidiary of utility holding
company FirstEnergy Corp.) which had filed for bankruptcy in 2018. Beaver Valley Units 1
and 2 were scheduled to close in May and October 2021. The RGGI is a cap-and-trade program
to limit carbon dioxide emissions from power plants.

Analysis in October 2019 reported that a carbon price of US$3 to US$s5 per ton would be
enough to keep nuclear plants in Pennsylvania economically viable for the foreseeable future.+¢
Pennsylvania issued the emissions regulations necessary to join RGGI in April 2022, but a
court injunction prevents their implementation until rulings on legal challenges are issued.**
Hearings in the cases are scheduled for September and November 2022. The states that are
in the RGGI are Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire,
New Jersey, New York, Pennsylvania, Rhode Island, Vermont, and Virginia.

Prior to enactment of the IIJA and IRA, Exelon announced that it would not close any other
reactors in Illinois for at least six more years. The state enacted legislation extending subsidies
to the Braidwood-1 and -2, Byron-1 and -2, and Dresden-2 and -3 reactors until 2027.

483 - PJM, “Summary of the Updated PJM MOPR Proposal”, 30 June 2021, see https://pjm.com/-/media/committees-groups/cifp
Mopr/2021/20210630/20210630-cifp-mopr-pjm-proposal.ashx; and American Nuclear Society, “PJM board okays plan to ease concerns
with MOPR ruling”, Nuclear News Wire, 14 July 2021, see https://www.ans.org/news/article-3067/pjm-board-okays-plan-to-ease-
concerns-with-mopr-ruling/; both accessed 11 August 202.1.

484 - Ethan Howland, “PJM’s ‘focused’ MOPR takes effect, boosting renewables and nuclear as FERC commissioners deadlock”,
Utility Dive, 30 September 2022, see https://www.utilitydive.com/news/pjm-focused-mopr-takes-effect-ferc-capacity-market/607417/,
accessed 2 September 2022.

485 - Ethan Howland, “FERC orders PJM to change reserve market rules, delay capacity auctions”, Utility Dive, 23 December 2021,
see https://www.utilitydive.com/news/ferc-orders-pjm-to-change-reserve-market-rules-delay-capacity-auctions/616556/,
accessed 2 September 2022.

486 - Resources for the Future, “Options for Issuing Emissions Allowances in a Pennsylvania Carbon Pricing Policy”, 21 October 2019,
see https://www.rff.org/publications/issue-briefs/options-issuing-emissions-allowances-pennsylvania-carbon-pricing-policy/,
accessed 6 July 2020.

487 - Pennsylvania Department of Environmental Protection, “Pennsylvania Enters the Regional Greenhouse Gas Initiative”,
Press Release, 22 April 2022, see https://www.media.pa.gov/pages/DEP_details.aspx?newsid=1594, accessed 2 September 2022.

488 - Rachel McDevitt, “Pennsylvania’s climate rule paused until trial this fall”, National Public Radio, 7 July 2022,
see https://stateimpact.npr.org/pennsylvania/2022/07/07/pennsylvanias-climate-rule-takes-effect-as-sides-prepare-for-trial-this-fall/,
accessed 2 September 2022.
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Braidwood-1 and -2 and LaSalle-1 and -2 would be kept in operation through May 2023 to
“provide time for the significant logistical and technical planning necessary to ensure a safe
and orderly retirement.”™*® The Braidwood reactors have secured operational licenses to 2046
and 2047 respectively, while the LaSalle reactors are licensed to 2042 and 2043 respectively.
However, Exelon warned that early shutdown would take place “in the event policy changes
are not enacted”.#° The bill enacted in September 2021 authorized subsidies worth a total of
US$694 million over five years for Braidwood, Byron, and Dresden*’—more than the study
concluded was necessary, but far less than the subsidies enacted in 2016 and those proposed
in the federal bills. Exelon committed to keeping all of its Illinois reactors operational through
the period in which the subsidies are provided, including the unsubsidized LaSalle reactors.

Reactor Construction

“Part of the risk that we see is that if something else were to happen
during the construction between now and when it goes online for
commercial operations, we would have to pay that too. ... If we tender and
can replace that energy for less than $135 per megawatt hour is the right
call for us.

It saves us money.”

Jay Stowe, Chief Executive Officer of Jacksonville Electric Authority (JEA),
on the utility’s decision to request Vogtle co-owner Municipal Electric Authority
of Georgia to cap its share of Vogtle construction costs

10 August 202.24*

The Vogtle Debacle

Only two commercial reactors are currently under construction on a single site in the U.S.,
the AP-1000 reactors Vogtle-3 and -4 which began construction respectively in March and
November 2013.4% At construction start of Unit 3, the projected cost of the twin-unit project
was around US$14 billion, with construction expected to be complete in 2017 and 2018
respectively.+* The reactors are being built in Burke County, near Waynesboro, in the state of

489 - Scott Van Voorhis, “Fate of Illinois nuclear plants in balance after 3 fail to clear PJM auction and subsidy plan stalls”, Utility Dive,
7 June 2021, see https://www.utilitydive.com/news/fate-of-illinois-nuclear-plants-in-balance-after-pjm-auction-fail-and-stall/601324/,
accessed 11 August 2021.

490 - Ibidem.

491 - Catherine Clifford, “Why Illinois paid $694 million to keep nuclear plants open”, CNBC, 20 November 2021,
see https://www.cnbc.com/2021/11/20/illinois-nuclear-power-subsidy-of-694-million-imperfect-compromise.html,
accessed 4 September 2022.

492 - Mike Mendenhall, “JEA’s plan for Plant Vogtle savings”, Jacksonville Daily Record, 2 September 2022,
see https://www.jaxdailyrecord.com/article/jeas-plan-for-plant-vogtle-savings, accessed 5 September 2022.

493 - WNISR, “Construction Start on US Vogtle Unit 4”, 25 November 2013,
see https://www.worldnuclearreport.org/Construction-Start-on-US-Vogtle.html, accessed 20 July 2021.

494 - WNISR, “Construction Start at Vogtle Reactor in the US”, 16 March 2013,
see https://www.worldnuclearreport.org/Construction-Start-at-Vogtle.html, accessed 7 September 2022..
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Georgia, in the southeastern U.S. and are owned by Southern Company (parent company of
majority Vogtle plant owner, Georgia Power).

In 2017, Southern Company delayed the projected fuel-loading schedule to November 2021
for Unit 3 and November 2022 for Unit 4. Those dates have since slipped to March and
December 2023. In August 2022, NRC approved Vogtle-3 for initial fuel loading now considered
likely to take place in October 2022, and fuel loading for Unit 4 will not occur until at least
2023.43

During the past year, the project passed certain construction milestones, but the actual
progress in completing construction and meeting the latest startup schedule is still uncertain.
As in previous years and as reported in previous WNISR editions, evidence continues to emerge
that reveals the enormous scale of the Vogtle project failure. The most recent delays resulted
primarily from administrative errors in failing to document over 26,000 inspection records
for correcting errors in electrical cable installations.**® NRC issued violations for the errors in
2021, requiring additional oversight.+” In granting approval for fuel loading, NRC concluded
that Southern Company had satisfied the required inspections, tests, analyses, and acceptance
criteria for Vogtle-3 to begin operation.*®

As of September 2022, construction of Unit 3 was 99 percent complete according to Southern
Company, which compares with 98-percent completion as of July 2021 and 81.2 percent as
of March 2020.#? In the case of Unit 4, Southern Company reported that it was 96 percent
complete as of September 2022, compared to 84 percent as of July 2021.5°°

Critics of the Vogtle project had long predicted that there would be delays and that costs
would be much higher than anticipated.>> Georgia Power’s original 46.7 percent share of the
project cost approved by the Georgia Public Service Commission (PSC) was US$6.1 billion
in 2009,°* which corresponds to a cost of US$5,975/kW (gross), whereas the 2017 estimate
of US$23 billion translates to a cost of US$10,300/kW. The revised 2018-estimate was in the

495 - U.S. NRC, “NRC Authorizes Vogtle Unit 3 Fuel Loading and Operation”, Press Release No. 22-031, 3 August 2022,
see https://www.nrc.gov/reading-rm/doc-collections/news/2022/22-031.pdf, accessed 7 September 2022.

496 - Drew Kahn, “Monitors blame Georgia Power’s lax oversight for Plant Vogtle delays”, Atlanta Journal-Constitution,
19 July 2022, see https://www.ajc.com/news/monitors-blame-georgia-powers-lax-oversight-for-plant-vogtle-delays/
BGRQWF65PFDMLB5QXKT7XYZLZQ/, accessed 1 September 2022.

497 - Jeff Amy, “Nuclear regulators uphold violations at Georgia reactors”, Associated Press, 19 November 2021,

see https://www.statesboroherald.com/local/nuclear-regulators-uphold-violations-georgia-reactorsy/;

and U.S. NRC, “Vogtle Electric Generating Plant, Unit 3 - Final Significance Determination of a Preliminary White Finding, a
Preliminary Greater than Green Finding, Notice of Violation, and Assessment Follow-Up Letter, NRC Special Inspection Report
05200025/2021011”, 17 November 2021, see https://www.nrc.gov/docs/ML2131/ML21312A412.pdf, both accessed September 2022.

498 - U.S. NRC, “Finding that all Acceptance Criteria are met for the Vogtle Electric Generating Plant, Unit 3, Combined License,”
see https://www.nrc.gov/docs/ML2029/ML20290A284.pdf, accessed 5 September 2022.

499 - Southern Company, “Building carbon-free nuclear energy Plant Vogtle Units 3 and 4”, Undated,
see https://www.southerncompany.com/innovation/vogtle-3-and-4.html, accessed 5 September 2022.

500 - Aaron Larson, “Fuel Loading Only Major Milestone Left for Vogtle Unit 3 Nuclear Project”, POWER Magazine, 30 July 2021,
see https://www.powermag.com/fuel-loading-only-major-milestone-left-for-vogtle-unit-3-nuclear-project/, accessed 19 August 2021.
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range of US$28 billion.*3 As of August 2022, total project costs are reported to have increased
to US$30.34 billion, or US$13,581/kW—=2.3 times greater than the original approved cost
estimate.5** Those figures do not include US$3.68 billion Westinghouse refunded to the Vogtle
owners in 2017.5° Taking that into account, actual construction cost is now ~US$34 billion, or
US$15,219/kW and more than 2.5 times the original approved cost. These costs compare with
the Massachusetts Institute of Technology (MIT) 2009-assessment of the prospects for new
nuclear power based on overnight costs of US$___ 4,000/kW.s¢

As WNISR2018 reported, in December 2017, the Georgia PSC, following the recommendation
from Southern Company, decided to continue to support the project. The Georgia PSC has
backed the Plant Vogtle project from the start, including awarding the generous Construction
Work In Progress (CWIP), where interest payments on all construction costs incurred by
Georgia Power are passed directly on to the customer. The Georgia Nuclear Energy Financing
Act, signed into law in 2009, allows regulated utilities to recover from their customers the
financing costs associated with the construction of nuclear generation projects—years before
those projects are scheduled to begin producing benefits for ratepayers.

As a result of the CWIP legislation, out of Georgia Power’s original estimated US$6.1 billion
Vogtle costs, US$1.7 billion is financing costs recoverable from the ratepayer. The utility began
recovering these financing costs from its customers starting in 2011. For that first year, the
rule translates to Georgia Power electric bills’ rising by an average of US$3.73 per month.
Georgia Power estimated that this monthly charge would escalate so that by 2018, Georgia
Power residential customers using 1,000 kWh per month would have seen their bill go up
by US$10 per month due to Vogtle-3 and -4. As a result of increased costs of the project and
approval by the Georgia PSC, ratepayers had already paid US$2 billion to Georgia Power as
of November 201757 In June 2021, Georgia PSC staff estimated that the average household
customer of Georgia Power will have paid US$854 for Vogtle-3 and -4 construction before the
reactors begin generating electricity.>*® As a result of further delays since then, those costs—
and thus customer subsidies—will be higher still.

Under the financing terms agreed with the Georgia PSC, the longer the Vogtle plant takes to
construct, the higher its costs, which have invariably been passed on to Georgia ratepayers,
resulting in higher income streams for Georgia Power and therefore Southern. In reporting
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504 - Jeff Amy, “Co-owners sue Georgia Power in $685M Vogtle contract dispute”, Associated Press, 21 June 2022, op. cit.
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expansion-300571464.html, accessed 1 September 2022.

506 - John M. Deutch, Charles W. Forsberg, et al., “Update of the MIT 2003 Future of Nuclear Power”, MIT Energy Initiative,
Interdisciplinary Study, Massachusetts Institute of Technology, 2009, see http://web.mit.edu/nuclearpower/pdf/nuclearpower-
update2009.pdf, accessed 5 August 2019.
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Burden of Georgia Power’s Project Mismanagement”, Press Release, 6 November 2017, see https://www.prnewswire.com/news-
releases/groups-intervene-in-vogtle-cost-proceedings-georgians-should-not-bear-financial-burden-of-georgia-powers-project-
mismanagement-300550250.html, accessed 7 September 2022.
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see https://apnews.com/article/ga-state-wire-fl-state-wire-al-state-wire-georgia-environment-and-nature-6ao331eaof7fggbycac285f20
a83a244, accessed 5 September 2022.
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2018 Southern earnings, CEO Thomas A. Fanning stated that 2018, “was a banner year for
Southern Company (...). All of our state-regulated electric and gas companies delivered strong
performance” with full-year 2018 earnings of US$2.23 billion, compared with earnings of
US$842 million in 2017.5%

WNISR2019 reported extensively on the economics of the Vogtle project. According to an
expert testimony to the PSC on 5 June 2020,

The Staff CTC [cost to complete] analyses, which ignore the [US]$8.1 billion already incurred
by the Company [Georgia Power] as of December 31, 2019, indicate that it is economic to
complete the Project if the Company adheres to its current construction cost and the
November 2021 and November 2022 regulatory COD [Commercial Operation Date] forecasts.
The Staff analyses indicate that it is not economic to complete the Project if there is a delay of
24 months or longer beyond the current regulatory CODs.5*°

There were major doubts before 2021 that Georgia Power would meet its COD target dates, but
they were confirmed during 2020-2021, including in relation to the start and completion of
Hot Functional Tests (HFT)" In 2019, PSC staff had concluded that “at this time the status of
the Project is uncertain,” with major uncertainties whether the target date of HFTs scheduled
for Unit 3 on 31 March 2020 could be achieved.s* Fuel loading at that time was scheduled for
14 October 2020.

On 30 April 2020, Thomas Fanning, CEO of Georgia Power, stated that, “cold hydro testing
is planned to begin in June or July, with hot functional testing beginning in August or
September.”? This schedule changed again, when in June 2020, Southern announced that cold
testing would take place “this fall” to then be followed by hot testing.

509 - Southern Company, “Southern Company reports fourth-quarter and full-year 2018 earnings”, Press Release, as published on
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year-2018-earnings-300798574.html, accessed 28 May 2019.
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CPA, CMA, CGMA - On Behalf Of The Georgia Public Service Commission Public Interest Advocacy Staff”, Before The Georgia
Public Service Commission, Docket No. 29849, 5 June 2020, see https://www.eenews.net/assets/2020/06/09/document_ew_o4.pdf,
accessed 3 June 2020.
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Significant tests include measurement of thermal expansion and vibrations of the RCS, verifying the ability to control RCS pressure
using the pressurizer heaters and spray, and integrated operation of the secondary plant including supplying feedwater to the Steam
Generators via the condensate and feedwater systems. In addition, the main turbine will be rolled to full operating speed of 1800 RPM
to verify the operation.

512 - Georgia PSC, “In The Matter Of Georgia Power Company’s Nineteenth Semi-Annual Vogtle Construction Monitoring
Report—Direct Testimony And Exhibits Of Steven D. Roetger and William R. Jacobs, Jr., PhD—On Behalf Of The Georgia Public
Service Commission Public Interest Advocacy Staff”, Testimony Before The Georgia Public Service Commission, Docket No. 29849,
30 November 2018.

513 - WNN, “Major component installed at Vogtle 3”7, 14 May 2020, see https://world-nuclear-news.org/Articles/Major-component-
installed-at-Vogtle-3, accessed 4 July 2020.
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Credit-rating agency Standard & Poor’s said in a statement:

The unexpected, late-stage changes to these planned activities is credit negative for Georgia
Power because it signals that challenges with the project continue, increasing the likelihood
of additional cost overruns and further schedule delays.s*

HFT was then supposed to begin in January 2021 but was delayed and considered the primary
cause for delay in commercial operation of the reactor. HFT of Vogtle-3 finally began on
25 April 2021 and was planned to be completed within 6-8 weeks.ss Apparently, Southern
Company reported to investors on 29 July 2021 that HFT had been completed.s*

On 18 May 2021, Southern Company informed the Georgia Public Service Commission that
delays in testing of the Vogtle-3 reactor would mean that operation would not start before
January 2022, at the earliest.s” The Commission was told that Unit 3 was 98 percent complete.

While COVID-19 impacted workers on the site, delays were also caused by the need to replace
electrical components and other work that the “company decided wasn’t up to standard.”
Georgia Power told Commissioners that there was evidence “that contractors were declaring
work complete without testing for deficiencies, relying on inspectors to catch it and fix any
problems later.” The company engaged in hot functional testing of the first reactor and
encountered more expansion of metal parts as systems were heated up than anticipated.
“There’s a chance we may need to make some adjustments to the structural supports”
Stephen Kuczynski, President and CEO of Southern Nuclear, told Commissioners of the
thermal expansion issues. The PSC was then informed that the schedule for operation of Unit 4
was November 2022.5®

Georgia Power is currently expected to recover approximately US$3.9 billion under the Nuclear
Construction Cost Recovery (“NCCR?”) tariffs imposed on customers during the construction
period. “This is nearly double the US$2.1 billion the Company would have collected if the Units
had been completed in accordance with the certification schedule of 11 April 2016 and 2017.”%"
Under the NCCR, Georgia Power is permitted to request to add US$8.o billion to its rate base
once Units 3 and 4 are in commercial service.
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service-dates-and-cost-forecast-revised-for-Vog, accessed 28 August 2021.
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accessed 7 September 2022.
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Lawsuits Against the Vogtle Project

Multiple lawsuits against the Vogtle project initiated have continued through the courts. In
2022, Oglethorpe and Municipal Electric Authority of Georgia (MEAG) filed suits against
Georgia Power to enforce the terms of the 2018 settlement that allowed the project to continue
after Westinghouse’s bankruptcy and cost increases to US$25 billion.s>° At issue is a dispute
over the allocation of recent cost increases for the project. Oglethorpe and MEAG claim that
cost increases have surpassed the threshold at which Georgia Power would begin absorbing
100 percent of the costs and taking a greater ownership share of the reactors. Georgia Power
disputes their argument, claiming that the cost baseline should be US$1.3 billion greater than
the US$17.1 billion amount Oglethorpe and MEAG claim. The disputes center on US$695 million
in expenses for which Georgia Power has billed the two co-owners. In August 2022, JEA wrote
to MEAG requesting that it exercises its option in the 2018 agreement to tender a portion of
its ownership share of the reactors to halt further payments for cost increases. In order to do
so, all 39 of MEAG’s member utilities must agree. JEA is not a member of MEAG and cannot
vote on the matter but signed a contract with MEAG in 2008 for a stake in its share of Vogtle-3
and -4. The fourth and smallest co-owner, Dalton Utilities, has not sued Georgia Power, but
its board voted on 18 July 2022 to exercise its tender option and end its capital spending on
Vogtle-3 and -4.5 Whatever the outcome of the Oglethorpe and MEAG suits, it is likely that
Southern Company will begin assuming an increasing share in ownership of the project
going forward. Georgia PSC may not permit cost recovery for the full amount of further cost
increases, requiring Southern Company to pass those costs onto its shareholders.

The most recent challenge to the Vogtle construction project was in May 2020, when the
Blue Ridge Environmental Defense League (BREDL) filed a challenge to an NRC License
Amendment request from Southern.s*> BREDL contends that, under the guise of a one-inch
change in the seismic gap between two critical walls in the Vogtle Unit 3 reactor, Southern
has admitted to a much more serious structural problem, the “dishing” of the nuclear plant’s
concrete foundation which creates instabilitys* Southern contends that it’s just a minor
construction flaw, whereas BREDL expert witness, nuclear engineer Arne Gundersen, stated
“that the sheer weight of the nuclear island building is causing it to sink into the red Georgia
clay”®** During a preliminary oral hearing of Southern’s License Amendment request, the
case was heard by the NRC’s Atomic Safety and Licensing Board (ASLB) on 1 July 2020. On
10 August 2020, the ASLB issued Memorandum and Order, denying BREDL’s intervention,
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and dismissing the two contentions and terminating the proceeding.s> On 4 September 2020,
BREDL filed with the NRC seeking Commission review of the ASLB decisions** NRC denied
the petition on 22 December 2020.57 BREDL filed a motion to reopen the proceeding on
7 December 20205 and an amended contention on 28 December 2020,5* which NRC denied
on 15 March 2021.53°

Vogtle Federal Loan Guarantees

Under the terms of the Department of Energy (DOE) Loan Guarantee Program, owners of
nuclear projects can borrow at below-market Federal Financing Bank rates with the repayment
assurance of the U.S. Government. DOE loan guarantees permitted Vogtle’s owners to finance
a substantial portion of their construction costs at interest rates well below market levels,
and to increase their debt fraction, which significantly reduced overall financing costs. In
justification for the loan guarantee to Vogtle, the Obama administration stated in 2010 that

the Vogtle project represents an important advance in nuclear technology, other innovative
nuclear projects may be unable to obtain full commercial financing due to the perceived
risks associated with technology that has never been deployed at commercial scale in the
U.S. The loan guarantees from this draft solicitation would support advanced nuclear energy
technologies that will catalyze the deployment of future projects that replicate or extend a
technological innovation.s

The loan-guarantee program has therefore played a critical role in permitting the Vogtle project
to proceed but has failed to catalyze a nuclear revival, with no prospects of further new large
nuclear plants being built in the foreseeable future. Oglethorpe Power Corporation (OPC),
which has a 30-percent stake in Vogtle, confirmed in August 2017 that it had submitted a
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request to DOE for up to US$1.6 billion in additional loan guarantees. The company already had
a US$3 billion loan guarantee from DOE. 53> The other owners—Georgia Power and MEAG—
had secured US$8.3 billion in separate loan guarantees from DOE since 2010, when they were
approved by the Obama administration. Both companies confirmed in August 2017 that they
were seeking additional loan guarantee funding.

On 29 September 2017, DOE Secretary Perry announced approval of additional US$3.7 billion
loan guarantees for the Vogtle owners, with US$1.67 billion to Georgia Power, US$1.6 billion to
OPC, and US$415 million to MEAG.5* A decision on terminating the Vogtle project would raise
the prospect of repayment of the previous US$8.3 billion loan to Southern.s3 In April 2019, the
DOE provided an additional loan guarantee of US$3.7 billion to Plant Vogtle construction, only
the second loan guarantee issued under the Trump administration and the second to Plant
Vogtle.s3® This brought the total loan guarantees provided for the Vogtle project by the DOE to
US$12.03 billion.s

Since 2017, the U.S. Justice Department has opened three separate investigations against
utility corporations over criminal activities related to nuclear power. The cases have resulted
in indictments of executives, lobbyists, and state officials. The cases have been accompanied
by additional lawsuits and state-level investigatory proceedings, and they have had political
ramifications which appear to have had further impacts on the industry, economically, as well
as legally and politically. This does not appear to have deterred the industry from continuing
to engage in significant lobbying and political action even as the Justice Department continued
corruption investigations involving nuclear corporations. Through enactment of the IIJA and
IRA, the authorization of an unprecedented amount of federal direct support for commercial
nuclear energy over the previous 12 months is testimony to the extent of political activity by
the industry. In total, ten of the largest nuclear corporations and their major trade groups

reported over US$58 million in lobbying expenses at the federal level in 2021.53®
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accessed 28 May 2019.
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it-holds/, accessed 7 September 2022.
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Fraud Investigation and Prosecutions over V.C. Summer Project

As reported in previous WNISR editions, the decision on 31 July 2017 by Santee Cooper and
SCANA Corporation (the parent company of South Carolina Electric & Gas or SCG&E) to
terminate construction of the V.C. Summer reactor project has seen ongoing financial and legal
fallout for the companies and ratepayers of South Carolina during the past five years. At the
time of cancellation, the total costs for completion of the two AP-1000 reactors at V.C. Summer
was projected to exceed US$25 billion—about 2.5 times the initial estimate.® The conspiracy
to deceive regulators and ratepayers, which has been revealed by federal investigations, was
intended to allow SCANA to apply for numerous rate increases to help pay for ongoing reactor
construction. The rate increases were “fraudulently inflated bills to customers for the stated
purpose of funding the project,” according to federal filings.5*> Under legislation passed by the
South Carolina state Legislature in 2007*#—but strongly opposed by civil society groups—
construction costs for the V.C. Summer reactors were to be paid by state ratepayers.’+
When SCANA was taken over by Dominion Energy in January 2019, it “committed to make
extensive remedial efforts to redress ratepayers,” which was estimated to be approximately
US$4 billion.s# Exactly what this means remains unclear, as under current plans Dominion will
be charging South Carolina ratepayers an additional US$2.3 billion over the next two decades
for the collapsed V.C. Summer project.** The 8 June 2020 filing made it clear that Dominion
will not be prosecuted, with a utility spokesman stating that “We have no further comment
regarding this matter or the investigation”s#

Executives from both SCANA and Westinghouse were found guilty of unlawfully withholding
information for years about the failure of the V.C Summer project both from regulators and
shareholders.

On 7 October 2021, former SCANA CEO Kevin Marsh was sentenced to two years in prison
after pleading guilty to charges of conspiracy to commit mail and wire fraud.s* Marsh was the
first defendant to be sentenced, though three others have pleaded guilty to having participated
in an illegal abuse of public trust by engaging in a deliberate plan to hide the extent of SCANA’s
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accessed 5 September 2022.
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financial troubles at the nuclear project from the public, from regulators, and from investors in
the publicly traded utility.

The Director of Savannah River Site Watch (SRS Watch) Tom Clements stated that “The
[US]$5 million fine is really like a traffic ticket to him... I assume he (Marsh) is going to suffer
for two years in prison, but he really deserves a much longer prison sentence for what he’s done
to the state of South Carolina,” said Clements, who predicted more people will eventually be
charged.s¥

In the case brought against Carl Dean Churchman, former vice President of Westinghouse
Electric Corporation and the director of the V.C. Summer project for the company, it was found
that he was communicating “with colleagues from the Westinghouse Electric Corporation
through multiple emails in which they discussed the viability and accuracy of (completion
dates) and thereafter, he reported those dates to executives of SCANA and Santee Cooper
during a meeting held on Feb. 14, 2017.”54® On 10 June 2021, Churchman pleaded guilty to the
felony offence of lying to the FBI.>#

A parallel legal case, brought by the Securities and Exchange Commission (SEC) against
SCANA executives, was settled in December 2020. They were accused of civil fraud in being
at the center of a scheme that artificially inflated SCANA’s stock price in the period 2014-2017.
The proposed settlement, announced by the SEC on 2 December 2020, requires SCANA to pay
a US$25 million civil penalty, and SCANA and SCE&G to pay US$112.5 million in disgorgement
plus prejudgment interest.’s°

Acting U.S. Attorney Rhett DeHart stated in June 2021, “It’s clear that our investigation into
the V.C. Summer nuclear debacle didn’t end with the SCANA case,” he said. “Our office is
committed to seeing this investigation through and holding all individuals and companies who
participated in this fiasco accountable.”s!

The pace of developments in the investigation appears to have slowed, with no further
indictments, convictions, or sentences since October 2021. On 9 May 2022, a procedural ruling
was reported to clear the way for the trial of former Westinghouse Vice President Jeff Benjamin
in a sixteen-count felony criminal indictment.s* The court ruled that Benjamin could continue
using an attorney who also represented another former Westinghouse executive who is
cooperating with prosecutors. The trial of Benjamin may begin as soon as October 2022 as a

result of the ruling.
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Ohio Corruption Scandal and Nuclear Subsidy Legislation

“FirstEnergy’s core values and behaviors include integrity, openness,
and trust. As an organization, we are redoubling our commitment to live up to

)

these values and the standards that we know our stakeholders expect of us.’
Steven E. Strah, FirstEnergy president and chief executive officer

22 July 2021.5%

In July 2020, the speaker of the Ohio House of Representatives, Larry Householder, was
arrested by the FBI on charges of racketeering. It was alleged at the time that he and his
associates had set up a US$60 million slush fund

to elect their candidates, with the money coming from one of the state’s largest electricity
companies. (...) Prosecutors contend that in return for the cash, Mr. Householder, a
Republican, pushed through a huge bailout of two nuclear plants and several coal plants that
were losing money.**

As a result of the leadership role of Householder, in 2019, legislation House Bill 6 (HB6)5s
was passed and FirstEnergy’s Davis-Besse and Perry reactors were granted subsidies totaling
USg1.05 billion of electricity customer money to support keeping their uneconomic units on the
grid. The conspiracy was “likely the largest bribery, money-laundering scheme ever perpetrated
against the people of the state of Ohio,” the U.S. attorney for the Southern District of Ohio,
David M. DeVillers, said in a news conference in 2020.5° Householder pleaded not guilty. In the
two years since, the scandal has escalated, leading to the admission of guilt by FirstEnergy, and
the enactment of a bill in 2021 repealing the nuclear subsides and a profiteering ratemaking
provision in HB6, while leaving a smaller subsidy program for two coal plants and provisions
that effectively ended energy efficiency and renewable energy standards in place.s”

In October 2020, when FirstEnergy was still denying its guilt, it continued its efforts to
prevent further disclosures, leading Miranda Leppla, Vice President of Energy Policy for the
Ohio Environmental Council Action Fund, to state, “FirstEnergy’s lack of transparency is a
continuation from its resistance to prove it even needed the bailout it received in House Bill 6,
despite requests from lawmakers during HB 6 hearings.”>s®
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Tom Bullock, executive director of the Citizen Utility Board, warned that “Ohio consumers
have been harmed by HB 6, and the damage gets much worse on January 1 [2021] when
US$150 million [in] nuclear bailout charges kick in...FirstEnergy says it’s not complicit in
alleged HB 6 bribery, but it’s using legal maneuvers to block transparency, deny consumer
refunds, and keep nuclear bailout money. Consumers need PUCO [Public Utilities Commission
of Ohio] to side with us and order FirstEnergy to cooperate.”

On 16 November 2020, FBI agents raided the home of PUCO Chairman Sam Randazzo.5*
He was appointed by Governor DeWine in February 2019, prior to which he was a longtime
lawyer for the utility industry. In mid-July 2021, it was disclosed that FirstEnergy admitted
in a deferred prosecution agreement that it paid Randazzo US$22 million between 2010 and
2019, prior to his appointment to chair of PUCO.* PUCO, also in November 2020, began an
audit of FirstEnergy to see whether the company broke any laws or regulations regarding its
interactions with an ex-subsidiary while the companies pushed to secure HB6.

On 29 December 2020, the Ohio Supreme Court ordered a halt to electric utilities collecting
monthly fees under HB6.5%

In March 2021, FirstEnergy informed Ohio regulators that it would refuse to refund customers
US$30 million collected from revenue generated under the HB6 legislation.® The Ohio
Consumers’ Counsel had called on the Ohio PUCO to order FirstEnergy to “remedy what
would be a miscarriage or perversion of justice” was the company to keep income from rate
guarantees. “As we see it, the PUCO or the legislature shouldn’t allow FirstEnergy to walk
away from the House Bill 6 scandal with even a penny of Ohioans’ money, and certainly not
with the US$30 million it charged consumers for recession-proofing,” the Consumers’ Counsel
said in a statement.5*

On 31 March 2021, Ohio Governor DeWine signed House Bill 128, which permanently cancels
nuclear power subsidies paid under HB6.5 FirstEnergy, also on 31 March 2021, reversed its
previous position and agreed to refund US$26 million to consumers for charges it collected
through HB6.

On 22 July 2021, it was announced that FirstEnergy agreed to pay a US$230 million fine
for bribing key Ohio officials in its efforts to secure the HB6 US$1-billion ratepayer-funded

559 - Ibidem.

560 - Jeremy Pelzer, “FBI searches Public Utilities Commission of Ohio Chairman Sam Randazzo’s home”, Cleveland.com,
16 November 2020, see https://www.cleveland.com/open/2020/11/fbi-searches-public-utilities-commission-of-ohio-chairman-sam
randazzos-home.html, accessed 12 August 2021.

561 - Laura A. Bischoff, “Top state regulator paid millions for part-time work, FirstEnergy agreement shows”, The Columbus
Dispatch, 2 August 2021, see https://eu.dispatch.com/story/news/2021/08/02/firstenergy-paid-sam-randazzo-big-money-work-part
time/5436419001/, accessed 12 August 2021.

562 - ABC6, “Ohio Supreme Court issues order stopping electric utilities from collecting monthly fee”, 29 December 2020,
see https://abc6onyourside.com/news/local/ohio-supreme-court-issues-order-stopping-electric-utilities-from-collecting-monthly-fee,
accessed 12 August 2021.

563 - Mark Gillespie, “FirstEnergy refusing to return subsidy cash to customers”, Associated Press, 20 March 2021,
see https://apnews.com/article/akron-ohio-archive-utilities-d2d8b22e574437d91b247b3e693252¢f, accessed 12 August 2021.

564 - Ibidem.

565 - Jarrod Clay, “Gov. DeWine signs bill repealing parts of scandal-tainted House Bill 6”, ABC6, 31 March 2021,
see https://abc6onyourside.com/news/local/gov-dewine-signs-bill-repealing-parts-of-scandal-tainted-house-bill-6,
accessed 12 August 2021


https://www.cleveland.com/open/2020/11/fbi-searches-public-utilities-commission-of-ohio-chairman-sam-randazzos-home.html
https://www.cleveland.com/open/2020/11/fbi-searches-public-utilities-commission-of-ohio-chairman-sam-randazzos-home.html
https://eu.dispatch.com/story/news/2021/08/02/firstenergy-paid-sam-randazzo-big-money-work-part-time/5436419001/
https://eu.dispatch.com/story/news/2021/08/02/firstenergy-paid-sam-randazzo-big-money-work-part-time/5436419001/
https://abc6onyourside.com/news/local/ohio-supreme-court-issues-order-stopping-electric-utilities-from-collecting-monthly-fee
https://apnews.com/article/akron-ohio-archive-utilities-d2d8b22e574437d91b247b3e693252ef
https://abc6onyourside.com/news/local/gov-dewine-signs-bill-repealing-parts-of-scandal-tainted-house-bill-6
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bailout for two nuclear plants. The U.S. Department of Justice detailed that in court filings,
FirstEnergy had admitted that

it conspired with public officials and other individuals and entities to pay millions of dollars
to public officials in exchange for specific official action for FirstEnergy Corp.’s benefit.

FirstEnergy Corp. acknowledged in the deferred prosecution agreement that it paid millions
of dollars to an elected state public official through the official’s alleged 501(c)(4) in return
for the official pursuing nuclear legislation for FirstEnergy Corp.’s benefit.

()

FirstEnergy Corp. further acknowledged that it paid $4.3 million dollars to a second public
official. In return, the individual acted in their official capacity to further First Energy Corp.’s
interests related to passage of nuclear legislation and other company priorities.5%

The fine is the “largest criminal penalty ever collected, as far as anyone can recall, in the
history of this office,” acting U.S. Attorney for the Southern District of Ohio Vipal Patel
said.*” However, the fine is less than a quarter of the US$1 billion in earnings in 2020, and
FirstEnergy’s stock price soared after the three-year deferred prosecution agreement was
announced.

The agreement with the Justice Department details how FirstEnergy bought key Ohio
public officials—notably former Ohio House Speaker Larry Householder and former PUCO
Chairman Sam Randazzo—with millions of dollars funneled through the dark money group
Generation Now, controlled by Householder. Between 2017 and March 2020, FirstEnergy Corp.
and FirstEnergy Solutions (which was spun off and reconstituted through bankruptcy as
Energy Harbor) donated US$61 million to Generation Now.5*® Householder led efforts to pass
HB6 to bail out the nuclear plants and bankrolled a counter campaign to stop a ballot initiative
that would have challenged HB6. The termination of Ohio subsidies for the two reactors at
Davis-Besse and Perry did not lead Energy Harbor to issue any public statements indicating
it might close the reactors, which are now owned by FirstEnergy Solutions’ creditors since
the execution of the restructuring and spin-off through the bankruptcy settlement. With
the advent of Congress enacting the IIJA and IRA, Energy Harbor’s reactors will effectively
transition to relying on federal support for their continued operation.

566 - United States Attorney Office, Southern District of Ohio, “FirstEnergy charged federally, agrees to terms of deferred prosecution
settlement”, U.S. Department of Justice, 22 July 2021, see https://www.justice.gov/usao-sdoh/pr/firstenergy-charged-federally-agrees-
terms-deferred-prosecution-settlement, accessed 12 August 2021.

567 - Scott Noll, “FirstEnergy to pay $230M in settlement in Ohio bribery case”, Associated Press, as published on NewssCleveland,
22 July 2021, see https://www.newsscleveland.com/news/state/firstenergy-to-pay-23om-in-settlement-in-ohio-bribery-case,
accessed 12 August 2021.

568 - Laura A. Bischoff and Jessie Balmert, “FirstEnergy charged in Ohio bribery scheme, agrees to deferred prosecution settlement
for $230 million”, Cincinatti Enquirer, as published on The Colombus Dispatch, 22 July 2021, see https://eu.dispatch.com/story/news/
politics/2021/07/22/fbi-us-attorney-ohio-public-corruption-development/8052546002/, accessed 12 August 2021.


https://www.justice.gov/usao-sdoh/pr/firstenergy-charged-federally-agrees-terms-deferred-prosecution-settlement
https://www.justice.gov/usao-sdoh/pr/firstenergy-charged-federally-agrees-terms-deferred-prosecution-settlement
https://www.news5cleveland.com/news/state/firstenergy-to-pay-230m-in-settlement-in-ohio-bribery-case
https://eu.dispatch.com/story/news/politics/2021/07/22/fbi-us-attorney-ohio-public-corruption-development/8052546002/
https://eu.dispatch.com/story/news/politics/2021/07/22/fbi-us-attorney-ohio-public-corruption-development/8052546002/
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Exelon Corruption Investigation Involving Utility
Rate-Setting and Nuclear Subsidies

Federal investigators began a far-ranging investigation into corrupt practices in Illinois
as early as 2014.5 The focus of the investigation on Exelon became evident in 2019 with
subpoenas and search warrants being issued to two public officials, an Exelon lobbyist, and
a staffer to the Speaker of the Illinois House of Representatives.s° In July 2020, prosecutors
with the US Attorney’s Office for the Northern District of Illinois announced charges
against the defendants and a deferred prosecution agreement (DPA) with Exelon subsidiary
Commonwealth Edison (ComEd).”* ComEd paid a fine of US$200 million as a condition of the
DPA. In November 2020, DOJ filed charges against two ComEd executives and two lobbyists/
consultants.5”> The charges involve jobs and contracts Exelon gave to associates of House
Speaker Madigan, from 2011-2019. Specifically, the investigation centers on Exelon’s efforts
to enact legislation in 2011 and 2016 worth billions of dollars in payments to its subsidiaries
ComEd and Exelon Generation:

The 2011 Energy Infrastructure and Modernization Act (EIMA) reformed Illinois
utility ratemaking process to allow ComEd largely to set its own delivery rates with less
scrutiny by the Illinois Commerce Commission, through so-called “formula rates.” A 2020
report estimates ComEd collected US$4.7 billion in excess revenue from 2011-2019.573

The 2016 Future Energy Jobs Act, which extended EIMA’s formula rates and included
US$2.35 billion in “zero-emissions credits” over ten years for Exelon’s Clinton and Quad
Cities nuclear power plants. Exelon had blocked legislation to repair Illinois’s renewable
energy standard since 2014, demanding that the legislature enact subsidies for its nuclear
power plants before fixing the renewable energy program. Householder played the key role
in blocking legislation Exelon opposed and in orchestrating the FEJA compromise.

The investigation culminated in the indictment of former Illinois House Speaker
Michael Madigan on 2 March 2022.54 Madigan held the Speakership of the Illinois House
of Representatives for nearly 40 years and was long regarded as the most powerful political
figure in the state. The 22-count indictment includes racketeering and bribery charges.

569 - Phil Rogers, “Timeline: Federal Corruption Investigation Into Madigan, ComEd and Others”, NBC Chicago, 3 March 2022,
see https://www.nbcchicago.com/investigations/timeline-federal-corruption-investigation-into-madigan-comed-and-others/2774728/,
accessed 5 September 2022.

570 - Kari Lyderson, “Illinois lobbying scandal rattles alliance backing state clean energy legislation”, Energy News Network,

ovember 2019, see https://energynews.us/2019/11/06/illinois-lobbying-scandal-rattles-alliance-backing-state-clean-energy-
6N b 9, see http gy Jo6/ill lobbying lal les-all backing 1 g3
legislation/, accessed 5 September 202.2.

571 - U.S. Attorney’s Office, Northern District of Illinois, “Commonwealth Edison Agrees to Pay $200 Million to Resolve Federal
Criminal Investigation Into Bribery Scheme: ComEd Admits Arranging Jobs and Contracts for Political Allies of High-Level State of
Mlinois Official”, U.S. Justice Department, 17 July 2020, see https://www.justice.gov/usao-ndil/pr/commonwealth-edison-agrees-pay
200-million-resolve-federal-criminal-investigation, accessed 5 September 2022.

572 - U.S. Attorney’s Office, Northern District of Illinois, “Former Commonwealth Edison Executives and Consultants Charged
With Conspiring to Corruptly Influence and Reward State of Illinois Official”, U.S. Justice Department, 18 November 2020,

see https://www.justice.gov/usao-ndil/pr/former-commonwealth-edison-executives-and-consultants-charged-conspiring-corruptly,
accessed 5 September 2022.

573 - Jeff St. John, “ComEd’s Favorable Regulatory Treatment for Grid Investments Comes Under Fire”, GreenTech Media,
1 December 2020, see https://www.greentechmedia.com/articles/read/comeds-long-running-state-regulatory-and-grid-investment-
treatment-comes-under-fire, accessed 5 September 2022.

574 - U.S. Attorney’s Office, Northern District of Illinois, “Former Illinois Speaker of the House Indicted on Federal Racketeering and
Bribery Charges in Connection With Alleged Corruption Schemes”, U.S. Justice Department, 2 March 2022, see https://www.justice.
gov/usao-ndil/pr/former-illinois-speaker-house-indicted-federal-racketeering-and-bribery-charges, accessed 5 September 2022.
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https://energynews.us/2019/11/06/illinois-lobbying-scandal-rattles-alliance-backing-state-clean-energy-legislation/
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https://www.greentechmedia.com/articles/read/comeds-long-running-state-regulatory-and-grid-investment-treatment-comes-under-fire
https://www.justice.gov/usao-ndil/pr/former-illinois-speaker-house-indicted-federal-racketeering-and-bribery-charges
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Under a 2 August 2022 procedural ruling, Madigan’s defense must file pre-trial pleadings by
1 February 2023.5 The trial will not begin until later in 2023, at the earliest.

The number of reactors and annual nuclear generation continued to decline in the U.S. in 2021-
22. With the closure of Palisades in May 2022, there were 92 commercial reactors operating
as of mid-2022. Generation declined by 1.5 percent in 2021 and nuclear’s share of commercial
electricity generation fell from 19.7 percent to 18.9 percent, its lowest level since the peak of
22.5 percent in 1995.

While construction of Vogtle-3 and -4 continued, so did cost overruns and schedule delays.
Total project costs have now topped US$30 billion, with co-owners announcing their intent to
cap their investments and, in the cases of Oglethorpe and MEAG, filing legal claims disputing
the distribution of recent cost increases. The NRC approved first fuel loading for Unit 3,
expected to start in October 2022. Grid connection dates for Vogtle-3 and -4 are now projected
for March 2023 and 4Q2023, respectively.

Since WNISR2021 was published, the nuclear subsidy trend has continued. Illinois enacted
a relatively modest, five-year subsidy for six reactors in September 2021. However, the
U.S. Congress has recently enacted significant subsidies and financing measures from which
the nuclear industry stands to benefit. In November 2021, the Infrastructure Investment and
Jobs Act included US$6 billion for a Civil Nuclear Credit grant program for existing reactors,
and US$3.2 billion in grants for new reactor demonstration projects. In August 2022, the
Inflation Reduction Act (IRA) included several provisions. A tax credit program for existing
reactors may total US$30 billion or more over the next decade. There are also additional tax
credits and loan guarantees for new reactors, as well as a new loan guarantee program for
which existing reactors may be eligible.

Three major corruption and fraud investigations involving both new reactors and nuclear
subsidies continued in 2021-2022. Significant developments include the indictment of former
Ilinois House Speaker Michael Madigan in the corruption investigation focusing on Exelon,
and the initiation of trial proceedings for former Westinghouse executive Jeff Benjamin in the
Summer-2 and -3 fraud investigation, which may begin in October 2022.

575 - Jason Meisner and Ray Long, “Judge grants defense until next year to file motions in racketeering case against ex-Speaker Michael
Madigan”, Chicago Tribune, 2 August 2022, see https://www.chicagotribune.com/news/criminal-justice/ct-michael-madigan-michael-
mcclain-racketeering-case-status-hearing-20220802-3t3mhvc44fcqldkkrbgqrd3zjy-story.html, accessed 5 September 2022.
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FUKUSHIMA STATUS REPORT

OVERVIEW OF ONSITE AND OFFSITE CHALLENGES

Introduction

“Slow but steady” appears to be an appropriate description of the decommissioning process
of the Fukushima Daiichi nuclear plant. Removal of spent fuel from Unit 1 and Unit 2 has not
started yet. Investigations of fuel debris using specially designed robots inside the reactors 1,
2, and 3 continues and is making some progress, but there is still no clear prospect in dealing
with the debris. For management of contaminated water, an IAEA expert team visited the
Fukushima site and published a report on the release of treated water containing tritium and
other radionuclides. The government plans to start the release to the sea next year, while
public opposition remains strong. In June 2022, for the first time since the beginning of the
disaster, some sections of the “difficult-to-return” areas were considered “safe to return”. But
still, many residents have not returned and legal disputes over responsibility for the accident
and compensation of victims continue.

Onsite Challenges57®

Current Status of the Fukushima Daiichi Reactors

Due to the continuous injection of water into Fukushima Daiichi Units 1-3, the temperatures
of the Reactor Pressure Vessel (RPV) and the Primary Containment Vessel (PCV) were
maintained within the range of approx. 15-30 degrees Celsius. Data gathered at monitoring posts
at site boundaries between 30 March and 25 April 2022 showed 0.336-1.078 microSievert per
hour (pSv)/h. As the radiation dose inside the reactor buildings is still extremely high, it is not
possible to carry out measurements at all locations.

The removal of spent fuel from the cooling pools of Units 4 and 3 was completed in
December 2014 and February 2021 respectively.

On 13 April 2022, drilling started to install an anchor in the reactor building of Unit 1. The
anchor is designed to stabilize the large cover to be installed over the unit prior to spent fuel
removal. In order to minimize radiation exposure to the workers, remotely operated anchor
drilling equipment has been used.

At Unit 2, ground improvement work preparing for the installation of the fuel removal gantry
started on 28 October 2021 and was completed on 19 April 2022.

576 - This section, unless noted otherwise, is based on the following source: Secretariat of the Team for Countermeasures for
Decommissioning and Contaminated Water Treatment, “Outline of Decommissioning and Contaminated Water Management”, METI,
21 April 2022, see https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/mp202204.pdf, accessed 14 June 2022.
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Spent fuel removal from the pools is planned to start around FY 2024-2026 at Unit 2, and
around FY 2027-2028 at Unit 1. It is currently expected that all spent fuel from both units will
be removed by 203157

A magnitude 7.4 earthquake occurred on 16 March 2022 in the same offshore area as the Great
East Japan Earthquake in 2011. On 17 March 2022, TEPCO reported that the water level in the
reactor pressure vessel of Unit 1 had dropped by 20 centimeters (cm), and a robotic probe on
22 March 2022 found the water had fallen to a level 40 cm lower than usual. Water levels also
dropped at Units 1 and 3 following a large earthquake in February 2021. In order to maintain
water levels, the water injection rate was increased. s® On 29 March 2022, TEPCO confirmed
that the water had reached the necessary levels.

Internal investigation of fuel debris inside the reactor vessels of Unit 1, originally scheduled
to start in FY 2019, was then planned to start on 12 January 2022, but again postponed to
4 February 2022 due to malfunctioning of the remotely operated vehicle (ROV). The
investigation was finally suspended due to transmission loss of the mounted camera and other
parts of the machine.

Analysis of fuel debris samples taken from the inside of the pipe for joint standby gas
treatment process (SGTS) for Units 1 and 2—assumed to be the main gas transport route
during the containment vent at the time of the accident—has resulted in limited useful for the
investigation of the course of the accident.

According to a recent study published in the Journal of Hazardous Materials by a team of
scientists from Japan, France, Finland, and the U.S., most of the control rod boron remains
in at least two of the damaged reactors (Units 2 and 3). This means that there will be less
likelihood of a “criticality accident” during the removal of debris from the reactor.s”” However,
at present, there is no clear prospect when and how fuel debris could be removed from the
damaged reactors.

Contaminated Water Management

Through various measures introduced by TEPCO, the generation of contaminated water
has been gradually decreasing. The measures introduced include the pumping of water by
sub-drains, the construction of land-side frozen walls, and rainwater-infiltration prevention
measures including repairing damaged portions of building roofs etc. The amount of
contaminated water generation within FY2021 declined to approx. 130 m?/day from over 500 m3/
day before taking those measures. This means that still almost every week a new 1,000 m? tank
is still needed.

Part of the radioactive substances that contaminate the water are being removed by a multi-
nuclide removal equipment called Advanced Liquid Processing Systems (ALPS). After the
removal of most radioactive substances except tritium, treated water is being stored in tanks.

577 - METI, “Status Update of Fukushima Daiichi Commissioning”, Ministry of Economy, Trade and Industry, March 2022, p. 7,
see https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/if_status_20220307.pdf, accessed 14 June 2022

578 - Yu Fujinami and Tsuyoshi Kawamura, “Water level kept falling at reactor in Fukushima after earthquake”, The Asahi Shimbun,
23 March 2022, see https://www.asahi.com/ajw/articles/14579691, accessed 14 June 2022.

579 - University of Helsinki, “Can reactor fuel debris be safely removed from Fukushima Daiichi?”, Tech Explore, 25 January 2022,
see https://techxplore.com/news/2022-01-reactor-fuel-debris-safely-fukushima.html, accessed 14 June 2022.
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As of 9 June 2022, about 1.3 million m3 of treated water is stored in 1,020 tanks. There are
currently 1,061 tanks on site. Reportedly, as of 28 July 2022, capacity saturation had reached
96 percent, and without adding any further storage, the tanks would be full by summer or fall
of 2023.5%

27 tanks store water that has undergone strontium (Sr) removal. Strontium removal is carried
out by cesium-absorption in three stages.

ALPS is supposed to separate most of the radionuclides except tritium, so the concentration
of other radionuclides remain below regulatory standards. However, due to malfunction and
lower-than expected ALPS performance, of 1.3 million m? only 32 percent (about 412,000 m?3)
satisfies regulatory standards and two thirds (about 855,000 m?) of treated water need to be
re-purifieds* (See Figure 43)

According to a government decision of 13 April 2021, treated water containing tritium will be
discharged into the ocean. TEPCO has been preparing the discharge plan as follows.5*

Measurement and confirmation. The concentration of tritium, carbon-14, and 62 other
radionuclides will be measured, and a third party should confirm that all concentrations
remain below the regulatory limits for discharge.

Dilution. The treated water will be diluted further (at least 100 times) so that the tritium
concentration after dilution should be below 1,500 becquerel per liter (Bq/L)s*3. Measuring
results will be made public promptly.

Discharge. Treated water will be discharged via an undersea tunnel (about 1 km) in
order to avoid recirculation into the seawater (cross-contamination) taken in for cooling
purposes. In the near term, discharge amounts will be within the threshold of 22 trillion
Bq per year, which was the regulatory limit for Fukushima Daiichi before the accidents.
This amount will be reviewed as needed.

Abnormal Events. Discharge will be stopped if an abnormality is found, and two
emergency isolation valves shall be installed for emergency shutdown.

On 18 May 2022, Nuclear Regulation Authority (NRA) endorsed TEPCO’s plan to discharge
treated water into the sea. The NRA concluded that the water discharge will help TEPCO
secure space for facilities needed for future decommissioning work and lower overall risks to
the Fukushima plant.5*

580 - The Asahi Shimbun, “TEPCO pushes back timeline for storage tanks at Fukushima plant”, 28 April 2022,
see https://www.asahi.com/ajw/articles/14609795, accessed 8 August 2022.

581 - TEPCO Holdings, “Treated Water Portal Site”, as of 9 June 2022, see https://www.tepco.co.jp/en/decommission/progress/
watertreatment/alpso1/index-e.html, accessed 14 June 2022.

582 - TEPCO, “Installation of New ALPS Treated Water Dilution/Discharge Facilities and the Related Facility”, 27 January 2022,
see https://www.tepco.co.jp/en/hd/decommission/information/committee/pdf/2022/alps_22012701-e.pdf, accessed 4 August 2022.

583 - This is reported to be 1/40 of regulatory standard for discharged water. But that statement is somewhat misleading. As the treated
water contains other nuclides, 1,500 Bq/L is a regulatory standard for discharge of contaminated water at Fukushima plant, considering
the sum of possible exposures from other radioactive nuclides.

584 - Nikkei Asia, “Japan nuclear regulator Oks plan to release treated Fukushima water: Fishery groups fear reputational damage:
China, South Korea also express concerns”, 18 May 2022, see https://asia.nikkei.com/Business/Energy/Japan-nuclear-regulator-OKs-
plan-to-release-treated-Fukushima-water, and TEPCO, “Nuclear Regulation Authority Compiles Draft of Review Report”, 18 May 2022,
see https://www.tepco.co.jp/en/hd/newsroom/announcements/archives/2022/20220518_o1.html, both accessed 16 June 2022.
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Before TEPCO can begin implementing the discharge plan, local consent will be needed based
on a pledge made in 2015 that TEPCO would not discharge the water “without gaining an
understanding from stakeholders”®. On 5 April 2022, a major fisheries group in Japan told
Prime Minister Kishida that they still firmly oppose the discharge of treated water into the sea
due to concern over negative impact on the industry.s*

In order to reduce public concern over the discharge plan, the Japanese government asked
the IAEA to review the overall plan. The IAEA Task Force published its first report on
29 April 2022, saying: “TEPCO successfully incorporated prevention measures in the design of
the [water dilution and discharge] facility as well as in the associated operating procedures...
the doses to the assumed representative person are expected to be very low and significantly
below the dose constraint set by the regulatory body (NRA).”%

International concerns over the discharge plan remain. In July 2021, the Pacific Islands Forum
Ministers Meeting declared themselves “deeply concerned over the implications” and noted

the concerns surrounding the seriousness of this issue in relation to the potential threat
of further nuclear contamination of our Blue Pacific and the potential adverse and
transboundary impacts to the health and security of the Blue Pacific Continent, and its
peoples over both the short and long term.5**

In April 2022, South Korean Representative Seo Sam-seok stated: “The contaminated water
released into the ocean will spread across the entire Pacific Ocean in 10 years and affect almost
all of our sea”s*

The Japanese Government also tried to reduce international concerns over the discharge of
treated water, by sending out monthly information sheets and by holding video conferences for
foreign missions in Japan. For example, on 10 May 2022, the Japanese government held a video
conference for all diplomatic missions in Tokyo®°, and on 2 June 2022, a video conference was
held for the Government of the Republic of Korea.s* Despite such efforts, there is no palpable
indication that international concerns are disappearing.

585 - Asahi Shimbun, “Japan to release ‘treated water’ from Fukushima plant into the sea”, 13 April 2021,
see https://www.asahi.com/ajw/articles/14329854, accessed 16 June 2022.

586 - Kyodo News, “Fisheries group conveys to PM opposition to Fukushima water release”, 5 April 2022, see https://english.kyodonews.
net/news/2022/04/493cfc399008-fisheries-remain-opposed-to-fukushima-water-discharge.html, accessed 16 June 2022.

587 - TEPCO, “Release of Results from International Atomic Energy Agency (IAEA) Review of Safety Related Aspects of the
Handling of ALPS Treated Water”, Press Release, 2 May 2022, see https://www.tepco.co.jp/en/hd/newsroom/announcements/
archives/2022/20220502_o1.html; and IAEA, “IAEA Releases First Report on Safety of Planned Water Discharge from Fukushima
Daiichi Site”, Press Release, 29 April 2022, see https://www.iaea.org/newscenter/pressreleases/iaca-releases-first-report-on-safety-of-
planned-water-discharge-from-fukushima-daiichi-site; both accessed 16 June 2022.

588 - Pacific Islands Forum, “2021 Forum Foreign Ministers Meeting (FFMM) Outcomes”, Pacific Islands Forum
Secretariat, 27 July 2021, see https://www.forumsec.org/2021/07/30/2021-forum-foreign-ministers-meeting-ffmm-outcomes/,
accessed 24 June 2022.

589 - CGTN, “Int’l community voices concerns over Japan’s wastewater release plan”, 14 April 2022, see https://news.cgtn.
com/news/2022-04-14/Intl-community-voices-concerns-over-Japan-s-wastewater-release-plan-19ehhSrxsg8/index.html,
accessed 21 June 2022.

590 - METI, “Briefing Session on the Current Status of Advanced Liquid Processing System (ALPS) Treated Water at Fukushima
Daiichi Nuclear Power Station”, Ministry of Economy, Trade and Industry, 10 May 2022, see https://www.meti.go.jp/english/
press/2022/0510_oo1.html, accessed 16 June 2022.

591 - METI, “Video Conference Briefing Session to the Government of the Republic of Korea on the Current Status of Advanced
Liquid Processing System (ALPS) Treated Water at TEPCO’s Fukushima Daiichi Nuclear Power Station”, Press Release, 2 June 2022,
see https://www.meti.go.jp/english/press/2022/0602_oo1.html, accessed 16 June 2022..
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https://www.tepco.co.jp/en/hd/newsroom/announcements/archives/2022/20220502_01.html
https://www.iaea.org/newscenter/pressreleases/iaea-releases-first-report-on-safety-of-planned-water-discharge-from-fukushima-daiichi-site
https://www.iaea.org/newscenter/pressreleases/iaea-releases-first-report-on-safety-of-planned-water-discharge-from-fukushima-daiichi-site
https://www.forumsec.org/2021/07/30/2021-forum-foreign-ministers-meeting-ffmm-outcomes/
https://news.cgtn.com/news/2022-04-14/Intl-community-voices-concerns-over-Japan-s-wastewater-release-plan-19ehhSrxsg8/index.html
https://news.cgtn.com/news/2022-04-14/Intl-community-voices-concerns-over-Japan-s-wastewater-release-plan-19ehhSrxsg8/index.html
https://www.meti.go.jp/english/press/2022/0510_001.html
https://www.meti.go.jp/english/press/2022/0510_001.html
https://www.meti.go.jp/english/press/2022/0602_001.html
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Worker Exposure Trend

TEPCO publishes data on worker exposure every month since the Fukushima accidents began.
According to the latest report for FY2021 (April 2021-March 2022),5* average dose rate for
TEPCO employees (1,001 employees) was 0.85 mSv, while the average dose rate for contractors
(5,860 contractors) was 2.77 mSy, resulting in the total average of 2.51 mSv. The maximum
estimated dose in FY2021 for a TEPCO employee was 13.10 mSv while that for contractors was
17.45 mSv. As illustrated above, contractors typically receive about three to four times higher
radiation doses than TEPCO employees. The average exposure for the first year (FY2011) was
exceptionally high for TEPCO employees, but contractors received higher doses since FY2012
and afterward. Contractors constantly received higher doses for maximum exposure since
FY2o011 through FY2021 (see Figure 44). There are no epidemiological studies on worker health
post-3/11.

Current Status of Evacuation

As of March 2022, 32,404 residents of Fukushima Prefecture are still living as evacuees, the
number decreased from a peak of 164,865 in May 2012.5?

On 12 June 2022, the evacuation order was lifted for a district designated as “difficult-to-
return” zone (an area with high level of radiation, meaning higher than 50 mSv per year) for
the first time since the disaster began in 2011. Residents of Noyuki district, about 20 percent
of the village called Katsurao, were forced to evacuate after the accident. Village officials say
82 people are registered as residents but only eight people from four households expressed
an interest in returning.** On 30 June 2022, the evacuation order was also lifted for the first
time for a part of a town, Okuma, which hosts the Fukushima nuclear power plant. The areas
were designated as “Special Zones for Reconstruction and Revitalization (SZRR)” and received
special government funding.ss

As of February 2022, in the case of towns where the evacuation order was lifted for the
whole municipal territory, rates of return have been relatively high; for example, Tamura
City 84.6 percent, Naraha Town 62.2 percent, Kawauchi Village 82.6 percent. But for those
where evacuation orders were only partially lifted the rate of return has been much lower; for

592 - TEPCO Holdings, “Evaluation of the exposure dose of workers engaged in radiation work at the Fukushima Daiichi Nuclear
Power Station”, 28 April 2022, see https://www.tepco.co.jp/en/hd/decommission/information/newsrelease/exposure/pdf/2022/
exposure_20220428-¢.pdf, accessed 16 June 2022.

593 - Fukushima Prefecture official statistics, March 2022, see https://www.pref.fukushima.lg.jp/site/portal/list271.html,
accessed 4 August 2022.

594 - NHK News, “Evacuation order lifted in part of Fukushima ‘difficult-to-return’ zone”, 12 June 2022,
see https://www3.nhk.or.jp/nhkworld/en/news/20220612_11/, accessed 16 June 2022.

595 - The Mainichi, “Evacuation order lifted in Fukushima nuclear plant town after 11 yrs”, 30 June 2022,
see https://mainichi.jp/english/articles/20220630/p2g/oom/ona/o29000c, accessed 4 August 2022.


https://www.tepco.co.jp/en/hd/decommission/information/newsrelease/exposure/pdf/2022/exposure_20220428-e.pdf
https://www.tepco.co.jp/en/hd/decommission/information/newsrelease/exposure/pdf/2022/exposure_20220428-e.pdf
https://www.pref.fukushima.lg.jp/site/portal/list271.html
https://www3.nhk.or.jp/nhkworld/en/news/20220612_11/
https://mainichi.jp/english/articles/20220630/p2g/00m/0na/029000c
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example, Namie Town 11.2 percent, Iidate Village 29.6 percent, Tomioka Town 15.2 percent,
Okuma Town 3.6 percent.®

Food Contamination

Nationwide inspections for food contamination continue, with a total of 41,361 samples
analyzed in FY2021, according to data published by the Ministry of Health and Welfare, of
which 157 samples (0.38 percent) exceeded the legal limits.#75%® In Fukushima Prefecture,
42 samples out of 14,053 (0.30 percent) were found to exceed legal limits, of which 29 were
wild animal meat (wild boar, bear and pheasant) and only three samples out of 4,390 fishery
products monitored (0.07 percent) were exceeding legal limits. A surprising phenomenon is
that in some other prefectures with much smaller numbers of samples, excessive contamination
has a significantly higher share. For example, in Gunma Prefecture, only 842 samples were
taken (2 percent of national total) but 33 were found exceeding limits (21 percent of national
total). It is unclear, whether the post-3/11 food monitoring program is really representative.s°

On 8 February 2022, it was reported that Taiwan would relax a ban on Japanese food imports.
Taiwan has banned imports of food products from five prefectures in Japan following the
Fukushima accidents. Taiwan cabinet spokesperson said that the government had decided to
make a “fair adjustment” to its ban, as so many countries have already lifted restrictions.**°
On 29 June 2022, the U.K. government announced that it would also lift food import restrictions
from Japan.® Of the 54 countries that began imposing import restrictions (e.g. banning
Japanese food without certificate of origin or certificate of analysis for radioactivity) after
the beginning of the disaster, as of February 2022, 14 countries continued implementing some
additional import regulations for “vegetables and fruits”, 12 countries for “fishery products”,
and five countries for “rice” and “tea”.5°

596 - New Fukushima Revitalization Promotion Headquarters, “Steps for Reconstruction and Revitalization in Fukushima Prefecture”,
Fukushima Prefecture, 28 March 2022, see https://www.pref.fukushima.lg.jp/uploaded/attachment/518129.pdf, accessed 22 June 2022

597 - The standard value established by the MHLW: The level of radioactive cesium is 100 Bq/kg for food, 10 Bq/kg for drinking water,
50 Bq/kg for milk, and 5o Bq/kg for infant food.

598 - Ministry of Health, Labor and Welfare, “Sum up of radionuclides monitoring data reported in FY2021 (Up-to-date Report as of
31 March 2022)”, Government of Japan, as of March 2022, see https://www.mhlw.go.jp/english/topics/2011eq/d]l/Sum_up_March_2022.
pdf, accessed 6 August 2022..

599 - Thirty-five years after the Chernobyl disaster was triggered, in southern Germany, wild game and mushrooms are still found
contaminated with caesium-137 to several times the legal limits for sales. The government of Saxony still requires all wild boar
hunted for sale to be tested for caesium-137; in 2014, one in three boars was still found too radioactive to consume. See WNISR2021,
“Chernobyl—35 Years After the Disaster Began”, https://www.worldnuclearreport.org/The-World-Nuclear-Industry-Status-Report-
2021-HTML.html#_idTextAnchor10s.

600 - Reuters, “Taiwan to relax Japan nuclear disaster-related food import ban”, as published in Asahi Shimbun, 8 February 2022,
see https://www.asahi.com/ajw/articles/14543355, accessed 18 June 2022.

601 - Ministry of Foreign Affairs of Japan, “Lifting of Import Restrictions on Japanese Food Products by the United Kingdom”,
Government of Japan, 29 June 2022, see https://www.mofa.go.jp/press/release/press4e_o03140.html, accessed 5 August 2022..

602 - Export and International Affairs Bureau, “Lifting of the Import Restrictions/Measures on Japanese Food Following the Accident
of TEPCO Fukushima Daiichi Nuclear Power Station (55 Countries and Regions)”, Ministry of Agriculture, Forestry and Fisheries,
Government of Japan, February 2022, see https://www.maff.go.jp/j/export/e_info/pdf/thrm_en.pdf, accessed 18 June 2022.


https://www.pref.fukushima.lg.jp/uploaded/attachment/518129.pdf
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https://www.mhlw.go.jp/english/topics/2011eq/dl/Sum_up_March_2022.pdf
https://www.asahi.com/ajw/articles/14543355
https://www.mofa.go.jp/press/release/press4e_003140.html
https://www.maff.go.jp/j/export/e_info/pdf/thrm_en.pdf
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Decontamination and Contaminated Soil

The decontamination work for the Special Decontamination Area of Fukushima Prefecture
under the direct control of the national government® was completed in March 2018, and the
decontamination work for relevant municipalities including the rest of Fukushima Prefecture®+
was completed in March 2017 (this decontamination work did not include the Difficult-to-
Return Zones). However, the reality is that decontamination has only been conducted over a
small percentage (15 percent) of the overall contaminated land area.®>s

The biggest issue is what to do with the huge amount of contaminated soil shipped to
provisional storage sites. The government designated a total of 1,600 ha of area as “interim
storage site”, and as of May 2022, close to 80 percent of the area (1,273 ha out of 1,600 ha)
had been purchased from some 1,800 local landowners for the establishment of a storage
facility.>¢ As of the end of May 2022, a total of about 13 million m3 of contaminated soil had
been transferred to such interim storage facilities.®”

The law stipulates that the government is responsible for disposing of the waste at a final
disposal site outside Fukushima Prefecture, to be carried out by a company wholly owned by
the government within 30 years after starting the interim storage of the waste.**® However, at
present, the government has taken no specific action towards final disposal of contaminated
wastes generated due to the Fukushima disaster. The government plans to reuse some of
the contaminated soil which was qualified as “below regulatory standards” and started the
demonstration program. It plans to issue guidelines by FY 2024. But not a single prefecture
backs such reuse plan.5® It shows that there is still a lack of public trust in the government
plans. Still, as of March 2022, 830 locations in six municipalities in Fukushima are hosting
“temporary” storage sites for 8,460 m?3 of contaminated soil waiting for shipping to an interim
storage site. As reported by Asahi Shimbun, a key reason for the repeated delays is that “new
houses were built on land where contaminated soil was buried as negotiations over storage
sites in many communities dragged on. This accounts for about 50 percent of the cases cited by
municipalities in a survey by the prefectural government last September [2021]”.°

603 - A high dose area within a 20km radius of the power plant, located around the difficult-to-return zone.

604 - It covers all eight prefectures, including Fukushima Prefecture, except for the Special Decontamination Area managed by the
government.

605 - Aaron Clark, “Decade after Fukushima disaster, Greenpeace sees cleanup failure”, Bloomberg, as published by The Japan
Times, 4 March 2021, see https://www.japantimes.co.jp/news/2021/03/04/national/fukushima-greenpeace-radiation-health-3-11/;
Greenpeace East Asia, “Fukushima Daiichi 2011-2021: The decontamination myth and a decade of human rights violations”,
March 2021, see https://www.greenpeace.org/static/planet4-japan-stateless/2021/03/ff71abob-finalfukushima2o11-2020_web.pdf;
both accessed 19 August 2021.

606 - Ministry of the Environment, “Chukan chozo shisetsu no gaiyou” [“Outline of Interim storage facilities”], Undated (in
Japanese), Government of Japan, see http://[josen.env.go.jp/chukanchozou/about/#sectiono3, accessed 18 June 2022.

607 - Ministry of Environment, “Jokyo dojo nado no yuso” [“Transportation of contaminated land”], Government of Japan, as of
June 2022 (in Japanese), see http://josen.env.go.jp/chukanchozou/transportation/index.html, accessed 18 June 2022.

608 - Ministry of Internal Affairs and Communications, “rfIRIHT - BREG 4 Rt o PR TR S Y 1Y 5,
[“Japan Environmental Storage & Safety Corporation Act”], Government of Japan, August 2015 (in Japanese),

see https://elaws.e-gov.go.jp/document?lawid=415AC0000000044, accessed 4 May 2021.

609 - Asahi Shimbun, “Survey: Not a single prefecture backs reuse of radioactive soil”, 28 March 2021,
see https://www.asahi.com/ajw/articles/14311546, accessed 18 June 2022.

610 - Asahi Shimbun, “Radioactive waste stuck at 830 sites with nowhere to go”, 3 March 2022,
see https://www.asahi.com/ajw/articles/14562951, accessed 21 June 2022.
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There are a large number of legal cases related to the Fukushima disaster (for background,
see Judicial Decisions on Damages and Criminal Liability for the Fukushima Nuclear Accidents
in WNISR2021) including the following recent ones:

In January 2022, a group of six men and women, aged between 17 and 27, diagnosed with
thyroid cancer as children, filed a class action suit against TEPCO, seeking US$5.4 million
in compensation. This is the first such case which seeks to clarify the relationship between
illnesses developed by residents from the vicinity of the Fukushima Daiichi power plant
and the 3/11 nuclear disaster. Due to the treatments of thyroid cancer (reportedly, two of
the persons had one side of their thyroid removed and four are planning or undergoing
radiation therapy), they had to drop out of school or college. They argued that the cancer
prevented them from having a normal education or employment as well as marriage and
a family life. The Japanese government position on this issue is that there is no causal
link between exposure to radiation from the accident and the thyroid cancer developed
among children living near the Fukushima plant.®” The position is highly controversial (for
background, see Health Effects of the Fukushima Daiichi Nuclear Power Plant Disaster in
WNISR2021).

On 4 March 2022, Japan’s Supreme Court ordered TEPCO to pay compensation of
1.4 billion yen (US$12 million) to about 3,700 people whose lives were heavily impacted by
the Fukushima disaster, equating to an average payout of about 380,000 yen (US$3,290)
per plaintiff. This is the first Supreme Court decision on accident compensation.®

Following the March ruling, on 10 June 2022, the Supreme Court dismissed claims that
the Japanese Government is also responsible for the accident and should therefore pay
compensation to these 3,700 people. The decision by the Supreme Court was the first one
to judge potential government responsibility for the accident. The decision covered four
lawsuits filed in Fukushima, Gunma, Chiba, and Ehime Prefectures.®®

On 2 June 2022, the Koriyama branch of the Fukushima District Court ordered TEPCO
to pay a total of 73.5 million yen (around US$566,000) to current and former residents of
Tamura City. But the 525 plaintiffs, who sought 11 million yen per person (about US$85,000
per person) from TEPCO as well as the Japanese Government, are considering an appeal
to higher court, as the court did not acknowledge the responsibility of the government,
similar to the decision by the Supreme Court described above.*

On 13 July 2022, the Tokyo District Court ordered four former executives of TEPCO to
pay 13 trillion yen (US$95 billion) in damages to the operator of the Fukushima Daiichi
nuclear power plant. The case was brought by TEPCO shareholders, and the ruling was
the first time a court has found former executives responsible for the nuclear accident. The

611 - Thisanka Siripala, “Fukushima Disaster’s Impact on Health will be Challenged in Court”, The Diplomat, 17 February 2022,
see https://thediplomat.com/2022/02/fukushima-disasters-impact-on-health-will-be-challenged-in-court/, accessed 17 June 2022.

612 - Sakura Murakam, “Japan’s top court orders damages for Fukushima victims in landmark decision-NHK?”, Reuters, 4 March 2022,
see https://www.reuters.com/world/asia-pacific/japans-top-court-orders-damages-fukushima-victims-landmark-decision-
nhk-2022-03-04/, accessed 17 June 2022.

613 - Kyodo News, “Japan’s top court rules state not liable for Fukushima disaster”, 17 June 2022, see https://english.kyodonews.

net/news/2022/06/e3802f4efbc6-breaking-news-japans-top-court-rules-state-not-liable-for-fukushima-disaster.html,
accessed 17 June 2022.

614 - Kyodo News, “Court orders TEPCO to pay 73.5 million yen over Fukushima crisis”, 2 June 2022, see https://english.kyodonews.net
news/2022/06/2ece2bs77eea-court-orders-tepco-compensation-over-fukushima-crisis.html, accessed 17 June 2022.
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four have appealed the court ruling.”s The criminal case against three of these four former
executives had resulted in their acquittal in 2019.¢¢

Conclusion

Eleven years have passed since the Fukushima nuclear disaster began. Although there has been
some steady progress in decommissioning and food safety, many onsite and offsite challenges
remain.

Onsite, little progress was made in removing the remaining spent fuel from cooling pools and
in the investigation of debris removal options. Public trust in TEPCO and the government
has not been restored and has been further stressed considering the difficulties with water
treatment.

Figure 43 - Two-Thirds of Stored Water Exceed Contamination Limits for Discharge Multiple Times

Two-Thirds of Stored Water Exceed Multiple Times
Regulatory Discharge Limits

estimation as of 30 September 2021
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Sources: TEPCO Holdings, “Treated Water Portal Site”, September 2021.57

Note: This chart shows that two thirds of ALPS-treated water require a second or additional treatments to make sure that all radionuclide concentrations
remain below regulatory limits, as current contamination levels exceed limits by several to up to almost 20,000 times.

615 - The Mainichi, “Ex-TEPCO execs appeal $95 bil. damages ruling over Fukushima crisis”, 27 July 2022,
see https://mainichi.jp/english/articles/20220727/p2g/oom/ona/o53000c, accessed 15 September 2022.

616 - Reuters, “Tokyo court orders ex-Tepco execs to pay $95 bln damages over Fukushima disaster”, 13 July 2022,
see https://www.reuters.com/business/environment/tokyo-court-orders-ex-tepco-execs-pay-95-bln-damages-over-fukushima-
disaster-nhk-2022-07-13/, accessed 15 July 2022..

617 - TEPCO Holdings, “Treated Water Portal Site”, as of 9 June 2022, see https://www.tepco.co.jp/en/decommission/progress/
watertreatment/oceanrelease/index-e.html, accessed 14 June 2022.


https://mainichi.jp/english/articles/20220727/p2g/00m/0na/053000c
https://www.reuters.com/business/environment/tokyo-court-orders-ex-tepco-execs-pay-95-bln-damages-over-fukushima-disaster-nhk-2022-07-13/
https://www.reuters.com/business/environment/tokyo-court-orders-ex-tepco-execs-pay-95-bln-damages-over-fukushima-disaster-nhk-2022-07-13/
https://www.tepco.co.jp/en/decommission/progress/watertreatment/oceanrelease/index-e.html
https://www.tepco.co.jp/en/decommission/progress/watertreatment/oceanrelease/index-e.html

World Nuclear Industry Status Report |2022 | 184

Offsite, according to sample measuring results, food contamination has been significantly
reduced and the number of countries banning the import of Japanese food has also declined.
And for the first time, the evacuation order was lifted for a part of the area designated as
“difficult-to-return”. Only a fraction of the residents has returned, and the management of
contaminated soil will likely take a long time. Finally, legal fights over the compensation of
victims continue. In short, the Fukushima disaster is still underway.
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618 - TEPCO Holdings, “Evaluation of the exposure dose of workers engaged in radiation work at the Fukushima Daiichi Nuclear
Power Station”, 28 April 2022.
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INTRODUCTION

At the end of 2021, the number of closed power reactors exceeded 200 for the first time.
Decommissioning nuclear power plants is an important element of the nuclear power system.
Defueling, deconstruction, and dismantling—summarized by the term decommissioning—
are the final steps in the lifetime of a nuclear power plant (excluding waste management and
disposal). The process is technically complex and poses major challenges in terms of long-
term planning, execution, and financing. Decommissioning was rarely considered in the
reactor design, and the costs for decommissioning at the end of the lifetime of a reactor were
usually expected to be discounted away, and thus, subsequently, largely ignored. However, as
an increasing number of nuclear facilities either reach the end of their operational lifetimes
or have already been closed, the challenges of reactor decommissioning are increasingly
attracting stakeholder and public attention.

Elements of National Decommissioning Policies

When analyzing decommissioning policies, one needs to distinguish between the process itself
(in the sense of the actual implementation), and the financing of said process. The technical
procedure can generally be divided into three main stages, which are briefly described
hereunder (for more details, see WNISR2018).

- The warm-up stage comprises the post-operational stage and the dismantling of systems
that are not needed for the decommissioning process. In addition, the dismantling of
higher contaminated system parts begins. An indicator for the progress of this stage is the
defueling of the reactor, as it is crucial for further undertakings: defueling means removing
the spent fuel from the reactor core and the spent fuel pools.

= The hot-zone stage comprises the dismantling activities in the hot zone, i.e. dismantling
of highly contaminated or activated parts, e.g. the reactor pressure vessel (RPV) and its
internals (RVI) as well as the biological shield.

- The ease-off stage comprises the removal of operating systems as well as the
decontamination of onsite buildings. Ideally, this stage ends with the demolition of the
buildings and the release of the reactor site as a greenfield site for unrestricted use. Some
countries also permit the release as a brownfield site, which means that the buildings can
also be further used, for nuclear or other, mostly industrial purposes.

This technical procedure can begin after varying amounts of time after reactor shutdown. This
depends on the strategy the operator chooses. These include:

- immediate dismantling, that is characterized by a rapid beginning of decommissioning
activities after closure,


https://www.worldnuclearreport.org/-World-Nuclear-Industry-Status-Report-2018-.html

World Nuclear Industry Status Report |2022 | 186

deferred dismantling, where reactors are placed into Long-Term Enclosure (LTE) for
several decades to allow for radiation levels to decline before decommissioning begins, and

entombment, characterized by LTE (50 years or more) that can become permanent.

One of these strategies or a mix of them have been adopted by most countries, although some
have placed restrictions, such as France or Germany.®

With respect to financing, four main approaches are observable: Public budget, external
segregated fund, internal non-segregated fund, and internal segregated fund (for more details,
see WNISR2018).

As of 1 July 2022, worldwide a total of 204 reactors, corresponding to 97.4 GW of capacity, have
been closed. Since WNISR2021, eight additional reactors (6.1 GW) have been closed: two in the
U.K,, three in Germany and one each in Russia, Pakistan and the U.S.

Of the total number of closed units, 123 (60 percent) are located in Europe (98 in
Western Europe and 25 in Central and Eastern Europe), followed by nearly a quarter of the
total in North America (47) and one sixth in Asia (34).

Almost four in five or 160 reactors used three technologies:

Pressurized Water Reactors (PWRs) with 64 units or 31 percent,
Boiling Water Reactors (BWRs) with 54 units or 26 percent, and

Gas-Cooled Reactors (GCRs) with 42 units or 21 percent, of which the majority (31 units)
are located in the U.K.

Table 10 provides an overview of the closed reactors worldwide. Compared to WNISR2021, the
table also includes the number of defueled reactors, and those that have been released from
regulatory supervision, i.e. where a full greenfield situation has been re-established.

619 - Tim Scherwath, Ben Wealer and Roman Mendelevitch, “Nuclear decommissioning after the German Nuclear Phase-Out

an integrated view on new regulations and nuclear logistics”, German Institute for Economic Research, Energy Policy, Vol. 137,
February 2020; and ASN, “ASN Report on the state of nuclear safety and radiation protection in France in 2020”, Autorité de Streté
Nucléaire, French Nuclear Safety Authority, August 2021, see https://www.french-nuclear-safety.fr/asn-informs/publications/asn-
s-annual-reports/asn-report-on-the-state-of-nuclear-safety-and-radiation-protection-in-france-in-2020, accessed 7 April 2022;
also U.S. NRC, “Decommissioning of Nuclear Power Reactors”, U.S. Nuclear Regulatory Commission, February 2022,

see https://www.nrc.gov/docs/ML2134/ML21347A080.pdf, accessed 4 July 2022.
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https://www.french-nuclear-safety.fr/asn-informs/publications/asn-s-annual-reports/asn-report-on-the-state-of-nuclear-safety-and-radiation-protection-in-france-in-2020
https://www.nrc.gov/docs/ML2134/ML21347A080.pdf
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Table 10 - Overview of Reactor Decommissioning Worldwide (as of July 2022)

u.s. 41 1 7 3 1 12 17 (6) 41% (15%)
U.K. 34 4 13 (11) 9 o 8 o 0%
Germany 3 2 8(5) 9 9 1 43® 12% (9%)
Japan 27 o 26 (4) o o o 1(1) 4% (4%)
France 14 o 4 () 2 o 8 o 0%
Russia 10 1 o o o 9 o 0%
Sweden 7 o 3(1) 4 o o o 0%
Canada 6 o o o o 6© o 0%
Bulgaria 4 o 4 o o [} o 0%
Italy 4 o 3(2) 1 o o o 0%
Ukraine 4 o o o o 49 o 0%
Slovakia 3 o 1(1) 2 o o o 0%
Spain 3 o 1 o 1 1 o 0%
Taiwan 3 1 2 o o o o 0%
Lithuania 2 o 2(2) o o o o 0%
South Korea 2 o 2 o o o o 0%
Armenia 1 o o o o 1© o 0%
Belgium 1 o o o 1 o o 0%
India 1 o 1(1) o o o o 0%
Kazakhstan 1 o o o o 1 o 0%
Netherlands 1 o o o o 1 o 0%
Pakistan 1 1 o o o o o 0%
Switzerland 1 o 1 o o o o 0%
Total 204 10 78 (35) 30 12 52 22 (10) 1% (5%)

Sources: Various, compiled by WNISR, 2022

Notes:

(a) - Many recently closed reactors have not officially begun with decommissioning and are in a so-called “post-operational stage”. These are Brokdorf and
Grohnde in Germany, Kursk-1 in Russia, Kuosheng-1 in Taiwan, Dungeness B-1 & -2 and Hunterston B-1 & -2 in the U.K. and Palisades in the US.

(b) - Contrary to the categorization in previous WNISR editions that counted Gundremmingen-A to be fully decommissioned, the plant should rather be
placed into the “Ease-Off-Stage” of decommissioning, as work is still ongoing.

(¢) - Contrary to categorization in previous WNISR editions, the Douglas Point only reached the warm-up stage in August 2022, thus as of July 2022, Canada
does not count any reactor beyond LTE.

(d) - With the “New Safe Confinement” being completed at Chernobyl-4, this reactor is now categorized as LTE.

(e) - Contrary to previous WNISR editions, the Armenia/Metsamor-1 reactor is categorized as LTE.

Decommissioning plays an increasing role in nuclear politics, both in timing and the production
process, as well as the financing thereof. The numbers of reactors in active decommissioning
will increase significantly: not taking into account the 110 reactors which started operating
before 1982, assuming a 4o-year average lifetime, a further 158 reactors will close by 2030
(reactors connected to the grid between 1982 and 1990); and an additional 143 will be closed by
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2062. This does not even account for an additional 29 reactors in Long-term Outage (LTO) and
53 reactors under construction as of mid-2022.

As of mid-2022, 182 units are globally awaiting or in various stages of decommissioning,
five more than one year earlier (Gundremmingen-A in Germany was previously incorrectly
considered as fully decommissioned).

Since  WNISR2021, three reactors—all in the U.S.—have completed the technical
decommissioning process. As WNISR2022 has corrected the status of one German reactor
from “completed” to “ease off”, the number of completed units totals 22.

Humboldt Bay, a small BWR with 63 MWe capacity, located in California and closed in 1976,
was declared fully decommissioned in late 2021.°*° The site has not yet been released from
full regulatory control, as spent fuel is still located in an on-site interim storage facility.®* The
two 1040 MWe PWRs at Zion, Illinois, are awaiting final approval of their license termination
applications by the U.S.NRC.%** Technical decommissioning work was completed at both units
in 2020.3

Of the 22 decommissioned reactors, only 10 have been returned to greenfield sites. The average
duration of the decommissioning process, independent of the chosen strategy, is around
21 years, with a very high variance: the minimum of six years for the 22-MW Elk River plant,
and the maximum of 45 years for the 63-MW reactor at Humboldt Bay, both in the U.S.

Only three countries amongst the 23 with closed nuclear power reactors have completed
the technical decommissioning process of at least one reactor: the United States (17 units),
Germany (4), and Japan (1). Some of the U.S. reactors are amongst the most rapidly
decommissioned. In Germany, the HDR (Heifldampfreaktor, a superheated steam reactor)
Grofiwelzheim was only on the grid for one year, but decommissioning lasted well over 20 years.
Wiirgassen has de facto completed the technical decommissioning process but, legally, cannot
be released from regulatory control as buildings are used for interim storage of wastes.®*
Gundremmingen-A, erroneously classified as fully decommissioned in previous WNISR
editions, has in fact not yet completed the process as demolition work is still ongoing and
expected to be finalized only in the early 2030s.%% In Japan, the only reactor decommissioned

620 - Radwaste Solutions, “Humboldt Bay official decommissioned, site released for unrestricted use”, Nuclear Newswire,
November 2021, see https://www.ans.org/news/article-3456/humboldt-bay-officially-decommissioned-site-released-for-unrestricted
use/, accessed 9 June 2022.

621 - A Snyder, G. Chapman and K. Pinkston, “Safety Evaluation Report Related to the Termination of Facility Operating Licence
No. DPR-7 (Humboldt Bay Power Plant, Unit 3)”, Docket No. 50-133, United States Nuclear Regulatory Commission, November 2021,
see https://adamswebsearch2.nrc.gov/webSearchz/main.jsp?AccessionNumber=ML21295A251, accessed 9 June 2022.

622 - NEI Magazine, “US NRC delays release of La Crosse and Zion sites for unrestricted use”, 20 September 2021, see https://www.
neimagazine.com/news/newsus-nrc-delays-release-of-la-crosse-and-zion-sites-for-unrestricted-use-9095573/, accessed 9 June 2022.

623 - U.S.NRC, “Zion Units 1 & 2”, United States Nuclear Regulatory Commission, Updated April 2022, see https://www.nrc.gov/info-
finder/decommissioning/power-reactor/zion-nuclear-power-station-units-1-2.html, accessed 9 June 2022.

624 - Ines Bredberg, Johann Hutter et al., “Statusbericht zur Kernenergienutzung in der Bundesrepublik Deutschland 2018” [“Status
Report on Nuclear Energy Use in the Federal Republic of Germany 2018”], Abteilung Kerntechnische Sicherheit und atomrechtliche
Aufsicht in der Entsorgung, Bundesamt fiir kerntechnische Entsorgungssicherheit, Federal Office for Nuclear Disposal, August 2019.

625 - German Bundestag, “Bericht nach § 7 des Transparenzgesetzes—Riickbau von Kernkraftwerken” [Report pursuant to §7 of the
Transparency Act—Decommissioning of Nuclear Power Plants”], Deutscher Bundestag, 20. Wahlperiode, 2021.


https://www.ans.org/news/article-3456/humboldt-bay-officially-decommissioned-site-released-for-unrestricted-use/
https://www.ans.org/news/article-3456/humboldt-bay-officially-decommissioned-site-released-for-unrestricted-use/
https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML21295A251
https://www.neimagazine.com/news/newsus-nrc-delays-release-of-la-crosse-and-zion-sites-for-unrestricted-use-9095573/
https://www.neimagazine.com/news/newsus-nrc-delays-release-of-la-crosse-and-zion-sites-for-unrestricted-use-9095573/
https://www.nrc.gov/info-finder/decommissioning/power-reactor/zion-nuclear-power-station-units-1-2.html
https://www.nrc.gov/info-finder/decommissioning/power-reactor/zion-nuclear-power-station-units-1-2.html
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was a small 10 MW demonstration plant, whereas none of the large commercial reactors has
yet been decommissioned.®*® Figure 45 provides the timelines of the 22 reactors that have
completed the decommissioning process.®”

Figure 45 - Overview of Completed Reactor Decommissioning Projects, 1954-2022

Overview of Completed Reactor Decommissioning Projects, 1954-2022
in the U.S., Germany and Japan, as of 1 July 2022
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Sources: Various, compiled by WNISR, 2022
Note:

Contrary to the categorization in previous WNISR editions that counted Gundremmingen-A to be fully decommissioned, the plant should rather be placed
into the “Ease-Off-Stage” of decommissioning, as work is still ongoing.

Overview of Ongoing Reactor Decommissioning

This section contains a brief overview of the decommissioning status in the countries that are
not covered in the subsequent case studies.

Following a partnership agreement with the European Union, the Armenian Medzamor (or
Metsamor) nuclear power plant is to be completely closed as soon as possible due to
significant safety concerns.®® Unit 1 was already closed in 1989 after an earthquake.

626 - Marc Schmittem, “Nuclear Decommissioning in Japan—Opportunities for European Companies”, EU-Japan Centre
for Industrial Cooperation, March 2016, see https://www.eu-japan.cu/sites/default/files/publications/docs/2016-03-nuclear-
decommissioning-japanschmittem-min_o.pdf, accessed 23 April 2018.

627 - The Decommissioning Report does not cover all smaller research reactors that may have been shut down in some countries.

62.8 - High Representative of the Union for Foreign Affairs and Security Policy, “Partnership Implementation Report on Armenia”,
Joint Staff Working Document SWD(2020) 366 final, European Commission, 16 December 2020, see https://www.eeas.curopa.eu/sites/
default/files/armenia_partnership_implementation_report_2020.pdf, accessed 8 June 2022.


https://www.eu-japan.eu/sites/default/files/publications/docs/2016-03-nuclear-decommissioning-japanschmittem-min_0.pdf
https://www.eu-japan.eu/sites/default/files/publications/docs/2016-03-nuclear-decommissioning-japanschmittem-min_0.pdf
https://www.eeas.europa.eu/sites/default/files/armenia_partnership_implementation_report_2020.pdf
https://www.eeas.europa.eu/sites/default/files/armenia_partnership_implementation_report_2020.pdf
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A pilot decommissioning project by Rosatom subsidiary Nukem Technologies, EWN and
WorleyParsons is currently underway.*>® Unit 2 is scheduled to operate until September 2026.%°

In Belgium, the only reactor currently undergoing decommissioning is the prototype 10 MW
reactor BR-3 in Mol. The reactor, closed in 1987, has recently entered the ease-off stage and
is used as a lead-and-learn site for future decommissioning projects.®*' Currently, the Belgian
legislation calls for the closure of all seven operational reactors at Doel and Tihange until
the end of 2025 and estimated decommissioning costs of €18 billion (US$18.82 billion).** In
March 2022, however, the Belgian administration decided to initiate negotiations with the
operator to extend operational lifetimes of Tihange-3 and Doel-4 until 2035 (see section on
Belgium).®3

Four PWR-type reactors of the VVER V-230 design are currently undergoing decommissioning
in Bulgaria (Kozloduy 1-4). At all four units of Kozloduy nuclear plant, turbine hall dismantling
was completed in 2019.9* Since then, not much progress has been made. Preparations and
detailed plans for reactor dismantling are to begin in 2022.%

Rajasthan-1 in India—placed in LTO status since 2004 and since 2014 considered as closed by
WNISR—has been completely defueled and is currently “maintained under dry preservation”.%
WNISR considers the reactor in the warm-up-phase.

Decommissioning has been underway since 1998 at Aktau BN-350,%7 a sodium-cooled fast
reactor in Kazakhstan. The reactor is being prepared for LTE, expected to last for 50 years.®*

629 - Nukem Technologies, “Pilot Decommissioning Project at Metsamor Nuclear Power Plant”, Undated,
see https://www.nukemtechnologies.de/en/projects/am/pilot-decommissioning-project-at-metsamor-nuclear-power-plant,
accessed 8 June 2022.

630 - WNN, “Long-term safety of Armenian plant reviewed by TAEA”, 8 November 2021,
see https://www.world-nuclear-news.org/Articles/Long-term-safety-of-Armenian-plant-reviewed-by-IAE, accessed 8 June 2022.

631 - Wouter Broeckx, Sven Boden et al., “Decommissioning of the BR3 biological shield: How a proper data analysis facilitates the
D&D process”, in proceedings of “International Conference on Decommissioning Challenges: Industrial Reality, Lessons learned and
Prospects (DEM 2021)”, European Nuclear Society, 13-15 September 2021, see https://publications.sckcen.be/portal/en/publications/
decommissioning-of-the-br3-biological-shield-how-a-proper-data-analysis-facilitates-the-dd-process(bic1354d-eoac-47d2-9784-
595b60ci12fob).html; and SCK CEN, “Dismantling and decontamination”, Undated, see https://www.sckcen.be/e
technology/dismantling-and-decontamination, both accessed 8 June 2022.

[expertises/

632 - Andreas Kockartz, “Der Riickbau der belgischen Kernkraftwerke kostet mindestens 18 Mia. €” [“Decommissioning of Belgian
Nuclear Power Plants To Cost at Least €18 Bn], Belga, as published on vrtNWS (in German), 30 June 2021,

see https://www.vrt.be/vrtnws/de/2021/06/30/der-rueckbau-der-belgischen-kernkraftwerke-kostet-mindestens-18/,

accessed 10 June 2022.

633 - RTBF, “Prolongation du nucléaire : le conseil des ministres avalise la prolongation de deux réacteurs au-dela de 2025” [“Lifetime

Extension of Nuclear Power: the Council of Ministers approves the extension of Two Reactors Beyond 2025”], 1 April 2022 (in French),
see https:/
dela-de-2025-10967487, accessed 21 June 2022.

rww.rtbf.be/article/prolongation-du-nucleaire-le-conseil-des-ministres-avalise-la-prolongation-de-deux-reacteurs-au-

634 - SERAW, “Decommissioning of nuclear installations”, State Enterprise Radioactive Waste, 2022,
see https://tinyurl.com/DPRAODecom, accessed 8 June 2022.

635 - European Commission, “Annex 3—Decommissioning programme” in “Nuclear Decommissioning Assistance Programme—
Kozlduy Programme—Work Programme 2021-2022”, 2021, see https://energy.ec.europa.eu/system/files/2022-01/C_2021_8857_F1_
ANNEX3_EN_V1_P1_1606149.PDF, accessed 8 June 2022.

636 - Nuclear Power Corporation of India Ltd, “Rawatbhata Rajasthan Site”, Department of Atomic Energy, Undated,
see https://www.npcil.nic.in/content/501_1_rawatbhatarajasthansite.aspx, accessed 9 June 2022.

637 - The reactor was considered in operation until April 1999, although it had not produced electricity since 1988.

638 - Kamen Kraev, “Kazakhstan / Rosatom To Help With BN-350 Fast Neutron Reactor Decommissioning”, NucNet,
29 July 2020, see https://www.nucnet.org/news/rosatom-to-help-with-bn-350-fast-neutron-reactor-decommissioning-7-3-2020,
accessed 9 September 2022.


https://www.nukemtechnologies.de/en/projects/am/pilot-decommissioning-project-at-metsamor-nuclear-power-plant
https://www.world-nuclear-news.org/Articles/Long-term-safety-of-Armenian-plant-reviewed-by-IAE
https://publications.sckcen.be/portal/en/publications/decommissioning-of-the-br3-biological-shield-how-a-proper-data-analysis-facilitates-the-dd-process(b1c1354d-e0ac-47d2-9784-595b60c12f0b).html
https://publications.sckcen.be/portal/en/publications/decommissioning-of-the-br3-biological-shield-how-a-proper-data-analysis-facilitates-the-dd-process(b1c1354d-e0ac-47d2-9784-595b60c12f0b).html
https://publications.sckcen.be/portal/en/publications/decommissioning-of-the-br3-biological-shield-how-a-proper-data-analysis-facilitates-the-dd-process(b1c1354d-e0ac-47d2-9784-595b60c12f0b).html
https://www.sckcen.be/en/expertises/technology/dismantling-and-decontamination
https://www.sckcen.be/en/expertises/technology/dismantling-and-decontamination
https://www.vrt.be/vrtnws/de/2021/06/30/der-rueckbau-der-belgischen-kernkraftwerke-kostet-mindestens-18/
https://www.rtbf.be/article/prolongation-du-nucleaire-le-conseil-des-ministres-avalise-la-prolongation-de-deux-reacteurs-au-dela-de-2025-10967487
https://www.rtbf.be/article/prolongation-du-nucleaire-le-conseil-des-ministres-avalise-la-prolongation-de-deux-reacteurs-au-dela-de-2025-10967487
https://tinyurl.com/DPRAODecom
https://energy.ec.europa.eu/system/files/2022-01/C_2021_8857_F1_ANNEX3_EN_V1_P1_1606149.PDF
https://energy.ec.europa.eu/system/files/2022-01/C_2021_8857_F1_ANNEX3_EN_V1_P1_1606149.PDF
https://www.npcil.nic.in/content/501_1_rawatbhatarajasthansite.aspx
https://www.nucnet.org/news/rosatom-to-help-with-bn-350-fast-neutron-reactor-decommissioning-7-3-2020
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In the Netherlands, the 55 MW reactor Dodewaard was placed in LTE for forty years in 2005
with the aim to return the site to a greenfield status.®®

In August 2021, Pakistan closed its first reactor KANUPP-1, a 90-MW CANDU reactor that
had been operational for 50 years.®*° No indication of a decommissioning strategy has been
communicated.

Slovakia’s decommissioning efforts are advancing, with reactor pressure vessels having
been removed in late 2021 at Bohunice-1 and -2, two PWR-type VVER V230 design reactors
also jointly called Bohunice V1), by Slovakian company JAVYS and a Westinghouse-led
consortium.*' Completion of Bohunice A1 decommissioning, a 93-MW heavy water GCR-type
reactor, is scheduled for 2033.54

Sweden’s latest reactor closures at Ringhals nuclear power plant occurred in 2020. Both
reactors at the site are currently in the warm-up stage. Actual decommissioning work is set to
begin in the third quarter of 2022 and to be conducted by Westinghouse.*# The first Swedish
reactor, Agesta, was closed in 1974 and subsequently defueled.®*+ The plant was used as a
training facility until 2020, when Westinghouse was tasked with its dismantling.% Reactors
at Barsebdck and Oskarshamn are currently in the “hot-zone”. At Barsebdck-1, the reactor
pressure vessel was successfully dismantled in late 2021.%4¢ At Barsebédck-2 the vessel was
dismantled by Westinghouse in 2018.% Reactor internals at Oskarshamn were dismantled for
both reactors in 2019 by GE Hitachi Nuclear Energy.®** Decommissioning work is scheduled to
be completed by 2028 at both nuclear power plants.®#

639 - NEA, “Radioactive Waste Management Programmes in OECD/NEA Member Countries: Netherlands”, Nuclear Energy Agency,
Organisation for Economic Co-operation and Development, 2008, see https://www.oecd-nea.org/jcms/pl_33758/netherlands-profile-
web, accessed 8 June 2022.

640 - PAEC, “Nuclear Power: A Viable Option for Electricity Generation”, Pakistan Atomic Energy Commission, Undated,
see https://paec.gov.pk/nuclearpower/, accessed 8 June 202.2.

641 - WNN, “Pressure Vessel Segmented at Bohunice”, 29 November 2021, see https
vessel-segmented-at-Bohunice; and WNN, “Westinghouse signs Bohunice V1 dismantling contract”, 28 September 2017,
see https://www.world-nuclear-news.org/Articles/Westinghouse-signs-Bohunice-Vi-dismantling-contrac, both accessed 8 June 2022.

rww.world-nuclear-news.org/Articles/Pressure-

642 - Javys, “Annual Report 2020”, 2021, see https://www.javys.sk/data/web/dokumenty/vyrocne-spravy/vs-en-javys-2020-fin.pdf,
accessed 8 June 2022.

643 - Vattenfall, “Annual and Sustainability Report 2021— Fossil-free living within one generation”, 2021,
see https://mb.cision.com/Main/865/3534511/1555469.pdf; and WNN, “Ringhals reactors to be dismantled by Westinghouse”,

August 2019, see https://www.world-nuclear-news.org/Articles/Ringhals-reactors-to-be-dismantled-by-Westinghouse, both
accessed 8 June 2022.

644 - Vattenfall, “Agesta power plant”, Undated, see https://history.vattenfall.com/stories/agesta-power-plant, accessed 8 June 2022.

645 - Westinghouse Electric Company, “Westinghouse Wins Environmental Contract with Vattenfall to Dismantle Agesta Nuclear
Plant”, 17 December 2020, see https://info.westinghousenuclear.com/news/westinghouse-wins-environmental-contract-with-
vattenfall-to-dismantle-%C3%Asgesta-nuclear-plant, accessed 8 June 2022.

646 - WNN, “Uniper completes dismantling of two RPVs in parallel”, 23 March 2022,
see http

rww.world-nuclear-news.org/Articles/Uniper-completes-dismantling-of-two-RPVs-in-parall, accessed 8 June 2020.

647 - NEI Magazine, “Decommissioning progress at Sweden’s Barseb#ck”, 19 March 2018,
see https://www.neimagazine.com/news/newsdecommissioning-progress-at-swedens-barsebck-6087602, accessed 8 June 2020.

648 - WNN, “Dismantling of Oskarshamn Reactor Internals Completed”, 19 December 2019,
see https://world-nuclear-news.org/Articles/Dismantling-of-Oskarshamn-reactor-internals-comple, accessed 8 June 2022.

649 - Kristina Gillin, “Sweden Prepares For a Decade of Nuclear Decommissioning”, NS Energy, 27 February 2020,
see http

rww.nsenergybusiness.com/news/nuclear-decommissioning-sweden/, accessed 23 August 202.2.
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Switzerland has limited decommissioning experience, having completed technical
decommissioning at the research reactor Lucens in 2004.%° Decommissioning of the
commercial reactor at Miihleberg began shortly after its closure in 2019. Hot-zone works are
expected to last from 2025 to 2030 and plans indicate decommissioning to be completed in
2034.%"

In Taiwan, nuclear reactors are being progressively closed with Kuosheng-1 being the latest
closure in 2021.%* Mid-2021, operator Taipower submitted the application to cease operation
at the Maanshan nuclear power plant by 2025.°? Decommissioning of all Taiwanese reactors
(including still operational reactors) is to be completed by 2043,%4but at Chinshan-1 (closed in
2014) delays occurred already in 2018 due to belated approval of onsite dry storage facilities.®s
No further information on the potential revision of the decommissioning plans at Chinshan-1
and -2 has been published.®* Taipower considers that decommissioning procedures last
25 years upon issuance of the decommissioning permit, which the Atomic Energy Commission
granted on 12 July 2019. Taipower announced it had initiated decommissioning work when the
license became effective on 16 July 2019.%7

In Ukraine, work at the four reactors of the Chernobyl plant is continuing. Chernobyl 1-3
are currently being defueled®® and will be placed into LTE following the chosen deferred
dismantling strategy.®s® The New Safe Confinement for Unit 4 was completed in 2016.5°

650 - ENSI, “Serie Lucens: Der Riickbau eines Pionierwerks” [“Lucens Series: The Dismantling of a Pioneering Plant”], Eidgendssisches
Nuklearsicherheitsinspektorat, Swiss Federal Nuclear Safety Inspectorate, 14 June 2012,
see https:/,

rww.ensi.ch/de/2012/06/14/serie-lucens-der-rueckbau-eines-pionierwerks/, accessed 8 June 2022.

651 - BKW, “Stilllegung Kernkraftwerk Miihleberg” [“Decommissioning of Nuclear Power Plant Miihleberg”], August 2020,
see https://www.bkw.ch/fileadmin/user_upload/o3_Energie/o3_o5_Energieproduktion/Stilllegung_Kernkraftwerk_Muehleberg/
Kompetenzbroschuere_Stilllegung KKM_DE.pdf, accessed 8 June 2022.

652 - WNN, “Early shutdown for Taiwanese reactor”, 1 July 2021,
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This section provides an update of decommissioning development reviews in eleven major
countries: the U.S., Germany, Japan, Spain, the U.K., France, Italy, Lithuania, South Korea,
Canada, and Russia. As in previous years, decommissioning projects encounter delays as well
as cost increases. This section provides information on developments since WNISR2021.
WNISR2022 counted 146 reactors currently in the different de