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Nuclear Development in East Asia:
A Chinese Perspective
Gu Zhongmao
Challenges to East Asian Energy Security
The three major East Asian countries, China, Japan, and South Korea, have made great contributions to the world economy and at the
same time consume large amounts of energy. The primary energy
consumption of these three countries, according to a 2012 BP report, accounts for some 28% of the world total.1 However, these
East Asian countries have their own inherent energy security problems. Both Japan and South Korea lack fossil energy resources.
Japan and South Korea’s primary energy dependence on overseas
sources is more than 96% and 97% respectively.2
China’s energy security is also facing two major challenges. The
first one is the contradiction between the country’s ever increasing
demands for energy and its insufficient reserves of fossil fuels. As a
developing country, China’s per capita energy consumption has just
1. BP Statistical Review of World Energy June 2012, London: BP, June 2012, p.
40, available from www.bp.com/content/dam/bp/pdf/Statistical-Review-2012/
statistical_review_of_world_energy_2012.pdf.
2. Yusuke Kuno, “Nuclear Future and Nuclear Non-Proliferation in Japan,” presented at the workshop on “A Regional Network of Nuclear Fuel Cycle Facilities
for the Asia Pacific,” Tokyo, Japan, March 2009, pp. 6-17 and H.G. Lee, “Korea’s
nuclear energy policy and programs: past, present and future,” presented at “The
China-Korea Workshop on Energy Science,” Beijing, China,May 6-8, 2010.
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reached the world average. China’s energy supply will continue to
grow significantly in the coming decades to support the further development of its national economy. The total amount of coal reserves in
mainland China is large, ranking third in the world. However, China’s
per capita coal reserve is much lower than the world average. China is
also short of oil and gas reserves. With the drastic increase of oil and
gas consumption since the mid-1990s, China is becoming more and
more dependent on imports of oil and gas from abroad.
The second challenge comes from the irrational energy structure, in
which coal provides 60% of primary energy and 77% of power generation. The coal-based energy structure causes serious problems
of environmental pollution and carbon emissions. Acid rain covers more than one-third of the country’s land and haze has become
significantly heavier in recent years. The economic loss caused by
environmental pollution accounts for about 3-7% of gross domestic
product (GDP) in China. Since 2010, China’s GHG emissions have
exceeded the United States and now ranks first in the world, though
China’s per capita discharge of GHGs is only less than one-fourth
of that of the United States. These problems will hinder the further
development of the country if they are not solved properly.
Meanwhile, China’s energy efficiency is very low. Heavy industry
with high energy consumption and high pollution dominates, consuming some 50% of the total energy supply. The primary energy
consumption per unit of GDP is 8.7 times and 2.7 times of Japan and
South Korea respectively.
It is therefore commonly accepted that China needs to place the development of energy saving technologies as its first priority. And,
it has to adjust from the current energy and industrial structure in
place, gradually reducing the share of high pollution energy resources and high energy-consuming industries.
To cope with the serious problems of environmental pollution and
global warming, alternative energy, such as wind and solar energies, have received more and more attention. In China, hydro power
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resources are abundant. China’s economically exploitable hydro
power resources are estimated to be some 400 gigawatts electrical
(GWe), of which the installed capacity of hydro power has reached
some 280 GWe by 2013.3 China will continue to develop hydro
power as a top priority in the coming decades.
Non-hydro renewable resources, such as wind, solar, and biomass
energies, are highly encouraged. For example, the installed capacities of wind and solar power in 2013 reached 75.5 GWe and 14.8
GWe, respectively, and are expected to be increased to 200 GWe
and 160 GWe respectively by 2020.4
However, it seems that renewable energy, such as wind and solar, will not be able to replace fossil fuels as a base load source in
the foreseeable future owing to their very low energy density, low
availability factors, and relatively high costs.

Nuclear Development Plans in East Asian Countries and the
Impact of Fukushima
To ensure energy security, both Japan and South Korea have paid
great attention to the development of nuclear power since the 1970s.
The nuclear share in these two countries had reached 25% and 36%
respectively before the Fukushima nuclear accident.
As a well-developed clean energy with near-zero carbon emissions,
nuclear energy has received more and more attention in China
since the 1990s and is regarded as a supplement to the fossil fuels
together with other new energies. There is much room for the development of nuclear energy in China.
3. Wang Jing, “Electricity policy and impact in China,” presented at the workshop on “The Future of Nuclear Power in China and the World: The Policy Context,” Carnegie-Tsinghua Global Policy Center, Beijing, China, September 1112, 2014.
4. “China’s energy structure adjustment enters spurt period,” China Environmental Protection, September 28, 2014.

184

Alternative East Asian Energy Futures: Volume II

Nuclear Development Plans in East Asian Countries before the
Fukushima Nuclear Accident
In Japan, 54 commercial light water reactors (LWRs) (48.9 GWe)
were in operation, supplying about 25% of total electricity generation before the Fukushima nuclear accident in 2011.5 According to
the original plans of the electric utilities, a total of 66 LWRs (65.1
GWe) would be operating in 2020.6 South Korea has 23 units, including 19 light water pressurized water reactors (PWRs) and four
heavy water reactors (HWRs) that were in operation in 2012.7
The Korean National Energy Committee, the top policymaking
body for energy in South Korea, adopted a new National Energy Basic Plan (NEBP) on August 28, 2008, which proposed that the percentage of electricity generated by nuclear power should increase
to 59% by 2030 from the current 36%.8 This plan was approved by
the South Korean government at the 255th Atomic Energy Commission (AEC) meeting held on December 22, 2008, during which the
“Long-term Development Plan for Future Nuclear Energy System”
was announced. As of 2010, South Korea had 20 nuclear units (17.7
GWe) in operation and eight units (9.6 GWe) under construction.
According to the national plan, a total of 32 reactors will be operat5. Tomoko Murakami, “Japan’s Nuclear Power Development Strategy and Possible Regional Cooperation—Post Fukushima,” presented at the workshop on
“Global New Energy Development Strategies and Northeast Asia Regional Cooperation,” Beijing, China, June 24, 2011.
6. Tatsujiro Suzuki, “Status and Plans of Nuclear Energy for Fuel Cycle in Japan,” presented at 5th Annual Workshop on “Nuclear Energy Non-Proliferation in
East Asia,” Busan, Republic of Korea, June 28–July 1, 2009.
7. Hansoo Lee, “R&D Activities of Nuclear Fuel Cycle in Korea,” presented at
the 10th Korea-China Joint Workshop on “Nuclear Waste Management and Fast
Reactor Technologies,” Busan, Republic of Korea, October 10-11, 2012.
8. Won Il Ko and Hansoo Lee, “Status of Spent Fuel Management and System
Analysis of Nuclear Fuel Cycle in Korea,” presented at the 10th Korea-China
Joint Workshop on “Nuclear Waste Management and Fast Reactor Technologies,”
Busan, Republic of Korea, October 10-11, 2012.
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ing by 2022 and a total of 40 reactors will be in operation by 2030.9
In China, 13 nuclear units (11 GWe) were in operation with 34 units
(36.9 GWe) approved as of September 2010. China announced that
by 2020 nuclear power capacity will be increased to 70 GWe in
operation with another 18 GWe under construction.10

Impact of the Fukushima Nuclear Accident on Global and East
Asian Nuclear Energy
The Fukushima nuclear disaster on March 11, 2011, was a great
shock to the global nuclear industry. Sentiments for phasing out
nuclear energy ran high immediately after Fukushima. Germany
announced its intention to close all its nuclear power plants (NPPs)
by 2022. Facing strong public opposition, Japan had to close most
of its NPPs.
However, the Fukushima nuclear accident has not changed the
challenging global population, resources, and environmental problems. There is clear evidence of changes in the composition of the
GHGs in the lower atmosphere, with carbon dioxide (CO2) in particular steadily increasing to its present level of about 390 parts per
million (ppm). It has increased by one-third in the last 200 years,
and half of that in the last 30 years as shown in Figure 1.

9. Dong-Wook Jerng, “Perspectives on the Nuclear Energy Program and R&D
Directions in Korea,” presented at the 6th International Workshop on “Nuclear Energy and Non-Proliferation in East and Southeast Asia,” Hyundai Hotel,
Gyeongju, Republic of Korea, October 27-29, 2010.
10. Gu Zhongmao, “Envision of China’s Nuclear Energy and Fuel Cycle Development—Geared to International Trend,” presented at the workshop on “Responsibility for Nuclear Suppliers,” Beijing Capital Hotel,China, July 18, 2013.
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Figure 1. World population and GHGs Concentration vs
Time.11
The global renaissance of nuclear energy that occurred at the beginning of this century can be mainly attributed to coping with global
warming. Worldwide nuclear power, with the installed capacity of
some 370 GWe, contributes to CO2 reduction of 2.2 billion metric
tons annually (t/a), constituting an 8% reduction of the global greenhouse gas emissions. It is the author’s understanding that nuclear
power should not be “phased out” unless our carbon reduction commitment could be “phased out.” In fact, the shut-down of NPPs in
Japan caused a 5.8% increase in CO2 emissions since 2011.12
11. This figure was plotted with the data cited from the following references:
World Energy Council, Energy for Tomorrow’s World – Acting Now, London:
World Energy Council, 2000; “ANS Winter Meeting: Nuclear and energy independence,” Nuclear News, January 2002, pp. 40-43, 46-58, available from www2.
ans.org/pubs/magazines/nn/docs/2002-1-3.pdf and B.L. Eyre “Power Generation
for the Twenty-First Century: What is the Role for Nuclear?” Nuclear Energy 37,
no. 1, 1998, pp. 59-72.
12. Tatsujiro Suzuki, “Nuclear Energy and Nuclear Fuel Cycle Policy Options
After the Fukushima Accident,” presented at the Nonproliferation Policy Education Center’s “East Asian Alternative Nuclear Weapons Futures Conference” and
“East Asian Alternative Energy Futures Conference,” Honolulu, Hawaii, Febru-
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In China, immediately after Fukushima nuclear accident, the State
Council made four policy decisions on March 16, 2011: Immediate safety reviews of all nuclear facilities; strengthening the safety
management of operational facilities; comprehensive reviews of
the nuclear facilities under construction; and suspending the approval of the new projects until after new nuclear safety plans are
issued.
The general safety examination showed that NPPs both in operation and under construction met the requirements of China’s present safety criteria.
On October 24, 2012, the State Council made the decision to restart the nuclear power program with safety and high efficiency
as priorities. The goal of nuclear power capacity by 2020 was adjusted to 58 GWe in operation and 30 GWe under construction.
However, no new nuclear power project has been approved by the
government since the State Council decision was made in 2012.
One of the possible reasons may be the debate over which reactor
type should be selected in deploying third generation NPPs in China. Recently, China has decided to build two third generation demonstration projects; two units of the Hualong 1 design (1000 MWe
capacity) in Fujian and Guangxi provinces respectively, and two
units of the CAP1400 design (1400 MWe) in Shandong province.13
In South Korea, it seems that the Fukushima nuclear accident has
had no big impact on the nuclear energy program. South Korea
continues to follow the long-term national plan of nuclear energy
development set in December 2008.
Japan has suffered greatly from the Fukushima nuclear accident.
The post-accident clean-up is still under way and will possibly be
extended for decades. As of June 2011, more than 80% of Japaary 26, 2014.
13. “Hualong One: China’s Nuclear Power Embarks on a New Journey,” ChinaPower.com, September 23, 2014.
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nese say they are anti-nuclear.14 As of March 27, 2012, Japan had
only one out of 54 nuclear reactors operating: The Tomari-3, after
the Kashiwazaki-Kariwa 6 was shut down.15 The Tomari-3 was shut
down for maintenance on May 5, 2012, leaving Japan with no nuclear-derived electricity for the first time since 1970.16 Despite protests, on July 1, 2012, unit three of the Ōi Nuclear Power Plant was
restarted. In September 2013, Ōi units three and four went offline,
making Japan again completely without nuclear-produced electrical
power. On August 11, 2015, the Sendai Nuclear Power Plant was
brought back online, followed by two units (three and four) of the
Takahama Nuclear Power Plant on January 29, 2016. However unit
four was shut down three days after restart due to an internal failure
and unit three in March 2016 after district court in Shiga prefecture
issued an injunction to halt operation of Takahama Nuclear Power
Plant.17 However, some experts in Japan note that, as a resourcelacking country, Japan needs nuclear energy for their energy security even after the accident.18
In February 2013, Japanese Prime Minister Shinzo Abe announced
that Japan will restart NPPs where safety has been confirmed and
14. M. V.Ramana, “Nuclear power and the public,”Bulletin of the Atomic Scientists 67, no. 4, July 2011, p. 43.
15. Monica Kleja, “Soon Japan’s nuclear power stands still,” NyTeknik
(New Technology), March 27, 2012, translation available from translate.google.dk/translate?hl=da&sl=sv&tl=en&u=http%3A%2F%2Fwww.
nyteknik.se%2Fnyheter%2Fenergi_miljo%2Fkarnkraft%2Farticle3436603.
ece&sandbox=1.
16. David Batty, “Japan shuts down last working nuclear reactor”,The Guardian,
May 5, 2012, available from www.theguardian.com/world/2012/may/05/japanshuts-down-last-nuclear-reactor.
17. “Nuclear power in Japan,” Wikipedia, accessed on October 26, 2016, available from https://en.wikipedia.org/wiki/Nuclear_power_in_Japan.
18. Endo Tetsuya, “The International Impact of the Fukushima Nuclear Plant Accident and Lessons To Be Learned,” presented at the Peking University workshop
on “Global New Energy Development Strategies and Northeast Asia Regional
Cooperation,” Beijing, China, June 24, 2011.
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promote the introduction of energy conservation and renewable
energies to the greatest possible extent to reduce the degree of dependency on nuclear power as much as possible.19
In February 2014, the draft of the Japanese Basic Energy Plan suggested that nuclear energy is still among the country’s vital sources
of electricity. Under the plan, Japan’s nuclear energy dependency
will be reduced as much as possible, but reactors meeting the new
safety standards set after the 2011 nuclear crisis should be restarted. The draft also said that a mix of nuclear, renewable, and fossil
fuels will be the most reliable and stable source of electricity to
meet Japan’s energy needs.20 It was reported that on April 11, 2014,
Japan’s cabinet approved the Basic Energy Plan, in which nuclear
energy was defined as an important base-load energy source.21

Issues of Sustainability of Nuclear Energy in East Asia

Spent Fuel Accumulation in East Asia
In Japan, 23,600 metric tons (t) of spent fuel had been generated by
2008. It is expected that another 40,000 t of spent fuel will be generated from 2009 to 2049 according to the original plan set before
2011.22 There will be some uncertainty of Japan’s nuclear power
capacity in the coming decades.
19. Suzuki, “Nuclear Energy and Nuclear Fuel Cycle Policy Options After the
Fukushima Accident.”
20. “Nuclear is key energy source, Japan’s first energy policy draft since Fukushima says,” RT News, February 25, 2014, available from rt.com/news/japannuclear-energy-source-675/.
21. Martin Fritz, “Japan reverses its withdrawal from nuclear power,” Deutsche
Welle, April 13, 2014, available from www.dw.de/japan-reverses-its-withdrawal-from-nuclear-power/a-17563405.
22. Suzuki, “Status and Plans of Nuclear Energy for Fuel Cycle in Japan.”
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In South Korea, 14,000 t of spent fuel were generated by 2008. It
is expected that the total amount of spent fuel generated will be
50,000 t by 2050.23
In China, about 2,500 t (Mainland) plus 3,000 t (Taiwan) of spent
fuel have been generated from NPPs presently. It is estimated that
by 2020, with ca. 60-80 GWe of nuclear power in operation, spent
fuel accumulation would be ca. 10,000 t. By 2030, assuming nuclear
capacity reached 130 GWe, spent fuel could reach ca. 30,000-40,000
t. It may be possible that the PWRs’ capacity could reach up to 200
GWe by 2050 and there could be possibly ca. 90,000 t of spent fuel
generated.
It is envisioned that the total amount of spent fuel generated in East
Asia may reach some 200,000 t by 2050, which will contain some
2,000 t of plutonium (Pu). The build-up of this huge amount of spent
fuel will be a large burden for waste storage and disposal, and could
possibly cause increased proliferation risks in East Asia.

Sustainability Considerations: Arguments on Two Options of the
Nuclear Fuel Cycle
Over the past decades, the debate on two nuclear fuel cycle options,
the once-through cycle (OTC) and the closed fuel cycle (CFC), have
been continuous among the global community and no consensus has
been reached. Countries such as France, the United Kingdom, Russia, India, Japan, South Korea, and China have pursued the CFC
option while Sweden, Switzerland, Finland, Canada and the United
States selected the OTC option. The sustainability of nuclear energy
is the major issue to be considered when choosing a fuel cycle option.
23. Y.S. Hwang and K.C. Song, “Status and Plans for Nuclear Energy and Fuel
Cycle in the Republic of Korea,” presented at 5th Annual Workshop on “Nuclear
Energy Non-Proliferation in East Asia,” Busan, Republic of Korea, June 28-July
1, 2009.

Chapter 6

191

Sustainable nuclear energy must contribute to the well-being of
future generations by reducing the use of natural resources and
avoiding detrimental effects on public health and the environment.
In addition to ensuring safety, economic competitiveness and nonproliferation (i.e. protection against diversion or undeclared nuclear material production and misuse of technology), a sustainable
nuclear fuel cycle must also be linked to the following two issues:
Maximum utilization of uranium resources and minimization of
nuclear waste and its impact on the environment.
The OTC option involves direct disposal of the spent fuel after
interim storage for cooling when it is then packaged (see Figure 2).
The OTC option is simpler and more economic at present uranium
prices, compared with the CFC option. Meanwhile, it is thought
that the high radiation emissions of spent fuel can prevent proliferators from gaining access and thus the OTC option is favored for
nonproliferation.24
Concerning the secured supply of uranium resources, it is reported by the Organization for Economic Co-operation and Development’s Red Book 2012 that global conventional uranium resources
are 15.40 megatons or million metric tons (Mt), which includes
some 5.30 Mt of identified conventional resources and some 10
Mt of undiscovered conventional resources. These conventional
uranium resources can support the present global nuclear capacity
(373 GWe) in the OTC case only for less than 100 years as shown
in Figure 3. Studies showed that no significant differences would
result in the case of MOX fuels use in PWRs.25

24. Frank Von Hippel and Lora Saalman,“Plutonium, Nonproliferation, and Radioactive Waste Politics in East Asia: Why the once-through nuclear fuel cycle
is the most economical and proliferation-resistant,” presentation at Peking University, Beijing, China, November 1, 2010.
25. Vincenzo Romanello, Massimo Salvatores, et al., “Sustainable Nuclear Fuel
Cycles and World Regional Issues,” Sustainability 4, no. 6, June 2012, pp. 12141238.

192

Alternative East Asian Energy Futures: Volume II

Figure 2. Schematic of Once-through Cycle (OTC).

Figure 3: Natural Uranium Consumed and Engaged for PWRs
OTC Case.26
26. Ibid.
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As a consequence of utilizing an OTC option for the world fuel
cycle, a large amount of spent fuel will accumulate worldwide. It
is expected that more than 800,000 t of spent fuel will be generated
globally by 2150, which will contain ca. 8,000 t of plutonium.27
Such a large amount of worldwide spent fuel will cause serious
problems of geologic disposal. Where are we to find and how will
we construct the geologic repositories large enough for disposing
of these spent fuels? This will be a big burden to be transferred to
future generations. It is obvious that the OTC case is not a sustainable option.
As for the issue of nonproliferation, after storing the spent fuel for
longer periods of time (e.g. 100-200 years), the radiation level of
spent fuel will become weaker and not be adequate to stop proliferators from accessing the spent fuel. Finally, the spent fuel could
become a “plutonium mine.” The uncertainty of the integration of
spent fuel (especially claddings) after prolonged storage is another
concern. Therefore, the prolonged storage of spent fuel is not a final
solution. Rather, by utilizing reprocessing or recycling measures,
plutonium can be burned in reactors. It is argued that the CFC option can eventually eliminate plutonium and will be essential for
nonproliferation if International Atomic Energy Agency (IAEA)
safeguards are fully implemented throughout the whole fuel cycle
process.
In order to address potential future uranium resource shortages, a
group of European experts analyzed different scenarios and envisioned a transition from a PWR-based OTC fuel cycle to an advanced CFC with fast reactors (FRs) for the future of nuclear energy.28 They projected the nuclear energy production share in Asia,
using PWRs and fast breeder reactors (FBRs), as shown in Figure 4.
27. Michael Weber, “Where will we be in 2050?” presentation at the U.S. Nuclear Regulatory Commission’s “2010 Spent Fuel Storage and Transportation
Licensing Process Conference,” Rockville, MD, June 23, 2010.
28. Romanello, Salvatores, et al.
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Figure 4. Projected Nuclear Energy Share in Asia (PWRs and
FBRs).29
From the above analysis, one can see the reasons why most major
nuclear energy countries selected a policy of developing advanced
CFC with FRs and expect the gradual transition from PWRs to FRs.
It is worthwhile to note the evolution of the nuclear fuel cycle policy
in the United States in the past decades. It is my understanding that the
core of the U.S. nuclear energy policy is to maintain its world leader
position and that nonproliferation is a key point of consideration.
During the 1950s until the early 1970s, U.S. nuclear policy was
in favor of CFC. In the early 1950s, fearing the spread of nuclear
weapons in the world, the United States encouraged research and
development (R&D) on civil utilization of nuclear energy, which
was marked by the famous speech “Atoms for Peace” delivered by
President Dwight D. Eisenhower to the United Nations General Assembly on December 8, 1953. The United States then launched an
29. Ibid.
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“Atoms for Peace” program that supplied nuclear energy and fuel
cycle technology and information throughout the world, and the
United States pioneered reprocessing activities as well. As a result, “Atoms for Peace” opened up nuclear research to civilians
and countries that had not previously possessed nuclear technology. This made it possible for some countries to develop weapons
under the cover of peaceful nuclear energy use. Under “Atoms for
Peace” related programs, the United States exported over 25 tons
of highly enriched uranium (HEU) to 30 countries, mostly to fuel
research reactors, which are now regarded as proliferation and terrorism risks.30
On May 18, 1974, India announced its first nuclear test, described
as a “peaceful nuclear explosion.” India’s nuclear test used plutonium separated with U.S.-provided technology. This action caused
the United States to reverse its policy from favoring CFC to favoring OTC. In 1976, President Gerald Ford announced that the reprocessing and recycling of plutonium should not proceed. In 1977,
President Jimmy Carter announced that the United States would
defer the commercial reprocessing and recycling of plutonium indefinitely.
By the end of the 1990s, more than 500,000 t of spent fuel had accumulated in the United States as a result of its OTC policy, which
hindered the further development of nuclear energy in the United
States, which was losing its world leader position in nuclear energy.
The U.S. Department of Energy (DOE) then supported the Accelerator Transmutation of Waste (ATW) program to separate plutonium
and minor actinides from spent fuel and burn them in fast burner
reactors. The ATW program was re-named as the Advanced Fuel
Cycle Initiative (AFCI) program in 2002. These subtle changes can
be regarded as the discontinuity of the U.S. OTC policy.31
30. Jessica C. Varnum, “60 Years of Atoms for Peace,” Nuclear Engineering International, January 23, 2014, available from www.neimagazine.com/features/
feature60-years-of-atoms-for-peace-4164653/.
31. H. AitAbderrahim, et al., “Accelerator and Target Technology for Accelerator
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In 2006, the Administration of President George W. Bush reversed
the OTC policy by putting forward the Global Nuclear Energy Partnership (GNEP) Initiative. The GNEP Initiative focused on trying to
develop proliferation-resistant reprocessing and fast burner reactors
in order to alleviate the spent fuel burden, to restrict the fuel cycle
technologies in limited countries for nonproliferation purposes, and
to restore the world leader position of the United States in nuclear
energy.32
In 2009, however, the Administration of President Barack Obama
negated the Bush Administration’s nuclear energy policy and restored the OTC policy again. From the dramatic development (CFCOTC-CFC-OTC) of U.S. nuclear fuel cycle policy in the past 50
years, one can expect further changes to the U.S. fuel cycle policy
in the coming decades.

Proposed Programs of Reprocessing/Recycling in East Asia

Japan
Japan is the only non-nuclear weapon state in the world that has been
allowed by the United States to pursue a reprocessing program.33
Since the 1970s, Japan has pursued an ambitious fast breeder program. In 2009, Japan re-organized its R&D programs with newly
defined targets for its demonstration by around 2025 and commerDriven Transmutation and Energy Production,” September 17, 2010, available from
science.energy.gov/~/media/hep/pdf/files/pdfs/ADS_White_Paper_final.pdf.
32. John Herczeg, “Global Nuclear Energy Partnership: Demonstration Projects,”
presented at a meeting of the China Commission of Development and Reformation, Beijing, China, May 22, 2006.
33. Charles S. Costello III, “Nuclear Non-proliferation: A Hidden but Contentious Issue in US-Japan Relations During the Carter Administration (1977-1981),”
Asia-Pacific Perspectives III, no. 1, May 2003, pp. 1-6.
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cialization by 2050, as set by the government’s “Nuclear Power
Nation Plan.”34
Teksou Fukasawa of Hitachi-General Electric Nuclear Energy, described the present status of the nuclear fuel cycle system in Japan
as shown in Figure 5. According to Fukasawa, the Rokkasho Reprocessing Plant (800 t/a) has completed active tests. The mixedoxide (MOX) fuel fabrication plant (130 t/a) will start a hot test
in 2015-2016. Because the spent fuel storage pool at Rokkasho
(3000 t storage capacity) is almost full, discussions about building
a second reprocessing plant, which is necessary for FBR deployment, should start in the coming years. Owing to the Fukushima
nuclear accident, the FBR cycle technology (FaCT) development is
delayed. The transition from LWR to FBR will be possibly starting
between 2050 and 2100 and last for at least 60 years.35

34. Suzuki, “Status and Plans of Nuclear Energy for Fuel Cycle in Japan.”
35. Tetsuo Fukasawa, “Flexible Fuel Cycle Initiative to Cope with the Uncertainties after Fukushima Daiichi NPP accident,” presented at the 2nd ChinaJapan “Academic Symposium on Nuclear Fuel Cycle,” Shanghai, China, November 27-30, 2013.
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Figure 5. Nuclear Fuel Cycle Status in Japan.36
Some Japanese experts believe that nuclear energy is necessary for
Japan even after the Fukushima nuclear accident, but that the transition from PWRs to FBRs will be delayed. Facing the post-Fukushima uncertainties in fuel cycle, a flexible fuel cycle initiative (FFCI)
system is proposed as shown in Figure 6.37
The FFCI system removes most uranium (U) from the LWR spent
fuel and stores the residue recycle material (RM), which contains
Pu, residual uranium and minor actinides (Mas), and fission products (FPs), for future FBRs utilization in case of FBR cycle delay. If
the FBR cycle develops smoothly, the separated RM could enter the
FBR cycle directly. Using the innovative technology, 90% uranium
could be removed from LWR spent fuel. The volume of the residual
RM is expected to be reduced to ca. 1/15 of that of the spent fuel and
the higher radiation level of RM compared to spent fuel could make
it more proliferation-resistant.38
36. Ibid.
37. Ibid.
38. Ibid.
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Figure 6. Proposed Flexible Fuel Cycle Initiative System in
Japan39

South Korea
South Korea is not permitted by the United States to pursue aqueous reprocessing process and has to develop a dry reprocessing process, such as the Direct Use of PWR spent fuel In Canada deuterium uranium (CANDU) reactor (DUPIC) process developed in the
1990s. Although the DUPIC program was stopped, the expertise
accumulated in the R&D of the DUPIC program laid the foundation
of the later pyro-processing program because DUPIC itself was a
pyro-processing technology.40
39. Ibid.
40. I. S. Hwang and K. C. Song, “Status and plans for nuclear energy and fuel
cycle in the Republic of Korea,” presented at the 5th Annual Workshop on Nuclear Energy Nonproliferation in East Asia, June 28- July 1, 2009, Busan, Republic
of Korea and K.C. Song, “Sustainable nuclear energy and spent fuel management
in Korea,”presented at the “Workshop on Multilateral Concepts of Nuclear Fuel
Cycle in Asia Pacific,” Tokyo, Japan, October 26-27, 2009.
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On December 22, 2008, the Korean government announced the “Longterm Development Plan for Future Nuclear Energy System.” It stipulated the promotion of R&D for the Korean, Innovative, Environment
Friendly, and Proliferation Resistant System for the 21st Century (KIEP21) concept, the combination of sodium cooled fast reactor (SFR) with
the Korean style pyro-processing. The Korean Atomic Energy Institute
(KAERI) is currently dedicated to the development of the core pyroprocessing technologies, which is said to produce “dirty fuel and clean
waste,” on this R&D plan as shown in Fig 7.41

Figure 7. Schematic of Korea’s R&D on SFR and
Pyro-processing Technologies.42
•

41. Jerng.
42. Ibid.

According to South Korea’s national plan, “Conceptual
Design & Component Tests” of SFR will be completed
by 2016. The “Demonstration Reactor Design & Construction” will be carried out in 2017-2030. For the pyroprocessing, the lab-scale studies have been completed by
2009. The engineering-scale verification will be completed
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by 2016. The active demonstration test will be carried out
in 2017-2025. The demonstration operation and “TRU
Fuel Supply” will be started in 2026.43
•

South Korea’s long-term plan for SFR and pyro-processing, with the aim for achieving SFR recycle by 2030, is
shown in Figure 8.

Key pyro-processing technologies have been developed by KAERI
and an inactive engineering–scale mock-up facility (10 t/a), named
Pyro-process Integrated Inactive Demonstration (PRIDE) facility,
was constructed in 2012, aiming at an engineering–scale verification to judge its economic benefits and full technical feasibility as
well as nonproliferation aspects.44

Figure 8. Korea’s Long-term Plan for SFR and
Pyro-processing.45
43. Hwang and Song; and Chan Bock Lee, Byoung Oon Lee, Ki Hwan Kim, and
Sung Ho Kim (KAERI) “Status of SFR Metal Fuel Development,”Presentation
at the International Conference on Fast Reactors and Related Fuel Cycles, Paris,
France, March 5, 2013, p. 17.
44. Ko and Lee.
45. Hwang and Song.
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China
The sustainable development of nuclear energy in China should include: (1) The large scale deployment of third generation PWRs in
the coming 30 years or so; and (2) the smooth transition of nuclear
energy from third to fourth generation. To support the ambitious
nuclear energy program, China has to build an integrated fuel cycle
industry. No one else in the world can do such a big job for such a
big nuclear program in China.
With the introduction of FRs and the closed fuel cycle, it is possible to multiply by 50-60 times the energy produced from a given
amount of uranium and to reduce significantly (by a factor of 10) the
amount of highly radioactive waste for geologic disposal.
The China Experimental Fast Reactor (CEFR) went critical in July
2010. The near-term work will be the trial operation and power enhancement of CEFR. Experimental studies will be carried out to
obtain data about the basic process, performance, and safety and to
accumulate experience.
With the aim of building a demonstration FR (CFR600) by around
2023, a great deal of R&D work needs to be done to get the necessary design parameters based on the CEFR.
Considering the relatively limited reserves of low cost uranium resources around the world as well as in China, it is hoped that the FR
energy system could be commercialized by around 2040. In order to
reach this goal, R&D work on CFC must be carried out simultaneously. The FR fuel cycle includes PWR spent fuel reprocessing, FR
fuel fabrication, FR spent fuel reprocessing, high level waste treatment, and disposal, as shown in Figure 9.
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Figure 9. Schematic of FR Fuel Cycle
China’s PWR spent fuel reprocessing pilot plant, with a task of processing 50 t spent fuel, completed hot testing in December 2010.
A commercial reprocessing plant is under consideration and is expected to be completed by around 2020. The large reprocessing
plant to be built in China will be designed based on the experience
of pilot plant operations and the experience gained in developed
countries. International co-operation will be very important for designing and building the commercial reprocessing plant in China.
The development of MOX fuel fabrication is now at its early stage
in China. It is expected that the MOX fuel pellet could be fabricated
for irradiation tests by 2015 and the MOX fuel assembly could be
fabricated for irradiation tests by 2018. The MOX fuel will be first
used in CEFR to get some experience. MOX fuel will be eventually
replaced by U-Pu-zirconium (Zr) metal alloy fuel so as to improve
the breeding performance of the fuel in FRs. Therefore, this metal
alloy fuel should also be developed in the coming years.
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Although China selects the FR CFC option, the national plan of
R&D on FR energy system has not yet been announced. The following development goals are based on the experts’ expectations.
China’s near-term (~2020) goal is expected to use the pilot reprocessing plant, a lab-scale MOX fuel (500kg/year) fabrication line,
the experimental FR (CEFR) as the platforms, to “half-close” the
FR cycle at the experimental level.
China’s mid-term (~2030) goal is expected to use a 200 t/a reprocessing plant, 20 t/a MOX plant, a demonstration FR (CFR600) as
the platforms, to “half-close” the FR cycle at the engineering level.
More time is needed for R&D of FR spent fuel reprocessing. I expect
that China will need at least another three decades’ of effort before
starting to transition from LWRs to FR energy systems and there are
many uncertainties that exist in pursuing the above program.
Presently, China’s nuclear fuel cycle technology lags far behind the
world’s advanced level. Up to now, China has not had the industrial
capability in the back-end of the fuel cycle.
To achieve the above mentioned ambitious goal, the Chinese government must pay special attention to the FR energy system program and organize it carefully in a unified way. A development roadmap for China’s FR nuclear energy system, including the closed fuel
cycle, needs to be worked out as soon as possible in order to better
implement the program.
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Associated 3S Issues Related to Nuclear Energy Programs in East
Asia

Safety Considerations
After the Fukushima nuclear accident, safety has been the top priority for all countries with nuclear energy programs. Safety criteria,
design, and regulation have been greatly strengthened worldwide,
including in East Asian countries.
The world nuclear community has reached a consensus that crisis
management for a major nuclear accident is beyond a single country’s capability and environmental pollution often spreads across
borders. International and regional cooperation and coordination
can raise the safety level of nuclear energy effectively.

Safeguards/Nonproliferation Considerations
Generally speaking, all three East Asian countries, Japan, South
Korea, and China, have shown good records of implementing the
IAEA safeguards.
Japan, South Korea, and China are all signatory states of the Nuclear Nonproliferation Treaty (NPT) and are obliged to obey the
NPT’s nonproliferation standards. According to the NPT, all Japanese and Korean nuclear facilities are under strict IAEA safeguards.
As a nuclear-weapon state, some of China’s civil nuclear facilities
are also IAEA safeguarded according to the Voluntary Offer Safeguards Agreements in force with the five nuclear-weapon states.
According to China’s present back-end fuel cycle capability, China
will not have a significant amount of separated plutonium before
2030. The separated plutonium will be used to fuel the FR energy
system in the future. As a nuclear-weapon state, China will not use
civil plutonium to make explosive devices.
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As is described in the above section on South Korea, because the
United States does not allow South Korea to pursue aqueous reprocessing, the country has developed pyro-processing technology and
claimed that this process does not separate plutonium completely
from other trans-uranium elements. Worrying about possible proliferation risks, U.S. experts argued that the final separation of pure
plutonium would be relatively trivial and make plutonium much
more accessible.46 The 1974 U.S.-Korea nuclear cooperation agreement expired in 2014, and the two sides completed another 40-year
agreement in June 2015. It is very difficult for the United States to
agree to let Korea pursue a pyro-processing program because of the
possible nonproliferation implications. However, South Korea now
has the problem of having limited space in which to store the ever
increasing amount of spent fuel, which will restrict the further expansion of nuclear power. It is likely that the Koreans will strongly
ask for permission from the United States to pursue a pyro-processing program, similar to Japan’s efforts to get the right to reprocess
in the 1970s.
Some U.S. experts worry that even if the 10-year U.S.-Korea study
(due for completion in 2021) was to conclude that this technology is
economically feasible and offers adequate proliferation resistance,
Seoul could not build a commercial size pyroprocessing plant for at
least two decades. Hence, even if the United States were to consent
to pyroprocessing in the text of the new agreement, it would not immediately solve South Korea’s urgent spent fuel problem.47
One thing that must be noted is the build-up of Japan’s separated
plutonium, which is of special concern for both nonproliferation and
46. Frank van Hippel, “South Korea Reprocessing: An Unnecessary Threat to the
Nonproliferation Regime,” Arms Control Today 40, no. 3, March 2010.
47. Fred McGoldrick and Duyeon Kim, “Decision Time: U.S.-South Korea
Peaceful Nuclear Cooperation,” in Nicholas Hamisevicz, ed., On Korea: Academic Paper Series 7, Washington, DC: Korea Economic Institute of America,
2014, pp. 79-102, available from http://www.keia.org/sites/default/files/publications/aps_march_2013_mcgoldrick-kim_-_final.pdf.
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security. In East Asia, Japan is now the only country that owns civil
separated plutonium. Table 1 shows Japan’s inventory of separated
plutonium from 1998 to 2012. From this table, one can see that
Japan has a large inventory of separated plutonium. While there
has been some reduction of separated plutonium stored in France
and the United Kingdom since 2008 owing to MOX fuel use, the
separated plutonium stored in Japan has been steadily increasing
over the past decade.
Year
1998
2004
2008
2012

Stored in Japan t Stored in Europe t
4.9
5.7
8.7
9.3

24.4
37.4
38.0
34.9

Total t
29.3
43.1
46.7
44.2

Table 1. Japan’s Inventory of Separated Plutonium from 1998
to 2012.48
It must be pointed out that Japan has promised to implement its
“no plutonium surplus policy” since 1991, which means that plutonium produced from reprocessing is balanced by its consumption
in reactors so as to avoid the possible transfer of plutonium for
weapon purpose. And, in August 2003, the Japan Atomic Energy
Commission (JAEC) announced its new guidelines for plutonium
48. 1998 Figures: Jor-Shan Choi, “Separated Civil Plutonium Inventories: A
Comparison Between Infcirc 549 and Calculations Using Open Sources,” presented at the IAEA Technical Committee Meeting on “Perspective of Utilization
and Disposition of Plutonium,” Brussels, Belgium, October 5-7, 2000. 2004 Figures: Tadahiro Katsuta and Tatsujiro Suzuki, “Japan’s Spent Fuel and Plutonium
Management Challenges,” Research Report, no. 2, Princeton, NJ, International
Panel on Fissile Materials, September 2006. 2008 Figures: Tatsujiro Suzuki, “Civilian Nuclear Power and Nuclear Non-Proliferation: How to Minimize Risks
Associated with Expansion of Nuclear Fuel Cycle Activities?” presented at the
University of Tokyo workshop on “Multilateral Concepts of Nuclear Fuel Cycle in Asia Pacific,” Tokyo, Japan, October 26 -27, 2009. 2012 Figures: Suzuki,
“Nuclear Energy and Nuclear Fuel Cycle Policy Options After the Fukushima
Accident.”
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management preparing for commissioning of the first commercial
reprocessing plant. Utilities are expected to submit plutonium usage
plans annually before separation of plutonium begins.49
However, the inventory of separated plutonium of Japan indicated in
Table 1 shows a large surplus of plutonium, which is against the “no
plutonium surplus” promise. The world community expects Japan
to take concrete measures to fulfill the above promise. It is reasonable that production and consumption of the separated plutonium
in Japan should be balanced, and thus, the start-up of the Rokkasho
reprocessing plant should be delayed for some time to achieve a
reduction of the plutonium surplus in the coming years.
The internationalization of the fuel cycle is another important topic.
The non-discriminatory and effective access to the peaceful use of
nuclear energy is the legitimate right of all countries equally granted
by the NPT. Meanwhile, the international nonproliferation regime
should be enhanced so as to lower the risk of nuclear proliferation
for securing the world.
With the global nuclear renaissance that has occurred since the beginning of the 21st century, quite a few emerging countries are planning or have announced plans to develop nuclear power.
However, the peaceful use of nuclear energy is always accompanied
by the possibility of nuclear proliferation. This so-called “nuclear
dilemma” has been nagging the world community for more than
half century. With the nuclear renaissance, this “nuclear dilemma”
becomes an ever increasing concern of the world community.
The concept of “International Fuel Cycle Centers,” which is an old
idea, has been brought up again by the IAEA, the United States,
Russia, and other countries since the early 2000s, with the aim to
promote nuclear energy development while lowering the risks of
nuclear proliferation. The key point of the internationalization of
49. Suzuki, “Nuclear Energy and Nuclear Fuel Cycle Policy Options After the
Fukushima Accident.”
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the fuel cycle is to restrict fuel cycle activities to a limited number
of countries.
The concept of internationalizing the nuclear fuel cycle seems
good but has many implications in terms of technical feasibility,
economic competitiveness, political issues, and public acceptance.
These problems need to be solved gradually through extensive international dialogue, maybe first at the experts’ level. It is reasonable to promote the internationalization of the fuel cycle step-bystep. It would be easier with the front end of the fuel cycle, but
much more difficult with the back end.
In East Asia, Japan, South Korea, and China all have CFC programs. To achieve regional cooperation on the nuclear fuel cycle,
mutual trust is the most important thing; yet, presently the political
basis of mutual trust in East Asia is lacking. The United States has
great influence in this region as well as in the world. It is the author’s hope that the United States could make more contributions
with an objective and fair attitude in promoting the cooperation in
this area in the region.

Security Considerations
With the rapid development of nuclear power in East Asia, the accumulation of ever increasing spent fuel is of great concern.
All the East Asian countries (Japan, South Korea, and China) have
reprocessing/recycling plans. However, because of the limited reprocessing capacity envisioned, the amount of spent fuel reprocessed will be a small portion of what will be generated. It is expected that there will be large accumulations of spent fuel in this
region in the coming decades as described above.
It is reported that many of South Korea’s NPPs will likely reach
their capacity for storing spent fuel in their pools by 2020 and some
of the pools will be full by 2016. However, the Korean government
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has yet to designate additional capacity that would ensure continued operation of the NPPs.50 South Korea is trying to implement the
pyro-processing-SFR program for recycling uranium resources and
reducing the build-up of spent fuel. But the technical and economic
feasibility of this program still must be proved and it is doubtful
that Korea will be able to commercialize its pyroprocessing-SFR
program before 2030. Japan is also confronted with the challenges
of building additional storage capacities of spent fuel after re-start
of its NPPs in 2014. Although China has decided to build a reprocessing plant by 2020 or so, the reprocessing capability is too small
compared to the spent fuel generated. Therefore, China is planning
to build some additional pools or dry storage facilities for spent fuel.
In any case, establishing greater storage capabilities for spent fuel in
these countries is inevitable in the coming decades.
So far, it can be said that all the spent fuel stored in East Asian countries are under safe and secure management. But, with the further
increased build-up of spent fuel in this region, there exist potential
risks of nuclear terrorism. The NPPs and the fuel cycle facilities
with nuclear materials (e.g. HEU and separated plutonium) are targets that could be attacked by terrorists. In the past decades, nuclear
terrorism has become a big threat to nuclear security. IAEA data
shows that during 1993-2006, of the 1,080 intercepted illicit trafficking events, some 25% of cases involved nuclear materials (See
Figure 10).51

50. Ferenc Dalnoki-Veress, Miles Pomper, et al., “The Bigger Picture: Rethinking Spent Fuel Management in South Korea,” Occasional Paper, no. 16, Monterey, CA: James Martin Center for Nonproliferation Studies, February 2013.
51. Michael May, et al.,“Nuclear Forensics: Role, State of the Art, Program
Needs,” Washington, DC: Joint Working Group of the American Physical Society and the American Association for the Advancement of Science, November
2008, pp. 15-16, available from www.aps.org/policy/reports/popa-reports/upload/
nuclear-forensics.pdf.
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Figure 10. IAEA’s Incident and Trafficking Database (19932006) for Illicit Trafficking Events.52
To combat nuclear terrorism effectively, physical protection of
nuclear facilities and nuclear materials (especially separated Pu)
must be strengthened. Each country has the responsibility to secure
its nuclear facilities and nuclear materials. Over the past decades,
China has very good records in securing its nuclear facilities and
nuclear materials.
As shown in Figure 10, nuclear terrorist activities are often across
borders. So, international and regional cooperation is of vital importance in combating nuclear terrorism. For example, we need to
share the necessary information in the area of nuclear forensics.
A good example of international cooperation in combating nuclear
terrorism is the China-U.S. joint Center of Excellence (COE) under construction in a southeast suburb of Beijing. There are similar
52. International Atomic Energy Agency, “Incident and Trafficking Database
(ITDB),” last updated December 9, 2014, available from https://www.iaea.org/
resources/databases/itdb.
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COEs in Japan and South Korea. It is important to have coordination between these COEs so as to share experience and increase the
effectiveness of the COE activities.
Another important issue of special concern is that Japan has stored
some 331 kg weapons-grade Pu supplied by the United States during the Cold War era, which could be used to produce some 60 nuclear weapons. In addition, about 214.5 kg of 93%-enriched HEU
(containing a reported 199.5 kg of uranium-235) was also supplied
by the United States and the UK.
It is believed that Japan has long since completed its scientific research with this weapons-grade Pu, which has been of no use for
peaceful research for years. With its advanced nuclear technologies,
Japan has the capability to manufacture nuclear weapons “overnight.” It has been argued that Japan has hidden ambitions to develop
nuclear weapons under the cover of peaceful use of nuclear energy.53
Japan’s Prime Minister Shinzo Abe once said that Japan’s constitution did not necessarily ban possession of nuclear weapons.54 In fact,
Japanese right-wing politicians have repeatedly clamored that Japan
should own nuclear weapons, which would be a serious threat to the
region and the world.55
The international community must closely watch such development
and keep on high alert.

53. Dennis Lee, “A Nuclear Japan: The Push for Weaponization,”Harvard International Review 35, no.1, Summer 2013.
54. Johnathan Schell, The Seventh Decade: The New Shape of Nuclear Danger,
New York: Macmillan, 2007, p. 145.
55. Hiroshi Hiyama, “Ishihara calls for nuclear-armed Japan,” Japan Today, November 21, 2012, available from www.japantoday.com/category/politics/view/
ishihara-calls-for-nuclear-armed-japan.
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Integrated Consideration of 3S Issues
The use of nuclear power and materials has inherent safety, security, and safeguards (3S) concerns. Recent concern over nuclear
proliferation and terrorist attacks led to an increased emphasis on
safeguards and security issues as well as the more traditional safety
considerations. The integrated 3S concept was first proposed by
experts at the U.S. Sandia National Laboratory (SNL) in 2007.56 It
seems reasonable that the integration of the 3Ss could decrease cost
and increase effectiveness, especially in designing a new nuclear
facility.
In practice, the 3Ss are often linked together. One of the examples
is the process of taking away damaged nuclear fuel from Fukushima No. 1 NPP.57 Because some of the damaged nuclear fuel rods
may be melted and deformed, more advanced machines and tools
should be used to ensure the safety of the workers and the environment when removing the highly radioactive and contaminated fuel
rods. Meanwhile, these fuel rods are nuclear materials and concerns
for safeguards/nonproliferation also arise for Japan in the eventual
recovery of the core debris and nuclear materials from Fukushima.
Being a non-nuclear-weapons state it would be an unprecedented
challenge for Japan to account for all the nuclear materials in the reactor core as stipulated in its comprehensive safeguards agreement
with the IAEA since the core materials may have leaked to outside
the reactor vessels. It can be understood that such accounting for
nuclear materials was not required previously in the Three Mile
Island and Chernobyl accidents, as both the United States and the
Soviet Union were nuclear-weapons states for whom safeguards
56. John Darby, Karl Horak, et al., “Framework for Integrating Safety, Operations, Security and Safeguards in the Design and Operation of Nuclear Facilities,” Sandia Report SAND 2007-2469, Albuquerque, NM: Sandia National
Laboratory, October 2007.
57. Gu Zhongmao, “Re-thinking of Nuclear Energy and the 3S Issues After Fukushima Nuclear Accident,” presented at the International Institute for Strategic
Studies-China Institute of International Studies“Workshop on Nuclear Security,”
Qingdao, China, June 14-15, 2012.
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agreements with the IAEA were voluntary.58
In addition, nuclear security problems will exist during the decadeslong process of removing nuclear materials from the pools and reactor vessels of Fukushima No.1 NPP. To lower the risks of a terrorist attack, nuclear security measures must be taken to prevent,
detect, and respond to the theft, sabotage, unauthorized access, illegal transfer, or other malicious acts involving nuclear materials or
the associated facilities.

58. Jor-Shan Choi, “Evaluating the 3S (Safety, Security, and Safeguards) Aspects
of Advanced Reprocessing Technologies in Nuclear Fuel Cycles and Radioactive
Waste Management,” presented at the 2nd China-Japan “Academic Symposium
on Nuclear Fuel Cycle,” Shanghai, China, November 27-30, 2013.

