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Since 2010, China has significantly expanded its indigenous enrichment capacity to meet
the expected rapid increase of enrichment requirements.1 Meanwhile, China has expanded its
plutonium reprocessing and recycling capabilities for “saving uranium.” The purpose of this
report is to provide a better understanding of the development of China’s uranium enrichment
and plutonium recycling programs.
In part one, this report discusses the development status of China’s uranium enrichment
industry. Given China does not officially release information on its enrichment capacity, the
report estimates China’s current enrichment capacity based on satellite imagery, Chinese
publications, and discussions with Chinese experts. Furthermore, the report makes projections of
China’s enrichment expansion over the next two decades.
In part two, this report reviews the development of China’s reprocessing and fast reactors
programs also referencing the latest reports and imagery. The report also projects cases for
stocks of reactor-grade plutonium over next two decades. Finally, it estimates weapons-grade
plutonium produced in the blankets of fast reactors.

Part One: China’s Uranium Enrichment: Current State and Projected Expansion
Since the mid-2000s, China has adopted a strategy that combines domestic production,
overseas exploitation, and purchases on the world marketplace in uranium in order to meet
expectations of a rapid increase in uranium requirements. Known as the “Three One-Third” rule,
one-third of its uranium comes from domestic supply, one-third from direct international trade,
1. By the end of 2019, China had 47 power reactors (45.5 GWe) in operation with 12 units under
construction (12.2 GWe). China leads the world in new reactor construction. Developing nuclear power
has become one key policy in reducing China’s concerns about air pollution and climate change issues. In
October 2012, after comprehensive post-Fukushima safety inspections of all plants in operation and under
construction, China’s State Council issued a new “Medium- and Long-Term Nuclear Power Development
Plan (2011-2020),” calling for an installed capacity of 58 GWe by 2020, with another 30 GWe under
construction by that time. In its 2016 issued 13th Five-Year Plan (2016-2020), China reaffirms the target
called for in 2012. However, the target will be achieved by a few years delay. Nuclear energy will be a
central element of meeting Chinese President Xi Jinping’s 2014 commitment to produce 20 percent of
Chinese primary energy from low-carbon sources by 2030. Many Chinese experts generally expect a
capacity of about 110-150 GWe by 2030 to be feasible. Moreover, some authoritative studies recommend
that China install a nuclear power capacity around 250-400 GWe by 2050. It is expected that China's
nuclear expansion will see steady growth in the coming decades.
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and another third from overseas mining by Chinese firms. Consequently, China has secured a
huge amount of overseas uranium resources and more could easily be added, which would afford
more than enough uranium to meet the requirements of China’s most ambitious nuclear energy
plan through 2050.2
While China will continue relying on domestic and overseas uranium resources, the
China National Nuclear Corporation (CNNC)—the sole player responsible for enrichment
services in China—has said that it maintains a policy of “self-sufficiency” in the supply of
enriched uranium products needed to fuel its nuclear power plants.3 In practice, to meet the
expected rapid increase of enrichment requirements, CNNC has expanded its indigenous
centrifuge enrichment capacity significantly since 2010. By 2020, China reached a total
estimated enrichment capacity of about 7.8 million SWU (separative work units) (as shown in
table 1) — enough to meet its reactors’ demands of 7.5 million SWU annually. Moreover, China
could have a surplus of up to 30 million SWU by 2019 as a result of a net import of SWU and
the domestic overproduction since 2010, which means that China may not need to add new
enrichment capacity at least until 2025. By 2040, the SWU requirement is expected to grow to
about 18 to 32 million SWU/year.
How much will China build its enrichment capacities in the future? CNNC experts
emphasize its policy of “meeting its domestic demand and targeting the international markets” in
supply of enrichment services. They further address that China is able to produce enough
enrichment uranium products to feed its domestic reactors and exported reactors.
China does not officially release information on its enrichment capacity. Based on
satellite imagery, Chinese publications, and discussions with Chinese experts, this author made
an estimate in 2015 on China’s enrichment capacity.4 Since then, there have been significant
developments. On the one hand, new centrifuge facilities have been recently commissioned. On
the other hand, enrichment expansion has been scaled back since 2016 due to China’s slowed
growth in nuclear power. Such trends could continue in the near future. However, China’s SWU
capacities are expected to expand significantly in the next two decades to align with the
country’s expected domestic and export reactor growth.
2. Hui Zhang and Yunsheng Bai, China’s Access to Uranium Resources. Mass.: Report for Project on
Managing the Atom, Belfer Center for Science and International Affairs, Harvard Kennedy School, May
2015. http://belfercenter.ksg.harvard.edu/files/chinasaccesstouraniumresources.pdf.
3. Li Guanxing, “Status and Future of China’s Front-end of Nuclear Fuel Cycle, “China Nuclear Power
3, (2010), in Chinese.
4. See more details in Hui Zhang, China's Uranium Enrichment Capacity: Rapid Expansion to Meet
Commercial Needs. Cambridge, Mass.: Report for Project on Managing the Atom, Belfer Center for
Science and International Affairs, Harvard Kennedy School, August 20, 2015.
http://belfercenter.ksg.harvard.edu/files/chinasuraniumenrichmenntcapacity.pdf; also, Hui Zhang,
“China's Uranium Enrichment Complex,” Science & Global Security, 23:3, 171-190, 2015.
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Table 1: China’s Current Capacities (Million SWU/year)
Project

Capacity Projects

Status

Lanzhou CEP 1

0.5

Operation in July 2001.

Lanzhou CEP 2

0.5

Lanzhou CEP 3

0.5

Lanzhou CEP 4

1.1

Lanzhou CEP 5

(1.4?)

Lanzhou Plant 504 total
operational

2.6

One Russian-supplied project,
three domestic projects

Hanzhong CEP 1

0.2

Hanzhong CEP 2

0.3

Hanzhong CEP 3

0.5

Hanzhong CEP 4-I

1

Hanzhong CEP 4-II

0.71

Hanzhong CEP 5

(1.4? )

Russian-supplied phase I,
Russian centrifuges
Russian-supplied phase II,
Russian centrifuges
Russian-supplied phase IV,
Russian centrifuges
North Expansion Centrifuge
Project Phase I, Domestic
centrifuges
North Expansion Centrifuge
Project Phase II, the first
demon project with 2nd Gen
domestic centrifuges.
New District Project
(nearby current site)

Hanzhong Plant 405 total
operational

2.71

Emeishan CEP 1 of plant
814
Emeishan CEP 2 of plant
814

1.0

Three Russian-supplied
projects, two domestic
projects
Domestic centrifuges

1.2

Domestic centrifuges

Emeishan CEP 3 of plant
814?

(1.4?)

Domestic centrifuges

Heping GDP (plant 814)

(0.23)

Gaseous diffusion technology

Emeishan pilot CEP of
plant 814
Plant 814 total
operational

0.25

Pilot CEP project, Domestic
centrifuges
One pilot project and two
larger CEP projects.

2.45

Russia-supplied phase III,
Russian centrifuges
Called Plant 504 Project 2,
Demonstration Project-1,
domestic centrifuges
Called Plant 504 Project 3,
Demonstration Project-2
Domestic centrifuges
Set up by Modular I (0.5
MSWU/year) and Modular II
(0.6 MSWU/year)
Domestic centrifuges
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Operation in July 2010.
Operation in December 2012.
Started construction in 2013. Modular 1
operational in 2015; Modular 2 operational in
late 2016.
In early 2015, pads for stack installation were
under construction. It has been suspended
since late 2015.
The plant has more space ready for CEP
expansion as needed.
Operation in February 1997. IAEA
Safeguards.
Operation in January 1999. IAEA Safeguards.
Normal operation in 2013.
Trials in 2013. Normal operation in March
2014
Trials in 2017. Normal operation in 2018. The
design capacity is about 0.7 million
SWU/year. Later the centrifuge capacity is
increased 1.5%.
Initiated in 2015, operational before 2020 as
planned. But no construction started, project
significantly delayed.
The plant first runs the 2nd Gen centrifuge
machine. The plant has a new site for CEP
expansion as needed.
Project initiated in 2008. Operation around
2013.
Earlier construction stage in 2014. At stage
of installment and adjustment in 2015.
Operational around 2017.
A spare space nearby CEP1 was at early
construction stage in Feb2015. But was
suspended since 2016.
Stopped HEU for weapons in 1987. Likely
closed by 2019.
Operation in 2007. Likely non-weapons
military or dual uses.
The plant has a spare space ready for CEP
expansion as needed.

1.

Brief Development of China’s Enrichment Industry and Technology

China’s uranium enrichment industry was initiated in the late 1950s to produce highly
enriched uranium (HEU) for the nuclear weapons program. China produced HEU for weapons at
two facilities: Lanzhou gaseous diffusion plant (GDP)(Plant 504) and Heping GDP (the Jinkouhe
facility of Plant 814).5 In January 1964, Lanzhou began to produce 90 percent HEU, which made
China’s first nuclear test possible in October 1964. It appears that Lanzhou stopped HEU
production for weapons in 1980 and shifted to making low enriched uranium (LEU) for civilian
power reactors and possibly for naval reactors. The plant was shut down on December 31, 2000
and has been replaced by centrifuge enrichment plants (CEP) since 2001.6 The Lanzhou GDP
was demolished in 2017. Over its lifetime, it produced an estimated 1.2 million SWU (MSWU)
when it was producing HEU.
Heping GDP (Plant 814), a “Third Line” facility, began operating in 19707 and stopped
its production of HEU for weapons in 1987. Since then, it is believed to have produced enriched
uranium products for non-weapons military or dual-use purposes.8This plant was likely closed
down in 2019. It is estimated that the Heping GDP produced 2.2 M SWU while it was producing
HEU. It is estimated with both GDPs production of HEU, China could have a current inventory
of about 14 ±3 tons of HEU available for weapons.
China decided in 1969 to build the Hanzhong plant (Plant 405) as a “Third Line” facility .
In the mid-1980s, China constructed and operated a pilot centrifuge facility under project 4051.9 As China deepened its shift from military to civilian nuclear production in the late 1980s, the
CNNC was eager to use what it hoped would be less-costly domestic centrifuge enrichment
technology to replace its gaseous diffusion technology. It did not work well, however, and China
decided in the early 1990s to import a Russian centrifuge facility to replace the project 405-1 as
project 405-1A.

5. Hui Zhang, China’s Fissile Material Production and Stockpile, IPFM Research Report No. 17,
2018 .Princeton, NJ: Princeton University, http://fissilematerials.org/library/rr17.pdf.
6. Jing Yongyu et al., Economic Analysis on Decommissioning of Lanzhou Gaseous Diffusion System,
Proceedings of Workshop on Recycling Economics (in Chinese), 1 July 2008.
7. Wang Zhaofu, “60 Years of New China’s Nuclear Energy Development Key Events,” China Nuclear
Energy, 5, (2009), http://www.china-nea.cn/html/2009-11/4239.html.
8. See, e.g., Cheng Lili, “Plant 814: The New Era of ‘Small Yan’an” Workers’ Daily, 26
March 2010, in Chinese.
9. See, e.g. Huang Wenhui and Qian Xikang, “Persons of Tsinghua University in Qinbashan,” China
Youth Science and Technology (in Chinese), No.12, 2003.
http://wuxizazhi.cnki.net/Search/QNKJ200312016.html; also, Liang Guangfu, then-deputy chief engineer
of plant 405, “To cast the light of the century by youth,” talk at Tsinghua University, fall 2005, see
http://www.newsmth.net/nForum/#!article/TsinghuaCent/353223.
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Under agreements in 1993, 1996, and 2008, China built Russian-supplied centrifuge
facilities at Hanzhong and Lanzhou plants with four phases for a total capacity of 1.5 million
SWU/year. As Russian centrifuge facilities were imported, CNNC started the localization
process and designed its own centrifuges. It produced its first centrifuge in 2002 and then began
industrializing the process of centrifuge production.10 This process was sped up after 2004 with
China’s “active development” of nuclear power. In August 2004, the government approved
construction of an indigenous pilot centrifuge facility at Plant 814. It started operation in
December 2007.11
In 2007, CNNC started to build a demonstration centrifuge facility at Lanzhou with a
capacity of 0.5 million SWU /year. It was commissioned in 2010.12 Since then, China has
significantly increased its enrichment capacity at several sites, at Lanzhou, Hanzhong, and Plant
814 at Emeishan. CNNC also plans to build two larger uranium-processing complexes in Hebei
and Guangdong. A new second-generation of centrifuge design was successfully deployed in a
13

demonstration facility at the Hanzhong plant in 2017.
2.

Current State of Enrichment Capacities

CNNC is operating three large CEPs at Hanzhong (Shaanxi province, Plant 405),
Lanzhou (Gansu province, Plant 504), and Emeishan (Sichuan province, the Emeishan civilian
facility of Plant 814) to produce LEU for civilian purposes. Also, Plant 814 is operating a pilot
CEP near Emeishan that is likely used for non-weapon military uses, or dual use.
Lanzhou Uranium Enrichment Plant
After the GDP was closed in December 2000, the Lanzhou plant launched its first
centrifuge project (capacity of 0.5 million SWU/year) in July of 2001. Called Lanzhou
Centrifuge Project 1 or the Enrichment Technical Renovation Project, the project is also
sometimes referred to as Russian-supplied Phase III.14 Since 2007, China has built three
additional indigenous centrifuge projects at Lanzhou (see table 1).

10. Lei Zengguang, China has realized its independent uranium enrichment (in Chinese), May 17, 2013.
http://www.caea.gov.cn/n16/n1223/542004.html.
11. “The backbone of national defense: the story of Du Weihua, a national labor model and director of
CNNC Plant 814,” News of China Defense Industry, Postal and Telecommunications Workers’ Union (in
Chinese), May 25, 2010. http://gfyd.acftu.org/.
12. Based on communications with CNNC nuclear experts in July 2013. Also see: “China's Indigenous
Centrifuge Enrichment Plant, “Nuclear Intelligence Weekly, October 25,2010.
http://www.energycompass.com/pages/eig_article.aspx?DocId=691792.
13. CNNC, China's large-scale commercial demonstration project of a new generation of uranium
enrichment centrifuge has passed the project completion acceptance, CNNC news, November 20,2020.
http://www.cnnc.com.cn/cnnc/300555/300557/518709/index.html.
14. Wang, “60 Years of New China‘s Nuclear Energy Development Key Events.”
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After the construction of the pilot CEP at Emeishan Plant 814 in 2004, CNNC formally
initiated in June 2007 Lanzhou Centrifuge Project 2 (Centrifuge Demonstration Project 1,
officially, Lanzhou Centrifuge Commercial Demonstration Project) as an indigenous
demonstration facility. In practice, the demonstration facilities were built based on a guidance of
“one-time planning and step-by-step implementation,” i.e. including Project 2 and Project 3.15
Project 2 was commissioned in July 2010 and has an estimated enrichment capacity of about 0.5
million SWU/year. In early 2010, CNNC initiated Lanzhou Centrifuge Project 3 as a sister to
Project 2. The facility was commissioned in December 2012. CNNC announced in June 2013
that it had successfully produced its first batch of enriched uranium using its own centrifuges.
This commercial facility has an estimated capacity of around 0.5 million SWU/year.16
In January 2013, China approved construction of Lanzhou Centrifuge Project 4.17 Based
on the experience of demonstration projects of Project 2 & 3, this larger commercial Project 4
was designed as a one-million SWUs-class production plant.18 The first module (with an
estimated enrichment capacity of about 0.5 million SWU/year) was commissioned in 2015. The
second module (with an estimated enrichment capacity of about 0.6 million SWU/year) was
commissioned in 2016.
Based on satellite images, construction of another main processing building (e.g. pads for
stack installation, likely for Project 5) began in early 2015. However, construction appears to
have been suspended in mid-2015. The pads recently showed weathering corrosion. It is not clear
when the project will be completed. By March 2020, Lanzhou plant could have an estimated
capacity of 2.6 million SWU/year.
Hanzhong Enrichment Plant
This plant has four centrifuge facilities, including three Russian-supplied centrifuge
facilities built under Phases I, II, and IV of the bilateral agreements (with a total of enrichment
capacity of 1.0 MSWU/year) and a much larger indigenous centrifuge facility referred to
officially as the North Expansion Centrifuge Project (Hanzhong 4). Currently, the Hanzhong
plant has four CEP projects with a total enrichment capacity of around 2.71 million SWU/year.
After the Lanzhou demonstration centrifuge project (Lanzhou CEP 2) was commissioned
successfully in 2010, Hanzhong started its own indigenous centrifuge project beyond those

15. CNNC, Lanzhou uranium Enrichment, China Nuclear Industry Daily, May 30,
2018, :http://www.cnnc.com.cn/cnnc/300582/fczh/507027/index.html.
16. Ibid.
17. China’s National Nuclear Safety Administration (NNSA), “Annual Report 2013” (in Chinese).
18. CNNC, Lanzhou uranium Enrichment, op.cit. “Wei Jinhui, senior technician of uranium enrichment :
keeps improving and dances with "nuclear," China’s Gabsu webnews, April 23, 2015.
http://gs.sina.cn/news/2018-04-23/detail-ifzqvvrz6734421.d.html.
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Russia had supplied. In January 2012, construction of the North Expansion Project began.19 It
includes two phases. Phase one was completed in 2013. It began operations around 2014.20
Phase one has an estimated capacity of about 1 million SWU/year.21The first group of cascades
of phase two, a large-scale commercial demonstration project with a new generation centrifuge,
started to run in December 2017 and reached full operation in March 2018. 22 This project is the
first to employ second-generation, indigenous centrifuges. The project passed national
completion acceptance in November 2018. The overall technical level and economic efficiency
of uranium enrichment have been further improved and reached the international advanced
level.23 It is estimated the Phase Two Project has an enrichment capacity of about 0.7
MWSU/year, a significant increase from an early module of about 0.5 MWSU/year. The secondgeneration centrifuge has been further improved by 1.5%. The Phase Two Project has an
estimated enrichment capacity of 0.71 MSWU/year.
The Hanzhong plant is building another centrifuge facility, known as “The New District”
Project. Construction began in 2015. It should be operational and is believed to have least one
production line with two modules of GEN II centrifuges (about 1.4 MSWU/year). However, this
New District Project has not made significant progress since 2016. As with other projects at
Lanzhou plant and Plant 814, further work on it seems to have been suspended. These delayed or
suspended projects may be waiting for the 14th Five Year Plan (2021-2025) which will be issued
in 2021.
In sum, the Hanzhong plant currently has a total of an estimated capacity of 2.71 million
SWU/year in operation, and of the New District Project about 1.4 MSWU/year or more.
Emeishan Enrichment Facilities of Plant 814
Plant 804 hosts enrichment facilities at three sites in Sichuan province. The Heping GDP
at Jinkouhe of Leshan City started operation in 1970 and likely closed in 2019. Plant 814 is
operating a pilot CEP near Emeishan City. The larger commercial centrifuge plant (Emeishan
CEP 1 and 2) of Plant 814 is located about 3.6 miles away from the pilot facility at the town of
Shuangfu near Emeishan city.
19. NNSA, “Annual Report 2012.”
20. NNSA, “Annual Report 2014.”
21. As the Lanzhou centrifuge project 4, a commercial centrifuge facility of a class of 1 MSWU/year
production line generally consists of two modules (assuming 0.5 MSWU/year for a pre-2015 module and
0.6 MSWU/year for a post-2015 module. But the post-2017 module could be about 0.7 MSWU/year with
2ed Gen centrifuge).
22. CNNC, China's large-scale commercial demonstration project of a new generation of uranium
enrichment centrifuge has passed the project completion acceptance, op.cit; Liu Caiyu , New uranium
enrichment centrifuges go commercial, , Global Times, November 20,2018,
http://www.globaltimes.cn/content/1128247.shtml.
23. CNNC, China's large-scale commercial demonstration project of a new generation of uranium
enrichment centrifuge has passed the project completion acceptance, op.cit.
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The Emeishan CEP 1 project (referred to as Plant 814 centrifuge Project 1) was initiated
in 2008.24 It started construction around 2011. Based on satellite images, this facility may have
gone into operation around 2013. New information related to the Lanzhou Project 4 suggests that
this facility has a capacity of around 1 million SWU/year.25 Based on satellite images, Emeishan
CEP 2 was at the early construction stage in 2014. In 2015 and 2016, it was likely at the stage of
installment and adjustment. This facility could have been commissioned around 2017. Emeishan
CEP 2 is assumed to have a capacity around 1.2 million SWU/year.26
Satellite images show that the space alongside CEP 1 is perhaps ready for an additional
CEP (Emeishan CEP 3). The satellite image in February 2015 shows some early construction
activities including preparation for pad construction. But subsequent satellite images also show
that construction has been suspended since at least February 2016.
Plant 814 also operates a pilot CEP near Emeishan city. This pilot facility started
construction in 2004 and was commissioned in 2007.27 It could have an estimated enrichment
capacity of 0.25 million SWU per year.28 Given that the site is isolated from the public
transportation system and has a dedicated road and secured entrance, it is most likely a facility to
produce enriched uranium products for non-weapons military uses or dual use, including
production of low-enriched uranium for naval reactors and highly enriched uranium for research
reactors.
The Two Uranium-processing Complexes
Besides the centrifuge facilities at Lanzhou, Hanzhong, and Emeishan, CNNC also plans
to build two larger uranium-processing complexes in Hebei (referred to as “North Project”) and
Guangdong (referred to as “South Project”).29 Aiming to support China’s nuclear power “going
global” strategy, CNNC wants to build each of these complexes as a “one-stop” service center

24. Development and Reform Bureau of Emeishan city, Key Work Points in 2008, March 18, 2008.
http://www.leshan.gov. cn/UploadFile/UploadFile/emeishan/20084159272366099.doc.
25. The total footage of the presumed enrichment building is comparable to that of Lanzhou project-4.
The Emeishan CEP1 could host two pre-2015 modules (i.e. each of 0.5 MSWU/year) .
26. Given it was operational later than that of the second module of Lanzhou centrifuge project 4 but
earlier than that of the first use of the 2nd Gen centrifuge in Hanzhong plant, the Emeishan CEP2 is likely
using two modules with each of 0.6 MSWU/year.
27. “The backbone of national defense: the story of Du Weihua, a national labor model and director of
CNNC Plant 814,” op.cit.
28. The size of the roof is half that of Lanzhou Centrifuge Project 3 (0.5 million SWU/year), therefore it
is estimated that the facility could have an enrichment capacity of 0.25 million SWU/year.
29. CNNC stepped up deployment of nuclear fuel industrial park to help China ’s nuclear power “go
global,” January 29, 2016, China Daily. http://www.chinadaily.com.cn/interface/yidian/1120781/201601-29/cd_23312141.html.
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that will include uranium purification and conversion, uranium enrichment, and fuel fabrication
plants. 30
Until 2013, CNNC had a plan to build such a center in Heshan of Jiangmen in
Guangdong province. It was reported the enrichment capacity was about 7 million SWU/year.31
However, the Heshan project was cancelled in July 2013 after large-scale protests against the
project.32 In 2014, CNNC relocated the Heshan-type project (on a similar scale) at the Cangdong
Economic Development Zone near Cangzhou City in Hebei Province. This uranium-processing
complex (the “North Project”) is solely owned by CNNC and will cost around 40 billion yuan
(~$6 billion). CNNC plans to have a partial production capacity by 2018 and will have full
capacity after 2020.33 The site preparation started in 2015.34 Based on satellite images of the site,
early construction of a fence and a few auxiliary buildings began in April 2017. However, there
has been no significant construction activities at the site since then. The project may be
suspended or significantly delayed as other CEP projects mentioned above.
Also, CNNC and China General Nuclear Power Corporation (CGN) have worked on a
joint venture of a uranium-processing complex (the “South Project”) to be located at Guangdong
province. It would be similar to the North Project in terms of production capacity and financial
investment.35 CNNC officials mentioned in March 2016, the “South Project” was looking for a
site then. 36 However, since then, this project has also seemingly been suspended.
3.

Projected Enrichment Expansion in China between 2020 and 2040

China’s future expansion of enrichment will depend on a number of factors: the number
of domestic reactors to be installed, how many reactors China expects to export, and the share of
30. Lin Chunting, “Coordinated with nuclear going out, CNNC plans to set up international nuclear fuel
supply centers for 80 billion RMB,” News, yicai.com (in Chinese), March 3, 2016.
http://m.yicai.com/news/4757072.html.
31. WNA, “China’s Nuclear Fuel Cycle.” http://www.world-nuclear.org/information-library/countryprofiles/countries-a-f/china-nuclear-fuel-cycle.aspx. Also, this enrichment capacity is consistent with
other Chinese experts’ estimates on uranium conversion capacity for the uranium-processing complex.
32. Liu Qingshan, “Waiting to Know the East Wind: Heshan Setback,” China SOE, No. 4, (2014), pp.
28–29. Based on an interview with CNNC president Sun Qin. The China SOE (State Owned Enterprise)
is run by the State Own Assets Supervision and Administration Commission of the State Council.
33. “Announcement on Environmental Impact Assessment of CNNC’s Nuclear Fuel Industrial Park
Construction Project,” November 13, 2014. Cangzhou Government,
http://www.cangzhou.gov.cn/zwbz/zwdt/gggq/301500.shtml.
34. “Speeding up Nuclear Industrial Layout in Hebei,” China Energy News (in Chinese), March 23, 2015.
http://paper.people.com.cn/zgnyb/html/2015-03/23/content_1546832.htm.
35. CNNC restarts Guangdong Nuclear Fuel Industry Park project, Yicai web news, July 20,2015,
https://www.yicai.com/news/4647348.html.
36. Lin Chunting, “Coordinated with nuclear going out, CNNC plans to set up international nuclear fuel
supply centers for 80 billion RMB,” op.cit.
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international markets China plans. CNNC already is able to produce enough enrichment uranium
products to feed its domestic reactors and exported reactors.
3.1 China’s Domestic Reactor Requirements
Any estimate of China’s future uranium enrichment demands depend upon accurate
projections of the number and size and type of China’s nuclear power facilities. The government
is working on the 14th Five Year Plan of nuclear power development and expect it to be issued in
early 2021, which would reveal the new official target of nuclear power development in the
coming decade.
Recently, Chinese nuclear experts and related thinktanks have made various projections
of China’s nuclear reactor capacity over the next two decades. For instance, in 2018, Xu
Yuming, Deputy Director of Expert Committee of China Nuclear Energy Industry Association
(CNEA), projected about 100-120 GWe would be installed by 2030 and 150GWe by 2040.37 In
2019, China Nuclear Power Development Center (or NDRC) and State Grid Energy Research
Institute issued their joint report of “Study on China's Nuclear Power Development Planning”.
This report forecasts China will reach 131GWe (accounting 10.0% of total electricity generation)
by 2030, 169 GWe (accounting 13.5 % of total electricity generation) by 2035, and 335 GWe
(accounting 22.1 % of total electricity generation) by 2050.38 In January 2020, the CNNC
nuclear energy experts suggested that China should have an installed capacity of 70 GWe with
another 36 GWe under construction by 2025, and an installed capacity of 150 GWe with another
50 GWe under construction by 2035. 39
Table 2 shows three scenarios (high, medium, and low) for China’s nuclear power
capacity through 2040. These scenarios are based on Chinese publications and recent
communication with Chinese energy and nuclear experts. Under a high-growth scenario, China’s
nuclear-generating capacity would go from about 50 GWe in 2020 to about 225 GWe by 2040.40
This high-growth scenario would constitute the most optimistic projection. It could be taken as a
bounding case. For the low-growth scenario, China’s nuclear fleet would have a total installed

37. Wang lu, “China's nuclear power development is still in a period of important strategic opportunities,”
Economic information Daily, January 31, 2018. http://dz.jjckb.cn/www/pages/webpage2009/html/201801/31/content_40574.htm.
38. China Nuclear Power Development Center and State Grid Energy Research Institute, “Study on
China's Nuclear Power Development Planning”, China atomic energy press, July 2019.
39. Yunshen Bai, “Recommendations on nuclear power of “14th Five-Year Plan” and the mid-and longterm development plan,” Power Decision and Public Opinion Reference, No.1 &2, January 3,2020.
40. According to the “Study on China's Nuclear Power Development Planning” ( op.cit), China will
install about 170 GWe and 335 GWe by 2035 and 2050, respectively. Here assumes it is increased
linearly from 2035 to 2050. Thus, 225 MWe will be installed by 2040.
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capacity of 130 GWe by 2040.41 However, some Chinese nuclear experts argue even this socalled low-growth scenario could still represent an optimistic projection. Under a mediumgrowth scenario, China’s nuclear fleet would go from a total installed capacity of 50.3 GWe in
2020 to 62.5 GWe by 2025; 110 GWe by 2030; and 180 GWe by 2030.42

Table 2: Projections for China’s Nuclear Capacity Targets through 2040
Cases

2020

2025

2030

2035

2040

High

50.3

70

130

170

225

Medium

50.3

62.5

110

140

180

Low

50.3

60

90

110

130

To estimate the SWU requirements for China’s projected nuclear power development, it
is assumed that PWR using a once-through fuel cycle will be the mainstay technology choice at
least through 2040.43 It is also assumed the annual SWU requirement per GWe PWR would be
about 130 metric ton-SWU.44 Then, based on China’s nuclear power forecast as shown in table 2,
the projections of China’s SWU requirements of its domestic power reactors through 2040 are
shown in figure 1. Therefore, for a base case, we can estimate that the annual SWU requirement
will increase from around 7.5 million SWU in 2020 to around 17 million SWU/year by 2030 and
around 24 million SWU/year by 2040.45

41. Assuming about 170 MWe installed by 2050 (accounting around 11 % of total electricity generation,
i.e. about half of that of high growth scenario (335 MWe). Here assumes it is increased linearly from
2035 to 2050. Thus, 130 MWe will be installed by 2040.
42. Based on current practice of operating and under construction power reactors by March 2020, it is
estimated about 62.5 MWe would be installed by 2025. Then it is assumed under the base-growth
scenario, nuclear reactor capacity targets are taken the average of the high- and Low-growth scenarios
from 2030 to 2040.
43. Given the current dominance of PWR designs, we assume that in practice these reactors will account
for the majority of China’s nuclear growth; the exceptions are the two Candu reactors (2 x 728 MWe) and
two CFR-600 fast reactors planned to be operational in 2020s.
44. Zhang, China's Uranium Enrichment Capacity: Rapid Expansion to Meet Commercial Needs, op.cit.
In addition, we assume that producing the initial core for each new reactor will require the equivalent of
about three times the annual SWU requirement.
45. To estimate SWU demand in 2020, it is assumed a total nuclear capacity of around 50.3 GWe in 2020
by adding 4.6 GWe PWRs of new capacity to the total of 45.7 GWe in 2019, as we should include SWU
for the new cores. In addition, the total nuclear capacity of 50.3 GWe needs to subtract about 1.5 GWe of
the two Candu reactors (which do not need SWU).
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Besides Chinese domestic reactors requirements, China will need more SWU capacities if
it is to supply SWU for a substantial number of Chinese exported reactors and account for a
significant share of the international market. China has made “going global” an important
strategy to promote its new economic growth mode. The government actively supports advanced
nuclear technology as one of China’s new high-tech exports. China hopes its nuclear export
efforts can be facilitated through its “One Belt, One Road” initiative proposed by president Xi
Jinping in 2013 which aims to promote China’s economic development through global economic
integration and trade. Chinese officials and experts expect there will be over 40 nations along the
“one belt, one road” area to develop nuclear power. If China can take a share of 20-30% of the
expected nuclear market, China would export about 30 reactors—tremendous business
opportunities. 46 As shown in figure 1, a projection of SWU requirements for exported reactors
through 2040 is given. 47 It can be expected China’s “going global” strategy will speed up in the
coming decade. As China actively pursues this policy, it is expected China will gradually
increase its SWU share of the international market.

46. Lin Chunting, “Coordinated with nuclear going out, CNNC plans to set up international nuclear fuel
supply centers for 80 billion RMB,” op.cit.
47. Here is assuming a total of 30 Hualong One PWRs (about 1.2GWe each) are exported by 2040: 2
operational by 2025 in Pakisain, 10 operational by 2030, then increased linearly to 30 operational by
2040.
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Figure 1: Projections of China’s SWU requirements for domestic and exported reactors
through 2020 to 2040
3.2 Imports and Exports of SWU in the Past
Over the past decade China has imported a significant amount of SWUs (in the form of
EUP). In particular, when China purchases foreign reactors, it often requires the foreign vendors
to supply the first few loads of enriched fuel. These deals save China more SWU. The following
commitments are examples of such requirements. Framatom supplies fresh fuels including two
first cores and 17 reloads for its two exported EPRs at the Guangdong Taishan nuclear power
plant.48 Under a 2008 agreement, Tenex of Russia supplies 6 million SWU as LEU products
from 2010 to 2021 for those four AP1000 reactors sold by Westinghouse .49 Urenco supplies
30% of the enriched uranium for the two Daya Bay reactors in Guangdong; and Russia’s TVEL
will supply the fuel for Tianwan 3 and 4 (two VVERs) until 2025.50
48. WNA, “China’s Nuclear Fuel Cycle (Updated October 2019).” https://www.worldnuclear.org/information-library/country-profiles/countries-a-f/china-nuclear-fuel-cycle.aspx.
49. Ibid.
50. Ibid.

13

6

Imports (million SWU)

Million SWU Equivalent

5

Exports (million SWU)

4

3

2

1

0

As a result, as shown in figure 2, China imported about 28.4 million SWU from 2010 to
2019, while some of these imports are material exported by China for processing into fuel
assemblies for use in Chinese reactors.51 Meanwhile, based on the UxC data, China exported to
international utility customers about 10.4 million SWU from 2010 to 2019. In addition, as
shown in figure 3, China produced around 50 million SWU from 2010 to 2019. The domestic
SWU requirement was around 39 million SWU during the same period. Finally, combining those
imported and exported SWU, China could have a surplus of up to 30 million SWU by 2019.52
51. See, “China’s Impact on the Global Enrichment market,” UxC Market Outlook, Q2, 2018, UXC.com.
52. The net imported SWU ( i.e. the total imports minus the total exports) from 2010 to 2019 was about
18 million SWU. Considering the surplus of domestic production ( i.e. the domestic productions minus
the domestic needs) during the same period was about 11 million SWUs, thus China could have a surplus
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Figure 2: China SWU Imports, 2000-2019. Assumes Product @4.95 w/o, Tails@0.25w/o
Credit: UxC, LLC.
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This means that China may not need to add new enrichment capacity at least until 2025. This
could also show that, since 2016, China has been slowing down to add new enrichment capacity.
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Figure 3: China’s SWU requirement and supply (2010-2020)

3.3

Projections of China’s Enrichment Supply Capacities 2020-2040

Based on the past decade, as shown in figure 3, China’s domestic SWU supply has been
aligned well with its reactors’ requirement. It is assumed China’s future SWU supply would
mainly follow this trend from 2020 to 2040. The following assumptions are for three scenarios.
As a high case, the supply should meet its domestic reactor requirement for the high-growth
scenario and those exported reactors’ requirement as shown in figure 1. As a medium case, the
supply would meet its domestic reactor requirement for the medium scenario as shown in figure
1. It is also assumed the net SWU imports or exports would be insignificant compared to the
main requirement from domestic reactors. As a low case, the SWU supply should meet its
domestic reactor requirement for the low scenario as shown in figure 1. Moreover, it is assumed

of 29 million SWU by 2019. However, it should be noted that part of it could be used for noncivilian sector. For example, the Heping GDP and the pilot CEP of Plant 814 could produce
about 4.6 million SWU from 2010 to 2019. Both facilities are believed to be dual uses. Given it
is not clear how much SWU was used for non-civilian sector in the past decade, the estimated
surplus of 29 million SWU would be the maximum amount available for the future civilian uses.
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there is a net SWU import around 1.5 million SWU/year, and there are no significant exports of
reactors. In practice, as China’s General Nuclear Power Corporation (CGN) is pursuing to
import more enriched products, the net import could be higher. Recently a joint venture between
Kazakhstan’s Kazatomprom and CGN has built a fuel fabrication plant with a capacity of 200
tons/year in eastern Kazakhstan. It’s first shipments to China are expected in 2021.53
Consequently, the projections in figure 4 show China may have a total capacity of about
12-22 million SWU/year by 2030, and 16-37 million SWU/year by 2040.
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Figure 4: Projected China’s SWU supply (2020-2040)

Can China meet the projected supply capacity in the coming two decades? Based on
CNNC’s plans, domestic centrifuge technology, centrifuge production capacity, and space
availability at each site, the maximum capacity is assumed as follows: China has the ability to
add about 1-1.5 MSWU of additional capacity annually (with the second generation centrifuge
53. Mattia Baldoni, Kamen Kraev, Kazatomprom-CGN Joint Venture To Supply Framatome Assemblies
To China, 5 March 2020,
https://www.nucnet.org/news/kazatomprom-cgn-joint-venture-to-supply-framatome-assemblies-to-china3-4-2020.
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machines). Besides CNNC’s current operational capacity of 7.8 million SWU/year, those
projects under construction or delayed, like the Lanzhou CEP5 (1.4 million SWU/year), New
District Project of plant 405 (1.4 million SWU /year) and half of the North Project of Cangzhou
uranium-processing complex (3.5 million SWU/year) are commissioned to be built by 2025.
Taking the Emeishan CEP3 of plant 814 ( 1.4 million SWU/year) plant into account, the entire
North Project of Cangzhou complex (7 million SWU/year), and half of the South Project of
Guangdong uranium complex (3.5 million SWU/year) are commissioned to be built by 2030.
The entire South Project of Guangdong uranium complex (7 million SWU/year) and new CEP
facilities with another 3.5 million SWU/year are commissioned to be built by 2035; adding
another 7.5 million SWU/year by 2040.
As shown in figure 4, China’s maximum SWU supply capacity can meet the projected
amount even for the high case. China’s SWU supply would likely align with its reactors’
requirement as it has done for the past decade. However, if China decided to build its enrichment
capacity according to the maximum supply line as assumed here, and China’s need is as the
medium case shows in figure 4, the cumulative domestic SWU supply would total about 450
million SWU over the period between 2020 and 2040. The cumulative SWU requirement
through the same period would be about 300 million SWU. This indicates that China could have
a total surplus of around 150 million SWU through 2040, which could then be sold on the
international market.54 However, China would face huge challenges to make such a case happen,
including making its enrichment services more economically competitive to other players. China
could produce more SWU as an important hedge against future potential uranium shortfalls.
China could also build more SWU capacities than it really needs so that they can use it for
underfeeding and/or tails re-enrichment in the future if they don’t have sufficient natural uranium
supply. However, the fact that China has recently been slowing or stopping its enrichment
construction may show China could have no wish to build much more than it needs.

3.4 A Discussion on China’s HEU Production Capacities
In the 1980s, when both the U.S. and Soviet Union had peaked their nuclear arsenals,
China stopped HEU and plutonium production for weapons even without requirements from
international agreements.55 China’s use of HEU for non-weapons purpose is expected to be very
limited. Its new generation of naval reactors is likely to continue to use LEU fuel and future
54. This scenario assumes China would build its enrichment capacity according to the maximum supply
line as shown in figure 4, but China’s needs were as the medium case as shown in figure 4. Such a
scenario would result a huge surplus of SWU. In practice, based on past experience as shown in figure 3,
China’s SWU supply would likely align with its reactors’ requirement.
55. Hui Zhang, “The history of fissile-material production in China,” The Nonproliferation Review, 25:56, 2018, 477-499.
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HEU use in its research reactors will not be significant. China has not released any information
about its non-weapons HEU stock but could have produced a large stock to meet its needs since
it ended HEU production for weapons back in 1987. The Heping GDP and the pilot CEP of Plant
814, both assumed to be dual use, could each produce more than 1 ton of 90 percent enriched
HEU per year.
To estimate China’s HEU production capacity, all the civilian SWU capacity for LEU
production can be used to make HEU for weapons, but it is unlikely in practice. One million
SWU is sufficient to produce about 4.8 tons of weapon-grade HEU,56 about 240 implosion
bombs (assuming 20 kg of 90% HEU for each bomb) Thus, a total of 7.8 million SWU/year,
what China currently could produce would result in about 37.4 tons of WgHEU each year (about
1870 bombs/year). This is about 2.7 times China’s current inventory of about 14 tons of HEU for
weapons. As a projection of China’s enrichment capacity as the medium case shown in figure 4,
China could have an enrichment capacity of 16.6 million SWU/year by 2030 and 24 million
SWU/year by 2040, respectively, which is equal to producing about 80 tons of weapon-grade
HEU per year by 2030 and about 115 tons/year by 2040. The cumulative domestic SWU supply
would total about 300 million SWU over the period between 2020 and 2040, sufficient to
producing about 1440 tons of weapon-grade HEU (about 72,000 bombs). However, it is
impossible for China to shut down its all power reactors and produce such a HEU stock even
much more than that of the total of U.S. and Russian stockpiles.57
It also should be noted that some of China’s CEPs are under IAEA safeguards. Under its
Voluntary Offer Safeguards agreement, China once offered those three Russian-supplied
facilities as phase I & II at Hanzhong plant and phase III at Lanzhou plant for selection for IAEA
safeguards. Due to its shortage of funds, the IAEA picked only the Hanzhong facilities.58 The
two Russian-supplied centrifuge facilities as phase I and phase II were placed under IAEA
safeguards as part of a Tripartite Safeguards Agreement between the IAEA, Russia’s Minatom,
and China’s Atomic Energy Authority (CAEA).59 The fact that China offered IAEA inspectors
access to Hanzhong and Lanzhou plants may indicate they are both dedicated to pure civilian
purposes.
Given the Plant 814 is not open like Lanzhou and Hanzhong are, if China ever resumes
HEU production for weapons, it could use part of or full enrichment capacity of Plant 814. The
56. Producing one kilogram of HEU product enriched to 90% will require 208.3 kg-SWU with natural
uranium feed for tails at 0.25 percent.
57. It is estimated by 2016 the United States and Russia have a HEU stock of 574.5 tons and 679 tons,
respectively. http://fissilematerials.org/countries/.
58. Communications with CNNC nuclear experts, October 2014.
59. A. Panasyuk, A. Vlasov, S. Koshelev, T. Shea, D. Perricos, D. Yang, and S. Chen, “Tripartite
Enrichment Project: Safeguards at Enrichment Plants Equipped with Russian Centrifuges,” IAEA-SM367/8/02 (IAEA, 2001).
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pilot CEP of Plant 814 (0.25 million SWU/year) is sufficient to produce about 1.2 tons of
weapon-grade HEU/year. The CEP1 of Plant 814 (1 million SWU/year) is sufficient to produce
about 4.8 tons of weapon-grade HEU/year. The CEP2 of Plant 814 (1.2 million SWU/year) is
sufficient to produce about 5.8 tons of weapon-grade HEU/year. As a low case, assuming China
uses the pilot CEP to produce about 1.2 tons each year, it could produce about 12 tons of HEU
by 2030 and 24 tons of HEU by 2040, about 1.7 times China’s current stock. As a medium case,
assuming China uses the pilot CEP and CEP1 of plant 814 to produce a total about 6 tons of
HEU each year, it could produce about 60 tons of HEU by 2030 and 120 tons of HEU by 2040,
about 8.6 times China’s current stock. As a high case, assuming China uses the pilot CEP, CEP1,
and CEP2 of Plant 814 to produce a total about 11.8 tons of HEU each year, it could produce
about 118 tons of HEU by 2030 and 236 tons of HEU by 2040, about 17 times China’s current
stock.
However, while China has the technological capacity and economic resources to produce
more HEU for weapons, such a production would be essentially constrained by its long-standing
nuclear policy that features a no-first-use pledge, a “lean and effective” nuclear force, and the
strive to avoid a costly nuclear arms race.
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Part Two: China’s Plutonium Recycling: Current Practices and Projected Capacities
Since 1983, China has had the objective of developing plutonium breeder reactors with
plutonium recycling. According to its proponents, the major benefits of this policy would be full
utilization of the energy in China’s uranium resources, a drastic reduction in the required volume
for radioactive waste in a deep underground repository, and a path forward for the spent fuel
accumulating in China’s reactor pools.60
Since 2004, when China shifted its nuclear power development policy from “moderate
development” to “active development,” China has been developing its plutonium recycling
strategy through three stages: pilot, demonstration, and commercial facilities. In 2010, China
began the first stage by testing a pilot civilian reprocessing plan and running an experimental fast
reactor. Even though those pilot facilities did not perform well, in 2015, China moved forward to
the next second stage including a demonstration reprocessing plant, a MOX facility, and two
demonstration liquid-sodium-cooled fast-neutron reactors. Meanwhile, CNNC pushed toward the
third stage by negotiating with France’s nuclear fuel-cycle company Orano (formerly Areva )
over the purchase of a large commercial reprocessing plant, and has proposed construction of
large commercial fast-neutron reactors for 2028.
This report will assess those plutonium recycling programs and estimate the plutonium
production and the stockpile of cumulative unused plutonium over next two decades.
1.

China’s Reprocessing Programs: Current Practices and Outlooks

A Brief History of China’s Military Reprocessing Facilities
China produced plutonium for weapons at two nuclear complexes, Jiuquan (Plant 404)
and Guangyuan (Plant 821), both closed in 1987. China has a military plutonium stock: 2.9 ±
0.6 tons (2.3-3.5 tons) for weapons.61
China began to develop its military reprocessing program in 1956. In 1962, Beijing
decided to first build an intermediate-scale pilot plant (also referred to as the Small Plant, or the
first project) and then build a large military reprocessing plant later (also referred as the Large
Plant, or the second project). China built both projects at the Jiuquan nuclear complex (plant
404) (see figure 5).
60. Xu Mi, “Fast Reactor Development for a Sustainable Nuclear Energy Supply in China” (presentation,
Harvard-Tsinghua Workshop on Nuclear Energy and Nuclear Security, Beijing, China, March 14-15,
2010); Gu Zhongmao, “The Sustainable Nuclear Energy Needs Closed Fuel Cycle” (presentation,
Harvard-Peking University Workshop on the Economics of Nuclear Reprocessing, Beijing, China,
October 15, 2011).
61. Zhang, China’s Fissile Material Production and Stockpile, IPFM Research Report No. 17, 2018 .
op.cit.
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The intermediate pilot reprocessing plant started construction in 1965 and began
operation in September 1968. The plant had two production lines that could together process 0.4
tons of spent fuel per day and operated over 250 days a year.62 It separated the plutonium for
China’s first test of a plutonium-based weapon in December 1968. The pilot reprocessing plant
stopped plutonium separation when a larger plant, also built near the reactor site, began operating
in April 1970. The large plant stopped plutonium separation around 1987. In 1969, Beijing
decided to build a second military plutonium reprocessing plant (Plant 821) at Guangyuan,
Sichuan province as a “third line” project. That plant started operation in 1976 and closed around
1987.63
China’s military reprocessing program helped lay a foundation for China’s civilian backend fuel cycle program and Jiuquan Plant 404 was selected as a base for civilian reprocessing
activities. The civilian pilot plant is located at the same site.

Reactor 801 area

Small military
reprocessing plant

Civilian pilot
reprocessing plant

Large military
reprocessing plant

Figure 5: Overview of the Jiuquan nuclear complex (Plant 404). Satellite image from 31
Aug 2007. Credit: DigitalGlobe and Google Earth. The civilian pilot plant is immediately
adjacent to the military reprocessing plant.
China’s Civilian Reprocessing Pilot Plant

62. Li Jue, Lei Rongtian, Li Yi and Li Yingxiang, eds., China Today: Nuclear Industry, China Social
Science Press, Beijing, 1987 (in Chinese), p.227.
63. Zhang, China’s Fissile Material Production and Stockpile, IPFM Research Report No. 17, 2018 .
op.cit.
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In July 1986, as one key project of the national high-technology R&D “863 Program”
initiated in March 1986, the State Council approved the construction of a pilot civilian
reprocessing plant at the Jiuquan nuclear complex, known as Plant 404 (as shown in figure 4).
The design of the civilian pilot plant was based on experience with PUREX test facilities
developed in the 1960s for the nuclear weapon program. This civilian pilot plant includes a main
reprocessing facility with a maximum capacity to process 400 kg of spent fuel per day (the same
as that of the military intermediate pilot facility). 64 The facility’s reprocessing capability is
estimated to be 50 tons of fuel/year.65 The plant also includes a hot cell laboratory with a
capacity of 0.9 kg of HEU spent fuel/day, and the CWSF.66
Construction of the plant started in 1998 and finished in 2005. The construction process
encountered difficulties, delays, and higher-than-expected costs. Finally, 24 years after the
project's approval, in December 2010, a hot test was conducted. However, due to technical
problems, the plant operated only about the equivalent of 14 days during its first six years, from
December 21, 2010 to December 31, 2016, an average capacity factor of about 0.4%.67
According to one conference report, the pilot plant began operating normally in 2017.68 If
so, it would produce 500 kilograms of plutonium per year. However, others have argued that in
the three years from 2017 to 2019 China finally completed the task of reprocessing 50 metric
tons of spent fuel accumulated between December 2010 to 2019. Thus, China may have reached
a civilian plutonium stockpile of at least 500 kg by 2019, for an average capacity factor of about
five percent between December 21, 2010 and December 31, 2019. However, China has not
submitted official reports to the IAEA since 2017.
The Jiuquan complex also hosts a pilot mixed-oxide (MOX, uranium-plutonium) fuel
fabrication facility (0.5 ton plutonium per year capacity). Its purpose is to supply fuel for China’s
Experimental Fast Reactor (CEFR). But the CEFR, which reached criticality in July 2010, had
not used any MOX fuel as of late 2019. It started up with HEU instead, with an initial core of
about 240 kg of uranium enriched to 64.4 percent U-235, provided by Russia. CIAE expected to
load the CEFR with MOX fuel before 2020. China had approved several research projects on the

64. National Nuclear Safety Administration (NNSA), Annual Report 2006, (in Chinese).
65. Zhang Donghui, “Status of China National SFR Program” (presentation, International Workshop on
Prevention and Mitigation of Severe Accidents in Sodium-Cooled Fast Reactors, Tsuruga, Japan, June
12-13, 2012).
66. Jiang Yunqing, "China’s Spent Fuel Treatment: The Present Status and Prospects,” Status and Trends
in Spent Fuel Reprocessing, Proceedings of an Advisory Group Meeting (Vienna: IAEA, August 1999),
http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/30/047/30047646.pdf.”
67. Hui Zhang, “On China's Closed Fuel Cycle Strategies,” presented at the Institute of Nuclear Materials
Management 59th Annual Meeting, Baltimore, MD, July 2018.
68. Gu Zhongmao, China Institute of Atomic Energy, “Safe and Secured Management of Spent Fuel in
China,” 16th Beijing Seminar on International Security, Shenzhen, China, 17 October 2019.

22

pellets, clad, rods, and subassemblies for this fuel, and planned to load test rods of MOX into
CEFR for irradiation before 2017.69
The 200 tHM/year Demonstration Reprocessing Plant
In December 2011, China’s National Energy Administration (NEA) issued the 12th fiveyear energy plan that included a call for a reprocessing “demonstration” project with a planned
capacity of 200 tHM/year to be completed by 2020.70 In 2012, CNNC’s "Long Teng 2020
(Dragon Soars 2020)" technology innovation plan included the demonstration plant as one key
project. The central government eventually approved the demonstration plant in early 2015. In
July 2015, CNNC started construction in Jinta, Gansu Province, about 100 km from the Jiuquan
pilot plant.71 The demonstration reprocessing plant is to be commissioned in 2025.
While there were news coverages of the groundbreaking ceremony of the CNNC Gansu
Nuclear Technology Industrial Park, information on the location and construction progress has
been scarce. Based on available information and satellite imagery, however, we can locate the
site and identify the key facilities under construction (see figure 6).72
It is reported that a water pipeline started construction in June 2015 and completed in
August 2017. It has a total length of 125.68 km that began at the Jiuquan Plant 404 and ended at
the demonstration plant in Jinta,.73 A dedicated highway from Jiayuguan city to the demon plant,
with a construction mileage of about 61km, started construction in July 2016 and completed in
October 2017.74 As shown in the satellite images, by November 2019, the buildings hosting
spent fuel reception pools seem finished. The high stack of the reprocessing plant is completed.
The main processing builds were at an intensive construction stage. In late 2019, the company
started to order equipment for the reprocessing facility.75 Those building activities and
equipment purchases show the plant could complete its civil engineering stage and enter the
equipment installment stage in 2020. However, the current COVID-19 pandemic may affect its
progress.

69. Zhang, “Status of China National SFR Program, ”op.cit.
70. National Energy Administration, National Energy and Technology Plan during the 12th five-year
period (2011-2015), March 2011, http://www.nea.gov.cn/131398352_11n.pdf.
71. Yue Qi, “China establishes its first national nuclear technology industrial park and begins
industrialization of spent fuel reprocessing in Gansu,” National Business Daily, August 25, 2015.
http://www.nbd.com.cn/articles/2015-08-25/940911.html.
72. Hui Zhang, “Pinpointing China's New Plutonium Reprocessing Plant,” Bulletin of the Atomic
Scientists, May 5, 2020. https://thebulletin.org/2020/05/pinpointing-chinas-new-plutonium-reprocessingplant/.
73. http://www.beitaipipes.com/news_detail/newsId=242.html.
74. http://www.hewuyuan.com/news/show-1182.aspx.
75. http://www.weain.mil.cn/cggg/jggg/1201435778442936321.shtml?v=20191203084919.
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Figure 6: The demonstration reprocessing and MOX facilities under construction at Jinta,
Gansu. Satellite image from March 12, 2020 (Coordinates: 40°19'29.74"N 98°30'53.30"E).
Credit: Maxar Technologies and Google Earth.

The Demonstration MOX Fabrication Line
CNNC is also building a demonstration MOX fuel fabrication line with a capacity of 20
tons/year near the demonstration reprocessing plant. The 200 tHM/year reprocessing plant and
the 20 t/year MOX fuel fabrication plant would provide operational support for the
demonstration CFR-600 reactors.
The MOX plant broke ground in June 2018.76 As shown in satellite images, by November
2019, the main buildings likely to host the MOX production line were at an intensive
76. http://www.baopo.net/news/show-htm-itemid-807.htm.
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construction stage. The high stack of the facility is completed. In 2019, the company started to
order equipment for the MOX fabrication line. The company posted a bidding period between
August 29 and September 3, 2019 for purchasing the package of chemical analysis equipment.
The equipment should have been received within 2019. 77 It is expected the reprocessing and
MOX facilities could complete the civil engineering stage and enter the equipment installment
stage in 2020. It is expected to be operational by 2025.
Negotiating an 800 tons/year Commercial Reprocessing Plant
As stated earlier, the Chinese government shifted its nuclear power development policy
from “moderate development” to “active development” in 2004. Anticipating a shortage of
uranium supplies for China’s faster nuclear power development, CNNC proposed plans to
develop commercial reprocessing plants and breeder reactors. As the sole organization
responsible for the back end of China’s fuel cycle, CNNC emphasized that it wanted to be able to
reprocess spent nuclear fuel from its commercial light-water reactors (LWRs), extract the
plutonium, and use it to fabricate startup nuclear fuel for fast breeder reactors (FBRs).
In 2004, China Institute of Atomic Energy (CIAE) experts wrote to the national
leadership regarding the urgency of developing commercial reprocessing technology, provoking
a number of statements on the importance of the issue.78 The Global Nuclear Energy Partnership
(GNEP) program, launched by the U.S. Department of Energy (DOE) in 2006, further
encouraged CNNC’s plans for a closed fuel cycle by proposing the development of commercial
reprocessing technologies.79
Since 2007, CNNC has been negotiating with France’s Areva for the purchase of a commercial
reprocessing plant with a capacity of 800 tHM/year. In June 2015, the negotiation made
significant progress: it completed the technical discussions and started negotiations on business
aspects.80 However, it seems both parties yet to have reached an agreement on price.
The 800 tHM/yr plant could be sited at the east coastal area. In July 2015, CNNC
Ruineng started working on a preliminary evaluation of the seismic safety at two pre-selected
coastal sites for the proposed plant with a spent fuel storage capacity of 6000 tons with two
phases and reprocessing of 800 tHM/yr. The evaluation work was planned to be finished by

77. http://gansu.okcis.cn/dnww20190828173130625817.html.
78. Yuan Ying, “A Small Gobi Town "Devoured" International Nuclear Waste,” (in Chinese), Southern
Weekend, January 17, 2011, http://www.infzm.com/content/54595.
79. Gu Zhongmao, Yan Shuheng, and Hao Dongqin, “Urgency for Building Chinese Commercial
Reprocessing Plant,” China Nuclear Industry, No. 2 (2008).
80. France-China: AREVA Signs Three Agreements with its partners CNNC, CGN and EDF, June 30,
2015. http://www.areva.com/scripts/news/publigen/content/templates/Show.asp?P=10556&L=EN.
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September 30, 2015.81 One of the pre-selected sites for the reprocessing plant, in Lianyungang,
Jiangsu province, was cancelled in August 2016, however, after thousands of people protested.82
Recently, CNNC nuclear experts suggested the siting issue would be solved soon, and the large
plant would soon start construction. However, some Chinese nuclear experts argue it may take
longer time to have a final deal.

2.

China’s Fast Reactors Programs: Current Practices and Outlooks

China’s Experimental Fast Reactor (CEFR)
The CEFR program was also part of the national high-technology R&D “863 Program”.
The project received government approval in 1995. It is a sodium-cooled, experimental fast
reactor with a power capacity of 20 Megawatts-electric (MWe) (65MWt). CNNC began
construction on the CEFR in May 2000. 83 However, the CEFR met a multitude of difficulties
resulting in a long construction time. The total capital cost estimate of CEFR was adjusted two
times, with each new figure doubling the previous one. After the detailed design was finished,
the final capital cost was roughly 3.7 times the original estimate .84
The CEFR went critical in July 2010, ten years after the start of construction, and had 40
percent of its full power incorporated to the grid by July 2011. However, the reactor was online
for only 26 hours during 2011—producing the equivalent of one full-power hour—and then was
not connected again during 2012 or 2013.85 After three years since its last test, the CEFR
successfully operated at full capacity for 72 hours on December 15-18, 2014.86 It took about 19
years from the project approval in 1995 to achieving operation at full capacity in 2014, with
intermittent operations between 2015 and 2016 for R&D. It did not operate between 2017 and
2018. Cumulatively, it has operated only about 26 equivalent full-power days between July 2011
and 2018.87 It has operated intermittently since then, for a cumulative 26 equivalent full-power
81. “Sino-French nuclear negotiations move forward and evaluation of the seismic safety at coastal sites
starts,” (Chinese) August 25, 2015. http://www.bjztb.gov.cn/news/201508/t9420808.htm.
82. Chris Buckley, “Thousands in Eastern Chinese City Protest Nuclear Waste Project,” New York
Times, 8 August 2016. https://www.nytimes.com/2016/08/09/world/asia/china-nuclear-waste-protestlianyungang.html?_r=0.
83. See, Xu, “Fast Reactor Development for a Sustainable Nuclear Energy Supply in China,” op.cit.
84. Yang Hongyi, “Economic Issues of Fast Reactor in China” (presentation, Technical Meeting on Fast
Reactors and Related Fuel Cycle Facilities with Improved Economic Characteristics, Vienna, Austria,
September 11-13, 2013, https://www.iaea.org/NuclearPower/Downloadable/Meetings/2013/2013-09-1109-13-TM-NPTD/7.yang.pdf).
85. International Atomic Energy Agency, “China Experimental Fast Reactor,” Power Reactor Information
System, http://www.iaea.org/PRIS/CountryStatistics/ReactorDetails.aspx?current=1047.
86. Xinhua News, “China experimental fast reactor runs at full capacity,” December 19, 2014,
http://www.cs.com.cn/english/ei/201412/t20141219_4595461.html.
87. It is reported the reactor generated a total of 5790.4 MWh from 2011 to 2015, i.e. about 12.06
equivalent operation days. Moreover, based on the described operation in 2014, I estimate that it was
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days between July 2011 and 2018. Its lifetime capacity factor from 2011-2018 was, therefore,
only about 1 percent.
The CFR-600 Demonstration Fast Reactor
After China adopted “active” development of nuclear power around 2004, CNNC
promoted the development of fast reactors in China. In 2010, CIAE experts proposed deploying
several demonstration fast reactors at Sanming in Fujian province, including two 800 MWe BN800 FBRs from Russia by 2018 and one indigenous 1000 MWe China Demonstration Fast
Reactor (CDFR) by 2022. However, CNNC in 2013 began focusing on the development of the
indigenous 600-megawatt China Fast Reactor (CFR-600) as a demonstration project.
The CFR-600 preliminary and detailed designs were completed in 2016 and 2017
respectively. In December 2017, the construction of CFR-600 started at Xiapu, Fujian ( see
figure 7). The CNNC plans to operate it in 2023. On January 18, 2020, CNNC reported the first
CFR-600 reactor accomplished a key milestone-- ending civil engineering and entering the
equipment installation stage, 13 days ahead of schedule.88
The 200 tons/year demonstration reprocessing plant would supply plutonium for the
MOX fuels to the CFR-600 reactor. But Russian TVEL will supply the initial core and reloads
with HEU fuels during the first seven years of the reactor’s operation.89
Also, CNNC is actively preparing to construct the second CFR-600.90 The second
CFR600 is to have the same design as the first and is to be located at the west of the first reactor
( as shown in figure 7) . 91 The early site preparation work was completed in 2019. It is expected
the first concrete will be poured for the second CFR-600 by the end of 2020 and that it will be
commissioned around 2026. However, the COVID-19 pandemic could have an impact on the
construction timeline.

about 8.12 equivalent operation days in 2014 (see, Yang Hongyi, Fast Reactors Progress and Cooperation
with French, the 2nd Black End Seminar in Beijing, May5, 2015.
http://china.areva.com/home/liblocal/docs/China%20Offer/2nd%20Back%20End%20Seminar%20in%20
Beijing%202015/5_%E6%9D%A8%E7%BA%A2%E4%B9%89_En%20Ch.pdf.
Thus, about 3.94 equivalent operation days was in 2015. Finally, it was reported the reactor operated 23
days at the power of 39 MWt in 2016, i.e. about 13.8 equivalent operation days (see, Zhang, The
Development of Nuclear Energy and FR in China).
88. http://www.cnnc.com.cn/cnnc/300555/300558/542805/index.html.
89. http://world-nuclear-news.org/Articles/TVEL-to-supply-fuel-for-Chinas-fast-neutron-react.
90. Hui Zhang, “China is speeding up its plutonium recycling programs,” Bulletin of the Atomic
Scientists, Vol.76, No.4, 2020.
91. http://jr.ejmrh.com/mcjhtml/equipmentReform/20191119/140245.html.
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CFR600-1

CFR600-2

Figure 7: Satellite image over CFR-600 reactor site. Satellite image taken December 11, 2019
(Coordinates: 26°47'59.78"N 120° 9'12.00"E). Credit: Maxar Technologies and Google Earth.

Proposals for Larger Commercial Fast Breeder Reactors
Since 2013, CIAE experts have also proposed developing the first commercial fast
reactor—a 1000 MWe CFR-1000 or 1200 MWe CFR-1200-- based on the experience they will
gain from the CFR-600. CNNC plans to complete the pre-concept design and make a decision to
proceed by 2020, then finish the conceptual and preliminary designs by 2024 and 2028,
respectively. It is to start construction in 2028 and operate in 2034.92 Nonetheless, China’s
government has not officially either approved or rejected the plan. Currently, it is not clear when,
or indeed if, the project will go forward.
92. Yang Hongi, Fast Reactors Progress and Cooperation with French, the 2nd Black End Seminar in
Beijing, May5, 2015.
http://china.areva.com/home/liblocal/docs/China%20Offer/2nd%20Back%20End%20Seminar%20in%20
Beijing%202015/5_%E6%9D%A8%E7%BA%A2%E4%B9%89_En%20Ch.pdf.
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The head of the fast reactor division of CIAE states that the deployment of commercial
fast reactors in China will depend on several factors. Among these factors are the cost of
uranium; safety validation and the feasibility of an inland site; and the cost of electricity from an
FBR compared to that of a coal power plant.93 Before commercializing fast neutron reactors,
China would need to construct a commercial scale breeder fuel fabrication plant along with a
reprocessing plant for breeder reactor fuel.
3.

Projections for Stockpiling of Reactor-Grade Plutonium

Projections of Cumulative Plutonium Separated from PWR Spent Fuels
Based on China’s reprocessing programs, figure 7 (based on the assumptions in table 3)
project four different scenarios for China’s reactor-grade plutonium separated from its PWR
spent fuel through 2040. As the high-production scenario, it assumes that China separates 0.5
tons of plutonium per year by its pilot reprocessing plant from 2020 to 2040; that the 200 t/year
demon reprocessing plant is operational in 2025 and separates 2 tons/year since then, and the 800
tons/year commercial reprocessing plant comes online in 2035 and separates 8 tons/year
thereafter. 94
Table 3: Scenarios and assumptions for cumulative plutonium separated from PWR
spent fuels from 2020 to 2040
Scenarios

Assumptions

Case 1 (Full)

1) The pilot plant operates at full capacity (0.5 t pu/yr) from 2020 to 2040 and
had a stock of 0.5 t separated plutonium by 2019.
2) The demo reprocessing plant operates at full capacity (2 t pu/yr) from 2025
to 2040.
3) No 800 tHM/yr reprocessing plant is built.
The pilot and demonstration plants operate at half capacity of Case 1 (Full).

Case 1 (Half)

93. Zhang, “Fast Reactor Development Strategy In China.”
94. Given that the design and construction of commercial reprocessing plants involve very complicated
and technical systems engineering, CIAE experts suggest that it would take at least 15 years to progress
from a completed design to an operational plant (see, Gu Zhongmao, Yan Shuheng, and Hao Dongqin,
“Urgency for building Chinese commercial reprocessing plant,” China Nuclear Industry, No. 2, 2008).
Even if the plant starts construction in 2020, it is optimistic to project that it will be commissioned in
2035.
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Case 2 (Full)

1) The same assumptions as in Case 1(Full), except the 800 tHM/yr
reprocessing plant is built.
2) One 800 tHM/yr reprocessing plant operates at full capacity (8 t pu/yr)
from 2035 to 2040.

Case 2 (Half)

The pilot, demonstration, and 800 tHM/yr plants operate at half capacity of
Case 2 (Full).

Thus, under the high scenario of separated plutonium production (as the case 2 (Full)
shown in figure 8), approximately 18 tons and 91 tons of separated plutonium would be
produced cumulatively through reprocessing PWR spent fuel by 2030 and 2040, respectively. As
the low-production scenario (i.e. as the case 1 (Half) shown in figure 8), it assumes the pilot and
demon reprocessing plants operate at half capacity, and the large reprocessing is not built.
Consequently, approximately 9 tons and 22 tons of separated plutonium would be produced
cumulatively by 2030 and 2040, respectively—still several times its current inventory of military
plutonium for weapons, which is about 2.9 tons.
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Figure 8. Projections of cumulative plutonium separated from PWR spent fuels from 2020
to 2040
Cumulative PWR Plutonium Used by Fast
30

Projections of how much the separated plutonium from PWR spent fuel are to be used in
China’s fast reactor programs are based on following assumptions: (1) CEFR continues using
HEU fuel until 2024, then uses MOX fuel from 2025 through 2040. Its initial core requires
plutonium of 150 kg, 95and the replacement is about 150 kg plutonium/year. 96 (2) The first CFR600 is commissioned in 2023 and uses the Russian-supplied HEU for the first seven years. It
starts in 2030 using MOX fuel supplied from the 200 tons/year demonstration reprocessing plant.
It requires a two ton initial core inventory and one ton/year replacement each year.97 CIAE fast
reactor experts suggest a beginning recycling time of two years for the MOX-fueled FBR.98 If so,
one CFR600 would need about an inventory of four tons of PWR plutonium. However, as a
conservative estimate, it assumes here the recycling time is five years. Thus, the CFR-600 would
need an inventory of seven tons of PWR plutonium. (3) The second CFR-600 is assumed to start
construction by the end of 2020 and operate in 2026. Like the first CFR-600, it starts using MOX
fuel in 2030 with the same assumptions.
Consequently, as a high case of plutonium use, assuming the CEFR and the two CFR-600
fast reactors operate at full design capacity as discussed above, then, as shown in figure 9,
approximately 4.9 tons and 16.4 tons of separated plutonium would be used cumulatively by
2030 and 2040, respectively. As a low-use case of plutonium, assuming the CEFR and two CFR600 fast reactors operate at half of designed capacity, then, approximately 4.5 tons and 10.3 tons
of separated plutonium would be used cumulatively by 2030 and 2040, respectively.

95. Xu,“Fast Reactor Development for a Sustainable Nuclear Energy Supply in China,” op.cit.
96. Communications with CIAE nuclear experts, June 2017.
97. Regarding CFR 600 MOX fuel reloads: as an estimate: assuming the reactor thermal power is 1500
MWth; the burnup is about 100 MWt-day/kg. If the capacity factor is taken 60-80 percent, the MOX fuel
reload is about 3.29-4.38 tons/year. Assuming the MOX fuel is with plutonium percentage of 25%, thus
the annual plutonium requirements would be about 812-1095 kg/year.
98. Communications with CIAE nuclear experts, June 2017.
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Figure 9: China’s projected cumulative PWR plutonium produced and used in fast
reactors 2020-2040. The figure shows clearly even the low case of plutonium produced
could be large enough to meet the planned fast reactor programs through 2040.

It should be noted that, as shown in figure 8, even the low case of separated plutonium
production is large enough to meet the high case of plutonium uses for FBRs. Thus, it would
have no sense for China to build an 800 tons/year reprocessing plant in the near future.
However, if China builds an 800 tons/year reprocessing plant in 2035 as discussed, it
could amass a stockpile as large as around 80 tons of separated plutonium by 2040. Most likely,
China would have as large a stock of reactor-grade plutonium as Japan and France have done.
China has long worried about Japan’s reprocessing and recycling programs that could have an
option for weapons once needed,99 however, China’s own programs would only encourage
others.
4.

A Discussion of Weapon-Grade Plutonium Produced by Fast Reactors

In the 1980s, China stopped plutonium production for weapons and closed all plutonium
production reactors and associated reprocessing facilities. While it is unthinkable politically for

99. Hui Zhang, “China Worries about Japanese Plutonium Stocks,” Bulletin of the Atomic Scientists, Jun
17, 2014.
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China to resume plutonium production for weapons, there are still discussions to be had about
their technical capacity.
Indeed, recently some Western experts on arms control and nonproliferation have raised
concerns about the possibilities that China could use the reactor grade plutonium in its FBRs to
produce weapon-grade plutonium in the breeder blankets.100 It is estimated that each CFR-600
reactor could produce about 0.2 tons WgPu/year, 101 enough for about 50 warheads/year. If so,
the two CFR-600 reactors could produce about 0.4 tons WgPu/year (about 100 warheads/year).
If they start to use MOX fuel from 2030, a total about four tons of weapon-grade plutonium
could be produced by 2040, about 1.4 times China’s current inventory of military plutonium of
2.9 tons.
Finally, it should be noted that even though China has the technological capacity and
economic resources to produce more plutonium and HEU for weapons if it wants, such a
production would be essentially constrained by its long-standing nuclear policy. Since its first
nuclear explosion, China has maintained a nuclear policy that features a no-first-use pledge and a
“lean and effective” nuclear force, and strives to avoid a costly nuclear arms race.
Under the guidance of its self-defense nuclear strategy, China is likely to continue its
nuclear modernization to assure a reliable retaliation under any circumstance. U.S. missile
defense plans will be a major driver for China’s nuclear weapon modernization, which includes
expanding their nuclear arsenal with more and better ICBMs.102 China’s existing stockpile of
fissile material would be sufficient for its current modernization programs. However, if the
United States moves forward with their plans for missile defense and space weapons, China may
100. Some nuclear nonproliferation experts are further concerned that if China wanted to produce more
weapon-grade plutonium, it could technically use some of its power reactors including the Candu-6
reactors or the 1GWe PWRs. Moreover, even the reactor-grade plutonium can be still weapon-usable
( see details: Henry Sokolski, Nuclear Proliferation: How Bad Might It Get? Nonproliferation Policy
Education Center, Presentation at Crystal City Gateway Marriott Arlington, Virginia January 14, 2020,
http://npolicy.org/event_file/Nuclear_Proliferation,_How_Bad_Might_It_Get_220120_1551.pdf). Thus,
even without running the 800 tons/year commercial reprocessing plant, the 200 tons/year demonstration
plant, once operated, could be used to separate a significant amount of plutonium either weapon- or
reactor- grade plutonium that both can be for weapons purpose. However, some Chinese argue such
scenarios are unthinkable politically.
101. It is estimated that the Indian 500 MWe (1250MWth) Prototype Fast Breeder Reactors could
produce up to 140 kg of weapon-grade plutonium each year. See details in Alexander Glaser and
M.V.Ramana, “ Weapon-Grade Plutonium Production Potential in the Indian Prototype Fast Breeder
Reactor,” Science and Global Security, 15:85-105,2007. Scaling from this Indian breeder model to
China’s CFR-600 ( with 1500 MWth and a breeding ratio of 1.15 ), each CFR-600 could produce about
0.2 tons of weapon-grade plutonium each year.
102
Hui Zhang, “China’s nuclear modernization: assuring a second-strike capability,” Correspondence,
The Nonproliferation Review, 24:3-4, p.215-218,
2018, https://www.tandfonline.com/doi/pdf/10.1080/10736700.2018.1431186?needAccess=true.
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decide it needs more nuclear missiles in order to maintain its deterrence capability which might
require more plutonium and HEU to fuel those weapons. A calculation of this measure would
drive China to resume fissile materials production for weapons and undermine possible Chinese
support for FMCT negotiations.
Finally, China should address international concerns about the proliferation implications
of the development of centrifuge technology, including their need for more transparency of its
centrifuge development plans and capacities. Also, China needs to keep its plutonium recycling
programs more transparent including timely reporting of its stockpile of civilian plutonium like
they did before 2016.
China should learn from the experiences of other countries that have prematurely
launched large reprocessing programs with the expectation that the commercialization of breeder
reactors would follow—but did not. China has no convincing rationale for rushing to build
commercial-scale reprocessing facilities or plutonium breeder reactors. China should postpone
the large reprocessing-plant project, and take an interim-storage approach. Following this
approach will give China a substantial opportunity to carefully develop a long-term policy for the
nuclear fuel cycle.
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