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Abstract  

As it expands its fleet of nuclear power plants, China faces an important decision: whether to make 

large capital investments in facilities to reprocess spent nuclear fuel and recycle the resulting plutonium 

in fast neutron reactors, or continue to store nuclear fuel, leaving for the future decisions on whether to 

reprocess the fuel or dispose of it as waste.  In reaching a decision, policymakers should consider 

financial costs, the available fuel supply, nuclear security and proliferation risks, health and 

environmental dangers, and spent fuel management issues. This paper will first discuss the status of 

China’s breeder reactors and civilian reprocessing programs. It will then examine the costs and fuel 

supply issues associated with reprocessing. 

 

China leads the world in new reactor construction. As of May 2018, China has 39 power reactors 

(35.7GWe) in operation with 18 units under construction (20.5 GWe).1 The 13th Five-Year Plan (issued 

in 2016) reaffirms the target of 58 GWe in operation and 30 GWe under construction by 2020, as 

proposed in 2012. And many more reactors are under consideration for construction in the coming 

decades. The major motivations behind China’s ambitious nuclear power program are to check air 

pollution and climate change and to improve national energy security through diversification of the 

primary energy supply. To address these concerns, China has pledged to obtain around 15% of its 

primary energy from non-fossil sources by 2020, and 20% of its primary energy from non-fossil sources 

by 2030.2 Many Chinese officials and energy experts believe developing nuclear power capacity is key 

to meeting China’s non-fossil fuel goals. 

 

Since 1983, China has officially planned to reprocess spent fuel from nuclear power plants.3 Proponents 

of this policy extol its major benefits, which include full utilization of the energy in China’s uranium 

resources, a drastic reduction in the volume of radioactive waste requiring storage in a deep underground 

repository, and a path forward for the spent fuel accumulating in China’s reactor pools. 

 

China’s Civilian Reprocessing Programs 

 

Civilian reprocessing pilot plant. In July 1986, China’s State Council approved the construction of a 

pilot civilian reprocessing plant in the Jiuquan nuclear complex. The design of the pilot plant was 

derived from the PUREX test facilities that were developed in the 1960s for the nuclear weapon 

program. This reprocessing facility has a maximum capacity of 400 kg of spent fuel per day at the head 

end and product end and 300 kg per day of chemical separation.4 The facility’s reprocessing capability is 

estimated to be 50 tons of fuel per year.5 In July 1993, the technical design of the plant was approved. 

Started in 1998 and completed in 2005, the construction of the pilot plant was fraught with difficulties, 

including two budget adjustments and numerous delays in construction.6 Finally, on December 21, 2010, 
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the plant successfully conducted a hot test and the China National Nuclear Corporation (CNNC) 

pronounced it fully operational. It took about 24 years from the project approval in July 1986 to the hot 

test in December 2010. 

 

Only ten days after the 2010 hot test, reprocessing operations halted with just 13.8 kg of plutonium 

separated.7 Operators identified many problems, among them safety and security issues. These included 

both a large amount of waste produced and a high percentage of material unaccounted for (MUF).8 The 

plant resumed separation until 2014 and stopped again in 2015. Since 2016 it has been operating 

intermittently, and further research and design changes are still in progress. 

 

Following the 2010 hot test, CNNC announced that once the pilot plant had reprocessed a total of 50 

tHM in coming years, it would be expanded to a capacity of 80-100 tHM/year. Recently, some Chinese 

nuclear experts stated that the planned total of 50 tHM may be no longer a focus. Instead, they suggest 

improving the technology. These statements show the plant’s operation capacity is far lower than 

expected. In practice, as shown in table 1, it managed only about 14 equivalent operation days from 

December 21, 2010 to December 31, 2016, an average capacity factor for the period of about 0.4%.   

 

The Jiuquan complex also hosts a pilot MOX fuel fabrication facility (0.5 tons/year capacity). Its 

purpose is to supply fuel for China’s Experimental Fast Reactor (CEFR). The CEFR, which reached 

criticality in July 2010, has an initial core provided by Russia that contains about 240 kg of highly 

enriched uranium (64.4% U-235) but had not used any MOX fuel as early 2018. 

 

Table 1: China’s civilian plutonium separation at the pilot reprocessing facility (2010 to 2016)9 

 

Year 2010 2011 2012 2013 2014 2015 2016 

Accumulated  

amount (kg) 

13.8 13.8 13.8 13.8 25.4 

 

25.4 40.9 

 

Rate (kg/yr) 13.8 0 0 0 11.6 0 15.5 

Equivalent 

operation daysa  

4.6  0 0 0 3.9  5.2 

Capacity factor 46%b 

 

0 0 0 1% 0 1.4% 

Note: a) assuming one day processes at a full capacity of 300kg of spent fuel, and one ton of spent fuel contains 

about 10 kg of separated plutonium. Thus, one equivalent full day separates about 3 kg of plutonium. b)  Given it 

started operation on December 21, 2010, the maximum operation would be about ten days in 2010.  

 

Civilian reprocessing demonstration plant under construction. After the pilot reprocessing plant 

finished its hot test in December 2010, CNNC began to plan a medium-scale demonstration plant. In 

December 2011, the National Energy Administration (NEA) issued the 12th five-year energy plan, which 

called for completion of a reprocessing “demonstration” project – a plant with a planned capacity of 200 

tHM/yr – by 2020.10 In 2012, CNNC issued the "Long Teng 2020 (Dragon Soars 2020)" technology 

innovation plan that selected the 200 tHM/yr demonstration plant as one key project. The government 

eventually approved the demonstration plant in early 2015. In July 2015, CNNC started construction of 

the demonstration reprocessing plant at Jinta of Gansu.11 Instead of the planned 2020, the completion 
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has been delayed to around 2025. It is about 100 km away from the pilot plant. Since then, the site has 

been cleared, and a water pipeline from plant 404 is being constructed. The plant is to provide plutonium 

for initial demonstration with fast-neutron reactors. Additionally, by 2020 CNNC plans to build a small 

MOX fuel fabrication plant with a capacity of 20 tons/year near the 200 tHM/yr reprocessing plant. 

 

Proposals for a large commercial reprocessing plant. Since 2007, CNNC has been negotiating with 

France’s Areva to purchase a commercial reprocessing plant with a capacity of 800 tHM/year. In June 

2015, the negotiation took a significant step forward: it completed the technical discussions and started 

negotiations on business aspects.12 However, it seems both parties have yet to reach agreement on the 

key issue of price. 

 

The 800 tHM/yr plant could be built on the east coast of China. 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 was set to be finished by 30 September 2015.13 The pre-selected site in 

Lianyungang, Jiangsu province, however, was removed from consideration in August 2016 after 

thousands of people protested.14 

 

China’s Fast Breeder Reactors Programs 

 

China’s experimental fast reactor (CEFR). As the pilot reprocessing plant, the CEFR program was 

taken as part of the 1986 national high-technology R&D “863 Program.” The conceptual design of the 

CEFR was completed between 1990 and 1992, and the project was approved in 1995. It is a sodium-

cooled, experimental fast reactor with a power capacity of 20 MWe (65MWt).In May 2000, China began 

construction on the CEFR.15 However, the CEFR met a multitude of difficulties, and construction lasted 

longer than expected. The total capital cost estimate of CEFR was adjusted two times, with each new 

figure doubling the previous one.16 After the detailed design was finished, the capital cost finally settled 

at 2516 million RMB, roughly 3.7 times the original estimate.17 

 

The CEFR went critical in July 2010, ten years after the start of construction, and had 40% 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 

and 2013.18 After three years since its last test, the CEFR successfully completed a test operating at full 

capacity for 72 hours on December 15-18, 2014.19 It took about 19 years from the project approval in 

1995 to achieving operation at full capacity in 2014, and since then it has operated intermittently for 

research and development. 

 

CFR-600 demonstration fast reactor. CNNC had focused on the purchase of Russia’s BN-800 fast-

neutron reactors, but CIAE decided in 2013 to focus on developing an indigenous 600 MWe CFR-600. 
20 The preliminary and detailed designs were completed in 2016 and 2017 respectively.21In December 

2017, the construction of CFR-600 was started at Xiapu, Fujian. The CNNC plans to commence 

operation in 2023.  

 

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 to be gained from the CFR-600.  
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CIAE plans to complete the pre-concept design and make a decision by 2020, then finish the concept 

and preliminary designs by 2024 and 2028, respectively. It is to start construction in 2028 and operate in 

2034.22 

 

The Uranium Constraint Issues   

 

Some Chinese nuclear experts are concerned about the security of the uranium supply and have actively 

advocated the expansion of plutonium reprocessing and recycling capabilities for “saving uranium.” 

However, a new Harvard report suggests uranium supply will not constrain China’s nuclear power 

growth, even under the most ambitious scenarios, up to at least the middle of the 21st century.23 

 

According to the Uranium 2016: Resources, Production and Demand report,24 as of January 1, 2015, 

China’s identified conventional uranium resources  totaled  366.2 ktU (thousand metric 

tons)( recoverable uranium reserve of 272.5 ktU),   a more than four-fold increase from 85 ktU in 2004 

due to increased investment in exploration over the past decade. 

  

Moreover, China has discovered new uranium resources each year in multiples of the amounts it 

demands. The total new discoveries of uranium increased between 2004 and 2014 at an average rate of 

28ktU/year, several times more than the annual requirement increased (e.g., according the 2016 Red 

book, China demanded about 4.2 ktU in 2014). Further, based on uranium metallogeny, new models, 

and exploration data from the past several decades, recent predictions indicate that China could have 

over 2 million tons (MtU) of potential uranium resources.25 

 

Assuming that China’s total nuclear capacity increases linearly to 130 GWe (for a low-growth case) and 

400 GWe (high-growth case) by 2050, we estimate that China would require cumulatively 0.5 to 1 MtU 

from 2018 through 2050. As shown in Figure 1, China had an average expenditure rate of $98 

million/year and thus an average growth rate of 28 ktU/ year (i.e., a discovery cost of $3.5/kg U in 2017 

dollars) during the period between 2004 and 2014. If China keeps discovering uranium at the same rate, 

China could identify a total of proven uranium reserves of about 1.38 MtU (i.e., about 1.1 MtU 

recoverable uranium) by 2050, roughly two-thirds of its currently estimated 2 MtU resource. That means 

China would find enough uranium to meet all of its needs even in the high-growth scenario (about 1MtU 

by 2050) from domestic resources alone. 

 

China’s annual uranium demand has increased faster than its domestic production capacity since 2004. 

Its annual uranium requirement increased to about 8 ktU in 2017 from about 1.26ktU in 2004. However, 

China boosted its annual domestic uranium production from 0.84 kt in 2004 to about 2kt in 2017. Given 

the big gap between China’s domestic supply and demand, some Chinese experts have argued that the 

shortage in China’s uranium resources will constrain its development of nuclear power. 

 

China could increase uranium production more rapidly. However, the majority of the uranium ores 

discovered in China are of poor quality and would be costly to mine relative to those in other countries. 

Hence, China has instead taken advantage of low international uranium prices. In practice, since the 

mid-2000s, China has adopted the “Three One-Thirds” rule, which entails acquiring one third of its 

uranium from domestic supply, another third from mining abroad, and the final third from direct 

international trade. 
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Figure 1: China’s Identified Uranium Resources and Exploration Expenditures26 

 

 

Since 2006, both the CNNC and the China General Nuclear Power Corporation (CGN) have been 

aggressively pursuing overseas uranium supplies. At the end of 2009, the head of CNNC stated that the 

company had already secured imports of 6-8ktU/yr through international trade.27 In 2013, CGN’s head 

stated that the company had secured an overseas uranium supply totaling 79 ktU through international 

trading.28 Considering that CGN does not have mining rights in China, it would have to import more 

than CNNC. Thus, it would be reasonable to expect China to import on average more than 14 ktU each 

year. If so, China could import a cumulative total of more than 400 ktU between 2018 and 2050, which 

would exceed the one-third import threshold of China’s ambitious plan for 2050. In practice, China 

imported about 24 ktU/yr from 2010 to 2015.29 It is reported by 2015 China had a total surplus of 130 

ktU from the past imports.30 Moreover, when China purchases foreign reactors, it often requires the 

foreign vendors to supply the first and a few subsequent loads of LEU fuel. These LEU supply deals 

further save Chinese uranium resources. 

 

Since 2006, CNNC and CGN have also been actively exploring for, and mining uranium in countries 

like Niger, Namibia, Zimbabwe, Kazakhstan, Uzbekistan, Mongolia, and Australia. By the end of 2009, 

CNNC had already secured more than 200 ktU in overseas resources.31 In 2013, CGN stated that it had 

secured approximately 308 ktU from overseas resources and that more would be acquired.32 While the 

two companies did not disclose details about the size of the secured overseas resources, our estimate 

based on available information from independent sources is consistent with those statements.33 These 

overseas resources include around 400 ktU of recoverable uranium (500 ktU of in situ resources at a 

recovery rate around 80%), which would be enough to meet the mined-abroad component of the one-
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third goal of China’s 2050 requirement. In short, China has secured vast overseas uranium resources to 

which more could easily be added. 

 

The newly issued Red Book 2016 estimates that the total identified global uranium reserve amounts to 

7.6 MtU, sufficient for over 135 years of supply for the global nuclear power fleet of the 2014 level of 

uranium requirements (about 57 ktU/year). It should be noted that the global identified uranium 

resources have increased almost threefold since 1975, in line with expenditure on uranium exploration.34   

Advocates of breeder reactors in China argue that China should not rely heavily on foreign uranium, 

because the supply could be disrupted by political or economic change. But given that the uranium 

market is naturally an open and competitive one, and that uranium suppliers in the international market 

are geographically and politically diverse, they are unlikely to collude to raise prices or limit supplies. 

 

Moreover, history has shown that past predictions of a steady rise have been proven wrong. The 2011 

MIT study The Future of the Nuclear Fuel Cycle35 emphasizes that “there are good reasons to believe 

that even as demand increases the price of uranium will remain relatively low.”  This is in line with other 

studies showing that the prices of most other minerals have actually decreased (in constant dollars) over 

the past century as cumulative quantities extracted have increased.36   

 

Eventually, if China became seriously concerned about any potential disruptions of its uranium supply, 

it could easily and inexpensively establish a strategic uranium stockpile, – which is, in fact, under 

consideration as a national energy project in the 12th five year energy plan.37 

 

The Costs of Reprocessing38  

 

The reprocessing pilot plant is estimated to have cost about 2-2.2 billion in 2005 RMB (about $870-960 

million 2017 dollars).39 It was about four times the original costs.40 The plant was paid for by the 

Chinese government. In practice, the real cost would be much higher than the 2005 figure, given much 

more has been invested since then to fix the design.41  

 

China has not provided an official estimate of the cost of a Chinese reprocessing plant with a capacity of 

200 tHM/year or 800 tHM/year. A new Harvard report provides estimates of the cost of current 

proposals for building and operating reprocessing plants in China. We estimate the initial capital costs 

are likely in the range of $3.2-$5.7 billion 2014 dollars (about  $3.3-$5.9 billion 2017 dollars) for the 

200 tHM/yr plant, or $8 billion to over $20 billion 2014 dollars ( about $8.3 billion to over $21 billion 

2017 dollars) for the 800 tHM/yr plant.  While the low-cost estimate for the 800 tHM/yr plant is closer 

to Chinese estimates by using a scaling approach from the cost of the pilot plant,  the real cost will likely 

be closer to the high-cost estimate of around $20 billion. 

 

In fact, Areva has asked for a total price of about €20 billion for an 800 tHM/yr plant in past years. It 

was reported China once offered half of that price (about $15 billion in 2010 dollars or $17 billion in 

2018)42, but was rejected. In January 2018, the French supplier was said to expect a contract for roughly 

€10 billion ($12 billion), half of the plant’s total estimated €20 billion price. This means Areva will 

significantly reduce its scope from initial plans to provide a turnkey plant to CNNC.43 These reports 

indicate that the minimum capital cost for China to build an 800 plant could be about $17 billion. If 

CNNC pays $12 billion (a half of the total price) to Areva as reported, and it expects to spend about 60-
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80% of another half price, then CNNC would face a total capital cost of about $19-21 billion for the 

plant. 

 

Table 2 shows high and low estimates for the cost of building and operating a 200 tHM/yr reprocessing 

plant and an 800 tHM/yr reprocessing plant, along with the costs of the 40-year storage of the same 

amount of fuel, assuming a storage cost of $200/kgHM. This table does not include any of the costs of 

financing these facilities, of decommissioning the facilities, or of capital additions that are likely to be 

required during the lifetime of such facilities. All of those would further increase the cost of 

reprocessing. Even without those important costs, even the low estimates are far higher than the cost of 

storing the fuel that would be processed for the lifetime of the plant. For instance, even for the low 

estimate, building and operating a reprocessing plant with a capacity of 800 tHM/year would cost at 

least $20 billion more over its 40-year lifetime than simply storing the spent fuel. 

 

Table 2: High and Low Estimates of Reprocessing Capital and Operating Costs (2017 $)44 

Plant Capital Cost Operating Cost 40-year Cost 40-year Storage Cost  

 

200 tHM/yr, Low $3.3 B $200 M 

 

$11.3 B $1.7 B 

200 tHM/yr, High $5.9 B $360 M 

 

$20.1 B $1.7B 

800 tHM/yr, Low $8.3 B $500 M 

 

$28.4 B $6.7 B 

800 tHM/yr High $21 B $1.6 B 

 

$83.4 B $6.7 B 

 

Based on discussions with Chinese experts on the possible financing charges for a large reprocessing 

plant, we consider three financing cases to estimate the cost per kilogram for a 200 tHM/yr or 800 

tHM/yr plant: i) 0%/yr real cost of money (assuming government pays the whole cost); ii) 3% real cost 

of money (through a combination of CNNC partial funding and low-cost loans); and iii) 6% real cost of 

money (full financing by CNNC). 

 

Assuming: a) For a ten-year typical construction time for a major reprocessing plant, the interest during 

construction (IDC) might add 19 percent to capital cost at a 3 percent rate of return, and 42 percent at a 6 

percent rate of return. Note that most Chinese nuclear projects have been delayed, as in the case of the 

pilot reprocessing plant and the CEFR. Thus, in practice, the IDC would be further increased. b) 

Decommissioning costs are about one quarter of facility capital costs, discounted for 60 years from the 

start of facility operations at a 3 percent rate. C) The reprocessing plants would operate, on average, at 

80 percent of full capacity over their 40-year lives. In practice, the average capacity factor is much 

lower. 

 

Eventually, even with complete government investment, the unit costs for the 200 tHM/yr reprocessing 

plant are likely in the range of $1800-3200//kgHM 2017 dollars. As shown in Table 3, the unit costs for 

the 800 tHM/yr reprocessing plant under the three financing conditions are likely in the range of $1100-

5600//kgHM 2017 dollars. However, the government would likely not pay the full price for a large 

commercial plant. For a realistic financing case of 3% cost of money, the unit costs would be in the 

range of 1500-4200//kgHM 2017 dollars. As discussed above, if the initial capital cost is about $17-19 

billion, the reprocessing costs of the 800 tHM/yr would be about 3500 tHM/kg, which likely is closer to 
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a real cost.  Finally, even with assumptions on fuel cycle costs quite favorable to reprocessing, 

reprocessing at a $1500/kgHM cost and recycling the plutonium in existing LWRs would increase the 

cost of the nuclear fuel cycle by roughly two-thirds. Under the same favorable assumptions for 

reprocessing, and assuming breeders are only 20% more expensive to build, the total electricity cost for 

the breeder case increases about 20%. In both cases, the price of uranium would have to rise to over 

$450 before a closed fuel cycle with these prices would be economically viable. 

 

Table 3: Reprocessing Cost Per Kilogram, 800 tHM/yr Plant (2017$)45 

Plant Capital 

Cost 

IDC Decom. Capital+ 

IDC+Decom 

FCR Capital 

Charge/kg 

Operating 

(annual) 

Operating 

(per kg) 

Total 

cost/kg 

800tHM/yr 

Low 0% 

$8.3B 0 .04 $8.7B 0.025 

$340 

$500 M 

$780 $1,100 

800tHM/yr 

Low 3% 

$8.3B 0.19 .04 $10.3B 0.043 

$700 

$500 M 

$780 $1,500 

800tHM/yr 

Low 6% 

$8.3B 0.42 .04 $12.2B 0.066 

$1,270 

$500 M 

$780 $2,100 

800tHM/yr 

High 0% 

$21B 0 .04 $21.7B 0.025 

$850 

$1.6 B 

$2,440 $3,300 

800tHM/yr 

High 3% 

$21B 0.19 .04 $25.8B 0.043 

$1,740 

$1.6 B 

$2,440 $4,200 

800tHM/yr 

High 6% 

$21B 0.42 .04 $30.6B 0.066 

$3,170 

$1.6 B  

$2,440 $5,600 

Note: FCR (fixed charged rate) is the fraction of the initial capital cost required each year to repay the principal 

(construction and other up-front costs) with a return on the investment.  

 

Conclusions  

 

The new Harvard reports show China has access to sufficient uranium to fuel even aggressive nuclear 

energy growth for many decades to come.46  To secure long-term uranium supplies for its fast-growing 

nuclear power industry, China should continue maintaining its one-third policy. Furthermore, China’s 

reprocessing and plutonium recycle is much more costly than LWR once-through cycle.  

 

To determine whether China should build a large commercial reprocessing plant and fast-neutron 

reactors, policymakers should take account of the costs, available fuel supply, nuclear security and 

proliferation risks, health and environmental dangers, and spent fuel management issues. China has the 

luxury of time. It should postpone the large reprocessing plant project and take an interim storage 

approach, which offers a safe, flexible, and cost-effective near-term means of managing spent fuel. The 

postponement approach will give China a substantial opportunity to carefully develop an effective long-

term policy for the nuclear fuel cycle. 
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