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Sustainability and economy analysis of different fuel cycle options

Ding Wenjie, Huang Huan, Dai Tao, Guo Haibing
(Institute of Nuclear Physics and Chemistry , CAEP, Mianyang 621900, China)

Abstract : Based on the technology maturity, four typical nuclear fuel cycle options, namely, OTC,
TTC. FRC and HRC, were selected for analysis. The sustainability of different fuel cycle options was studied
using the balanced mass flow model, and the fuel cost and spent fuel disposal cost of different options were eval-
uated based on levelized cost of electricity calculation method. The results show that closed fuel cycle can great-
ly reduce the production of nuclear waste. And the FRC option with fuel self-supporting as well as the HRC op-
tion can use depleted uranium without consuming natural uranium. Besides, the HRC option is the most eco-
nomical while the TTC option is the worst, considering only fuel cost and spent fuel disposal cost.
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Table 1 Light water reactor loading mass flow

mass flow/(MTHM « GWe ! = a™ 1)

) PWR UO, PWR MOX/UO,
nuclide -
load after cooling
load after cooling

MOX U0, MOX U0,
HM 19.5 18. 494 5.719 13.667 5.425 12.964
ueEy 19.500(0. 825) 18.244(0. 150) 5.22 13.667 5.041 12.788
Pu 0 0.225 0.491 0 0. 343 0. 157
MA 0 0.025 0.008 0 0. 04 0.02
TRU 0 0.25 0.499 0 0. 383 0.177
FP 0 1. 006 0 0 0.293 0.703
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Table 2 Fast reactor loading mass flow

mass flow/(MTHM « GWe ! » 2™ 1)

fast breeder reactor fast burner reactor
nuclide
CR=1.23 CR=0 CR=0.5 CR=0.75 CR=1
load  after cooling load  after cooling load  after cooling load  after cooling load  after cooling
HM 14. 84 14.01 2.78 1. 906 6.194 5.324 8.203 7.327 11.19 10. 34
TRU 1.287 1.507 2.741 1. 866 2.064 1.667 1.74 1.575 1.552 1.571
U 13.52 12.47 0.039 0. 04 4.13 3.647 6.463 5. 752 9. 64 8.763
FP 0 0. 831 0 0. 874 0 0. 87 0 0. 876 0 0. 857
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Table 3  Price of units of front-end fuel

unit reference value/($ « kgHHM ')

natural uranium 100
depleted uranium 10
conversion 10"
concentration 140"

UOX fabrication 258°

MOX fabrication 2400

fabrication of fast reactor fuel 2 400
fabrication of hybrid reactor fuel 30¢

Notes:

a: The conversion price of recycled uranium is about 300% of that of the natural uranium;

b:The enrichment price of recycled uranium is about 110% of that of the natural uranium;

¢: The manufacturing price of REPUOX fuel is about 107 % of that of the natural uranium ;

d:The fuel for the hybrid reactor is a plate structure and requires no fine processing, so the manufacturing
cost is low, but there was no mature technology. Referring to the conversion process of recycled uranium,
the manufacturing cost of the hybrid reactor fuel was set to 30 $ « kgHM ',
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Table 4 Price of units of fuel disposal

unit reference value/($ « kgHM ')
UOX temporary storage 200
MOX temporary storage 200
UOX spent fuel disposal 412
MOX spent fuel disposal 3130
UOX HLW 190
fast reactor HLW 280
UOX reprocess 1 600
fast reactor fuel reprocess 3 200
simple dry processing 120°

Notes:
a: The cost of fuel temporary cooling and storage was included in the cost of fuel reprocessing. The hybrid re-
actor fuel was reprocessed every five years by the simple dry process, to remove the fission products of
spent fuel using the decay heat. The process was simple and required little cost, but there was no mature
technology. Referring to the price of dry storage in EPRI, the price of simple dry process was set to 120 $
« kgHM !
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