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External cost is cost imposed on a third party when producing or consuming a good or service. Since the 1990s, the external
costs of nuclear powered electricity production have been studied. Costs are a very important factor in policy decision and
the external cost is considered for cost comparison on electricity production. As for nuclear fuel cycle, a chosen technology
will determine the external cost. However, there has been little research on this issue. For this study, methods for external
cost on nuclear power production have been surveyed and analyzed to develop an approach for evaluating external cost
on nuclear fuel cycles. Before the Fukushima accident, external cost research had focused on damage costs during normal
operation of a fuel cycle. However, accident cost becomes a major concern after the accident. Various considerations for ex-
ternal cost including accident cost have been used to different studies, and different methods have been applied correspond-
ing to the considerations. In this study, the results of the evaluation were compared and analyzed to identify methodological

applicability to the external cost estimation with nuclear fuel cycles.
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Fig. 1. Supply-demand curve changes due to (a) external cost and (b) external benefit.
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Table 1. Damage costs from severe NPP accident[16]

T™MI Chernobyl Fukushima
(U.S) (Russia) (Japan)
Year 1979 1986 2011
No. of unit 1 1 4
Type PWR RBMK BWR
Net capacity Unit 1: 439 (460)
(MW) 880 925 Unit 2: 760 (784)
(Installed (959) (1,000) Unit 3: 760 (784)
capacity, MW) Unit 4: 760 (784)
Service time 4 months 8 years 30~40 years
Achent 5 7 7
rating
Restoration

cost 1.0 billion USD 235 billion USD > 5.8 trillion JPY
(Year 2011 (2 trillion KW) (265 trillion KW) (> 81 trillion KW)
basis)

Table 2. Accident risk cost with availability under damage compensation
system for mutual aid[16] (KW/kWh)

Damage cox Utilization(%) 90 20 70 60
TMI (2 trillion KW) 0.34 038 044 0.51
Fukushima (81 trillion KW) 1372 1543  17.64  20.58
World average (58 trillion KW) ~ 9.82  11.05 12.63 14.74
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Table 3. NPP damage cost with accident probability[16] (KW/kWh)

Utilization Accident

%) Reference probability TMI  Fukushima Average
IAEA 0.00001  0.0025 0.1027 0.0736
World NPP 0.00035  0.0888 3.5959 2.5748
» Japan NPP  0.002 0.5074  20.5479  14.7133
NRC 0.0001 0.0254 1.0274 0.7357
IAEA 0.00001  0.0029 0.1156 0.0828
World NPP 0.00035  0.0999 4.0454 2.8967
¥ Japan NPP  0.002 0.5708  23.1164  16.5525
NRC 0.0001 0.0285 1.1558 0.8276
IAEA 0.00001  0.0033 0.1321 0.0946
World NPP 0.00035  0.1142 4.6233 3.3105
" Japan NPP  0.002 0.6523 264183 189172
NRC 0.0001 0.0326 1.3209 0.9459
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Table 4. Government funds for nuclear power in 2011[17] (million KW)

Table 5. Expected damage cost on nuclear accident[17]

Implementation

Probability

Account Detail entity Damage cost 1/7,000  1/1,000,000
Support for NPP Cost (billion KW) 20.36 1.40
community 65,358 KHNP 100 trillion KW
Public relati | Unit cost(KW/kWh) 22 0.1
ublic relation on nuclear 9,400 KONEPA —
power . Cost (billion KW) 95.64 6.10
Powder Nuclear based core 500 trillion KW .
industry technology development 94,108 KETEP Unit cost(KW/kWh) 10.2 0.6
foundation ) .
fund International joint research 1.489 KETEP
on energy (nuclear) ’
. _100xpxD @
Nuclear export foundation 4,400 MKE 365x24x % P
Subtotal 163,222
s tleleol Ao E:l/« A} o} dlsin 9]
Energyand K AERI research support 115,744 KAERI C: bl dxde] AHAL T A8 (A/kWh)
resources p: AR EHE(/9)
special
account Subtotal 115,744 D: JAAL 93] -8-(%d)
7: L o] 8E(%)
KINS research support 22,221 KINS p: 91 22 H]- &2k (kw)
KINAC research support 17,783 KINAC
Table 3¢ AA|E A= @ A elA Frbe= HE
International cooperation
on nuclear 5,403 NRF F T A Al FES V|Fo R AXEE Folm= 9
General  Nyclear control system FHEE A WREE 5 e Aol Al
account impl . 2,398
plementation
NRF, KIGAM .
Nuclear safety 8,380 4.2 23 AAAN . FrlAFY
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development 8,054 NSSC 20151/:1 12'& ?}%%7(:)]@ 'l|] %7]'?_:[1-%% §]‘}'\:]1 OL:].E— /\]"g_oﬂ
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Table 6. Tacit subsidy by liability limitation on damage compensa-
tion[17]

Probability

D 1/7,000  1/1,000,000
amage cost
Cost (billion KW) 32.17 2.06
100 trillion KW
Unit cost(KW/kWh) 34 0.2
Cost (billion KW) 151.66 9.53
500 trillion KW
Unit cost(KW/kWh) 16.1 1.0
Table 7. Accident cost by risk aversion[17]
Probability 17600 1/1,000,000
Damage cost
Cost (billion KW) 407.32 27.93
100 trillion KW
Unit cost(KW/kWh) 432 3.0
Cost (billion KW) 1,912.85 121.99
500 trillion KW
Unit cost(KW/kWh) 203.1 13.0
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Table 8. Willingness-to-pay to avoid nuclear accident[17]

Nuclear accident risk ~ Avoidance of nearby

elimination NPP construction
Total amount
(billion KWiyr) 648.9 ~904.2 493.6 ~893.6
Unit cost (KW/kWh) 38~6.3 52.1~949

Table 9. Definition of external cost on nuclear power generation[18]

Item Detail

Conflict cost on siting nuclear-related facilities
such as radioactive waste disposal and power
transmission lines

Siting conflict cost

Accident risk cost Risk cost on severe accident

Safety regulation ~ Additional cost in corresponding to reinforced
cost regulation
Financial support for technology development,
Policy cost operation, and promotion of nuclear power

generation

Future generation  Loss cost of future generation due to the siting of
cost high level radioactive waste disposal
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Table 10. Comparison of nuclear accident risk cost[18§]

Total accident cost Accident risk cost Annual additional cost
(trillion KW) (KW/kWh) (billion KW)
Accident risk cost in 2013 0.03 42
Mutual aid 11.05 1,529.4
Recommendations of energy IAEA (0.00001) 58 0.08 6.9
basic plan working group World NPP (0.00035) 2.90 3983
Japan NPP (0.002) 16.55 2,292.7
References to energy basic plan (admirml:&?lvglgistrict) 136 23.7 3,285
working group
Mutual aid (GIS) 343 59.8 8,295.1
General risk avoidance (CVM) 3.8~6.3 548.9~904.2
Korea Environment Institute Neighborhood risk avoidance 521949 193.6-893.6
(CVM)
Table 11. Additional cost to reinforce nuclear facility[18]
No.of Safety equipment . o per unit Investment H| 8-S Alalet Aolt), ol AAEE A AFAEY &
unit  reinforcement cost period Aol thzy] wjEe] EAS AL TE Hadt = g
Korea 30 7.5 trillion KW 326 billion KW 2013~2018 o] gl 7o = mhobE] o), whAuk whH o A= 10007
omted 02 27wilionKW  265bilionKW 20132018 & WL FEIbE AwHE g WA o2
A AR, 371490 A7) 83 B oAlE B Apen
France 58 14.4 trillion KW 250 billion KW ~2018 A5 ZAbE Aolth o] 2|3k HhH o ul o) A5} 7] AFaH
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Table 12. Conflict cost on low and intermediate radioactive waste disposal
site[18]

Cost
Unit cost of low and intermediate radioactive waste 65.52
disposal (million KW/m’) '
Unit cost of radioactive waste disposal of other countries 1531
(million KW/m’) :
Difference between the unit costs (million KW/m’) 50.21
Accumulated amount of low and intermediate
S 3 18,712
radioactive waste (m’)
Total additional cost (million KW) 939.459

Table 13. Unit cost of nuclear power including policy cost[18]

2010 2011 2012 2013
Policy cost (million KW) 307,580 396,200 440,805 516,942
Power generation (GWh) 140,876 147,167 140,557 132,465
Policy cost per power
generation (KWiwhy 218 2.69 3.14 3.9

Table 14. Summary on external cost of nuclear power[18]

- Total accident cost 58~343 trillion KW

Accident risk cost (0.08~59.8 KW/kWh)

- Increase of construction and O&M cost due to
the reinforced safety regulation

- Corresponding cost to Fukushima accident
919.4 billion KW (2014~2015)

Safety regulation cost

- Siting conflict cost on low and intermediate
level radioactive waste disposal (~2013) 939.5
billion KW

- Siting conflict cost on high level radioactive

. . aste disposal
Siting conflict cost v P

- Conflict cost on high voltage transmission lines

- Construction cost of transmission line per new
NPP: 403.7 billion KW (Assuming 230 km of
765 kV line)

- Financial expenses in 2013: 516.9 billion KW

Policy cost (3.9 KW/kWh)

Future generation - Available land loss due to high level radioactive
cost waste disposal site
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