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B AlZ| ™ H| 8 (Social Costs)

: AIS|A H| 22 L5 H|E(Internal Costs) =2 XM H| 2 (Private Costs)0|| 2|5 H| & (External Costs)S 25 Egtst

H| 8

v Private Costs + External Costs = Social Costs
= BOtok External Cost > 0, Social Costs > Private Costs

= O] B AMBA2 M2H 2d7IAEL R, X Y2 7Y YUZEHD A MY 2 43 2

Using Social Costs (Private + External Costs) Results in
Higher Prices and Lower Output and Better Resource Use

§30.00 4

--m - Marginal Soclal Cost Curve
$25.00 ——Marginal Private Cost Curve -
—s— Demand Curve _  Margina

aemal

$20.00 - |

$15.00 -
Ps | —
$10.00 |

$5.00 A

$0.00 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Os Op Output
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KEEi EENE AR4YeAs] A YRS HBAT  FYAAIRHEFY. BERLADA
oeHuy g ERELR REEEEERE Y 2

B Q|5 g 1l (Externality): 2| H|-2 (External Costs)i} 2|

: Q| & & M} (externalities) 2t O{tH ZAX|FH| Q|

v eRgitE ChA HOS FE S¥H 2F Zl(positive externality)2} H| E0[Lt
(negative externality)2 7 &
v QBB EXBIK 7HH7|TE S5l0] T E X2 THT £ = AL sjAYH

Pigouvian Tax)

it s AH[ESO| CHE ZBHIFH2| 4it
o[ E’ st Eolo|Lt H|Z0f CHEt 20| O] ROX|X| Ri2 H&S 20|




S Y A IEE——
KEEi EENE
SEERE

I -1 T O =
v QIR H|Z0| &St A% AIRIN XM MESTHECE O B2 dio] WSt ol Ale|H =M =42 0|0{X HEEH
Rt S A2 (YZ D Zo| =4 H2E)

v QISHO0| WS B ALIE A|H MBTECE O M2 MMO| SIS0, 0] A ALSIH T EAMO| LB

el eI E0l gle 8 e eI FHIZ0[ A = & e A

2H2($1E) 22 ($1E)

SMC = PMC + XC

: , A&
I XC = $1,000/= ; 22 A A = A

PMC

SMB = PMB + XB

12,000 Yoz olst
TE(EME) IAH 4
= $2,000,000/
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9 FH]E AR A < A FEH G YA T U fd o Hu L4 AEZL AP A
o] &7 Hlj A H[ & % 2 A 3 AL AL Eg-SH[E& SH il
RETE
|82 H4H| 8, 2E X H|E, AlZX2|H[ (MY + SHMHAEFT|), HRH|E, 7|EIH| (HMH| )22 F
M
o
v d4d|: =& AtH|(Overnight Cost)2} 7144 0| X}(IDC, Interest During Construction)2 44
[ & z#uu ]
[ |
| &3] Zido|x}
' | s EEAle] e
ZIFH| 7 H| Ay F oA
* 7| A A ol AEpYEF PSR
-7|?| 227 = * A EHH Y]
. A28 » 2| K} = mH] jof ] v
v 22X H|: ol AHH|, =M X[H|, ZH|, LetE|H|, AFZX2[H|(FH)E FEEH, AFEME|H|= M7 HE
= 2FE{X|H[0= 1.2 /kWhe| R&D H| & =gt
T = Bk THdeA
ol 7 H S AU M+ EHE S
3} FMFX|H| A || MK XEH| MK 8¢ Hlo
% 3 2 | SNMTHH| S| X[ HREH| H/EEE S
2 UL H] O 9! 2h2 ||
AFE X 2]H]| SIX}E AAHH|, H7|2 9 AFRS0IE X5H|8
R&D H|& SIXIB ATty |2
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KEE 971§ AEdde] 99 o g AT Fu) 94 970§ 57 A2 2 AR A
oeAud  HgTE EREERE AE B EE A
RESTE
v ARH|: AXHLMO| HEH|o| WHATI HF2 & 9% +==(48/kWh L Q|)
S SIX}2{ 1500 MEF 1000 LNG £3t 800
T H|(2d/kWh) 37.8 (91.1%) 19.6 (31.1%) 13.6 (11.5%)
1 2 H| (2/kWh) 3.7 (8.9%) 42.4 (68.9%) 104.2 (88.5%)
3+ Z1(21/kKWh) 41.5 (100%) 62.0 (100%) 117.9 (100%)
*6X MES~FI7|2A 2 7|F0|H, O|8F 90% 7|&Y
v BMH| g
= X HXFAAEM (1@/kwh) O2| 0 X|HE=HAAHH]|(0.253/kWh) S AMA X} X (BT AFHX| A X o 2ot

HWE, 0|5t HFH) S

of

HH ] TR 0| By

HE (O[S SFH)0f| stk = YT

=
o0

[




%

= KEEi

14
9] 5] AR A <] LA Y FH G AYAT U A R 4 222 A A
o] &4 wj H& T 2 A 8k A AL AP A1 & SH o
B 25H|E 3l oFH9

v BMH|E, FIIAHCYMH|E, At HEHSH|E, YoH AT 2F AMHZa gFd2HH|E § 50| ILRHo=
M o|8H|g YEOE AJED U

v SIX9o| o|HH|8 T= L2 HI|NX| HAHSIE| K| LUYoLt, (OECD/NEA(2003) / William D. D’haeseleer(2013. 11) 211
MOjM = ChE2at 22 g5 5

H| & (Hidden Costs)2 2 £835l1 Q2
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B <OECD/NEA(2003, p12)>

“Aspects of nuclear energy that often are suggested to entail external costs include: radioactive waste disposal,

future financial liabilities arising from decommissioning and dismantling of nuclear facilities, health and

environmental impacts of radioactive releases in routine operation and effects of severe accidents”

@ Routine Operation: In normal operation under independent and effective regulation, nuclear power
plants and fuel cycle facilities have relatively small health and environmental impacts

« YA JAXM2F0| R H|E2 ™ MAAARFT| O HH, D20 FHMARFI| § AW ®MF
710|lA ' dst= QN Zat =H 2FHE o0
B @ Severe Nuclear Accidents
«  ATXAI DL HCHSOf CHT 2 FH[E2 kA& 4(CDF, Core Damage Frequency), A}d
H

= o
2 X 7|4=4I = (LERF, Large Early Release Frequency) Si} 20| ZCHSH M AL LM Al &

v OECD/NEA(2003) 2 IMOI M 70| 9| SH| STk OfL|2}, QIS HOl0| YoM E AToHD YOH, HUH Al
VEER:-FEIERLIEIE
» Energy security, Environmental protection, Research and development spin-off, Balance of payments,
Price stability
< Energy Security ®2|: IEA(=1H| 0| L4 X| 7| 1, International Energy Agency)2| d2|0j| 2|5} H, oL x|t = ‘gt

2|59l 71402 oL{X| XHES ST 8l0| 78 Y + A2’ 9|




- KEEi 970 &

LA A o AH A FHE HYAT U A & FH& F4 A2 H A A
oeAud  HgTE EREERE AE B EE A
B2 2 o|EH| 1} LiKHS HY
v B Ao WHH| S0 AAH|, SHIXIH|ASSHARHI|S Helu| 8Tt sHKuI8 T8, HEH| S ZHH| S5

H H
XGXHAAE M (13/kWh) 5! R&DH| (AKX AN E 7|5, 1.28/kWh), 22|10 X|FEHAH|(0.258/kWh) 3L A
Xk x| S 7|EtH| 80| =gt
« AFEX2/H 2 2012 ¥ WY 20154 WIHYES Soh M +EQE hF ANBHYD, XIHXHAA LM YA
7|= 0.59/kWhoj|A 19/kWhZ 100% 9l Ak
- 201441 129, AR LBHIANS J|= 5002 20| 5000220 g ZHELE S ALn SCHMH| 2| 9|
HH|R =2 o|n] LYt

N ALY 7 B R ] A ED

AtZX 2 = 124 o 1444 o
WAFGE 7| 2 2|H|8 (200L EHT) SHMEH 1,1939+8) 1,2199+2
A= 32044012 =9
ArgZEioig e Reha (chegh)
STE 1340kl 53
SIS EE (271D 6,033 2 6,437 ¢l
X HASHA R %Al*‘nﬂ?l:*awlﬂ”’g%P 2](2015. 5), ‘20144 %!Al%iﬂ?l% 22[H|g A 2 ZSHDM-
WAMGH| 7| 2 EEH| &, AHES AR | BT, ATGHH SEH3'2 W8S 294-Ha|
= SXESR WAL 7| E 22|H[8(1,1930H)/E™ — 1,219TH]l/E )
= AEgFdEg| REFS(ETE  319,814HWJA/CHY, 2 1 13,202H3/CHE)
= HHSN 5 =(6,033AHR/27| — 6,437H/=27])




KEEi 93§ Axpggde] 949 g AT FYAANPHEFY:.  BRLAIA
oJEA MY W TE EREERE AECLEEREEN] A

vOMREIEHAFYS So) WMHISS 7| WM on, $RN0 AL &S o 1E 5009 Aol XF2 SYsto]
ATA M| NS B

» O] E7IOHMCYAHH| 29| QIEH|22 7| LIX|3Ist Zoz2 2 £ QloM, ZMXOR 7|2X ZHA wWX7|9]

v AHSE FU UM QISHIS FB0IM Dfeio T BE2 ANHIHIR(AH B ZB)0| M uie ofso} o
AY QIF 20| QM AZta AL H|-RO| Ul Ol = THCHE AFSHE[H|22 2012 T R D} 20154 HIHH S
S5l HA £ZO2 T ANSYD, KAXIAALH HA| 7|Z 0.58/kWholl A 181/kWhzE 100% 914}

Mining and Milling

Conversion

Enrichment

Fuel Fabrication
Routine Operation ojgt
Electricity Generation

Reprocessing

Waste Disposal

Transportation

- ZTj CDF Atm % vh: RIS O AHO] Ols) AT 24 Al AITHE 5,0009) 2le)]
- B LERF L3413 X S(SEHY)

Nuclear reactor accident
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msol Y Q2H| g LT3 H

v

o

rde
rx

MM E A A0 MIES Fuasts A =M 2L A 7|20 Fatsts GAHSHIZIZNE 2R

Y2 B XUXKITHA 7L HE 2 LMz ATAHARNM, ArE2UHE M A HAZSFHSME XIXITHHE=Z Ct=24| Faf

= = M XA TEOHYTME|2 2 20| SR, YT M2 A= X| =
H70ls M2 Btk = fXE MARA| (Nuclear production tax)@t =& HE[Ql WAL E B3 (Fees for ionizing
radiation), X|2FN| HEWQ| X} 7L 2Y EH A (Compensation for nuclear exploitation nuisance) S 37}X| |7 M| 1}

2HQI2 AR THCE Qg AZFAMAR 5l YAS H7[=2 Hitof CHet MlSat AKX EHOE Qlst A2l R 3 YAl
s Hol=2 MFo M= Fat
~ RAR ME2 EAE L AL E AR H|7|=0| AXEHEM AXRAM STH2E HAHE Fof cHsi Fatst= A
0|1, & HM ME2 LH0 YAMZE XMFE AEFHHELY YAHS 17| =0 CHsl £t
AQIH2 1990 DY 2 M pM| BALE ARSI 0, M[E2 O X 0.30~0.3252/kWhoj|A{ 2006'H 1 0.6 5 2/kWhZ QI A&}
11, 2008H0f| = 0.675-2/kWhZ 214
" Mg Faje| SH2 AW /1AFYWEHS O E 2HARL R 517] fIg. ol= 1980'ACH Bl AH THAH x| ERiol &

-1 OO
stol
AotE| 199810 Xt LMo AEFHARL WAMY H7|E2| NIt MEH|ES OHEHSHY| 6t |XE LHo HHz32 £
at
= HEZ2 FY AXE 7™ 7| = (Central Nuclear Financial Fund)2 2 20| £|1 AR, WAL 17| 22| 2|2t M2
295 = HE 549
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-
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2
HEAMEM 2 1.238/kWhe|

Sa|Ltatel

v
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H R&D H|
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o
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i
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KEEi 93§ kIR P FRAAIRHEEE:  FRLADA
L UL K EREERE ALAY R0 & SH A

2Ll AR
v AIE|H ZSH| S N QIS Al C2H| 21 MAHH| 202 QEH|20F 7}H3MS mj, /X 9| | H|2L2 XA 1.80

2/kWh(0]7] 2)0M 21T 63721/kWh(23IAFEMA DMl 07| BYYU1E DR, ALDSIHE S+ HYH|)

o=z LiEtE
re) [=] x 74 o = x 74
I dAHFe| o FH| & FF AN il MAASe| o FH|E F=HZEN
HSl2 o
o e S aligs el
Xl X
uig 4HeI7t | 43.02~48.8%1/kWh
UM QA 7.58/kWh °
AtDQEH|E | ZAtDH| 58=~343% 2 0.08~59.82//kWh)
- s . ObX | ZiBj0| TFE HAH| W SHLX|H| 57t
T12|SiH| K: 72 H} ZIEH| 2 (=] = x T =)
ggey g RS TR/AWR HERIESHS: QHHAHHIS | (A A KYUHL FHUA 20| a2
S0} ALDCHSH|E 9,194219 (2014~2015k)
B9l WHE AX|LSH|B(~2013) 9,3950/2
S8|oAPEAA] A}_TI;J-?—l'é"':,HI%: 0.08 ~ 59.821/kWh + HHH| &: AFS| = NFEP AN 7|2 HET UX[ZSHIE
3:92/kWh HI8 | oxzsug DY AHME AWX|o UX|MFEA 2E
N7 AM 1|2 SHME AN B U
A2l (Mg KAFXEX 7t
o 7| & AL 9|EH| &+ R*4H| 8: 1.80 ~ 5.75%/kWh i;‘ﬁ‘f;}'g)('j HATTX|0) 230km 721 765kV
=
HAHH| 2 q XPEALAHH oi2](3.9¢d
7 AmYIEChSHI ST WAL S0l 2|88 SUOE HaE BANE | 20131 ABHYH) 5,169 2G SN
DR MIcHE| S | DES] WAMIHYIE HEFe| =AM

X2 : 72| of| APEX X (2014. 3)
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B SEXIY AL
B 1) William D"fhaeseleer(2013. 11)

v o33t x|ado| QX Q|EH|R0| 3t =Q HIAAIME =3tM mAMozm XAREMSIT 00| UK XAHCICERLOF A

QiXjo| IFXH QI T2 ME O|AIZAKO| S 23 X[XIME HZ
o

= S UF0AME AXHETO L RH|E g5 T L4 AW 20| w2t TS 2 FH| 83 S ATAD
Yo M= L FH[ES 7|E A HuEMS Sl FE5H0 HAl

~ YYHYU HFH 2E0AM THSE RHI 0 YAME T[S MEH|E, BT SHAM HIE N LdYHYU AH 2F
T ot YAMd == YEof ME AN 3 &F nlofiH| 80| ZgHE

7} Ofl UAEOI S HOM WMEH= QEH|R XM= 1~4 €2012/MWhO| #2Q| HA|, O] CHE WX 0|

v SIMALD
SHQI H DY 0 1S 2 b £

o

v SCHKIFALD LMo Ci$ QB H| 22 T 1 €2012/MWh, %|AZH2 0.3 €2012/MWhO|H, %|CHZt2 3 €2012/MWh
OS2 HA|




KEEi BEINEY B e I PrpSTeRn P peEn YA oRnezy, A2 A94
Jedmd  He Tz o ) A 3} AL el A B e g = 3

B SEXY A

B 2) =2 IER(2013. 2)

v YAl UM SO mat LMt Q5H| 82 3~3.5 €2010/MWhE FH

v IEROM ot MeEto| 242 3 QX0 0jX]= 2|FH[E2 40 €2010/MWh, 7tA—IH 2 20 €2010/MWh, Ej
L& (PV) 10 €2010MWh, SHZLT 2 2 €2010/MWhL 2 SHUT S Xe|ct WX A A o| | R H|E0| |XIHUTHECE
=4 =38

v IER2 50| ST YHALD W0 ChE oIS HIS HAl FHOD UL, FYS AL W0l 9RHS2 HHAD 5
=0 w2t X4 0.13 €2010/MWh 0f|A{ %|CH 0.15 €2010/MWhZ = EE|Y 1, S FH 2 ot g2 0.23
€2010/MWh

B 3) Lévéque(2013a, b)

v AL m|sfH|8F 430 billion€, HZVAHZTFS 10TWhZE TA|, AlD TMRIE = TpA- Cret fFAD T Lo&4
AtDOHS SCI™MAID 2 FA| 510 2x10-5/ reactor yearX £

v EE AHADO| 9|RH| 8L 0.866/MWhOE A4 MY Xt2|o) A SHES-SHA % 1/MWho 2 H Al
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B 4) Rabl(2013)

v

S HAD 28 Al AXE 4|8, HHEH B8, ARE HIE, K= LojH|E, T H[E 3 Atn FHE Yo}
H & S2| AFAtof tigt 2|FH| S BEH2R 73

At st 2 M=ol H|E 360 billion€2010, Af1 FYSE2 N2 S0 FAD FHEE F7)
25dE FA|= 250 12]2f Atn EHY 7HE

EES AH AtDO| QIEH| 82 F7Ht| AL 3.8 €2010/MWhO|MH, %|X| 0.8 €2010/MWh, X|11 22.9 €2010/MWh
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-
rir
o
=

21 M A1 (Major accident)
o

MZbsH FALTO| HS AR E m3H| R 120 billion €20100|0, SCf Y A1 O| H3H| &2 430 billiion €2010
UMAIT WMEES 2H AKX I| F(AEA)Q] 7| EQ! YA 2R 0| [HZZ7|WEHIE (large early release frequency)

i
1A
ofo

Hle 10-5/reactor year M8 A| 21 Al19| 2|HH|E 0.12 €/MWh ~ 0.43 €/ MWhZ

HIBMICH 3l™e| chiFxo|YE
HIE 10-4/reactor year HEA| FHE QEH| 2 1.2 €/ MWh ~ 4.3 €/ MWh

SHE|D, Bt BAEQI uI

=
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v 20154 ‘UHH|ISAS YYIEHME BI| XS

=
o

F8 Y™ 2 OECD, EIA(O|= Of|L{X] A=)

Z(kWh)

At=H| + 2T 7XAH| + A=ZH| + Ar2|HH|E
RE

ol /kWh

SEO X A E HEE otLZt W 2H| g, HHARFI[H| (EAHIH 7| = XBHES =
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Al HZH|E 1.8

HAHE = AL D|sHH| 8 2=
9 HE 11X ez & 122X Q0| O|E S8 2, x|, QAHIEE &
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44 o] S A yAT U 4 o 7R & FA: 22 RAAA
WA 3 AL At AR S S A

O|ojiH| & 1 2(20154E 7|F)

T& 23 M msfH|g& f2 B 2 mjsfH|g& 72 HIS (%)
AlD T 2H|8 1.8 1.3 14.75
HJj AH| & * 5.7 4.3 46.72
Y-S 7HA x| 2 3.6 2.7 29.51
7|E} H| 11 0.8 9.02
| 12.2 9.1 100

* SAA|0F X ¥HA 30km O|Ljo| QIF= QF 1702H & AHF =2

- =1 3HHHAI-H|_9_ = Unjdo| H| 0] "|'°Hk| Eal=
3%7|7x|Q] E3o| H|Z B

- 3 2: DEjH A= AT AN R 28], &
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_ "1 e

et ECHy So| xj

O OO -
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Of 201114 ‘H]
70%2 M|
2 EESA

- Hoj| 12] - 12,1002 -

2E7H=O
SComoTIE

Yo ol3 SAAETH U
3‘“5 iol-
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g}, X} & Sovacool(2008), I| 8| H| 22 2006 US$

2011 Fukushima 7 Japan 9.1z - Re_actor shutdown after the 2011 Sendai earthquake and tsunami; failure of emergency cooling caused an expl
(2015 7| &) Josion

2011 Onagawa Japan Reactor shutdown after the 2011 Sendai earthquake and tsunami caused a fire
2006 Fleurus 4 Belgium Severe health effects for a worker at a commercial irradiation facility as a result of high doses of radiation
2006 Forsmark Sweden lIZ":;(;gt;raded safety functions for common cause failure in the emergency power supply system at nuclear power p
2006 Erwin Us 0 98 Thirty-five litres of a highly enriched uranium solution leaked during transfer
2005 Sellafield 3 UK 0 65 Release of large quantity of radioactive material, contained within the installation
2005 Atucha 2 Argentina Overexposure of a worker at a power reactor exceeding the annual limit
2005 Braidwood Us 0 41 Nuclear material leak
2003 Paks 3 Hungary 0 37 Partially spent fuel rods undergoing cleaning in a tank of heavy water ruptured and spilled fuel pellets
1999 Tokaimura 4 Japan 2 54 Fatal overexposures of workers following a criticality event at a nuclear facility
1999 Yanangio 3 Peru Incident with radiography source resulting in severe radiation burns
1999 Ikitelli 3 Turkey Loss of a highly radioactive Co-60 source
1999 Ishikawa 2 Japan 0 34 Control rod malfunction
1993 Tomsk 4 Russia 0 44 Pressure buildup led to an explosive mechanical failure
1993 Cadarache 2 France Spread of contamination to an area not expected by design
1989 Vandellos 3 Spain Near accident caused by fire resulting in loss of safety systems at the nuclear power station
1989 Greifswald Germany Excessive heating which damaged ten fuel rods
1986 Ch Ukraine 2,350 § |, . . - . .

ernobyl 7 (USSR) 4056 20114 7|Z) Widespread health and environmental effects. External release of a significant fraction of reactor core inventory
1986 [Hamm-Uentrop Germany 0 267 Spherical fuel pebble became lodged in the pipe used to deliverfuel elements to the reactor
1981 Tsuraga Japan 0 3 More than 100 workers were exposed to doses of up to 155 millirem per day radiation
1980 S?;gtsléi:l:)e(nt 4 France Melting of one channel of fuel in the reactor with no release outside the site
1979 Thlrselsnl\glle 5 us 0 2,400 Severe damage to the reactor core
1977 .|13aslov§ke 4 Czechp 0 1,700 Damaged fuel integrity, extensive corrosion damage of fuel cladding and release of radioactivity

ohunice slovakia
1969 Lucens Switzerland 0 22 Total loss of coolant led to a power excursion and explosion of experimental reactor
1967 Chapelcross UK 0 76 Graphite debris partially blocked a fuel channel causing a fuel element to melt and catch fire
1966 Monroe Us 0 19 Sodium cooling system malfunction
1964 Charlestown uUs Error by a worker at a United Nuclear Corporation fuel facility led to an accidental criticality
Santa Susana
1959 Field us 0 32 Partial core meltdown
Laboratory
1958 Chalk River Canada 0 67 Due to inadequate cooling a damaged uranium fuel rod caught fire and was torn in two
1958 Vin¢a Yugoslavia During a subcritical counting experiment a power buildup went undetected - six scientists received high doses
1957 Kyshtym 6 Russia Significant release of radioactive material
1957 [Windscale Pile 5 UK 33 78 Release of radioactive material to the environment following a fire in a reactor core
1952 ch . A reactor shutoff rod failure, combined with several operatorerrors, led to a major power excursion of more tha
alk River Canada 0 45

n double the reactor's rated output at AECL's NRX reactor
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