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On Risk Assessment of Energy Production
Katsuhiko KUNI|

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, lbaraki-ken

(Received April 1, 2005)

Today we cannot ignore the risk of health and/or environment by energy production
such as power generation since the risk has been made large enough. In this report an
information survey has been done in order to know the out!ine and points of risk assessment.
Based on the information of reports and literature about risk assessment, have been
surveyed mainly the external cost assessment of power generation (in which quantification
of health and/or environment risk has been done), in addition, risks of disasters,
accidents, investments, finance etc. and impacts of those risks on social activities.
The remarks obtained by the survey are as follows: i) Some of external cost assessment
of power generation showdifferent results even if the assessment conditions of ‘technology,
site, etc. are mostly the same. It is necessary to remark on the information such as
basic data, model, background, application limit of assessment considering the
reliability. ii) Especially it is considered that the reliability of risk assessment
is not enough at present because of the lack of basic data.

Keywords: Risk, Assessment, External Cost, Power Generation
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A%, FOEME LT, TRNF—SECETS YR VFHEORREMNS LHDIERNEELT
o120 ERIBIFBBOL R— FPXHE L, EICRERMOND IR MFE(RREPLBRED Y X
HEFEOERENBEOIATNS)ZDONWTEANE, EREHETEE, B 8E - &R0V
2 BLTZNLDEERSADRESLHANE, FRETIE., FHEHL CBEEREHTR
Mo, YURIFHEORRES LUBRBERLIZOVWTE EDS,

(i) YRIIZET B8

Y25 FEICET 2EALBREIRES <AL, SBChREPRERLOYRYIZETS
BHRAHEDEFBIZHEL TS, BEANIZVZIE, 2 - BEOUI I TR, EBNEL
WABHTMOSR(ABIR M) N EALIERTH 3 M (RE-BIEY X/ DERILHKRDA, -
YR DERCESTEEOEEZB), TEOSHEERIENMIANS . —H., ZOHBDOY R
SIZEL TR PUEEUAORE - BIEDOUR Y, BEEOEE VRS B - KEOU R
A ABOLEZEDZ YR RE), BRS L CEEARICORL | BHNHLELTEE
BF—HTE. BOLFENRNT LR ENSIERICETNE . TREEZNELHZONER
LEILND, ARERCOLS ARA T CEHLERICETIZLDELDTHS, B5N
FIERICIERY KB HERYICHERFTIOPRTOHER. Bdsh> TN I LFEDHTL, L
MUaAS, YR FEORR, BES L FSEOFMOI D EHEIZ D WTHAERIRD HH
BHNRPRAERVWEFR LSBT, : ' :
ABEIZH O TRE LEERIIEENCUTOED THB . BRIEMHT IZELEHTNS,

DIz - TWHEY X 4 (HBHTFHRSE) (HRR%K;08) | (AXTHES) | ((H81)

IS L U R 5 FHESEE (1s5¢) 2.1 | 3CAR Table 1)
(RR. BHAL L) i ;

- BEARBONGETHES (15¢) | 21,22 | X#Table2)

@EED YR Y (emiaH; 4T #) | i

 BEORES LUERIZ L 3% (8¢) | 3.1 | Ak Table 2)

EE. BECHTARE. Bk (8ff) | 3.2 { XX#A Table 2,4)

YRHOBMEITA=r-SaL (16 | 3.3 | X#k Table 5)

TALF-HRFRED YR Y (6¢) | 3.4 | & Table 6)
SRUBHHICLZIVRIAY Y : :

TALE-LF2UFA (4) | 34 | #t Table 7)

 SBEHOYR Y (3 | 34 | @k Table 8)
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(i) FI|EDOHEK
FRECHTIREABTOT X TR OERICEETNTVS, 2, IBRFMFHEI D
tRD, QOHRTELEHENAHD WESET 3HT TRBEThTWDE, 2 ETIL

ExternE(Externalities of Energy)fffze%i & REIZEET 2 A BT, 3 ETIHKEPERA

EVRITFHEDER E U TRAIRBEEDBERICET 2158, VR DELH SO LT

FLEOVWTHREABIIDOVWTELE, BEDOZLHEFZOEFIZEELE ST, F531OFT

BETIHEREIOER, RESNEABERLE, &b, 2 ETRESLUEBEDOYR Y2

BILTHBMFMERD LIF 20, ABEFENBIR M E)DDTHRE - BIEURI0OE

BEABOATED . ZOBRN I Y OFEL ZOERIC DN ZEALIERESI TS

EEZLENOTH D, £/ ABUFBIELEENE LS OEBRNEFIOATVNZENSE

REHB, BB, 2. IETEIMY LI o NS E L A>EIERIH S 0. KX LRI

HECHERIELTZENGERELE, BARE2LELOTIEAL. BUTHIL LSRRI

CERIFZ1H. EEBRMELTHFRICEEDEN, URITHERELZBEEANDED L L

SETHIREFBABRLOEEL, BETISEMAMBANS 6IZRLE,

(iii) FBECZHBFIIVRIBLUNABEDESZH

Fig.1 (ZFRBETHMH LIFTVWBITRILF— EE&@T%UZ?&DMT HE—ROUR
7. REOABIX MABE) L ELDOEFREERMIIRLEEDOTH D, TRILF—HEIZ
B33 )RV RIE.HBLEHBOSFEAD YRV LERTIIENH D, MTIE, K=,
LFMELGEDIV RV EZDHELTRLUELS BEOASDEE Y Z/OPRIZBENTLS,
IhiE, ABERLTEROLSIZUR Y ERBSHICREZEDTHZ M, LR L SIzoepy
SHE(AEBIR NHE)OPTRE - BIEYUXRIOEEENBOIATEY . ABETZhEHS
ZLEZERLDEDTH S, £z TRILF—tF1UF 4 PERESE. BUELERIERC
.tlT%UZﬁtéh%%@houtﬁ$ﬁ¢t@$b<umbiwtunu ZTOREIZD
WTOHEEIZh TS, .
it\$ﬁ%f@2$®@%-%ﬁUZbﬂﬁ@¢f%%ﬁ?ﬁ%mDLHTM6ﬁ\%h
SDEVIIUNTOLS TH 3, |

VR ERORSPEE., RIE. SE. SFWIIRL LN T 3 BENBRYE,
HEBHE  TISMBOABIIBEINERENEZE, E. 850,
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(ZRLF—tFa2 VT4, BER. BEER)
Fig. 1 A diagram of risks connecting with energy production
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RERM A CONDUTMEIL. ZOPCREPRECHTZUR/OERLER->THD,
TOF/RIEY R OFBCERBDEDICEALEREEATVBEEID, REPERE~DY
A=—THNARMEVSHETRRIA, VRIFEICE > THERBIBELEREN S TH S, HEB
 EFHECGEFASLERNFRONABELBEBLEM#INBI LS TRk, LHL, ZOFHE
LEEREOHBEL L OBRENRO NS, RETIE, k1 X# Table 1), 2)IzHIFE
BROFNS ExternE ARG ETLEDE LD HIF, FHEORBELPSKRORVEHFRE, 4
BUEFMECESVTEEEEIShZEREZ LOE,

2. 1 éﬁl*lb# FRD/NEBIE

(i) ExternE#HZ . : :

Bl B WTRERTOABUTEARBIA . ABIX M EELDHETEIF—HHNREEH
EVABIR NIEDEHDFEORRES LU ZADO U RE~AOEA . FHEE2ELEHE L,
1991 EMS 19T EEXTT7x—X 1. Il & LTEMBL., Zx-XITE, ERRETOT
TV PEULTEIDIS AEN G0 EZBIZ 7 —REMD LIFRFLTWS, ChiZ12EBORS
RT(LRBE; Ak, 8%, E— N Bl T UL T a3 >, RERHF R BEFIRE ; PWR ERKIA,
BERREIRLF - N4 AT R,KkHD,BH, KB, 204 ; BHTTIRB)E2LEDTH
2.2 TR ZDELERTHIOEFINBIX M OEFIANBIZX MEETS> rD#H).
BLUQREHBMABIR MNBRTAIFUR KM VDIFA)E. FhEN Fig.2.1.Fig.2.2,
kaZ1kTT(@@¢%@&mmEbbt&%ﬁ%mthkibitwbhfED“T
»%)o

ChoDFBEHERNIOB/ONIFARBLUBERIIUTOREDTHZ . ODOERROLET
(X ABIXMIBMLU T, BEEIRILF -, BEFHTHhE L, LGERBPTIEXAE L, Zh
AEL (EERBTRASERMEOHEICL2BECRBADOZENKZIVEDT, Z0EELL
LTRELIRXMERINTNS, £-Q0OEMN(REETS > b, thDREH 1 2 LBl
2ET)TRARFMIYTRKEVWDHNBILDINLENICIEIETEDRUNKENENZTZ, &
hIBETEEORET S MRGIRATERBIN TSI LIZL R, Thbbt, BRME
RP|EFBBEVWSEBHTHBEMALRELDOIOBNCLZLETEDEN., REZFTLEAEY
LT - MHEHDOBN, BRETH D, . DLQTEHFAMEMNKEVFSENIVNFE(DTIE
Zh ®h Highest damage, Lowest damage. @TI& High,.Low &£ RE) & BB LTWS, Zhik.
DX NERBOBBTRISERHVELHV(BIZEADT-SDEN), FEIX MMIZFDOLE
DREUBICLDKESRRDIEDTH D, RABERIMEDEI S DIBATRELENSD
10f5%5B228DEH3, > T, FMEBOSRIZIEZDERIC+ILETIVEND S, £
. BDBBREH D, bbb, OORERDME. £-QDEEDME(E. &k B EED&Y
1 MDOBRERTRKEC RG> TLEEER2. FhZABEHEYLEEDEL>TVWBRZETH S,
D. ODHRIZHHET, ZOEHFOBINTLRE> TNEEES TEROVWTLEET~
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AIEAEIR FEEOBECEET A2REBMRENDEEEMOLLTRLEATH S,
EROBATRAVEAFURIZIONTRLT VS, LEZELETRALL S BARNNEE
BfiEBLOTWZ EEZILNDZN, SCNEETERBIIKELBL DI ENMDND, &
. OEEFHEOTIERMERLTEN . FEREEIREVBFGENZLENZ LD,

ExternE IR &BLTD,Q0LS5 % El OBFEHS LUENABIR MBEHIhLESR
FAREL, BhENSWVWOIRMIREH, —BOREELE T UNDBEAROERZAEIC L
Ernid, BExX " T ZhEEFFZLS1C TABHFMCEET 2 TEEENHSTTH.
COESIBRTYRNTy MABIZNEEPE LRV TORERREIZRIDED I EDERN
H%o |
BE. TITIEENABIR FORBPEEEOFK, BHkS V% ExternE FROFM AR
ZoONTEB LA, BXIEZNL6DZ £ 5 ICRERDFMOFKREFICONTEFL B
S ALTW3B,



JAERI-Review 2005-021

OFRBIANEBIR +

g | . I I

DHighest damage
v || owest damage
Hydro

Biomass —]

Nuclear E '

Gas

O —— .
p— ]
Coo! — N —

i
0 10 20 30 40 50 70 i) S0 100
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108

(Source. 1))
Fig.2.1 Overview of results per fuel cycle: for each cycle the case

(technology, location) with the Towest and with the highest
damage is given.
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Where,
AT ; Austria, BE ; Belgium, DE-FRG ; West Germany, DE-GDR ; East Germany, DK ; Denmark,
ES ; Spain, FI ; Finland, FR ; France, GR ; Greece, IE ; Ireland,  IT ; Italy,

NL ; Netherlands, NO ; Norway, PT; Portugal, SE ; Sweden, UK ; United Kingdom
(Source 1))
F1g.2.2 Mean externalities of the electricity supply industry '
in 15 European countries
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Table 2.1 Externalities quantified and monetized in the ExternE Coal Study

Monetized Impact Fuel Stage Quantification Basis Monetary Basis Uncertainty Total Estimate
US cents/kWh
Public health Generation Air emissions:PM & O, (G Air emissions: Mortality: Medium-High 0.54 (UK) & 1.82 (G)
Transportation  only): Dase-respon§e VSL Morbidity: Benefit - :
functions transfer (WTP to avoid
Accidents: National different symptoms)
accident rates Accidents: Benefit transfer
Orcupational health Mining Air emissions: Dis;eases Air emissions: Mortality: Low-High 0.11 (UK) & 0.32 (G)
Quarrying (Radon): Estimated data, VSL Morbidity: Benefit
Construction Dose-response functions transfer (WTP to avoid
Generation Accidents: National different symptoms)
Transportation  accident rates Accidents: Benefit transfer
Materials Generation Air emissions: SO, & Air emissions: SO, & Low-High 0.11 (UK) & 0.03 (G)
acidification: Dose acidification: Repair costs
response functions PM: PM: Cleaning costs
) Emission data
Agriculture “Generation Air emissions: SO,, O,(C Air emissions: SO,& O;: Medium-High 0.004 (UK) & 0.003 (G)
only) & acidification(UK Crop lasses evaluated at
only): Dose response market prices &
functions acidification: Mitigation
costs
Forestry Generation Air emissions: O, (G only)  Mitigation costs (G) & Ma;'kqt High 0.0006 (UK) & 0.061 (G)
& acidification: Dose prices (UK)
response functions (G) &
physical timber losses (UK)
Amenity Generation Noise Benefit transfer High 0.02 (UK)
Transport : )
Agquatic Generation Air emissions: Mitigation casts Medium 0.0002 (UK) & 0.001 (G)
Acidification: Estimated
SO, & NO, emissions
Aggregate: 0.86 (UK) & 2.25 (G)

Legend: G Lauffen, Germany"
UK West Burton, UK

(Source 2))
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(i ) S EPEERMOD Sundqist 2Lk B L E 12—

LD ExternEFARIF 199N ENS 1997 FXZ TEUDEL EZWRIZLAERES XAFLDHHD
AMEBHLTNS. 2T, ZOExternE IR, S SI2ZFhUBTIDEDE S L & D ISR,
IR (CREE L BEONBMIFMIZ T3 Sundqvist DL E1-{z2o0TRE, cOLE
1Tl BRERBOLHEPLY A M LOFHBOTRPREEIFE—IhEEDOTIEAVWY, &
RAIZE 5 0fE. SEOHMEICL2TMEREEHUIBL, BXE. RIMMESLUZOHK
B EFREHK%L’*&)‘CL\%? ZOHEHRNI S, ThETRINTELABUTMOH. &R
DEHE. BBERALEEDPINULERLTNS, BIRED LS 12 ExternE FROERIZEAL TE L1 <
ODHOBRENEZ SN Sundavist & & D EWEETHBMTMIZ DLW TEELIERLT
W3, UFIZ, COLE1-TRENERENADERIZDOVWTRLE, FBOFMOLLED
BRELTRENEEDTH S, (TR2E N/ Sundqvist ITLZIX Y MNEIUTDELS TH 2,
@ BRBIABIZ b (Fig. 2.3)

- BFEBIIBLE L GHFELTN S, COBBTLZANYTIEE S,

ZOHEEDRIEEERIIODVTENIA—N~Sy T UBLERABRCLTIS,

CVEDDIERREFERB AL /NATRNSDALEMENDS S, |

FHEMEDRE TS > NORBMUE. FELORECPTF-IREDENIEL>T
- HEBAThBTHB S,

@ FHRBABIR L (Fig. 2.4)

B0 FREEE, UBILDEOENKRE (> ENZ LS,

Q@ EBIANABBIX b (Fig. 2.5)

- BAREETHNAEENDOZEIAE R VEOEN 100AIZIRE> TS E8),
CHEUCZEFIRERIBADENILZEDTHS S,

@ EE@AEBNABIR b (Fig. 2.6) 4

- RDBDBFENELIEEEIBZEIFVAR N, BHETMedian Value XEAIL LS
EHBTHB, Hs Bottom-Up ETL > IUNBVDIZEZ 5 CEAFINS LD
EEZO>ID,

® RMLTy7TEDBEDEREELIRX LN (Fig. 2.7)

CEFIZEDERBD MDOZDOBVDIENKE RZMEANDH S,

(33; EF 199 FEDEIX—DDFEERICOHLZED)
OFFEASBSRMEICE T 218K /KK IR bOIREM (Table 2.2)
B, €EIX MIBEIR MIEARKRECTFHE I AT S,

oD, EBELU Sundquist DIX > b &, TOLE1—-Z@xs N EETELIERIC
DNTEEDHREUTDLS IR B,

Or5@ODHERIF. ChETOFMEREERNBREZTNZAOREANDES B EXSER
ENHBELETLTINS, PREICEETILERREIZZHICRTE. 2 EHhS5KE S
BTERICI0EEBIZBEELH I .08 . FOERIIODVWTIHRODERIZLZEDELTS,

- Xt ithig - - BEvIg TRERN. REERBNRLEDS L&

CEABE - {EROX NIEEIRN, by TIY L KN LT Y TEDEN

_8_
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- W RE c e CEERENLT v TIEILLBTA@ENAE Lo TS
-WgRE7OER - - - CORBTITOLREITECHOER
CEEOFHR. RE - - - SSRMEHHE. RYICEFNZABLORER EDEN

COLESBERNS, TOLE1—TE, —RICASBEOHEIIZERME, ThbBELD
SEOEICENBEETHI . B2 DOHEEROBERITIE. &2 DM S U P
REDERIZL(RBTIREE, #RALTNS, Thbs, EAMICETEOFS LMD
CenRBBNBEVWALS . £, Sundavist OLE2—#RERD L. WEONE - R
S AARTE . FEEC0 5 S0 E CRAB-BIMEOENAE VEENBNT EbN B,
. AEBIR MIDOWT, EEORKERTOFIE. £52E - IS CHMEEZIOFHE
ERkDEELTE, COBERMNENH S LHIC. ZOEOFHNH S W IEARKE LTOREK
BURBNEWSZEIRRBEVNZI LS, A

TOLE 21— ([ZHREBEICRABE COFET -7 (XIZABIR M) EBEOIZRL, Zhb
ARA-RNORE. PRELGEELTEEHTHY., ZOFTMEOBRREIIKE L, £EL. 7
F— 5 RS ETREDESEROIIE I ND LT, HHRBIA—DERAEFETITSIC
LEFESTNDZE(ZFNUADRBILRE) £ 2B 20 FHines B h LS DI,
EFLPF— SRR EVNSBRESENH IR EN S, FHOEN S LETEH,RY ORE
NKpBEEZDND, ZoT. FHBICTRNSINEENZILEZRLDD, FHEORARE
EELERERAS LN, RULFIRENEBETHREEAONE. BEDOHEARTSH S
Externf FIZN TS . TREMPF— 4 DL RSN SHEICFRIEINH S 2 I FEINIE,
DLWz B EEZ,

O TFERABIZ b (1998 US$)

100,00

1,00

US Cents/kWh
(Logarithmic Scale)

0,01
a|~ TT- Min-Max

I 25%-75%
COAL GAS HYDRO SOLAR O Median val
olL NUCLEAR WIND BIOMASS edian value
(Souce 2))

Fig.2.3 Range of external cost estimates for different fuel sources

_9_.
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QFERBINEBIR b (1998 US$)

100,00

10,00

EELE) -7
i IH”- i

1982 1986 1988 1983 1990 1991 1992 1994 1995 1996 1997 1998 1999

(Source 2))

1,00 —'_

US Cents/kWh
(Logarithmic Scale)

0,10 _I_

0,01

Fig.2.4 External costs from fossil fuels over time

® EAZSIX M (1998 US$)

100

US Cents/kWh
(Logarithmic Scale)

-

Germany [N=10] UK [N=12]
Netheriands [N=4] ~ US[N=16]

(Source 2))
Fig.2.5 Range of external costs for fossil fuels in different developed countries
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@FMAERNE IR b (1998 US$)

US Cents/kWh
(Logarithmic Scale) .

10'00 _v.,..«...“.,....u

1,00

0,10

0,01

. “T_ Min-Max

25%-759

ABATEMENT COST [N=8] BOTTOM-UP [N=47] ? %-75%
TOP-DOWN [N=8] Median value

(Source 2))

Fig.2.6 Range-of external costs for different methodologies (foési] fuels)
(3¥) ABATEMENT COST, TOP-DOWN, BOTTOM-UP MERKIZDWTIXEED®ESHBEI hizlL\,

® RLLT7yTEOBEDEREELIR b (1998 US$)

US Cents/kWh
(Logarithmic Scale)

Fig.2.

100,00

1,00

0,01

1991 1894 1995 1996 1997 1998 1999

(Source 2))

Bottom-Up damage cost estimates for fossil fuels over time
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® KKBRYHEICATZEX/KREIX FDOREME

Table 2.2 Value of air emission reductions in California (USD/pound)

District Methods SO, NO, co ROG PM
South Coast Damage cost 488 9.52 0.00 4.55 31.32
Abatement cost .13.02 174 6.12 1243 3.75

Ventura County Damage cost 0.99 1.08 0.00 0.18 16.05
Abatement cost 4.08 1085  -Internalized  13.88 1.18

Bay Area Damage cost 2.28 4.83 0.00 0.07 15.78
| Abatement cost 5.85 6.84 145 6.71 . L1

San Diego - Damage cost 1.76 3.66 0.00 0.07 9.35
Abatement cost 2.37 12.03 0.72 11.51 0.66

San Joaquin Valley Damage cost 0.99 4.26 0.00 2.45 2.47
' Abatement cost 11.71 5.98 2.10 5.98 3.42

Sacramento Valley Damage cost 0.99 4.01 0.00 2.72 1.44
Abatement cost 5.39 6.01 3.30 6.01 1.85

North Coast Damage ‘cost 0.99 0.53 0.00 0.31 0.37
, Abatement cost - 1.98 3.96 Internalized 2.31 0.59
North Central Coast Damage cost 0.99 1.29 0.00 0.53 1.89
' Abatement cost 1.98 6.01 Internalized 6.01 - 0.59
South Central Coast  Damage cost 0.99 1.08 0.00 0.18 2.71
| Abatement cost ~ 1.98 6.01  Internalized  6.01 0.59
Southeast Desert Damage cost 099 0.29 0.00 O.ll 0.45
Abatement cost 13.00 3.96 1.91 4 2.31 3.76

!Sources: Adapted from Koomey & Krause [1997] (originally taken from CEC [1993)).)
(Source 2))

- == -3
— A

- #85% 3 X +(Damage cost)

ABTEZFE LTELZBEDIR b, HIBOAXK TR LR EDEELBLEO—IFAT
ELUTHRVWENENICEET3H5E8(MyTH o R)e. BEEBLDALNDOREZE,
BEMCEDNOEBEZELRCILBEE UBA LF A TCHEBELE L TRTHBS(RMNAT Y
T7R)DH B, LROENEBLLOFEIZLZMEShohTULRNL, 1993 FOF—7I2E
TKEDTHBH-HOZ L DERAFIZL > TLSATEEMEMFE L.

- {KiE 2 X b (Abatement cost)

RIBBERBEDERBME. MFIZL>TEHELZIR b, RFICETCEDTH B 120—14%

IZHEERIRMNEEFENELCPT L, - ‘
WTFADIXMERAIA MR- TCOBEENBREL S,
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(iii) EFNLE®

ALY DT L — > DIEEM L ETIL TR BBOEFLIZLN BEINTETVS, FiEh
F TTRRE LS THABHOTERRIZ LN NBEECHZ L2 ERBTIIE, ZOBRE
EFLOBVOBEFREES RAEVLDOD, fAICBEIRENMIDLWTH-TH(BEREHS
5,%2T. 22 TREDODEFLERD LFZOHEREHE LEGIZDONTE~S, ExternE
72 EcoSense & New York Study @ EXMOD OB EFILICLZ2BRELBLEFAR ' TH S0
ZRZhOEFLZACK AT v 7HR T, HEEERHLADL IR EHELGETES
EFH—BE€3&£32LTLAN, REFLIZRBEOFMREORELLEH D ZhEED
EohinED. EEOFHGETERLZBLLEL TN, TR, EREOELTYU
TERH LFr, RS hEEREHETUTICRRE,

OFMEOLE o (Table 2.3)
ORBEZEFM7 7254 —DOHE (Fig. 2.8)
OFKEICHATILE : (Fig. 2.9)

BB, COEBHERTIINHAREFROY 1 MMEI—BEE5hh oz New York #iPI & Denmark
ATHHD., TORBVILEZBRNOXEEELH D ERTWS,

DTIRBEFNICLBAEBIX FFMEIC 5 EULOBRENHS(2.84 1233 L 15.72), FET
(Mortality) B L USEEMHRICET 3 FMAEDRVWHAAREKRELTWR  CORBHRTIE
EcoSense & EXMOD DB EFINICHIFZEEA >N FOBVWELTUTE2HIFTWNS,
BEHR BEXMOD EESHTUL AN :

A EcoSense (% YOLL ;5 TigtE, Attt &+ . EXMOD (X VSLETREDHER
(YOLL; B KRG OMME Years of Life Lost. '
VSL; #EEtAEMROME Value of a Statistical Life)

FJ> EcoSense TlX NOx D> DERH . _
QIXZDA 217 FOEICDVWTESIZHBALEZEDTH S, EXMOD DAEBI R I EcoSense .
DA 2189 F%& . £7=EcoSense DAEI X T EXMOD D A SINY FNERBLFTVD BIBT
1B 1 DRZ=HE(GHE) & 4 DIBMEBIZ & BFEC(Chr. mortality) MDD & 3 ICEE>TK
= U\, 70 85 HEEL 5 (XI5 3T (Monetary values) DETH 3 N EXMID DB MAE LI E&ERT,
¥+hbb. EcoSense [EEEBBETININIZELNDLL T KN KRELBEHRAEH 1)D2
MEEIZLIFTGEMA)EEITVEIDTHZ.QEEZhEH 5L THTH S Morbidity(FR
B)DOBRASENR . FAZFADEFILICHBEFNOEEBRBMBEEZANWTIR b &EKDHTLS,EXMOD
FLNAELEERFBEEAVTVEZE ZR TS EcoSense DHAKRELWABIZ 252
BIENRIIATULS,

ExternE FFZ2 M EcoSense EFJL & New York Study @ EXMID EF L & TlX. 2 bh=HF R,
BEFMEE L LIZEVWNHZ, O SQILTUEEBEZRICLZ2BEROERE NI S, B
Tz IE, ERF -/ PHMERIEEOEVREICLDETH I BRIRERK. Z20LS
BEFLBREROEROEVWNMOESCDETLNFMBMIL->-TERINS>BIETH S,
A2 HINBUTFMET L H2 VWEEFEERICENWT, 1> 7y hr—4% . MERKXEE. §F
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B70t 2 (BB REZNZNIRERNSEN S5 ThH D, BRE LTHEBIZZHE S
DRPEEBRVEEZIOND, 0T, BLOTBRERMNED LS LFEEREZOTFIL
PEEIREDL, EFLEROBS. FEOEN. 1> Ty hF—4, TOLRBLEIEE
B, BREBKTIVENSEEELISNE,

OFFEED L&

Table 2.3 Central estimates of external costs for a coal-fired plant

The New York study ExternE

Externalities (mECU/kWh) (mECU/kWh)

Human health 2.42 ' 9.27
Mortality 1.71 7.97 (32.46)
Morbidity 0.70 : 1.30

Crops : 0.002 0.134

Materials 0.10 0.22

Other impacts 0.32 0

Greenhouse gas effect 0 . 6.10

Total 2.84 15.72 (40.21)

(Source 4)

(G ORDEIRFELE (Mortality)FHdhIz VSL & AL 1548 (YOLL kb D IZ))
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QORFBEXEEFMT 705 —OHE

Ecosense vs. EXMOD

. Methodology Values
20
D-R
15.72 Ozone functions
15 ! A
. Impacts
£ .
2 Monetary values Resuling
x . : difference
3 10 4+ —
u 1|
YOLL !
5 Chr. }
2,847 &he mortalit? ——Ecosense
——EXMOD
0+ Y T T T T v T T T
o 1 > 3 4 5 6 7 8 g 10

Harmonisation steps’

1 e Inclusion of greenhouse gases.
2 e Inclusion of ozone.
3 o YOLL versus VSL.
4 o Inclusion of chronic mortality.

5 e Difference in monetised values.

6 e Difference in dose-response functions.
7 ¢ Difference in morbidity impacts.

(Source 4))

Fig.2.8 Differences in estimates of
the effect on human health

QOEEIZCET IR
1.6 [~ EXmoD EcoSense
14 |
12 %
£10
5 )
§ 08 Z
€06
o =77
02 |
0.0
2 E 3 E
H H s s
a ® a 8
g i g §
3 v

B Mercury effects

QLead effects

@ Ischa. Discase

B Cong. Heart fail

OCancer -
@ Bronch. Use/Asthma attack
O Resvr. Activity days

W Resp. hosp. Admission
DOResp. symptom days
OERV

O Acute bronch, child
Chronic bronchitis

(Source 4))

EROHRARX) :

Before decomposition EXMOD starts with a central
value of 2.84mECU/kWh, while EcoSense starts at
a value of 15.72mECU/kWh (Table 2.3).

The first step of harmonisation is the inclusion of
greenhouse gases in the EXMOD estimate. Including the
value of this impact from EcoSense makes the external
costs in the EXMOD line rise considerably. The next step
is the inclusion of ozone impacts in EcoSense; however,
including the value of this impact from EXMOD results
in only a small increase in the EcoSense line."

The third step of the harmonisation is estimating mor-
tality using YOLL. Using YOLL instead of VSL in
EXMOD lowers the external costs for EXMOD. The
fourth step of harmonisation, which seems to be a very
important methodological factor, is chronic mortality.
Chronic mortality is not included in EXMOD; including
the value of this impact from EcoSense increases the
external costs in the EXMOD line considerably, and the
external costs for EcoSense and EXMOD come rather
close to each other. P

The monetary values used in the two models dlﬂ'er in
some cases. The fifth step of harmonisation is therefore to
include the monetary values from EXMOD in EcoSense,
lowering the EcoSense value, and the EXMOD values
become higher than the EcoSense values. The final two
steps toward harmonisation are to include the same
dose-response functions and morbidity impacts in
the two models, which is shown in the last part of the
figure. However, these differences are small compared to
the other differences.

Having adjusted for the above-mentioned parameters
there is a difference of 3mECU/kWh.in the two esti-
mates. Most of this difference may be attributed to the
different locations of the plants, which affect population
density and background level of emissions. This will be
analysed in a later paragraph.

ERDBBHE) :

In Fig.2.8 the damage costs for the same plant are
compared using the EXMOD and EcoSense models. The
first two columns in the figure represent the external
costs calculated in EXMOD, the first column with mon-
etary values from EXMOD, the second with monetary
values from EcoSense. The last two columns represent

. the external costs calculated in EcoSense, the first col-
umn with monetary values from EXMOD, the second
"with monetary values from EcoSense. The figure shows
two important facts:

(1) .The damage costs are higher when the EcoSense
model is used than when the EXMOD model is used

(2) The monetisation values in EXMOD are higher
than in EcoSense.

Fig.2.9 Damage costs fqr morbidity calculated in EcoSense and EXMOD

for the same power plant, central estimate

15 —
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(iv) BRMNHECEAMNEMTMETONBIR b :

RIEIE TlE, ABEOABIZL W REPBBEORELEICLIABMUEL DT EEFIHRE
ULABHEIFMECET 2L DNAETH o 22Tl BEROBRAISOFEIZELNEN
Z‘LE%OJ(:DL\TE_ETO TAYAIZBFEHTHZ N, S8 HRETE (Integrated Resource
Planning), & 5124%% 4 > /30 MFEOFTHBIR bHIRY LFSATU S, REBIZET S
B Mt 2hR (Cost/Benefit ) B AzhEtk (Cost/Effectiveness) DFFEi% . ABIX FE B3
JERED KDENMIRELELS ETEEINZOEBICH S,

@ HESRBFHEIZHFIH4BIR L

XVHDOPITHZ M, KB EBREtE (Integrated Resource Planning) D THE I X kAt
BEMDOREICEDRBESE T2 2 REL o120 V&8N T 3. B REIX, #7is - &
VY1 FOERERE U TR ELBTELMBSILES LD T DM * )4 842 AFRAEDFH
tbeH?&<\ﬁﬂ%ﬁ&&@ﬁ?ﬁﬁtﬁ%tﬁﬁ@—otﬁ&b\E%WE#%%@

BT LSLETR2EDTHS, TITEIFRHI. PXVHDEH - HREMN, BHD

MERREEOPTHAEIR hb‘%z_%m/%’&ﬁ'\tbd)‘cﬁ)%o
(%) DSM; > KH A K - % — 4> h(Demand-Side Management) _
'E'jl'“*ifﬂ'lf)‘6%%?@“(:%@99(:@3 MITEBELLWREABFONY - BLUKXE
@BIBETEED, ' '

Wisconsin Electric Power Company(WEPCO)IZ & 2 BZ 43R H X (C02, CHA, NOX) D S\ B4 s (H
&R % Table 2.4 [Z7R L 7=(Wisconsin Electric’s Resource Mix), Z DRI EH 5 WEPCO (X
ROESITHERIFTTNDB NEENRAZOABRBEFDRIZIFEA ER L, FHITHEBIEE
B LORET, T TIZEREM(resource mix)M DM B L UHHANHRBOHE LYK
BRLUEEDIZH>TWNS S FEUTEEFMLTLS,
-BEDRARIIRS T ABUEOERIIEFREIRES 7 NI EZLDTE AL,

- RRAZAADS 7 MIIX MYZENIIRZS ETIHRIKELELED,
- BARREIRNF—FAEMORBIIFEOHLERFIECOTEEREICHT Z2RBROBHE

FO, It TIXRMETANDERER/DIZLERBIZAQ TS, _

Pacific Gas and Electric(PG&E, California)lz k2 ASELABUER(NEML)IZLZE
REtEOEIL(FHEER )% Table 2.5 (2R U= ( California State, Pacific Gas and Electric's:
Resource Mix), PG&E I& M#HR (% Combustion Turbine » % Combined Cycle ADS 7 hD 4 A
VTN BRFESZEF T EARHNOEBREER® DMADEEE LRV IRRHRFEEIX 90%
M EEBECRAHRCLTNB L, A5RRAHABRL>THN IR MIZERTHS
CENBHTHD) BTN D,

ZOXHR ) TRULOFMIZH Ly KDL BIAL P EHEEATNS
(LRDOLSBERICED)EHRUBOIREDPFTWPCODY -y b2 7HIFTEWSR

KOBRBRERFINDITH S35, LHrLZEIIE ABIX &AL LU TERIZH A > LB

HHENWEHEMNIRA M EANZEVWSFENLBRICEEGHLAVEDERS S,
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B BRELEN TOEROBEIIESE TH D, HNBIX M L. BFFIEEANIZALE
LERBIBRTH(REELTLADIIML, BERELEIABLEDR MYCER TR
CDSM. HAEEHEDESN CERERIL VLU LTLENSTHD,

WEhizE L, 2OZDODEH - HRAEMICL2FHEE T LHNIE ABIX MERELL
THREMOAL AR ORENABHREIBVWEES 2 LITR B,

8. T XU HTILMassachusetts #HT'89 &, Wisconsin M T’'92 &, California #T94 &
i LR LBSEAIZSMER 3 R h (Damage cost) N RIES 5N T B, PEHAIE T X b (Abatement
cost) 2 EHMFIBMED IR M EDEL BTN HESERHE L IMOFTL D IX MYIZHF

2R REERRFIRTINTELLEERA D, BROERBIRICEADZ IR MERTEABIR
D rEPEIVELTHIRTAED(HDIVWEEICFDIRNERESTED)ER>TWAN, &
OXEIMHE. ZDLHILRFRIBIESBEEOMTEBEL TR IDLSZEZ LGN,

ZZlZRIBOLSIZ. ABIX NORTLORTFIZHENT, BEHEL EBRFREDEFZIEE
Holr&EWWZ B,

. LROLSABANHRLCEADERMEREIEICE U LABETTMEIC DL TIXHER
EHNSBEEILNE, LS DI, ABHEFMICEVWTEERMUEMNFITH 2 REPIRIR

OFZEFHMIC X LEELOMEBENH S LTSN IRIET, ZOHMERELAICEREEHERL
TW3ESHTH2. LROZHITE. —ARICABEIINETVWESTNZBRBEHRAZINED LIF
BATWD., 2ERECEREBEOADEICODVTORERICTLLWIENREZIFShE, REIZZ
DR TRE - REZENCOBRETEINZOMIEN TRV FHEDKHE 2 & TERE
RELTEEMNLCEAVWEZEZSONE, o T, BEAMMRCEAMDEME2FIEICE UL
BzONWTIZZOELM PR UMEEHTHERNDHEITHEII3LEZ S, ZITERZNITIEA
haud LEOZ 20 LS BFEIFICT X YA TREIBCBVNERRTHE, BH. <O
L K= MZBWTHBLFMAIE (Damage Valuation Function, (2RIZEFTMOR BERE
(Impact Pathway) TALVS N B )R ETTRRMPFFNEDIAL MHH D Z LaHRITMAE
T3,
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Table 2.4 Effect of monetized GHG externality values
on Wisconsin Electric’s Resource Mix and Costs
(As a percentage re}ative to actual costs)

Optimal Resource Mix, Optimal Resource Mix,
Without Considering Externalities With a Consideration of Externalities
Operate With Operate Without Operate With Operate Without
Cost Component Externalities Externalities Externalities Externalities
intemal ............ 101.1 100.0 1013 100.2
External ........... 55.5 56.9 55.3 56.7
Total ............. 156.6 156.9 156.6 156.9

Note: GHG = Greenhouse gases.
Source: Wisconsin Electric Power Co., Advance Plan 7: Planning Wisconsin's Electrical Future, “Technical Support Document
D1,” Submitted to the Wisconsin Public Service Commission in January 1994, pp. D1.C-9 through D1.C-18.

(Source 3)) |

Table 2.5 Pacific Gas and Electric’s Analysis of the effects
of externality values on resource additions

Additions WITHOUT Additions WITH Consideration
Consideration of Externalities . of Externalities
101.5 MW
Spot Combustion] 215 MW 215 MW
Purchases |BPA Exchange| Turbine | Combined | Total MW | 101.5 MW{ Combined | Total MW

Year (megawatts) (megawatts) Units Cycle Units| Added Turbine | Cycle Units| Added

1994 . ....... (4] ] 0 0 0 0 0 0
18985 ........ 200 300 0 0 500 ‘0 0 500
1996 ........ 200 300 0 0 500 0 0 500
1987 ........ 200 300 0 0 500 0 0 500
1998 ........ 200 300 0 0 500 0 0 500
1999 . ....... 200 300 0 0 500 0 0 500
2000 ........ 200 300 0 0 500 0 0 500
2001 ........ 200 300 0 0 500 0 0 500
2002 ........ 200 300 0 0 500 0 0 500
2003 ........ 200 300 5 0 1,008 3 2 1,235
2004 ........ 200 300 12 0 1,718 10 2 1,945
2005 ........ 200 300 17 1 2,441 11 4 2477
2006 ........ 200 300 17 4 3,086 11 7 3,122
2007 ........ 200 300 17 5 3,301 11 8 3,337
2008 ...... . 200 300 17 7 3,731 1 10 3,767
2009 ........ 200 300 17 9 4,161 1" 12 4,197
2010 ........ 200 300 17 10 4,376 1 13 4412
T2011 ..., 200 300 17 13 5,021 11 16 5,057
2012 ........ 200 300 17 16 5,666 1" 19 5,702

BPA = Bonneville Power Authority. .
Source: Pacific Gas and Electric, 1994 Electric Resource Plan, submitted to the California Public Utility Commission.

(Source 3))
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QEXERRS A 7Y 4 VLFBFEOSHA

REICHS BENZEEREMRBY A OJLWT (F Tl CLBIZHIEPELEBOERADEE
ELTELARRAEREINTNS, 22Tl 7AUHOHE LTEEERRBS A 7170
)L EF(f 5 % (ETO(Economic Input—Output)—LCA)U)JTEﬁW'J VEBNT B, 100 AR NILOREIC
CPELREEIMNOIR NBLUNABIR M ERRE - LAITHZ . EXERB LU LCA(Life
Cycle Assessment) ICBET 27— 4 & B L. REB(I W T3 IBEXEBPIOREFLEBEFML T
Wb,

REZDBPIOIR F(1992 FDIHE) % Table 2.6 IZR L, 100 A% KL DREIZH Z (XK
10 52000 ¥ FILDOBRIKBELRZ EETLTWS, Bk, 1EE - R, Bl - RAHX, X
KA ML - - - OJEIZIR MDKEL, Table 2.7 X LAIEZE 10 BAOABIX METRLE
LEDTHD, 412150 rOIELITAR. Bl - RRAX - - - TH Table2.6 DHELIFX
BUTHDH., BL<DIL Tow, median, high DL DI —ADFHEMBIZV S ENKENWI LT
52, 10{EEBATWNS, CCETREUVEUINEN, TITERIABABIXNERDSZ
EDHELEINSHhNDbNhB, i, ZOFEICLNIEPFRIME(total ) DIZFATHAEI X b EHY
3354000 K KN ERD 100 AR RKLORBEIXMNIL MEELDEIEIZRDZ, TDEI
WL, COFBEIL. 20 %EIRETOELANSTHH ., tOF@MEFIE LTI 1o 18%
DELHZ(REBEBIR MWL), EEFRBRTNS,

SEEDREN S LI IZ[EBANHEME LR, WFhIIEL, ZITHFELS LE
wBEA L LCA & AL EEHE. RECEDIMORBOELBIAINOEEEMIFANDES
25%, PIAIE. BEOXEOHAEZRS > THRIIHBIR FOMEEERZ ZEMNTS
3o TXLF—BELCHVNTHIBIZ FOHIRERTTZ60T, BAMMHRLEAMENE
BEDBSIZIE. 2D LS HIEMEIERODELIEE £ 5, ZOMRTIXIRIERET(Environmental
Accounting) XIED—HFEELTEEDHL A TS,

(38) COXHS5)DFMFHIFESERES 4 741 ¥ )L (Economic Input-Output Life Cycle
Assessment) &5 < & DT IBIBIBKICAIH B £EF R 4B (total supply chain requirements)
120 > 5 Uf 485 8BFIN 5.7 % 1992 F7 X HISHEAREREERE AN ED I EJREH
WIEIEF 17 1 (Commodity) S 4 7H A ZINDEEBRKBTOLOTZOEAEBAIZAT S
ERIIERIATULARL, B, Table 2.6 NEDLSIT L’C;ﬁ&)bhf MZDOWTIE
“http://www.eiolca.net/” IZ¥#H %5 3
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Table 2.6  EIO-LCA supply chain effects of producing
$1 million of electricity in the United States,

1992
sector economic $mill
total ) 1.671088
electric services {utilities) 1.007134
coal : 0.102573
other repair and maintenance construction 0.087334
crude petroleum and natural gas 0.041535
natural gas distribution : 0.037961
railroads and related services 0.032541
wholesale trade : 0.024300
petroleum refining 0.023054
real estate agents, managers, operators, 0.021044
and lessors
banking - 0.017472
all other sectors 0.276140

(Source 5))

Téb]e 2.7 Top 10 external cost-generating sectors
in the supply chain associated with producing
- $1 million of electricity in the United States’

external cost ($thousands)

sector low median high

totai 858 338.8 9469
electric services {utilities) 813 311.2 880.3
coal 2.2 15.4 26.4
crude petroleum and natural gas 0.5 3.4 6.8
other repair & maintenance construction 0.5 1.5 8.5
natural gas distribution 0.4 2.3 4.3
railroads and related services 0.4 1.8 9.8
petroleum refining 0.1 0.5 1.4
"blast furnaces and steel mills 0.1 0.4 0.9
water transportation 0.1 0.2 0.8
trucking and courier services, except air . 0.0 0.4 1.4
all' other sectors 0.3 1.7 6.3

2 Conventional pollutants and GWP only, using min, median, and
max externality costs from Table 1. Totals do not sum due to rounding.

(Source 5))
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2. 2 BRFHREONBHESLITURY
EFHEEIZIZHORERMICET R VERFHRICELZ VRIS D, £ FzI/ T4 VE
WEWDHDHENIIKRELAREEZULEERENEH D, ZOLHEEZ LMD N, MEDYR
LEESH. BFHEEELBNS <OV RVERH D VINBIR MIEOHINSH 2, 2T
(Z. BIFEMICABIZ M PYRIEZOVTHERERELTVWEIXEM "2 D HIFBN L. 5
MO WTIHEX V20BN, BIBETAERETEUTIELE,
D3R MehgE L LEIE : ‘ ‘

WMETRATR

HmABWE - - - B, REB. IS - BEWHE L

IR

HIgEREA >N - - - EBR. EBARLE. tSERLEDEX

REAM R - BURA > /N0 b

B
@ ET7-T7ISFUMIMTEINABIR MFMEEOE - - - Fig.2.10
QFMETILIZRONDER co fIR2
@FMAEICROoNZER. RE R D F > 94

SEP—THOIFLNIHTZABIX L IHEEDOES Fig. 2. 10 LRLEERFHREDS
HTLHORERTAE. TMEROEREIBWETH D, FAELCLIESLUBRKBEE RN
BEOENTIZLRATNS, £, COXBMTTINEFEETLCRLNZER, BLU
SHARICRONIER, BEAAHR2IRLE. ThZhOERIEECHD . ZhoHE
BrORETMERICEETIMENAZEFEVIAVY, FTRERBOTFMET N H S WL
hF. 2 L TIHEEOE, S LS ICREE O EABRELE I bNE, COXMTHE, FE
DEBEFEE LTIRAMLOELIIZDODVWTAINT WS, ZOELREDHNLEZDOTH 2 A, BFTHE

%%@fbﬁ%%&ﬁ%m%@#ébkﬁﬁéﬁb<bTM5tL«Tm%o

EFHEREDOYI Y PABIR FOFHEELT, OXMP L K— hTHLEELIBRHR
HINTWS, 431 X Table )BLUBICEFNEHFLOTERBIhEL, ThHIZE
ISR EN A RO THET 2 RROAEN (REMIZXZFEL D TH>TEVER
UBHMARINEEALHLBEIINZ 2 LA2FETELV) WEES S ORI R 7 0F
BURIBEAE), S5IZURIORMETII 2= —2 3 0OFE - REBRLE. BFD
DIBEDBEEINT D, COLSIZRFHDBRIZIE. ABOERIZKET S Y X VM
(LEYR2)ZERYEHDNRATNDENVZ B,
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Wheeler & Hewison (UK) 1994 ]
. Zion (mean) |
Peach Botiom (mean) 1
Miihleberg
CEPN (F) 1994

Fisher & Williams (USA) 1994

(under "risk awareness")
(under "risk neutrality”)

ERG (Can) 1993

Pearce (UK) 1992 (risk aversion incl.)

Ferguson (UK) 1991 (risk avers. incl.) I

Ortinger (USA) 1990

Friedrich & Voss (D) 1993 —

Ewers & Rennings (D) 1992 I
Hohmeyer (D) 1990 —
Hohmeyer (D) 1988 -
T

0.00001  0.0001 0.001 0.01 0.1 ) 10 100

External Cost [cents/kWh]

(Source 6))

Fi1g.2.10 Span of estimated external costs of severe reactor accidents
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2.3 kb
AETIE EEPEEY X & ORBILER> T3 AMIETFMIZ DL T]RD Liff, ExternE
2. Sundavist (& B L Ea—. EFLLE BENHRCEADREFHETOMABIX b,
BEFHRBEONABIZ FERH LT, FEOBME. BRSLUBEC OV TEEDE, Tt
DIFUTDED TH 3,
DI &BHM.E. S 5CREYA FENZROEVC L VABIR FOFMEIIAE CRE B,
FETOCXORFICEERH D, FHREEHEAE L] EWZ 5, ‘
QEFANRLBNEHERERLD NS, TTLOBEABTHRLELHEEIOND,
SO P OFEBEN ED &5 AFMEEREBOET LD S5FhhEOH, BRT—5(F
SN EEMD ., BROBUREBKTILENH S,
QEAMMBEPEAMHEMTMABIR FEBHET X UHOBITIE, i YABIX M EHE
BEHE T OLRCEDTEHIEEA LA VNS MEm il EICERES OB EREE
FIVE YA FIR—IA Y MHABHREF LA CRKRDBZNEDIZLTVS, EOFF
R, ESEMRS A YAV VTEFEEBVWEREA >N MNEHESI TR, TOFEILE
hIE— DR N L THRIIZABIEEABET 2PV HEETLS3.£02 &,
QFEFHEEOLHTHLFEOEFIIERNEE. Zhit. FHEOHSR - BH. TFLRLD
MEAR. 51277037 FROMBBEIZEWTRS NS, BREEDRE. O
YRS HRETR MDA LWREES L, | ‘

BLT. ChETAINEADIR MNEETIR, BROGHEEN I TRVNZENBNEE
5N, Thit. FFERF—IOEEHN I TRV L, FHETOLIOFERETID
Bk, FTHENZICETHENIEISNDIEDTH D, EBDEZ 3, ZCOXMTHERRIC
33U THREEENKENEBRRTND, #oT. BREETRMALABIR FOFHELTS
EREEEZ S, BEOHBEIZHLTE. ZOHMEOER. REFCHIERELVSER
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Table 4.1 Aspects included in the models for the cost of short-term countermeasures

Type of countermeasure

Economic impacts

ARANO

Evacuation -
short-term relocation

Management — monitoring

Transport

Lodging and food

Loss-of-income

Costs not considered except for
small scale accidents

Sheltering

Loss-of-income

Not considered

Table 4.2 Aspects included in the models for the cost of long-term relocation of population

Economic Impacts

ARANO

MACCS

Management - monitoring

Not considered

Transport

Lodging and food

Single value per person

Not considered

Single unitary cost
(per day and person)

Loss-of-income

Single value per worker
(loss-of-income)

-+

Losses of production in 4 sectors
(unit values per worker-day)

Lost capital services

4 categories:

e  Agriculture and forestry

. Manufacturing and
construction

e  Services
(distributed as the number
of workers in each sector)

e  Housing '
(distributed as population)

Non-farm property

(single value per person):

e residential, commercial and
public land, improvements,
equipment and possessions

Farm property
(single value per hectare)

In up to 99 regional values

Losses increase linearly
up to 10 years (total loss)

Depreciation of improvements
(not land) during loss of usage
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Table 4.1 Aspects included in the models for the cost of short-term countermeasures -

MACCS

COCO-1 - COSYMA & CONDOR .

MECA

Not considered.

Not considered.

Unit cost (per person and day).
Reduced for relocation.

Different unit cost for private and
public transport (per person).

Different unit cost for private and
public transport (per person and
km).

Single unitary cost (per day and
person).

Unit cost of accommodation lost
(per person and day).

Different unit cost of lodging and
food for private and public

lodgings (per person and day).

GVA (gross value added, per
person and day) by economic
sectors except agriculture.
Distributed in the gnd.

GDP (per person and year). Up to
15 regional values.

Not considered.

GDP (per person and year). Up to | Not considered.

15 regional values.

Table 4.2 Aspects included in the models for the cost of long-term relocation of population

COCO-1-COSYMA & CONDOR

MECA

Not considered.

Reduced unit cost (per person-day) during transitory period.

Different unit cost for private
and public transport (per person).

Different unit cost for private and public transport (per person-km).
Transport of livestock (per km-head).

Unit cost of accommodation lost
(per person-year).

Considering the costs up

to a recovery time.

Including depreciation

Different unit cost of lodging and food for private and public lodgings
(per person-day). Only during transitory period.
Reduced for relocation.

GDP (per person-year).

15 regional values max

up to 2 mean recovery time.
Region indices distributed
in the grid.

GVA (gross value added, per person-day) by economic sectors
except agriculture.

Distributed in the grid.

Sector specific recovery time.

Optional input-output model for impact on production, in and out
of the relocation area (including positive and negative effects).

4 categornes:

e Non-residential.

e Housing and buildings.

e  Consumer durable.

e Land.

(per person, up to 15 regional
values)

In Rural areas:
Land.

5 categories in Urban areas: ‘
¢ Dwellings. .
¢ Public buildings.
¢ Public open areas (per person

in up to 17 regions).
¢ Industrial installations.
e Commercial and other buildings

(per employee in industry & services).
(number of employees by economic
sectors distributed in the grid).

Unit cost per unit area,
up to 15 land uses and
17 region values.

Areas of up to 15 types of
Jand uses, distributed in
the grid.

Capital depreciation from
recovery time for 1 and 2, for 3
and 4 all the time,

Only if permanent
relocation.

Normal capital depreciation + accelerated
depreciation due to Jack of use and
maintenance (different rates for each
category and period, before and after
recovery times).

No depreciation for rural
land.
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Economic impacts

ARANO

MACCS

Cost of lost food (first year).

Cost of food bans
(following years).

Unit value of production losses,
per agricultural worker-day.

3 categores:

milk, corn and all other products.

Costs evaluated for the first year

and for the rest of the ban period.

Unit value of farm production,
per unit area-year.

2 categories:
milk and non-milk production.

Milk losses for 3 months.

Lost capital services
for farm property
(as for long-term relocation).

Table 4.4 Aspects included in the models for the cost of decontamination

Economic impacts

ARANO

MACCS

Cost of rural decontamination.

Not directly considered.

Cost of urban
decontamination.

Unit costs for up to
3 decontamination levels
(per unit area).

Unit costs for up to .
3 decontamination levels
(per person).
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Table 4.3 Aspec@s included in the models for the cost of food-bans

COCO-1 - COSYMA and CONDOR

MECA

Lost food: gross output

Lost agricultural capital:

e Non-residential capital.
e Buildings and land.

o Including depreciation.

Food disposal

Lost food: price perceived by farmers
(representative of the cost of crop losses).

Production of up to 40 agricultural products,
and livestock census of up to 10 species
distributed in the grid.

Lost food: GDP contribution by products —
during recovery time.
Lost agricultural capital.

Food disposal.

GV A (gross value added, per person-day)
for agriculture.

Distributed in the grid.

Table 4.4 Aspects included in the models for the cost of decontamination

COCO-1 - COSYMA & CONDOR

‘MECA

Unit cost of decontamination (per unit area).

Single value for each time period.

Unit costs for up to 6 types of surfaces and
6 decontamination levels (per unit area).

Areas of up to 15 types of land uses,
distributed in the grid. Assigned
to decontamination categories.

Unit cost of decontamination (per person).

Single value for each time period.

Unit costs for up to 6 types of surfaces and
6 decontamination levels (per unit area).

Areas of each decontamination category
per person.
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Table 4.5 Aspects included in the models for the cost of health effects

Type of effect Economic impacts - ARANO

Early health effects. : Medical treatment. Single value per illness and
fatality.

Risk-aversion considered with
'Loss of “human capital”. higher weighting factors

' . for accidents causing large
numbers of health effects.

'Latent health effects., Medical treatment.

Loss of “human capital”.

Table 4.6 Gridded data sets in the models

ARANO : MACCS
Population. : ‘ : Population.
Number of workers in: A Regional values (up to 99) of:
s Agriculture and forestry. o ¢ Non-farm property.
e Manufacturing and construction. e Farm property.

Farm production.
Fraction of farm production for milk.

e Service.
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Table 4.5 Aspects included in the models fof the cost of health effects

MACCS COCO-1 -COSYMA & CONDOR MECA
Not considered. Unit cost per case of each type of Unit cost per case of each type
health effect. of health effect.
Unit loss of an individual’s Unit loss per case input by the

contribution to economy (per year) | user (subjective valuation).
times the number of years lost.

Subjective valuation option: Single

_ value per case

Not considered. Unit cost per case of each type of Unit cost per case of each type
health effect. of health effect.
Time frame for discounting Increase in medical treatment
hardware. costs.
Unit Joss of an individual’s Unit loss per case input by the
contribution to economy user (subjective valuation).
(per year) times the number of years
lost. - User input time frame for

discounting.

Number of years lost due to
cancers.
Time frame for discounting
hardware.

Subjective valuation option: Single
value per case. '

Table 4.6 Gridded data sets in the models

COCO-1 - COSYMA & CONDOR MECA
Population. Population.
Agricultural production for human .| Gross value added & number of workers in:
consumption for 9 products e Agriculture.
(only for ingestion dose calculation). e Industry.

e Services.
Agri-economic production for 3 categories: :
e Milk. ‘ Agricultural production for up to 40 products.

* Livestock.
e Crops. .| Livestock census for up to 10 species.

Farmland use (area) for up to 15 types
of rural surface.
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Chapter 5

CONCLUSIONS AND RECOMMENDATIONS

Based on the study summarised in this report, the Expert group drew several conclusions, based
upon which it was felt that certain recommendations would be of value.

The cost of an accident

e  The Expert group felt strongly that there is no single “cost of an accident”. Various perspectives
exist from which accident costs are approached, each based on different goals, rationale and
needs. Earlier studies had focused on the cost of countermeasures in the perspective of accident
management. Since that time, the interest has shifted to the external and the compensation costs.
Debate of these issues continues among both professionals and the public.

Recommendations

e  Future efforts should focus on the detailed assessment of cost elements. This is particularly the
case with health effects, the costs of which are dominant in the case of large accidents with long-
term impacts. Two different approaches to the assessment of health-care costs are currently most
popular: the human capital approach and the willingness to pay approach. The current use of
these two approaches in codes may contribute to large discrepancies in the results. Better
understanding, and justification of these two approaches should be studied in the future.

e  Studies of the externalities of the long-term impacts from all electricity-generation industries,
including nuclear, should be performed on a consistent basis.

e  Along with the detailed assessment of individual cost elements should be an assessment of those
which should be addressed as a function of the perspective taken, their relative order of
importance, as well as their perspective-specific characterisation.

Accident consequence assessment studies

e  Attempts to compare studies of the costs of different, hypothetical accidents, even when costs
were viewed from the same perspective, are extremely difficult because the final values are very
dependant.on the scenario(s) selected and the specific characteristics of the plant; the source term
is particularly important. The diversity of numerical results observed between various published
studies attests to this difficulty. -
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Table 1.1 Characteristics of selected studies of external costs of nuclear reactor accidents
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Table 1.1 Characteristics of selected studies of external costs of nuclear reactor accidents

Estimated Some key Risk
Type of study Author(s) Object - Estimat analysis aversion
: external costs characteristics considered
“Top-down". Hohmeyer Biblis, Germany | 1.2-12.0 (Pf/kWh) | Use of Chernobyl No.
(1988 and 1990). (PWR). 3.48-21.0 consequences (further
‘ (Pf/kWh). increased)
CDF= “Worst” case freq.
“Top-down™. Ottinger - US plant 2.3 (cents/kWh). | Same as Hohmeyer (1988) | No.
(1990). (unspecified).
“Top-down™. Ewers and Biblis, Germany 4.3 (Pf/xWh). |Same as Hohmeyer (1988) | No.
Rennings (PWR).
(1992).
Limited “Bottom-up” | Friedrich and . German plant. 0.008-0.07 Based on PSA analysis for | No.
Voss (1993). (P{/kWh). a US plant (Burke er al.,
1984).
Limited “Bottom- ERG (1993). Darlington, 0.000013-0.096 | Five categories of No.
up”. Bruce and cents/’kWh. accidents for Darlington
Pickering, (frequencies assumed to
Canada represent bounding
(CANDU:s). estimates).
Limited “Bottom- Masuhr and Swiss plants 0.001-0.17 1.0- | Use of Chernobyl Yes, in the
up”. Oczipka (1994). (BWRs and 31.8 (Rp/kWh). |consequences as reference | second
. : PWRs). value; Miihleberg source | case.
term frequencies for lower
bound and arbitrary for
higher
Limited “Bottom-up” | CEPN (1994). French PWR. 0.0023-0.104 | Assumed CDF and rough | No.
(mECU/kWh). |{conditional containment
failure probabilities;
based on US PWR
(NUREG-1150);
hypothetical site in
Germany.
Limited “Bottom- Fisher and Large hypothetical { 0.0059-0.0103 |CDF and containment No.
up”. Williams US PWR. cents/kWh probabilities as in CEPN
(1994). analysis; two sites in US.
Full scope Hirschberg and Miihleberg 0.0012 (mean). |Fully based on state-of- No.
“Bottom-up”. Cazzoli (1994). Switzer-land 0.0001 (5-th). {the-art PSA Level 3.
(BWR). 0.0004 (50-th). No.
0.0038 (95-th). | As above.
Peach Bottom, US (cents/kWh). No.
- (BWR). 0.0014 (mean). | As above,
Zion, US (PWR). (cents/kWh).
0.0069(mean).
(cents/kWh).
Full scope Wheeler and | Hinkley Point, UK | 0.00011-0.00013 | Plant-specific (unclear No.
“Bottom-up™. Hewison (1994). | (proposed PWR). (p/kWh). origin).




JAERI-Review 2005-021

Table I.1 Characteristics of selected studies of external costs of nuclear reactor accidents

External U . Full Computer code
events ncertainty ur sel for probabilistic Cost Elements Remarks
included propagation of source terms analysis
No. No “Worst” case. Not applicable. (Health effects. Correction for
(two CDFs used). population density
(over-estimated).
No. No. “Worst” case. Not applicable. {Health effects and
' farm production
losses.
No. No. “Worst” case. Not applicable. |Health effects. Correction for
population density
_ (lower than Hohmeyer’s).
Yes. No. Yes (for US plant; | CRAC (in Burke | Broad set of health | Correction for
conservative). eral., 1984). |effects and population density.
countermeasures.
Yes (arbitrary | No (arbitrary factor | No (but bounding Not clear. Health effects and | Extrapolation
factor of of 20 included). | cases represented). property damage. | of Darlington results to
two). : Bruce and Pickering
Yes No (arbitrary set of | No (but bounding | Not applicable. |Health effects and | Miihleberg souice term
(implicit). frequencies cases represented). some losses in frequently used for all
postulated to agricultural other Swiss plants.
reflect production.
uncertainty).
No. No. No (four source COSYMA. Full setin Dominance of health
terms). COSYMA. effects.
No. No. No (four source MACCS. Full set in MACCS | Dominance of non-
terms). plus health effects. |health effects.
Yes. Yes (LHS method). Yes. MACCS. Full set in MACCS } Dominance of health
plus health-effects | effects.
No. Yes (but not fully Yes. MACCS. )
available). As above. As above.
No. As above. Yes. MACCS.
As above. As above.
Unclear. No. Broad: CONDOR and |Full setin Dominance of health
(23 source terms). MARC-1. CONDOR effects.
Limited set
in MARC-1.
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B SI) & mEx

* 1 SIEARNS XUHBIEGL &2 SIEHtRHEIN BN *5 SIiEiRE
f % W 2 s % W 2 o8 e | mmE | 2 2
& Sl m %, B, B | min, h, d 0% =7 +| E
" fit|+os5535 4 kg B, o, B . . (R I S 4 P
By fel B s Y v b AL L w0 s s T
5 wl7 v =7 A b vt 10° | # H G
mAazEE |y v e v K rET TN 08| x ¥ M
woH &= v mol FFERE | u %) & =k
5 gElnr v 55 cd 102 ] ~ 2 ¢ h
T E Am|5 v 7 v | rad 1eV=1.60218x 107°J 007 7] da
L B B|RFIITY | s 1 u=1.66054 10" kg 0| ¥ | d
1072 € v F c
107 | 3 Y m
%3 BEHOBHE 6 SIATEE 0o | v400]
%4 SI&iCHENIC i
sam | 20D SI 10 + n
& g o |es|ROSEL L) O A
=] i ¥~ o~ v| Hz| s % W Z 5 107 7= 4b f
1 = a =+ N m-kg/s AV Abo—-oLn ;\ 107" 7 b a
E 5. s K|z h o Pa N/m? N — v b ]
i HH MR | Y 2 - | J | Nm ~ = al var (i)
T®, RHEER7 v +| W Jds 5 W Gal 1. &£1—513 TEBRBER] H5KR, EE
BLRE&, BEH|7 -0 | C A-s £ a9 - Ci ER&E 1985 EFiTIcL 3, 72#5L, 1 eV
w/hL, EF, EBH (£ ~ bV W/A I 4 R B 1 uDiEid CODATA D 1986 FEHER
% ® B Ri{72 v 3 F| F Cc/vV 5 ¥ rad ik -1
® R O\ M|t - 4| Q| va v | rem :
2y s s valv—2va| S | AV 2. RAIRBE, /b, Tom, ~7Y
i R|9 = = 2% Wb Vs 1A=0.1nm=10"m -AbBENTVBHEROBENLDTL
B X ¥ HE|vr 2 7| T Wb/m? | b=100 fm?=10"2° m? CTIREBLI,

N - N N | — ol 5 1
R EESEN R H | Wb/A . bar=0.1 MPa=10°Pa 3. barid, JISTREKDENEEDTIS
ey ABE eryorE| C | Galm1 om/s* 10~ m/s? ARBDE2 DA F T — CHES T
.7 Hiw — 4 V| Im cd-sr N 2 :
# 2 1Ci=3.7x10"°Bq °
Bjw 7 2| x| Im/m . 4 ECHHREBLIEATHE bar, barnbk
e & gE|l~ 2 v o B s! 1 R=2.58x10 C/kg . o .

) a 2 U TMEDHE ] mmHg k2075 37
® I & f®|7 v 4| Gy | Jd/ke l1rad=1cGy=10""Gy CRARTL
B '’ Y4 ®Bl{yr-~arir} S J/kg 1 rem=1¢Sv=10"?Sv °
i B’ *®
71| N(=10%dyn) kgf 1bf fE | MPa(=10 bar) kgf/cm’ atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 #| 00980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pa-s(N-s/m?)=10P(# 7 X) (g/(cm:s)) 1.33322 x 107* | 1.35951 x 1072 | 1.31579 x 1073 1 1.93368 x 1072
B 1m¥/s=10*St(R b — 2 2) (cm¥s) 6.89476 x 10~° | 7.03070 x 10~% | 6.80460 x 1072 51.7149 1
x i J(=10"erg) kgfem kW+h cal GGti#E:) Btu ft « Ibf eV 1 cal = 4.18605 J (Gt &H:)
F3
i; 1 0.101972 | 277778 x10°" |  0.238889 | 9.47813 x 10™* 0.737562 | 6.24150 x 10*® =4.184J (#fL)
I 9.80665 1 272407 x 107 | .2.34270 0.29487 x 107 7.23301 6.12082x 10" =4.1855J (15°C)
% 3.6x10° | 3.67098 x 10° 1 859999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10% =4.1868 J (ABE SR
- 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 107? 3.08747 261272x 10 (#® | PS (LESH)
1t 1055.06 107.586 2.93072x107* | 252.042 1 778.172 6.58515 x 102’ =175 kgf-m/s
1.35582 0.138255 | 376616 x10°7 |  0.323890 | 1.28506 x 10~3 1 8.46233 % 10'® = 735.499 W
160218 x 107" | 1.63377 x 10-%°| 4.45050 x 10-2¢| 3.82743 x 10"%° | 1.51857 x 1072?| 1.18171 x 10-*° 1
iy Bq Ci lﬂ[% Gy rad ;é; C/kg R ﬁ Sv rem
o 1 | 270270 x 1071 P 1 100 @ 1 3876 Bioo 100
3.7 x 10% 1 0.01 1 2.58 x 10~ 1 0.01 1
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