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Owovopkn Arnotipnon Ieprparrovrikov Ematoosmv
oo X1a0pnovg lMapaynyns Hiektpiking Evépysrog

I1. TPHI'OPOIIOYAOX
Mnyavikdg Metaideiov — MetaAlovpyog

Hepitnyn

H amotiunon tov mepifdAloviog oe otkovouirods 6povs amoktd, Ta
TEAEVTOLOL YPOVIO, EUTPOKTO EVOLOPEPOV Y0, TOVS POPELS TOV EUTAEKO-
VTl oTH OL0OIKOOI0 ARWHG OmOPATeE®Y, o€ 00 T emimeda. To yeyovog
ovTo ogeileTal, o€ onuavtiko Paluo, ot arlayés tov vouobetikod
TA0LOI0D G€ EVPOTOIKO Kou Kot eméktaon eBviko emimedo. H mapoioa
gpyaaia otialer o€ éva kpioyio yo. v EAMdda touéa, nror v mo-
POYOYH NAEKTPIKNG EVEPYEIOG OO AyvitH. 2TO)0G TS EPYyoTiag EIvol
V. TOPOVOLATEL EVO. TAAIGIO Y10, TIV OTOTIUNOH TV ETITTIWTEDY OO
0T00L00S TOPaYWYNS NAEKTPIKNG EVEPYELOS KOl VO, OVOdEILel TIG eCe-
Aideig Kou Tig affefardTnTeg 0TO GUYKEKPILEVO ETIOTHUOVIKO TENTO. XE
ovtH THY KoTeDOVVEN TOPOVOLALETOL (G TEPITTMGN UEAETHS O ATUONAE-
KTpikog oraduog Ayiov Anuntpiov Ilroieuaidog. To elwrepino kéoTog
omotiudTor pue ) Ponbeia eCeldikevpEva epyoieiwy mepifforlovirng
OTOTIUNONG, EVOWUOTOVOVIAS TO. TAEOV GUYXPOVA. COUTEPACUATO. OTTO
diebveic emamnuovikég épevves. To amoteAéouoro ovTd ovYKpivovTal
LE TOL OVTIOTOLY 0L LUEYEDN TTOV ELYOV TPOKDWEL OO TO EPEVVHTIKO EPYO
ExternE, y10. 1o ovyxexpiuévo otofuod, mporeiuévon va ovoderyfovv
Ko va aioAoynBodv o1 kpioues mopopETpPoL S10pOPOTOINTHG.

1. EIXATQT'H

Ta televtaio ¥povia, 1 OKOVOLKT GTOTIUNCT TOL TTEPL-
BAALOVTOG EVOOUATOVETOL OAOEVE Kol TEPLOCOTEPO OTN Ot
adikacio. AYNG omoPacemy, og OAN TO. ETIMEDA. XTO YEYOVOG
avTo €xel GLUPAAEL ONUAVTIKA 1) TTEPPoALoVTIKY VopoDeaiol,
1 omoid, e AUeCO 1 EPUESO TPOTO, EMPALEL OE GUYKEKPLUEVES
TEPWTAOCELS TNV €QAPUOYT LEBOd®V TEPPAALOVTIKNG OmOTi-
punong (m.y. Odnyieg 1996/61 oyetucd pe TV OAOKANPOUEVT
TPOANYM Ko EAeyyo g pomaveong, 2000/60 yio ) Béomion
TOMTIKNG 0T dloyeipton TV vdaTIKOY Topwy, 2004/35 v
nepPaiiovtiky evfdvn OGOV APOopd OTV TPOANYT KoL OTTO-
KOTAOTAON TOV TEPPAAAOVTIKGOV (UIDV, K.AT.).

E1dkd otov topéa TG mapaymyng NAEKTPIKNG EVEPYELNG
VIAPYEL, O€ O1eBVEG eminedo, Eviovn dpacTnPLOTITA AVOPO-
PIKG e TNV EKTIUNOT KOl OTOTIUNOT TV TEPPOALOVTIKOV
emmntOcemV. To yeyovog avtd anoppéet apevog omd Tic amoi-
TAGELG TOV J0POPOV VOUODETIKOV TPAEE®V Kol OQETEPOL
amd TNV avAYKN CLYKPLITIKNAG a&loAdynong tev dupopmv
OAVTOYOVIOTIKAOV TNYOV TOPUYOYNS NAEKTPIKNG EVEPYELNG
(Myvitng, evowd aépio, ATIE, «.4.) og pia eviaio fdon, ota
Yropinbnxe: 30.3.2006  Eywve dexrj: 1.8.2006

A. AAMITOX
Aéxtopag EMII

mAaiolo TG xapaéng pog o opBoAoyikng TepPaALOVTIKNIG
KOLL EVEPYELOKTG TTOAMTIKNG.

IIpog avtn TV KatevBovvon, n Evponaikn Emtponn ypn-
HATOS0TEL CUGTNUATIKG, £0C Kot Lio SEKOETIOL, EPEVVITIKG
TPOYPAULLOTA, TO OTTOlo £X0VV OC GTOYO TNV OMOTiUNGN TOV
EMNTAOCEMV OO TIG EYKATACTACELG TOPUYDYNG NAEKTPIKNG
evépyelag (.. ExternE, NewExt, k.4.). ATo o anoteléoplo-
TOL TOV EPEVVAV TPOKVTTOVV, SUYVE, VEQ dedopEVa, Ta, OTTOL0
odNyodV ©g ONUOVTIKEG OLPOPOTOGEL; KPIOIU®V, Yl
MV OmOTIUNOT TOV EMATOGEWYV, TapPapéTpoy. To ototyeio
aVTO, 0€ GLVOLOCUO LE TNV £VTOVN KPLTIKY TTOL OOKETaL,
OPIOUEVEG (OPEG, VTOONAMVEL OTL 1] TPOOTADELD, LOAOVOTL
OMUOVTIKY], PpioKeTOl G TPAOUO GTASIO KoL VTAPYOVV HLaL
oEPa TEYVIKAOV, TOMTIKOV 0AAG Kol NOkodV (ntnpdtov, to
omoia xpnLovv TepaLTEP® SlEPELVNONG.

Aopfdvovtag vrdyn To Topunave, Kabdg Kot To yeyo-
VvOG OTL 1] AWOTIUNGCT TOV EMATOCEDY ATO SAPOPES EYKOL-
TOGTAGELG, KOl 01 TAPAY®OYNG NAEKTPIKNG EVEPYELNS, ATOKTA
ONLEPO EUTPOKTO EVOLUPEPOV GTA TAAIGLO AYNG OTOPAoE-
@v (T.y. yio v emioyn Béltiotov Awbéoipumv Teyvikdv
TPocTaciog Tov mePPaiioviog vtd v Odnyia 96/61), n
Tapovca epyacio £yl H1TT6 6TOXO:
®  0QPeVOG VO TOPOVOLACEL £va TANIGLO Yo TV OOTiUNoN

TOV TEPIPOALOVIIKDV EMTTOCEMY OO GTOOIOVG TOpO-

YOYNG NAEKTPIKNG EVEPYELOG
®  aQeTépov Vo avadeiber Tig eEeilelg Tv TAEOV TPOGPOL-

TOV EPELVAOV TAVEO GTO CGUYKEKPLUEVO OVTIKEILEVO Ko

TNV EMIOPOCT TOVG GTNV OTOTIHUNON TOV ENMTOCEDV.

la to oxomd avtd, ypnowponoteitor ®G mePinTmON
perétng o AHXE Ayiov Anuntpiov, o omoiog Bpicketol 6to
evepyelakd KEvipo Avtikig Makedoviac. To kdotog TOV TTE-
parlovtikedv emntdce®v Tov AHE Ayiov Anuntpiov exti-
pérton pe tn Ponbeio S0 EEOIKEVUEVOV AOYICHIKADVY, TOV
EcoSense 4 kat Tov RiskPoll, 6ta onoia £yovv evempotmOei
OL AVOLOPPOUEVEG TAPAIETPOL TG amoTipnongc. Ta amotedé-
opaTO TNG EKTIUNONG ToL e&mTepiov kO6GToVG EeTdlovTal
CULYKPITIKA [LE TO avTicTolya Ley€n Tov giyav mpokvyeL and
10 gpevvnTikd épyo ExternE, yia to cvykekpipévo otadpo,
TPOKELUEVOD Vo avaderyBovv Kot va avaAvBodv ot Kpioeg
GULVICTMOEG TNG d1POPOTOiNoNG.
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2. EEQTEPIKO KOXTOX KAI TAPAI'QI'H
HAEKTPIKHX ENEPT'EIAX

To wpoPAnpa tov e@tepikdv owovopdv e&etaletal,
oLOTNUOTIKG, o€ Bewpntikny PBdon and to 1920, ondte
TapovclactnKe N epyacio Tov Pigou [1]. Tig televtaieg de-
KOETIEG, TOAAEG EPYACIEG EYOVV EMKEVIPAOOEL GTIV EKTILN O
0V €EMTEPIKOD KOGTOVG OO TNV TOPAY®YN MAEKTPIKNG
evépyelag [2, 3, 4, 5, 6], T amotehéopATA TOV OTOIOY, GE
OPKETEC TEPUMTMOGELG, XYoLV oSlomom el og dadkacisg Ar-
YNNG omoPacemy.

Y& MOAMEG PEAETEG amOTIUN GG TOL EEMTEPLKOV KOGTOVG
YPNOUOTOLEITOL TTPOGEYYION OMO «TNV KOPLEN TPOG TN
Baony (top-down). Opwmg, avt) 1 Tpocsyyion dev Aapupavet
VoY TO YEYOVOS 0TI M {Npud lvan o€ peyddo Padud eEopto-
pevn amd To WTEPO YOPOKTNPLOTIKG (TEYVIKA, YEOUOPPO-
AOYIKA, KOW®OVIKA, K.AT.) KGO Tepintwong. EmmAéov, avth
1 TPOCEYYIOT TOPEYEL OTOTELEGLLOTO Y10 TIG LEGEG, OAAGR OYL
OPLOKEG TIES, OTIMG UTOLTEITOL OE TOAAEG TTEPUTTMOGELS.

H mo extevig kot oAoKANPOUEVT ETIGTNUOVIKY €PYO-
ola 610 cvykekpévo medio, péypt onuepa, Bempeitar to
npoypappo ExternE (Externalities of Energy), to omoio
Eexivnoe to 1991 pe m ovvepyasia g Evponaikng Eve-
ong xou towv HITA [7]. H mpodt @don tov mpoypdppatog
oAoKANp®ONKe 0 1998 [8, 9] ko, 6mwg ektiunbnke, to
eEMTEPIKO KOGTOG OO TNV TOPAYMYN NAEKTPIKNG EVEPYELOG,
otV Evpann, avépyetar og 1% €wg 2% tov etrjciov AEIL
H mpocondfero avtr ovveyiletar, amd mievpdg E.E., pe ta
npoypdppoto NewExt (New Elements for the Assessment
of External Costs from Energy Technologies), CAFE (Clean
Air for Europe), x.a. [10, 11, 12].

Yta avetépo mpoypaupate e E.E. €yel vioBemOel n
TPOGEYYION TOL «TPOTOVL TG emidpaongy (Impact Pathway
Approach) yio v amotipunomn tov eEOTEPIKOV EMNTOCEMV.
H mpocéyyion avt mpaypatonoteitol amd «tn Pdon mpog
mv kopven» (bottom-up approach). Ta mepiforloviikd
KOOTN Kol OQEAT OTOTIUAVTIOL GE YPNHOTIKES LOVASES OIKO-
AoVOOVTAG TO «dPOUO» OO TNV TNYN EKTOUTNG TPOG TOVG
OTOOEKTEG, LECH TV EMMTOCEDMV GTOV 0EPA, TO £60(POG KOl
T0 vepd. MEG® NG CLYKEKPLUEVNG TPOCEYYIONG, KabioToTot
EPIKT 1] EKTIUNOT OPLUKAV TILOV EEDTEPIKOD KOGTOVG Y10,
™ HeTaPOM] TOV EKTEUTOUEVOV POT®OV, O TPOCIIOPIGLOG
TOV KPIoWOV pOToV, 0modekTdV, K.AT. H dtadkacio Tpay-
potonoteitat o€ téocepa otadwo (Zy. 1):

e FExtipnon tov ektoundv oty mnyn

e  MovteAonoinon g d1emopds TV pOTOV

e Extiunon 1tov QuoIKOV EMMTOCE®V HECH €EICMOEMV
d00NG — OMOTELEGLLOTOG

o  ATOTI{UMON TOV QUOIKOV ETMTOCEWV GE YPNUUTIKES
povadeg ava £tog, mapayopevn kWh, k.Am.

H epappoyn g pebodoroyiog mpoylatonoleital e
BonBeio eEE1OIKEVUEVOV AOYIGLUKOV, DESOUEVMY TV TOAD-
TAOK@V OlEPYUOIOV TOL AUUPAVOVY YDPO KOTE TN HETOPO-
pa KO TOVG YNUKOVG UETACYNUATIGHOVS TOV POTOV GTNV

atpoéceapa. Xg avtn TV Kotevbvvon, £xovv avomtuydel
a6 1o mpoypoppa ExternE 1o Aoyiopukd EcoSense [13]
kot RiskPoll [14]. Ta AoylopiKd OmOTILOVY TIG EMTTMOGCELG
Oto TIG EKTOUTES TOV SAPOPOV pOTt®V (T.). copatidin PM
10, SO,, NO,, dgvtepoyevidv Deukdv Kol VITPIKMOY 0gPOAD-
HATOV, K.4.). O1 OEKTEC TV EMTTOCEMV TEPIAAUPAVOLY TV
avOpdmvn vYEin, TIC YE®PYIKEG KOAMEPYELES KOL TO OOUKE
VAIKA.
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ynua 1. H zpoaéyyion tov «tpomov ¢ emiopaonsy [8,9]
Figure 1. The “Impact pathway approach”

3. MEAETH NEPIIITQXHX

3.1 Agdopéva a&loroynong

H omo  eléraon povado  fpioketar  otov  Ap.

Anpjzpro,
ot VOTIOOVATOMKI TAEVPG, THG AeKavng Tov A1yvitiKoD
kévipov Ilroleuaioos. Zoupwva ue to ororyeio 00 Tpo-
ypapuorog ExternE EALadog [15], ta omoia ypnoiuomon)-
Onxav ka1 ot CUYKEKPLUEV TEPITTWON, 1 EYKOTETTHUEVN
IKOVOTHTA TOPaY®YHS TOV oTtoduod givor 366,5 MW kot n
oigpxeto (ong tov 40 éty. H kabopi amodoon tov oraluod
avépyetor oe 34% ko o ovvteleotn poptiov oe 68,5%. H
TEPIEKTIKOTITO TV POV GTO. KAVOUEPLO EIVOL: COUATIONN
<50 mg/Nm’, SO, 170-300 mg/Nm’, NO_ 190-200 mg/Nm’
KoL 01 eTijo1Eg exmoumes: omuatioln 556 t, SO, 2615 t kou
NO_ 2170 t, aviiotoya. XpnowomoujOnxav, emiong, to
OVTIOTOLYOL TEYVIKG, OEOOUEVO, OIS TO VYOS KA 1] OLGUETPOS
TG KATVOOCY 0V, 0 OYKOG, N ToyTNTO. 6000V Kai 1 Ogpuo-
KPOOIO, TV KODOOEPIWY.

Ocov apopd ota TANBLoHIOKAE GTOLYEID, GTO TPOYPOLLLLOL

EcoSense ypnoyonomdnie n evoopotopévn fdon dedopé-
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vov. Xto npoypappo RiskPoll mpaypatomombnke extipnon
mg péong mokvotTag TANBucpHoD, 1 omoio aToLTEITOL Yol
TNV EKTINOT TOV ENMTOCEDV, GE TOTKO (TEPLOYN OKTIVOG
60 Km, mepinov) kot og vreptonikd eninedo yo tig 19 ydpeg
(meproyn axtivog 1000 Km) mov ennpedlovtat, 6nmg eoaive-
ot otov akorovbo Ilivaxa 1 kot 6to Zynua 2.

Mivaxag 1. Exnpealopeves ywpes mov fpiokoviar oty axtive, twv
1000 km.
Table 1. Countries within the area of interest (range 1000 km)

Xaopa XuvoiKkog Exti0épevog

TAnOvopég ninBvopdg
AlBavio 3.169.000 3.169.000
Avotpia 8.140.000 4.000.000
Boovia 4.140.000 4.140.000
Boviyapia 7.801.000 7.801.000
Tovykochofio 8.104.000 8.104.000
EALGSa 11.041.000 11.041.000
ItoAio 57.888.000 40.000.000
Kpoaria 4.442.000 4.442.000
Apom 5.700.000 2.800.000
Moo 400.000 400.000
Mokdafio 4.238.000 2.500.000
Ovyyapio 10.116.000 10.116.000
Ovkpavia 48.356.000 6.500.000
IIramM 2.049.000 2.049.000
Povpavia 21.711.000 21.711.000
Thofakio 5.380.000 4.000.000
Thofevia 1.996.000 1.996.000
Tovpkio 70.712.000 50.000.000
Tuvnoia 9.400.000 500.000
XUvoro ekTifépevov TAnOvopov 185.269.000
Méon mAnBvopmaxn TokvoTNTA 58,97
(Gropa/km?)

H a&oloynon tov enmtdcenv 610 mapov dpbpo, eoTid-
Cet oy avBpdmivn vyeia, yro 500 Kupimg Adyovg:
® 70 KOGTOG TOV EMATOCEDV TG VYEIOG KOUAIVETOL PHETAED

80 — 94%, oV cLVOAIKOV EEMTEPIKOD KOGTOVG [16, 17]

e 01 onpavtikdtepeg eEeAifelc, mov €yovv duecmn oyéon
pe TNV ekTipmon tov e&mTePKon KOGTOVG, OPOPOVY O
TOPAUETPOVG TTOV YPTGILOTOLOVVTIOL GTNV EKTIUNON Kot
OTOTIUNON TOV ENMTOCED®V TNV 0vVOpOTIVY VYEi, KU-
pimg ot ¥povia kot o&gio Bvnopdta.

Ta v ektipnon tov emntdcewv oty vyeia ¥pnoiLo-
momBnkav e&lomoelg Exbeong — andkpiong and TIG ovape-
poueveg myég [10, 11, 12], o1 omoieg efvon evompatopéveg
GT0 OVO AOYICHIKGL.

ynua 2. Hepoyn evorapépovrog ((axtive, 1000 Km).
Figure 2. Area of interest (range 1000 km).

To v owovopiKn AmoTIUNGN TV EMTTOCEMY AVTMV,
vioBemOnkav ot avapepopeves otov [ivaxa 2 Typég [10, 11,
12, 18, 19].

Mivaxag 2. Tipég povadag ava exintwon (oe €2006)
Table 2. Unit prices per impact (in €2006)

Enintoon Amotipnon
Xpovia Ovnowoémta — oe YOLL® 50000
Oé&ela Bvmoydémta — oe YOLL 75000
Xpbvio Bpoyyitida 169300
Ewayoyn oe vocokopeio Aoy nabncemv tov 16730
EYKEQAMK®DV oyyeimv
Hupépeg meplopiopéving dpaotmplotrag 110
AVOTVEVGTIKT) VOGOKOUELOKT] ELGOYMYN 4320
Xpoviog Priyog —moudid 240
ZOHPOPNTIKT KAPSIOKY OVETAPKELQL 3260
Bryag — acOpotucoi evikikes 1 mouudid 45
Xpnon PpoyyodtacToATIKGOY — EVIAIKES 1| TOLOLL 40
ZOUTTOUOTO TOV KOTATEPOL OVOTVEVGTIKOD — 3
eviAkeg 1) Toudid, pe dobpa

®  YOLL: Years of Life Lost — Mgiwon tng avouevopevng didp-
keog (ong o€ €t

3.2 Anoteréopata EcoSense 4

Amd To AmOTEAEGUATA TNG AMOTIUNONG TOV ENMTOCEDY
pe Baon to Aoywopikd EcoSense 4 mpoxvmtel, 6TL TO GLVO-
Mkd kootog avépyetal oe 10.350.000 €/étog mepimov 1 pe
Baon v emoia Tapaymyn tov 2.199.000 MWh/étog oe
0,52 €cent/kWh. Zrov Iliv. 3 kot oto Zy. 3 mapatibevron ta
OTOTEAEGLOTO, TNG OLKOVOLLKTG OTOTIHNOTG TV EMTTOCEDV
otV avBpdmivn vyeia ava pomo.
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Mivakag 3. Xpnuotiky arxotiunon twv emrtdocwy otny ovOpdmvy
vyeio e Paon o EcoSense 4
Table 3. Monetary valuation of human health impacts based on

EcoSense 4
Ermintoon ekot. €/ét0g | €cent/kWh
Noonpétnra (PM10) 0,6673 0,0337
BOvnowodmra (PM10) 1,3350 0,0674
Noonpdémra 1,1780 0,0595
(Agvtepoyeviy vitpikd)
Ovnowotro 2,3560 0,1190
(AgvtepOyEV VITPIKA)
Noonpomrta 1,5520 0,0784
(Agvtepoyevn Bsukd)
OvnodmTa 3,1050 0,1568
(Agvtepoyeviy Beukd)
Noonpdémra (SO,) 0,0034 0,0002
Ovnowodmra (SO,) 0,1544 0,0078
2bvoio 10,35 0,52

Eniong, 610 Xy. 4 mopovctdlovTol o1 ENTTOGCELS OTIV Ov-
Bpadmvn vyeio ava pOTo KoL XDPA, VLol TV TEPLOYN EVTOG TG
axtivag towv 1000 km. Onwg aivetot amd To dworypdppota,
10 SO, mpokalel TIG UEYOADTEPEG EMMTOGELS MG OEVTEPO-
vevig pbmog (sulphate-Beukd aepoivpota). To chvoro TV
emntdoenv omd o SO, avépyetor og 4,8 exat. € dNAadt oe
1060070 46,5% TOV GUVOAIKOD E£MTEPIKOV KOGTOVG. ATO TO
2. 4, paivetol eniong OTL Ol LEYOADTEPEG EMMTTOGELS OO TN
Aettovpyio Tov Zrobpov gpeavifoviat oty EAAGSa.
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Yynua 3. Emmtaooeis oty avBpomivy vyeio ava. pomo (Ecos. 4)
Figure 3. Impacts on human health for each pollutant (Ecos. 4)
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Figure 4. Impacts on human health in the influenced countries (EcoSense 4)
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3.3 Anoteréoparo RiskPoll

Yty éxdoon RiskPoll mov ypnoiporomnke (ver. 1.051,
Avyovotog 2004), vapyovv TEGGEPO HOVTEAO EKTIUNGNG
emmtooenv: 10 RUWM, 10 QUERI ka1 to URBAN 7100
TOV VTOAOYIGHO TOV EMMTOCED®V TNV avOpdmivn vyeia
kot 10 AGRIMAT yio Tov VTOAOYIOUO TV ENMTOCEDV OTIG
YEOPYIKES KOAMEPYELEG KL GTO, OUKOSOUIKE VAKE. AgdOpE-
Vou 0Tt 0 6TaBNOG PpioKeTOl EKTOC OGTIKNG TEPLOYNG, OEV
ypnoonomdnke to poviého URBAN. Emiong, dev ypnot-
pomomOnie to poviého AGRIMAT 61011 evdiépepay Kupimg
Ol EMNTAOCELG OTNV aAvOpdTIVN VYEiaL.

Ot vroloywopoi viomomnkav pe Pdaon 1o povtéro
RUWM (extipnon Best) kot pe to povtédo QUERI (exti-
punon Intermediate). ['o kGOe povtédo mpaypatomombnKoy
EKTIUNGELS GE GYEOT UE TO YOPOKTNPIGUO TNG TEPLOYNG OG
aypotikng (Site ID 0). Onwg paivetal omd tovg Iiv. 4 ko 5,
0l VTOAOYIoUOL 060GV TOTEAEGHATA Yol TO. dVO HOVTELQ
HE HIKPESG OL0POPOTOMGELS.

Mivakag 4. Xpnuoziky arotiunon twv emrtdocwy otyy ovOpomivy
vyeia pe foon to RiskPoll — Movtélo RUWM
Table 4. Monetary valuation of human health impacts based on
RiskPoll - RUWM Model

Enintoon ekat. €/étog | €cent/kWh
Noonpoémra (PM10) 1,38 0,0628
Ovnowdtrta (PM10) 2,16 0,0982
Noonpdémra 2,76 0,1255
(Agvtepoyevi VITPIKG)

Ovnowdmra 4,31 0,1960
(Agvtepoyevn ViTpIka)

Noonpomra 4.4 0,2001
(Agvtepoyevn Beukd)

Ovnopdmta 7,1 0,3229
(Agvtepoyevn Beukd)

Noonpdémra (SO,) 0,01 0,0005
Ovnowdmra (SO,) 0,164 0,0075
Xivvoro 22,3 1,013

[Mivaxag 5. Xpyuotiky arotiunon twv emrtwoewy oty ovBpomivy
vyeio ue foon to RiskPoll — Moviélo QUERI
Table 5. Monetary valuation of human health impacts based on
RiskPoll - QUERI Model

Ezittoon ekart. €/étog | €cent/kWh
Noonpdémra (PM10) 1,50 0,0682
Ovnowdmnrto (PM10) 2,34 0,1064
Noonpdémra 2,76

(Agvtepoyevi ViTpikd) 0,1255
BOvnowdmrta 4,31

(Agvtepoyevi VITPIKA) 0,1960
Noonpdémra 4,4

(Agvtepoyevn Beuid) 0,2001
Ovnowdra 7,1

(Agvtepoyevn Beukd) 0,3229
Noonpdémra (SO,) 0,007 0,0003
Ovnowdmra (SO,) 0,179 0,0081
Xvoro 22,6 1,028

To ouvolikd KOGTOG TOV EMATOCEDV PAGEL TOV OMOTE-
Aeopdtov Tov RiskPoll avépyetan og 22,3-22,6 ekort. € og
etnota Baon 1 og 1,013- 1,028 €cent/kWh.

Onwg eaivetor and 10 Zy. 5, ot LeYAADTEPEG EMATAOCELS,

og m0c00To 52,3%, npokarodvrar omd to SO, Kar Kvping
HEC® TMV dEVTEPOYEVAV pOTV Tov (Bglkd copatidw), Ta
omoia givatr vrevBouva yia 1o 51,6% tov e&MTEPLKOV KOGTOVG.
Emiong, peyolotepeg emmtdoelc mapatnpodviol otn Bvnot-
poétra mapd ot voonpotnta. Il cvykekpéva, 1o e&m-
TePIKO KOGTOG Yo T Bvnopotnta avépyetat o€ 61,6% Tov
e&mteptkon ko6oTOoLG, Evavtt 31,4% yia T voonpoTTa.
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Xynua 5. Emrraoers oty avlpaomivy vyeia yio kale poro (extiunon
RUWM Best - site ID 0)

Figure 5. Impacts on human health for each pollutant (RUWM esti-
mate Best - site ID ()

4. XYI'KPITIKA AIIOTEAEXMATA

4.1 To amoteréopato Tov ExternE 1997

[pokeévou va diepevvnbet 1 emidpacn TV gpgvviTL-
kv eEedilewv oto medio g TEPPAALOVTIKNG ATOTIUNGNG
TOV ENMTOCEDV OO TNV TAPAYOYN NAEKTPIKNG EVEPYELOG,
€€ETAGTNKOY 01 S10POPES LETOED TV dVO TPOSPATOV AOYL-
opikav, EcoSense 4 kot RiskPoll, pe ta anotehécopata Tov
ExternE 1997, oto omoio &iye yivel xprion tov AOYIGHIKOD
EcoSense 2.

Yopeovo pe ™ peAétn mov ekmoviOnke yio tov AHE
Ayiov Anuntpiov, ota mhaica tov ExternE, pe ) ypnot-
pomoinorn tov Aoyicpukov EcoSense 2 [15], n mpokarov-
pevn PAGPN oty avBpodmivn vyegia ektipunbnke oe mepimov
43.800.000 €/¢tocn 1,99 €cent/kWh.

SOUQOVO [LE TO OTOTEAEGILOTO TTOV TALPOVGLALOVTAL GTO
Yy, 6, ka1 6TV TEPITTOON ALTH 01 EMATOGELG and T0 SO,
elvar ot onpavtkdtepeg, ovpPdiiovtag oto 45,2% Tov
GLVOALKOV e£MTEPLKOV KOGTOVC. Ot PHEYAADTEPES EMNTAOGCELS
eppaviCovral, emiong, otn Bvnoyotnta, 1 onoia KOAOLTTEL
10600T0 89% TOV EMMTOCEDV TOV JEVTEPOYEVAOV POTOV
SO, kat 88% 0md TIG EMNTOCEIG TOV SEVTEPOYEVAV PUTOV
NO,, avtictoyo.
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Yymua 6. Emrtaoceis oty avBpaomivy vyeio ava. pomo (Ecos. 2)
Figure 6. Impacts on human health for each pollutant (Ecos. 2)

4.2 YuyKpPITIKI] TOPOVCIL0GT) TOV OTOTELECUATOV

Yta amoteAéopato wov eENyONoav amd To AOYIGHIKG
Wioitepn Eppaon d60nKe GTIG EMATOCELG TNV AvOpOTIVN
vyeio, KoBmg og avTEG eVTOTi{oVTaL Ol CNUOVTIKOTEPES ETO-
BoAég. Xtovg ITiv. 6 kar 7, kaBdg kot oto Xy. 7 mapatiBevron
GUYKPITIKA TOL OTOTEAEGLLOTO TOV TPUOV AOYIGLUK®DVY Y10l TNV
OLKOVOIKT] OTOTIUNON TOV EMMTOCE®V GTNV avOpdTIVN]
vyeio, 6€ OTOALTA KOl TOGOoTIOi0L LEYED.

MMivakag 6. Zvykprrixe amoteléoporo emntwoewy oty avOpomvy
vyeia (o€ exat. €/¢10G)
Table 6. Comparative results of impacts on human health (in M€

/year)
Pomog EcoSense 2 | EcoSense 4 RiskPoll
PM10 4,62 2,00 3,54
Agvt. vitpikd 16,88 3,54 7,07
Agvt. Oeukd 19,31 4,66 11,50
SO, 0,49 0,16 0,17
Xiovoro 41,3 10,36 22,28

Mivaxag 7. Ilocootiaio. avoaloyio twv pomwy 610 KOOTOS TWV ETL-

TTOOEWY TS aVvOpOTIVIS DYELAS

Table 7. Percentage of pollutants on the total cost of human health

impacts
Pomog EcoSense 2 | EcoSense 4 | RiskPoll
PMI10 11,2% 19,3% 15,9%
Agvt. 40,9% 34,2% 31,7%
Agvt. Ogukd 46,8% 45,0% 51,6%
SO, 1,2% 1,5% 0,8%
Xiovoro 100% 100% 100%
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Zynua 7. Zoykpitikd, OmOTEAEGUOTO. ETITTOOEWY OTHY ovBOpOmIvy
vyeio (o€ exat. €/£10G)

Figure 7. Comparative results of impacts on human health (in M€
/year)

4.3 T'evikég TapaTNPNGELS EML TOV OTOTEAECRATOV

SOUE®OVO [LE TN CUYKPITIKN TOPOLGINCT TV OTOTEAE-

OUATOV TPOKVTTOLY 01 AKOAOVOEG TALPATPOELS:

*  To emtepkd KOGTOG TOV EMMTIOGEDV OTNV avOpOTIVY
vyeio mov vroloyiletar and To EcoSense 4 eivar pewm-
pévo katd 76% o oxéon pe 10 e£mTePKd KOGTOG TTOL
vroloyiotnke amd to ExternE Pdoet Tov Aoyiopikod
EcoSense 2. Erniong, 10 e£m0teptkd KOGTOG TOL VITOAOYi-
Ceton amd to EcoSense 4 givar petmpévo katd 50%, mepi-
7OV € G0N LE TO EMTEPIKO KOGTOG TOV VITOAOYIGTIKE
a6 to RiskPoll.

*  To e&mtepikd KOGTOG OV VIToAoYileTan and to RiskPoll
glvan pewopévo katd 50% mepimov, oe oyéon pe 10
e£mTEPIKO KOGTOG TOV VIOAOYIGTNKE OO TO AOYICULKO
EcoSense 2.

* O devtepoyeveig pomot Tov SO, kot 6To. 3 AoyiouiKd,
Qoivetatl 0Tl £(OVV T GNUAVTIKOTEPT GUUPOAN ot Ot-
apopemon Tov eEMTEPIKOD KOGTOVG TOV EMMTOCEMV
otV avBpdmIvN vYEia LEe TOGOOTO TOV KLUAIVETOL OO
45% ¢mg 52%. AkolovBolv Ta VITPIKG GOUOTIOW, HE
10600t petalv 32% wc 41% kot To copatiowe PM10,
N cvpPor Te@v omoimv kupaivetor amd 11% g 19%,
avtictoyo.

* Meta&d tov anoterecudtov tov EcoSense 4 kot Tov
RiskPoll mapatnpodvtol opavTIKEG SlpOpOTOUGELS, 0V
KOlL YPNOLLOTOI00VTOL KOWEG EELl0MTELS EKBEOTC — OmOKPL-
o1 KOt 101€G TIEG LOVADAG Y10 TIG EMMTMOGCELS VYEIOG.

*  Meta&d tov anotelecpdtov tov EcoSense 4 kot tov
EcoSense 2 vmdpyovv onUovVTIKEG O10POPOTOICELS,
av Kot ypnolonoteital to 6o HoviéAo dluoTopdG TV
POT®V LE KOWEA ddopéva 10000V MG TPOG T, OPOUKTI)-
PLOTIKA TNG TNYNG KO TOV ATOOEKTMV KOl T LETEDMPOAO-
Yy otoryeio.
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5. HAPAMETPOI ATA®OPOITIOIHXHX TQN
AIIOTEAEXMATQN

Ot d10popéc mov eviomilovTal OTo OTOTEAEGLOTO TMV
TPIOV AOYICUIKAV TPOKOAOVVTOL 0o TPELG Pacikovg mapd-
YOVTEC:

*  TIG VTOBECELS TOV HOVTEA®DY OL0GTIOPAS TOV POTOV
*  TIg ouvopthoglg €kbeong — amdKploNg TOL YPNCULO-

TOLOVVTOL Y10 TNV EKTIUNOT TOV QUGIKOV EMMTOCEDV

(ap1Bpog encicodimv) kot
*  TIG XPNOLOTOIOVUEVES TIEG LOVASAG OV ETITTMOON.

AxoloOBwg, mapovotdlovTol Kot avaibovtal ot d10po-
péc peta&d tov EcoSense 4 kat tov 600 GAA®OV AOYIGUIKGV,
EcoSense 2 ka1 RiskPoll. Ot dtugpopég peta&d tov RiskPoll
kot Tov EcoSense 2 mpoépyovtat amd 10 Guvovacuo tov Vo
GAL®V TEPMTAOCEDY KOl Y10, TO AGY0 avTO deV TOPOLGLALo-
VIO OVOAVTIKOTEPQL.

5.1 Zoykpion aroteheopndrov RiskPoll kaw EcoSense 4

Onwg avapépbnke, ota Aoywopikd EcoSense 4 ot
RiskPoll ot vmoloyiopoi mpaypotomombnkay pe tig idieg
OLVOPTNHOELG EkBEONC — OmOKPIONG Kot TIHEG HOVASAS Yo
TIG EMATOGCELS. 20TOGO, Ol AMOKAICEL TOV ATOTEAECUATOV
glvan onuovTikés.

O1 dupopég avapesa og 0T To SVO AOYIGLUKE TPOEP-
YOVTOL ATd TN LOVIELOTOINGT) TG S106TOPAS TMV POTMV Kot
a6 Tov eKTOEUEVO TANOVGHO.

H Swpopd avt yivetor dueco aviinmry eggtalovtag
TV aplBpd TV emEc0dinv avd £To¢ oe Kabe pvmo, TOL
e&hyovtor amd 1o kabe Aoyiopko. o mopddetypo, Ommg
¢aivetat otov axdAiovbo ITiv. 8, o apBlog TV TEpTTOSEDV
YPOVIDG BVNOUOTNTOG EKPPOCUEVOV OE £T1 HeElmoNS TG
avapevopevng duapketog Long (Years of Life Lost — YOLL),
elvan oyedov dumhdoiog Yo kdBe pdmo oto RiskPoll og 6v-
ykpion pe to EcoSense 4.

Mivaxag 8. Api1buog mepinrddoewv ypoviag Bvnoyotnras oe YOLL
ava Etog
Table 8. Number of YOLL due to chronic mortality per year

Pomog RiskPoll EcoSense 4

PM10 45 26,7
Agvt. Ogukd 137 62,11
Agvt. vitpikd 82,9 47,12

O1 310pOPOTOCELG TOV OMOTEAECHATMOV TPOKAAOVVTOL
oo TO. LOVTEAQ JLOTOPAS TV dVO AOYIGUIK®OV KOl TG TToL-
padoyéc otig omoieg otnpilovrat. To EcoSense ypnoylomotel
7o ovvleta povtéda, 0nmg to Industrial Source Complex
Model cg tomud kot to Windrose Trajectory Model g mept-
Qepelakd eninedo, evd 1o RiskPoll otpiletar o mo ankd
povtéda dlaomopds 6mwe To Simple Uniform World Model

1 10 Robust Uniform World Model. H Aentopepng avaivon
KOl GUYKPLTIKT] TOPOVCINoT T®V HOVIEA®V vrepPaivel To
oKomd Mg mapovcos epyaciag. Emonuaivetar wotdco Ot
L0 CLLOVTIKT] S10QOpE TOV OTAOTOUUEVOV LOVTEA®V ival
N TOPadoY] TNG OHOLOHOPONG KOTOVOUNG TMV OTOdEKTMV
o€ oY€on e TNV YN, 08 TOMKO KOl TEPLPEPELOKO EMITEDO,
KoOMOG KoL TOV TUTIKMY KOl OLOIOHOPP®V LETEMPOAOYIKOV
ocuvinkov [14, 20].

Ot d0popég ot TOPASOYEG OVTOVOKAMDVTOL KOl GTO
dedopéva eoodov. To Aoyiopikd EcoSense dwabétet ev-
CONOTONEVES Bdoelg TANOVGLOKOV Kol PHETEDPOAOYIKAOV
dedopévav, ot eninedo Evponng.

[T cvykekpyéva, To AOYIGHIKO Y¥PNOULOTOLEL £val TE-
TpayoViKo kdvapo douotdoemv 50x50 km?, mov TpoépyeTal
and 1o mpdypappa “Co-operative Programme for Monitor-
ing and Evaluation of the Long-range Transmission of
Air pollutants in Europe” (EMEP 50 grid) [13], o omoiog
nepthapPdvel To amapaitnTo Yo T0 HOVTEAO O100TOoPaG
dedopéva (mokvotnta TANBLGHOV, TaydTNTA Kot dievhuvon
avépov, K.4.). Avtifétmg, oto Aoyiopukd RiskPoll, o min-
Buopndg BempeiTol OLOIOLOPPA KATOVEUTUEVOG LEGO OTNV
ennpealopevn meployn, aveEApTnTa Ao TN YE@YPOPLKT Ko
QUOKN doUN NG, KABMS Kot TNV TOToBEGIO TMV KATOIKNLLE-
VoV Teploy®dv (torewv, yopidv). Exiong, dev ypnoipomot-
00VTOL AETTOUEPT] LETEMPOAOYIKE dedopéva, Tapd LOVO o€
avaADGELS TOTIKOY eMmESOV €POGOV gival dabéoio amd
T0 YPNOTN.

Ot TopatnpovUEVEG OTOKAIGEIS OTA ATOTEAEGUATO, TNG
Tapovcoos Epevvag €ival COUPOVEG LE TIS TOPOATNPNCELS
AoV gpeovnTdv. Ontmg éxel amoderybel and ekteveilg ov-
ykprtikég avordoes [20, 21], to RiskPoll vrepektind to
KOOTOG TOV EMATOCEDMY OTAV GTIV TEPLOYT| EVOLLPEPOVTOG
VIAPYOVV HEYAAES VOATIVEG empaveleg (). Bdlacoa, Al-
WUVES), OM®G oty Vo e&étaon mepintmon. To mpaypoTikd
KOOTOG TOV EMMTOCED®V OTNV avOpodmvn vyelo givarl yuo
TIG EKTACELG AVTEG UNOEVIKD, YEYOVOG OV OYVOEITAL OO TO
RiskPoll, Adyw ¢ mapadoyng TG OHOOLOPPNG KOTOVOUNG
10V TANBLGLOV.

5.2 Zoykpion amoteieopdtov EcoSense 4 ko1 EcoSense 2

O1 dwpopég peto&d tov anoteleopdtov tov EcoSense
4 kot RiskPoll ogpeilovtatl ota Te)VIKG YOPOKTNPIGTIKE TOV
YPNOOTOLOVHEV®DY HOoVTEA®V dtacmopds. H amotipnon
TOV EMMTOCE®V 0T Aoyiopkd EcoSense 4 kot EcoSense
2, OUmG, TpaypHaTOTOLETOL 0T PACT KOW®MV HOVTEA®V Ol
ACTOPGG, LETEMPOAOYIK®DY dedOUEVOV Kot TANBLGUIKOY
XOPOKTIPLOTIKOV.

H dwapoponoinon tov amotelecpdtov, oty nepinto-
omn avTn, eivor omotéAecpo ToV e£eMEE@V GTA EMGTNHOVL-
K@ wedia Tng emdNUoA0Yiag Kot TG TEPLBAALOVTIKG ATO-
Tiunong Kot yio 10 Adyo avtd mapovcialel éva 1dtaitepo
EVOLAQEPOV.
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5.2.1 Avapop@mpéveg ouvaptioeis £ékdeong — amdkpiong

Ot ovvaptioelg ékbeomng — amdkpiong cvoyetifovv v
TOPOLGia VOGS pOTTOV LE TIG EMMTMOGELS TNV VYELN TOV EKTL-
Bépevov TAnBucpov. Ot cuvoptioelg avtég Tpocdiopilovtal
pe ) Ponbeto EMONUOAOYIKOV HEAETAOV, HETE OO KOTOA-
AN otatiotiky enegepyocia Tov gupnudtov. Ov afefar-
OTNTEG, OOTOGO, TOV EUTAEKOVTOL GTOV TPOGOIOPIGUO TOV
GLVOPTHCEDY QVTAV givatl ToAAEG [10, 11, 22]:

* 0l EMATMOCELG TO®V POT®V 6TV avBpdmvn vyeio eivol

HIKPEG OE «TUTKEGY) GUYKEVIPDGELG
* Ol EMONUOAOYIKEG HEAETEG LTOPOVV VAL LETPTICOVY LLOVO

éva HEPOG TMV TOADTAOK®OV PBlOAOYIKOV Sl0d1KACLDV

7oV Aopfdavouy ydpao Katd Ty kbeomn Tov avBpdTvou

OPYOVIGUOD, T.X. TV EREAVIOT] OVOTVELGTIKOV TPOPAN-

ATV AOY®D LYNANG GLYKEVIP®ONG COUOTIOIOV oTNnV

OTHLOCPOLPOL
* 0 appog TOV TAPATNPNOE®V (T.)Y. EI00Y®YN acbevdv

LE OVOTVELCTIKEG TOONCELS ava NUEPA), OKOUN KOl OE

UNTPOTOMTIKEG TTEPLOYES, WTOPEL VoL PNV €lval EMAPKNG,

MOTE VO TPOKOWYOLV OGQUAT GTATIOTIKG GUUTEPACLLOTOL
* 0 mAnBucpog ektiBeTal o€ £va PEYALo aplBpd dlapopeTL-

KOV pOTOV, Yeyovog mov kadiotd Wdiaitepo dOCKOAO TO

SY®PIOUO TOV ETUEPOVS EMATOCEWDV, K.AT.

'Etol, 08 MOAAEG TEPMITAOCEIG AVOPEPOVTOL GTLOVTUIKES
S10POPOTOMGELG LETAED TV EMONOAOYIKDOV HEAETDV, T.X.
0€ KATOLEG OMOOEIKVVETOL 1) GLGYETION HETAED TNG TAPOLGIaG
SO, ko emntdoev oy Vyela, evd 6e Kamoleg GALES OxL.
Emniong, o€ kdmoleg GAAec mepTTOOELS, 1) EnaveSETaoT TOV de-
dopéveV e BEATIOPEVO LOVTELD TTOPEYEL DLOPOPETIKE CULLTTE-
paopoto. E&outiag tov mapandvo, ot cuvaptioelg ékbeong
— QITOKPIOT|G VITOKEVTOL GE GUVEYT OVAUOPPOOT]. XTO TAAIGLOL
tov NewExternE, viofetifnkov véeg cuvapToelg avapopikd
e T povia Bvmoipdtnta, T xpovia poyyitida Kot to frixa,
0l OTI0iEG pEL@VOVY Tov apBud Tov encicodiov (pe eEaipeon
70 PNye) omd 20-60%. MdaMoTa, ot GNHOVTIKOTEPEG UEIDCELG
TOPATNPOVVTAL GTIS GUVOPTNOELS TNG YPOVING BvnoydmTog
(18% vy ta copotidie PM10, 59% ywo ta vitpucd kot 50%
v To. Beukd), n omoio, £xEL KO TN ONUAVTIKOTEPT] GLUUBOAN
oT1) SLHOPP®OT| Tov EEMmTEPIKOV KOGTOVG. Emiong, opiopéveg
EMMTMOELS, OTMG 1 Xpovia Ppoyyitida ota modid 1 1 Gpeon
BvnowodmTo and To COUATIOW, dEV TPOCUETPOVTOL TALOV
ot Pfdon tov véov anotedesudtov [10, 11, 23].

5.2.2 Avapop@mpéveg Tipég povadog

Ot ouvopthoelg £kBeong — amoOKpLoNG, LOAOVOTL GOUPAA-
AOLV GNUAVTIKA, JEV ATOTEAOVV T LOVAOIKT TAPAUETPO OTN
peimon tov e&mtepcon KOGTOVG OV TopaTnpeitat petaln
tov ektipnoswv Tov EcoSense 4 kot EcoSense 2. Ta tehev-
Taio ¥povia, VEIoTATOL [Lo, SILPKNG EPEVVNTIKT TPOGTadELn
YL TV OMOTIPUNON TOV EMMTAOGEDV TNG 0EPLUG POTAVONG,
ot omoieg gotidlovv Kuping oto e TG BvnodTTOG.

Amdppoto. vt TG TpooTaBeLag eivoat 1) VIOBETHON VEQV TL1-
LDV LOVASOG 0VE ETITTMGT, Ol OTOIES, OTMG OMOOEIKVOETAL,
EMOPOVYV KOOOPIGTIKA OTIG EKTIUNGELS.

Ytov mivaxo wov akorovdet (ITiv. 9), Ttapovsidlovtal, o€
avtmopadeon pe tov Iiv. 2, o1 xp1nGYLOTOOVEVES TYEG LO-
vadog and to mpoypappe ExternE katd v mpodTn mepiodo
gpappoyng tov [9].

Ot Tipég avapopikd e TNV amoTitnomn e voonpotntag
oV TANBVGLOD glvan avénpéveg, pe eEaipeon TV elo0yOYT
o€ VOoOKopElD AOY® OvVATVELSTIKOV Tobnoemv (peimon
katd 60% mepimovn). INUAVTIKG LELWUEVEG EVOL OL TYEG TNG
peimong oty avapevopevn didpketa Long. ITo cuykekpipé-
va, Yo TN XpOvio BvGLLOTNTO Ot VEEG TIEG EIVOL LELOUEVES
katd 40% Kot yuo v o&eio Ovnoyotnta katd 52%.

Mivaxag 9. Tiuég povadag ava erintwon (ExternE 1999)
Table 9. Unit prices per impact (ExternE 1999)

Ernintoon AmoTtipnon
Xpovia Bvnoodmta — oe YOLL (r = 3%) 84330
O&eia Bvmoydémta — oe YOLL (r=3%) 155000
Xpovia Bpoyyitida 105000
Eiwcaymyn og vocokopeio Adym tadfoemv tov 7870
EYKEQAMKDV 0yyeiv
Ewaymyn o€ voGoKopEID AOY® AVATVEVGTIKGOV 7870
nodfcemv
Huépeg mepropiopévng dpactnplotntog 75
Xpoviog Pyog —mondid 225
ZUUEOPNTIKY KOPOLOKY| AVETAPKELLL 7870
Bnyog — acOpatucoi eviilikeg | moudid 7
Xpnomn BpoyyodtocTAATIKOV — EVAMKEG 1| 37
o1
ZOUTTOUATO TOV KOTAOTEPOL OVATVEVCTIKOD — 3
eviiMkeg N Toudid, pe dobua

H dwopopd otnv Tiun povadag yio tn xpdvia Bvnootnta
0€ GLVOLOOUO KOl LE TNV EAGTTOOT) TOV EKTILDUEVOV ETOV
peimong g avopevopevng dtapkelog {mng Aoym Tov vEov
oLvopTHoEOV EkBEOTG AmOKPLONG, ElVal Kot 0 KOPLOG TTapd-
YOVTOG S10(pOPOTOINGCTG TOV OTOTELEGUATOV OV PaivovTol
ota Xyfuota 3 ko 6. [T cvykekpyéva, 6cov apopd ot
voonpotnta To anoteréopata Tov EcoSense 4 givar petmpé-
va kot 28% mepimov yia ta vitpikd, 30% yia ta Oeukd ko
66% Y1 10 SO,, evad eivar avEnpéva katé 34% yio. o, PM10.
Yty mepintmon g Bvnopdmrag, OU®c, OAEG ot TIHEG Eivat
onuovTika petopéves. Il avoloticd, n peimon avépyetot
og 84% yia to vitpikd, 82% yio ta Beukd, 69% yio to SO,
rat 68% yw T PM10.

O petaforég avtég kabiotavtar eviovotepeg av Anedet
VIOYN M omoTipnon g Bvnoomtog pe Paon v «ogio
™G otatiotikng (omeo» (Value of Statistical Life - VSL) avti
¢ pelmong g avapevopevng ddpketag (one. Katd v
mpmtn aon tov ExternE, 1 amotipnon g Bvnopdmrog,
poAovott mpotewvotav N ypnon g pebddov YOLL, eiye
npoypatoronfet kon pe tig dvo mpooeyyices. H a&ia g
ototwotikng Long elxe mpocdiopiotel o 3.100.000 € [9],
oAAG apyotepa pewdbnke oe 1.000.000 € [24]. H pébodog
VSL é6we amoteléopoto mepimov 3,5 popéc vynAdtepa oe
oyéon ue ) pébodo YOLL. Xt Bdaon g VSL, ta amoteré-



Teyv. Xpov. Emot. 'Exd. TEE, V, tevy. 1-2 2006, Tech. Chron. Sci. J. TCG, V, No 1-2 37

opato Tov EcoSense 4 givan petopéva kotd 95% mepinov oe
oyéon Le ta oamoteléopota Tov EcoSense 2.

To ovykekpévo Nnuoa  amotipnong e&okolovbel
QKON Kot OTIHEPX VO ATAGYOAEL T d1eBV EpELVNTIKY] KOL-
votto. v Evpdnn, €ducd oto £pya Tov akolovBoldv
pebodoroyia Impact Pathway Approach mov avantdyBnke
oto ExternE, 6nmwg to NewExternE kot 1o CAFE, £xet vio-
BeBel n amotipumon g Bvnowodtag Pacet g pebddov
YOLL [10, 11, 12, 17].

H emoyn avtq ompiletar 6e cOyypovo epevvnTiKd
dedopéva [18, 19, 23, 25, 26], cOp@@VA [LE TO. OTOL0L 1) OTO-
tipumon g Bvnowotntag Pdoet g VSL propei va wpoxoa-
Aécel oTpéPfrmon Tov arotelecpdTmv. Onmg emonuaivetot
peta&d dAlov, n pébodog VSL éyer avomtuydel ot Pdon
¢ amotiunong Bavatneopmv atuynuiTev, Aappdvovtog
po péomn andieio didpketog (ong 30 — 40 etdv. H exdn-
Aoon evog mpoémpov Bavatov Adywm TG aéplag pOTAVOTG
eppavifetat o dtopa IOV VILOPEPOVY 10N Ao TPOPAN AT
vyelag. X auTh TNV TEPITTOOT, 1| LEIWGT GTNV AVAUEVOLLEV
duapketo Long avépyetar oe PePIKES foopddeg 1 pves. Ma-
Mota, ektipdron 0Tt peimon g aéprag pumaveong katd 50%
Bo 0dnyovoe e pPéon avénomn TG avapeVOEVNG dIEPKELNG
fong katd 5 pnqveg. Emmiéov, vrootpiletal 6Tt ot emdn-
HIOAOYIKEG LEAETEG EKTHOVV TN HEOT aHENCT OTNV aVOLLE-
vouevn Bvnowomta. Opwmg, dev pmopel vo S1evkpvIcTEL av
VIAPYEL HeYAAN amdAEw ddpkelag {oNg Yo Alyo dtopa 1
piKpt| anmdAelo dudpkelag (ong yio ToAAG dtopa, kabdg N
TPOMPN OTMAEWL TOV OQEIAETAL GTNV Gépla pOTTAVOT dgv
UTopEL Vo omoTUT®OEL EVKPIVAOG OTIC EMONUOAOYIKEG PEAE-
TeC, OMWG .Y M AmdAe0 (NG AGY® ATUYNLOTOC.

Extog and v emioyn g pebddov VSL 1 YOLL, on-
HOVTIKO PEPOG TNG £PEVLVOG E0TIALEL OTNV AOTIUNGT TOV
ovykekpiuévov peyedmv. To ExternE ypnoiporolovoe yio
yxpovia Bvnowotta g YOLL = 84.330 €, Aappdvovtog
Ty VSL = 3.100.000 €. Xoyypoveg peréteg [18, 23, 27],
omplopeveg ot MéBodo g YmoBetikng A&oddynong
(Contingent Valuation Method) mov vAomombnkav o€ tpelg
Evponaikéc yodpeg (Hvopévo Basilelo, Itaiia kot ToAlia),
Baoetl Tov TpwtokdArov Twv Krupnick et al. [28], vroAdyt-
cav Ty VSL=1.000.000 €, YOLL = 50.000 € ywo tn xpovia.
Bvnooto kot YOLL = 75.000 € yuo trv oeio Ovnopdtn-
Ta, avtiotoya. Ot Tég antég Exovv vioBetOel Kot arnd v
Evponaiky ‘Evoon ota cuvagn epeuvntikd mpoypappoTo
(m.x. NewExternE kot CAFE), avtikafiotdviog Tig apykég
Tipég tov ExternE ko tic tpomomomoelg mov giyav mpay-
patomomBel og avtég mpv o 2004, Y. OVOLOPPOUEVEG
Tipég tov Benefits Table Database: Estimates of the marginal
external costs of air pollution in Europe [24].

6. XYMIIEPAXMATA

To televtaia ypdvia, M KowotTikny vopobecio elodyst
GUGTNUATIKA, LLE AUEGO 1| EUEGO TPOTO, TNV ATOTIUNOT TOV

e£mTEPIKOD KOGTOVG N 0PEAOVG 6T drodikacio Ayng amo-
@doemv o€ oGpopa emineda. Onwg mapovcldoTnke HEGa
amd T CLYKEKPIUEVN Tepintwon perétng otov AHE Ayiov
Anpnrpiov, porovott veioTaTol Vo Kotopynv TAAIGLO Yo
MV EPAPUOYN TNG OWKOVOUIKNG ATOTIUNONG TOV EMTTOCE-
@V, KobioToTol epeavég 0tL | Tpoomddela avty PpiokeTol
TNV 0PN €VOG SVGKOAOL SPOLOL. AKOUN KoL CTLEPA VTTAP-
Youv 0fePaLdTNTEG TOV TPEMEL VO, AVTILETOTLGTOVV, Ol OTOi-
€G evtomilovtal T0C0 0TI PUGIKEG EMATMCELG OGO KOl OTIG
OLKOVOUIKEG, T.Y. OTIG GLVAPTNOELS £kBeong — amoOKPLoNG,
OTIC TWES HOVADOG VA EMIMTMOT, OTO LOVTELN SLOGTTOPAG
TV pOTOV, K.6.

Ot pébodot mepPaAlovTiKnG amoTiunong Kot ot Topd-
LETPOL TTOV EUTAEKOVTOL GE AVTEG Ppiokovial og Lo dap-
K1 ovafedpnon Kot péExpt onuepa, oev vadpyel pEBodog
«mAVAaKeLo Yo TV emilvotn tov tpofinpatoc. To yeyovog
0VTO MGTOCO, KOTA TN YVOUN TOV YPAPOVIOV, OV TPEMEL
VO OTOTEAECEL OVOCTOATIKO TOPAYOVTIO OTNV TPOCTADELL
7ov katafdAiletal, dieBvag, yio évo mo opBoroyikd mhaicilo
Myng amo@doewy. ATotteital, ORMG, TPOCEYTIKY EQOPLLO-
YN, o€ oY€oM LE TIG O10ITEPEG AVAYKES KOl AOLTHGELS KAOe
nepintoons. Emmiéov, elvan mpotipdtepo va e€etaletat, ota
OO0 TPAYHOTIKOV OTOQACEDY, £VO €0POG TILAV KoL VO
TPOYLLOTOTOLOVVTAL aVOAVGELS gvotoBnciag. H mpocéyyion
0T, GE GXEOMN UE TIG VIETEPUVIOTIKES TUUEG, Hmopel va
oupPaiel oV ac@aAéoTepn €E0YOYT OTOTEAECUATOV KOl
GUUTEPUGLATMV.

Mopd t1g 6moteg advvapies, 1 TePPUALOVTIKT OKOVOpLia
glvat évag ypMoYLog Kol KPIGUHOG EMGTNLOVIKOSG KAADOG Ko
umopel v amoteAécel Eva 1O10iTEPO oNUAVTIKO epydleio og
Bépata AMMyng amopdcewyv, KoBMG OTMG AVUPEPETOL (OPOL-
KINPIOTIKG: «... § OIKOVOUIKN OTOTIUNON TWV U UETPHOIULDY
wepifalloviikav ayabav umopel vo givar Alyo w¢ mwold
ozedng. Eivar ouws koddtepa vo. mpoyuatonoieitol, o€ kale
TEPITTON, 1] OIKOVOUIKY OTOTIUNON TWV TEPLPOALOVTIKDV
OVVIOTWO®MV €VOS TPofluatos oto. wAaiolo Hiog oloxin-
POUEVHS TPOGEYYIONS OO TOVG OPUOOIOVG POPEIS A0 TO Va
unv mpaypatomoieitar kafoiov, kabwg avto o onuaive ot
ayvoeitar Tovtedag n olio wov KpvPer To meprPariov yio to
rowvoviko avvoion (K. Turner, D. Pearce kot I. Bateman).
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Extended Summary

Economic Valuation of Environmental Impacts from
Electricity Generation

P. GRIGOROPOULOS
Mining Engineer - Metallurgist

Abstract

The valuation of the environment in monetary terms has received
particular attention in recent years from all parties involved in
decision-making processes. This paper focuses on a crucial sector
for Greece, namely electricity production by means of lignite fuel.
The aim of the paper is to present a framework for assessing the
external costs from energy production as well as to highlight some
recent developments and uncertainties involved in this particular
field. Towards this direction, the power plant of Agios Dimitrios in
Ptolemais was selected as a case study. The external cost of elec-
tricity production was estimated using sophisticated software and
adopting state-of-the-art research techniques. These results were
compared against the figures derived from the ExternE national
implementation study, carried out in 1997, in order to discuss some
critical issues of the valuation framework.

1. INTRODUCTION

In recent years, there has been growing concern
about implementing environmental valuation techniques
in decision-making processes. Towards this direction,
legislation enforcement plays an important role. Several
Directives have focused on relevant aspects: e.g. 1996/61/
EC concerning integrated pollution prevention and control,
2000/60/EC on establishing a framework in the field of
water policy, 2004/35/EC on environmental liability with
regard to the prevention and remedying of environmental
damage, etc.

Especially in the energy sector, there has been an intense
effort with respect to the assessment of environmental
impacts, in physical as well as economic terms. The latter
derive not only from the implementation of environmental
legislation but also from the need to weight fossil fuels
against renewable energy sources on an equal basis. Several
target-oriented projects have been funded by the EU
during the last decade. These research efforts have come
up with significant conclusions. However, there are many
uncertainties, as well as ethical dilemmas that require further
analysis.
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Given that the energy sector is particularly affected by
these legislative and social requirements, the aim of the
paper is twofold:

e to present an appropriate framework for estimating
externalities from energy production

* to highlight some recent developments in the field of
environmental valuation that significantly influence the
estimated figures.

The power plant of Agios Dimitrios, which is located in
Ptolemais area, in North-western Greece has been used as an
illustrative example. The external cost of power generation
from the plant under investigation was calculated by means
of specialized software packages, namely EcoSense 4 and
RiskPoll, adopting the latest scientific advances. These
results were examined vis-a-vis the figures derived from
the ExternE national implementation study, in 1997, and on
this basis some critical issues of the valuation framework are
further discussed.

2. EXTERNAL COST AND ENERGY
PRODUCTION

The theoretical basis of externalities is outlined in the
welfare economics literature. The theory of externalities
goes back to 1920, to the work of Pigou, and has become the
main principle used by economists when analyzing pollution
problems.

During the last decades, several studies have been con-
ducted in order to assess externalities in the power sector.
The most exhaustive study so far of the external costs of
energy was the ExternE project (Externalities of Energy),
which began as a collaborative effort between the EU and the
US in 1991. The European side completed the third phase in
1998 with the “National Implementation Studies”. Accord-
ing to the results, the external cost of electricity production
amounts to 1 — 2% of EU GDP. This first effort was further
supported by the EU, resulting in follow-up projects such



40 Teyv. Xpov. Emot. 'Exd. TEE, V, tevy. 1-2 2006, Tech. Chron. Sci. J. TCG, V, No 1-2

as NewExt (New Elements for the Assessment of External
Costs from Energy Technologies), CAFE (Clean Air for
Europe), etc.

The ExternE project established a bottom-up method-
ology, also known as impact-pathway or damage-function
approach (DFA), which allows for the calculation of mar-
ginal external costs from energy production. Within this
framework, impacts on human health and the environment
are quantified in monetary terms in four consecutive steps
(Figure 1). First, the quantity of emissions from a defined
source is determined. Second, local and regional dispersion
models are used to examine the increase in ambient concen-
trations. Then, exposure-response functions are applied to
estimate the marginal physical impacts that result from the
emissions. Finally, the external cost is calculated by mul-
tiplying the marginal physical damages by their estimated
monetary value.

The methodology is carried out via specialized software
tools, which were developed through the ExternE project
series, e.g. EcoSense and RiskPoll. These tools provide data
and models required for an integrated assessment of the im-
pact of primary and secondary airborne pollutants (e.g. PM
10, SO,, NO, nitrates, etc.) on human health, crops, materi-
als and the ecosystem.

3. CASE STUDY

3.1. Data and Procedures

The power plant under investigation has an installed
capacity of 366.5 MW with a net efficiency of 34%. The
projected load factor is 68.5% and the lifetime of the plant
is 40 years. The pollutant concentrations in the flue gases
are: particulates <50 mg/Nm’, SO, 170-300 mg/Nm’, NO_
190-200 mg/Nm?®. The annual emissions are particulates 556
t, SO, 2615 tand NO_2170 t. For estimation purposes, tech-
nical data and other operating parameters of the plant were
also used.

As far as EcoSense estimates are concerned, the in-built
reference environment database was used. In order to carry
out the analysis in RiskPoll, the average population density
was estimated within a range of 1000 km from the station
(Table 1 and Figure 2). Although both tools provide the
means for estimating impacts on human health, crops, mate-
rials and the ecosystem, the analysis focuses only on humans
for two main reasons:
 the cost of human health impacts amounts to 80 — 94% of

the total external cost
* the most important scientific findings affecting the

estimates are in the field of human health effects and
more specifically in the valuation of chronic and acute
mortality.

For the assessment of physical impacts, updated Expo-

sure Response Functions (ERFs) were used, which were in-
cluded in the software packages. The unit prices per impacts
adopted are illustrated in Table 2.

3.2 EcoSense 4 results

According to EcoSense 4 results, the total external cost
in terms of human health is estimated at 10,350,000 €/year
or 0.52 €cent/KWh. The findings are detailed in Table 3 and
Figure 3. The results indicate that SO,, especially in the form
of sulfates, is responsible for 46.5% of the total cost. In ad-
dition, in Figure 4, the external costs per country are illus-
trated. It is evident that Greece is predominantly affected by
the plant compared to the other neighboring countries.

3.3 RiskPoll results

The analysis was carried out using the RUWM (Best es-
timate) and the QUERI (Intermediate estimate) models. For
each models two different conditions were used, namely Site
ID 0 (rural area) and Site ID 4 (emission source lies within
15 — 25 km from urban area). The results of RUWM models
and QUERI Site ID 0 were identical. The results of QUERI
Site ID 4 were comparable.

Table 4 and Figure 5 provide, for conciseness, only the
results of RUWM model. According to the estimates, the
external cost of the station is 22,300,000 €/year or 1.0134
€cent/KWh. More specifically, 51.6% of the cost is attrib-
uted to sulfates. 61.6% of the cost is due to mortality effects
whereas 31.4% is associated with morbidity effects.

4. COMPARATIVE RESULTS

In order to investigate the methodological elements that
affect the accounting framework of externalities in the en-
ergy sector, the results of EcoSense 4 were compared against
the findings of RiskPoll and EcoSense 2. The latter was used
in the ExternE study.

According to the national implementation plan of the Ex-
ternE accounting framework in Greece, the externalities of
Agios Dimitrios power plant on human health were estimat-
ed at 43,800,000 €/year or 1.99 €cent/KWh. 45.2% of the
quantified externalities were due to SO, emissions, mainly
in the form of sulfates. The mortality effects corresponded to
89% of the cost of sulfates and 88% of the cost of nitrates,
respectively. The results are given in Figure 6.

In Tables 5 and 6 as well as in Figure 7, the results of the
software tools are provided. According to the findings, the
following observations were made:
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* The external cost of human health impacts derived by
EcoSense 4 is reduced by 76% in comparison with Eco-
Sense 2 estimates. Furthermore, EcoSense 4 figures are
half as those provided by RiskPoll.

* The external cost of RiskPoll corresponds to 50% of the
cost estimated by EcoSense 2.

* Sulfates are the most detrimental pollutant to human
health, since they are responsible for 45-52% of the total
external cost. Nitrates are associated with 32-41% of ex-
ternalities, while the contribution of particulates varies
between 11-19%.

5. CRITICAL PARAMETERS AFFECTING
THE RESULTS

As far as the divergence of the estimates is concerned, the
following parameters are involved:
* The assumptions and data used in the dispersion models.
e The ERFs applied.
* The unit cost per impact adopted.

5.1 RiskPoll and EcoSense 4

Although EcoSense 4 and RiskPoll models are based
on the same ERFs and unit cost values, the discrepancy
between the estimates is significant. This phenomenon
is attributed to the dispersion modeling of the pollutants.
EcoSense uses more complex models, such as the Indus-
trial Source Complex Model for the local and the Windrose
Trajectory Model for the regional level analysis, whereas
RiskPoll employs a simplified assessment methodology
based on the Simple Uniform World Model or the Robust
Uniform World Model.

EcoSense 4 uses an in-built database derived from the
“Co-operative Programme for Monitoring and Evaluation
of the Long-range Transmission of Air pollutants in Eu-
rope” (EMEP 50 grid), which provides detailed data for
the model. On the other hand, RiskPoll assumes a uniform
population distribution around the plant under investiga-
tion. This approach results in over-estimates when the
source is displaced near the sea, due to the fact that part
of the pollution plume is transported over the sea, where
health effects are null. The latter is evident from the figures
provided in Table 7.

5.2 EcoSense 4 and EcoSense 2

EcoSense 4 and EcoSense 2 use the same models and in-
built databases. However, the estimates provided are quite

different, since EcoSense 4 has embodied new scientific
findings with respect to epidemiological data and valuation
procedures.

5.2.1 Updated ERFs

The ERFs for many pollutants and many impacts are
very uncertain or even not known at all. For example, a
major difficulty is due to the fact that one needs relatively
high doses in order to obtain observable responses. Yet,
these doses are usually far in excess of typical ambient
concentrations in the EU. Further, there are large uncertain-
ties because there is insufficient evidence for the effects of
individual pollutants, since humans are exposed to a mix of
different pollutants.

Bearing in mind the difficulties involved in the estima-
tion of ERFs, it is not surprising that ERFs are updated from
time to time. In the follow-up of ExternE, NewExternE,
different ERFs were adopted for chronic mortality, chronic
bronchitis and cough that resulted in 20-60% less episodes
(except cough).

5.2.2 Unit values per impact

ERFs are not the only factor affecting the results of
EcoSense 4 and EcoSense 2. In recent years, the follow-up
of ExternE has focused on areas in which a need for further
research was identified. Within these issues, the valuation of
mortality effects holds a central position.

Table 8 presents the unit values that were used in
ExternE. In comparison with Table 2, it becomes evident
that all morbidity costs, except from cerebrovascular and
respiratory hospital admissions, have increased. However,
mortality values are lower by from 40% up to 52%. As a
result of the new ERFs and prices involved, the morbidity
externalities are lower in EcoSense 4 for nitrates (28%),
sulfates (30%) and SO, (66%) but higher for particulates
(34%). As far as mortality effects are concerned, new
findings are lower for primary and secondary pollutants,
namely nitrates (85%), sulfates (82%), SO, (69%) and par-
ticulates (68%).

The reduction in mortality cost is due to the new values
of YOLL (Years of Life Lost) and VSL (Value of Statistical
Life) adopted. More specifically, in the national implementa-
tion studies of ExternE, the VSL was equal to 3,100,000 €,
the YOLL for acute mortality was set to 155,000 € and for
chronic mortality to 84,330 €, respectively. NewExternE has
adopted, according to new scientific evidence, the follow-
ing values: VSL = 1,000,000 €, acute YOLL = 75,000 € and
chronic YOLL = 50,000 €.
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6. CONCLUSIONS

Several legislative acts require that valuation of exter-
nalities should be performed in decision-making processes.
Nowadays, there is a coherent and widely accepted frame-
work to support decision making, especially in the field
of energy. However, the analysis presented indicates that
several uncertainties are involved and many issues, both
epidemiological and economic, need to be further examined,
since the whole process is still at the beginning.

On the other hand, however, the assessment of exter-
nalities should not been withdrawn, although the current
accounting framework is criticized. Particular attention is re-
quired and the characteristics of each case studied should be

thoroughly taken into consideration. Furthermore, sensitiv-
ity analyses, based on a range of values, should be provided
instead of deterministic results, due to the fact that one may
come up with more safe and sound conclusions.

In any case, as is commonly accepted “...the economic
(monetary) valuation of non-market environmental assets
may be more or less imperfect given the particular asset
together with its environmental and valuation contexts; but,
invariably, some valuation explicitly laid out for scrutiny by
policy-makers and the public, is better than none, because
none can mean some implicit valuation shrouded from pub-
lic scrutiny...” (K. Turner, D. Pearce and I. Bateman).



