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HNEPIAHYH

H Evponaikn Evoon €xet 0€cet 610)00g Yo T pelmon Towv EKToUT®V aepimv Tov Oeppoknmiov
0T GLVOAIKT] KATOVAAW®GN EVEPYEWNG OC WEPOG TNG OGPAMONG TNG TP®TOPovAag Kabaprg
EVEPYELOG KOL TOV TPOOTAOELOV LElDONG TOV EKTOUT®V dvOpaka Katd 90%, 6 GUYKPLOT LE AVTES
tov 1990, éwg 10 2050. O TOUENC TOV UETOPOPDOV £YEL EMOEVOCEL 1O1O{TEPO. TO, TOPOATAVED
npoPAnuata. Eotidloviag 6TV avIHETMOMION TOVS, Ol EVPOTAIKES apyYEG £YOVV EMEVOVOEL Kot
ovveyiCouv va emevdvovv omnv niektpokivnon. v Evpomaikny ‘Evoon, m nmiektpikn
Kivnuikdmra  €xet avénbel onupoavtikd v televtaio dekaetio. Zvykekpiuéva, OA0 Kot
TEPLOGOTEPES OLTOKIVNTOPLOUNYOVIEC GTPEPOVY TO EVOLAPEPOV TOVG GTIV NAEKTPIKT TEXVOAOYia
Y. VO OVTIKOTOGTHCOLV TO. GUUPOTIKA OLTOKIVIITO TOV YPNCUYLOTOLOVV KIVNTHPO EGMOTEPIKNG
KOOOTC.

H nopovca dsumhopotiky epyasio mpoonadel vo aE0A0YNGEL TOV aVTIKTLTO TNG dieiocdvuong Twv
NAEKTPIKOV OYNUATOV 0TN {NTNOTN NAEKTPIKNG EVEPYELOG KOL TIG GYETIKES EKTOUTEG PUTT®V EVTOG
g E.E. Apywéd, yiveton avapopd oty KApotiky] aAlayr| Kot TIG GLHPViEg TV eBvav Yo v
avTILETOMIOT TNG divovtoag épeacn oto [pwtdkoiro tov Kidto kot v Zupgwvia tov [apisiov.
2V cuvéRELa, TopovaldaleTol 1 evepyelakn petdfacn otnv Evpdnn, dnwg emiong kot ot 6toyot
nov £€0goe n Evpomnaikn 'Eveoon yia to kiipa kot v evépyeta péypt to 2020 xot 1o 2030 kot t€A0G
0 pakporpofecpog otdyog tov 2050. Eniong, emonuaivetar o Topéag g nAeKTpokivnong g
wavn Aon va peiwbovv ot aéptot pOmot amd Tov 1eiTEPO PLTOYOVO TOUED TOV UETOPOPMOV.
Téhog, divovtal ta oTaTIoTIKG dedopéva Kot To Lodnuotikd poviéda TpdPAreyng oe cuvdvacud pe
v Bacikn e&icmon mov odMynoav oty e£0y@yn COUTEPUCUATMV TNG EPELVOLC.

A&loonueioto glvar 60Tl 6NV TOPOVCH SUTAMUATIKY Epyocio. cvumeptAapBaveTotl To exionpo
gpeuvnTIKOd  €yypago mov mopovcidotnke oto cuvédpo “TMREES Conference Series:
Technologies and Materials for Renewable Energy, Environment and Sustainability” pe titAo
“Electricity demand and carbon emission in power generation under high penetration of electric
vehicles. A European Union perspective.”. TIépav tov cuvedpiov, T0 TPoovapepOUEVO EYYPOUPO
&xel Katatebel mpog dnpocicvon oto eykekpluévo meptodikd Energy Reports.

AéEerg khewdra: Evponaixn ‘Evoon (E.E.), dto&eido tov avOpaxa (CO2), nAektpikd avtokivito
(BEV), aépia tov Beppoknmiov (GHG), nhektpikr non, avavedoiues tnyéc evépyetog (AITE)
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SUMMARY

The European Union has set targets to reduce the greenhouse gases emissions in total energy
consumption as a part of the securing the clean energy initiative and the efforts of carbon emissions
reductions of 90%, compared to the 1990 ones, until 2050. The transport sector is particularly
exacerbating the above problems. Focusing on their fight, European authorities have invested and
continue to invest in electric propulsion. In the European Union, electric mobility has grown
tremendously in the last decade. Specifically, more and more automobile industries are turning
their interest in electric technology to replace conventional cars which they use internal
combustion engine.

This study tries to evaluate the impact of the electric vehicle penetration in the electricity
demand and related emissions inside the EU. Initially, reference is made to climate change and
the nations' agreements to tackle it, with emphasis on the Kyoto Protocol and the Paris Agreement.
Next, the energy transition in Europe is presented, as well as the goals set by the European Union
for climate and energy by 2020 and 2030 and finally the long-term goal of 2050. The electricity
sector is also highlighted as a viable solution to reduce gaseous pollutants from the highly polluting
transport sector. Finally, the statistical data and the mathematical prediction models are given in
combination with the basic equation that led to the conclusion of the research.

It is noteworthy that in this diploma thesis is included the official research paper presented at
the conference "TMREES Conference Series: Technologies and Materials for Renewable Energy,
Environment and Sustainability” entitled "Electricity demand and carbon emission in power
generation under high penetration of electric vehicles. A European Union perspective. ”. In
addition to the conference, the above document has been submitted for publication in the approved
Energy Reports magazine.

Keywords: European Union (EU), carbon dioxide (CO2), battery electric vehicle (BEV),
greenhouse gases (GHG), electricity demand, renewable energy sources (RES)
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KE®AAAIO 1°

“KMmpotikn aAroyn”

1.1 Eicoymyn otnv KALOTIKY] 0AAOYT

Emomuovikég peréteg deiyvoov 0tt o mhavitng I'm onuovpyndnke mpv amd mepimov
4.600.000.000 ypévia [1]. Katd t didpkeio OA®V aTOV TV ETOV, 0 LOVOSTKOG TAAVITNG -UEYPL
ottyung pe Coviavh vmoapén mavidos Kot YAmpidag- YvOploe TOAAES YEWAOYIKEG UETOPOAES pe
arotéleopa TV VIapEN KMpatikov aAlayov. Ta tedevtaio 650.000 xpdvia Exovv enébel entd
nepiodot mayet@vov. MdAiota, ot Tayetdveg mov EMmcav mtpty omd 12.000 £t onpatoddtmoav
o véa mepiodo kAipatog [2]. Aappdvoviog vaoyn Tig KMpatikég oAhayég tov maperdovtoc,
yivetor avTiAnTtd TG 1 ToPoVoe KAMUOTIKY oAAayn amotelel (ol QUGIKY LETOOAN, 1 omoia
emnpedlel TOvV TAGVATI Kol OmoppéEl amd  QUOIKEC OlEPYNoiEg TOV GCUUMOVTIOG. XTIV
TPOYUATIKOTNTO OLLOGC, Eva amd To kaipto {nTipota mov GUUPBAALEL 6TV aAhoyn) TOV KALOTOS TOV
mAaviTn gival ta aépla Tov Beppoknmiov. H ekmopmn tov agpiov autdv poumov ennpedlel to
KMpo, d1ott e€anmddvovtol tayvtata pécw g atpoceapog g I'ng [3]. H mpoéhevon tovg
0QEILETOL GE PVOIKES SEPYUGIES, OTMS 01 VOPATUOL, AALA TO HEYOADTEPO TOGOGTO TIGTOVETOL OTIG
avOpodmves OpacTNPLOTNTES TOV TOPEYOLV TEPACTIO TOGH aepiwV Kol TpoKaAeital avénom g
OLYKEVIPMOONG TOVG OTNV ATUOGPALPO HE OTOTEAEGHO TO QavOUEVO TOL Bepuoknmiov. Qg
eowvopevo Tov Beppoknmiov opiletar «n dtadkasio Kot TNV omoia 1 ATHOCPUIPO EVOG TAAVITY
ovykpatel Oeppdtra kot cupPdAdel onv avEnon g Beprokpaciog TG ETPAVELLS TOLY.

1950 (328 ppm CO 2 IcodUvapa) 1990 (414 ppm CO2 eq.) 2017 (491 ppm €Oz eq.)

\

N X

COo2 @ CH4 @ N20O @ PFC, HFC, SF6 Montreal gasses

Ewcova 1.1 Zouforn twv diapdpwv aepiwv tov Oepuoknmiov mwov mepiloufavovior oo mpwtokorlo Kioto xa
Movrpeal ovvoiixd to 1950, 1990, 2017 [5]

Ta aépra Tov Beppoxmmiov eivan mepimov gikoot €1g tov apBuod. Ta aépra pe v peyorlvTepn
avénom cuykévipoong sivat to pueddvio (CHa) pe 0,48 W/m?, 1o vroéeidio tov aldtov (N20) pe



0,15 W/m? ka1 ) gprion @Boptovymv aepiov. To GNUOVIIKOTEPO OUOC GEPLO HE THY HEYOADTEPT
GUVEIGPOPE 6TO POIVOpEVO £ivat To d10E6id10 Tov dvBpaa (CO2) pe 1,46 W/m? [4]. H péon etiocia
ovykévipoon Tov CO2 avipbe ota 405 kot 408 ppm katd ta étn 2017 kot 2018, avtictowyo. Xe
ovykpion e ta Tpo-Propnyavikd enimeda (1800) mapatnpeiton pio avEnon katd avaroyio 145%,
onAadn 125 ppm [5].

To CO2 exAbeton 6TV ATLOGPALPA OO TV KAHOT TOV 0PLKTOV KOLGIH®V, OTW®G TO TETPEAALO,
TO 0£P10 KO 0 AvOpaKaG TOV YPNGUYLOTOLOVVTOL KUPIWG Y10 TNV TOPAY®YT NAEKTPIKNG EVEPYELOC.
EmnAéov, opuktd kadoia ypNOUYLOTO0UVIOL GTOV TOUEN TMV HETAPOPDV, OTIG PLOUNYOVIKEG
€yKaTooTAcES Kot to. vowkokvpld. 'Evag e&icov onpovtikdg mapdyovtog otnv avénomn g
ovykévpmong tov CO2 vokettal oTny amoyiAwon Twv dacmv. Ta dévrpa ekmtvéovy 0EVYOVO Kot
amoppo@ovV d10&eidto Tov dvBpaka amd TV aTHOcEOIpO GLUPAAAOVTAG otV pLBUIoT TOV
KMpatog. H  ovveyne oamoyilmorn tovg Oumg, €xel  opvntikd oamoteAécpota, Kabdg
amelevfep@veTaL LEYAAT TOGOTNTA AVOPAKO GTNV ATUOGPALPO EMOEVAOVOVTOS TO POVOLEVO TOV
Bepuroknmiov.

Ta peydro eminedo cvykévipmong towv emPrafov aepimv €xovv emEépel o¢ emakdAovbo
ONUOVTIKES EMTTAOGELS. Apykd, 1 vtepBEpavoT TG NG £XEL 0ONYNGEL 6TV THEN TOV TAY®V UE
amotéleopo va avéBel 1 otdoun tov BoAdccoimv VATV Kol Vo TPOKANB0OV TANUUOpES Kot
dwPpwon otig aktéc. EmmAov, €xovv eppoviotel akpaio Kopikd @ovopevo mov TANTTOLV
OPKETEG TEPLOYES VAL TNV LONAL0. AKOAOVOM®G, Ol EKTOUTES POT®V TOL dL0EETIOL TOV AvOpaka
EYOUV EMATAOCELS GTNV VYElR TOL TANBVGHOV AVEAVOVTOG TA TPOPANLOATO TOV OVOTVEVGTIKOD
CLOTNHOTOG TOV avOpOT®VY. 'evikdg, N KMUATIKN aAloyr| ETNPedlel GE KOVOVIKO-OIKOVOUIKO
eMnedO aPKETEG YDPES, KABMG TATTOVTOL TOUELG OGS N YewPYia, 1 EVEPYELN K.4L.

H avénuévn ocvykévipoon puroyoveov aepiov £xel BopuPnoet oe peydro Badbud v Evpomn,
ev yével. Koo kadomva, 0061kég TupKaylEg Kot ENPacieg TANTTOVY TO KEVTIPIKO KOl VOTLO TUNLLOL
™¢ Evupdnng, eved avtiBeta ot Bopeteg xdpeg TS KvduveDovy omd PpoyonTOCELS Kot TANUUD PES
[6]. Q¢ avtidpaon oty katactpoen tov mepidrrovtoc, N Evponaikh Evoon éyel Oécel otdyo
va yivel ) TpdT KAPATIKG 00dETEPT NTEPOG 6TOV KOGHO £m¢ To 2050. Me yvopova, Aowmdv, v
npootacio Tov TAavit, N E.E. o€ cuvepyacia pe dAleg xdpeg maykooping £xel mpoPel oe dpdoelc
Y10, TV KOTOTOAEUNOT] TOV OPVNTIKOV ETMTOCEMY TOV 0101610V TOL GvOpaxka [7].

1.2 XOpPaon-miaicto tov Hvouévov eBvav yio tnv adiayn tov KAIpotog

Ol emmtdoelg ™G KAMUOTIKNG aAlayng yivovior OA0 kol 7o €kONAES TAYKOGUIMG, KaBMOS ot
VYNAOTEPEG BEPLOKPAGIES TTOV EMKPATOVV GTNV ATHOCOOIPO TNG YNG ALEAVOLY TOV Kivouvo
e€aAeyMG OpIoUEVOVY EWOMV KO TN HETAO00N HoAvouatikav acbeveumv. Emmiéov, n ™én tov
nhyov emnpedlel ™ otdbun g 0dAaccoc, v mapoyn VOATOC Kol ovEdvel Tov Kivouvo
mnupopag. H Aswyodpio emmpedler 1660 T avBpodmves dpactnpldmreg 060 Kot To
OIKOGVOTNLOTA, EVM 1 OVOYKAGTIKT LETOVACTEVGT a0 TIG O TANYEICEG TEPLOYEG EVTEIVEL TNV
TOAVOTNTO GLYKPOVGEMV KOl avac@ieloc. [a Tovg Tapamdvm Adyoug, 1 dtebvig kowvdtnta Tpe
v andoon vo AdPel pETpa TPOoTaciag TOv TEPPAAAOVTOS Yoo TNV KAIMOTIKY OAAQYY.

211c 9 Maiov 1992, oty moAn tov Pio vie TClavéipo g Bpalidiag, eyxpiOnke n Zopupoon-
m\aiclo Tov Hvouévov eBvav ya v aliayn tov kAiipatog (UNFCCC), | onoio amotelel pio
debvng meppariovtikn cvpemvia [8, 9]. H cupemvia avt tédnke o€ 1oy ot 21 Maptiov 1994,
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Eixovo 1.2 Zoufolo UNFCCC [9]

a0l emkvpdOnke and TMOAAEG Ydpeg, OmOL £vBeppa VTOYPAENKE. AVTH TN OTIYUR, £(OVLV
emkupdoel T ZopPoaon 197 Mépn, o6mwg kot amokaiovvrot. Ta Mépn cuvavtiodvior og
droKEWYELS Yia va cuintioovy ta emipoya 0épota. A&ilet va onpewmBel to yeyovog g tnv emoyn|
mov ténke oe 1oxd n ZOuPacn, To emoTnUovVIKG dedopéva, OV Eiyov ot apuddlol TV
neptParloviikdv cuvOnkav, ntav Aryootd. H UNFCCC deopedtnre ta Mépn g ZopPacng va
EVEPYNGOLV Y10 TO GLUPEPOV TNG AVOPAOTIVNG AGPAAELNG TOPA TNV APEPALOTNTA TNG ENMLGTNOVIKNG
kowomntog. [To cvykekpipéva, Paciotnke otn ypappn mov yapace 1 moAlvpepng TePBAALOVTIKY|
ouvOnkn oto Movtpead 1o 1987 (Ilpwtokorro Tov Movipear). H UNFCCC eiyxe wg otéH0 ™
LEIMOT TOV GLYKEVIPOCEDV TOV 0EPIOV TOL BepUokNTiov GTNV ATUOCEAPO GE EMIMESA TOL 1)
avOpomvn tapéppacn o€ Ba enmnpedost To KMUOTIKO GOGTN LA,

Onwg gival puotkd, ot Plopnyavikég yOPEG AVOUEVETAL VO, KATEXOLY TO TPMOTEID GTN PUTOVOT
tov mepPdArovtoc. ‘Etot Aowtdv, n ZopPoacn mpotpémel Kot OVOUEVEL amd TO KPATN aLTE Vo
LELOGOVV TIG EKTOUTEG PUTT®V 610 nimeda Tov 1990 and 1o €10 2000. Xt0 onpeio awtd mpénet
va onuewBel 6Tt M nuepounvic. OpOCNUO YL TNV AVOPOPH TOV EMITEI®V TOV OEPIOV TOV
Bepuroknmiov opileton 10 €rog 1990. Emopévmg, to kébe xpdtog pnérog g opPacng opilel mg
avaQOPE TNV EYYOPLOL ATOYPAPOUEVT TN TV agpiwv Yo T0 1990 oe mocoostd 100%. T'evikd, 1
2OpPaon katevhuvel TIC Plopnyovikég yYMPES, 0ALY Kol TIG OVOTTUGGOUEVES YDPES VOL VIO BAALOVY
€NG1EC EKOECEIC-OVOPOPES GYETIKA LE TIC TPAEELS TOVG Kot ToL EMimeda TV aepimv Oeppoknmiov:

o Ot Brounyavikég yopes (Iapaptnua I) Tpénet va vrofailovv TokTIKA EKOEGEIC OYETIKA
HE TG TOAMTIKEG KO TOL LETPOL TOVG Y10 TV KAUOTIKY] dAAOYY], GUUTEPIAAUPBAVOUEV®Y
nmudtov mov diémovtar and 1o IlpwtoKorro tov Kioto (Yo ydpeg mov 10 €xovv
EMKVPAOOEL).

o [lpénetl eniong va vwofdrlovv €TG10 KATAAOYO TOV EKTOUT®OV oePi®V Beppoknmiov,
coumeptiappavopévov dedopévev yia 1o £tog Baong toug (1990) kar Oda Ta £T1 €KTOTE.

e O avomtvoooueveg yopeg (cvopPaAilopeva pépn ekTOC TOPAPTIUATOS) OVOPEPOLV
YEVIKOTEPQ TIG EVEPYEIEC TOVE TOGO YO TNV OVTILETMOMION TNG KAMUATIKNG aAlayng 66O
KO Y10l TNV TPOGOPLOYN OTIS EMATAOGEL TNG, OAAL AYOTEPO TAKTIKG OO O, TL KAVOLV TO
puépn tov mopaptuatoc I Kot ot avagopég Tovg eEaptdvion amd Tn XPNUETOdOTNOT TOVG



Y10 TV TTPOETOHOCIN TV EKOEGEWV, 10IMG GTNV TEPITTMOOT TOV AYOTEPO AVATTVYUEVOV
YOPOV.

2 mpoO™ ddokeyn Tov Mepav, ol amopAcELS Yo TNV 6TafEPOTOINCN TV EKTOUTMOV £MG TO
¢10G 2000 amodeiybnkav avemapkng. AkoAovOnoav petayevéotepeg cu{NTNGELS, OTOL TAPON KOV
OTOPAGIOTIKA LETPO Y10 TNV KOTOTOAEUN O] TNG KALOTIKNG OAAAYNG.

1.3 To IIpwtdxorro tov Ki6to

To 1994, ot dudokeym g UNFCCC yio v KotamoAéunon g moyKOouog vrepféppovong
TOV TTAOVATY amO TIG EKTOUTESG aepiv TOV BeppokNmion KATESTN oaPEG 1 ovAyKn Yo pie vEa
ocvpeovia pe tepiocdtepo Betikd anoteAéopata. Xtic 11 AekepuBpiov 1997, ta Mépn viobétmoay
o véa oebvn ocvvOnkn oty moin Kwoto mg lomwviag, pe v ovopasio IlpmtéxKorio tov
K1610[10, 11]. To tekevtaio 1€0nke o€ 1oy oT1g 16 DePpovapiov 2005. Ta cupParropeva Mépn,
to. ool apBpovvion ce 192, decpedovtal VOUIKA Vo, LEWOGOVY TIG eKmoumés €61 emPAafov
aepiov tov Oeppoknmiov oTig Propnyavikés yopes, o6mng ta [12]:

d10&eido Tov avOpaka (COy)
nebavio (CHa)

0&eidio tov almtov (NOX)
vopopBopavipakec (HFCS)
vrepeBopavOpaxeg (PFCs)
eEapboplovyo Oeio (SF6)

To IIpwtokoiro tov Kidto ympiotnke oe d00 mepidoovg décpevonc. Katd v ntpdn nepiodo
(2008-2012), o1 ympeg deopeHTNKOV VO TEPLOPIGOVV TIG EKTOUTES aepiV Katd HéEco 6po 5% amod
ta enineda Tov 1990. H Evponaikny 'Evoon kot ta 15 kpdn péAn e copeoviog despedTnKay vo
UEWDGOVV TIC eKTOUTES Katd 8% g cvuvoro. To amotélecpa Nrav Oetkod, kabog n E.E.-15 pe
ovvolkn pelwon exmopmmv 11,7% omv eyyopa ayopd ekTANPOOE LE TO TAPOTAVE®D TIC
deopevoelg g anévavtt otn ovuPaon [13].



ZTOX0I yIa TIg XWpeg Tng EE-15 oT10o MAQICIO TNE «KATAVOMNRS ITOXOI VIO TA UTTOAOITIO KpATn HEAN

TWV BAPLIVH T™TN¢ EE

(2008-2012) (2008-2012)

EE-15 -8% BouAyapia -8%
AucTpia -13% KpoaTia -5%
BéAyio -7.5% Togyikn Anpokparia -8%
Aovia -21% EoBovia -8%
@ivhavdia 0% Quyyapia -5%
Mahhia 0% AeTovia -8%
Meppavia -21% MBouvavia -8%
EAMGIDO + 25% Mohwvia -6%
|phcvBic + 13% Poupavia -8%
IToiAia -6,5% EZAoBakia -8%
MouEeppBoupyo -28% ZAoBevia -8%
ChhavBia -5%

MopToyahia + 27% Kuitpog OXI
loTravia + 15% MahTta Ooxl
Zoundio + 4%

Hwwpévo Bagiheio -12.5%

Hivaxog 1.1 Xt6y01 yra tic yopes tg EE-15 kot tmv vmélomwy kpatdv puelav aro mAaiolo katavoung foapmv
(2008-2012) [13]

ZuvoMIKEG EKTTOUTTEG aspiv TOU BeppoknTTiou [t CO2] ZuvOMIKEG EKTTOMTTES QEPiWV TOU
(2008-2012) geppuoKnTTiou [t CO2] (2008-2012)
EE-15 18.822.263.095 Bouhlyapia 132,618,658
AucTpia 79.049 657 Kpoartia 31.321.790
BéAyio 145 728 763 Toeyikn Anpokpartia 194,248 218
Aavia 69.978.070 EagBovia 42.622.312
@iviavdia 710,03,509 Quyyapia 115.397.149
Tarhhic 563.925.328 Actovia 25,909,159
Feppavia 1.232.429.543 /uBovavia 49.414.386
EabGGa 106,987,169 Mohwvia 563,442,774
IpAcvia 55.607.8356 Poupavia 278225022
ITaAia 516.850.857 ZhoBakia 72.050.764
MNouZeppoupyo 13.167.499 ZioBevia 20.354.042
Ohhavdia 213.034.4398

Moproyahia 60.147.642

loTravia 289.773.205

Zoundia 72.151.645

Hvwpévo Baaiisio Tng Meyaing Bpetavia
! ) ”g, vamne =p B 779.904.144
kal TN Bopelag Iphavdiag

ivaxog 1.2 Zovohikés exmoumés agpiawv tov Gepuoxnriov [tCO2] (2008-2012) [13]



‘Enetta and v olokAnpwon g mpdtng meptodov tov IlpwtokdArov, kpibnke avaykaio va
vrap&et kar pio devTepn TEPiodog déopevons twv Mepav. Omep Kot €YEVETO GTNV TPOTEVOVOX
tov Koatdp, v N1oyo, otig 8 Aexeuppiov 2012. H debtepn mepiodoc €xel OKTOETN YPOVIKN
dwdpketo, (2013-2020), pe meprocdtepa cvpParropeva Mépn vo v gvotepvilovior Kot vo
deopevovral ya peimon tov agpiov tov Oeppoknmiov, o€ mocootd 18% wg eddyiotn Tiun and to
eninedo avagopdg[13]. H véa avt tpomoroyia mepilapuPaver[11]:

o Néeg deopevoelc yuoo tor uépn tov mapoptipatog I tov mpwtokdiiov tov Kidto mov
oupeOVNoaY vo ovoldBovy deopedoelg oe o devtepn mePiodo déopevong and v In
Iavovapiov 2013 €wg T1g 31 Aekepuppiov 2020.

o AvaBewpnuévog katdloyog Tov aepiwv tov Beppoknmiov mov Ba avapepBodv and ta
Mépn o debtepn mEPiodo dEGUEVOTG.

e Tpomomomoelg oe opketd apbpa tov IlpwtokdArov tov Kidto mov avépepav
GLYKEKPLUEVA CNTALOTO TTOV OPOPOVY TNV TPAOTN TEPTOJO0 SEGIEVOTG KoL TOL OTOT0L ETPETE
va evnuep®BovV Yo TN deHTEPT TEPTI0dO dEGLELONC.

Amd v mhevpd e, n E.E. copedvnoe va peiwoet Tic ekmouméc aepiwv tov Bepuoknmiov kotd
2% meP166ATEPO OO TOVG GTOYOVG TNG CLHPMVIONG TOV TPOYUATOTOL 6T dldokeyn g NToyoC.

1.4 H Zvpoovia tov [Hopioion

Ot JompayHaTEVOELS Yo oL VEX TOYKOGHLO VOUIKT GUUE®VIK Y10 TO KA TéPAV Tov
[Ipwtokdirov Kidto dpyioav and to 2011[8]. To 2015, oto mpodotio Ae Mmovplé tov [apiciov,
TpaypatoromOnke 1 O1doKeYN yia TV KAMUOTIKY] oAAayr) To xpovikd dtaotnua 30 NogpuPpiov g
12 Aekepppiov. Ztn dbokeymn, OAa Ta supuPoiropeva Mépn nécm drampayLatelGE®V, KATAPEPOLV
va. cuvta&ovv T Zvpeovio tov Tlapioov [14], n omolo eykpiOnke pe ocvvévaion OAwvV v

PARIS2015

UN CLIMATE CHANGE CONFERENCE

COP21-CMP11

Eixovo 1.3 Zvupwvio tov [apioiod [14]

tehevtaio pépa g ddokeyns. Xtic 5 OxtoPpiov 2016, o ydpeg ™ E.E. emkbpwcav enionuo
™ ovpewvia pe arotédecua va 1e0el oe 1oy0 otig 4 Nogufpiov 2016. Xe yevikd mhaicto,
ZOUEOVIO KOTOTIAVETOL LLE TOV LETPLAGUO, TV TPOGOPLOYN KO TN XPNHUATOOOTNOT YOPDOV Y10, TNV
KatamoAéunon tov aepiov Tov Oeppoknmiov. To kdbe kpdtoc-puérog ™ Zopepoviag vréPaie
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ebvikad oyédla dpaong yio to KAipa. Amo v GAAN mAevpd, To. MEPN GLUEOVN GOV GE YEVIKOVG
o1oy0Le, Omwc[15]:

® 0 HoKkpoTPOBesoc oTdYOC va. dratnpnbetl n vtepHEpuavon tov TAavitn Kdto oand 2 °C
6€ o0 LE TO TPO-PLOUNyovVIKA EMiTESQ,

e 0 meplopopdg ™G avénong g Oeppokpaciog otovg 1,5 °C pe okomd va pelwmdel
ONUAVTIKA 0 KIVOUVOG KOl O ETTTMOCELG TNG OAANYNG TOV KALOTOG,

® 1 aVAYKN AOENONC TOV TOYKOGHIMV EKTOUTMY TO GLVTOUOTEPO dVVATOV, YVmPilovTag OTL
YO TIG OVOTTUGOOUEVES XDPEG Ba d10pKETEL TEPIGTOTEPO,

e 1) dpeon HEI®ON TOV EKTOUTMV, XPNCILOTOIOVTOS TN J100EGIUN EMGTAUN, LE GKOTO VO
vdpEel 16opPoTia AVANESH GTIC EKTOUTES KO TIG OPOLPECELS KOTA TO OEVTEPO UIGO TOV
21°° cuwva.

Emiong, ot kuPepvnoeic cuoppmdvnooy:

® 0T CLYKEVTIP®OT TV Mepav kdbe mévie €11, OOTE TPpOTOV VoL YiveTal a&loAdynon twv
LOKPOTTPODEC UMV GTOY®MV Kol OEVTEPOV VO TOPEYETOL EVIIUEPMGT Y10 TV EVIGYLON TOV
efvikd kabopiopévav GLVEIGEOPDOV TOVG,

e otV apoiBaio wopoyn TANPoPopL®V peTatd TV Mep®V ALY Kot TV EVNUEPWOGT TOL
KOWOL GYETIKA [e TOV TpOTO dpdiong yia 1o TEPIPAALOV,

e 01N ONovpyio EVOG GUGTHOTOC, TTOL Ol LITOYPAPOVTES TV Zvpemvia Ba decpedovtal
Y10 OLLPAVELES KOl AOYOd0T 0.

210 mhaictlo g Zvpewviog tov [apioov, n E.E. é0ece otdy0 T peimon tov eknopndv pomov
katd 40% emg 10 2030 o€ oyéon pe 10 £tog avapopdc. H Bacikn vopobesio tov mopamdve 6tdyov
eykpidnke to 2018.



KE®AAAIQ 2°

“Evepyewoxn petapoon otnv Evponn”

2.1 Apdoeig g Evponaikng Evoong

0 20° kot 21° cwdvag yopaxtnpifoviot amd TV GARAT®OT avAaTTLEN TG TEXVOAOYING KoL TNV
ToOTNTO J1ddooNg TV TANPoPoptdv. O GLVOLOGUOG TOLG OONYNCE OTNV OVIUETOTION
TPOKANGE®V GE TOAAATAOVG TOUEIS. XTOV TOUEN TNG EVEPYELNG, 1 LETAPOAN TOAUDV TPUKTIKOV
KO GUGTIUATOV TNG TAPUYOYNS 0ALA KOl TNG KATAVAA®MGONS TEIVOVVY VO OVTIKOTAGTAOOVV 0d VEEG
TPOKTIKEG Kot cvotnuata. H dwdkacio and 1o mokotd 610 vEO €vepyelokd cLGTNLO KOAEITOL
evepyelakn petdfoorn [16]. Extevéotepa, g evepyelakn petdfoon kabopiletar n otadiokm
peimon g xpnong tov amofeldtov Tov 0pLKTOL TAOVTOV Y0 TNV TOPUY®YN EVEPYELNS KOl
avtikatdotaon toug ond Avavemotipeg [Inyéc Evépyeiag. O dpog AIIE avapépetar og GAOVG TOVG
TOMOVG EVEPYELNG OV TOPAYOVTIOL OO U TEMEPAGUEVOVS TOPOVGS, Yol TAPASELY IO 1 ALK,
OLOAMKT), VOPONAEKTPIKN, YEMOEPLIKT EVEPYELQL.

RENEWABLE ENERGY NON-RENEWABLE ENERGY

A\

E E MMNM

Ewéva 2.1 Evepyeroxii uetafaon [17]

2.1.1 Ztoyot yia to KAipa ko v evépyeto 2020

H Evpomnaikn ‘Evoon kot ta kpdtn-péAn me anopdoicay vo dtadpapaticovv Kaboplotikd
pPOLO GTNV HETAPAOT] TOV EVEPYELNKOD GLGTNLATOS. AVTO OMOSEIKVOETOL GO TO YEYOVOS TG Ol



KUPBEPVINOELS TOV EVPOTATKMOV YOP®V dEXOMKAY, TEPAV TOV CLUPOVIDV TOV OVAPEPONKOY GTO
TPONYOOUEVO KEPAANLO, VO EMTHYOVY UEYOADTEPO TTOCOOTA UEIMONG TOV aépLmV pUTeV. ['o va
viomomBel avto,  E.E. katéotpwoe pio otpatnykn yio to kKAipo kot tnv evépysta péypt to 2020
pe €va TokETo oTOY®V oL TéONKav Tpog cuintmon 1o 2007 kot Beomiomkay o vopobesio to
2009. Ot otoy01 Tav[18]:

¢ 1 ueiwon TV ekmoun®V oepimv Tov Bepuoknmiov katd 20% o oxéon pe Ta enineda TOV
1990,

e 10 20% G mopayduevns evepyetag va tpogpyeton and AlIE,

¢ 1 Beltioon g evepyelakng amddoong katd 20%.

O 7pOTOG GTOYOC Yo TNV UEIMOTN TOV EKTOUTMOV TPOYUATOTOmONKE vopitepo and T0
avapevopevo £toc. Onwg mapatnpeiton 6to Tapakdto ypaenua, n E.E. éptace tov 6td30 TG Yo
™ peiwon Tov agpiov pimov HON and to 2014. MdMota, tekevtaio otolyeion delyvouy Tmg
AVALESH GTO £T0G avapopdg kat To 2018 ot exmounéc petwbnkav katd 23%. Emmiéov, v 1010
nepiodo, onpemonke
onpavtikn ovénon oty owovopio oe 1060oto 61%.
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Aiaypapua 2.1 Aépio tov Gspuoknmion, EE-28, 1990-2017 ([Tocooté 1990=100) [19]

O de01EPOC 6THY0G, MOV AYOoPd TNV TPodONoN TS ¥prions evépyetag and AIIE, Baciletar otnyv
Odnyia 2009/28/EK tov Evponaikod KowvoBoviiov kot tov ZvuPoviiov g 23" Anpidiov
2009[20]. H «d0e yopa g E.E. Eexympiotd énpene va exmovioet éva, e0vikd oyédio dphong yio
v enitevén g aéNoNng ToL TOGOGTOV TOV EVOALUKTIKMOV LOPP®V evEPYELNS. Ta oyédia Opaong
apopovv[21]:

® TOLG OTOUIKOVG OTOYOVG OVOVEMDCLUNG EVEPYELNG Y10 TOLG TOWEIS NG MAEKTPIKNG
evépyelag, tng BEpLOVONC-YOENG KoL TOV HETAPOPAYV,

® TOV KOTAAANAO GLVOVACUO TV TEYVOAOYIDV TV AIIE,

e J14popa LETPO TOALTIKNG Y10 TV EMTEVEN EOVIKOV GTOY WV,
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e cuvepyaoio petabh TOV YOPOV,

o cyy®pleg TOMTIKES Yo fropoala,

e LETPO YO VA SLOCPOAOTEL OTL TO BLOKOGLLL TTOV YPNGLOTOLOVVTOL Y10l TV EMITEVEN TV
OTOY®V TOV OVOVEOCIL®V TNYOV EVEPYELNS GCLUUOPOAOVOVTIOL HE TO KPUTNplo
Broodmrag g E.E..

H napondveo Odnyia avadiaturmbnke yio Adyovg capnvewng (2018/2001) otig 11 Agkepppiov
2018 [22].

1991 qm 1997
L1 <
® @
Germany Introduces Energy for the future:
first feed-in-tarif renewable sources of energy:
for renewables indicative EU target of 12%

renewables by 2010

2001y I 2000
® @
Directive on electricity First large-scale
production from offshore wind farm
renewables: national (Denmark)

Indicative targets

s O,

T 2003 e 2008
& - L9049 <
@

Directive on biofuels Olmedilla Photovoltaic park
and renewable fuels for {Spain) - largest power plant
transport: national tar- (6OMW) in the world

gets for biofuels generates enough to power
ok 40 000 homes/year

42014 ]‘ﬁ 2009

@ e ®
Onshore wind is cheap- Renewable Energy Directive
er than coal, gas and EU target of 20% renewables
nuclear energy by 2020 and national binding
targets
A~
2018 BER 2019
O
Revised Renewable Energy EU power production
Directive: 32% renewables from wind and solar
target for 2030 surpass coal for the

first time

Eixovo 2.2 Xpovodidypopuo, avavedoiumy Tywv evépysiog [23]

2.1.2. Xtoyo1 yuo To KAipo Kot tnv evépyeta 2030
H E.E., otV npoonadeid g va S100paAicel ToOug 6TdYOVG TG Yo TN UEIWON T®V EKTOUTOV

POTOV Kol TNV EVOOUATOOT VEOV TEXVOAOYIDV YOl TNV TAPOY®YN EVEPYELNS, OTOPACIGE VO
eykpivel tov Oxtdfpio tov 2014 €va véo moKETO ylor TO KA Kot TV EVEPYELD Y10 TNV TEPI000
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2021 éwg 2030[24]. MdMota, ot otdyol mov Beomiotnrav ywo Tig AIIE ot tv evepyslokn
anddoon avabempndnkav oe peyaAvtepa mocootd 1o 2018. O 6tdY01 TEPIAAUPEVOLV:

e tovAdyotov 40% PEUDOELS OTIG EKTOUTES OEPimV BEPLOKNTIOL GE GYECT LE Ta EMimEdQ
Tov 1990,

e toVAdYIoTOV 32% LEPIdLO VIO AVAVEDGIUES TINYEG EVEPYELNG,

e tovAdyloTov 32,5% PeAdtimon tng evepyelokng anddoonc.

210 onueio avtd mpémetl va onpelmbel mmg o apykog otdyog Yo i AILE frav tovddyiotov 27%
™G TEMKNG KATOVIA®MONG EVEPYELNG KOt O 1010¢ GTOYOG YloL TNV EVEPYELOKT] OTOS0CT) AVEPYOTOV
0710 1010 T0G00TO.

2.1.3 MaxporpdBecuog otdyog 2050

H ¢puhodoéia g Evponaikng Evmong sival va kataotel pio otkovopio pe pndeVIKES EKTOUTEG
aepiov Beppoknmiov £wg 1o 2050. ' var emtdyel To 6100 NG, dNUovpynoe v Evpomainm
[Ipdovn Zvppovia, 1 omoia cuvddet pe Tovg 6TOYXOVG TG ZVvpemviag tov [Hapiood. H Tlpdoivn
Sopeovia mepthappavet:

® TOV ELPOTOIKO VOO Kot
® TO EVPOTUIKO COUPOVO Y10 TO KA,

T OTTO10L OITOTEAOVV TN VOUIKT Vtoypémwon Tov xopov ¢ E.E. yia mv:

e &vioyuon NG OMOTEAECUOTIKNG YPNONG TV TOpwv petofaivovtag oe por kabop,
KUKAIKN otkovollia,

¢ amokatdotaon TG POTOKIAMOTNTOS Kot peimon g pomaveng Tov meptPdAiovtoc.
To oyéo10 dpdiong e Zvpemviag Xl GTOYOVS TOV APOPOVV:

TNV ENEVOVOT GE PIAIKES TEYVOLOYIES YO TO TTEPPAAAOV,

™ oTPIEN G Propmyaviag yio Kovotopia,

TN UETAPAON GE EVOAAAKTIKES TTNYEG EVEPYELNG Y10 TIG LETOPOPEC,

TNV omavOpOKOTOINGT GTOV TOWES TNG EVEPYELNG,

TNV EVEPYELNKT ATOSOTIKOTNTA TV KTIPlwV,

N ovvepyacio pe debveig etaipovg yia ) Pedtioon TV ToykOGHUOV TEPIPUAALOVTIKOV
TPOTOHTT®V.

levikd, n KatamoAéunom g aAloyng Tov KAMpatog xkou 1 peTafoon ot pio kobapodtepn
ATUOCPULPO LE UNOEVIKEG EKTOUTES POTWV, OTOTEAEL TNV HEYAAVTEPT PLAOJOEIN TG EVPOTTKNG
TOMTIKNG, BEAovTag va dloc@aricel Eva KOAOITEPO UEALOV YOl TIG EMOUEVES YEVIEG TOV TAOVITY
[25, 26, 27].
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2.2 Evépyeileg otov TOUEN TOV LETAPOPDV

O topéag TV HETOPOPAOV OmOTEAEL €vav OO TOVS MO PLTOYOVOLS TAPAYOVTEG TOV
nepPdAdovtoc. Xe oxéon pe ta emineda avagopds tov 1990, o Topéa avtdg mapapUEVeL GE APKETE
VYNAO enimedo cuYKPLTIKA pe dAAOLG TopEls, OTmg M Propnyavia, n yewpyia K.4.. Ewduodtepa, ot
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Aicypauua. 2.2 Exmourés CO2 avd touéa evorapépovrog otnv EE, 1990-2014 (Tlocooté 1990=100) [28]

Crl Marame Rat
avaton Crher
Other 0 8%
0.5%
inkand
navgaton
Nawizgaton 11%
13.0%
Avaton
120%
Railways
0.6%

Eixova 2.3 Iocooté s {jrnong evépyeiog avd katnyopia otig petopopés 2014 [28]

001KEG LETAPOPES, O TOPATNPEITAL OO TO. TOPATAVE YPOUPT|LATO, OVTUTPOGMTEVOVY TNV
LEYOADTEPT EKTOUTT aepiV TOL BeproknTiov Kot KATEXOVV TO HEYOAVTEPO TOGOGTO {NTOVUEVNG
evépyelog yua o £1oc 2014.

H E.E. Bélovtag va meplopicel Tig EKmOUTES pOTTOV Omd TIG 00IKES HeTAPOpES Béomice Tov
kavoviouo (EK) 443/2009 pe otoyo 1o £€10¢ 2015, ™ HEion TOV HECOV EKTOUTOV TOV ETPATIKOV
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avtokwvntov o€ 130g CO2/km. O cvykekpuévog 6tdyog, patota, enetevydn to 2013. Ot péoeg
ekmounég peiwdnkov nepimov 22g CO/km katd ta étn 2010-2016. Avrtibeta, to £tn 2017-2018
ol eKTOUTEG 0T0, VEQ emPBatikd oxnuato avénonkav katd 2,89 CO2/km kot tnv emopevn ypovid n
avénon ovhpbe oe 1,69 CO/km. Enopévmg, yia to 2019, o1 péoeg exmounéc petpibnkav ota
122,49 CO2/km, mov onuaivel Tmg moapopuévouy KOTm ord tov 6tdyo mov 1€0nke[29, 30].

H enitevén tov mopamdve otodyov mapeiye v dvvatdtnta 610 Evpomaiké KotvoBovito kot
YvpuPovio va Beomicer évav véo kavoviopd (EE) 2019/631 ywo tov kabopiopd mpothnwmv
anddoong ekmounmv 010&etdion Tov avOpaka. O pHEGog 6TOY0G EKTOUT®Y oo To £T0¢ 2021 Yo Ta
véa avtokivnta oty Evpomn 0o avépyetar ota 959 CO2/km. EmmAiéov, otoyotl amd 1o 2021 Kt
énerta tvol:

e 15% peimon amod to 2025 kar 37,5% peiwon amd o 2030 kot LETA Yo To ovTOKIivVNTAL,

e 15% peiwon amd to 2025 ko 31% peiwon and o 2030 kot petd yo o NpueopTNYa
(VAN).

Ot amopdocelc mov mpe 1 E.E. yia 10 emPatikd avtokivnto Kot To EAA@PO ETAYYEALATIKA
OYNLOTO, TOV AVTITPOCAHOTEVAY ApPOTEPR TTEPinov 10 15% twv cuvolk®dv gkrmoundv tov CO2
otV Evpann to 2016, deiyvouv 01t 6T0 £yydg péEAAOV Bo vtapEovy TPOUAKTIKE OTOTEAEGLLOTOL
otV peimon tov poTev Tov mepidirovtog[31,32].

2.3 HAextpokivnon

H Evponaikr Evaon éxet 06cet 6to)006, pnéypt Ta péca tov 21%° audva, vo LELDGEL TIG VYNAEG
GLYKEVIPAOGELS OePimV pUT®V OTIC PeTaPOpES TovAdylotov 60% oe cUykplon pe ta emineda
avaeopds tov 1990. Ouwg, n cuveyng ¥PNOLOTOINCT TOV OXNUATOV LE KIVNTNPL ECOTEPIKNG
KaHoNg £(0LV KOTAGTNGEL TOV TOUEN OVTO MG TOV TAEOV pLTOYOVOo. oL TNV AVTILETOTION TOVL, 1|
otpotnyikh Tov akolovbel N Evoon spnepiéyet facikéc dpaoet, dmmg[28]:

e 1 adENON NG OMOTEAEGUOTIKOTNTOSG TOL GUOTNUOTOS UETOPOPOV YPTNOLLOTOLDOVTOG
é€umveg teyvoloyieg,

® 1 avATTLEN KOt O1AO00T) TV EVOAAUKTIKAOV TNYMOV EVEPYELNG LE YOUUNAEG EKTOUTES, Y10
ToPAdELY Lo TO, BloKadGIULN, 1 NAEKTPIKY] EVEPYELD, TO VOPOYOHVO K.A.

e 1) 01€l6OVON OYNUATOV e XOUNAES T LNOEVIKEG EKTTOUTEG POTTOV.

‘Etot Aowtdv, ot avtokwvnrofropnyovieg £0TpeYav TO EVOWPEPOV TOVS OTO GYEOACUO
NAEKTPIKOV OLTOKIVATOV AOY® TEYVOAOYIKOV cLVONKOV Kol TePBaAlovTik®dv meplopiopumv. H
NAEKTPIKN eVEPYELD VINPEE 1 KOPLAL 10€0L GTOV TOUEN TOV LETAPOPDV Y1 TN Lelmor Tov dto&etdiov
oV GvOpaKa oTNV ATUOGEAPO Kol 1 €Qaproyn NG £xel Oetikn emidpaon oe dALovg ToEis.
Apyikd, otov Topéa G evépyelag cLUPAAAEL oty e€dmAmon TG NAEKTPOKIVIIONG TOV HECHV
LETAPOPAS KOl OTN ¥pNoN TG «KaBapnc» evépyelag. Avtiy 1 Opdon propel va TpoypatonoOel
pe m Pondeia g deomapuévng mapaywyns Kot tov AITE. Akoun, n nAektpikn tpdmwon umopel
Vo PEPEL ONUOVTIKA OTOTEAEGHOTO OTO TEPPAALOV. ZvyKekpuuéva, olvetal EU@acn oTnv
TPOOTTIKT LG KUKAMKNG otkovopiag mov Baciletor oty avakvkiwon. H avakdkioon agpopd ta
eCopTNUOTO TOV MAEKTPIKOV OYNUATOV To Omoio em®@EAOVVTOL ONUAVTIIKE ond TNV
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emavaypnoomoinon tovg. Téhog, 10 Mo onuavtikd mAcovEKTNHO €ival 0Tt dgv Tapdyoviot
ATHOGQAIPIKOL pOTOL OO T KOWCAEPIO TOVS, Kabmg O dtabétovv cvotua e€dTong, evod
TOVTOYpOVa peEldvoVY Tt emimeda Bopvfov kot givar eviedmg aBopvPa. QotdGO, M PO
NAEKTPIK®OV Kivntinpov Ba cuveyicel va cuuPdAiet v pépet oty TEPIPAALOVTIKT pOTOVOT, O10TL
0o cvveyioel va mapdyst copatiow and ) ehopd mEdMoNGg Kot AacTik®v. O pOAOS TOVS 61N
onuocta vyeio ivor emiong oNUOVTIKOS, EWOTKA Y10l ATOUO LE OVOTVELGTIKG TpoPAnpato. Avtd
emnpedlel évav GALO Topén, TOV TOUEN TNG avOp®TOTNTOC, HE EUPOOT OTNV AVATTLEN, TNV
eunuepia kot 1o Protikd eninedo.

"Evag amd tovg otoyovg g E.E. etvon ) minpng anoavOpakomoinomn g mopayyng NAEKTPIKNIG
evépyewng. Qotdco, To KOPLO EPAOTNUA EIVAL 1] EVOOUATOCN TOV MAEKIPIKOV OYNUAT®V GTO
VIapyxov Oiktvo MAekTpikng evépyetag. Tpokeévon va kKoAveOel 1 KaTovAA®mon NAEKTPIKNG
evépyelag, etvar duvatov va aroartnfel emmAéov mapaywynq e. Avty n dwdikacio o uropovoe
Vo 00N YNGEL G€ AHENCT TOV EKTOUTAOV aepimV BEPLOKNTION GE YDPES TOV YPTCLLOTOLOVY OPVKTE
KOOGLO Y10, TV TOPoy®Y] NAEKTPIGHOD Kot dgv £xovv avamtdcel akoun peydreg povadeg AITE
Yo v KéAvym @optiov. Me yvopova To TOPATAVEO EPMOTNUO, 1 ETIGTNUOVIKY] KOWOTNTO
TPOYUATOTOINGE EPELVOL GYETIKA LE TNV EVTIOEN TOVG 6TO NAEKTPKO dikTvo. AVTEG 01 HEAETEG
YPNOUOTO0VV LaBNUOTIKA povTédla pe VTOBEGEIS Kot GEVAPLOL, TOV VTTOAOYILOVV TN LEALOVTIKN
aOENOT TOV NAEKTPIKAOV OVTOKIVATOV GE KAOE YDOPO Kt TNV ETIOPAGT TOVG GTNV KATAVAAWDGT TNG
NAEKTPIKNG EVEPYELOG KOL TOV TEPLOPICUO TOV AEPI®V POTMOV GTNV OTULOGPAIPOL.

H mopovoa owmAopatikn epyocio €etdler to poA0 g O1€IGOLONG TOV MAEKTPIKAOV
OQVTOKIVIITOV OTIS EVPAOTATKES YDPES KoL TIS EMATMOOELS TOV Umopel vor £xel, £6TIALOVTAG GTOVG
a€PLOVS POTOVG TNG ATUOGPALPAG TTOV GYXETILOVTAL LE TNV TOPUY®YN NAEKTPIKTG EVEPYELNG 1 OTTOLN
Ba Tpo@odoTel Ta NAEKTPIKG OVTOKIVITAL.
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KE®AAAIQO 3°

“YToTIOTIKA dgdouéve”

3.1 HAextpikd avtoxivnta otnv Evpdnn

Ta tedevtaia ypovia, 1 KATACTAGT GTOV TOUEN TMOV LETOPOPDOV TEIVEL Vo aALdEEL opeia. Ta
cuppaTikd aVTOKIVITO TOV YPNGLULOTOOHY OPLKTA KOG Yo TV Kivion tovg, meplopifovrot
Kat v 0€éom Tovg KATOAAUPAVOLY OYNUATE TTOV YPNCULOTOLOVV KOVGIUO LE YOUUNAES EKTTOUTES
POTOV, OTTMG 1 NAEKTPIKN EVEPYELX, TO BLOKOVGLLA, TO VOPOYOVO. O KATOCKEVAGTEG AVTOKIVITOV
EMEVOVOLY  TEPAOTIOL TOGH OTNV  OVATTLEN TV VE®V TEYVOAOYIDV KOl EOIKOTEPA TNG
niektpokivnong. Olo kol TeEPIOCOTEPOL KATAVIAMTEG OELYVOVV TO EVOLPEPOV TOLG Y10, OLTNV.
EmumAéov, n evpomaixny moMtiky] mov €xel yopaybel, €xel oG yvopove TNV EVGOUATOON TOV
NAEKTPIKOV OWTOKIVATOV OTIC Ydpeg ™G Evpdmne. Ta emionuo dedopéva and 10 Evpomaikd
[Mopatmpnmpio Evoriaxtikov Kavsipwv, mov Ba ypnoiponomBovv otnv perémn, deiyvoov
dlelodvuoN TOV AUIYDS NAEKTPIKAOV OVTOKIVATOV ava yxopa Yia Ta £tn 2008-2018. 1o onueio avtd

0 328 353 989 1389 2070 3386 5032 9073 14618 20831
9 13 34 322 907 919 1792 4258 5846 8296 12417
0 0 0 0 0 0 2 12 27 99 234
2602 2599 2604 2824 8487 16800 26602 43158 64786 89631 123171
44 206 747 2907 6956 12051 19522 28268 41857 59672 101477
0 31 51 466 937 1434 2967 7491 8686 9432 10898
0 0 0 0 1 3 45 84 114 148 215
0 0 0 56 600 708 1067 1099 1130 1154 1258
0 0 18 64 193 246 560 1020 1426 1946 3641
0 0 0 568 1023 2021 2832 4480 6484 10145 16407
0 0 0 117 623 1531 2430 3971 5446 7460 12337
0 0 0 0 2100 4161 6825 9368 13105 21115 44984
0 0 0 0 0 0 39 114 183 191 299
0 0 0 0 1 6 11 15 35 90 143
0 0 0 0 10 15 188 211 241 295 442
0 0 0 0 0 2 6 35 96 145 286
0 0 0 31 100 263 564 635 771 1091 1567
0 0 0 0 38 49 87 114 131 178 314
0 0 0 9 90 110 145 204 405 1153 2460
0 0 0 35 54 81 153 219 348 896 1487
28 29 29 232 297 456 672 1116 2067 3639 8341
0 0 0 5 5 42 59 97 164 399 854
0 0 0 25 26 0 113 137 198 398 795
0 0 0 0 12 29 87 209 372 722 1179
42 60 116 321 603 1010 2172 5153 7930 11964 19423
0 0 4 60 152 234 417 1018 1090 1118 2030
0 0 13 42 93 143 386 526 757 1207 2073
189 354 394 1478 2810 5312 9875 20017 30129 42829 61375

2914 3620 4363 10551 27507 49699 83004 138061 202897 290031 450938

Iivaxag 3.1 Aigiodvon nlextpirdv avtokivijrwv otig yopes e EE (2008-2018) [33]
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npénel va, avoaeepfel mog 10 Evponaikd IMapoampntpo Evailoktikdv Kavoipov mapéyst
OVOLYTES KOt OPEAY TANPOQOpies Yia va vtootnpi&et To KpaTn LEAN Le TNV epapproyn g Odnyiog
EE 2014/94 yia tnv avantuén vwodopung eVOALOKTIKGOV KOVGTHmY. XoAAEYeL eBvikd dedopéva yia
avtokivnto te eVOALOKTIKE Koot amd ola ta péAn s E.E. kot ta katnyopromotel cbppwva
ue to tpotumo g Owovoukng Enttponng tov Hvouévov EBvav yio mv Evponn [33].

210V TOPATIvVEO VUK TOPATNPEITOL TOGC 1) TAELOVOTNTO TOV EVPOTAIK®OV YOPOV, KATH TO
tehevtaio 3 €1 ™G TpOTNS dekaetiog Tov 21%° awdva, dev giye mpoPel 6TV EVOOUATOOTN TNG
niektpokivnong ota emPatikd avtokivinta. Avtifeta, yopeg onwg n I'oAria, n T'eppoavia, to
Hvopévo Baciielo, elyav 01 KATovoA®TEG TOL XPNCLOTOIOVGAV NAEKTPIKG VTOKIVITO TNV 1010
nepiodo. T devtepn dekaetia TOL 1010V AOVA, 1] KATAGTACT] GTIG 0OIKES LETAPOPES APy LoE VAL
aAralel dpdnv. H eveopdtowon tov BEV ywvotov 6Lo kot mo £viovn 6xedov o€ OAESG TIG YDPEC.
Mdéhota, n OAavdia, n Iomavia, n Zovndia, n Avotpia eliyav peydin deicovon OV
oynuaTov. Xe avtd fondnoav ot cupEmVieg Tov VIEypayav Ta Kpatn-péAN ™ E.E., ot vrodopég
OV ONUOVPYNGE M KAOE ydpa Eexwplotd yio TV vodoyn twv BEV kot n evnuépwon tov kovou
Yy T ypnowdmra g nAektpokivnong. I'evikd, n Evponaikn ‘Evoorn amotelel mpwtondpa
duvaun oty niektpikn Kivntkotnta pali pe 1ic Hvopéveg Iolreieg g Apepung kot v Kiva.

3.2"Evtaon ekmoundv d10EEdiov tov dvOpaka
H évtoon exmopnmv 610&e1diov Tov dvBpaxa eivar o puOudg ekToung VOGS dEGOUEVOL POTTOV

o€ OYE0M UE TNV EVTAOT] LOG GUYKEKPEVNG dPAGTNPIOTNTOS 1| LG SLOdIKAGTIOG BLopmyovikng
Tapoywync. Me Bdon auvtr, EKTILOVVTOL Ol ATHOCPOIPIKOT POTOL TOV EKTEUTOVTOL OO TNV KOO

235500 356770 543077 209716 653891 644918 1188255 929751 768327 448457
243987 362746 510283 175762 657859 666015 1130981 926523 767410 443563
189694 346750 639676 178049 630228 633086 1152783 987485 767951 485007
171889 356765 620512 166868 621725 599955 1118461 985802 751544 457258
190765 364239 565276 152975 617449 607564 1100575 1085840 740231 449599
198969 349893 518970 139315 595732 575344 1041670 1237057 747827 495821
206135 322084 491526 139777 584039 609821 993951 1220072 733984 387820
205480 292861 530592 136512 566016 559984 1045802 1169102 738546 427350
198170 310580 550559 159695 565956 519064 1033849 1170215 715630 424435
162149 259553 490282 114305 544915 483797 978287 1142708 718991 499692
152005 267502 461093 88957 552249 453528 974254 1088554 674363 466510
170539 254122 511255 69626 566924 443305 983286 1060863 694100 415967
163208 260422 469186 73638 563074 437274 955257 1028505 650117 467753
207470 263731 520578 80027 545194 467381 913690 1042726 618332 411831
191581 267906 521773 78839 529837 399258 919881 1023004 594808 422359
185180 282793 490684 100257 509426 362110 914502 1014068 601033 438875
179824 249221 483506 97672 506129 453149 853026 970126 552132 397566
165154 238850 587179 93164 527080 418584 878997 1003901 526527 410556
155171 234674 552027 84159 492666 387892 869299 997577 494209 346834
133499 209596 510272 76661 488760 386229 853410 973190 474372 316818
151608 209360 514810 75294 474285 341084 874567 964870 484486 256272
161104 189747 569462 62939 490885 305843 882412 991743 455477 318285
119543 204568 511104 68344 494273 244264 868510 934160 486930 332447
106158 185529 467173 67410 493018 285940 807186 989763 458625 269953

92484 202544 463273 49814 483323 246315 845023 992288 447381 279888
107638 221210 474449 52204 453795 165641 738288 934814 434141 318163

95628 164945 449603 58007 450330 199024 621143 917331 426303 266091
103950 176066 486208 67234 418818 147659 657310 922406 392542 304301

Iivaxag 3.2 Evtaon ekmoumav d1oéerdion tov avlpaxa ouig yipes e EE oe gCO2/MWh (1990-2017) [35]
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mocoTTag Kovcipov. H mopaymyq MAEKTPIKNG EVEPYELNS TPOYUOTOTOIEITOL HE TNV KOVOT|
0pLKTAOV Kowcipmv. Etopévac, ot mAnpoeopieg avtod Tov oeikTn yio v Taporyyn NAEKTPIoHLOD
gtvo ToAd onpavtikég [34].

552486 606227 332945 851677 225408 170506 428259 1242484 477824 1396100
530675 581307 199951 839590 162040 172078 459432 1078433 479324 1366187
520290 571474 314588 838821 161106 94273 524621 1086149 498792 1346869
514258 569631 331516 838744 125929 68402 574249 1081656 489880 1181605
508970 579796 218781 844000 90996 76645 435521 1116786 483227 1142279
538854 555511 246696 834044 80826 44310 953767 1048886 487265 998631
521688 526906 186258 844755 104373 66768 927405 979505 478636 985114
511989 524327 276814 853763 77721 60396 492777 958242 474747 969849
573158 504281 311529 855571 49941 92152 343758 954698 476017 937304
562095 485224 286126 869281 102276 96471 462924 918102 456098 927074
421465 492886 282568 848547 84381 85545 94521 876042 439940 917443
422823 504180 296187 786326 73988 77221 165706 925702 433390 904552
436645 500557 353974 766441 72384 57847 273463 853304 428781 900727
460911 503967 379945 773350 71875 50964 250079 854436 485308 908974
427544 489233 280076 781580 54970 58851 270428 833764 434502 902600
399766 476973 294838 800047 47074 90093 266631 882892 359916 887940
391217 464007 305268 792566 72833 81530 266544 881127 365422 899823
385737 469637 388014 795391 68834 73439 264407 885874 370941 885525
365448 463589 334866 793125 81681 68773 239718 875926 349132 862473
346340 437159 262915 776012 64969 71093 278019 877895 305327 845828
322328 432412 280743 735079 89440 273724 231442 891534 312013 832821
322084 423401 296261 759030 103105 219061 229698 889367 318681 837509
307858 447254 280372 756912 60275 231564 234947 896955 308829 813759
266968 457796 198813 666239 104923 165528 184397 752950 273026 812400
252188 482825 171350 681847 99657 152075 195381 738063 256829 800679
278056 503201 203368 670227 120877 181782 136563 679559 257503 775728
257230 481901 202572 678704 97165 122535 70850 673708 248436 765415
258796 452627 187950 660689 49158 63687 65184 441749 252955 755717

Iivaxag 3.3 Evtaon exkmoundv dioéeidiov tov dvOpaxa ot yawpes e EE oe gCO2/MWh (1990-2017) [35]

519220 732681 483382 470716 5727 751207 171698 680704 531233
525908 772241 421168 364383 11264 744733 157819 667304 516034
620656 627830 336511 434191 12534 742291 138780 637580 503571
543477 557257 321048 428057 14493 739473 173933 576509 473999
505784 619998 271028 388785 19947 740982 234951 548361 469013
572938 554107 247998 393817 16400 479160 208251 531617 454336
435722 560238 244306 355669 42550 746598 261223 518206 442417
465647 430891 262318 370917 18954 702393 232090 487121 429744
473575 357380 237502 384388 20670 696990 185806 484670 431728
575930 373373 237804 337250 16128 663309 176255 458190 419156
482114 426179 220862 345924 14200 666321 147119 481741 405848
459395 429179 202510 372612 16488 664579 192136 501591 403395
537108 434597 182923 387966 22491 643450 211608 492163 408315
436879 495625 204014 382182 31499 579604 272109 500514 412419
481461 429861 210008 353954 16914 578434 225153 511714 400518
535026 396512 180232 355894 13497 593767 130151 501209 394727
447307 444098 170045 363140 16958 595431 230829 525428 396106
417952 523223 172448 386433 14446 598067 203894 513621 401462
513199 495054 175152 337805 14383 584163 146537 507516 378771
389496 436579 152012 324233 14131 555913 162233 461918 361827
276573 366638 126706 325710 20871 534649 199422 469496 349029
328447 444985 139997 335346 14180 527051 161639 452113 354161
392283 444633 139148 326290 10742 490380 107745 500453 354369
312093 351004 121099 302517 10898 459896 145348 465316 335435
294374 319700 106090 212147 8912 465905 123106 422848 323007
359808 337621 113597 250017 7503 479304 87882 370309 317536
292864 297775 104746 248394 8373 488783 92051 299695 299949
349782 262519 107305 248263 9275 437854 82794 268521 294206

ITivaxag 2.4 Eviaon ekrounav o10&e1diov tov avlpoxa otig yapes e EE oe gCO./MWh (1990-2017) [35]
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Ymv mapovoa gpyocio, o dedopéva NG EVTAONG EKTOUT®V GvOpaka Yoo TNV Topoymyn
NAEKTPIKNG evépyelag mapOnkav and v Evponaikn Iepifailoviikny Ymnpeoio. Avtd agopovv
ta £t 1990 émg 2017 kot xpnopomolovy og povadeg pétpnoelg to gCO2 / MWh [35]. Onwg
QOIVETAL KOl 0O TOVG TOPATAVE® TIVOKES, Ol YMPES KATOYPAPOLV — GAAEG TEPIGGOTEPO Kl AALEC
MyOTEPO - HEI®UEVT KAMOM 6T0 puOUd ekmopmng avOpaxa. Avtd coppaivel S10TL To evepyelakd
piypo yioo v Topoymyn NAEKTPIKNG EVEPYELNG OPEPEL Amd YDPO GE YDPo. XAPOKINPIOTIKO
napddetypa arotehovv 1 [ToAwvia ko n Aavio. H tpdtn ypnoyonotel og ent to mAgictov opuktd
KOOI Yo TNV TOPAY®YN MAEKTPIKNG EVEPYELNG LE OMOTEAECUO. TNV EKTOUTY| WEYAAW®V
TOGOTNTOV 010E€1510V TOV dvBpaka otV aTHOcEUPa. ATO TNV GAAN TALLPA, 1| KOALYT TOV
EVEPYEWNKAOV amortoemV ¢ Aaviog mpoépyetar o€ peydho mocootd and AIIE, ov omoieg dev
amoTEAOLV TPOPANLA 6T pUTOVeT ToL TTEPBaAlovtog. Tldvtwg, oto cvvord g n Evpomain
‘Evoon onueidvel mpdodo €Yovtag OVTIKATOOTNOEL TIC OLUPOTIKEG peBdooVE Tapaywyng
NAEKTPIKNG EVEPYELNG UE TIG VEEG EVOAMUKTIKEG LOPPEG EVEPYELONS, OTMG Ol OVELLOYEVVITPLES, TO
ootofoAitaikd, n Popala, ta voponiektpikd. TEAog, ta mMLPNVIKE €PYOCTACIO TOPAYWOYNG
EVEPYELOG TTOL BPIoKOVTOL GE OPIGUEVEG YDPES, Yia Tapddetypa ot [aiAia, Exovv ikpd avTikTLTO
010 TEPPALAOV, KOOGS TO EvEPYELOKD TOVG ATOTVTTONA BpioKeETOl G YOUNAA ETimESQL.

3.3 Yrolouro dedopéva

H Baown e&icmon, n omoio ovoAlVeTaL 6TO EMOUEVO KEPAANLO, EUTEPIEYEL OTATIOTIKA dedOUEVA
Y To NAEKTPIKG OLTOKIVITO, TIG OMMAEIES TOL OKTVOV OO T OLVOUY| KOl UETOPOPE NG
NAEKTPIKNG evépyelng, kKaBmG Kot Evav GLUVTEAESTN Yo TN UECT] AmOS00T] TV POPTICTAOV TMV
OVTOKIVITOV.

Apyikd, ta mepartépm oToryEio TOV EMpene va EvTomoTovy Yo ta BEV ftav:

e 1 péon TLMIIKN NAEKTPIKY KatavdAiwon tovg (0,000189 MWh/km) [36] kot
® 1] ATOGTOCT TTOL SLVOOLV Ta AV TOKivITa KATA PLEGO Opo o€ khbe kpdtog g Evpomaikng
‘Evoong [37].

> ovvéren, NTav onuavtikd vo Bpebel m péon anddoon TOV POPTICTAOV TOV MAEKTPIKOV
avtokivntov. Eyovtog gpevvioet o @OAAO O£d0UEVOV OPKETMOV LOVIEA®V QPOPTIGTMOV OV
KOTOOKELALOVV ETOPEIEG TOV AGYOAOVVTIOL HE TN QOPTION T®V MAEKTpoKivntwv, Pynke TO
CLUTEPOC L TG 1) TN amddoomg avépyetal oto 0,95. TéNog, Yio Tov EVIOTIGUS TNG NAEKTPIKNG
EVEPYELOG TOV SIKTVOVL, Empene vo BpeBovv o1 andAElEg amd TN PLETOPOPA Kat TN dtavour) te. [a
TOVG VTOAOYIGLOVS OV TPOYLOTOTOMONKAY, ¥PNOOTOmONKaV oToTIoTIKE GTotKElo omd TV
Aebvn Tlepiparrovtikny Yanpeoia yio ta étn 1990-2017 [38]. Enuavtikd givot va d1evkpivioTel
TOG N HEOT] TUTIKY NAEKTPIKN KOTOVAA®OT Kot 1 HECT 0mdO00T TOV QOPTIGTMOV TOPUUEVOLY
otafepéc oe OAN TN dadkacia exilvong TV TpdEemv Yoo TNV £KPaon TOV OTOTEAEGUATOV.
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KE®AAAIO 4°

“Modnpotika povréra Tpofreyns kot facikn eicoon”

Y10 kepdAao avtd Bo yiver avoeopd oto  paOnpatik@ povtéda wpoPreyng mov
YPNOLOTOMONKAY Yol TNV OAOKANP®OT NG OMA®UATIKNG epyacios. Ta mapoakdtm HoviEAm
amotédecav T epyalreia yioo TV TPOPAEYN NG O1EIGOVONG TOV NAEKTPIKOV OVTOKIVITOV, TNG
avéNomng TG TOPAYOUEVNC NAEKTPIKNG EVEPYELS KOIL TNG ADENONC 1] LEIWONG TOV EKTOUTMV pOTOV
ot1g yopeg ¢ E.E. péypt to 2050. Eniong, Oa avaivbei n Pacikn e&icwon mov oyedtdotnKe yio
™V €KPOOT TOV ATOTEAEGUATOV.

4.1 MovtéLo YpapUIKIC TOAVOPOUNONG

H avdivon maiwvdpdunong ivar €va Loviélo TOGOTIKNG TPOGEYYIong mov EETALEL T oxéon
peta&hd 600 1 MEPLGGOTEPMV UETAPANTOV Kol Elval YPAOLUO Yol TV TPOPAEYN TOV THOV HLOG
petafintg oe oxéon pe Tic Tég e GAANG. H petafint) X ovopdletor aveEdptnn kot M
petafint) y egoptnuévn. To pobnuotikd poviého ypnoylomotlel TuéEG JElyHaTOANYiag amod
OTOTIOTIKA OEOUEVA TTPOKELLEVOL VO avartTOEEL pia €VOeia Ypappn yio TV TpoPAeyn TILOV Y Yo
véeg TS X. H amdn ypappikr| maivopdunon mov ypnotpomotel povo pio aveEdptnt petafAn
X, &yl ™ popon g eElowonc:

Y =a+ Bx

omov a gtvon n T Y, 0tav X = 0 ko S gtvonr ) péon aAlayn oto Y, 0tav 10 X aArdlel Katd pio
Hovaoa.

Ymv mopondve e&icmon mpémel va mpootebel 0 Opoc TOL TLYXAIOV GEAAUATOG, OV
avTpocOneVEL T petafAntotta oto Y. Avtd doev pmopel va meptypael amd v aveEdptn
petafAnt) X kot pmopel v ogeidetan gite oe GAleg avelaptnteg petaPAntéc eite oe tvyoieg
naporrayéc. Emopévmg, n eElomon Aettovpyel vd v mpodmdBeon O0TL Ta GEAApaTa givor
avegapmnta Kot 6Tt AKOAOLHOVV TNV KOVOVIKT] KOTAUVOUY HE LEGT TIUN UNOEV KOl TOPOAAOYN Yo
OAec Tig Tiuég X [40, 41, 42, 43].
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-20 -10 10 20 30 4IU 50 60
Eixova 4.1 Hopaderyuo. omAng ypopypuric rotivopounong [39]

4.2 Movtélo dumAng ekBetikng e€opudivveng — MébBodog Brown

H pébodog exbetikng eopdivvong eivar pior péBodog mpdPreyng ypovooeipmv. H pébodog
ypnowonotel OAa ta dedopéva amd 10 TapeAOOV Le TOV VTOAOYIGUO VOGS CTAOGUEVOL KIVIITOD
pécov pe exkbetikd Papn yo OAa Ta Tponyovpeva dedopéva. ZuyKkekpuuéva, 1 Pacikn Wéa gival
va gloaydel évag 6pog mov AapPavel vTOYN TV TOAVOTNTA H0G GEWPES Vo TOPOLGLALEL Kamola
popon taong. Avtn n KAlon evnuepovetat omd 1o 1010 ekBeTikd epyareio eEopdivvong.

1. H e&lomon ¢ aning exBetikng e€opdivvong diveton amd tov TOTo:

At = aYt + (1 - a)At_l

omov: 0 < a <1 glvonr n otaBepd e€opdrlvvong. e avtnv Vv gpyacio, N TN ™S otabepdg
eMALYETAL Y10 va. EAayloToomOel 1 TIUN TOL HEGOV TETPAYDVOL GPAApaToc. Emopévmg, n tyun a

etvar 0,21 ywo to nAektpikd oynpa. Emiong, éxovpe tot=2, 3, ..., n, evd yuo t =1 1 apycn cuvOnkn
elvar Al = Y1.

2. Ov ipég eopdivvong tv xpovocelp®v A vroroyilovtol YPNCILOTOIMVTOG TNV OTAN
exBetikn pnéBodo eopdAvvong mg:

Alt = a,At + (1 — a)A,t_l

omov: A' ol KAVOVIKOTOMUEVEG TUEG TNG TMPOKLITOVCOG YPOVIKNG GEPEG TG Oe0TEPNG

Kavovikomoinong ywa t =2, 3, ..., n, evod yw t = 1, opiCetanr wg n apykn cvovinkn A, = A .
3. Yrnohoyiopdg ™ Stapopdg Tov o
at = 2At - Alt
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4. Ymohoyiopog TG KavoviKoToinong Téong Yo ToV IpocapHocTIKO mapdyova b og:

a !
bt:m(At_At)

5. Yrnoloytopoc tmv pelloviikdv tpopréyemv Yo, yio ™ pelovtiky mepiodo h oc:
Yein = a; + hb,
omov h =1, 2, 3, ..., n onuaivel £tn evOl10PEPOVTOG.

Avt n pébodog pmopel va ypnoiponombel yio mpoPAEYEIS Y TEPIGGOTEPES OMO pia
HEALOVTIKEG TEPLOSOVC, G€ avTifeom pe v amhn ekBetikn pé€Bodo eEopdhvvong, 1 omoio TopEYEL
TPOPAEYELS LOVO Yo TNV emdpuevn tepiodo [40, 41, 42, 43, 44].

4.3 Baowm e€lowon mpoPreync

H Boaocw| e&icwon yuo tnv mpoPreyn avtfg g HEAETNG GYXEOAGTNKE Y10 VO OVOADGEL TIG
EMNTOCEIS TNG TOPAYMYNG MAEKTPIKNG EVEPYEWNG OTN OlElGOLON QYOG MAEKTPOKIVITOV
avtokvntev otig yopes ¢ E.E. kot xotd cuvémelo oty avénon 1 pelwon TovV eKTOUTOV
avBpaxka £mg to £tog 2050.

H e&lowon mov vroroyilel v mpdcsbetn {NTNoMN NAEKTPIKNG EVEPYELNG TOL QVTOKIVITOV €ivat
N akdéAovon:

E.=e -N__-d

ev ev cars : an

omov: e, efvar  péon tomiKy Kotavaiwon niektpikng wyvog tov BEV ce MWh / km xau

napapéver otabepn, N_ - onAovel tov apBud tov BEV éwg 10 2050 pe ™ ovuPorny twv

cars

napandve pebdddwv npofreyng ko d,, eivor n péon tomikh andctacn mov dtavbovy eTncing Ta

avtokivnta avd yopo oty E.E. og km.
Emiong, m niextpkn evépyswn oto onpeio eoptiong twv BEV diveton amd v axdiovdn
eglowon:

6mov divetor 1 péom amdoocN ToL GVOTHHATOG EOpTiong otnv E.E.
Yvveyilovtog, 0 vVTOAOYIoUOG NG {NTOLUEVNG TOPOY®YNG MAEKTPIKNG EVEPYELNS KOl TMOV
ATTOAELDV TOL SIKTVOV PETAPOPAS Kot SLovOUNG diveTon amd TV avoaroyioL:

— Ech
losses,

net
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omov: 10SSes,,, 01 GLVOMKES ATMAELEG HETOPOPAS KOt SIOVOUNG NAEKTPIKNG EVEPYELOG ETNGIMG.

"Eto1, cvuvovalovtag tic mapondve e&lomoelg Aapavoupe to akdAovbo amotélecua yio Tnv
eElowon evépyelog OIKTLOV:

E (t) — eEV ) Ncars i dan
" g, -[L-losses, ]

Téhog, o1 exmouméc dvBpaxka amd TV moPAY®YN NAEKTPIKNG EVEPYELNG TPOKVTTOVV OO TNV
eglowon:

GHGnet (t) = Enet (t) ’ Cozeq(t)

omov: CO,eq(t) o wodbvapog cvvierestig ekmopunng do&ediov tov vOpaxa (gCO2 / MWh)
emoing, ypnoporodvtog Tig 000 pefddovg TpoPreyns émg to 2050. Enpeudvetan 6t 1 povado
uétpnong yu v e&icwon (11) eivon t-CO, / year [45].

Tehkmg, eivar moAD onuovtikd vo emwbel Ott Kabe podnuotikd poviého mpoPreyng
neprlopfdver v mbavotta cedipatos. Emopévmg, ta poviéda vmobBétovv 1o potifo tng
YPOVOAOYIKNG EUPAVIONG TOV TIUH®V NG HETAPANTNG Tov mapatnpeitar. Ta poviéha avtg g
KaTnNyopiog UmOpovvV vo. TPOGOIOPIGTOVY OMOKAEIGTIKA Ond TO 10TOPIKO GYNUO NG Yo v
TpoPAEYOLVY TN peTaPANTY.
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KE®AAAIO 5°

“Amoteréopoto pnedodwv mpofreync ywa tig yopes s E.E.”

210 kePArao avtd, Ba mopovclacHovy o amoTEAEoHATO TNG O1EIGOVONS TOV NAEKTPIKAOV
avtokvTeVv otig yopeg g E.E., o1 emmtdoelg mov pmopel va £xovv 6T0 SIKTLO MAEKTPIKNG
evépyelag, kabmg Kot o1 ekmounes aepiov Beppoknmiov amd ™ {NTNON NAEKTPIKNG EVEPYELNS EMG
70 2050. Xtovg vToroyiopove Oo cvumepAnEOel kK1t  MeydAn Bpetavia [46].

5.1 AmoteAéopato LOVTELOV YPOUUUKNIC TOAVOPOUNONG

5.1.1 Avorpia

H dieiodvon tov nAeKTpiKOV avtokvitov avépyetar oe 1.768.551 oynuato, dnAadn oe
10600610 32,52% T0L GLVOAOL TV AVTOKWVITOV TNG Avotpiog and To £tog 2020 émg To 2050.

Penetration of BEVs
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Awaypopua 5.1 Aiciodvon twv niektpikav avrokivitwy yio o &ty 2020-2050 otnv Avotpio

H avénon tov niektpikdv ovtokwvitov o emeéper avénomn g {nroduevng MAEKTPIKNG
evépyelag Kotd 6.520.532 MWh ya ta étn 2020-2050. Ot exkmounés d10&€16i0v Tov AvOpaka
mapotnpeital Tog ovéavovior puéypt to £tog 2026 pe tun 8.933 tCO2, evd otV cuvéyela ot
EKTTOUTTESG akoAoVOOVV pia KaBodikn mopeia, ®GTov 10 2043 amoKTOVV OPVITIKY TIUY.
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Electrical production
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Micypopuo 5.2 Zijtnon nlextpixig evépysiog oe MWhIyear yio ta étny 2020-2050 otnv Avotpio
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Micypouuo 5.3  Exrouréc droleidiov rov avlpako. oe tCOzlyear yia ta étn 2020-2050 oty Avotpia
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5.1.2 Békyo

H dielodovon tov niektpikdv avtokwvntov avépyetar oe 1.173.563 oynuato, onAaon ot
10600610 20,05% T0V GLVOAOL TV AVTOKIVATOV ToV Bedyiov amd to £10¢ 2020 £wg to 2050.

Penetration of BEVs
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Agypoppo 5.4 Aigicdvon twv nlektpikov avtokivitwy yia to. &ty 2020-2050 oro Bélyio

Electrical production
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Mdypouua 5.5  Zitnon niextpixig evépyeiag oe MWhlyear yia ta étn 2020-2050 oro Bélyio
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H avénon tov niektpikdv ovtokivitov o emeépelt advénon tg CNTovpevng mAEKTPIKNG
evépyetog kotd 4.015.791 MWh ya ta €t 2020-2050. Ot exkmounés d10&€16i0v T0v AvOpaka
napatnpeitor mog avédvovtal péypt to €tog 2025 pe tiun 8.479 tCO2, evd otn cuvvéyeln ot
ekmounég axoAovBovv pia Kabodikn mopeia, ®omov 10 2041 amoKTovV aPVNTIKY TIUY.
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Midypouuo. 5.6  Exrouréc oroerdiov tov dvlpaxo oe tCO.lyear yia ta étn 2020-2050 oto Bédyio

5.1.3 BovAyapia

Penetration of BEVs

Midgypopuo 5.7  Aigioovon twv nlextpikov avtokivitwy yia ta ety 2020-2050 oty Boviyopia
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Electrical production
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Micypoupo 5.8  Zitnon nlextpirig evépysiac oe MWhlyear yia ta éty 2020-2050 otnp Boviyapio

H dieicovon tov nlextpikdv avtokivitov avépyetol e 20.929 oynparto, OnAadn 6€ apKeTA
YOUNAO T0600To, HOAS 0,75% Ttov GUVOAOL TV avToKVATOV TG BovAyapiog amd to étog 2020
¢o¢ 10 2050. H avénom tov niektpwdv avtokivitov Bo emeéper advénon g {nroduevng
niextpikng evépyetag katd 71.194 MWh ya ta étm 2020-2050. Ot ekmopunég 610&€1diov Tov
avBpaxa Tapatnpeiton Tog avédvovran péypt to £tog 2025 pe tyun 150 tCO2, evd otnv cuveyeln
01 EKTOUTEG akoAovBovV pia kabodikn mtopeia, domov to 2041 amokTohV apvnTIKY TIUY.
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Midypouua 5.9  Exrouréc drolerdiov tov avlpako og tCOlyear yia ta étn 2020-2050 oty Bovlyopia
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5.1.4 T'aAlio

Penetration of BEVs
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Midypopuo 5.10  Aieicovon twv nlextpikov avtoxvitwy yio ta étn 2020-2050 oty T'allio
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Maypouna 5.11  Zitnon nlextpixng evépyeiogs oe MWhIyear yia ta étny 2020-2050 oty I'odlia
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H dweicdvon tov niektpikdv ovtokivitov avépyetal oe 10.545.913 oynuarto, dniadn oe
10606710 32,92% 10V GLVOAOL TV avToKVNTOV TS I'odiiog amd To £1og 2020 £wc To 2050. H
ahENOTN TOV NAEKTPIKAOV 0TOKIVATOV Ba empépetl avénor g {NToOUEVIG NAEKTPIKNG EVEPYELNG
kotd 30.683.573 MWh yuo ta étn 2020-2050. Ot ekmopmég d10&€18iov Tov avOpoko mapatnpeiton
¢ NN Tapovotdlovv kabodikn Topeio Kot TOAD YPNYOPO. ATOKTOVV apVvNTIKY T omd 10 2025
Kl £€TELTO.
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Midypouuo 5.12  Exmouméc dioéeidiov tov dvOpaxa oe tCOLlyear yia ta étn 2020-2050 oty T'olldia

5.1.5 Tepuavia

Penetration of BEVs
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Aidypopua 5.13  Aigicovon v nlextpirdv ovtoxvijtwy yia to. éty 2020-2050 oty I'epuavio
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H dieiodvon tov MAeKTpiKOV avtoKvitov avépyetor o€ 8.725.610 oynuato, dnAadn oe
1060010 18,53% tov cuvorov TV avtokvitov ™G I'eppaviag and to £tog 2020 £wc to 2050. H
ahENOTN TOV NAEKTPIKAOV 0TOKIVATOV Bal empépetl avénor g {NToOUEVNG NAEKTPIKNG EVEPYELOG
Kotd 27.745.622 MWh yuo ta €t 2020-2050. Ot ekmopmég d10&€18iov Tov avBpoko mapatnpeiton
¢ cvveyilovy va av&avouv pe avotatn Tt Toug 288.717 tCO2 10 £10¢ 2042, evd omd to onpeio
avtd apyilel n otadioky| peiwon Tovg.
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Midypouuo 5.14  Zitnon nisxtpixic evépysiog oe MWhlyear yia ta étnp 2020-2050 oty 'epuovia
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Midypouuo 5.15  Exmourés dioéeidiov tov dvhpara ae tCO/year yio to éty 2020-2050 oty I'epuavia
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5.1.6 Aowvia

Penetration of BEVs

Midypopuo 5.16  Aigicovon twv nlextpikdv avtokivitwy yio. ta étn 2020-2050 oty Aavia
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Aaypoupo. 5.17  Zitnon nlextpuriic evépysiog oe MWhIyear yia ta étny 2020-2050 ot Aavie
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H dieiodvon tov niektpikdv avtokwvntov avépyetar o€ 1.096.470 oynuato, dnAadn oe
1060610 42,26% 10V GLVOAOL TV owToKNTOV TG Aaviag omd to £tog 2020 £mg To 2050. H
ahENOT TOV NAEKTPIKAOV 0TOKIVITOV Bal empépetl avénon g {NTodUEVNG NAEKTPIKNG EVEPYELOG
kotd 3.888.239 MWh yio ta £t 2020-2050. Ot ekmopmég d10&€1diov Tov GvOpaka onuetdvovy
apKeTd ypnyopa peiwon, pe omotéhespo o £€10¢ 2028 ot Tég va etvart apvnTikés.
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Mdypouua 5.18  Exmourés diocerdiov tov dvlpaka e tCOlyear yia ta éty 2020-2050 otn Aavia

5.1.7 EXMGda

Penetration of BEVs

Aidypopua 5.19  Aigicovon twv nlextpiradv avtoxvitwy yio. o étn 2020-2050 otyv EAAdda
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H dieicdvon tov NAEKTPIKGOV 0LTOKIVATOV avépyetal o€ 22.527 oynuata, OnAadr 6€ T0GOoTO
0,43% tov cLVOAOL TV awToKVTTOV TG EALGSaG and To €10 2020 £mg to 2050. H adénon tov
NAEKTPIK®OV 0VTOKIVATOV ol empépel avénon tng {Ntovpevng nAEKTPIKNG evépyetog katd 62.476
MWh yia ta £t 2020-2050. Ot ekmopmés d10&E€1diov Tov AvOpaka GNUELOVOVY Avodo £mg To 2035
pe Ty 863 tCO2, evd amd 10 onpeio avtd mapatnpeitor KAB0d0G TV eKToUTOV £mg T0 2050.
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Aaypoupo 5.20  Zijtnon nlextpiriic evépyeiog oe MWhlyear yio ta éty 2020-2050 otnpv EAddo
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Aicypopua 5.21  Exmourés diolerdiov tov dvlpaxa ae tCOLlyear yia ta étn 2020-2050 otnv EAAdda
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5.1.8 EcOovia

Penetration of BEVs

Midypopuo 5.22  Aigicovon twv nlextpikdv avtokvitwy yio. ta &ty 2020-2050 oty EcBovia
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Micypouua 5.23  Ziitnon niextpixic evépyeiag oe MWhlyear yia ta étn 2020-2050 oty Ecfovio,
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H d1eicdvon v nAekTpiKdv avToKviTeVv avépyetot o 121.687 oynuata, oniadn o€ m060oTd
16,3% tov cuvorov TV avtokivitev T EcBoviag amd to £1og 2020 £mg to 2050. H avénon tov
NAEKTPIK®OV QLTOKIVIT®V Bal empépet avénon g {ntovpevng nAeKTpikng evépyetag katd 431.253
MWh yio to £t 2020-2050. O ekmopnéc 610E€13i0v ToV GvOpaKH GNUEIDOVOVLY GUVEXDG GVOJO,
Yopig va petwvovtor péxpt to 2050.
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Midypouuo. 5.24  Exmounéc dioéeidiov tov dvOpaxa ae tCOLlyear yia ta étn 2020-2050 oty Eclovia

5.1.9 Iphavdia

Penetration of BEVs
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H d1eicdvon v nAekTpKdv avToKviTeVv avépyetat oe 358.805 oynuata, oniadn o€ T0G0oTd
16,44% t0ov cuvOroL TV awtokviTav TG IpAavdiog and to £1og 2020 £mg to 2050. H avénon
TOV NAEKTPIKOV OLTOKIVITOV Ba empépel avénon g {Ntoduevng NAEKTPIKNG EVEPYELNG KOTA
1.349.859 MWh vy ta €tn 2020-2050. Ot ekmopmég d10&ediov Tov avOpaka Topatnpeiton TG
péypt to 2026 €yovv avéovoa mopeion Ko Emerta apyiler n pelwon TOVE, OOTOV EMEPYETOL M
apvITiKn Ty Tovg and to 2043 ki énetta.
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Aicypopua 5.26  Zitnon niexrpixic evépysiac oe MWhlyear yia ta éty 2020-2050 otnv IpAavoia
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Mdypouua 5.27  Exmourés d10éeidiov tov dvlpara ae tCOLlyear yia ta étn 2020-2050 otnv IpAoavdia
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5.1.10 Iomavio

Penetration of BEVs
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Midypopuo 5.28  Aigicovon twv nlextpikv avtoxvitwy yio. ta étn 2020-2050 oty lowavio,
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Maypouna 5.29  Zitnon nlextpixng evépyerog oe MWhIyear yia ta étny 2020-2050 otnv loravio

37



H dieiodvon tov niektpikdv avtokwvntov avépyetor oe 1.474.380 oynuato, dnAadn oe
1060610 6,12% tov GuvOroL TV avtokvnTeV TG lomaviag and to £rog 2020 ¢ to 2050. H
ahENOT TOV NAEKTPIKAOV 0TOKIVATOV Bal empépetl avénon g {NToOUEVNG NAEKTPIKNG EVEPYELOG
Kotd 4.106.447 MWh yia ta €t 2020-2050. Ot ekmoumég d10&1diov tov avOpaka avEavouy péypt
10 2032 pe Ty 19.694 tCO2, evd amd to onpeio avtd eaivetar 1 oMNUOVTIKN HEI®ON TOVG HEYPL
70 2050.
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Aaypoupo. 5.30 Exrouméc droleidiov tov avlpara oe tCOlyear yia o étn 2020-2050 oty lomavia
5.1.11 Itoio

Penetration of BEVs
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Electrical production
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Micypouua 5.32 Zitnon nlextpucic evépyerag oe MWh/year yia ta étn 2020-2050 oty Iralia

H dieiodvon tov nAektpikdv avtokwvntov avépyetor oe 1.202.498 oynuato, dnAadn oe
1060610 3,08% TOV CLVOLOL TV avToKNTOV TG Itadiog and to étog 2020 ¢mg to 2050. H
ahENOT TOV NAEKTPIKAOV 0TOKIVATOV B empépetl avénon g {NToduevng NAEKTPIKNIG EVEPYELNG
Kotd 2.745.469 MWh yuo ta étm 2020-2050. Ot exmopnésg 610&€1diov T0V AvOpoKo HEIDVOVTAL
TOAD YPYOPQ Kot TEPTOLY VIO TOL UNOEVOS TO £T0¢ 2038.
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Midypouuo 5.33 Exmounés d10éerdiov tov avlpara oe tCOlyear yio o étny 2020-2050 otnv Irolio
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5.1.12 OAlavoio

Penetration of BEVs

250414
237648
224882
212116
199350
186583
173817
161051
148285
135519
122753
109987
97221
84455
71689
58923
100000 150000 200000 250000 300000

Aidypopua 5.34  Aigicovon twv nlextpirdv avtoxvitwy yia to. étny 2020-2050 otnv OAdavoio
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40



H dieiodovon tov niektpikdv avtokwvntov avépyetar oe 4.794.715 oynuoata, dniadn oe
1060010 56,21%, dve tov Hicod 6tdhov tav avtokvntev T OAlavdiag and to £1og 2020 £mg
70 2050. H abénom tov nAekTpik@v avtokivitov Oa emeépel avénon g {ntovpevng nAEKTPIKNIG
evépyelog katd 14.415.157 MWh yia ta €t 2020-2050. Ot eknoumég d10&ediov tov avOpaka
ONUELOVOVY avodIKY| Topeia péxpt 10 £T0g TPOPAEYNC, OTWS PAIVETAL GTO TAUPUKAT®D SULYPOLLLLOL.
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Midypouuo. 5.36 Exmourés d10ée1diov tov avlpoxa oe tCOlyear yio to étny 2020-2050 oty OAdavdia

5.1.13 Kpoaria

Penetration of BEVs
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Aidypopua 5.37  Aigicovon twv nlextpirdv avtoxvitwy yio. 1o &ty 2020-2050 otnv Kpootia
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H dieiodvon tov niektpikodv avtokivitov avépyetatl o€ 30.117 oynuata, SnAadn o€ T0G0cTO
1,81%, tov cuvoOLOL TV avtokvTeV TG Kpoatiag and to £€10¢ 2020 £mg to 2050. H avénon tov
NAEKTPIK®OV OVTOKIVATOV ol empépel avénon tng {ntovpevng nhekTpikng evépyetog katd 81.888
MWh yia ta £tn 2020-2050. Ot exmopnég dro&ediov Tov avBpaka GNUEIOVOLY avodIKn Topeia
péypt to £10¢ 2026. X1 cvvéyeta, Opms, BIvouy Kat PTAVOLY o€ apvNTIKES TIUEG amd To 2041.
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Maypoupo 5.38 Zijtnon nlexwpixiic evépyeiag e MWhlyear yia o étnp 2020-2050 otiyv Kpoatio
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Midypouuo 5.39 Exmournés dioerdiov tov avlpoxa oe tCOzlyear yia ta étn 2020-2050 oty Kpoatia
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5.1.14 Kvmpog

Penetration of BEVs

Agypopuo 5.40  Aigicovon twv nlektpikaov avroxivitwy yio. to. étn 2020-2050 otyv Kompo
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Aaypoupio 5.41 Zitnon nlextpixig evépysioc oe MWh/year yia ta étny 2020-2050 oty Kdmpo
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H dieiodvon tov nlektpikdv avtokivitov avépyetal oe 11.632 oynuata, SnAadn o€ T0G0oTO
2,11%, tov cuvorov TV avtokvitov T Kompov amod to £1oc 2020 £wg to 2050. H avénon tov
NAEKTPIK®OV OVTOKIVATOV Ba empépel avénon g {ntovpevng nAeKTPIKNg evépyetog katd 29.635
MWh yia to €t 2020-2050. Ot ekmopmég d10E16i0v ToV AvOpaKo avEAvouy cuvEX®S KaBOAN ™)
YPOVIKY| S1EPKELD TOL EPEVVE 1] SITA®ULOTIKY.
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Aicypouua 5.42 Exmourég droéeidiov tov avlpara oe tCO/year yia to. éty 2020-2050 otnv Kompo

5.1.15 Agtovia

Penetration of BEVs
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Migypopuo 5.43  Aigicovon twv nlektpikwv avtoxivitwy o ta étn 2020-2050 oty Agtovia
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H dteiocdvon tov niektpikodv avtokivitov avépyetatl o€ 38.039 oynuata, SnAadn o€ T0G0oTO
5,37%, tov cLVOLOL TV aVTOKIVNTOV TN Agtoviag and to €10 2020 £m¢ to 2050. H avénon tov
NAEKTPIK®OV QLTOKIVIT®V Bl emipépet avénon g {ntovpevne nAexTpikng evépyetag kotd 111.613
MWh ya ta étn 2020-2050. Ot ekmopméc d10&ediov Tov GvOpoka £xovv TTOTIKN TACT Kot
ndAioTo, TopatnpobvTal apvNTIKES TIHEG amd to 2046 Ki énetta.
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Aaypoupo 5.44 Zitnon nlextpiric evépyesiog oe MWhlyear yio ta étny 2020-2050 ot Aetovia

Emissions

120
100
80
60
40

20

Midypouuo 5.45 Exmounés doéeidiov tov avlpaxo oe tCOlyear yia ta étn 2020-2050 oty Astovia
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5.1.16 ABovovia

Penetration of BEVs

Midypouuo 5.46  Aigicovon twv nlextpikdv avrokvitwy yio. ta tn 2020-2050 ot Aifovavia
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Micypouua 5.47 Zijtnon nlextpixic evépyetag oe MWhlyear yia ta étny 2020-2050 oty Aifovovia
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H dieicdvon tov nAeKTPIK®OV 0TOKIVATOV avépyetal o€ 42.474 oynuata, OnAadr 6€ T0OGOCTO
2,97%, tov cuvoroL TV avtokvnitev T ABovaviag and to £1oc 2020 £wc to 2050. H avénon
TOV NAEKTPIKOV aVTOKIVATOV Ba emeépel adénon g {nroduevng NAEKTPIKNG EVEPYELNG KOTA
122.688 MWh yia ta. 1 2020-2050. Ot eknopmég 610&€18io0v Tov dvOpaia Exovv peydAn avodik

Taom péxpt 1o £tog TPOPAEYTG.
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Midypouuo 5.48 Exmourés d10ée1diov tov avlpaxa oe tCOL/year yio ta étny 2020-2050 oty Abovaviog

5.1.17 AovéegpPovpyo

Penetration of BEVs
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Aidypopua 5.49  Aigicovon twv nlextpirdv ovtoxivitwy yia to. étn 2020-2050 oro Aovésufoipyo

47



H d1eicdvon v nAekTpikdv avToKviTeVv avépyetot o 149.334 oynuata, onladn o€ m0GooTd
35,97%, tov cuvOAOL TV avToKVTOV Tov AovEepPovpyov and to £rog 2020 £wc to 2050. H
ahENON TOV NAEKTPIKAOV 0LTOKIVATOV B empépetl avénon g {NTodIevng NAEKTPIKNG EVEPYELNG
Kotd 586.844 MWh v tar €t 2020-2050. Ot exmopnég dro&ediov tov dvOpaka @Tavovuy ol
ypyopa, Non and to 2022, og undevikovg pOTOVG.
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Aaypoupo. 5.50  Zijtnon nlextpiic evépyeiog oe MWhlyear yia ta éty 2020-2050 oro Aovéeufoipyo
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Atdypoupo 5.51 Exmounés droeidiov tov avlpaxa oc tCO/year yio ta étn 2020-2050 oto Aovéeufodpyo
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5.1.18 MdAta

Penetration of BEVs

Agypoppo 5.52  Argicdvon twv nlekpikwv avrokivitov yio ta éty 2020-2050 oty Maito
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Aaypoupio. 5.53  Zijtnon nlextpiic evépysiog oe MWhlyear yia ta étn 2020-2050 oty MdAza
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H dieicdvon tv nAeKTpik®dV ovToKIviTOVY avépyetal o€ 45.819 oynuata, SnAadn 6e T0G0oTO
15,27%, tov cuvoroL TV avToKviTOV TG MdAtag amod to étog 2020 émc To 2050. H avénon twv
NAEKTPIK®OV OVTOKIVATOV ol empépel avénon tng {ntovpevng NAeKTpIkng evépystog katd 81.466
MWh yia to €t 2020-2050. Ot gknoumég d10E1diov Tov AvOpaKa opYIKE CTUELOVOLY GvOd0,
oumg apyilovv va peidvovtol otadiokd and to 2034,
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Aicypouua 5.54 Exmouréc droéeidiov tov avBpora oe tCOzyear yio ta étn 2020-2050 oty MdAra

5.1.19 Ovyyapia

Penetration of BEVs

Midypouuo. 5.55  Asicovon twv nlektpikdv avtokivitwy yio. ta étp 2020-2050 oty Ovyyopia
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H d1eicdvon v nAekTpikdv avtokviTev avépyetat o 192.012 oynuata, oniadn o€ m06006Td
5,27%, tov cuvOAoL TV ovtokviTev TS Ovyyapiag amd to £tog 2020 £mg to 2050. H avénom
TOV NAEKTPIKOV OLTOKIVATOV Ba emipépetl avénon g {NTodUeEVNG NAEKTPIKNG EVEPYELNS KOTA
572.019 MWh yia ta €t 2020-2050. Ot ekmopméc d10&eidiov Tov dvbpoka peidvovtal Kot omd
70 2042 Ko petd mopatnpoHVTOL APVNTIKES TUYLEC.
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Aidypoppo 5.56  Zitnon niextpixig evépyeiog oe MWhlyear yia za étiy 2020-2050 otiv Ovyyapia
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Micypouuo 5.57 Exmourméc droleidiov tov avlpora oe tCOlyear yia ta étn 2020-2050 oty Ovyyopia
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5.1.20 IToAwvia

Penetration of BEVs
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Aidypopyua 5.58  Aigicovon twv nlextpirdv avtoxvijtwy yia to. éty 2020-2050 ornv Tolwvia
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Aicypouua 5.59  Zitnon nlextpiic evépyeiag oe MWhlyear yio ta étiy 2020-2050 otipv Tolwvia
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H dieicdvon tov niektpik®dv avtokivtov avépyetor o 141.117 oynuata, SnAadn 6€ T0c06Td
0,6%, tov cuvoroL TV avtokvTeV TG [ToAwviag and To £€10¢ 2020 £mc 0 2050. H avénon tov
NAEKTPIK®OV QLTOKIVIT®V Ba emipépet avénon g {ntovpevng nAexTpikng evépyetag kot 233.850
MWh yw ta étm 2020-2050. Ot exkmopnég 010E1diov Tov GvOpaka apykd ovEdvovtor Kot
petmvovtat otadtokd amd to 2031.
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Midypouuo 5.60 Exmourés d10ée1diov tov avlpoxa oe tCOlyear yio ta étny 2020-2050 otnv [olwvia

5.1.21 oproyaiio

Penetration of BEVs
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H d1eicdvon v nAeKTpKdV avToKIvRTOV avépyetat oe 734.481 oynuata, oniadn o€ T0G0oTd
13,9%, tov cuvorov tov avtokvitov g [loptoyariog and to £tog 2020 Emg to 2050. H adénon
TOV NAEKTPIKOV OLTOKIVATOV Ba emipépetl avénon g {NTodUeEVNG NAEKTPIKNG EVEPYELNS KOTA
1.760.730 MWh yuwo ta €tn 2020-2050. Ot ekmopmég d10&ediov Tov avOpaka Topatnpeiton TG
avEAVOVTOL TO TPATO YPOVIOL TNG EPEVVAG KOL GTT] GUVEYELN LEUDVOVTOL GE UEYOLO Paduo.
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5.1.22 Povpoavia

Penetration of BEVs

Agypoppo 5.64  Aigicovon twv nlektpikwv avrokivitwv yio ta étp 2020-2050 oty Povuavia
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H d1eicdvon tov nAekTpikdv avtokvitov avépyetat o 107.850 oynuata, Sniadn 6€ m0cooTtd
1,67%, Tov cLVOLOL TV avToKNTOV TG Povpaviag amd to €tog 2020 émg to 2050. H avénon
TOV NAEKTPIKOV aVTOKIVATOV Ba emeépel adénon g {nroduevng NAEKTPIKNG EVEPYELNG KOTA
209.339 MWh yia ta. €1 2020-2050. Ot ekmopmég d10E16i0v Tov AvOpoKe GNUEWDVOVY YpTyopn
k60060. MdAiota, To 2043 K1 £melTa, Ol TYES TOV EKTOUTAOV POTOV YIVOVTOL OPVNTIKEC.
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5.1.23 ZhoBoaxkio

Penetration of BEVs

Midypopuo. 5.67  Aigicovon twv nlextpikdv avroxviitwy yia. 1o, &ty 2020-2050 oty Zlofoxio,
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Electrical production
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Midypouuo. 5.68  Zitnon nlextpixig evépyeiog oe MWhlyear yio ta étny 2020-2050 oty XAofoxia

H dieicdvon tov NAEKTPIKOV 0LTOKIVATOV avépyetal o€ 57.569 oynuata, SnAadr 6€ T0GOoTO
2,48%, 100 GLVOLOL TOV aVTOKWVNTOV NG ZAoPakiag and to étog 2020 £mc To 2050. H avénon
TOV NAEKTPIKOV OLTOKIVATOV Ba emipépel avénon g {NTodUevNg NAEKTPIKNG EVEPYELNG KOTA
122.389 MWh yia ta 1 2020-2050. Ot ekmounég d10&gidiov Tov dvOpaka pHeidvovTol Tapo. ToAy
YPNYOPQ, OTIMG PAIVETOL GTO TUPUKAT® SLAYPOLLLLLAL.
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5.1.24 ZhoPevia

Penetration of BEVs

Agypoppo 5.70  Aigicdvon twv nlektpikawv avrokivitov yio ta éty 2020-2050 oty Zlofevia
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Aaypoupo. 5.71  Zitnon nlextpuric evépyetag oe MWhlyear yio o étny 2020-2050 oty Zlofevia
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H dieiocdvon tov nlektpikdv avtokivitov avépyetatl o 99.070 oynuata, SnAadn o€ T0GOoTO
8,67%, tov cLVOLOL TV aVTOKWVNTOV TG ZAoPeviag amd to étog 2020 g o 2050. H avénon
TOV NAEKTPIKOV aLTOKIVATOV Ba emeépel advénon g {nroduevng NAEKTPIKNG EVEPYELNG KOTA
437.432 MWh yio ta étn 2020-2050. Ot ekmopmég d10&€1diov Tov avBpoko apykd ovédvovron
Ko tepimov to 2035 apyiler n peiwon Toug.

2500
2000
1500
1000
500
0

O " N N < 10D O N 0 OO O 4 AN M & 1N O™ 0 OO O d4 N MM - 1N O IN 0 O O

IS O S I s B N B NI SN SN SN SN S o O o ' B SO~ WO 3o N o UK ' SO ' SO B G ™ W~ S (S (L G S Y

O O O O O O O O O O O O O O O O O O 0O O O O o o o o o o o o o

NN ANACNCNNNNNCNNCNNNRQAQCSQQQQQQCQQAQAQA
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5.1.25 Zoundia

Penetration of BEVs
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H dieiodvon tov niektpikdv avtokwvntov avépyetor o€ 1.832.210 oynuato, dnAadn oe
10606710 37,62%, TOL GLVOAOL TOV AVTOKIVNT®V TG Zovndiag amd to £10og 2020 £mg To 2050. H
ahENOT TOV NAEKTPIKAOV 0TOKIVITOV B empépet avénon g {nToduevng NAEKTPIKNG EVEPYELNG
Kotd 4.970.105 MWh ywo T €t 2020-2050. Ot exmounég d10&ediov Tov avOpaka apykd
av&avovrtal kot tepimov 1o 2035 apyilel n peimwon tovg.
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5.1.26 Togyia

Penetration of BEVs
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Electrical production
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H d1eicdvon v nAekTpikdv avTokviTeVv avépyetat o 175.104 oynuata, oniadn o€ m060Td
3,05%, tov cuvoroL TV avtokviTeV ™S Togyiag and to £1og 2020 wc to 2050. H avénon tov
NAEKTPIK®OV QVTOKIVATOV Ba emipépet avénon g {ntovpevng niextpikng evépyetag katd 600.178
MWh yio. ta €t 2020-2050. Ot ekmounég d1o&gidiov tov GvOpaka opykd ov&dvovtat Kot TEPitov
10 2034 apyilel n peimon| tovg.
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Micypouua 5.78  Exmourés diolerdiov tov dvOpaxa oe tCO.lyear yia ta étn 2020-2050 oty Togyia

5.1.27 Odwiavéia

Penetration of BEVs

dicypopua 5.79  Aigicovon twv nlextpirdv avtoxvitwy yia to. étn 2020-2050 oty Pvioviia
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H d1eicdvon tov niektpikdv avtokvitov avépyetot og 200.133 oynuata, oniadn o€ T0606Td
5,77%, Tov GuvoLov TV avtokviTaV TG PvAavdiog amd To £tog 2020 €mg To 2050. H avénom
TOV NAEKTPIKOV OLTOKIVATOV Ba emipépetl avénon g {NTodUeEVNG NAEKTPIKNG EVEPYELNS KOTA
672.264 MWh ya ta étn 2020-2050. Ot exmounég d10&gidiov tov dvBpaka apycd av&avovtat
Ko tepimov to 2034 apyiler n peiwon Toug.
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Micypoupo 5.80  Zijtnon nlextpucic evépyerag oe MWhlyear yia ta éty 2020-2050 oty diviavdia
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Micypouuo. 5.81  Exmounés diocerdiov tov dvOpaxa ae tCO/year yia to éty 2020-2050 oty diviavdia
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5.1.28 Hvouévo Baciielo

Penetration of BEVs
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H dieiodvon tov MAEKTPIKOV o0TOKWVATOV avépyetar o€ 5.689.389 oynuato, dnAadn oe
1060070 18,05%, T0V GLVOLOL TV avToKvVTMV ToL Hvopévov Bactleiov amd to £tog 2020 £mg
10 2050. H abénom tov nAektptkdv avtokivitov 0o emeépet avénon e {ntoduevng nAeKTpikng
evépyeog katd 17.438.824 MWh yia ta €t 2020-2050. Ot eknoumég d10&edionv Tov GvOpaka
apyd avEdvovton kot mepimov to 2036 apyilel n peiwon Tovg.
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Aaypoupo 5.84 Exmouréc dioéeidion tov dvlpaxa oe tCOlyear yia ta étny 2020-2050 oro Hvawuévo Bagilelo

5.1.29 Evponaikn ‘Evoon

Penetration of BEVs
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H dweicdvon tov niektpikdv ovtokivitov avépyetal oe 40.851.997 oynuarto, dniadn oe
1060070 15,24%, tov cuvdrov TV avtokvitov TS Evponaikhg Eveoong and to €10 2020 £mg
70 2050. H avénom tev nAextpikdv avtokivitov o emeépet avénon g {ntoduevng nAeKTpikng
evépyetog katd 113.895.345 MWh ya ta €t 2020-2050. Ot ekmopmés d1o&gidiov Tov avOpaxa,
OMWG POIVETOL GTO TOPAKAT® Jdypoppa, apyikd onpetwvouy avénon. H peimwon tov ekmopndv
apyiler amd 1o étog 2034 «1 émerta.
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Micypouuo 5.87  Exmoumés diocerdiov tov dvOpaxa ae tCOalyear yia ta étn 2020-2050 otnv Evpwnairy Evaoon
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5.2 AmoteAéopata pebdoov Brown

5.2.1 Avotpia

H dieiodvon tov nAektpikdv avtokwvntov avépyetor oe 1.705.542 oynuato, dnAadn oe
1060610 34,26% 10V GLVOAOL TV AVTOKIVITOV TG Avotpiog and To £tog 2020 £mg to 2050.

Penetration of BEVs
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Micypopuo 5.88  Aigicovon twv nlextpikwv avtoxivitwy yia o étn 2020-2050 otyv Avepio

H avénomn tov niektpikdv oavtokvintov o emeépelt advénon tg CnTovUevNS MAEKTPIKNG
evépyelag Kot 5.976.849 MWh yia ta étn 2020-2050. Ot exmouméc d10&16iov Tov dvBpoka
Tapoatnpeital TmG LEOVOVTAL GLVEXMS LEXPL TO 2036 OOV KOl TOPATNPOVVTOL APVTTIKEG TILES.
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Zitnon nlextpucic evépyetag oe MWh/year yia ta étn 2020-2050 oty Avopia
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5.2.2 BéAyo

Penetration of BEVs

Aigypopuo 5.91  Aigicovon twv nlektpikwv avtoxivitawy yia to. étn 2020-2050 oro Bélyio
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H dieiodvon tov nAektpikdv avtokwvntov avépyetor o€ 1.146.110 oynuato, dnAadn oe
1060610 19,58% tov GLVOAOL TV avToKVNHTOV ToL Bedyiov and 10 £10c 2020 émc To 2050. H
ahENOT TOV NAEKTPIKAOV 0TOKIVATOV B empépetl avénon g {NTodIEVNG NAEKTPIKNG EVEPYELOG
kotd 3.851.742 MWh yua ta £t 2020-2050. Ot ekmopnég dto&gidiov tov dvOpaka mapatnpeiton
TOG LELDVOVTOL OPKETE YPNYOPQ, PTAVOVTOG GE apVNTIKES TILEG pOT®V TO 2034 K1 £metta.
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Aicypouua 5.93  Exmourés diolerdiov tov dvlpaxa ae tCOLlyear yia ta étn 2020-2050 oto Bédyio
5.2.3 Bovkyapia

Penetration of BEVs

Aidypopua 5.94  Aigicovon twv nlextpirdv avtoxivitwy yia to. étn 2020-2050 oty Bovlyapio,
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Electrical production
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Aicypouua 5.95  Zitnon nlextpiric evépyesiog oe MWhlyear yia ta étn 2020-2050 oty Bovlyopia

H dieicdvon tov NAEKTPIKGOV avToKIVATOV avépyetal o€ 22.584 oynuato, SnAadn 6€ apKeETA
xopnAd mocootd, ot 0,81% tov cuvorov TV avtokvtev T BovAdyapiag amd to étog 2020
¢w¢ 10 2050. H avénomn tov nlektpikdv avtokivitov Oa empépel advénon g {nroduevng
niektpikng evépyelog katd 133.885 MWh yua ta étm 2020-2050. Ot exkmounég d10&e1diov Tov
GvBpaka mopatnpeitol TOG £X0VV AVENTIKY TAON.
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Aiaypopua 5.96  Exmourés diolerdiov tov dvlpaxa ae tCOLlyear yia to étn 2020-2050 oty Boviyopia
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5.2.4 Ta)io

Penetration of BEVs
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Agypoppo 5.97  Aieicovon twv nlektpikwy avrokivitov yio ta étn 2020-2050 oty Tarlia
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Maypouna 5.98  Zitnon nlextpixng evépyeiog oe MWhIyear yia ta étny 2020-2050 oty I'odlia
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H dieiodovon tov niektpikdv avtokwvntov avépyetar o€ 9.838.449 oynuota, oniadn oe
1060610 30,71% T0L GLVOAOL TV avToKVNTOV TS I'oAriog amd To £1og 2020 £mw¢ To 2050. H
ahENOT TOV NAEKTPIKAOV 0TOKIVITOV B empépet avénon g {nToduevng NAEKTPIKNG EVEPYELNG
Kotd 28.909.160 MWh yio ta €tn 2020-2050. Ot ekmopmég d10&€1diov Tov avOpoko mapatnpeiton
TS NN Tapovotdlovv kabodikn Topeio Kot TOAD YPNYOPO ATOKTOVY OPVITIKY] TIUY|.
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Mdypouua 5.99  Exmourés diocerdiov tov dvlpaka e tCOlyear yia ta éty 2020-2050 oty 'allia

5.2.5 T'eppovia

Penetration of BEVs

423840
403810
383780
363750
343720
323690
303660
283630
263600
243570
223540
203510
183480
163450
143419
123389

50000 100000 150000 200000 250000 300000 350000 400000 450000

73



H dieiodvon tov nAektpik®dv avtokwvntov avépyetor oe 8.482.062 oynuato, dnAadn oe
1060010 18,01% tov cuvorov tv avtokvitev ™G I'eppaviag and to £tog 2020 £w¢ to 2050. H
ahENOT TOV NAEKTPIKAOV 0TOKIVITOV B empépet avénon g {nToduevng NAEKTPIKNG EVEPYELNG
Kotd 27.798.070 MWh yio ta €t 2020-2050. Ot ekmopmég d10&€18iov Tov avOpoko mapatnpeiton
¢ cvveyilovy va avéavouv pe avotatn i Tovg 300.649 tCO2 10 £10¢ 2044, evd omd To onpeio
avtd apyilel n otadioky| peiwon Tovg.
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Micypopuo 5.101  Ziitnon nlexwpiriic evépyeiag oe MWhlyear yia ta étn 2020-2050 oty 'epuavia
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Midypouuo 5.102  Exmoumés dioéerdiov tov avlpoxa oe tCOlyear yio ta étny 2020-2050 oty ['epuavio.
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5.2.6 Aavio

Penetration of BEVs
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Agypoppo 5.103  Aigiocdvon v nlektpikadv ovtokivitwy yia to. étny 2020-2050 otn davio
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Micypouua 5.104  Zitnon nlextpixiic evépyerag oe MWh/year yio to éty 2020-2050 oty Aavia
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H d1eicdvon v NAEKTPIKOV 0VTOKIVATOV avEpyeTat o 976.580 oynuata, onAadn o€ T0G0Td
37,64% 10V GLVOLOL TV aVTOKVNTOV NG Aaviag and to £10¢ 2020 £mg to 2050. H avénon taov
NAEKTPIKOV o0TOKIVATOV Oa emeépel avénon ¢ {nroduevng MAEKTPIKNG EVEPYELNG KOTA
3.258.876 MWHh yia ta 1 2020-2050. Ot ekmopunég 610&€13100 T0V AVOpOKO GNUEIDOVOVV APKETE
ypiyopa peiwon, pe arotédeopa to £€10¢ 2031 ot Tég va stvar apvnTucés.
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Aicypopua 5.105  Exmouréc dioéeidiov tov dvhpara ae tCO/year yio to étny 2020-2050 oty Aovia

5.2.7 EAAGda

Penetration of BEVs

dicypopuo 5.106  Aicicovon twv nlektpikav avtokivitoy yia ta étn 2020-2050 otnv EAAdda
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H dteicdvon tov nAeKTpIK®V vTOKIVATOV avépyetal o€ 22.132 oynuata, SnAadr 6€ T0GOoTO
0,42% tov cuvorov TV avtokvHTOV TG EALGSaG and to étog 2020 £mg to 2050. H abénon tov
NAEKTPIK®OV OVTOKIVATOV Bal empépel avénon g {ntovpevng NAEKTPIKNG evEpPYELOG Katd 66.759
MWh yia ta £t 2020-2050. Ot ekmopmés d10Ee1diov Tov AvOpaka GnUELdVOLY avodo Emg o 2038
pe Ty 1046 tCO2, evd amd to onpeio avtd mapatnpeital kaBod0g TV ekToun®V £mg To 2050.
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Aicypouua 5.107  Zitnon nlextpucic evépyerag oe MWh/year yia ta étn 2020-2050 otny EAAdda
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Midypouuo 5.108  Exmoumég dioéeidiov tov avlpoxa oe tCOLlyear yio ta étny 2020-2050 otyv EALddo
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5.2.8 EcOovia

Penetration of BEVs
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Aigypopua 5.109  Aigioovon twv nlektpixaov avtokivitwv yio ta ety 2020-2050 oty Ecbovio
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Maypouna 5.110  Zijtnon nlextpixic evépyerag oe MWhlyear yio ta étny 2020-2050 oty Egfovia
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H dteiodvon tv NAEKTPIKOV 0VTOKIVATOV avépyetal og 96.447 oynuata, OnAadt o€ T0G0GTd
12,92% tov cuvorov tev avtokivtev T EcBoviag and 1o £1oc 2020 £mc o 2050. H avénon
TOV NAEKTPIKOV aVTOKIVATOV Ba emeépel adénon g {nroduevng NAEKTPIKNG EVEPYELNG KOTA
425.966 MWh yia ta ét1 2020-2050. Ot ekmopnéc 510&€16100 TOV AVOPOKO CNUELDVOVY GUVEXDG
dvodo, yopig va peidvovrot péypt to 2050.
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Micypouua 5.111  Exmouméc dioéeidiov tov dvhpara ae tCO/year yio to éty 2020-2050 otnv Ecovia

5.2.9 Iphavdia

Penetration of BEVs
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Aidypopua 5.112  Aigioovon twv nlektpikov ovtokivitwy yio to. &ty 2020-2050 oty IpAovoia
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H d1eicdvon v NAeKTpIKOV avToKIVRTOV avépyeTat oe 364.689 oynuata, onAadn o€ T0G0oTd
16,71% 0oL GuVOLOL TV awtokviTOV TG IpAavdiog and to £1og 2020 £mg to 2050. H avénon
TOV NAEKTPIKOV OLTOKIVITOV Ba empépel avénon g {Ntoduevng NAEKTPIKNG EVEPYELNG KOTA
1.361.762 MWh yuwo ta €tn 2020-2050. Ot ekmopnég d10&ediov tov dvOpaka Topatnpeitol TG
&xovv av&ovoa mopeia kaBOAN TN SidpKela TG EpEVVAG.
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Midypouuo 5.113  Zitnon nlextpixic evépyerag oe MWhlyear yia ta étn 2020-2050 otny Iplavdio
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Aicypopua 5.114  Exmoumés dioéeidiov tov dvlpara oe tCOlyear yio o étny 2020-2050 otnv Iplavdio
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5.2.10 lomtavia

Penetration of BEVs
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Midypopuo 5.115  Agiodvon twv nlextpikav avtokivitwv yia ta &ty 2020-2050 oty lomavia
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Awaypopo 5.116 - Zjtnon nlextpixic evépyeras oe MWhlyear yia o étn 2020-2050 oty lomavia
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H dieiodvon tov nAektpikdv avtokwvntov avépyetor oe 1.449.113 oynuato, dnAadn oe
1060610 6,02% T0V GLVOAOL TV awToKNTOV NG loraviag and To £tog 2020 €wg to 2050. H
ahENOT TOV NAEKTPIKAOV 0TOKIVATOV B empépet avénon g {NTodevng NAEKTPIKNG EVEPYELNG
Kotd 3.985.583 MWh yia ta étn 2020-2050. Ot ekmopmég dto&egidiov tov avBpoko avEdvovy
ouveYms nexpt to 2050.
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Micypouua 5.117 Exrourés doeidiov tov avlpako oe tCOlyear yia ta étn 2020-2050 oty lomovia

5.2.11 ItoAia

Penetration of BEVs

Midgypopuo 5.118  Aigioovon twv nlexpikov avtokivitwv yra ta ety 2020-2050 oy Irolia
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H dieiodvon tov niektpikdv avtokwvntov avépyetor o€ 1.190.244 oynuato, dnAadn oe
1060010 3,05% TOoVv GLUVOLOL TV avTokvTOV TG ItaAiag and to €tog 2020 £wc to 2050. H
ahENOT TOV NAEKTPIKAOV 0TOKIVITOV B empépet avénon g {nToduevng NAEKTPIKNG EVEPYELNG
Kot 2.864.323 MWh yua ta £t 2020-2050. Ot ekmopmés d10&€1dion Tov dvBpaka av&dvouy puéypt
70 2035 K1 énerta amokTovV KaBodIKN TOopEiaL.
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Aaypoupo 5.119 Zijtnon niextpixiic evépysiag oe MWhlyear yia ta éty 2020-2050 oty Italio
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Awaypoupo 5.120 Exrourés diolerdiov tov avlpoxa ae tCOlyear yia to étn 2020-2050 oty Irolio
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5.2.12 OA\owvdia

Penetration of BEVs
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dicypopuo 5.121  Aigicdvon v niektpicav avtokivitoy yia ta ety 2020-2050 otny OlLavéia
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Micypouua 5.122 Zitnon nlextpixic evépyeiag oe MWhlyear yio ta étiy 2020-2050 otiv OMavdio
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H dieiodvon tov nAekTpik®v avtokvntov avépyetar o€ 5.057.920 oynuato, dnAadn oe
1060610 59,29%, dveo tov Heod 6toAov TV avtokvitov s OAavdiag amd to étog 2020 mg
70 2050. H abénom tov nAekTpik@v avtokivitov Oa emeépel avénon g {ntovpevng nAEKTPIKNIG
evépyetag katd 15.368.407 MWh yia ta €t 2020-2050. Ot eknoumég d10&edionv Tov GvOpaka
oNUEW®VOVV avodIkY| Topeia péxpt To £tog 2036, 6mov K £MELTO ONUELDVOLY KAHO0JO0.
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Midypouua 5.123 Exrourméc dioleidiov tov avlpara oe tCO/year yia ta étn 2020-2050 oty Ollavdio

5.2.13 Kpoaria,

Penetration of BEVs
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Midypouo 5.124  Agiodvon twv nlektpikayv avtokivitwv ya to. &ty 2020-2050 oty Kpoatio,
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H dieiodvon tov nAeKTpIK®OV ovTOKIVATOV avépyetal o€ 29.363 oynuata, SnAadr 6€ T0GOoTO
1,76%, tov cuvorov TV avtokvTev g Kpoatiag and to £€10¢ 2020 émg to 2050. H avénon tov
NAEKTPIK®OV QVTOKIVATOV Ba emipépet avénon g {ntovpevng nAekTpikng evépyetag katd 105.002
MWh yuwa ta €tn 2020-2050. Ot exmopnég 010&€1010v TOL GVOPUKO GNUELDVOVY GUVEYDG OVOSIKN
mopeia péxpt 1o £tog TPOPAEYNC.
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Aicypouua 5.125 Ztnon nlextpixic evépyeiag oe MWhlyear yio ta éty 2020-2050 otipv Kpoatia
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Aicypopua 5.126 Exmouréc doleidiov rov avlpaxa oe tCOlyear yia ta étn 2020-2050 oty Kpoatia
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5.2.14 Kompog

Penetration of BEVs

Midypopuo 5.127  Agiodvon twv nlextpikdyv avtokivitwv yia. to. &ty 2020-2050 oty Korpo
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Aaypouo. 5.128  Zinon nlextpixng evépyeiog oe MWh/year yia ta étny 2020-2050 oty Kdmpo
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H dieiodvon tov nlextpikdv avtokvntov avépyetor o€ 11.671loynuato, dnAadn 6 1060610
2,12%, tov cuvorov TV avtokvitov T Kompov amod to £1oc 2020 £wg to 2050. H avénon tov
NAEKTPIK®OV 0VTOKIVATOV ol empépetl avénon tng {ntovpevng nAekTpikng evépyetog katd 42.578
MWh yia to €t 2020-2050. Ot ekmopmég d10E16i0v ToV AvOpaKo avEAvouy cuvEX®S KaBOAN ™)
YPOVIKY| S1EPKELD TOL EPEVVE 1] SITA®ULOTIKY.
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Midypouuo 5.129  Exmourés d10ée1diov tov avlpoxa oe tCOlyear yio ta étny 2020-2050 oty Kompo

5.2.15 Agtovia

Penetration of BEVs
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Aidgypopuo 5.130  Aigioovon twv nlextpikov avtokivitwv yia ta ety 2020-2050 oty Aetovia
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H dieiocdvon tov nrekTtpikdv avtokivitev avépyetatl o€ 34.239 oynuata, OnAadr 6€ T0GOoTO
4.84%, tov cuvolov TV owtokviteov T Agtoviag and to £tog 2020 £oc To 2050. H avénon tov
NAEKTPIK®OV QLTOKIVIT®V Bal emipépet avénon g {ntovpevng nAexTpikng evépyetag katd 148.585
MWh ya ta étn 2020-2050. Ot ekmopméc d10&ediov Tov GvOpoka £xovv TTOTIKN TACT Kot
HAAIGTO, TOPATNPOVVTOL APVITIKES TIUEG aTO TNV aPYT TNG EPELVOC.
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Micypoppo 5.131  Zinon nlextpuric evépyesiog oe MWhlyear yia ta éty 2020-2050 oty Astovia
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Mdypouua 5.132  Exmourés dioéeidiov rov dvOpaxa oe tCO.lyear yia ta étn 2020-2050 oty Aetovia
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5.2.16 ABovavio

Penetration of BEVs

Agypoppo 5.133  Aigiodvon v nlektpikav avtokivitwv yia ta &ty 2020-2050 oty Atbovavia
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Micypouua 5.134  Zitnon nisxrpixic evépysiog oe MWhlyear yia ta étp 2020-2050 oty Aifovavia
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H dteiodvon tov nAEKTPIK®OV 0VTOKIVATOV avépyetal o€ 47.268 oynuata, OnAadn o€ mT0GooTd
3,30%, tov cuvoroL TV avtokvTOV TS Adovaviag and 1o £1og 2020 €mg to 2050. H avénon
TOV NAEKTPIKOV aVTOKIVATOV Ba emeépel adénon g {nroduevng NAEKTPIKNG EVEPYELNG KOTA
372.383 MWh yia ta €t 2020-2050. Ot ekmoumég dto&gdiov tov avhpako £xovv peyoin
Kka00d1Kn Taon pEYPL To £T0C TPOPAEYNG.
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Aicypouua 5.135  Exmouméc dioéeidiov tov avlpaxa oe tCO/year yio ta étny 2020-2050 oty Abovaviog

5.2.17 Aov&eppotpyo

Penetration of BEVs
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Midypopuo 5.136  Aigiodvon twv nlektpikdy ovtokivitwv yia to. &ty 2020-2050 oo Aovéeufoipyo
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H d1eicdvon twv nAekTpikdv avtokviTeVv avépyetot o 141.363 oynuata, oniadn o€ T060oTd
34,05%, Tov cuvOAOL TV avToKVTOV Tov AovEepPovpyov and to £rog 2020 £wc to 2050. H
ahENOT TOV NAEKTPIKAOV 0TOKIVATOV B empépet avénon g {NTodevng NAEKTPIKNG EVEPYELNG
Kotd 454.807 MWh yw tar €t 2020-2050. Ot exmopnég dro&ediov tov avOpaka @Tavovuy ol
YPNYOPQ GE UNOEVIKOVG pOTTOVG.

Electrical production
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Micypoupo 5.137  Zinon nlextpixiic evépyeiog oe MWhlyear yia ta étny 2020-2050 oto Aovéeufoipyo
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92



5.2.18 Mdta

Penetration of BEVs

Midypouuo 5.139  Zinon nlextpucic evépysiog e MWhlyear yia ta étp 2020-2050 oty Mélta
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Micypouua 5.141 Exrourés drolerdion rov avlpaka oc tCOzlyear yia ta étn 2020-2050 oty MdAra
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H dieiocdvon tov nlektpikdv avtokivitov avépyetatl g 49.015 oynuata, SnAadn o€ T0G0o0TO
16,33%, tov cuvoOroL TV avToKVTOV TG MdATog amd to étog 2020 émc To 2050. H avénon twv
NAEKTPIK®OV QLTOKIVITOV Ba emipépet avénon g {ntovpevne nAekTpikng evépyetag katd 104.234
MWh yio tor €11 2020-2050. Ot ekmopnés 10E€16100 TOL AvOpaKa apyLké GNUELOVOLY TOAD LIKPN
Gvodo, dpmg apyilovv va peidvovral otadtakd amd to 2026 Kot TAVOVY 6€ UNOEVIKEG EKTOUTEG
70 2042.
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5.2.19 Ovyyapia

Penetration of BEVs
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Migypopuo 5.142  Aigioovon twv nlextpixov avtokivitwv yia ta ety 2020-2050 oty Ovyyopio
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H d1eicdvon twv nAekTpikdv avTokviTev avépyetat o 198.440 oynuata, oniadn o€ T0G06Td
5,45%, Tov cvvoroL TV avtokviTev TS Ovyyapiag amd to £tog 2020 £mg to 2050. H avénom
TOV NAEKTPIKOV OLTOKIVITOV Ba empépel avénon g {NTodUEVNG NAEKTPIKNG EVEPYELNS KOTA
747.892 MWh yia to étn 2020-2050. Ot exkmopnég d10&etdiov Tov avhpaka avEGvovtar Guveydg

LéYPL TO £T0C TPOPAEYNG.
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Micypouua 5.143  Zitnon nlextpixic evépysiog oe MWhlyear yia ta étn 2020-2050 oty Ovyyopia
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Midypouuo 5.144 Exrourés drolerdiov tov avlpaxo. oe tCOLlyear yia ta étn 2020-2050 atnv Ovyyopia
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5.2.20 TIToAwvia

Penetration of BEVs
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Aicgypopuo 5.145  Aigioovon twv nlextpikov ovtokivitwv yio to. &ty 2020-2050 oy [olwvio,
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H dieicdvon tov niektpik®dv avtokivtov avépyetot o 146.309 oynuata, SnAadn 6€ T0c00Td
0,62%, tov cuvorov TV avtokvitev TS Ilohwviag amd to €tog 2020 £wg to 2050. H avénon
TOV NAEKTPIKOV aVTOKIVATOV Ba emeépel adénon g {nroduevng NAEKTPIKNG EVEPYELNG KOTA
284.804 MWh yia ta étn 2020-2050. Ot ekmopunéc 810E€18i0v ToL AvOpaKa HEDOVOVTOL KOl 07tO
10 2027 mapatnpohvTol apvnTIKES TYLES.
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Aicypouua 5.147 Exrourés dioeidiov tov avlpoaka oe tCOyear yia ta étn 2020-2050 oty Iolwvia

5.2.21 oproyario

Penetration of BEVs
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Micypopuo 5.148  Aicicdvon twv nlektpicav avtokivitov yia ta &ty 2020-2050 otny oproyolio
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H d1eicdvon v NAEKTPIKOV QVTOKIVATOV ovEpYETaL og 767.666 oynuata, onAadt o€ T0G0Td
14,53%, tov cuvorov TV avtokvitov ¢ Iloptoyaiiag amd to £10g 2020 £mg to 2050. H adénon
TOV NAEKTPIKOV OLTOKIVITOV Ba empépel avénon g {ntoduevng NAEKTPIKNG EVEPYELNG KOTA
1.699.097 MWh yuwa ta €tn 2020-2050. Ot ekmopmég d10&ediov Tov avOpaka Topatnpeitol TG
avéavovtal otadtakda péxpt To 2050.
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Micypoppo 5.149  Zitnon nlextpiric evépyeiog oe MWhlyear yia ta étnp 2020-2050 otnpv Hoproyalio
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Aicypopua 5.150 Exmourés doeidiov rov avlpoxa oe tCOLlyear yia ta étn 2020-2050 otyv [oproyalio
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5.2.22 Povpavia,

Penetration of BEVs

Aigypopuo 5.151  Aieiodvon twv nlexpikov ovtokivitwv yia to. éty 2020-2050 oty Povuavio
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H d1eicdvon v nAekTpikdv avtokvitov avépyetat o 119.199 oynuata, onladn o€ m0606Td
1,85%, Tov cuvorov TV avtokvitov TG Povpaviag amd to €tog 2020 émg to 2050. H avénon
TOV NAEKTPIKOV aLTOKIVATOV Ba emeépel advénon g {ntoduevng NAEKTPIKNG EVEPYELNS KOTA
288.234 MWh yia to. €1 2020-2050. Ot ekmopmég d10&16i0v Tov AvBpaka GNUEDVOLY YpIYopn
K60000 Kot 01 TIHEG TV EKTOUTMV POT®V YIVOVTOL TTOAD YPIYOPO OPVITIKES.

Emissions

-2000

-4000

-6000

-8000

-10000

-12000

Micypouua 5.153 Exrourés doeidiov tov avlpoxa oe tCOlyear yia ta étn 2020-2050 oty Povuavia

5.2.23 Y oPaxio

Penetration of BEVs

Aidypopua 5.154  Aigioovon twv nlektpikav ovtokivitwy yia to. &ty 2020-2050 oty Zlofoxia
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H dieicdvon tov NAEKTPIKGOV 0LTOKIVATOV avépyetal o€ 56.617 oynuata, SnAadr o€ T0GOoTO
2,44%, tov cuvoroL TV avTokviTOV TG ZAoBakiag amd To £tog 2020 £mc to 2050. H avénon
TOV NAEKTPIKOV OLTOKIVNTOV Ba emipépetl avénon g {NTodUeVNG NAEKTPIKNG EVEPYELNS KOTA
119.587 MWh y1o. ta €11 2020-2050. Ot exmopnég dto&etdiov Tov GvOpaka Heidvovtot Tapa ToAD
YPNYOPQ, OTMG PAIVETOL GTO TOPUKAT® SLAYPOLLLLAL.
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Aaypoupo 5.155  Zitnon nlextpixis evépysiac oe MWh/year yia ta éty 2020-2050 oty ZAofoxio
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Midypouuo 5.156 Exrourés dolerdion rov avlpaka oc tCOzlyear yia ta étn 2020-2050 oty XAofoxio
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5.2.24 Zhofevia

Penetration of BEVs
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Aidgypopuo 5.157  Aieioovon twv nlextpixov avtokivitwv yio ta &ty 2020-2050 otn ZloPevio
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Aaypouno 5.158  Zitnon nlextpixic evépyeras oe MWhlyear yio ta étnp 2020-2050 otny Zlofevia
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H dteicdvon tev NAEKTPIKGOV 0LTOKIVATOV avépyetal o€ 98.635 oynuata, OnAadr 6€ T0OGOCTO
8,63%, tov cLVOLOL TV avTOKWVNTOV TG ZAoPeviag amd to étog 2020 g o 2050. H avénon
TOV NAEKTPIKOV ALTOKIVATOV Ba emeépel advénon g {nroduevng NAEKTPIKNG EVEPYELNS KOTA
407.870 MWh yio ta étn 2020-2050. Ot ekmopmég 610&€1diov Tov AvBpoko apykd ovédvovon
ko tepimov to 2030 apyiler n peiwon Tovg.
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Midypouuo 5.159  Exmouréc dioéeidiov wov avhpaxo. oe tCOLlyear yio ta étn 2020-2050 oty Zlofevia

5.2.25 Youndia

Penetration of BEVs
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Adypopua 5.160  Aigioovon twv nlextpikav avtokivitwy yia to. &t 2020-2050 oty Zovndio,
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H dieiodvon tov nAektpik®dv avtokwvntov avépyetor oe 1.832.922 oynuato, dnAadn oe
1060610 37,64%, TOV GLVOAOL TV AVTOKIVITMV TG Xovdiag amd To £tog 2020 £wc to 2050. H
ahENOTN TOV NAEKTPIKAOV 0TOKIVATOV Ba empépetl avénor g {NToOUEVIG NAEKTPIKNG EVEPYELNG
Kotd 4.951.400 MWh yua ta £t 2020-2050. Ot ekmopmés do&ediov tov dvOpoaka av&dvovrat
péxpt to 2050.
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Aicypouua 5.161  Zitnon nlextpucic evépyerag oe MWh/year yia to éty 2020-2050 otnp Zovnoia
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Mdypouua 5.162  Exmourés dioéeidiov rov dvOpaxa oe tCO.lyear yia ta étn 2020-2050 oty Zovndia
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5.2.26 Togyia,

Penetration of BEVs
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Aidgypopuo 5.163  Aigioovon twv nlextpikov avtokivitwv yio ta &ty 2020-2050 oy Toeyio
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H d1eicdvon v nAekTpikdv avtokvitov avépyetat o 163.402 oynuata, oniadn o€ T060Td
2,84%, tov cuvorov TV avtokvitev TG Togylag and To €toc 2020 £mg to 2050. H adénon tov
NAEKTPIK®OV QLTOKIVAT®V Ba emipépet avénon g {nTovpevng NAEKTPIKg evEpyeLag katd 541.622
MWh yia ta £t 2020-2050. Ot exmopnég do&ediov Tov avOpaka avEdvovtal cuvexds LEXPL TO
2050.
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Micypouua 5.165  Exmouméc dioleidiov tov avlpaxa oe tCOlyear yio ta étny 2020-2050 otnv Toeyio

5.2.27 dwiavdio

Penetration of BEVs

Aaypopua 5.166  Aigicdvon twv nlektpikaov avtokivitwy yia ta étn 2020-2050 oty Diviavdio
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H d1eicdvon twv nAekTpikdv avtokvitev avépyetat og 202.160 oynuata, oniadn o€ T0606Td
5,83%, Tov GuVOLoL TV awTokvTOV TG PvAavdiog omd To £toc 2020 €mg To 2050. H adénom
TOV NAEKTPIKOV OLTOKIVNTOV Ba emipépel avénon g (NTodUeVNG NAEKTPIKNG EVEPYELNS KOTA
658.138 MWh yia ta étn 2020-2050. Ot exmopnég d10&etdiov Tov avhpaka avEGvovtar GuveydS
péxpt to 2050.
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Micypoppo 5.167  Zijtnon nlexwpiriic evépyeiag oe MWhlyear yia to étn 2020-2050 oty @rvAavdio
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Aaypoupo. 5.168  Exmounéc dioéeidiov tov avhpaxo. oe tCOlyear yia a étn 2020-2050 oty diviavdia
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5.2.28 Hvopévo Baciielo

Penetration of BEVs
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Midypopuo 5.169 Aicicovon twv nlextpikdv ovtokvitwy yia to. étny 2020-2050 oo Hvawuévo Baoileio
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H dieiodvon tov MAEKTPIKOV o0TOKWVATOV avépyetar o€ 5.498.485 oynuato, dnAadn oe
1060610 17,45%, 10V GLVOLOL TV awToKVITOV ToL Hvopévou Bactieiov and 1o étoc 2020 £mg
10 2050. H abénom tov nAektptkdv avtokivitov 0o emeépet avénon e {ntoduevng nAeKTpikng
evépyelag katd 16.674.000 MWh yia ta €t 2020-2050. Ot eknoumég d10&edionv Tov GvOpaia
aKoAovBovv pia kaBodkn téomn kot amd to 2038 K EMELTa GNUEIDBVOVTOL APVNTIKEG TILES POTTWV.
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Micypouua 5.171  Exmouméc dioéeidiov tov dvhpara oe tCO/year yio to étny 2020-2050 oo Hvwuévo Baoilsio

5.2.29 Evponaikn Evoon
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H dweicdvon tov nAektpikdv ovtokivitov avépyxetal oe 39.748.616 oynuato, dniadn oe
1060010 14,83%, Tov GLVOLROL TV awTokviTeV TS Evponaikig Evoong amd to £1og 2020 £mg
70 2050. H av&nom twv nAektpikdv avtokivitov 0o emeépet avénon g {nroduevng nAeKTpikng
evépyetlog katd 112.872.765 MWh ya ta £t 2020-2050. Ot ekmopmés d1o&gidiov Tov avOpaxa,
OM®G POIVETOL GTO TOPAKAT® SAYPOUUa, apyikd onpetmvouy avénon. H peiowon tov ekmopndv
apyiler amd 10 érog 2029 wu émerta. Ta tehevtaio tpio €I onpeldvovtol apvNTIKEG TULEG
EKTTOUTAV.
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KE®AAAIO 6°

“Yoprepaopato - HHapatnproeg”

H épevva ¢ SOmAopaTiKng epyoaciog 00N yNoE GE GUUTEPAGLOTO GYETIKA e TN dieicdvon TV
OULYDS NAEKTPIKAOV OVTOKIVITOV KoL TIG EMMTAOCELG oL Oa £xel 1) {Tnom NAEKTPIKNG EVEPYELNG
010 TEPPAAAOV pE 5V0 TOGOTIKEG LEBOOOVG.

H mpom™ péBodog, n ypopkn moivopounocr, €5eiée O0tL 1 Seicduorn TV NAEKTPIKAOV
OLTOKIVATOV GTO GUVOAO TV Yop®Vv TG Evporaikhig Evoong o ¢ptdcetl oe onuovtikny advénon
15,24% 10 é10g 2050. Ze 0pIGHEVES YDPES, LAMOTA, £XOVV EVEMUAT®OEL Kot ovapéveTon vo
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Midypouuo. 6.1 Ioooota disicovons twv BEV ot ydpes te EE ue t uébodo e ypouuixns notvopounons (2020-
2050)

evoopat®modv apketd peyaio Tocootd nAektpokivntov, 6tmog otnv OAlavdia, oty Aavia, 610
Aov&epfovpyo, otn Lovndia, otnv Avotpia, otn [aAdio. Avtn avénon Ba ennpedoet onUavTiKa
TNV TOPAYOYT NAEKTPIKNG EVEPYELNG OO YDPO GE YDPO, OTMOS POiveETALl 6TO 5° KePAAato. QoT1dG0,
mopd ™V avénon g niextpikng evépyewng oe 113.895.345 MWh yia ta étn 2020-2050, ot
eKTOUTEG oepimVv Oa petwBovv onpavtikd omd 1o 2034 £mg 1o 2050. Avto e€nyeitarl Aoykd, kabmg
TO EVEPYEINKO UEIYLO O APKETEG EVPOTATKES YDPES OMOTEAEITOL OO TTNYEG UE YoUNAL TOGOGTA
exkmounav ponwv, 6rtmg ot AITE kot ot mupnvikoi otabpol tapaymyng evépyelog.
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H debtepn pébodog, n pébodog Brown, £oe1&e O6tL 1 d1eicdvom TV NAEKTPIKOV GVTOKIVTOV
070 GUVOAO T®V YwpaVv ™S Evponaikng Evoong Ba ptdoet oe onpavtikny avénon 14,83% 1o £€10¢
2050. H mAextpikny {Rnom vy ) @OPTION TOV MAEKTPIKOV OVTOKIVATOV Oa avéABel oe
112.872.765 MWh yia ta. £tn 2020-2050. Ot ekmopunég pOmmV Bo. oNUELO®GOVY apytkd pio TOAD
pikpn dvodo, aAld amd to 2028 Ba apyicetl n otadiokn peimon tovg. Ta tedevtaio Tpia ypdvia
TG TG LEBBAOL delyvouV OTL 01 EKTOUTTEG B TAPOVGIACOVV OPVNTIKEG TIUEG.
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Midypouua. 6.2 Ilocoota dicicdvong twv BEV oti¢ ydpes e EE ue t uéGodo Brown (2020-2050)

Koat ot 300 pébodot mpoPAeyng mov ypnoipomomOnkay mopovstdalovy moAl piKpEG aptiunTikég
amokAicglg oto cOhvoro g Evpdnng yevikotepa. AvrtiBeta, dev eppaviCouv ovykAicelg og
OPIOUEVES YMPES OVOPOPIKE pe TNV exkmouny| Tov pdmwv. [T cvykexkpyéva, n Boviyopia, n
IpAavdia, n loravia, n Kpoartia, n AtBovavia, n Ovyyapia, n [optoyario, n Xovndia, n Toeyia,
kol 1 Dwviavdio Tapovstdlovv 0VOLOI0YEVELD GTO TOGOCTA EKTOUTAV dL0EESTI0L TOV AvOpaKa.
Avtd ovpPaivet 010Tt TO. poBMUOTIK@ HOVTEAD TOL YpNolLomOoMmMONKAY EVEYOLV GOAALN
npoPreyns. To cpdipa TpoPrLEYNS avaeépeTarl ot d1POPE LETOED TNG TPOPAETOUEVNC Ko TNG
TPOYUOTIKNG TWUNG Yo pia dedopévn mepiodo.

SOUTEPOAGUATIKE, 1) OVTIKOTACTOOT T®V GUUPATIKOV CUTOKIVITOV Ot0 NAEKTPIKA OYNUOTO EYEL
OeTid avtiktumo otovg otdYovg mov €yovv 1ebel amd v E.E. vrép g mpootaciog tov
nepIPAALovTOc 6 cuvdvacud pe TN peimorn tov emPrafaov oepiov oty atpudseopa, TNV
amovOpaKOTOINGT TOV LOVAS®V TAPUY®YNS EVEPYELNG KoL TNV AOENCT) TOV EVOAAOKTIKOV TNYOV
mg.
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ITAPAPTHMA

AmoteAéopota TG OWAUATIKNG epyociag Onuootedtnkav oto ocuvvédpro “TMREES
Conference Series: Technologies and Materials for Renewable Energy, Environment and
Sustainability” mov mpaypotomomnke dadiktvakd v mepiodo 25-27 Tovviov 2020 pe titho
“Electricity demand and carbon emission in power generation under high penetration of electric
vehicles. A European Union perspective.” kot ocvyypoaeeic tovg [pomdpn Euuavovil,
THaroadormovio [epixAn, Aeiiykov EAévy kou Pouorovio Kwvarovtivo.

Téhog, ta amoteAéopata TG SMAMUATIKNG epyaciog £xovv Katatedel oto meplodikd Energy
Reports pe titho “Electricity demand and carbon emission in power generation under high
penetration of electric vehicles. A European Union perspective. ” kat cvyypogeic tovg I porapn
Euuavoonl, Horadomovio epixin, Acliykov EAévy kou Ywuomovio Kwvaravtivo.
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Electricity demand and carbon emission in power generation under
high penetration of electric vehicles. A European Union perspective.

Emmanouil Gryparis?, Perikles Papadopoulos?, Hellen C. Leligou® Constantinos S.
Psomopoulos®1
2 High Voltage and Energy Systems Lab, Dep. of Electrical and Electronics Engineering, University of West Attica, 250, Thivon str, Egaleo GR —

12244, Greece
® Dep. of Industrial Design and Production Engineering, University of West Attica, 250, Thivon str, Egaleo GR — 12244, Greece

Abstract

The European Union has set targets to reduce the greenhouse gases emissions in total energy consumption as a part of the securing
the clean energy initiative and the efforts of carbon emissions reductions of 90%, compared to the 1990 ones, until 2050. The
transport sector is particularly exacerbating the above problems. Focusing on their fight, European authorities have invested and
continue to invest in electric propulsion. In the European Union, electric mobility has grown tremendously in the last decade.
Specifically, more and more automobile industries are turning their interest in electric technology to replace conventional cars
which they use internal combustion engine. This study tries to evaluate the impact of the electric vehicle penetration in the electricity
demand and related emissions inside the EU, in three steps. First, the penetration of electric vehicles into the Union is evaluated
through literature review, then the impact in electricity demand due to the electric vehicles penetration is estimated and finally the
emission of carbon dioxide gases allocated to these changes in the electricity demand are calculated based on official data published
by EuroStat. The results were calculated using the most common prognostic tools in order to identify the expected trends, and
showed that the future electrification in transportation will support the efforts on reducing the carbon emissions but not that fast as
it was expected as the electricity generation in EU is still based in fossil fuels at significant percentage.

© YEAR The Authors. Published by Elsevier Ltd.

Peer-review under responsibility of the scientific committee of the Name of the Conference, Conference Organizer Name, Year or Edition of
Conference.

Keywords: Carbon dioxide (CO,); Electric Vehicle (EV); GreenHouse Gas (GHG); Battery Electric VVehicle (BEV); electricity demand;
Renewable Energy Sources (RES);

Introduction

The transportation means are increasing continuously through the years resulting to an increase in atmospheric CO;
emissions (European Commission 2007). In specific, the transportation emissions in European Union (EU) for the
year 2014 correspond up to 88.912.694 million tons of CO- equivalents (European Commission 2014), even though
there was a steady decline from 2010 to 2016, by almost 22 grams of CO; per kilometer (g CO2/km) (EEA 2020).

* Corresponding author. Tel.: +30-210-5381182;
E-mail address: cpsomop@uniwa.gr
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Nomenclature

BEV Battery Electric Vehicle

CO; Carbon Dioxide

COgq Carbon Dioxide Equivalent

EFTA European Free Trade Association

EU European Union

EV Electric Vehicle

GHGGreenhouse Gases

GHGhet Carbon emissions from electricity generation
Enet Energy in network

eev  Average energy consumption by total fleet of BEVs
Nears Total number of electric cars

dan  Average annual distance by car in EU

neh  Average efficiency of charging points

10SSeSnet Losses of network

UNECE United Nations Economic Commission for Europe

The effort on reducing the GHG emission was established firstly with the “Kyoto protocol” agreement of 1992,
which remained in force until 2015. The achievement of some goals faster than anticipated and the need for targets
revision led to a new agreement. Thus, on 12 December 2015, Paris Agreement was adopted, replacing the Kyoto
Protocol, aiming at slowing the impact of climate change over the next decades. The new target regarding the
transportation emissions is to reduce the greenhouse gas emission by 60% by 2050(compared to the 1990 levels) and
by 20% by 2030 (compared to the 2008 levels), setting the Electric Vehicles (EV) emissions threshold up to 95 gr /
km by 2021. (European Commission 2007, 2014) (EEA 2019).

However, the continuing use of internal combustion fossil fuels engine by vehicles, have made the transport sector,
especially road transport, as one of the higher polluting factors in the environment. Road transport is largely
responsible for greenhouse gas emissions (see Figure 1). Although emissions began to decline in 2007, still remain
high, since the reference date, of 1990. Nevertheless, a recent report of European Environmental Agency (EEA 2019)
showed that the average emissions from new passenger cars increased in 2017 and in 2018 (by 2.8 g CO2/km in total).
According to provisional data, the upward trend continued with an additional increase of 1.6 g CO2/km in 2019,
reaching 122.4 grams of CO; per kilometer. This remains below the target of 130 g CO./km that applied until 2019
but well above the EU target of 95 g CO2/km that phases-in this year, say this report (EEA 2019). The reasons for the
increase in car emissions include the growing share of the sport utility vehicle (SUV) segment according to the
EuroStat (2020). The market penetration of electric cars remained slow in 2019 (EEA 2019).

According to the above, the automotive industry turned its attention to the design of electric cars due to
technological conditions and environmental constrains. Electricity has been the main idea in the transport sector to
reduce gas pollution and its implementation has had a positive effect on other sectors. Initially, in the energy sector, it
contributes to the electrification of means of transport and the use of "pure™ energy. This action can be done purely
with the help of scattered production and renewable sources. Even in the environment, electric propulsion can bring
significant results. The use of electric vehicles will have a positive effect on climate change with a significant reduction
in harmful gases (EEA 2018). In particular, emphasis is placed on the prospect of a circular economy based on
recycling. Recycling concerns the components of electric vehicles, which benefit significantly from their reuse.
Finally, the most important thing is that no air pollutants are produced from their exhausts as they do not have an
exhaust system, while at the same time they reduce noise levels, as they are completely silent. However, the use of
electric motors will continue to contribute in part to environmental pollution, as they will continue to produce particles
from brake and tire wear. Their role in public health is also important, especially for people with respiratory problems.
This affects another area, that of humanity, with an emphasis on growth, prosperity and living standards. The
penetration of electric cars in European countries led the scientific community to conduct research on their integration
into the electricity grid. These studies use mathematical models, with assumptions, that calculate the future increase
in electric cars in each country and their effect on electricity consumption and the impact of gaseous pollutants on the
atmosphere.

115



110
o 100
. T ——————,
o \.\—':ag_ ........ -
= TS L X Py s , P e R Fageoo,
L 90 \,“—‘-‘"~ = — > ol
=4 o TV o —
=3 . o
= 80 C— — = VAT
Q.{
4 \.\\H\K
& \\\\»
——
\‘“”k-‘
50
40
o - o4 Lot - w0 <o r~ @ = o o e - w o "~ @ (=21 o o~ ™ -
2322822328383 83g888888¢8z:353¢3-s5
- - o= o o - o= - - NN N N N N AN NN SN NS S
Energy Industries —— | G Sy Residentid and services
Agriculiure w— T { ANSP OFL* - Other**

------ Total

FIG. 1 CO, emissions per sector of interest in the European Union, 1990-2014 (Index 1990 = 100) (European Commission 2007,
2014)

Peter Kasten et al. (2016) identified that the transition to electrification is one of the key factors in reducing air
pollutants in passenger car emissions but simultaneously the increase of the electric motor is likely to cause significant
problems in the management of electric network and the energy mix of each country. The above study explores two
scenarios for the penetration of electric cars, 50% and 80% of the vehicle fleet in the year 2050. According to the
scenario of 80% penetration, the electricity demand for BEV in relation to the total electricity demand ranges from
3%-25% in EU countries. On average, demand is defined as 9.5% by 2050 (see Figure 2). Also, the increased
penetration of electric cars has a positive impact to reduce greenhouse gases (model MOVEET).

Another important parameter arising from the penetration of electric vehicles in the distribution grid is the changing
of the load curves considering the additional load demand during charging of electric vehicles. This fact has already
been proven (Anastasiadis et al. 2019; Dyke et al. 2010; Hadley 2007; Purnus et al. 2009), and corresponds to increase
demand for generation. As it is well known, power losses during transmission and distribution has also a significant
role, increasing further this demand where the distributed energy sources are limited (Anastasiadis et al. 2019;
Sadovskaia et al. 2019).

According to another study (Ang Yua et al. 2018), electric cars in China throughout their lifetime have a greater
environmental impact than conventional cars. This is a result of the energy mix, which used to generate electricity in
this country and the produced energy comes from 78% of coal. Therefore, if the energy mix changes and the production
of electricity from fossil fuels in the country decreases, then electric cars will be the ideal solution to reduce emissions
in transport across the country. According to another study, for the same country (Sigin Xiong et al. 2019), the forecast
for the energy mix and greenhouse gases for the year 2030 were processed with the GREET model. The results show
that coal-fired power generation will be reduced from 64% to 54%, in contrast to alternative energy sources that will
increase their rates. The above difference, considering the penetration of electric cars will result to a reduction in
energy density and a reduction in emissions.
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FIG. 2 Electricity demand from electric cars as a percentage of total electricity demand in 2050 (EEA 2016).

This manuscript examines the role of the penetration of electric cars in European countries and the effects it may
have, focusing on the gaseous pollutants on the atmosphere related to electricity generation that will feed electric cars.
In this work there is an effort on combing data on greenhouse gases for the additional electricity generation demand
due to integration of electric cars, considering the issues arising from the recent publications that have been discussed
previously. Section 2 describes the methodology and materials used to equalize the prediction of gaseous pollutants
and electricity demand scenarios. In sections 3 and 4, the results of the research are be presented and analyzed in
conjunction with other researchers’ work. Section 5 shows the conclusions drawn from the previous sections

2. Methods and materials
2.1 Statistical data analysis

The year 1990 was set as a milestone date for greenhouse gas emissions. Seventeen years later, emissions have
fallen by 21.66% from the original level (Figure 3). This reduction is due to the decisions and agreements signed by
the EU members and resulted in the achievement of the target for the year 2020, such as limiting greenhouse gas
emissions by 20% this year.

The transport sector is one of the most polluting factors in the environment. In particular, road transport accounts
for 73.4% of all transport (Figure 4). To reduce pollution in the transport sector, Europe has decided to follow a
transition plan to low carbon dioxide emissions. More specifically, transport pollutants should be reduced by 60% in
2050 compared to 1990 (European Commission 2007, 2014). In road transport, the strategy includes a gradual
reduction in carbon dioxide emissions from conventional cars and their replacement by low or zero emission vehicles.
In recent years, the fleet of passenger vehicles has been renewed. Electric cars have made their presence felt on the
streets of Europe. The steady increase in the number of electric cars foreshadows the achievement of the goal set by
the E.U. with Regulation 2019/631 (EUR-Lex, 2019), to reduce carbon dioxide emissions by 15% and 37.5% from
2025 and 2030 respectively from all vehicles.

Along with the increase in electric vehicles (Figure 5), there is also an increase in the number of their charging
points. For example, in the year 2019, 444,422 more charging points were built than in the previous year. This means
that in the future the electricity for charging electric vehicles will have to be increased in order to meet the needs of
such cars (EAFO, 2019).
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One of the EU's goals is the complete de-carbonization of electricity generation. However, the main question is the
integration of electric vehicles in the existing electricity network. In order to cover the consumed electricity, it is
possible to require additional energy production. This process could lead to an increase in greenhouse gases emissions
in countries that use fossil fuels to produce it and have not yet developed large units of renewable energy to cover
loads.
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FIG.5 Total number of BEVs passenger cars in EU, 2019

2.2 Linear exponential model

The regression analysis is a quantitative approach model that examines the relationship between two or more
variables and is useful for predicting the values of one variable relative to the values of the other. The variable x is
called independent and the variable y is dependent. The mathematical model uses sampling values from statistical data
in order to develop a straight line to predict y values for new values of x. Simple linear regression is in the form of the
equation:

Y =a+px (D

where a is the value Y, when x = 0 and $ is the mean change in Y, when x changes by one unit.

To the above equation must be added the term of the random error, which represents the variability in Y. This
cannot be described by the independent variable x and it can be due either to other independent variables or to random
variations. Therefore, the equation works under the assumption that the errors are independent and that they follow
the normal distribution with mean value zero and variation for all x values. For the better understanding of the above
method we could concern the following stages:

In the first stage we construct the theoretical model according to which we define the set of independent variables
that are expected to interpret the behavior of the dependent variable. This is quite often achieved by the parallel
examination of other theoretical and empirical research on the subject of the research.

In the second stage, the data is collected. At this stage it is very likely to present difficulties regarding the
availability of data, their accuracy, their completeness etc. Also at this stage it is customary to review the relevant
literature so that the results of the regression analysis are compared with those of other surveys.

In the third stage, the model is estimated, ie the quantitative relationship between the dependent and the
independent variable.

The fourth stage implements the various statistical tests for the reliability of the estimated form of the theoretical
model. As with the data collection process, it is possible to revise the theoretical model in the assessment and modeling
stages, as long as there are problems in the assessment of the model or in the statistical checks or in both.

In the final stage, the predictions of the dependent variable values are based on given values of the independent
variables.

It is noted that the first 4 stages are based on the recognition of the behavior of the phenomenon under
consideration, while the last stage in the provision of forecasts concerning its future development.
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2.3 Exponential smoothing (Brown method)

Brown linear exponential smoothing is a method of predicting time series (for more details for time series analysis
see (Hamilton (1994): Mc Cleary et. all (1980): Wei (2006): Box and Jenkins. 2015). The method uses all data from
the past by calculating a weighted mobile medium with exponential weights for all previous data. In particular, the
basic idea is to introduce a term that takes into account the possibility of a series presenting some form of trend. This
tilt is updated by the same exponential smoothing tool.

1. The equation of simple exponential smoothing is given by the formula:
Ay =a¥e + (1 —a)Ar, (2)
where: 0 < o < 1 is the smoothing constant. In this work, the value of the constant is selected to minimize the

value of the mean square error (MSE). Therefore the value « is 0.21 for BEV. Also we have that t = 2, 3, ..., n,
while for t = 1 the initial condition is A; = Y.

2. The smoothing values of the time series A are calculated using the simple exponential smoothing method as:
Ar=ad, + (1 —a)A't_, (3)

where A "are the normalized values of the resulting time series of the second normalization for t = 2, 3, ..., n,

while for t = 1, it is defined as the initial condition A', = A .

3. Calculation of the difference of o :

a, =24, — A',. 4)

4. Calculation of the voltage normalization for the adaptive factor Q as:

a

b, = z (A —A")). 5)

a
5. Calculation of future forecasts Y, for the future h period as:

Vern = a¢ + hb, (6)
where h=1, 2, 3, ..., n stands for projection years.

This method can be used to predict forecasts for more than one future period, as opposed to the simple exponential
smoothing method, which provides forecasts for the next period only.

2.4 Basic forecast equation

The basic equation for predicting this study, was designed to analyze the effects of electricity generation on the
penetration of purely electric cars in EU countries and consequently in increasing or decreasing carbon emissions until
the year 2050.

We have that the equation which calculates the additional demand for car’s electricity is the following one:

E = eev : Ncars ' dan ! (7)

ev

where we that €, is the average typical electric power consumption of BEV in MWh/km and it remains constant,

N, denotes the number of BEVs until 2050, using the above prediction methods, and dan is the average standard

distance traveled annually by cars in the EU in km.
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We also have that the Electricity at the BEV charging point is given from the following equation:

E
E, =—, ®)
nch

where we get the average efficiency of the charging system in the EU.

For later on, we have that the calculation of the requested electricity generation and the losses of the transmission
and distribution network is given by the ratio:

Ech

—_—h €
losses.,

net

where Iossesnet denotes the total losses of electricity transmission and distribution per year. Thus, combining the
above equations we obtain the following result for the network energy equation:
e, N_.-d

E t) = ev cars an . 10
net (1) n,, -[1—losses,,] -

Finally, we have that Carbon emissions from electricity generation arise from the equation:
GHGnet (t) = Enet (t) ’ Cozeq(t) ) (11)

where COzeq(t) the equivalent carbon dioxide emission factor (gCO. / MWh) per year, using the two prediction

methods until 2050. It is noted that the unit of measurement for equation (11) is t-CO2 / year .

At the end, it is very important to keep in mind that every mathematical model includes the probability of error..
Therefore, the models assume that the pattern of the chronological appearance of the values of the variable observed.
Models of this class can be determined solely by its historical shape to predict the variable.

2.5 Data Bases Used in Estimations

The updated official data for alternative vehicles according to the information of EAFO for the years 2008-2018,
were used for the estimations and projections of the vehicles numbers. The number of BEVS were taken by the
European Alternative Fuels Observatory (EAFQO) which provides open and free information to support Member States
with the implementation of EU Directive 2014/94 on the deployment of alternative fuels infrastructure. The EAFO
collects national data for cars with alternative fuels from all EU members and European Free Trade Association
(EFTA) members plus Turkey. The EAFO categorizes the vehicles based in UNECE standards (EAFO, 2019).

EV- database website was used for the estimations of energy consumption of battery electric vehicles. It provides
information only for pure electric vehicles and it contains all the range of BEVs from all manufacturers all over the
world (EV-Database, 2020).

The electricity network’s efficiency is a result of a division between the supplied electrical energy and the
generated electrical energy. The electrical energy data were founded from International Energy Agency (IEA). The
IEA collects, assesses and disseminates energy statistics on supply and demand, compiled into energy balances. The
time series stretches back to 1971, and currently covers up to 95% of global energy supply and over 150 countries.
The focus is on quality, comparability, and alignment with internationally agreed definitions and methodologies, and
close collaboration with national offices responsible for energy statistics and other relevant stakeholders (IEA 2018).

The annual country data from European Environmental Agency (EEA) and its European Topic Centre for Climate
Change Mitigation and Energy (ETC/CME) on the average annual CO, emission intensity of electricity generation.
This data set concerns the EEA 2017 carbon emission intensity of electricity generation. The data are presented per
Member State and for the EU as a whole, as CO, emission intensity (gCO./kwWh) (EEA 2020).
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3. Results of the research

This section presents the results of the BEV penetration into the EU, the effects it may have on the electricity grid,
as well as greenhouse gas emissions from the demand for electricity by 2050. It must be also noted, that two methods
used here for estimating information, first of all, for Electric Vehicles, using the latest available updated official data
for alternative vehicles according to the information of EAFO. They were also used, to estimate statistics data for
Electric Cars from EV-database website in order to use them for the energy consumption of battery electric vehicles.
At the same time these methods were used to gain information about Electrical Energy and carbon emission intensity

of electricity generation. So, it must be noted here the usefulness that the above methods present for understanding
the changing in time for the electric vehicles impact on emissions.

3.1 Results of linear regression model

According to the method of linear regression, the penetration of electric cars in the countries of the European Union
is presented in the following figure 6.
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FIG. 6 Forecasting penetration of BEVs in percentage in E.U.

More specifically, the penetration of electric cars in all EU countries amounts to 10,593,606 in the period 2008-
2030 and 42,843,085 in the period 2008-2050. Respectively, in the same periods of time, the penetration rates range
from 3.95% and 15.98% in all passenger cars. The countries with the highest penetration rate of electric cars are the
Netherlands, Denmark, Austria, Luxembourg, France and Sweden. These countries have turned their attention to
reducing pollutants from fossil fuels and have invested in renewable energy sources and electromobility.

The relation from which the additional energy that needs to be produced for the supply of BEVs in the EU arises
is shown in the Figure 7 above. It is observed that the increase in BEV will lead to an increase in the energy produced
for electric propulsion. It is noteworthy that the emissions (Figure 8) show an upward trend during the years 2020-
2034, while from that point until 2050 there is a significant reduction of these emissions.
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FIG. 7 Forecasting electrical production for EVs in E.U.

Emissions (tCO2/year)

500,000

500,000

400.000

300,000
202020212022 20232024 202520262027 2028 2029203020312032 20332034 20352036 2037 2038 20392040 20412042 20432044 20452046 2047 2048 20492050
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3.2 Results of exponential smoothing (Brown method)

The basic equation of research (10) was also based on the method of linear exponential smoothing. This method
also shows an increase in electric vehicles by 4% and 15.5% of the total fleet of conventional vehicles (Figure 9).
Similarly, electricity generated for the years 2030-2050 is maintained at high levels reaching 87,000,000 MWh (Figure
10). In the case of carbon dioxide emissions, the curve shows a significant downward trend from 2028 onwards
compared to the gradual increase from 2020-2027. Also, the Figure 11 shows that emissions have a negative sign in
the last two years of research.
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FIG. 10 Forecasting electrical production for EVs in E.U.
4. Discussion

This research presents both commonalities and deviations from other researchers' research on the subject of electric
vehicles and the effects they have on the environment. According to research (Transport & Environment 2020), BEVs
save GHG in most EU countries. A smaller percentage of these countries do not reduce emissions, on the contrary,
they continue to increase as their energy mix comes from fossil fuels. According to another study (Marco Raugei et
al. 2018), sales of electric vehicles in 2030 are expected to increase rapidly and reach 44 million. However, the findings
of this study contradict the results of the present analysis, according to which in the year 2030 the number of BEVs
will rise to about 11 million and in the year 2050 to about 42 million. In addition, (D. Tsiko et. al, 2018) the impact
of gaseous pollutants on the environment has been investigated, taking into account the life cycle of BEV in relation
to conventional cars. In particular, the results of the survey concern the energy demand of BEV, which is 34% lower
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compared to a vehicle that consumes conventional fuels. This can lead to the transition of the conventional power grid
to a different network based on the use of Renewable Energy Sources limiting the use of fossil fuels.
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FIG. 11 Forecasting emissions in E.U.

The results are following the findings of others where the high penetration of electric vehicles is affecting the grid
and corresponds to additional generation demand (Anastasiadis et al. 2019; Dyke et al. 2010; Hadley 2007; Purnus et
al. 2009; Sadovskaia et al. 2019). This fact makes it even clearer that in order to minimize the impact to the
environment and succeed in emissions reduction offered by the electrification of the mobility (passenger cars and
tracks) must be based on increasing the renewables and should be based on a smart charging approach to avoid
increment in emissions. If the goal of 100% of electricity comes from renewables then the benefit for going to 100%
in electric vehicles will decrease tremendously the emissions towards the goals of EU and UN for clean energy for all
and protecting the environment (EEA 2020).

At the end, it is rather important to make some comments concerning the mathematical models used in this work.
It must be mentioned that in both two methods, the prediction error refers to the difference between the predicted and
the actual value for a given period. Since the above basic equations (10) and (11) use the prediction methods, it is
reasonable to consider that they contain the probability of error. Also, both Linear exponential model and Brown
method are forecasting methods based on time series analysis that aim to display the future values of a variable based
on past and current observations on this variable. The first method, which is the most used one in the market gives as
a good view to the long term results .On the other hand, the second method, is usually used to form forecasts for more
than one future period, and allow additional conclusions and differentiated trends to be identified. Thus the
combination seems to offer a more broad view of the context, allowing better understanding on the potential
perspectives (Hamilton 1994; WW S Wei. 2006).

5. Conclusions

This research has led to conclusions about the penetration of BEV and the effects that electricity demand will have
on the environment with two quantitative methods. The first method, linear regression, showed that the penetration of
electric cars in European Union countries would reach a significant increase of 15.98% in the year 2050. This increase
will significantly affect the production of electricity approaching 90 million MWh per period. 2030-2050. However,
despite this increase, gas emissions will decrease significantly from 2034 to 2050. This is logically explained as the
energy mix in several European countries consists of sources with low emission rates, such as RES and nuclear power
plants. Similarly, the Brown method shows similar results with very small numerical deviations. In particular, electric
cars will be 15.5% in 2050, the required electricity for charging electric cars will reach about 87 million and emissions
will reach negative prices in the years 2048, 2049 and 2050. Therefore, the two prediction methods converge, which
enhances the validity of the results. Finally, it would be good for the construction companies and the countries
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themselves to promote the benefits of electric vehicles as the research concludes that the results of the BEV penetration
in EU countries will have a positive impact on the goals that have been established in favor of protection of the
environment in combination with the carbonation of energy production units and the increase of its alternative sources.
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