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AmaryopevETAL 1 QVTIY PO, modnKeELON Kol S1VOUT| TG TAPOVCAS EPYUCING, £5 OAOKANPOL M
TULOTOG OVTHG, Y10 EUTOPIKO okomo. Emitpémetar n avatummon, amofnKevuon Kot Stavoun yio
OKOTO U1 KEPOOOKOMKO, EKMOIOEVTIKNG 1) EPELVNTIKNG GUONG, LIO TNV mpovimdOeon va
AVOQPEPETOL 1] TNYT TPOEAEVOTG Kot va dtoTnpeitan To mapov unvope. Epotmipota mov apopovv
N XPNON NG EPYACIOS Y10 KEPOOGKOTIKO GKOTO TPEMEL VO, aAmeLOVVOVTOL TPOS TOV GLYYPAPECL.

Ot omdyelg Kol 0 GLUTEPAGUATO TTOL TEPEYOVIOL GE OLTO TO EYYPOUPO eKPPALovv TOV

oLYYPOPEN Kot 0V TPETEL Vo epunveLOel 6T avtimpocmmevovy Tic enionues BEcelc Tov EBvikon
MetooPiov [Torvteyveiov.



EYXAPIXTIEX

H mopodoa dumhopatikny epyoacio ekmovidnke 1o axadnuaixkd €tog 2013-2014 ota
mhaict Tov topéa HAiextpung Ioyvog e Zyxoing HAiextpoddywv Mnyavikov & Mnyoavikov
Ynohoyiotdv Tov EBvikov MetadBiov [Toivteyveiov.

Koatapyds, 8o n6eha va gvyapiotiom Beppd tov emPrémovta kabnynt) pov, k. NikdAoo
Xoatloapyvpiov, yoo TNV €UmGTOCHVN TOL €MESEIEE GTO MPOCMOMO HOV TPOKEUEVOL VO OV
avatebel avt| 1 SmAopOTIK) gpyacia, KoO®G Kot yio T SuvatdTNTO 7OV LoV £0WGCE Vo
aoyoAnO® pe éva 1660 evdlaeépov BEpa.

[Swaitepa, Ba NOeha va gvyapiotiom Tov vroyneo dwdxtopa K. Evdyyelo Kappodmoviro,
vy TV apépiotn Pondeta Kot vrooTNPEN TOV Hov £3€1Ee Katd TN SLdpKeElD TG EKTOVNONG TNG
TopoVcOs OMAMUOTIKNG epyaciag. Xdapn oTic TOAVTIHES CLUPOVAEC TOL Kol TNV Gyoyn
oLVEPYOGTO LOG KOTAPEPQ VO PEP® E1C TEPAG TNV EPYACIA OVTY].

Téhog, opeid® éva peYAAO €LYOPIOTMO GTNV OIKOYEVEWD HOL Yoo TV oTNPENn Kot TV
aydmn oL LoV TPOGEPEPE OAOL AL TA TO YPOVIK KOODS Kot GTOLG GIAOVE KOl GUUPOLTNTEG LoV, Ol
omoiot Bpickoviav dimla LoV o€ OAEG TIC OVOKOAES KATACTAGELS TOV El)Y0L VO OVTILETOTIC® KOTA
T ddpkela g eoitnong pov oto mapdv Iopupa.






Iepiinyn

Ta televtaia ypoévia mapotnpeital paydoiot avaTTvEn TOL KAAOOV TOV MNAEKTPIKOV
oYNUAT®V, N omoio oPeiAeTOl KVPIMS OTIG GVVEXEIS AVENTCELS OTIS TYEG TOV KOVGTIU®V KaBmG Kot
OTO TTOAD GNUAVTIKG TPOPANUATO TOV ONOVPYOVVTOL OO TOVS EKTEUTOUEVOVS POTTOVG TMV
ocuppoatikdv avtokvntov oto mepPdiiov. H e£dmiwon Tovg oTovV TOpEN TOV HETOPOPDV
avapévetol va givor gupeia ta emoueva xpdvia o moykOcule KAIpoKa. QoTtd60, 1 EXEPYOUEVT
palikn SlEicdVon TOV NAEKTPIKAOV OYNUATOV amOTEAEL (o TPOKANGN Y10 To SIKTLO NAEKTPIKNG
evépyewog, e€antiog tov emumpdcsbetov @optiov mov dnuovpyovv oto diktvo. ‘Etot, kpiveton
aropoitnto vo evpeBodv TPOTOL EELINPETNONG TOV EVEPYEINKDV OVOYKOV TOV MAEKTPIKAOV
oynuaTev ot omoiot Ba 0dNyHRGoVY otV opaAdTEPN Asttovpyio. Tov S1KTHOL Kot 6TO PEATIOTO
OIKOVOUIKO OTOTEALEG L.

YKOmOG NG TapoVoHG OWAMUATIKNG €pyociag €lvar 1 avantuén evoc aiyopifuov
(QOPTIONG TOV NAEKTPIKMOV OYNUAT®V 0 0Toiog pag divel T duvatdtra vo, EYovpe por| 16x00g
1060 amd 10 OikTVO TPOg TO MAeKTPpKd Oynua (Grid-to-Vehicle, G2V) 660 kot avtictpoga
(Vehicle-to-Grid, V2G), kafmg kot 1 perétn g enidpacng mov £xel ovtdg 0 akyopiduog oe éva
npoypatikd dlktvo. Ta armotedéopata avtod Tov aiyopiBuov Ba cuykpiBolv pe To avticTolyo
OTOTEAECUATO GAADV TPLOV OAYOPIOL®V VTOAOYIGLOL TMV EVEPYEWNKAOV OVAYK®V €VOS GTOAOV
NAEKTPIKOV OYNUATOV Y10l VO, TOPOVGLUGTOVV TO, TAEOVEKTNLOTO, KO TOL LELOVEKTNLOITA QVTNG TNG
peBOdov. O1 TPEIS EVAALAKTIKES GTPAUTNYIKES POPTIONG £lval: 1 Un eAeyyopevn @OPTIOT, M ool
EEKIVA LE TNV EMGTPOPT] TOL OYNMOTOG GTO GTITL HETE TNV TEAEVTOLO LETAKIVIOT, 1] POPTION WE
SoVIKO TIHOAGY0, OTNV OTTOl0 £YOVUE HETATOTION TNG POPTIONG TOV OYNUATOV GE OPES OOV
EYOVUE TO EABYIOTO EVEPYEIOKO KOGTOG, KOl 1 EAEYYOUEVN POPTIOT LE EAOYIGTOTOINCT] KOGTOVG
Kot Tantoypovn Pertiotomoinon g Asttovpyiag tov diktvov (Valley Filling). T cuvéyewa, ot
1€66€p1g avTol alyopBpol epappoloviar e dVO SAPOPETIKA dTKTLA, GTO dIKTVLO SLUVOUNG TNG
Ymepyedoag Kot 6To evepyelako diktvo tng Kpnng. Xtn Znepyeidda, 61dy0g pag givar va dovpe
L mAgovekTNUoTo Tapovcstalel - otpatnykn V2G évovilt tov GAAOV GTPOITNYIKAOV GTNnV
OLLOAOTNTA TOV SIKTHOV, HEAETMVTOG TIG OAMTMAELEG TOV OIKTVOV KOl TO TPOPIA Kot TN SlKOHOVeN
¢ thong otovg Luyovg. Oco yia v Kpnn, otdyoc pog sivon va Bpovpe 1o mwg emnpedlovv ot
dlapopeTikol aAyoplBuol TNy OWKOVOUIKT AEITOVPYiol TOL OIKTVOV TNG, VmoAoyilovtag v
EMIOPOUOTN TOVG GTO GLVOMKO KOGTOC TOV GUGTNHHOTOS, GTOV TPOYPOUUOTIGUO TMV HOVAO®V
TOPAYOYNG, OTOVG EKTEUTOUEVOVS POTTOVG OO TIC HOVAOEG TOPAy®YNG Kot GAAQ TopoOpoto
otoyeio. H avantuén tov adyopibumv yivetal 6to Tpoypappatiotikod tepipdiiov tov Matlab.

210 ke@dAoto 1 yivetan po avacKOTNoN TG TEXVOAOYING TMV NAEKTPIKAOV OYNUATOV, TOV
VIOSOUDV POPTICNG TOVG KOl TOV TPOTHTWV 7OV £Yovv dnuovpyndet ya ) chvdeon Tovg GTOo
OIKTVO MAEKTPIKNG &evEPYElDG. Xt KeEQAAaia 2 pe 4 mapovcidlovior Tto epyoreion oL
YPNOLOTOONKAY Y10 TOV TPOGOOPICUO TMV EVEPYELNKDOV OVAYKMY TOV NAEKTPIK®OV OYNUAT®V,
Yo T SIKTLOKT AVAAVGT TG O1EIGOVOTNG TOVE KOt Y10l TNV OIKOVOULKT] OOTiUNomn TG 01eicdvong
TOVG, AVTIOTOLYO. XTO KEPAAOLO 5 TOPOLGLALOVTIOL TO ATOTEAEGUATO TMV TPOGOUOIDGEMY OTN



Aertovpyio TV 300 SIKTOLOV Yo KAOE GTPATNYIKY EOPTIONG GAAL KOl GUYKPITIKA OTOTEAEGLOTAL
HeTaEL owT®V. TEAMOG, 6TO KEPAANO 6 £YOVLE U0 GUVOYT] TOV KUPLOTEP®V CUUTEPACUATMOV TNG
TOPUTAV® OVAALONG,.

AEEEIX KAEIAIA
H)extpikd oynuata, Slokduoven Tdons, anmdAEEG CLGTHLOTOS, OIKOVOULKT KoTovour, vehicle-
to-grid (V2G)
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Abstract

Recent years have seen a rapid growth in the sector of electric vehicles, mainly due to the
continuous increase in fuel prices and the very serious problems arising from the pollutant
emissions of conventional cars on the environment. Their presence in the transport sector is
expected to be widespread in the coming years on a global scale. However, the upcoming
massive penetration of electric vehicles is a challenge for the power grids, because of the extra
load they add to the grid. Thus, it is necessary to find ways to serve the energy requirements of
electric vehicles which will lead to the smoother operation of the electrical grid and the optimal
economic outcome.

The purpose of this diploma thesis is first to develop an algorithm of electric vehicle
charging, which enables the bidirectional power flow from the grid to the electric vehicle (Grid-
to-vehicle, G2V) and vice versa (Vehicle-to-grid, V2G), and second to study the influence of this
algorithm in a real electrical grid. The results of this algorithm will be compared with these of
other three algorithms which calculate the energy requirements of a fleet of electric vehicles, in
order to present the advantages and disadvantages of this method. The three alternative strategies
are: uncontrolled charging, which begins after the last trip of the day, dual tariff charging, in
which we have a shift of vehicle charging to hours with the minimum energy cost, and controlled
charging with the minimization of cost and simultaneous optimization of the electrical grid
operation (Valley filling). Subsequently, these four algorithms are implemented in two different
electrical grids, the energy distribution system of Sperchiada and the electrical grid of Crete. In
Sperchiada, our goal is to find the advantages strategy V2G has to offer, compared to the other
strategies, in the smooth operation of the grid, by studying the actual losses of the grid, the
voltage profile and the voltage deviation of the grids’ buses. Regarding the electrical grid of
Crete, the goal is to find how different algorithms affect the economic functioning of this grid, by
calculating the algorithms’ impact on the total system cost, the unit commitment, the pollutants
emitted from the plants and other similar data. The algorithms are developed in Matlab
programming environment.

Chapter 1 gives an overview of the technology of electric vehicles, their charging
infrastructure, as well as the standards that have been created for their connection to the electric
power system. Chapters 2-4 present the tools used to determine the energy requirements of
electric vehicles, the grid analysis and the economic evaluation of their penetration, respectively.
Chapter 5 presents the results of the simulations in the operation of the two electrical grids for
every charging strategy, as well as comparative results between the strategies. Finally, in Chapter
6 the conclusions of the above analysis are symmarised.

KEY WORDS
Electric vehicles, voltage deviation, actual losses, economic dispatch, vehicle-to-grid (V2G)
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KEDAAAIO 1

Teyvohoyieg NAEKTPIKOV OYNUATOV KL
VITOOOUMV POPTIONG



1.1 Ewoayoyn

Ta niextpikd oynuata empovvionl amd TOAAOVE ¢ o Kovovplo TeXvoroyio, n omoia &xel
KOVEL TNV ELOAVIOT] TNG TIC TEAEVTOIEG OEKOETIEC. XTNV TPAYUATIKOTNTA, OUW®S, TO NAEKTPOKIVITA
OYAuaTO £X0VV o poKpOxpovn totopion Tov Eekvd oto péoa tov 19% audva, towtdxpova
TEPIMOL e TNV EUPAVIOT TOV SVUPaTIK®V oynpdtwv. MdAiota, vrdpyovv evdeitelg 0Tl oTIg
amoPYES TNG OLTOKIVIIONG TO MAEKTPIKO 0ALTOKIVIITO NTOV TOGO ONUOEIAEG OCO Kol O
OVTOYOVIGTIG TOL OV KIVEITO UE UNYOVY E0OTEPIKNG Kawons. [Tapodro mov tépacav ta emduevo
YPOVIOL GTNV aQAvEIDL AOY®D TOV TPOPANUATOV TOL OVTILETOMLOV, UE CUOVTIKOTEPO (TN
OA®V aVTO TNG UIaTopiag, To NAEKTPIKA OYMLLOTO ETAVIADOY GTO TPOGKNVIO T TEAELTAIN XPOVIOL
®¢ Lo TEPPAALOVTIKA GIAIKN EMAOYN, N omoia TavTdypova Ba Exel g GTOYO TNV OVTILETMTION
™m¢ meTpelaikng kpionc. [1]

[Moapaxdto Oa mapovcsldcovpe HEPIKES NUEPOUNVIEG-0TAOLLOVE otV TTopEia TS NAEKTpOKivnoNG:

o Acgkaerio Tov 1830: I'ivovrtal o1 mpdTeg TPOSTADEIES, TEWPAUATIKOD YOPAKTPO, VIOl TNV
KOTOGKELT TOV TPMTOL OYNUATOC TOL Oa Kiveitan pe NAEKTPIGUO.

e 1834: O auepwkdvog Thomas Davenport avamtdcoel 10 TpOTO NAEKTPIKO Oynuo. yio
eumopikn ypnon. [Hapdra avtd, ot Tpoomdbeieg Tov dev givar emkepdng AdY® ™G YPNoNG
ava&lOMOTOV Kol TPOTOYOVMV UTATOPLOV.

o 1847: O apepuwavoc Moses Farmer kotaokevdlet £va dynuo mov pmopel vo peTapépet
dvo atopa, eved v id1a ypovid o kanyntg Charles Page mapovoidlet éva nAekTpiko
oymuo pe 100 cueomPeLTES, e duVATOHTNTA VO LETAPEPEL £0G Kot 12 dTopa.

e 1859: O T'dAloc Gaston Plante kotogépvel va avietomiost ta TPOPAUOTO TV
GLGGMPEVLTMOV TTOV ELYOV OL TPOTNYOVLEVES EPEVPECELS AVAUKOADTTOVTOG Y10 TPATY POPEL
10 otoyeio MoAOBoov-O&Emg pe dvvatdomta emavagoptions. Ta emdueva ypovia
eupavioTnKay Kot GAAOL, BEATIOUEVOL, TOTOL GLGCOPEVTMV.

e 1889: O Thomas Edison kotookevdlet MAEKTPIKO OYNUO YPNOLLOTOUDVTOS OAKOAKES
pmotopiec.

e 1896: H etarpia Electric Car Co. gicdyel otovg dpopove e Néog Yopkng to mpdTa
niektpokivnta to&i, Ta onoia péca oe Tpia ¥pdvia Katapépvouy va Eemepdoovy to 60.

e 1897: H Baker Motor Vehicle Company katackevdlet éva oynuo pe avtovouio 160,9km
avé OPTION Kol HE HEYIOTN ToLTNTA T 35,4 YIAOUETPA TV DPOL.

e 1899: Karackevaletar ot FoAlio T0 TpdTo MAekTpiKd dymuo mov tagidevel pe 100
km/h, to omoio ovopdaleton “La Jamais Contente”.

e 1900: Ta nAeKTpIKA OYNUOTO £XOVV PTACEL VO KOTEYOLV TO 1010 HEPIdIO ayOpds e TOVG
OVTOY®OVIOTEG TOVL, TO OYNUOTO ECGMPETIKNG KOOONG Kol To atpokivnta. MdAiota, 0
T0600TO ToVG otV Apepikny etavel ato 38%. Tnv ida ypovid, N etopio. Ferdinand
Porsche kotaokevalet 1o mpd@To VPPLOIKO NAEKTPIKO OynuaL.

e 1908: O Henry Ford mopovcialet to povtédo Model T pe k66T0g 0pKeETa HIKPOTEPO OO
aVTO TOV NAEKTPIKAOV oynuatwv. Ot pébodot pallkng Topaywyng mTov EQoPUOCTNKAY GTO
gpyaotnplo Tov Popvt oNUATOIOTNGAV TNV APy TOV TEAOVS TNG NAEKTPOKIvVIONG.
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Ewkova 1: To povtédo T tou Henry Ford

1909: O William Taft yivetow o mpdtog Apepwcavog IIpdedpog mov ayopdlet
niektpokivito dynuoa, g etarpeiog Baker Electric.

1912: O Charles Kettering epevpetl Tov TpdTO MAEKTPIKO EKKIVITY, O 000G SIEVKOADVEL
T0VG avBpdOTOLG Vo 001 youV PBevivokivinta avtokivita. Tnv idwa ypovid 1o amdbepa e
EVs ondier kéBe pexop otavovrag tig 30,000.

1935: H &&oedavion TV MAEKIPIKOV OVTOKIVATOV €lval  yeyovoc, To  omoia
avtikafioTovTol 0md To OYNUOTO LE KV TP ECOTEPTIKNG KAHONC.

Amd exetvn ™ dekaetio ko LeTd eiyope HETAGTPOPT TG ayopds ota PevivokivinTa oynuata, 1e
amotéAecpa va. Unv vrdpéel aSloonUelwT Topaymyn MAEKTPIKOV OLTOKWVITOV GE UEYAAN
KApoaka. Ot Bacikdtepot Adyotl Tov 001 yNGOV GE QVTO TO OMOTEAEGLO NTOV O EENG:

H BeAtioon tov vrepactikod 000D SIKTVOL £KOve avaykoio, To. OYNUOTO HUEYAANG
avtovopiag,

H avaxdioyn peydrlov amobepdrov metpelaiov 0dnynoe o€ peiwon tov KOGTOLG TV
KOLGIH®V,

n ovvartdomta TtV Pevivokivitov oynuidTov Yoo €OKOAN ekkivnomn, mov £yive
TPOYLOTIKOTNTO LLE TNV EPEVPEST TOV NAEKTPIKOV EKKIVITY Kol TEAOG,

N polikn Topaywyn oXNUATOV Ec®TEPIKNG Kavong o€ yaunAn T and tov Henry Ford,
éKave autd ta oyNUaTo VPEMS OaBEoIa Kol TPOSITA 68 OO TOV KOoUOo. Evosiktikd, 1
TN TOV TEAELTAIOV oynudTeV Kopovotay petagd S00 kot 1000 doArapiov, evd ekeivn
v ePiodo Ta NAEKTPIKA avtokivnta otoiylav kovtd ota 2000 doArGpLaL.

Agv Ntav, Spmc, Loévo ovtol o1 AGyotl Tov 0dNYNoOV GTNV EEAPAVIOT] TOV NAEKTPIKMOV OYNUAT®V.
Y OUTO CULVETEAECE KOL TO YEYOVOC OTL Ol ETOPEIES METPEANOEIO®V TNG EMOYNG, OAAL Ko
apyOTEPQ, VIOVOUELOV TNG TPOCTADEIEG TAPUYWYNG AULYDG NAEKTPIKAOV OYNUATOV AdY® TOV
@OPov 0Tt M cuvemakoOlovdn ameEdptnon amd to meTpérao Ba £0iye Ta CLHEEPOVTA TOVLC.



Mnpootd 6to POfo Tov Vo YAGOoVV HEYAAD LEPIOIO TNG AYOPAS, AMOPAGIoOY VO KATAPVLYOVV GE
GAAEG 0000C Y10 VO OVTILETOTIGOVY TN VEQ avt amelhr]. 'Eva mapddetypo avtov amotelel n
etapeioc. Mobil, n omoio. dnuiovpynoe ocwpeion dloENUIcCE®V UHE TIC OMOIEG KATEKPIVE T
YVOPICUOTO TOV NAEKTPIKAOV OVTOKIVATOV.

Avt 1 mepiodog ¢ Tapakung kpdtnoe wepimov amd to 1930 péxpt ko to 1960. H mistoyneia
TOV NAEKTPIKOV OYNUATOV TOL LINPYOV €kelvn TV TTEPiod0 NMTAV TPOTOTVIOV GYESIAGHOV N
TEPAUOATIKA, TO 0ol YivovTay dNUOPIAN HOVO G€ €0IKEG TEPIMTOGELS. Mo Tétola mepinTmon
NTav xpNom Toug Yo pHetagopés otnv AyyAia kotd ) ddpkela tov 6vo [Hoykdouiwv TToAépwmy,
pe 6TdYo TV ££0IKOVOUNGT KOVGIH®V.

'Htav ) xpovid tov 1960 6mov dpyioe kot TaAL va aval®TUPAOVETOL TO EVIAPEPOV, KOOMOG TO
TPOPANLO TNG ATHOGPALPIKNG PUTOVONG OO T QLTOKIVITO GTO OOTIKA KEVTPO €lye apyicel va
yiveton opato, evd mopdAinia émpene vo avalntnBodv Kot eVOAALOKTIKES EVEPYEIOKEG AVGELC.
Mepég etarpeieg mov apycav eketvn v mepiodo vo Katackevalovy niektpokivnta Loviéda
nrav ot General Motors, Ford, Fiat, American Motors, Mercedes, VolksWagen, Nissan, Toyota
K.0. 'Eva and to oyfuata ekeivng g neplodov mov a&ilel va avapepbei sivar to GMC Handivan
0V 1966, 10 omoio 41€0eTE KAVOTOUIKO GUGTNLO TPOPOSOGING TOV ATOTEAOVLVTAY OO KLWENEG
KOVGipov vopoydvov. QoTdOGO, elye KoL OPKETA LELOVEKTLATA OTIMG peydlo Pépog Kot KOGTOC,
ppoég VOPOYOVOL KOOMG KOl TOALTAOKOTNTO KOTAOKELVNG. EKTOC TV apuy®dg MAEKTPIKOV
OYNUAT®V, €KEIV] TNV €MOYN TOPOVCIACTNKOV Kol OPIGUEVO LPPWOIKE OyNUaTe, TO OToio
ouvdvalav ypnorn nAektpokvnmpa Kot Bevivokvntipa. AkOur, OU®S, Kol 1 KOTUGKELT TOV
TEAEVTOIOV HOVTEA®V dgv Umdpece v KaDlEpMGEL GTNV ayopd TO MAEKTPIKG OYNLOTO, LE
amoTEAEG LA, VO GuVEYIGEL 1) TEPT0O0G TNG TOPAKUNG LEXPL Kot To 1990.

Ewkova 2: To povtédo GMC Handivan tou 1966



Ta dedopéva dAra&av amd 1o 1990 kot votepa. H maykdoa owovouikn kpion n onoio dpyloe
Vo KAvel v guedvion g oto téAn tov 2000, oe cuvovacud pe v poydaio avEnon g
pOTAVONG TNG ATUOCPUIPOC, OVAYKAGE TIC CLTOKWVNTORIOUNYAVIEG VO GTPEYOLV TNV TPOGOYN
TOVG 6€ VPPISIKA KO NAEKTPIKG OYLLOTA, TO. 0TToia Elvat o PIMKA Tpog To mepifdirov. [2]
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Ewova 3: ‘Epguva tn¢ IEA otig eknopnég CO2 rtou odeilovran 6TLG LETAKLVACELG

Avemmpéaotn and Olo avtd To mpoPAnuota dev Ba umopovoe va peivel koau 1 Evpomaikn
‘Evoon. 'Etot, tov Mdaptio tov 2007 to Evponaikd Zoppfodio evékpive pio oAoKANpopévn
TPOGEYYLON Y10 TNV KAMUOTIKY KO EVEPYELOKT] TOALTIKY LE GTOYO TNV KOTATOAEUNGN TNG OALOYNG
oV KMpotog kot v avénon g evepyelakng acedietog g EE, evioybovtog mapdiinio v
OVTOYOVIGTIKOTNTO TNG KOl TNV UETOTPOMN TNG OE L0 1O10ATEPO. OMOJOTIKY OO EVEPYELNKNG
dmoyng owovopio younAov ekroundv dvBpaxka. Ot omoutnoelg mov viofetOnkav and Tovg
apYNYOVS KPOTMOV Kol KuBepvioemy givotl Yvootéc mg otdyot “20-20-20" ko glvar ot eENc:
e Meiwon tov ekmoundv oepiov Tov Beppoknmiov katd tovidyiotov 20% KAt amd To
eminedo tov 1990,
e 20% g xotavaioong evépyewag g EE va mpoépyetor amd avavedoiueg mnyEg
evépyelog kot TEAOG,
e ueiomon xotd 20% o (pNON TPOTOYEVOVS EVEPYELNS GE GUYKPLON e To TPoPAemOueval
emineda pécw ™G Pertioong g evepyelakng amdd0omnG.

EmumAéov, mépav tov otoéymv 20-20-20, katd t ddokeyn tov Hvopévov EBvov yu v
KMpatiky] aAloyn mov €ytve to 2009 oty Komeyydyn, o1 y®PES TOL avVTITPOSOTELOVY TAV® 0T
70 80% TOV TOYKOCUI®V EKTOUTMOV LIEYpAYAY TN «Zvpeovia ™ Komeyydyne» pe v omoia
KaTEGTN GOPEG OTL 1 VIEPOEP VT TOV TAAVITY Tpémet va. Statnpndei kdtow and 2° C dote va
amoPeVYOOVV 01 EMKHVOLVEG EMITMOOELG TNG KAMUOTIKNG aAlayns. [ va yivel Tpaypoatikdtnto
avtd, Bo Tpémel va 00MyNOoVLE GE Lo OIKOVOUIN YOUNADV EKTOUTMV dto&eldiov Tov dvBpaka.



Téhog, oe pakporpdBecuo opiCovta ypoévov N EE €xel Bécel oG KEVIPIKO GTOYXO VO LELDOTEL £1G
10 2050 115 exmopnég aepiwv Tov Oeppoknmiov katd 80%-95% ce oxéon avtéc tov 1990. Ia va
10 Kotapépel avto, Ba ypewactel N amavOpaxomoinon Tov gvepyeloakold Topén KoOMS Kot 1
e€aoPAMON TOL €VEPYEIOKOL €POOIOGHOD KOl TNG OVIOYOVICTIKOTNTAS NG Evpomaikng
Owovopiag.

Ao T0 TOPATAVEO GLUTEPAIVOVUE OTL 1 XPNOT TOV NAEKTPIKAOV OYNUATOV KPIvETOL omapaitnn
mAéov, kaBmg amotehel o oNUOVTIKY TPOCTADE AVTILETMOMIONG TOV (OLVOUEVOL 1TNG
KMUOTIKNG aAlayng Kot xopig avtiv dev eivor dvvatdv va emtevyBodv ot otdyor g EE.
AmdoeEN owTov omoTEAEL TO TOPAKATO SLAYPALLLA, TO 0Toio Tapovoldlel Tovg o1ebveig oTdYOVG
TOAGEOV NAEKTPIKOV Kot VEPOK®OV oynuatmv péypt to 2020: [3]
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Ewkova 4: ALeBveig oTOXOL TWARCEWV NAEKTPLKWV KAt UPBPLEKWY oXnUatwy péxpL to 2020

EmumAéov, awc10d0Ea mAdva €xovv avokowmbBel amd Tig €Bvikég KvPepvnoslg Ko oe
noakponpobecpo eminedo. Mo ovykekpipéva, mpoPiémetor 60t 10 2030 o1 TOANCE TOV
NAeKTPIK®V oynudtev Ba Eemepdcouvv ta 30 ex. eved to 2050 Ba TAncidocovy ta 110 ex.
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Jource: [EA 2010,

Ewkova 5: AleBveig oToXOL TWARCEWV NAEKTPLKWV Kot UBPLSIKWY oxnHatwv péxpt to 2050



Oocov agopd v EALGSa, £xovv avarntuydel tpia mbavd cevapio:
1) To pealoTiké oevapro, ue 34.000 EVS to 2020 kot 293.000 EVS 1o 2030,
2) 1o a61080&0 cevapro, pe 70.000 EVS 1o 2020 kot 625.000 EVs to 2030 ko
3) To vAeparo0d0E0 oevapro, pe 142.000 EVs to 2020 kot 1.219.000 EVs to 2030,
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Ewkova 6: To peaAitotiko cevaplo Sieioduong EV yia tnv EAAGSa



"o v Evpdnn cvykexpéva, Epguveg Exovv dciEet 0Tt ot 3 Evponaikég mOLeG TOV avapéveTol
va glval TpOTOTOPES GTOV TOpEN TNG NAeKTpoKivnong etvan 1 Madpitn, To Aovdivo kot Popn.
Axoun, avénuéva mocootd dieiodvong niextpikav oynudtov avopévovtar oe Faiiia ko
I'eppavio. To omoteréopoto ovtd ™G €pguvag ToPoLoldlovTol GUVOAMKE GTO TOPUKATE®

yphpnuo: [4]
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Ewkova 7: MBavég peAAovTIKEG Kupiapye ayopég othv Eupwrn to 2030



Téhog, eivor onUOvVTIKO Vo ava@EPOVUE OTL TOL MAEKTPIKE OYMLLOTO OTOTEAOVLVTOL OO TOAAN
SlopopeTikd e&aptnuota T omoia ypeldleTon va epevvnBovy mepautépm Kal vo PeATimbodv. 1o
TOPOKAT®O CYNUO TOPOVCIALETOL 1) KOTOVOUN TOV EMEVOVCEWV GE OLTA TO OLUPOPETIKA
Koppdrio: [4]
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Energy storage; Controls
Others

Charger; Controls
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Controls; Electric motor
Controls; Chassis
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Ewkova 8: Katavoun twv enevéioswv ota Siadopa e§aptipata

1.2 Zoykpron peTald NAEKTPIKOV GUTOKIVIITOV KOl GOUBATIKOV

Eivon dedopévo 6t n e1caymyn OA0 Kot TEPIGGATEP®V NAEKTPOKIVITOV OYNUATOV GTNV ayopd.,
EXEL WG OKOMO Kol G OMOTELES O TN PEI®ON TS XPNoNG TV cLUPaTIK®OV ovToKviTey. 'Etot, n
oVYKpon HETOED ovT®V TOV V0 TUTOV OLTOKWVNATOV &ivarl avardeevktn. [lopaxdto
napovolaletal po oVyKpion pueta&d tov 6vo: [7]

[TAeovekTNHOTA NAEKTPIKMOV OYNUATOV:

a) Eivol meprocotepo amodotikd. Ta MAekTpikd oyxuota petatpémovy mepimov 1o 60%
NG NAEKTPIKNG EVEPYELOG ATt TO OIKTLO GE oYL OTIC POSEC, o€ avtifeon pe T cvpPatikd
Bevivokivnto oynuato mov Exovv anddoon nepinov oto 20%.



b) Eivar ¢uika mtpog to mepifpailov. Ot eKmounés atuocQUPIK®OV pOTmV eivar undevikés,
KOl GUVETMG 00MYOUV GTNV OVTILETOTION coBoapdv TEPPOVTIOALOYIKOV TPOPANUaT®V,
O™ TO PAVOUEVO TOV BeppoknTion.

C) O@éhn amodoons. Ot nhextpikol KvNTHPES TPOGdidovy oLy Kol OUAAR AElTovpYia,
KaOdGC, EMioNG, OmouTovV AyOTEPT GLVTIPNOT GE GXEGN UE TO GUUPOATIKA OYLLOTOL.

d) Meioon g evepysrokng egaptong. H nlextpikn evépyela eivor pia eyydplo mnyn
EVEPYELOG.

e) Xouniotepo ko6tog 6g fadog ypovov. Asv ennpedlovior amd Ty avEnon TG TIUNG TG
Bevlivne, kat emmAE0V EXOVV YAUNAOTEPO KOGTOS GUVTIPNONC.

Tavtdypova, dpmG, To NAEKPIKA OyNHaTe £X0VV KOl KAmolo petovektnuota ta onoto a&ilel va
onpewdovv:

a) Avtovopio odfqynonc. Ta mePLoGOTEPH. OYNUOTA QVTOD TOL TOTOL OEV UTOPOVV VO,
Eemepacovv ta 300 yraduetpa ava eopTion, eved Ta Pevivokivnto avutokivinTo UTopovv
va ptéoovv péypt ko o 600-700 yrldpuetpa xwpig avePodaGHLO.

b) Xpovog eravagoptiong. O ypovog mov ypeldleTor yio va GopTicEL TANP®S Lo, pratapio
Kopaiveron omd 4 €wg 8 dpeg. AkOua Kot pe TS vEes TevoAoYieg Tayelag OpTIong, N
TANPNG POPTION NG Umatapiog pumopel va mhpet Emg Kot pio dpa.

c) Koéotog pratapiog. Ot peydAec ovotolyie cLGCOPEVTOV EYOVV UEYAAO KOGTOG Kot
umopet va ypelactel vo aviikotactafovy méve and po eopd.

d) Oykog km Bapog. Ot umatopicg mOV YPNGIUOTOOVVTOL GTA NAEKTPIKA OYNUOATO EYOVV
Heyaro BApog Kol KOTOAUUPAVOUY CTLLOVTIKO XDPO GTO OYXNHOTA.

[Tapora avtd, ot epguvNTEC S0VAEVOVV TTAV®D TN PEATIOON TG TEXVOAOYING TOV UTATAPLOV LE
oKOTO VO, VENCOVV TV BVTOVOUIN KO VO LELWGOVY TOVG YPOVOLS ETAVAPOPTIONS, TO PAPOG Ko
10 K0010G. Avtol o1 mapdyovieg eivor mov Ba kabopicovv TAP®G TO PEALOV TV NAEKTPIKAOV
oYNUATOV.

1.3 TOTol NAEKTPIKAV OYNUATOV

Ynrdpyovv dtdpopa £idn NAEKTPIK®OV oynudtwv, To onoia Ywpilovtal avdioya e v teXvoroyia
Tov ypnoonotovv: [6],[7]

1) niextpikd oynuata pe cvsowpevtés (Battery Electric Vehicle  BEV)

2) vBpwwa oynuarta (Hybrid Electric Vehicle 4 HEV)

3) emavagoptilopeva omd to dikTvo VPPLSIKA MAektpokivnta oynuata (Plug-in Hybrid
Electric Vehicle q PHEV)

10



4) mAekTpoKiviTo OYNUOTO LE OCVLOCOMPELTEC KOl HOVASO EMEKTOCTG THG OVTOVOUING
(Extended Range Battery Vehicles 1§ E-REV)

1.3.1 Hrektpwkd Zynqpota pe Xvocopevtéc (BEV)
[Tpoxertan yioo NAEKTPIKE OYLLOTO. TOV YPTOUOTOIOVV ¥NUIKN EVEPYELD, N OTola amodnkeveTon
o€ emOVaPOPTILOUEVOVS GLGCMPEVTES. O1 CLGCOPEVTES ALTOL EIVAL TTOL KIVOUV TOLG TPOYOVS TOL
QLTOKIVIATOL HE TN Pondeta nAekTpik®v Kivntnpov, ertopévog ta BEVS de yperdlovion kamolo
KvnNmpo €ocmTepIkng kavons. H @option tov cvoompevtodv yiveton apéows omd 1o O1KTLO
niektpikng evépyelag. EmumAiéov, €vag dALOC eVOAAOKTIKOG TPOTOC @OpTIoNG &ivor 1
avayevvNTIKY TEOMOM, M omoia Ponbdel otV POPTION TOV UTOTOPIOV KaODG To oyxnuoTo
Bpiokoviatr 6to 6popo. O THTOG VTOG TOV ALTOKIVIT®V EUPavicOnke yia Tpmtn eopd to 2010,
Kol amd TOTE Ol TOANGELS TOL OAO Kol
i L L Tl cvCavovian. To  otoeion mov  Kdvovv
‘if’a'ger oloévol KOl TO EAKLOTIKG  auTO  TOL
oynuota tvor 1660 N UNOEVIKES EKTOUTES
aepiov pomov CO2, 6co Kot ot paydaieg
e€eMEelg mov vVIAPYOLVY GTOV TOUEN TMOV
ocvooopevteyv. T mopddetypa, 1
avakdAvy”n Tov véov pratapidv Iovtov
Awiov (Lithium lon) mov é£yxovv
REYOADTEP] oY0 KOl EVEPYELUKI]

Moto} Qu4ick charger , , ,
plug TUKVOTNTO, MUmOPEl va oonyNfcel og

system PEYOAVTEPT] EMTAYVVON TOVL OYNNATOS

Lithiﬁm-ion battery

Ewova 9: HAektpiké 6xnpa BEV KoOOg ko og peyohvtepn avtovopio

¢ pratapioc. Ta Pacikd mAeovekTipoto

tov BEVS givor 011 amotehovv o otkovopikn AOon, 0ev amattovy GuvINpNon Kot €xiong sivat

anmAd otnv Kataokevn tovg. H omdotoon avtovopiog tovg wvpaivetor amd 120 €wog 200
YMOUETPA, TKAVOTTOIDOVTOG £TCL TIG AVAYKEG LETAKIVIIONG TOL HEGOL aVOPMOTOV PEGH GTNV TOAN.

1.3.2 YBprowkd Hrektpokivnta Oynpatoa (HEV)

[Ipdkettar yio Vv To YVOOTH KATYopio NAEKTPIKMOV OVTOKIVATAOV, 1) OTTOi0 PN GLHOTOLEL dV0 1)
MEPLEGOTEPES POPPES TTAPAYOYNG EVEPYELNS, KaBDG kol amobnikevon evépyewng. Ta oynuota
aVTA EXOVV dVO GLUTANPOUATIKE GLGTHUATO 001 YNoNG, Eva Pevivokivynmpa pe o oegapevn
KOLGIH®OV, Kot £vov NMAEKTPIKO KIVNTNPO, LE TOVG GLOCMPELTEG KOl TOVS €AEYKTEG Tov. Ta
CLOTHUOTA OVTE UTOPOVV VO, SOVALLOVY €lte 6€ cuVdLACUO gite pdva toug Eeymprotd. Ta HEVS
dgV UTOPOVV VO EMAVOQYOPTIGTOVV OO TO OIKTLO NAEKTPIKNG EVEPYELNG. ZVVIOWG 1 POPTION TOV
UTOTOPIOV YIVETOL PETOTPETOVTIOS TOV NAEKTPIKO KvnTiNpo o€ YeVWhIpla, pe T Ponbeia tov
BevQvokivntipa, OToV 0ev AmOUTEITOL NAEKTPIKY EVEPYELD Y10l TN UETOKIVIOYT TOL OYNUOTOG.
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Eniong, 6mwg avagpépape kot oty mepintwon tov BEVS, vrdpyet kot n mbovomra ek véov
QOPTIONG TWV CLGCOPEVTAOV HEGH TNG AVAYEVVNTIKNG TEONONG, LLE TNV 07Ol £YOVUE UETATPOT
NG KIVNTIKNG EVEPYELNG OE NAEKTPIKN.

1.3.3 Enavagoptilopeva amd 1o Aiktvo YPprowa Hiektpokivnta Oympata (PHEYV)
[Ipoxertan yioo poe e£€MEN ™ vPpdkng teyvoroyiag. To oynuote avTé YPNCLULOTOLOVV
emovaQopTILOUEVES UTaTOPies, 1| KOO0 GAAO UNYAvNUo OTOONKEVONG EVEPYELOS, TOV UTOPOVV
va enavEABOVY Ge TANPN QOPTIOT GLVOLOVTAG T LE TO OIKTLO SLVOUNG NAEKTPIKNG EVEPYELQG.
Ta PHEVS cuvovalovv ta yopaktpiotikd tov cuppatikdv vpiotkov oxynuatov (HEVS) ko
TOV NAEKTPIKAOV OYNUATOV pe cvoowpevtés (BEVS). Mepkd mheovektipata avtod Tov TOTOL
QLTOKIVITOV EIVOL TA TOPAKATO:

g oUYKPION LE TO CUUPATIKE OYNUATO, LEWWVOLV TN POUTOVOT] TOV OGP KOl LELDOVOLY
v €EGPTNON o TO TETPEALO.

Eivar guhkd mpog 10 mepiBdArov Kot €161 pmopodv va fondfcovy Gty avIHETMOTION
TOV PALVOUEVOL TOL Beppoknmiov.

E&aleipovv 10 TpoOPANpa TG avtovouiog mTov avIHeT®milovy To LVIOAOTO NAEKTPIKY
oynuota, agov &xetl amodeyfel mwg n awtovopio Tovg givor ion 1| Ko peyaddtepn amd
aTY TOV OYNUATOV OV AgrTovpyolV He BevivokvnTipa.

Atvouv v gukoAio 6TOVG KATAVOAWMTESG va. ToL OPTILOVV GTO GTiTL TOVG.

"Exovv 11 duvatdtTo Vo TPOGPEPOVV EPESPIKT 1OYD OE TEPITTAOCELG EKTOKTNG OVAYKNG

o710 omnitt, kabdg Kot va ypnoonomboiv oe epapuoyés V2G (Vehicle-to-Grid).
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Ta PHEVS cuvBmg daxpivovtal oe Katnyopieg avarloya pe TNV amdGTAGT GUTOVOLING TTOL TOVG
TPOGOEPEL TO KABOPA NAEKTPIKO KOUUATL, KOL LUE TN YOPNTIKOTNTA TOV GLGCOPELTMV TOVG. [8]

HIGH BatteryChargelevel (SOC*) Low
Front motor
Engine
Generator  Drive battery Rear motor
Front motor

a0

Generator  Drive battery Fear motor

Front motor
Engirs @m Parallel Hybrid Mode

Generator  Drive battery Fear motor

Engine

8
1<
o
§
@
o
]
—

*State of Charge
Ewkova 10: Katnyopieg twv oxnpudatwv PHEV

1.3.4 Hiextpokivnta Oyfqpota pe Tvoocwpevtés kor Movado Enéktaong tng Avtovopiog
(E-REV)

[4] TIpoxettar yo por Kornyopio. OYNUAT®V TO. OTTOi0 OVTITPOSMTEVOVV TN MeTdfacT amd Tig
VPpKEG Adoelg oty TANPN Miektpokivnon. H Aettovpyla tovg éxer og €ENG: M unyovn
ECMTEPIKNG KOVONG EKKIVEL TNV MAEKTPIKY] YEVWNTPLO, M Oomoio pe TN GEPA ™G optilel T0
oLOTNUO TOV GLCCOPELT®V. H Slapopd tovg, OMAMOTN, e Gyéom He Ta VIOAOUTO LPPLOWK
oynuota elvar 0Tt 0 NAexTpikdg KvnTpag eivar o pdévog mov pmopei va odnynoet oty kivion
TOV TPOYDOV TOL OYNUOTOS, AoV 1 UNXOV] ECMOTEPIKNG KAVGONG CULVOEETOL WOVO [LE TOVG
oLeomPeLTEG. Emopévmg, n kivinon tov oynuotog gival tavtote niektpikn. ‘Eva Oeticd tov E-
REV eivai 611 1 xpnion toug ivar omAn, Toapopota e ot TOV OYNUATOV [e GLooMPELTEG. Otay
N omoOnkevuévn MAEKTPIKN EVEPYEIDL OTACEL [0 OPLOKY TN, TOTE EVEPYOTOlEiTAL 1|
NAEKTPOTAPOY®YIKT] LOVASQ 1 OTOi0, KATOVOIADVOVTOS KATOL0 EVOALAKTIKO KOVGLHO, POpTilel
™ purotopio £T61 OCTE TO OYNUO Vo GLVEYIoEL Kavovikd tnv opeia Tov. H nlextpomapaymykn
Hovada oTapaTdel TN Asttovpyia tng 6tav 1 6TdOun g amodnkevpévng evépyelag Eemepacet TNV
emBoun Tun.

1.3.5 Z0ykpion K06Tovg HETOED TOV O10POPOV TOTOV NAEKTPIKAOV OYNULATOV

[9] Zoppwva pe épevveg oL £xoLV Yivel, TV TP €TOYN TO MO oKPPO oYU Yo Evav
KOTOVOAMTH €ivol To NAEKTPIKO dynua. pe cvcowpevtég (BEV). TTo ovykekpipéva, to 2013 10
K0010G ToL NTav Katd 40008 mepimov peyaAdtepo amd To OVIIGTOUKO KOGTY TOV LVIOAOIT®V
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NAEKTPIKOV OYNUATOV KoODG Kot TV cLpBatikov oynuatov. To mTopokdt®m StdypoLpLpo
TaPOVCLALEL TO KOGTN TTLO OVOAVTIKAL:

ICE HEV BEV-100 FHEV-10
Acquisition Cost 17, 9ra 21,924 28,938 22,037
Infrastructure Cost 2,036 436
Fuel Cost 6,710 4242 2578 3,537
Maintenance & Repair 2230 1,873 1615 2,09
Vehicle Residual Value (9,021) N0a72) (8,164) (9,587)
Battery Residual Value (382) (5,003) (B95)
Total Cost Of Ownership 17,897 17,486 22,000 17,619

Ewkéva 11: ZuvoAko K6oTog Ldloktnoiag yia Stddopoug Tumoug oxnudatwy to 2013

O PaocwodtEPOg TOPAyOVTAG TOV 00NYEL 6 VTN TNV dpopd kKOGToLS TV BEVS e To vmdrouna
oynuata eivar to 1epdotio K6oTOg NG Uratapiag Tov. H cvuveyng peimon, Opmg, Tov KOGTOuS TG
umotopiog 0dnyel 6To GLUTEPAGHA OTL PE TNV TAP0odo Tov ¥podvov ta BEVS Oa amotelécovv o
7O OKOVOLUKT €MA0YY. To cvumépacpa avtd ToPoLGIALETOL GTO AUECMG EMOUEVO OAYPOLLLLOL:

Chart 5 - Total Cost of Ownership

25,000
= 20,000
=
E
=
=
'
£ 15,000
10,000
2012 2014 2016 2018 2020 2022 2024
| CE HEYV s BEY — o—PHEY

Ewkova 12: ZuvoALkd KOOTOG LELOKTNOLAG EVOG NAEKTPLKOU OXHATOG

2oppove pe ovtd To Odypappa, avopéveror 0t and to 2018 kot petd to oynuoTo pe
oVOOWPELTEG Bo AOTEAEL TNV O OUKOVOULKY] ETAOYT TNG ayopdc, KaBmG To kOGTOG TOL B fvan
UIKPOTEPO TOGO O TAL GLUPOTIKA OYNLLATO OGO KoL AT T VITOAOLTO, €101 NAEKTPOKIVITOV.
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1.4 Katnyopieg 6V66MPEVTAOV

Ot ovooWPEVTEG, YVOGTOL GTOVG TMEPIGGOTEPOVS UE TOV OpO «uUmatopiec», eivol ekeiveg ot
NAEKTPOYNUIKEG OATAEEIS TOV WETOTPEMOVY TN YNUIKY EVEPYELDL OE MAEKTPIKN KOTA TNV
EKQPOPTION TOLG KOl aVTIGTPOPA. ATOTEAOVVTOL OO UIKPEC KOWEAES, KAOE pior amd TIC OmOiEg
amotelel pia Eexwploty pHovada, ol omoieg cuvoiovtal it o€ GEPA gite mapdAINAa pLe oKOTO
TNV KAVOTOINoTn 1TV OomoToE®V oY00¢ NG €KAoToTE  €Qapuoyns. Mo  cvotoyia
OLGGMPELTOV TOL TTPoopiletar Yo Eva NAeKTPKO Oynmuo Oa Tpémetl vor Exel Lepikd amd tao €ENG
YOPUKTNPLOTIKAL:

®  LYNAN TLKVOTNTO EVEPYELNG,

e pueydho xoxio Cmng,

e amovcic QAIVOUEVEOV EMIOPACTG TMOV TPONYOVUEVOV QOPTICEMV/EKQOPTICEDY OGNV
amOO0GN TNG UIoTopiag,

e VYNAO Paduod anddoone,

® YOUNAO KOGTOG,

e VYNAY amdS0GN POPTIONG/EKPOPTIONG,

e ueydho g0pog Asrtovpyiog LETOED YOUNADV Kol VYNADV BEPLOKPACIDV,

o koAo Babuod Beppokpaciog amodnkevong,

®  YOUNAT ECOPETIKT AVTIGTOON,

e JUVOTOTNTA OVOKOKAMONG K.0L.

Kdébe ovoocwpeve yoapoxtnpiletor omd wémowo Pacwd peyédn mov  amoteAovv T
YOPOKTNPLOTIKA TOV. AVTA TO YOPOKTNPICTIKA LOG O1vouy TN duvaTOTNTa VO, GUYKPIVOLLLE KO VO
EMALYOLUE TOV KATAAANAO cuGcmpevty| Yo kéBe epappoyn. [Hopaxkdtw avordovion ta facikd
avtd yapaktnprotikd: [10],[11],[12]

e Taon (V): Ilpokerton yo v téon avaeopds. H tdon avorytokdikimong (open circuit
voltage) evoc TANPOG POPTIGUEVOL GLGOMPELTH UTOPEL Vo €ivar Alyo peyoldtepn tng
Taong avaeopdc. H tdon PBpayvkikiwong (closed circuit voltage) avtikatontpiler v
TAOT TOL GLOCO®PEVTH VIO POPTIO.

e Xopnrwkotnta (Ah): H mtocotnta nlextpikod goptiov mov propel vo anobnkedoet Evag
oLGGMPELTNG. Agiyvel T péylotn mocdNTa evépyelag mov pmopel vo e&oyBel amd tov
OLGCMPELTH KAT® amd ovykekpuéveg ovvOnkec. Tlapdia ovtd, Ol TPOYUATIKES
duvaTOTNTEG OIOONKEVLONG EVEPYELNG EVOG GVGCMPELTN UMopel Vo amokAiivouy omd v
KOVOUOOTIKT YOPNTIKOTNTO, KAODG 1 x@pNTIKOTNTO ££0PTATAL TOAD At TNV NAKi TNG
uratapiog, ond ™ Beppokpacio kol amd TG TOPEAOOVTIKEG POPTICEIS/EKPOPTIGEIS TNG.
Eniong, e€aptdror amd tnv 1ocOTNTA TOV EVEPYDV VAIK®OV TOL GUCCMPELT).

e  Ewwi] woydc (W/KQ): n péyomn dbéoun oyde avd povade palac. H edikn 1oyvg
elval YapakTnploTikd TS YNUKNS cvotaons Tov cuscmpevut. Kabopilel 1o Bdpog tov
GLGCMPELTI TOL amaTeiTal Yio vo emitevyBel 1 amortovuevn anddoon).
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o Eww evépyera (Wh/KQ): exkppalel tqv mocdtta evépyelag mov pmopel va mopoydel
avd povada Papove. AToTtedel YOPAKTNPIOTIKO TNG YNUIKNG GVGTACNG TOV GLGCMPEVTH
Kol ¢ ovokevaoiog. Kabopilel, oe cuvepyasio Le TNV EVEPYELNKT KATAVAAM®OT TOL
OYNLOTOG, TO PAPOG TOL GLGCMPELTH TOL OMOLTEITOL Yo Vo emTeELYDel N amoutovuevn
amddoo.

e Evepyaroxn mokvotnta (Wh/L): 10 cuvolikd goptio mov pmopet va omodnkedoet Evag
OLOOMPELTNG Oova  povada Tov  Oykov. loyber vy ocvykekplyuévn  mePiodo
@OpTIoNG/eKPOpTIoNG Kot KaBopiletl to péyedoc.

e BaOpoc amw63061G: 0 LOYOS TNG EVEPYELNS TTOV ATOJIOETAL KOTA TNV EKPOPTION TPOG TNV
EVEPYELN TTOV ATOPPOPATOL KATA TN GOPTION.

o Mcéywoto ovveyés peopo ek@optiong: To péyioto pedpo pe 10 omoio pmopel va
exQopTilel £vag cLooOPELTNG cuveYOUEVE. AvTO TO 0plo cLVNOWC Ypnolonosital and
TOVG KOTAGKEVAGTES Le 6TOYO Vo amopevyBovv vepfolikoi puBuoi exk@dptiong ot omoiot
Ba dnpovpyodcav TPOPANUA GTOV CLGGMPELTY).

e Eocotepwkn avrtictacn: H oviictaon tov cuccwpevtn, n omoio cuvilwmg dStopépet
peTaEy OpTIong Kot ekeoptions. E&optdton and ) ymukn ocdotaon g umoatapiog
KaOdG Kot amd TV nAkio Kot To pedL EKOOPTIONC.

1.4.1 Xvecwpevtic Molvpoov-O&éag (lead-acid)

Ot ovoowpevtéc POADPOOV-0EEMG OMOTEAOVV TIG MO O10OES0UEVES UTTATOPIEC TOL EUTOPIOV.
Ynrdpyovv dvo 0OV pratapieg: ol uratopieg ekkivnong kot ot pratapieg Padidg ekpoptions. Ot
EVOALUIKTEG TOV OLTOKIVITOV £IVOL GYEOIACLEVOL LE TETOL0 TPOTO MGTE VO TPOGPEPOVY LYNAOVG
puOuovg EOpTIoNg oty uratapio, oe avtiBeon pe TIg pnatapieg fabldg exEOpTIoNG Ol OToieg
anattobv eoption moAlamAdv otodiov (multi-stage charging). Ot urotapieg poAvPIOV-0EEMG
dgv mpémel moté v TEQTOLV YoUNAOTEPa amd 10 50% NG YOPNTKOTNTAS TOLG KAODS aVTod
ovvtehel o peiwon g Cong tovs. EmimAéov, o1 cucowpevtés avtov TOV TOHOL ATOUTOVV
ocvveyn emBe®pPnon TOV EMITEIOV NAEKTPOAVTAOV KOl TEPIGTACIAKY] AVTIKATAGTAGT] TOL VEPOD, TO
onoio e€artuileran katd T S1APKELN TOL PVOIOAOYIKOD KOKAOL @OpTionc. [13],[14]

H mheloymoeia tov nAektpikdv oynudtov ypnotponolel i pratapieg poAvpdov-o&émg Adym g
TPOYOPNUEVNS TEXVOAOYIOG TOVG, TG VYNANG SBEGILOTNTAG TOVS KOl TOL YOUNAOD KOGTOUG
touc. Omwg ko ov vmoélowmeg pmatopieg, HECH 1TNG KOTOOKELNG, TNG YPNONG Kol NG
avaKkOKAmong tovg emnpedlovv og éva Babud to mepaiiov. Ot cvoocwpevtés Pabidg
exkQoptiong eivor axpifoi kot &govv pkpdtepn Odpketn {ong amnd 0Tt T0o 1010 TO Gy, UE
amotéAecpa vo. 0EAoVV GuyVA avTiKaTtdoTooT. XuviOms, 1 OVTIKATAGTOON aVTH YiveTon avd 3
rpovia. O GYKOg TV PTATAPLUOV QVT®V £ivol TOAD HEYAAOS, TO 0moio @aiveTot omd TO YEYOVOg
OTL 6€ EPOPULOYEG NAEKTPIKOV OYNUAT®V, Ol UTATOPIES KATAAYOUV VO KATEXOLV €Val TEPACTIO
TOGOCTO NG TAENG Tov 25-50% 1tng cuvolkng palag tov oynpatos. Onwg dheg ol pumatopie,
EXOVV OPKETA KPOTEPN EVEPYEWNKN TLKVOTNTO GE GUYKPION HE TO KOOI TETPEAAiOV,
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ocvvifmg 30-40 Wh/kg. H amddoon (70-75%) kot 1 ikavotnto omodikevons g Tpéxovoag
YEVIOG UmaTOpldV  HOAVPOOV-0EEmG Pabidg ekpoOpTiong HEWOVOVTOL HE TN MElmon NG
Oepuoxpacioc. MdMota, og Waitepa vVYNAEG Beppokpacieg n amddoon umopel vo pelmbel mg
kot 40%. Ta véa emredypata oty amddooT, TN YOPNTIKOTNTO, TO VAKO KOTOUGKELNG, TNV
ac@UAELD, TNV TOEIKOTNTO Kol TNV avtoyn €ival duvatd vo EMTPEYOVY GE OVTH TO LOVOAOIKA
YOPOKTNPLOTIKA VO EQAPLOCTOVV KOl GE NAEKTPIKE OYNLLOTO KOVOVIKOD LEYEOOLG.

210V MOPOKAT® TIVOKO (OIVOVIOL GUYKEVIPOUEVE UEPIKO OO TO TAEOVEKTAUOTO KOL TO
LLEIOVEKTHLLOITOL TOV GLGCMPEVTMV LOADPOOV 0&émc: [15]

Yveompevtéc Morvfoov-O&Eog

ITAgovekTipoto MewovekTpota

®Onvoi kot amrAol 6TV KOTAOKELT "Eyxovv younAn evepyelaxn mokvotnta

A&omoT ko opun teyvoroyia, apon

, . . Emutpénovy povo évav meplopiopévo apopo
QVOTTUGGOVTOL Y10 TEPLEGOTEPO amd 140 P H pLopio PIH

povia TANPOVG POPTIGEWC.
XopnAn avto-gkeoption. Exovv évav and Oyt Wraitepa prikol mpog to meptPdirov. O
TOVG YOUNAOTEPOVG PLOUOVS AVTOEKPOPTIONS | NMAEKTPOAVTNG Umopel va TpokaAEsel {nud 6to
petalh Tov emava@opTILOUEVOV UTATOPLOV ePPAALOV.

Eivar mBovo va dnuovpyndet Beppikn stapuyn

Xapnhi) ecoTepuc avriotoon G€ MEPIMTMOT EGOUAUEVIC POPTIONG

Ikavol yio vynAovg puBuog ekEopTIoNG Oyt katdAAniot yuo toeio eopTion
ATOTELOVV TO TTEPICTOTEPO OVOKVKAWMUEVO
TPOiOV GTOV KOGUO "Exovv tepdotio Bapog kot dyko

AvBextiKol 6€ LVIEPPOPTIGELS

1.4.2 Tvoompevtéc Nikehiov-Kadpiov (Nickel-Cadmium)

YuvBmg ypnoyLorotovviot 6e eQapUOYEG Tayeiog eopTiong Kot Oyl apyns. H evepyetaxn tovg
TOKVOTNTO KvpaiveTor amd 45 émog 80 Wh/kg. v mpaypotikdémra, eivar ot poveg UmoTopieg
oV amodidovV KaAd KAt amd dvokoieg cuvOnkes. H meprodikn mhnpng eoption givor moAd
OTNUOVTIKTY] Y0l TOVG GLGGMPEVTEG VIKEAIOV-KaOUIOV, 0oV og avtifetn mepintmon eivon mBavod
va dnuovpynBovv peyaiot KPUOGTAALOL OTIC TAGKES, L OMOTEAEGHO M pmaTapion vo xdoel g
arodoor] ™c. Iapaxdto mapovsidalovior peptkd amd To BeTiKd Kol To ApvVNTIKG OVTHG TNG
Katnyopiag cvoowpevtdv: [13],[14]

Yveonpevtéc Nikghiov-Kadopiov

IMAgovekTipato MewovekTpoto,
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Tayeio Kot amhn OPTION, KOO KoLl LETA 0T

TOPOATETOUEVT AmToOKELOT Xoymkn evepyeior mokvomTe

Meydog aptBpuog KokAwv

POPTION/EKGOPTIONC Etlvou emppenng 6To @ovOIEVO PviNG

Agv givar rukol mpog to meptBdAlov, apov

[ToAV koA amddoon VIO PopTio TEPIEYOVY TOEIKE, PTG

YynAn amoddoon og yaunAég Oeppokpacieg YHETIKA LEYAAT] OVTOEKPOPTION

Xounio k66t0g avd KOKAO Agv givar avBextiKol 6e VIEPPOPTIGELS

1.4.3 Xvecopevtic Nikeriov-petairov-vdpdiov (Nickel-metal-hydride)

Ot cveompevtég NikeAov-HeTAAAOV-VIPLOIOL BepPOVVTOL Lo GYETIKO OPIUN TEXVOLOYia. AV
Kot Egovv pkpoTepn amddoon (60-70%) otn @OpTIoN KAl TV EKPOPTICT OO TOVG TEAEVTAIOVG,
£YOVV TO TAEOVEKTNA TNG TTOAD LYNANG evepyetokng mokvotntog (30-80 Wh/Kg), duthdoio amnd
LT TOV CLGGMPELTOV HOAVPOOV-0EEMG Kot mepimov 40% peyoddtepn omd AT TOV
OLGGMPEVLTOV ViIKEAMOV-Kkadpiov. Otav ¥pnNoIHOTOI0VVTOL GOGTA, UTOPOLY VO EXOVV EEULPETIKA
peydain owdpketa {ong. ITo cvykekpipéva, To. TAEOVEKTHLOTO KOt TO LELOVEKTILOTA OVTOV TOV
GLOGMPEVTOV TAPOVGLALOVTOL GLYKEVTPOUEVO 6TOV akOAovBo Tivaxa: [14]

Yvoompevtéc NikehMov-Kaopiov

IMAgovekTipato MewovekTporto,

Emdevovetar ) katdotoot Toug o€ TEpInT®ON

[Swaitepa vyMAN evepyelakt TukvOTNTO LaKPGYPOVIIC ATODTKEVGTIC

Meydroc Tomikdg kKOkAog (mng: 3000 [Tepropiopévo pevpa ekOPTIONG

Arydtepo emppENNG GTO PALVOUEVO UVIUNG GE
GVYKPIOT UE TOVG CLGCMPEVTEG VIKEAIOV-
Kaopiov

"Exovv vymAd puBud avtoekpodptiong, mepimov
50% mep1ocdTEPO OO TOVG VIKEAMOV-KAOLLIOV

Eivar mepinov 20% mo axpiéc amod tig

dukol Tpog to mepairov VikEMOD KaBiio

OUOAY, YOPOKTNPIOTIKTY EKPOPTIONG

H anddoon pewwveron dv eivor amodnkevpévor

[TeprocoTEpO acPalels, o oyéom e dALeG o8 PEpOC 1E DYTASE BEpUOKpEsTEC

UTOTOPIES, OE TEPIMTOGT OTUYNUOTOG

1.4.4 Yvoocwpevtéic Iovrov MBiov (lithium ion)

Ot ocvocwpevtéc WOvTOV AMbiov, ol omoiol &ivar yvwotol yw T YPNON TOVS GE POPNTOVG
VTOAOYIOTEC KOl O€ AAAN MAEKTPOVIKA €101, KLPLOPYOVV TAEOV GTNV AVATTUEN TOV NAEKTPIK®OV
oynudtov. Ta gvepyd vAkd vog cucoowpevth WOVTOV AMbiov elvarl petaAlio o&egidio Abiov yu
TNV Av0Jd0 KOl EVAGELS Ypapitn Yo TNV kdB0d0. XApn 6€ 0LTH TN YNUIKN GVGTOCT] KOTAPEPVOLV
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va £x0uV TEPAOTIO EVEPYELOKT TLkvOTNTa, TG TaENg Tv 200 Wh/Kg, koAl mukvotnto 1oybog
Kot T€A0G LEYEAN amdd0oT POPTIONG Kot EKQOPTIoNG NG TAENS Tov 80-90%. Tavtdypova, dpuwc,
Tapovcldlovy Kot O1dpopa LEIOVEKTHUATO To 0TToio Ba TapPOoLGLUGTOOV GUYKEVIPOUEVO GTOV

Tivao Tov akoAovbei. [14]

Yveonpevtéic lovrav Abiov

IMAgovekTqpato

MewovekTporto,

Tepdotia evepyelokn TuKVOTNTA

X0vTopog KOKAOG Lmng

ZyHETIKA YOUNAT ALTOEKPOPTION

XAvouv TV amdd0G1| TOVG LE TO YPOVO aKOUA
KoL OTaV OEV YPNGIULOTOLIOVVTOL

XounAr covtipnon

Métpro pevpa ek@OPTIONG

Emwcivduvor yio mpdxinon eotidg edv dev
(QOPTIGTOVV GOGTA

Axppoi otV mapaywyn. To K66T0G TOVG Elvar
nepimov 40% peyaddrepo and avtd TV
GLOCOCMPELTMOV VIKEAMOV-KOOHion

Agv amoteAohHV aKOUT L0 PN TEXVOAOYIQL,
KaBdg 018.popeg aALAYEG GTO LETOAAN KO TOVG
AMHKODG GLVOLAGHOVS ETNpedlovy Ta
OTOTEAEGULOTO TOVG

[16] H ayopd tov pratapidv 16viev Mbiov katdeepe péca o€ o dekaetio va petaPei omd to
OTAd10 NG £peVvag otV eumopevpatonoinon, Eemepvovtag ta 400 k. koupdrtio to 1999. 10

TOPOKATO SLAypapo eoivetal 1 avénon g {fong TV cLGGMPELTAV VIOV MBiov Kabmg
Kol 1 pHelmon Tov KOGTOLG TOVG GTNV TopEia TV YPOVOV:

19




2.0x10° ; ; ; ; . . : : 9

— & —a— Worldwide Demand
= . - - Avarage Price
-8
= n
g | " -
E 1.5x10 . <
E \ — -7 E
o 0 ) 2
= - . =
T 1.0x107 4 K -6 9
= A c
5] i !
= - 5 @
Fy ‘ “ O g
= 5.0x10" 1 ™ - =
oM - B @
5 «I/ T ‘=
5
DD T T T T T T T T 3
1998 2000 2002 2004 2006
Year

Ewkova 13: ZRtnon Kot KOOTOG UInatapLwy Loviwv-Alliouv katd tnv nepiodo 1998-2005

H teyvoloyia avtn €xet yivel wdwoitepa ONUOQIANG 6 TOAAES QOPLOYES, Lo o TIG omoies ivor
Kot 1 NAEKTPOKivOT. AVTO ATOJEIKVIETOL KOt 0O TO TOPOUKAT® YPAPN LKL, TO OTOI0 OTOTVIIMVEL
mv mpoPremdpuevn {Rtnon Mbiov yia ypnon oe NAeKTPIKA oyfuata péypt ko to £tog 2020: [17]

0 w
M 3 EV sales (Li-on)
w L
E : 1 . 3 B3 PHEV sales (Lion)
s ‘Bt o S50 [ HEVsales (L)
g | o 5 c
o EE @ [ HEV sales (NMH)
: 0 8e3
] 3 h °§ £
3 1V ICRE T
$: B AW 3530 ... Ltiumdemand
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5% penotnation scenark))

Ewova 14: MpoPAenodpevn {ntnon Oviwv-Abiou yla pnatapieg NAEKTPIKWVY QUTOKLVATWY

2 ovvéyxela akoAovBel po yeVIKN cOYKPLoN UETOED TOV GUGGMPEVLTMV TOV TPOUVAUPEPULE
KOODG KoL LEPIKDV AAAWMV, CYETIKA LE TNV E01KT 16Y0 KOl TNV E01KN EVEPYELL TOVG:

20



100 000

10 000 Super capacitors

Lead acid

Li-ion very high power
spirally wound

1 000

Li-ion high power

Ma fNIC12

100
LiM-Paolymer

Specific Power, Wikg at Cell Level

10

Li-ion

Lead acid high
energy
I T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200

Specific energy, Whikg at cell lavel
Ewkova 15: ZUyKpLON CUCCWPEUTWY AVAAOYO LE TNV EWSIKA LOXU KO TNV ELSLKK EVEPYELA TOUG

AmodekvoeTal OTL, aVAUESH OTIC OAPOPES TEXVOAOYIEG UTOTAPIDV, Ol WOVI®V Abiov &xouvv
EexdBapo TpoPadicua Otav pag EVOLOPEPEL 1] TUKVOTNTO 1oYVOC Kot evEpyeLag. [18]

Ocov apopd 10 péAAOV, oe PBpayumpdbespo enimedo ot wWOviov ABiov, palli pe opiopévoug
dAAovg THMOVG PmaTOPLdV, Ba ¥PNGYLOTOLOVVTOL KUPIMG GTIG EPAPUOYES NAEKTPIKAOV OYNUATOV.
210 pokpompoOBeSLO, OUMC, LEALOV OVOLLEVETOL VO KAVOLV TV EROAVIOT TOVG VEEG Umatapies e
TOAD VYNAOTEPEC EVEPYEINKES TUKVOTNTEG, Ol OTOlEG B TPOGIMGOVY TOL NAEKTPIKA OYNLOTOL
neyoAvTepN ovtovopio. EmmAéov, ot véeg ynuKkéc GUOTACELS TOV UTOTOPLOV Bol 00N YooV GE
HeyOarec aAlayéG 6TO oeSIAGHO TV GVLOoOPELTOV. H avénuévn mokvotnto evépyelag onuoivet
OTL To. gvepyelakd amodnkevTikd cvotiuota Bo ypeldlovtal AyoTeEPO LAIKO KOl UIKPOTEPO
apOpd kelmv. Avtég o1 BeATdoels, Le T GEPd TOvg, Ba Exovv ¢ amoTéAeoia matapies, Kot
dpa niextpikd oynpata, to onoio o etvoar ehappdtepa, pkpdtepa Kot Arydtepo akpiPd.
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1.5 Tomor opTIoNG OYNUATOV

H @option tov oynudtov propet vo mpayuatonombel e oVo TpOTOVG, T GOPTION LE ETOPY| KoL
mv enayoyikn eoption. [Hapakdrto mapovcialovtol avtég ot dvo péhodot:

1.5.1 ®oprion pe emag)

H @option pe emagn amortel v @uoikn ohvoeon UeTOED TG Umoatapiog Kot Tov oTafuod
QOPTIONG, OMMG YIVETAL KO WE TIC TEPLOCOTEPEG NAEKTPIKEG GLOKEVEC. Xpetdlovtal, onAadT,
KaA®olo Ko BOopato yio tn cOHVOEST TOV NAEKTPIKOV OYNUOTOC e TO oTabud @options. Tn
uéB0do avT 0KOAOVOOVV 01 TTEPIGGATEPOL POPTICTEG OV EIVOL EVOOUATOUEVOL GTO OYMUOL,
KoODGC KOl GLGTNUATO TTOV £XOVV TO KUKAMUOTO QOPTIONG Kol EAEYYOL AV o610 Oynuo. H
avaykn avt Yo oOVOEST HETAALO-LLE-UETOAAO LETOED TOV OYNUATOG KOt TG GLOKEVNG POPTIONG
elvar mov kdéver avty T uébodo Aydtepn dnuoeln. AlAwote, emewdn Oev  givot
avtopotomomuévn dadikacio apnvel teptldmplo. Aabovg, Kabdg emiong Adym TV KaAmdiwv
pmopel va amoteAESEL aLTio ATLYNLOTOC.

Ewkdva 16: Doption pe emadn evog nAektpikou Nissan Leaf otnv California

1.5.2 Enayoyw ¢option

H emoyoywn o@option, 7yvooty KOl ©OC «oGOPUOT  QOPTICT», YPNOOTOEl  &va
NAEKTPOUOVYNTIKO TTEIO Y10l TN UETAPOPA TNG EVEPYELNG UETOED TOL OXNLOTOG KOl TOV 6TafoV
@options. I[To cuykekpéva, To GUGTIUATO ETAYMOYIKNG POPTIONG LETAPEPOVY EVUALAGGOUEVN
1oY0 OMMOVPYDOVTAG HoyvnTiKY] oVCEVEN HETAED VOGS TPOTEHOVTOG TLAIYUATOC OTNV UEPLA TNG
TPOPOOOGIOG Kol EVOG OEVLTEPEVOVTOG TVALYHOTOG GTNV UeEPLA ToL oynuatos. EmimAéov, agod n
urotopioc Tov oynuotog £xet DC thom ko umopel va @opticel pOVo pe cvvexég pedua, TO
EVOALOOCOUEVO pevLA €GOV TOV BEVTEPEVOVTOG TUAYOTOS avopBdVETOL TPV KATAANEEL TNV
protopic. Ot eMOy@YIKOl QOPTICTES £XOVV TO TEPIGGOTEPO KUKAMUOTA POPTIONG Kot EAEYXOV
€KTOG TOVL OYNIOTOC, KOl ETKOIVOVOVV LE 0TO PEG® VTTEPLOP®V 1} padtocuyvotnTmy. [19]
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1.5.3 Xvykpion petald Tov 000 pedodmv popticemg

Kot ot dvo tomor popticemg nTav dladedopévol ota TEAN TG dekaetiog Tov 1990, aAld o1yd oryd
N QOPTION HE EMOPN OPYIOE VO OMOKTOEL UEYOADTEPN ONUN Kol vo viobeteiton amd Tovg
TeEPLOCOTEPOVS KATOOKEVAOTEG. O Paocikdg Adyog mov GuvéEPn avtd givatl 1 amAdTnTa Kot To
YOUNAOTEPO KOGTOG TOV EMIEIKVDOVY O1 POPTICTEG UE EMOPN. ATO ekelvn TV Tepiodo Kol HETA
N TEYVOAOYiD TV GLUPATIKOV QOPTIGTOV GuvéEyloe va eEediooetal, kepdilovtag onuavtikd
£€006POG GE OYE0N UE TOVG GGVPUATOVS (POPTICTEG KOl TOTOOETOVTIOG TOVG Yo TAVTO o1
devtepn 0éon 1V mpotywnoewv. Mdaiota, 1o 2010 m mAsloymeic TOV QOPTIGT®OV 7OV
YPNOLOTOOVVTOV NTAV GLUPATIKOL.

Y1ov Topakdto mivako yivetor pio ovykplon peta&d tov dvo uebddwv: [19]

Kootog TEPLOCOTEPO aKPIPN TEPLGGOTEPO OLKOVOULKN
[TolvmhokdtnTa [ToAvmhokn OTTAN|
apKeETE KOoAN xbpn otV
EQOPLOYT ATOTEAEGLATIKAOV
TEYVIKOV aVI(VELONG
GOAALOTOG

peyolvtepn omd ot g 0gvTepng pebddov
Acpdreln AOY® TNG NAEKTPIKNG LOVOGTG TOV
NAEKTPIKOD OYNLOTOC KOl THG TPOPOSOGTOG

Evepyeroxn Oyt TG0 amOdOTIKY OGO TNG POPTIONG LE
amod0oN ETOON

TEPLOCOTEPO OOSOTIKN

1.6 Enineda popTiong

H @déption 10V cu66mPELTOV TV NAEKTPIK®OV oxnudtov puropel va yivel eite pe AC eite pe DC
PELLLO TPOPOSOTOVUEVO GTO NAEKTPIKO Oynua. ‘Eyovpue tig e€ng mbavég poprticels:

e Movogaocwki] AC @éption: cuvnbwg mpaypatomoteitor HEsm cuVNOCUEVOV OIKIOKOV
OLOKEVOV Kol TOPEXEL MIMEDON 16YXV0G OV €IvVOl OYETIKA YOUNAG CLYKPIVOUEVO HE TN
yopntikdtta ¢ protapiog. [apoio avtd, n LOVOPACIKT POPTIOT GE GYETIKA VYNAL
emineda 16YVOG eivol cLVNOGUEVT GE €PAPUOYES POPTIONG TTOL dgv Bal umopovGav va
TPOYUATOTON 00DV YPNOYLOTOIOVTAS cLVNOIGUEVEG OIKIOKES GLoKeVEG. Ot dvo avtol
pébodol poptiong avapépovral kot ¢ Exinedo 1 kot Emimedo 2 pdptionc.

e Tpwaown AC @option: amortel v TpdcPacn oe TPLPACIKN TPOPOSOGio Kol UTOpEt
Vo TOPEYEL LEYOADTEPQ EMIMEDD POPTIONG GE GYECN LUE OVTA TNG HLOVOPUGIKNG POPTIONG.
Av16 ovpPaivel eredN 1 xpPNoN TOV TPIOV PACEDV aVTi Y10 Hag ETITPENEL TNV HETAOOGT
TEPLEGOTEPNG 10YVOC YOPIG TNV aWENOT TOL PEOLATOG 1) TG TAOTG.
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e DC ¢@odption: amortel évav €00 eEmTEPIKO OPTIGT 0 0omoiog B mapéyel cuveyég
pevpa 6TO NAEKTPIKO Oymua. Avti n néBodog pmopet va vAomonBel pe okomd va mapéyet
VYNAG emineda @OPTIONG GE ONUOGLOVG YDPOVG.

E&aitiog Tov Alyov xpdvov mov amorteitot yio T OPTIoT| TOV UTATAPIOV HECH TNG TPLPACIKNG
AC poptiong 1 g DC gpoprtiong, autéc ot pébodot Ba pmopodoay va amoteAovv T BAcn TG
tayeiog OpTIonc, n omoia avagépetal Kot oG eoption Emmédov 3. O mopakdto mivakog
TOPOVGLALEL LEPTKA YOPAKTNPLOTIKG QVTOV TV TPIOV ETTEI®V QOpTIong: [19]

Eninedo 1

Méom owiaxng
TaPOYNG

3 kw

12 opeg

Eninedo 2

Méow e101kng

EYKATAOTOONG
QOPTIONG Kot
KaAwdimong

10-20 kW

2-4 dpeg

Eninedo 3

Méow e101kng
EYKATAOTOONG
QOPTIONG KoL
KoA®dimong Kabmg
Kot E01KNG
EYKATAOTOONG
eEMTEPIKOL POPTIOTY|
v ™ uébodo DC
PopTIoNG

40 kW xon avo

45 Aemtd 1| Ko
Mydtepo
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1.7 Yrodopéc @optiong

H dieicdvon twv NAEKTPIKOV 0VTOKIVITOV GTNV ayopd Kot 1 EVTOEN TOLG 6TV KoOnUeptvoTnTo
TOV GOYYPOVOV TOAEWDV OMITEL TNV KATUCKELT] KOTAAANAW®Y VITOSOUDV POPTIONG. Mol GNUOVTIKY|

TpOKANoN Tov dnuovpyeitar pe ™ UalIKn KUKAOQOPIo. NAEKTPIK®OV OYNUATOV €ivol 0 YM®POG

QOPTIONG TOV OYNUAT®V. AVAAoYd pEe TOV TPOTO XPNONG TOV OYNUAT®V, TOV GLGGMPEVTH TOVG

Kot T0 Oféaio ypdvo mov £xovv yia T EOpTIoN, Ba Tpémel va vdpyovv ctabuol eOpTIoNS Ot
omoiot Ba drakpivovtan 6TIg €ENG TPELG KT yopies:

IowwTikoi pe wWwwTIKY TpdsPaocn (m.y. mpocomka ykapal). H eoption yivetar amod
HOVOQAGIKY] TopoyN Kol ouvO®G TIC VOYTEPIVEG MPEC, HE OMOTEAECUO VO 10YVEL
YOUNAOTEPO TIHOAOYIO0 Katovaiwons. H @option dwpkel mepimov 6-8 dpeg kot to
péyloto pevpa eoptiong oev Eemepvael ta 15 A. Atvetar, akdun, n ouvatdTNTO GTOVGS
KOTOVOAMTEG VoL KAEIVOUV GUUQ®VIES [LE TO KEVTPIKO dikTvo akdpo kot yio. V2G (vehicle
to grid) Aettovpyia, pe amoTELESUA VO TOVAAVE NAEKTPIKY EVEPYELX 6TO dikTvo. TENOG, o1
anoutnoelg o€ eEomMopd givol EAAYIOTES.

IwoTikoi pe dnpoocwa TpésPfacn (m.). TAPKIVYK EPTOPIKAOV KUTACSTNRATOV). XE 0V
TNV TEPITTOON TOL NAEKTPIKE OYNUATO HUTOPOVV VA POPTILOVV TIG MPEG TOV TOPAUEVOLV
TOPKOPICUEVO TANPOVOVTAG TO OVOAOYO OVTITIHO. LTOVG O1MTIKOVG YMPOLS e ONUdcLo
npocPacn Ba TpEmel va vapyovy OA®V TV emmédwv 1-3 otabpol poptiong.

Anpdoior pe onpdéora pocfacn (m.y. onpoécior dpopor). Ot ctabuoi ovtol PoOpTIONG
elvatl amopaitnTol Yo TOVG WI0KTNTES GVTOKIVAT®V Ol OTOoiol OV UITOPOLV va £XOVV
TPOGPacn G€ WIOTIKA TAPKIVYK, 1010¢ 01 KATOIKOl TUKVOKATOIKNUEV®DVY Teptoydv. Ot
OTOUTNOELS TETOIWV oTAOU®V givon emmédov 1 kan 2.

[Mapaxdto mapovcidletor 1 Katnyoplomoinon TV otafudv @OpTIoNG avaioyo HE TNV

tomobfecia eykatdaotoong: [20]

N

\

Stabyoi \
@6 |
priong |

Ewkéva 17: Katnyoplonoinon octaduwv ¢péptiong avaloya pe tThv tonodecia eykatdotacng

25



1.8 AeOvn} mpoéTUTTO GTEOROV POpTIONG

Eivar yvooto 611 n €EEMEN TV oynudTov £xel onuelmbel dSidomoapto 6€ OAOKANPO GYEIOV TOV
TEYVOAOYIKO TPONYUEVO KOOUO, Ympic evioieg KatevBuvinpleg ypouuéc. Avto eixe oav
OmOTEAECLLO, VO XPNOILOTOMB0oVV d1aTAEES, CLOTNHOTO Kol EEAPTAUATO TOAVTOTKIAG OVAAOYQL
LE TIG EKAGTOTE GLVONKEG KoL TNV 1oyvovoo dabeciuotnta. 'Etot, kpivetal mAéov amapaitnto vo
VILAPYOVV UL GEPE amd OPIGUEVA TPOTLTA, T 0Ttoia B0l LIOBETOVVTAL A0 OAES TIG XDPES KOL TO
omoia Ba cuvteloHV otV dtevkdAVLVEN TG gVpeing 0180eoNC TOV NAEKTPIKGOV OYNUATOV oTNV
TOYKOG 0L 0ryOpPd.

To mp®dTO TPAYUA TOVL SMGTOONKE OTL ATOUTEL TVTTOTOINGN EIVOL TOL GLGTHUATO POPTIONG KO
T €EQPTNUATO TTOV YPNCLOTOIOVVTOL KATA TN OLAPKELD THG POPTIONG, OTMG VTLOJOYES, KAADILO
K.T.A. Mg avtd 10V TpOTO 01 KOTAOCKEVAOTEG GE OAO TOV KOGUO Oa umopoldv vo. HELMGOLY TO
OLVOAKO KOGTOG Topay®YNG AdY® ™G LalkOTNTAG TG KOl ETTAEOV Ol VTOJOUES TOV GTAOUDV
eoptiong Ba  €yovv o opoloyévela, Apa Kol YOUNAGTEPO KOOTOG KOl LYNAOTEPN
Aertovpykdtra. [Hopakdto mapovsidlovtal pepikd amd to tpoavaeepBivro tpdtuma:

1.8.1 Mpérvmo SAE (Society of Automotive Engineers)

To ovvictdpevo mpotvmo «SAE J1772 — XOvdeopog Yoo ) @OPTION MAEKTPIKOV KOl
eMOVAQOPTILOUEVOV VPPOKOV OVTOKIVITOVY, OTOG oVTO OvaQEPETAL, ONUOGLOTOMONKE TOV
Iavovdpro tov 2010. Iepthappdver TpodaypaeEs Yo TG ML TOV OYNUATOV VTOOOYESG AALY KO
Y ta avtiotorye. POCHOTO Oy@YWNS EMAONS YL TH QOPTICN TOV MAEKIPIKAOV KOl TOV
EMOVAPOPTILOUEVOV VRPIOIKAOV OVTOKIVATOV HE EVOALOCOUEVO pevpa. [Ipodiaypagés yioo v
avtiotoyn Asttovpyio aALA L xp1iom cvveXoS pevaTog Bpickovtan axoua oe eneepyosio amd
v ovtiotoyyn opdda £pyov g SAE. Ot mpodiaypagés vmodoyne kot PUCHATOS TOL
neproppaver to mpdtuomo SAE J1772 eivor katdAinieg yio 600 emimeda QOPTIONG UE AyDYLUN
eman kot ivon ta e€nc: [21]

1) Evailaccopévov pevpotog — Eminedo 1: Movogaoikn ocdvdeon ota 120 V AC kot
12A/16A.

2) Evolloococopévov peduatog — Eninedo 2: Movogaocikny cuvdeon ota 208-240 V AC kat
peypt 80 A.

H oyedioon ™c vrodoyne kot tov POcpatog ivar TEVTE OKPOOEKTAOV PE GUGTNUO ACPAAITTG
TPOG ATOPLYN 0BEANTNG ATOUAKPLVGNS TOV BUCHOTOG KOl SOIOKOTG TG POPTIOTG.

O1 Aertovpyieg TV TEVTE aKPOOEKTAOV TPocsdlopilovtal wg e&ng:

e Enaon 1: n pia ypopun tpogodociog L1

e Emaon 2: 1 dAAN ypouun tpoeodociog L2 1 o ovdétepog N

e Emaoen 3: I'eiwon (Ground)

e Enaogn 4: Znuatodocio emikovoviag peta&h Tov oxfLaTog Kot TOV GUGTHHOTOS TOPOYNS
NG NAEKTPIKNG EVEPYELNG.
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e Enaogn 5: Awukdnng dtacvvdeons. EmPefaionon e ohvdeong Tov oynuatog pe v mnyn
NG NAEKTPIKNG TOPOYNG LE GKOTO TNV OKLVNTOTOINGY TOV Y10 OGO ¥pOVO LPIGTATOL OV
1N 6VVOED.

To npdtumo avtd eniong nepthopPavel TIG OMAITHGELS TOV GUOTHUATOS EMKOVMOVING OEGOUEV®V,
NG NAEKTPOUAYVNTIKNG CLUUPATOTNTOC, THG OVTOYXNG Kot a&lOTIGTIOG, TG EGMPETIKNG OVTIGTAONG
Kol TOV TEPPUALOVIIKMOV YOPOKTNPIOTIKOV TNG LIOJOYNG KOl TOL PUCUATOC. ZNUEIDVETOL,
eniong, 6tt 10 mpotvmo SAE J1772 xoAdmter pdévo v €ml TOL OYNUOTOS LTOJOYN KOl TO
avtiotoryo Puouo Kot 0ev aoyOAEiTOl HE TIC VTOOOYES KOl T PUCUATO TPOG TNV TAELPA TNG
nAektpikne mopoyns. Ot Adyolr mov ovuPaivel avtd eivor aeevoc yoti yoo TG QOPTIcELg
EVOALOOOOUEVOL  pebpOTOC emmédov 1 ouviBmg ¥PNOIUOTOIOVVTIOL Ol  OIKLUKOD  TUTTOL
peLIOTOdOTEG Kot fucpata To omoio Stapépovy amd TOmo 6e TOTO Kot aPeTépov yiati otig HITA
oLVNOWE TO KAAMOL0 TOV YPNGUOTOLEITAL Y10 TH POPTIOT EVOAAUGGOUEVOD PEVLOTOG EMTESOL 2
AmOTEAEL LOVIUY TPOEKTAON TNG CLGKELNG POPTIONG KOl OeV CLUVIEETAL LE QLTI HECH VITOSOYNG
Kot fOGpatoc.

Ewkova 18: Buopa kat urtodoxn tomnov SAE J1772
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1.8.2 pérvrma IEC (The International Electrotechnical Commission)
a) IEC 61851

KoAdmtel to 60vOL0 TOV GLGTNUATOC POPTIONC TOV NAEKTPIKMOV OVTOKIVITOV UE AYDYUT ETOOT.
[Teprhappdvel Tpodiaypapég EAPTNUATOV Y10 TUTOTOMUEVES TAGELS EVOALIGGOUEVOL PEVUOTOG
péxpt kot 690 V kot ylo tdoelg ovveyoivg pevpotog uéxpt to 1000 V. To mpodTLmo KLUKAOPOPEL G
Mépn vtd tov yeviko Titho «Zvotnua eoptiong Hiektpikdv Oynudtomv St ay@yung exaensc».
Ta kOpro Mépn tov givar: [21]

Mépog 1 — I'evikég amontnoelg

Mépog 21 — ATToUTAGEIS TOV NAEKTPIKOV OVTOKIVATOV TPOKEWEVOD v cuvOEBoLY e
TapoyN EVAALUGGOUEVOL 1 GLVEYOVS PEOOTOG

Mépog 22 - Z1afpog eOpTIong NAEKTPIKOD AVTOKIVITOV LE EVOALAGGOLEVO PEVLLOL

Mépog 23 - Z1aBpog @OpTIoNG NAEKTPIKOD OVTOKIVITOV LE GUVEYES PEVLLOL

To Mépog 1 mepthapfdvel oporoyia Kot TpodLaypaQis TV dPOP®V TPOTOV POPTIONG OTMS KOl
TOV EQAPLOYOV aydYUNg cvvdeoncs. Ta otoryeia avTd avapEpovTaL TOPUKATM:

Tpomog 1 @opTIoNg — AYOYUN GUVOEST TOL MAEKTPIKOD CGVTOKIVITOV GE TOPOYN
EVOAAUGOOUEVOL PEVUATOC PE XPNON GLVINOOLG O1KIOKOD TUTTOL PEVUATOSOTN TPOG TNV
TAEVPA TNG MAEKTPIKNG TOPOYNS Yo €vTAon PeEVUOTOC peEXPL 16 A, povoQactkng 1
TPUPOGIKNG GUVIEOTG KOl e 0EIOTOINoN TOV Oy®Y®OV T®V QACENDY, TOL OLIETEPOV KoL
mg veloong mpootociog. Avtdg 0 TPOMOG  QOpTIoNG omortel TNV TOPOLGia
TPOcTOTELTIKNG dtdtaéng wolvyiopov évtacng RCD (Residual Current Device) mpog
Vv TAgvpd ™S mapoyns. Otav 1 mapovsia pog tétotag dtdratng dev eEaceariiletar amnd
TNV 16YV0Vca G€ KABE YD pa vopoBesia, TOTE 0EV GLVIGTATOL OVTOG O TPOTOG POPTICTG.
Tpoémog 2 @oépTiong - Aydyun oOVOEoN TOL MAEKTPIKOD OGLTOKIVATOL GE TOPOYN
EVOALOGGOUEVOL PEVUOTOS [LE YPNIOTN GLVIBOVG OKIOKOV TUTTOL PEVUATOJOTN TTPOG TNV
TAELPE TNG NAEKTPIKNG TAPOYNG LOVOPAUGIKTG 1] TPLPAGIKNG GUVIEST|G Kat Le a&tomoinon
TOV 0yOYOV TOV QACEDY, TOV OLOETEPOL KOl TNG Yel®oNGg mpootaciog, nall Opmg pe
aywyo petafifoacng onUAtoV EMKOWVOVIOG om0 TO MAEKTPIKO OVTOKIVIITO TPOG TN
GLOKELN EAEYYOL NG POPTIoNG, M omoio Ppioketonl e KATOWO €VOLAUEGO OMUEIO TOV
KoA®Siov POPTIONG.

Tpomog 3 @opTiong — An’gvbeiog aydyyn cHVOEsT TOV NAEKTPIKOD OUTOKIVATOV GE
TOPOYN EVOALUGGOUEVOL PEVLOTOG HE OEIOTOINGCT EOTKNG LOVIUNG NAEKTPIKNG TOPOYNS
€QOOLOCUEVNG e povdda emomteiag Kot Oloyeiptong g eoOpTions, €nl g omoiag Kot
GUVOEETOL O OY®YOG CNUATOV EMIKOIVOVING.

Tpoémog 4 @opTiong — 'Eppeon aydyiun ovvoeon Tov NAEKTPIKOD GLTOKIVITOL LE TO
OIKTLO MAEKTPIKNG TaPOYNG OlUEGOV GCULOKEVNG (QOPTIOTH, O ONOoiog OV &ivan
tomofeTnuévog emi Tov aVTOKIVTOL aAAG PpiokeTon €kTdC avTOD KOl €ivol POV
GLUVOESEUEVOG LE TO STKTVO TOPOYNS NAEKTPIKNG EVEPYELNG EVAALAGGOUEVOV PEVLLATOG.
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Mode 1 Mode 3:

(protection & intelligence In
installation)

Mode 2: Aiiak:

(in-cable protection &
Intelligence) (AC/DC external to car)

Ewkova 19: O 4 tpomnot poptiong ya to npotuno IEC 61851

Emumiéov, éxovv kot d1dpopovg tHmovg kadlmdinv eoptiong oto npdtvmo IEC 61851. Tlpdkettan
Y Tt €ENG:

[Tepintmon A: Kodlmoo obvdeonc pe v mapoy] EVOAAAGGOUEVOD PEVUATOS TO OTTOI10
ot pio akpn tov eivar €podlacpévo pe KatdAinio Poopa yro T d1060VOEST] TOL PE TNV
NAEKTPIKN Tapoy] VO N GAAN TOL Akpn elvar pOVYHO GLUVOESEUEVT] LE TO MAEKTPLKO
ovToKivnTo.

[Tepintwon B: KaAddo cdvdeong pe v mopoyn EVOALALGGOUEVOD PEVUATOG TO OTOI0
ot pla GKpn TOoL €ivol EPOJGUEVO HE KOTAAANAO POcpa Yoo TV VTOJOYN| TOV
NAEKTPIKOL CVTOKIVITOV, EVAD GTNV GAAN £ival €podlacuévo pe OGO KATAAANAO Yio TN
Lo VLVOEST TOL LLE TNV NAEKTPIKY] TALPOYY).

[lepintwon I': Awedvvoeon tov MAEKTPIKOD GLTOKIVATOL HE TNV TAPOYN] NAEKTPIKNG
EVEPYELNG EVOALACCOUEVOL PEVUOTOC HE TN ¥PNoN KaAwdiov 1o omoio otn o akpn
eépel POCUO KATOAANAO YloL TV LTOOOYN TOL OVTOKIVATOV VA 1 GAAN TOL GKpM eivor
ROV oLVOEOEUEVT] KOl OMOTEAEL TPOEKTAGN TNG OGULOKELNG TOPOYNSG MAEKTPIKNG
EVEPYELOG.

b) 1EC 62196

To mpdTLO CWVTO TEPIAOUPAVEL TIG EIOIKOTEPES OMALTNGELS YO TOL P15, TOVG PEVHATOOOTEG, TIG

VTOJ0YEG TV OLTOKIVIITMOV KOl TO avTIGTOLY0, fUCUATA TOLG Y10l TIG YMYLLES GUVOECELS POPTIONG
tov mpotvmov IEC 61851. Avrtictorya pe 1o mpotvmo IEC 61851, dnpocievetan kot avtd oe
Mépn, vrd Tov yevikd titho «BOopoata, peopatoddteg, BOopato Kot vrodoyEs v NAEKTPIKOV
OQLTOKIVITOV Y10, ay®@YLun dtasvvoeon». Ta kdpia Mépn avtov Tov Tpotvmov ivat:

Mépog 1 — I'evikég amoutnoelg
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o Mépoc 2 — AToUTAGELS OGTACIOAOYIKNG CUUPOTOTNTAS Y10 TOVG OKPOOEKTEG KOl TIG
VTOJ0YES TOVG, Kot TV eE0PTNUATOV Y10 EVOAAACTOUEVO PEDLLOL

o Mépoc 3 - Amoitnoglg S106TAGIOAOYIKNG CUUPOTOTNTAS Y10, TOVG OKPOOEKTEG KOl TIC
VTOJ0YES TOVGS, KOt TV E0PTNUATOV Y10 GLUVEXEG PELLLAL

To mpétvmo IEC 62196 koAdmter vmodoyég kot Pucpate TPog TNV TAEVPE TOL MAEKTPIKOV
OLTOKIVTOV OAAG KOl PELHATOOOTEG KOL PEVUOTOANTTEG TPOS TNV TAELPE NG MAEKTPIKNG
TAPOYNG.

Ot 1ot TV PUCUATOV KOl TOV VTOS0YMOV €Ml TOV NAEKTPIKMOV OLTOKIVITOV £ivol TPELS Kot
TOPOVGLALOVTaL GTN GLUVEXELNL:

1) Tomog 1
Avtictoyel oto mpdtuvmo SAE J1771. Awbétel 5 axpodEékTeg Kol YpNOUYLOTOIEITOL TPOG
TNV TAELPA TOL CGLTOKIVTOL YO OYOYUN @OPTION EVOAAAGGOUEVOL  PEVUOTOG
povoeactky] puéxpt 250 V pe évraon péxpt 32 A. Ot Aertovpyieg TV TEVTE AKPOOEKTAOV
nwpocolopilovral og e&Ng:
e Emaon 1: n pia ypopun tpogodociog L1
o Emaogn 2: n &AM ypopun tpopodociog L2 1 o ovdétepog N
e Emnooen 3: I'eiowon (Ground)
e Enaon 4: Inuatodocio emkovoviog HETAED TOL OYNLOTOG KOl TOV GUOTHUATOG
TOPOYNG TNG NAEKTPIKNG EVEPYELOG
e Enagn 5: Awokdénng dacHvoeone. EmBefaimon tng obvdeonc tov oynuotog pe
NV YN NG NAEKTPIKNG TAPOYNS HE GKOTO TNV OKWVNTOMOINon Tov yio 660
YPOVO VPIoTATOL VTN 1) GVHVOEDT

2) Tomog 2

AvTOg 0 TOMOG drB€TEL 7 AKPOOEKTES KOl YPNGIUOTTOLEITAL TOGO TTPOG TNV TAEVPE TOV
OLTOKIVTOL OGO KOl TTPOG TNV TAELPA TNG NAEKTPIKNG TOPOYNG Yo AYDYUN GOPTION
EVOALOCCOUEVOL PEVLATOG LOVOQaGIKT péEYPL 250 V pe evtdoelg pevpatog 20, 32, 63, 1
70 A, 6mwg kot yuo Tprpaoctkr] 380-480 V pe evtdoeig pedpotog 20, 32 i 63 A. Ot
Aertovpyleg TV ENTA AKPOSEKTOV TPOocdlopilovtar g eENG:

e Enaon 1: n mpd ypopuun tpopodociog L1

e Emnaogn 2: n devtepn ypopun tpogodociog L2

e Emaon 3: n tpitn ypouun tpopodociag L3

o Emnagn 4: 0 ovdétepog N

e Enaen 5: 'eiwon

e Enapn 6: Znuotodocio ETKOVeVIaS HETOED TOV OYNUOTOS KOl TOV GUGTHLLOTOG

TOPOYNG TNG NAEKTPIKNG EVEPYELNG
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3)

e Enaon 7: Awkdnng dtucvvoeons. EmPefaioon g ohvdeong tov oyquatog pe
™V Ty TG NAEKTPIKNG TOPOYNG LE OKOTMO TNV OKIWVINTOTOINGCH TOL Yo OGO
YPOVO VPIGTATOL VTN 1) CHVOEDT)

O Tomog 2 avamthybnke omd po cvvepyacio Ieppovikdv eTAPEIDOV KOTAGKELOGTOV
OVTOKIVITOV, NAEKTPIKNG EVEPYELNG, KOTAOKEVOOTMOV NAEKTPIKAOV €SQGTNUATOV K.A.T.
Bpnke onuaviikny ovtamdkpion oto  wpoypdupote  eEEMENG  TOV  MAEKTPIK®OV
avtokivitowv ot [epuovio kot €ywve emiong omodektOG omd TOAAOVS  GALOVG
Evponaiovng kataokevaoTég NAEKTPIKOV GVTOKIVITOV.

O Kk0Oplog AOYog Yoo ToV 0omoio dev KATEGTY] OKOWUO YEVIKMG OTOOEKTO TPOTLTO Yol
oAOKANPN TV Evpdnn kot yio yprion 1660 Tpog Ty TAELPE TOL OVTOKIVIITOV OGO Ko
TPOG TNV TAEVPA NG NAEKTPIKNG TTapoyNg etvor o 0Tt oe ToAAEG Evpomaikés ydpeg ot
ebvikég vopobeoieg amoutodv ot pevpatoddteg vo elvar gpoclacuévor pe kieiotpa
npootaciog. H IEC Bpioketal axdpo 6to 6tddto ¢ damictmong Tov aptdpod avtmv
TOV YOPOV TPOKEUEVOL Vo eKTIUNOel To péyebog avtod Tov TpoPAnuatog.

Tomog 3
AwB€ter 4, 51 7 akpodEKTES EPOSUGUEVOVG LE CVOTNLO KAEIGTPOV TPOGTAGIOG Yl TV
EMOQLYN €MAPNG ME VIO TAOM HEPT. XPNOOTOIEITOAL TOGO TPOS TNV TAELPA TOL
OLTOKIVATOL OGO KOl TPOG TNV TAELPA TNG MAEKTPIKNG TOPOYNG YL TNV OyDYUN
QOPTIOTN EVOAAAGGOUEVOD peLpTOG povopactkn 250 V pe evtdoelg pedpotog 16 1| 32
A, 6nog kot Yo tpwpacikn pe 380-480 V ko pe evrdoelg pevpatog péxpt 32 A. Ot
Aertovpyieg TOV EXTA AKPOOEKTMV TPOGOLOPILovTol O¢ EENG:
e Emapn 1: 1 tpod Ypopun tpogodociog L1
o Emaogn 2: n devtepn ypapun tpogodoaciog L2
e Enaon 3: n tpitn ypapun tpopodociag L3
e Emnaogn 4: o ovdétepog N
e Emapn 5: 'eiwon
e  Emapn 6: Znuotodosio ETKOVeVIag HETOED TOV OYNIUOTOS KOl TOV GUGTLLOTOG
TOPOYNG TNG NAEKTPIKNG EVEPYELOG
e Enagn 7: Awukdénng dtucvvoeons. EmPefainon g chvdeong tov oynuotog pe
™V Iy TG NMAEKTPIKNG TOPOYNG UE OKOTO TNV OKLVITOTOINGY TOL Yl OGO
YPOVO VPIoTATOL VTN 1) GHVOEDT)
O TYmog 3 avoartdyOnke €101KOG Y10 Vo, OVTILETOTIGOEL TO TPOPANLA TNG VTOYPEDTIKNG
Omapéng Kielotpov acpaieiog ota eEAPTHUATO TOGO TPOG TV TAEVPE TOL AVTOKIVIITOV
0G0 KOl TPOG TNV TAEVPA TNG NAEKTPIKNG TOPOYNG.
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KEDAAAIO 2

Epyoaleio evepyetakng avaivons o1Eicovong
NAEKTPLIKAOV OYNUATOV
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2.1 Ewayoyn

210%0¢ OA®V TOV YOPOV TayKoopiog sivor vo avamtuybovv mpoypdppate To omoio Ha
odNYNooLV otV avamTvEN NG MAEKTpokiviiong kot otn HOlIK) TOPAym®Yr] NAEKTPIKOV
avTOKIVATOV. Q0TOG0, N HalIK) TOPAY®YN 0VTY, TEPOV TOV OETIKOV TOV £XEL VO TPOCPEPEL,
elval tavn vo ONUIOVPYNoEL Kot 016popa TPOPANUOTO EK TMV OTOI®MV TO CTIUOVTIKOTEPO €lval N
KOTAPPEVOT] TOL OIKTVOV NAEKTPIKNG EVEPYELNG.

O1 evepYELOKES AMOLTIOELS TOV NAEKTPIKMV GLTOKIVITOV ££0PTMOVTOL 1O10UTEPA OO TIG GLVNDELEG
OV £Y0LV 01 W10KTNTEG TOVS. [ Tapdderypa, VILdPYOLVV WOO0KTATEG TOL T PopPTilovV TO PPdov
QO EMGTPEYOVV OTITL TOVG OO TN OOVAELY, UE OMOTEAECUO VO £XOVUE OKOUO LYNAOTEPN
{tnom @opTiov OTIC MPEG OLYUNG. L& AT TNV TEPINTOOT, givar eavepd 0Tl €dv 1 dadikacio
eoptiong yiver aveféleykta kot dgv  akolovOnosl kdmowovg kovoves, eivor mbavd m
SUVOIKOTNTO TOV MAEKTPKOD OIKTOOL Vo UV emopkel kot To Olktvo  Stovopng vao
AVTILETOTICOVV TPOPANUATO SLOKDUOVONC TACTG KOl VIEPPOPTIONS TOL e&omAiopov. Erouévag,
Kpivetal amapoaitnto va yivetor pe tétolo Tpomo 1M dwayeipion g CRTNong TV MAEKTPIKOV
OYNUATOV DOOTE VO, ATOPEVLYOVTOL TETOOL £ld0ve mpoPAnuata. ' To Adyo avtd, Ba mpénet vo
epappootel khmow pHOoN dwxeiptong Tov SKTLOL, N omoic B ATOTPEYEL TNV AVAYKN
damovnpaV aAlaydV 6Tl vrodopuéc. EmmAéov, autn Oa mpénel vo emTpénel GTOVS 1O10KTNTEG
TOV NAEKTPIKAOV OYNUATOV VO EKUETTAAEVLTOVV TIG EVKALPIES TNG OLYOPAC.

210 Ke@AAOo avTo Ba meprypdyoope ta epyareio Kot Tovg alyopibovg mov ypnoyLorodnkay
Yol TOV VTOAOYIGUO TNG KOUTOANG {NTNomg TV NAEKTPIKOV oxnudtov. Oa tpénet vo ovaeepOel
OTL Ol oTPATNYIKEG QOPTIONG OV HEAETHONKOV KOTA TN OIPKEL QTG TNG OUTAMUOTIKN
gpyaciog NrTov T€66EPIC.

2.2 IIpocoropropdc g {NTNoNGS NAEKTPIKAOV OYNULATOV

Ot evepyelakéc avayKkeg €vOG NAEKTPIKOD QLTOKIVITOL €E0PTAOVTOL OO TOAAES TAPAUETPOVGS, TIG
omoieg Oa meprypayoovpe otn cuvéyew. [a mapddetypa, 1 1oydg mov yperaletor Eva NAEKTPIKO
oMU Y1oL VoL KOADWEL TIG NUEPNGLES TOV OVAYKEG OAAG KO Y10 VO, Elval TANPOS POPTICUEVO TPV
TV EMOUEVI] TOL YPNOY, EMNPEAlEl TIG EVEPYEWNKES TOVL avAykeg. AALEG TOPAPETPOL TOL
emnpedalovv elvar 1 KAAOM Kot 1) TEYVOAOYIRL TOL OYNUOTOC, 1 YOPNTIKOTNTA TOV GLGGMPEVT, M
KOTOVAAW®GT TOV OYUATOG KAOMDS Ko 01 NUEPNOELS dlaKkomEG Tov Kavel kbBe 0onydc. TTpoxettan
Yo HeYOAO aplOUd TOPOUETP®V, YU OVTO KO OTTOLTEITOL EKTETOUEVT] UEAETN TV EVEPYELOKDV
AVOYKOV.

EmumAéov, 1o teMkd @optio tv MAEKTpK®V oynpbtemv mov Ba e&ummpetnBel amd 10 dikTvo
e€aptdror amd Tov apliud TOV NAEKTPIK®OV oynudtov mov Bpiokovtal 6 KuKAoQopia, amd TO
EMIMEDO POPTIONG TOL KAOEVOS OAAG PUGIKE KOl TN GTPATNYIKY] POPTIONG TOL OKOAoVOEiTaLL.

270 TOPAKATO SLAYPOUILO TALPOLGLALOVTOL GUVOTTIKA OAOL 0L TOL Ot TOPAUETPOL TTOL KaBopilovv
TN POPTIOT TOV NAEKTPIKAOV OYNUATOV.
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ApOpog Oynudtov N
Tomog Oynpatog Eninedo 1oyvog
(Class) poptiong (L)

L7e M1 N1 N2 Mode-1 Mode-2 Mode-3
Fori=1...N < y
Mortifa
Odiynong
" , ; . Kotovaroo % Zvppetoxn otg
Qpa Agiéng Qpa Avoydpnong Oyinato gn Eq,a;‘ll WZST\],ZG*
¢2 () (Consumption) (PERC)
\ / A 4 A 4
f . f ATaLTO0 HEVO Katavéioor
Aluechlpog Xpov0§ qlogucng Xpovog fbgpnﬁfqg Mnarapi«xg]

(Available Charging Time) (Charging Time) (SOC_iin)

Evepyetokég Awbéoym
Avaykeg Oynudtov IIepiodog yr V2G

(Vehicles) (D_plug)

» Amekovion Zitnong P
" i-Oyfpotog N
v
i=N?
OX1
NAI o
Amewovion Zntnong

Oynuétov (n)

Awdypoppoa 1: Avdypoppa Aok Asttoupyiag alyopibpou npoBAedng ctoAou

AvTd 10 OdYpOUO ATOTEAEL OVGLOCTIKG TO EPYOAElD0 HOG Yoo TNV eKTiunon g {NTnong tov
NAEKTPIKOV OYNUATOV.
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ApOpnoc oymuatov N

H mopdperpog avt pog detyvel Tov GuvoAko oplfpd oxnudTmy Tov avopéveTol vo TpocEABouY
TNV ETOUEVT] UEPQ TPOG POPTION. T TAOUGLO OVTHG TNG EPYACIOG EPUPUOCALE TP SLUPOPETIKA
mhoava cevdplo J1EICOHVONEC NAEKTPIKAOV OYNUATOV, £va CUVINPNTIKO, £va, od1000E0 Kol Eva
VIEPAUIGLO0EO GEVAPLO. AVTE TOPOVSIALOVTOL TOPOKAT®:

a) Xevapro 1: Zovtnpntikd 6eVAPLo, 6TO OMOI0 OVOUEVETOL Ol TOANGCELS TOV NAEKTPIKOV
oynuatov va ayyicovv 1o 15% tov cuvolMkmv ToAncemv oynudatov péxpt to 2030.

20%

~e—PHEV -Scenario 1
18% #--EREV -Scenario 1
~4—BEV - Scenario 1
— Total - Scenario 1

( N\
1 EVareexpectedto
be 15% of the total e R /_

\vehicle salesin 2030.

~

14% A

12% -

By 2030, the majority i ———
10% of EV are expectedto
8% be PHEVs.

6% -

Proportion of vehicles sales (%)

4% -

2%

0% #—e ' S

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Year

Awdypappa 2: AleiocSuon NAEKTPLKWV OXNUATWV YLO TO CUVTNPNTIKG ogvaplo tnv tepiodo 2010-2030

b) Xevapro 2: A61000E0 cevaplo, GTO OMOI0 AVOUEVETOL Ol TOANGEIS TOV NAEKTPIKOV
oynuaToVv va ayyiEovv 1o 27% tmv GUVOMK®OV TOANGE®V oynudtov péxpt to 2030.
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30%

—e—PHEV -Scenario2 | A
-~ EREV - Scenario 2 EV are expectedto be B E——

27% of the total
25% || —a—pBEV- -
BEV-Scenario2 | vehicle sales in 2030.J

— Total - Scenario 2

2

& ] I 3

G 20% By 2030, the majority

2 of EV are expectedto [__

T 15% \be PHEVSs. A —— L
]

-

S 10%

-‘E ke — & e
2 a A AT *

o 5% 1 —= 4
o

R
'_---I

samag---E=""
0% Mg 1L | - . |

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Year

Awaypappa 3: Aleioduon NAEKTPLKWV OXNUATWY yLa To atolddoo osvaplo tnv nepiodo 2010-2030

C) Xevapwo 3: Yrepaol0do&o 6evaplo, 6TO OO0 OVOUEVETAL Ol TOANGELS TOV NAEKTPIKOV
oynudtov va ekto&gutodv 6to 50% TV CLVOAMKOV TOANGE®Y oynudtwv pexpt To 2030.

20% -

60%
—'—PHEV—Scenarioi‘: EV are expectedto L

_ -#--EREV- Scena_irlo 3 be 50% of the total I
2 0% || ——BEV- Scenario3 vehicle salesin 2030. /——ff
- —— Total - Scenario 3
@ A0 - By 2030, the majority
uh
o of EV are expected
= to be BEVs. —
S 30% - T
"6 P — "—'—-:-,.______
g ~7]
£
[=]
o
g
o

10% -

0% Bl
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Year

Awaypappoa 4:AleicSuon NAEKTPLKWY OXNUATWYV YL TO UTEPALOLO80§0 aevapLo tnv nepiodo 2010-2030
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Tomoc oynuazmv Class

Ta nAextpikd oyfuata yopilovial o€ T€60EPIC OLUPOPETIKES KAAGELS:

a) L7E
b) M1
c) N1
d) N2

YT0V TOPOKATO TivaKo TopoLGLalovTal o AETTOUEPMS 0L 4 0VTEC KAAGELS avToKIviTOV [22]:

Téooepic tpoyoi, pe péytot uala 400-550 kg (xopic va
coumeptAapufaveror n palo TV UTATopIdV GE VO NAEKTPOKIVITO

1= oMU, Kot HEY1oTn Kabapn 1oy0, aveapTnTmg UNyovinG 1| Kivntipa,
15 kw
M1 EmBatikd oynua, pe téocepig tpoyods kot péypt 8 B€oelg emmAéov g
B€omng Tov 00MYOL
N1 Metopopikd Oynua, He t€aoeptg Tpoyoic Kot puéytot palo 3.500 kg
N2 Metagopikd dynuo, He TE0oEPLS TPOYXOVS Ko LEYIGTN Halo

3.500-12.000 kg

SOpeova pe €pevvec, N TAsoYNeia TV oxNUaTov mov giyav toindel oty Evpdmn to 2008
nrav katneopiog M1. Avtd eaiverol Kot 6TO TopAKAT® O18ypOLLLLeL:

Cars 87.1%

. Vehicles 12 6%

Buses & Coaches
0.3%

N

Awdypappa 5: ETOAOG NAEKTPLKWVY OXNUATWV avd tUno othv Eupwrn to 2008




ATTOALELEC QOPTIGNC

Ot andAelec POPTIONG TEPIAAUPAVOVY TIG ATMOAEIEC AOY® HETOTPOTNIG TOV EVOAAOGGOUEVOL
PEVUOTOC GE GLVEYEG TPOKEYEVOL VO TPAYUATOTOMOEL 1 @OpTIoN N 1| EKPOPTIOT) TOL NAEKTPIKOD
OYNLLOTOG, LE TOL NAEKTPOVIKA 15YVOG TOV YPNOUOTO0UVTOL KAOE Popd. ZTnVv pyacia avtn el
BewpnBel 011 01 andAeleg avtég etvan 15%.

Qpo apiEnc P a

Eivar évag povodidotatog mivakog mov Seiyvel Ty opa TG NUEPAG TOV TO YN PEVYEL 0T TO
omitt Kou PBpiokeTonr 610 SpOHO. LTV €pYacia LG £YOVUE TAPEL TPES OLLPOPETIKES OUAOEG
OYNUATOV [E SPOPETIKN dpa dpiEng 1 kdbe pia.

Qpo avayopnone P d

Etvon évag povodidotatog mivakag mov dsiyvel v dpa g NUéEPOg mov 1o dynua apyiler va
EMOTPEPEL OTO OTiTL Kol PplokeToar 610 OpoOUo. TtV €pyocion Hoc £YOVUE TAPEL TPELG
SPOPETIKEG OUADES OYNUATOV e OLOPOPETIKT MPA APENG N kOE piaL.

Eringdo weyvoc 0optione L

Onwg meptypdenke Kol 6TO TPAOTO KePAAMO, katavépetal og tpia enineda. To Eminedo-1 mov
AVOQEPETOL OTN LOVOPAGIKY QOPTIoT, T0 Eminedo-2 mov avagépetal oty TPLpacikn @option
ka1 o Eninedo-3 mov avagépetor oty tayeio poption.

Katavalmon oynuoroc Consumption

Mo deiyvel TV 16Y0 TOL KATAVAADVOLV TO OYNLATO KATA T SdpKELD TOV TASIOIDV TOVS LEGO
ot pépa. Kabe opdda oynudtmv £xel Kot S10popETIKT] KOTAVAA®ON.

Awg0<onog ypovoc opTione

[Ipdkettan Yo TG GUVOMKES DPEG HECH GTNV NUEPQ GTIS OTTOIES TOL NAEKTPIKA OYNUATO LTOPOvV
va poptiCovv. H mapdpetpoc avt eaptdtot amd T1g MPeG APLENG, TIG MPES avay®PNoNg Kabmg
KOL TNV GTPUTNYIKN @OPTIONG TOL aKoAovOeitat.

ATOITOVUEVOCS YPOVOC QOPTIONS

Avt M mapapeTpog kabopilel v eAdylotn ypovikny mePiodo Katd TV omoia To NAEKTPIKO
OYMUOL TPETEL VO TOPAUEVEL GUVOEIEUEVO GTO SIKTVO E£TCL MGTE VO POPTICTEL TANP®G. AT 1M
nepiodog eopTIong kabopiletar amd TN ¥pHoN TOL OYNUATOG KOl OO TN HEYITTN 1oYD POPTIONG
TOV S1BECIUOV VTOSOUMY POPTIONG.
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Youperoyq otic eoapnoyéc V2G (PERC)

H mopdpetpog avtn pog dgiyvel To m0cootd TG pumotapiog mov cvoppetéyxel ot V2G Aettovpyio.
To PERC eivor punoév yuoo 6Aeg Tic otpatnyikés mépav avtng mov meptlouPdver m V26
Aettovpyia.

Awo@éowun wepiodoc yio V2G (Dpluq)

H mapdpetpog avt pog delyvel TIc dpeg TS MUEPAS TOL TO OYMUo €xEL TN duvatdTTO VO
exQoptilel, emoTpéPovtog evépyeln oTo OikTvo. Mog evolapépel UOVO GTN GTPOTNYIKN TOV
nephapPaver t V2G Aettovpyia.

Katavaloon pratapios (SOC in)

Me tov kaBopiopd ™S GLVOAIKTG ATOGTAGTS TOV TASIOEVEL Eval OYMULA UTOPEL VO DTTOAOYIOTEL 1
mocdTTO NG eVéPYELg mov Katovoiwdnke. H mapdupetpog avt) eaptdror and T1g Kopikég
OULVONKEG, TNV TaYVTNTO 00 YNONG, TNV KATAGTOGT TOV SPOUOV Kot GAAOVG TOPAYOVTaL, YU OVTO
KOl {PNCLLOTOLEITOL TNV EPYOTia Lo HEGH TIUT Yol TNV AVAALGT TOV NAEKTPIKAOV OYNUAT®V.

2TPOTNYIKN QOPTICNC

[Ipoxertan, icmwg, Yoo ™MV MO GNUOVTIKY] TOPAUETPO GTOV VTOAOYIGUO TNG TEMKNG KOUTOANG
Mmong  tov  nmiektpikav  oynudtov. Ov  otpatnyikés @Optiong eivor  Té0oEPIS Kot
TOPOVGLALOVTAL AVOAVTIKE TOPAKAT®:

o Xrpatnyiki A — Mn gheyyépevn @option (Dumb charging): Eivor n ¢dption n onoia
yiveton yopic Kdmolo cuYKeKPYEVO TAGVO, OTOTE TO amoPAcicel 0 KABe 0dnyds. X
oLYKEKPIUEVN gpyacia €xovpe Bempnoet OTL ot odnyol TV AVTOKIVATOV @opTilovv TO
OYNLLOTA TOVG OTO TN GTLYUN TOL YUPVAVE GTITL TOVG UEYPL TO TPMI TNG EMOUEVNG LEPOC.
Ot dpeg avTég O1PEPOLY Yo KEOe pio amd TIg TPELG OHAOES OYNUAT®V TOL £XOVUE GTNV
TaPOVCH EPYACIaL.

o Xrpatnywkiy B — Eleyyopevn @option pe siloviko Tiporéyro (dual tariff charging):
Y€ OVTN TN OTPATNYIKN POPTIGNS, Ol 00NYOl TOV NAEKTPIKAOV OYNUAT®V TPOYLOTOTOI0VV
N EOPTIOT KATA TN SIAPKELD TG VOYTOS TTOL 1 ¥pEon eivan pikpotepn. Xe avtifeon pe
PV, £0M Exovpe oTabePEG DPEG POPTIONG Yot OAOL TOL OYNLOLTAL.

o  Xrpatnywn C - E&vavn @éption (Smart charging): Xe avtd to cevdplo n @option
yivetal Katd KOplo AGYo OTIG TEPLOSOVG U OYUNG, DOTE VO £YOVLLE L0l TTO NI GOPTION
OAAG Ko gloyiotomoinon TG OlKOUOVONG TOL (OPTiov, TO Omoio KAt EMEKTOON
CUVETAYETOL TNV EAAYLOTOTOINGT TOV ATOAEIDV. XVVNOWOG TIC OPES PN aLyuns, OTwg yio
nopddelypo To Enuepopata, To oynpato givol otafuevpéva, KATL TOV EMTPENEL TNV
OTOTEAEGULATIKY] OloyEipLoT TG POPTIONG,.

e Yrtpornywkn D — Ano to Oymua oto diktvo (Vehicle-to-grid): Anotelei po eméxtaon
™G £EVTVNG POPTIONG, GTNV oToia 01 0dN Yol Exovv T dvvatdTnTa TOGO Vo PopTilovy 660
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Kol va, eKQOoPTIOVV TOL OXNLLOTA TOVG, EMOTPEPOVTOS EVEPYELN 0TO dikTLO. 'ETot, diveton n
EVKOIPIOL GTOVE KATOYOVLG MAEKTPIKMOV OYNUATOV Vo UTOpoLV VO YPYNGLLOTO00V To
OYNLOTA TOVG KOl MG TNYN EVEPYELNG 1 ®G Topoyn Bondntikdv vanpecidv 1o 4iKTLO
Katd T Odpkew TOV 0podV ayuns. Me avtd Tov Tpomo Pyaivovv kepdiouévort,
OKOVOUIKG, Ol 00MYol, OAAG KOl TO SIKTLO MAEKTPIKNG EVEPYELNG KOOMG £YEL WO MO
otabepn| Aettovpyio.

Hopatipnon:

I'o Adyovg peyavtepne axpifetag éxel optobei oty epyacia pa véa povada ypovov, to time
slot, to omoio &ivor T0 pIKPOTEPO Y¥POVIKO dldoTNH HEGH 6TO 0moio T0 e€mTEPIKO TTEPIPAAAOV
Bewpeiton apetdfinto. Emopévog, o evooydpevn odvdoeon-amochvoeon evog oynuatog and
ovokevn QoOptiong Kabawg kot 1 Evapén Kot 0OAOKANpwoN G eOPTIoNG Umopohv av yivouv
AVTUMNATA LOVO GE aKEPULN TOAAATAGGLO VTOD TOV Sl0GTHHATOC. MEGa 6TO S146TNHO TOV £VOG
timeslot dev yivetar va vrapéel kamoto aAloyr. TNV Tapovca epyacia 1 didpkela tov time slot
elvar 1 opa.

2.3 MuOnpotiko povrtéro vroroyiopov {NTnons NAEKTPIKOV OYIUATOV

[Ipotov mapovcidcovpe 0 pobNuUoTKd HOVIEAO oTO Oomoio PacilotiKope £I61 MCTE Vo
KatoAnEovpe oty TEMKN {TNoN NAEKTPIKOV OYNUATOV Y10 TIG GTPATNYIKEG EEVTTVNG POPTIONC,
O mpémel va ava@EPOVUE OTL LIAPYOVY JAPOPETIKEG HEBOOOL dayeipiong tov Poptiov T®V
niextpikov oynuatov. H pia katnyopia givar ot kevipikég puébodor dayeipiong [23]-[33] xar m
GAAN ot amokevipopéveg péBodor [34]-[43]. To Pacikd TAEOVEKTNUA TMOV OTOKEVIPOUEV®V
pnedddwv eivor 61t ombve 10 TPOPANUO OE  EMPUEPOLG KOUUATIO, UEWDVOVTOS £TCL TIG
VTOAOYIOTIKESG OTTOLTIOELS KOl 00N YADVTOG G€ EVKOAOTEPN emilvor Tov TpoPfAnuatog. [Tépav Tmv
peBddmv daeiptong Tov EopTiov, £YOVUE KOl SLOUPOPETIKOVS CAYOPIOLOLS dloElptong Tov
@optiov, 0 KaBévas and Tovg omoiovg Avvet To TPOPANUA e BAGT TOLG O1KOVG TOVL TEPLOPIGHOVG.
Mepkd mopadeiypoto TETo1mv S1aQopPETIKOV oAyopifuwy, o1 0moiot VAOTOOLV TV £VVOlo, TOL
“valley filling”, avagépovtan otic dnuoocievoelg [23]-[26].

Mo 115 avdykeg ™G TopoVoHG SIMAMUATIKNG KOl LEAETOVTOG TNV EMIOPACT TNG POPTIONG TOV
OYNUAT®V 0o TN GKOTLA TOL OIKTVOV, LIOBETOVUE Evay KEVTPIKO adydpiBo o omoiog £xel oKomd
v eAlaylotonoinon g olaxvuovons tov @optiov. To pabnuotikd poviélo oavtod Tov
alyopifpov mapovotdleTal TOPAKAT®:
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Avtikeipevich Zuvdptnon (Objective Function)

L {PE () - PEL (D) — SM, PPC + D(1))

[Iepropiopot

Omov:

P (®)
hl,i = Sy (PEL®)  Copy = Z22) — (50Ces — 50Cy,) = 0
= PL() - Pl () =0
h3,i = (1 - DPlugi(t)) ( Chl(t) + dChl(t)) =

t
Gri = Xi=1 Pacn.( )/ — min{PERC, (SOCin; = Ppaty,,,)} - Coar < 0
Ce
G, = SOC,(t) + Trart Phi(0) =L —1<0
931 = Poaty,, — SOC(£) + —(“ <0
Chat eff

ai = (P& = Poiug) * (Pagh,i(8) = Ppiug) < O
= Pch,i(t) P () =0

t = 1o time slot
N = 0 ap1Oudc TOV NAEKTPIKOV OYNUATOV
PLY.(t) = woy0g popTiong avé time slot
PEV. () = n 1oy0¢ ekpdpTiong avé time slot
PjD G = mopayd eV 16Y0C TOV AVAVEDGILMVY TYDOV EVEPYELIS
D(t) = n apywn {Ron Tov diktdov
Cpat =M XOPNTIKOTNTO TOL GUGCOPELTY] TOV OYNUATOV

Cesr =M am6300M KOTA TN GOPTION N TNV EKGOPTION TNG UaTapiog

(1)
(2)
(3)

(4)

(5)

(6)

(7)
(8)

S0C 405 = 10 €MiMEdO POPTIONG TNG UTaTOpiag TPy apyicel va eopTilel Yo TpdTn POpd

péca otn uépa

SOC;, = 1o emimedo POPTIONG NG UTOTOPIOG OPOV CTOUATACEL Vo, QOPTILEL Yoo TN

OLYKEKPIULEVT HEPDL
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DPlug,i(t) =
PERC = 10 m0000T0 NG pmatapiog mov cvpupetéyel ot V2G Aettovpyia

Pyat,,,, = TO EMIYIOTO TOGOGTO PEXPL TO OTTOIO EMTPETETAL VOL EKPOPTIGEL | pTaTapio

T, = 0 xpOVOG APIENG TOV OYNLOTOG
Tgep = 0 xPpOVOG OVOYDPNGNG TOV OYNHOTOS
SOC;(t) =10 eninedo poOpTIONG TG Uratapiog avd time slot

Pyiug =M péyiotn 1oy0g gpopTiong g pmotapiog og éva time slot

O1 mepropiopol Tov TpoavaPEPaLE AELTOVPYOLV MG EENG:

O mepropopog (1) deilyvet 611 N dopopd TG GLVOMKNG 1G6YV0G POPTIONG LEGA GTN OLAPKELD TNG
LEPAG TN GLVOAIKY] 100 EKPOPTIONG, dev Umopel va Eemepvd 10 eminedo EOPTIGNG OV £YOVUE
opicel g SOCyes-SOCin. H w60mta (2) deiyverl 6t éva dOynuo dev pumopet vor Kaver Kot tig dvo
Aertovpyieg TanTOYpOVE, OMNANON va popTilet kot va ekpoptilet. O TpiTog TEPLOPIGUOG PAVEPDVEL
OVLGLOOTIKA TTOLES O TIG MPEG TIC UEPOG UITOPOVUE VO EYOVUE POPTIOT KO EKPOPTIOT), OVAAOYOL
pe v Tt Tov Dpjyg.

Oocov agopd v Tp®dTn avicmon, dnAadn tov meplopiopd (4), avtdg ¥pNoYLoTolEiTal MGTE M
EKQOPTION TOL KAOE OYMUaTOG UECH OTN HEPA VO UNV EEMEPVAEL TO. EMTPENTA OPlO, TO OTOiN
tiBevion gite amd v pratapio gite amd Tovg 00MYOVS TOL £kdoToTE OYNUATOC. O TEPLOPIGUOG
(5) elvar amapaitmrog dote T0 €mMimedo POPTIONG TNG Umatopiag vo unv Eemepvdel ylo kopio
ottyun to 100%. EmurAéov, 1o mepropiopodg (6) pog detyvetl 6t n ek@option mpénet va givor toon,
OCTE VO UMV TEQTEL TOTE 1) proTopior KAT® amd To EMTPENTO OPLO0 POPTIONG, ONANST TO Phat jow-
Téhog, or mepropiopol (7) ko (8) mapovsialovy 10 dve Kol KAT® Oplo avticToryo, e 1oyxv0g
eOPTIONG TOL OYNLOTOG avd time slot.

2.4 Y)iomoinon 1@V aryopiOpov TpocolopioHod TMV EVEPYELUKAV AVAYKOV

TOV OYNNATOV

Ye avtd 10 VTOKEPAANIO B0 TOPOVGIACOVE O ATAT) VAOTOINGT TV dpdpmv alyopiOuwmv-
OTPATNYIKOV QOPTICNG OV YPTCLULOTOMCALE KOTA TNV EKTOVNON TNG SUTAMUATIKNG £pYOTiag,
£T01 AGTE VO, YIVEL KOTAVONTA 1] AEITOVPYia TOVG Kot 01 SLVOTOTNTESG TOVC.
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Apykd, Oa avagépovpe TIC TIHEG OPIGUEVOV BACTKOV TAPAUETP®VY TOV XPNCYLOTOMONKAV GTOVG

alyopifuovg awtodg avtohg Kot ot omoieg Exovv d00el faciouéveg e Bempnoelg Tov emmOnKay
TPONYOVUEVOC.

Ap1Budc oymudrev
Yto mopodeiypato mov akolovBovv €xovue Bewpnoet €vav otoho 800 nAextpikdv
oYNUATOV.

Ioybc edpTiong
IMa Aoyovg amiovotevong, oy epyacio avtn £yovue Bempnioet 0Tt OAC To OYNUOTOL
eoptilovtat pe tov 1610 TpdmO, Eyovtag 1oyd eopTiong ta 3,6 KW.

Kartavaiooeig oynudrmv
Mo tig katavalooelg oynudtov £ovpe kavel v e&ng Bedpnon: €xovpe yopicetr Ta

oynuota og tpels opdoeg oynpbrov. H kabe pio amd avtég xet Kot t dikid TG nuepnota
katavédiwon péoa ot pépa. Mo ovykekpéva, n Koatavdiwon yioo KaOe opdda
OYMNUATOV QAIVETOL TOPAKATO:

Opdoa 1 30% g GLVOMKNG 16YVOG TNG UTATOUPIOG
Oudoa 2 20% tng GLVOMKNG 16YV0G TG Umatapiog
Opdoa 3 40% g cLVOAIKNG 16YV0G TNG Umatapiog

Teyvoloyia cuoowpevTOV
Kot g autr| Vv mopduetpo £govpe kavel pa yevikevon, 0empdvtag 0Tt OAL To OYNUOTOL
£YOVUE GLOCMPEVTES e YwpnTiKOTTA 21 KW.

Huepnoo koumuin optiov

[Ipotov deiEovpe mapadeiypato Tov Tmg ennpedlel n kdBe oTpaTNYIK) TN AgtTovpYia TOV
VIOAOITOV SIKTVOV, B0 TOPOVGIACOVLE TPMTA L0 NUEPNGLO KAUTOAN QOpTiov, KoM
Kot TV nuepniowa kapmoin tapayoyng AlIIE, otig onoleg Paciotnkav ta mapadeiyporta
7oL 0KoAoVOOVV:

1:00 4.182877
2:00 3.484298
3:00 3.458256
4:00 3.197117
5:00 3

6:00 3.032842
7:00 3.526756
8:00 4.303878
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9:00 5.396325
10:00 6.072074
11:00 6.639882
12:00 6.7785
13:00 6.842678
14:00 6.748837
15:00 6.245374
16:00 6.079886
17:00 6.33142
18:00 7.03403
19:00 75
20:00 7.415728
21:00 7.21499
22:00 6.288547
23:00 5.389047
0:00 5.413193
Kot og duaypappas
Huepnolo ZuvoAko Moprtio
8

3

2

1

0
O 0000000000000 090090090909 9 9
Q2220222
A NN ND O N®BANO A ANMNMEINON®OONOS AN MmO

D e T o T R o R o TR e B o B e R o B o\ A o VA o VR o\

Awdypappa 6: Huepriolo cuvoAikoé dpoptio
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2.4.1 Yromoinon otpatnyikig A (dumb charging)

Onwg avaeépape Kot TpoNyouUEVOS, GE OVTH TN GTPATNYIKY POPTIONG 01 00MnYyoi poptilovy Ta
OYNLLOTA TOVG OO TNV OPO TOL EMOTPEPOVY GTO OTITL TOVG OO TN OOVLAELL HEYPL KO TO TP
™G emduevNG HéPOG OV TaL Ypetdovrat Eava.

INa otého 500 oynmudtov, n kapumOAn {\TNONG TOV MAEKTPIKOV OYNUAT®V TOV TPOKLITEL
VAOTOIDVTOG TN GTpaTNYIK) A givat:

Huepnowa {Ntnon NAEKTPLKWV OXNUATWY

, A
e I\

[
|
0.8 /
|
/

0.6

0.4

\
- / \
2 B, N

1:00
2:00
3:00
4:00
5:00
6:00
7:00
8:00
9:00
10:00
11:00
12:00
13:00
14:00
15:00
16:00
17:00
19:00
20:00
21:00
23:00
0:00

Awdypappa 7: Huepnota Intnon nAektpikwv oxnpatwv (dumb charging)

[Mopatmpodpe 6T N oy Tov EOPTIOL TOV NAEKTPIKOV oynudtwv Bpicketol 6T1g 8 0 Bpadv, To
omoio elvat Aoykd apob 01 TEPIGGATEPOL 001YOL £XOVV EMOTPEYEL GTO GTITL TOVG EKELVN TV DPOL
Kot €govv oapyiler va @optilovv ta oyfuatd tovc. Emiong, mopatnpodpue Ott 1 @opTIon
OAOKANPAOVETOL OTIS 2 TO ENUEPDOLOTA.

21 ovvéyewn, mOPOLGLALETAL TO TEAMKO OMOTEAECUN TOV €YOVUE GTN GLVOAIKN (RTnom Tov
@optiov, £yovtog TPocHECEL Kt TO POPTIO TV OYNUATOV:
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Huepnowo ¢oprtio
10

.
\

0
OO0 0000000000000 000000 000
Q2222
S ANN <N O NODDO A AN NN ONOOOODOO AN MmO
™ A e A AN AN NN

=3 UVOAIKO $POpTiO === Apy1KO dopTio XWPIC EV

Awaypappa 8: Huepnoto ¢optio (dumb charging)

To cvoumépacpa mov TPOKVTTEL Elval OTL LE QTN TN GTPATNYIKY POPTIONG, OAO TO QPOPTIO TOV
NAEKTPIK®OV OYNUATOV ELQOVILETAL TIC MPEG ALYUNG TOV SIKTVOV, LLE ATOTELECUO VO KOTAATYOVLLE
og akopa peyorvtepo peak.

2.4.2 Yhomoinon otpatnykis B (dual tariff charging)

Yg Ot TN OTPATNYIKN QOPTIONG, Ol 0dNYOl TOV NAEKTPIK®OV OYNUATOV TPAYUATOTOOLY TN
QOpTION KATA TN dtpKeLd TG VOYTag oL 1 Ypéwon sivor pikpodtepn. H kapmoin (nmmong tov
500 NAEKTPIKOV OYNUATOV QOIVETOL TAPOUKATO:

47



Huepnowa INtnon NAEKTPLKWV OXNHATWY

3.5

2.5

MW

D000 0000000000000 0000 00O

0000000 aaQQ 0

AN NI ORONS A NNITINONGONOS 4 NmS
R I o B o B B B R O IR B B o\ I o VI o VR @)

Awdypappa 9: Hueprnota Itnon nAektpikwv oxnpatwv (dual tariff)

[Mapatnpodue o6t otn otpatnywr dual tariff n @dption mpoyuatomoteitor peta&d TOL
dwomuoatog 11 10 PBpadv pe 3 1o Enuepopata. To ocvvolkd amotéhecpo Oo  sivol:

Huepnowo ¢optio

MwW

O R, N W H U1 O N 0O O
L

OO0 0000000000000 0 00000
eeeeeefeeeeeeeeeeeee
NN <N ONO0ODDO A AN MSE N ONO0OOO N O

I = A AN AN AN AN

e JUVOALKO popTio  ====ApXIkd bopTio xWpig EV

Awdypappa 10: Hueprnoto dpoprtio (dual tariff)

2.4.3 Yhomoinon otpatnykis C (smart charging)
Edd éxovpe @option Kupimwg TiIc dpeg pn ayung tov owtvov. Eva mapdadetypa Asttovpyiog avtng
NG GTPATNYIKNG EVaL TO TOPAKATO:
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Huepnowa INtnon NAEKTPLKWV OXNHATWY
1.8
1.6

14
1.2 /

Z |
208 i
0.6 I
0.4 1
0.2
0
[elNeolololololNololNoNoRoNoloNolNoNoNoNoRololNolololNe]
eeeeeeeeeeeeeeeereeeeeee
AN N TN ONNODOODTO A AN NN ONODOOO A NMmO
™ A A A A AN AN
Awdypappa 11: Huepiowa {Rtnon nAekTplkwyv oxnpatwy (smart charging)
Kot 1 ouvoAikn {inon tov dikthov mpokimtel og eENg:
Huepnowo ¢optio
8
7 o X
5 \
z, S
=
3
2
1
0
O O O O O OO O OO0 0O 00 000 00O OO o o o
L2222
AN N TN ONOOOTO A AN NMOS<TN ONOOCOO A AN MmO
™ e e AN AN
=3 UVOAIKO dpopTio === Apy1KO dopTio YWPIC EV

Awaypappa 12: Huepriow ¢optio (smart charging)

Xoprépacpo: Me autr| T GTPATNYIKN 1| POPTIGT TPOYUOTOTOLEITOL KUPIOG TIC TPADTEG TPOIVES
wpeg, exel mov N {NTNomM ToL JKTVOVL glvar YOUNAT. AVTO €)Xl OC AMOTEAEGUO TV KAADTEP
otafepotnra Tov diktHov. Emiong, odnyel oe KaAVTEPO OIKOVOLUKA OTOTEAEGLLOTA Y10, TO OTKTVO,
Omm¢ Ba amodeifovpe Kot 6To TEAELTAIO KEPAANLO VTNG TNG EPYACTOC.
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2.4.4 Y)homoinon otpatnykig D (vehicle to grid)

[Tpokerron yio po Pertioon g otpatnykng smart charging n omoio 0dnyei og axoun kaAdtepa
aroteAéopata. OVGLUOTIKA, EKUETAALEVETAL TO YEYOVOG OTL TOL OYNMOTO UTOpPOvV, Ol LOVO Vol
amoLTovV, 0AAG Kot va divouv evépyela 6to diktvo fonbdvTag £T61 Tn Agttovpyia TOL.

H otpamnykn avt) eEaptdrot amd TOAALEC TOPAUETPOVS, KOl ETGL VITAPYOLYV TOAAOL 1OPOPETIKOL
TpOTOL VAOTOINoNg ™e. [ Tapddetypa, po TopaUeTpog mov Toilel onpavtikd poAo givol to
TOGOGTO GLUUETOYNG TOV GVGGMPELTH ToV oYNuoTog Y V2G Aettovpyieg (PERC). e avtd 1o
Ke@dAalo Oa Tapovoidcovpe ta arotedéopato 600 mbavav tepmtdcewy, pia va govpe PERC
ico pe 10% xon pia va €govpe PERC {co pe 20%. AkolovBovv o amoTEAEGUATO QVTAOV TOV dVO
TEPUTTAOGEDV.

a)  PERC =10%

H ocvvolikry {itmon tov NAeKTpK@V oxnUAT®V GE LT TNV TEPIMTMOON TAPOLGLALETAL GTN
GLVEXELNL:

Huepnota {Ntnon NAEKTPLKWY OXNHATWVY

2.5

Awdypappa 13: Hueprola {itnon nAekTpkwv oxnpatwv (V2G pe PERC=10%)

[Mapamnpodpue 611 ta0 oynuatoe @optiCovv petald 11 10 Ppddv ko 6 ta ENUEPOUOTO KoL
ekpoptilovv Tig Mpeg 6 pe 10 to Ppddv. To amotéreopo avtol gival vo pewdvetal to peak mov
eneavilel To dikTVO ekelveg TIG DPeG. AVTO PaiveTO KAADTEPO KOl GTO ETOUEVO SLAYPOLLLLLOL:
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Huepnoo ¢optio

MW
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JUVOALKO dopTio === ApXLKO PopTio Ywpig EV

Awaypappa 14: Huepriow ¢oprtio (V2G pe PERC=10%)

b) PERC = 20%
Znon oynuaTov:

Huepnota Intnon NAEKTPLKWY OXNHATWV
2.5

=
1/ \\

7

g0.5
= \\ s

Awdypappa 15: Hueprola {itnon nAektpkwv oxnpuatwv (V2G pe PERC=20%)
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Telkd nuepnolo poptio:

Huepnowo doptio
8
7
6 —
5 \
S ;&

24
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=3 UVOAIKO dOpTi0 === Apy1KO dopTio XWPIC EV

Awaypappa 16: Huepriow ¢optio (V2G pe PERC=20%)

Xopmépacpo: Me v avénon tov mococtov cvupeToyng otg V2G Asrtovpyieg kepdilovpe
peyoAvtepn otabepomoinon g cLVoAKNg {NTNoNS Tov dIKTHOV.

52



53



KEDAAAIO 3

Epyoielo 0IKTVOKS AVAAVGIS OLELGOVONG
NAEKTPLKAOV OYNUATOV
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3.1 Ewoayoy

To Matpower givat évo mokéto Aoyiopkol avotktod kmdwke Matlab mov mpocouoidver v
NAeKTPIKN evépyeln. XPNOUOMOLEiTal EVPEMG YO TNV TPOCOUOIWGON Yo GKOTOUS E£PELVOG
Kot ekmaidgvong toéoo g AC kot DC ponig oyvog 660 kot g Pértiotng porg oyvoc (OPF).
Eniong, mepilappdvel epyodeio yioo voo YVAOTOWOCOLY TV SNUOTPATNGT ayopds mov Pacileton oto
OPF kot v Beltiotonoinon evépyelog ko epedpeiag. Xtn dtovoun cvumepthapBavetor mndohpo
TOPASEYHLATOV TEPIMTOOE®V pong oyvog kot OPF, ta omoio kvpaivovior omd omid
nopadelypato teeoipmv {UYDV MG TPAYUATIKEG TEPUTTMCELS LEPIKMV EKOTOVTAOW®V LUYMV.

To MATPOWER amoteieiton amd pio ceipd @akéAmv-m oxedlacuéveoy va amodidovy v 060
duvaToOV KOADTEPT ETIO0CT EVD TOVTOHYPOVA YPTCLLOTOOVV £vay EDKOAO KMOWKO, 0 0moiog etva
g0KoAO, KaTovonTtog Kor mpocoppoocipoc. To Matlab éyer yiver éva yvmotd epyodeio yia
EMIGTNUOVIKOUS VTOAOYICHOVS, GLVOLALEL pio vynAiol EMTEIOV YADGOH 1O0VIKY Yo
VIOAOYIGHOVG SLOVUGUATOV KOl TVOK®V, [ TAATPOPUO SGTOIPmOONS TOL XPOVOL EKTEAEONG
omplopevo oe wyvpég padnuatikés Pipaodnkeg, éva olokAnpopévo mepiBariov avamTuéng
Kot ypopkd mepBariov (GUI) pe efaupetikég SuvoTOTNTEG OMEKOVIONG, KOL L0 EVEPYN
KowotnTo ¥pNoTOV Kot mpoypappatiot®v. Kabog eivor o vynlod emmédov mOTNUOVIKY
YADGGO VTOAOYIGHOV, &€ivol KOTAAANAN Y apl@unTikovg VLTOAOYIGHOVG YOPUKTNPLOTIKNG
oTafepT|g KATAGTOGNG TPOGOUOIMOTG TOV GLGTHUOTOG NAEKTPIKNG EVEPYELNG.

To apykd kivntpo yioo mv avamtvén g Matlab mov Baciletar ot pon 160yvog Kot 6ToV KK,
OPF mov tehkd Oa yivet MATPOWER, mpoékvye amd TIG LIOAOYIOTIKEG OTOUTHGELS TNG
mAateoppog  PowerWeb. Q¢ o mhoteopua  mpocopoiwong, mov  Paciletor ot
OLOOIKTLOKY  Oyopd, YPNOOTOLEITOL Vi Vo EAEYEEL TIC OyOPEG MAEKTIPIKNG EVEPYELNS, TO
PowerWeb amoutel o «EEumvn ayopd» TAEIGTNPLOGHOD EKKAOAPIONG TOL AOYIGHIKOD TO 0010
ypnowonotel v OPF yio va vmoloyicel T emyyopnynoelg kot T Tés. ‘Exoviag v
dvvatdtTo vo glvol YpNOLLO KOl GE GAAOVLG E€PELVNTEG KOU EKTOOEVTEG, TO AOYIGUIKO
Kok opopnoe 10 1997 pécm SdIKTOOL MG £vO OVOIKTOD TAKETOL TPOCOUOIMONG NG
nAexTpikng evépyeog kot topa oavépetor omd to GNU GPL. Extdég amd v opyikn
KUKAOQOpio. TOv, éva peydlo pépog tng ovveylopevng avamtuéng tov MATPOWER eivar ot
AVAYKES OV TPOEKLYAV amd TG avaykes tov PowerWeb. Avtd e&nyel ev pépet v élheryn
YPOPIKNG OETAPNG TOV YPNOTN TOV YPNOLUOTOIEITOL ad KOO0 TOPOLOLN EPYOAEia, OT®S TO
PSAT.

Eved ovyvd ypnowomoteiton wg €va epyoieio TPOCOUOIDGEMY Yo, Vo, €KTEAEl AMADS &va
OTLYIOTLUTO TOV OIKTOHOV OTWG opiletor péc® €vOg QOKEAOL €10000V, Umopel ®GTOCO Vo
amoteAéoel pio moAOTYN PAodnKn Asttovpyidv Yo xprom o€ Eva kmowa mov Bo dnpiovpyndet
oo KATOOV EPEVVITH TPOGOPUOCUEVO GTNV £PELVA TOV. Xe aVTO TO YOUNAITEPO £MinedO, TO
MATPOWER mapéyet ebkoreg otn ypnon AErtovpyieg yio ) SopOpP®on oTafepdv SIKTO®OV
Ybus kot mivokeg B, vmoAoyilet ™ HeETOQOPE €VEPYENG KoL TOLG TOPAYOVTES SLVOUNG TNG
dtakomng Aertovpyiog (PTDFs and LODFS), kat vmoloyilel amotehecpotikd, peto&d GAAmV, Toug
TPATOVS KO SEVTEPOVG TTAPAYWDYOLS TV EEICOGEMY PONG IoXVMV. X £Vo DYNAOTEPO EMMEDO, 1|
doun ™G epoapupoyng OPF éyet pntd oyedactel yioo va €ivol avOALTIKY, ETITPETOVTOG TNV
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TPOGONKN HETAPANTOV, TG 0T0iEg OpilEL O YPNOTNG, TOL KOGTOVS KO YPOULIKOVG TEPLOPIGLOVG.

O mpoemireypévog Atng OPF givat £va vynAng amddoong adyoptOpog Lovov-oumhod E6MTEPTKOV
onueiov mov epapudletor apymg amd t Matlab. Avtog o AVTNG €xel epapproyn oto YEVIKG un
ypappkd tpoPAnuata Bertictoroinong ektdég tov MATPOWER kot €yel pio amdn Asttovpyio
TOL KAVEL TN dNpovpyio Kot EXIAVGT TV YPOLLKOD TPoypappotiopod (LP) kot twv tetpaynvikon
npoypoppoaticpov (QP) mpofAnudtwv dkoAn.

‘Exetr avamtuyfel o ogipd amd Aoyiopikd nakéta Pooilopeve oto Matlab mov oyetilovion pe
TNV TPOCOUOI®ON NG NAEKTPIKNG evéPYElnG, amd dAlovc. H mepiinyn tov yopakinpioTikdv
avtov Tapovctdletal oto. Ta KOpla daxprd yopaxtnpiotikd tov MATPOWER, ektoc and 10
OtL givor éva amd To TPOTA OV JSaTEONKAV IMUOCIo Kot €AeVLOEPO OC OVOIKTOV TVITOL
npoypduparta, givar 1 emékTaoom g apyltektovikng ovvieong tov OPF gpyodeiov kot 1 evkoAia
YPNONG TOL MG L0 EPYOAEIOONKN LE GLVAPTAGELS TOL £XEL TN SLVATOTNTA VO EVGMUOTOVETOL GTO
Tpoypappato kKamowv dAiov. Emiong eivar copfotd pe to Octave.H meprypagn tov makéTov
MATPOWER rov akolovbet apopd v 4" ékdoon.

3.2 Movtélo

To MATPOWER e@apudler 6Ao 1o cvvnOiopévo poviédAo HOVIUNG KOTAGTOGNG TOL
XPNOLOTO0VVTOL GLVNO®G Yoo TV avdAvon g pong oxvos. Ta povtéha AC meprypdpovtan
TPOTO, KOt 6T GLVEYEWDL To omAomomuéva povtéda DC. Oha ta peyédn tov aluwv petpodvtan
ovQ LOVAJdO KOl Ol YOVIESG TOV TOADTAOK®OV TOGOTHT®V eKQPAlovial o€ aktivia. Adym Tng
duvatomntag TS YAMdoodg mpoypoupoTicpod tov Matlab oto yepopd mvakov kot
SVUGHATOV, TO LOVTEAD KOl O1 EEI0AGELS TTOL TTAPOLGIALOVTOL E0M EIvol GE HOPEY| TIVAK®V Kot
SOVUGUATOV.

3.2.1 Mopon Apyeimv

To apyeia dedopévmv mov ypnoiporotovvror amd 1o MATPOWER eivor ta apyeio-m Matlab 1 ta
apyeio-mat mov kabopilovv kot amodidovv pio amdn doun Matlab. H poper tov apyeiov-m &ivon
éva amAd Kelpevo, 10 omoio pmopel KAmMO0G Vo emeSepyaoTEl YPNOYLOTOIDVTOS OTOLONTOTE
npoypappa enefepyaoty kewwévov. Ta media g doung eivan baseMVA, (oydg, ypouun,
yvevwntpio (gen), Kot TPoopeTIKA T0 KOOTOG TAPAYMYNG EVEPYELNG OO TV yevwvnTpla (gencost),
6mov mn baseMVA eivar povodidotatn kot o vroloro gival mivokes. XTovg mivokes, 1 KaOe
oelpd avtiotoryel oe éva Quyod, pla ypapun, o yevwhrpla. Ot otiieg givol Tapdpoteg pe Tig
omieg ot cuvnbiopéveg IEEE, CDF kou PTI popeés. O apBudc tov cepdv atovg {uyovs, 6TIC
YPOLLLES KO GTIG YEVVITPLES Elvor Np, Ny Ko Ng avicToyo.

322 I'pappn
Oleg o1 ypoppég HETAPOPAEC, Ol UETACYNUOTIOTEG KOL Ol HETATPOTMEIS (PAGE®MS E£YOLV
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povtelomomOet pe €vo KOO HOVIEAO YPOUUDV, TOL OTOTEAEITOL OO £V TPOTLTO LOVTIEAO
ypoupn puetadoong T (HE HioL €V GEIPA OVTIOTOOT Zs = Fs + jXs KO LU0 GUVOAIKT] Y®PNTIKOTNTO,
eoptiong be) oe oepd pe pa Wovikny edon petatoémions petooynuatioty. O HeETAcYNUATIGTNG,
TOV omoiov o deiktNg tap &yl péyebog T Ko Pdomn yoviag petatdmong Oshif, Ppioketon oy apyn
™G YPOUUNG, OT™G paiveTon 6Tto Zynua 2.5.

Ot ovvBeteg e10Qopéc pedUaTog amd TV omd Kol TPOG TO. AKPO, TNG YPOUUNG, avTioTOol)O,
UITOPOVV VO EKPPACTOVV GOUPOVA e ToV 2 X 2 mivaka ayoydttag tov branch Yy, kot tov
aVTIGTOO 0KPOdEKTT TacewV (Voltages) v kot vy.

HEAE &

Me v gv o€1pd ayoydTTo. 6T0 HOVTELO T Tov cLUPoAileTan pe to Ys=1/7;, 0 mivakog
OYOYLOTNTOG TNG YPappG umopel va ypaptel o¢ 8Ng

[ b, 1 1
R s +J ?) ) Vs Te—)Osnirt |
Ypr = l 1 b (2)
—Yy — + i<
s TelOsnift Ys TJ 2

Ta téooepa oToLyElot AVTOV TOV TIVOKE Yo TV YPaUUn | YpdgovTol oG eENG:

yff yftl (3)

Ybr l
th Vit
10te Ttécoepa Ny X 1 dwavooporta Ye, Yi, Yi ko Yy WITOPOOV VO KATOGKELOGTOOV, OOV TO |
oTotyeio TV Kabevos TPoEPyETAL A TO OVTioTOLO GTolKElo Tov Yy, EmmAéov ot Ny X Ny aponig
oOvdeong mivokeg (sparse connection matrices) Cf war Ct mov ypnowomomdnkov otnv
KOTOOKELT] TOV UNTPAOV OYOYIHOTNTAG TOL GUOTHUOTOS KOU UTOPOVV VO OPIGTOLV OTMG
neprypagetat ot ovvéyeo. To otoyeio (i, J) Tov Cr kau to otoryeio (i, K) tov Cq givar ico pe 1
ywo. KaOe 1 ypopun, 6mov n 1 ypappun cvvdést tov Luyo j ue tov {uyod K. Ta vroloura croyeio Tov
Ct ko tov C; giva undév.

if N*iy i

M|§'f

n,
=
=)

.
|
-

N = redFauin

Awdypappa 17: MovtéAo ypoappung

3.2.3 T'evvitpra
Mo yevwnfTplo S10HopP@VETOL MG [l GUVOETN £yyvom evépyelag oe Eva cuykekpiévo Cuyod. Ta
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™ yevviTpla i, n yyvon eivor

st =pL+jq (4)

H e€icwon Sy = F; + jQg4 pmopet va yivel Ng X 1 didvucpa ovtdv tev yicemv Tov YevwnTplov.
‘Evog dubomaptog-opotds Ny X Ng mivaxag Cy ovvdeong tng yevvntpog (sparse generator
connection) pmopei va. opiotel €161 wote 10 (i, j) otoyeio tov va givan 1 av n yevvntpla |
Bpioketar oto {uyd | Ko undév otic vrolouteg TepT®oels. To Ny X 1 ddvvoua GAwV TV {uydv
EYYVOEMV OO TIG YEVVITPLEC UTOPEL VO EKPPACTEL G

g,bus = Cg ’ Sg (5)

3.2.4 ®opria

Ta otabepd poptia evépyelag StopopeOVOVTAL MG Lo, 6TadePT] TOGOTNTA EVEPYNG Kl AEPYNS
1oy00¢ oV KaTavolmvetal o€ Eva Luyo. Ta tov Quyd i, To poprtio givar

sy =p5+jqh (6)

kot 1 e€iowon S; = F; + jQ4 vmoonAmvel to Np X 1 d1dvucuo twv ToATAOK®V @opTimv OAwV
tov {uyov. H otabepn avtictaon kot ta eoptia otabepod pedpotog dev epappdlovrol dueca,
oAAG To. otabepd TUNpOTO OviicTtoong pmopolv va  povieromomBodv ®g €vo otoryeio
SKAAOWONG, TO 0T0i0 TEPTYPAPETOL TOPAKAT®. TO KATAVEUOUEVO POPTIOL LOVTEAOTOLOVVTOL (MG
apVNTIKEG YEVVITPLEG Ko eppaviCovTan e apvnTikég TIHEG GTO Sq.

3.2.5 Shunt Elements

"Eva cuvdedepévo shunt otoyyeio 0nmg £vag mukvmtig 1 évo, anvio givol LOVIEAOTOIUEVO MG pio
otafepn avtiotaon ywo yeiowon oe évav (uyd. H ayoyywodtnta tov otoiyeiov ektpomng (shunt
element) otov i {uyod divetar g €ENG

Yin = gin + jbly (7)

ka1 1 e&icwon Yy, = Ggp + jBgp exopdlet 1o Np X 1 d1dvucpa tng EKTPOTNS TG Y®YIUOTNTOS OE
6Aovg ToVg LuyoVg.
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3.2.6 E€lomoeig o1kTV0V

[No éva diktvo pe N, buses, olo ta otobepd otoyeio TG avtioToong TOL HOVTEAOV
eEvompoT®vovTol og évo ouvleto nb x nb wivaxa ayoypotitov tov {uyod Ybus mov oyetilel Tic
oOvOeTEC KOUPIKES E10poPES NAEKTPIKOD pevuatog 1bus pe tig moAdmhokeg koppikéc taoeig V:

Ipus = Ypus -V (8)

Opoimg, yia éva diktvo pe nl ypapués, to nl X nb cvotua ypapuodv untpodv ayoyipotitov Y
kot Yt oyetilovv 11¢ thoelg otoug {uyovg pe to Nl X 1 dtovdoparta If ko It nAektpicod pedpatoc
TOV YPOUU®DV a0 KOl TPOS TO AKPO OA®V TOV YPUUUDV, OVTIGTOLYOL:

I =YV 9)
It:Yt'V (10)

Av 10 cbuporo [ * ] ypnoipomoteiton Yoo vo vTOdNAMGEL va ¥pNoTn mov Taipvel €va N X 1
Svuc oL Kot ONovpyet Tov avTicToyo N X N dlydvio Tivaka e To 6TolxElo TOV dovOGULATOG
oTN SYADVI0, OVTO TO GUGTNLLA TIVAK®OV oy®YILOTNTOG UTopel va oynuotiotel og e€Ng:

Yp = [V Cr + [Yre] Ce (11)
Y, = [th]Cf + [Ytt]Ct (12)
Yous = Cfo + CtTYt + [Ysh] (13)

O gyyooelg pedpatog tv (8)—(10) pmopovv va ypnoiporomBovv yioo vo VTOAOYIGOVV TIC
avTioTOolEG GVVOETEG E10POEG NAEKTPIKNG EVEPYELNG (MG GLVAPTIGELS TOV UYOIIKADV TAGEMV TOV
Luyov V:

Spus(V) = [V]lpys = [V]YpusV™ (14)
S (V) = [CV]Iz = [cv]vyve (15)
Se(V) = [GV]IE = [CV]Y; Ve (16)

Ot kopPucéc e1opoég tov LuYoD OTN GUVEKELD CLUPOVOVV LE TIG ELGPOLES TV POPTIMV KOl TOV
YEVVITPLOV Y10 VO GYNUATIGTOVV ot €&lomaelg 1ooppomiag ¢ evépyelng tov AC kopfov,
eKQPOLOUEVEG G CLUVOPTNGELS TOV TOAVTAOK®OV TACE®V TV {UY®OV Kol TOV £YYUCEMV TNG
yYevWnTplag o€ pio ohvOetn popen| mivaka 6mwg n okoAovon

9s(V,Sy) = Spus(V) + Sqg — €4Sy =0 (17)

59



3.2.7 To povtéro DC
H otvbeon tov DC Basciletor otig id1eg mapapétpovg, ahdd pe Tig akdAovbeg Tpelg emmAéov
OTAOVGTEVTIKEC VTTOBECELS.

o  Orypappéc pmopovv va BempnBodv yopic andieleg. Educotepa, ol aviiotdoels tng
YPOUUNG IS Kot 1) yopntikotnTo eopTiong be sivon apeintéec.
1 1

Vs = T+ jx zjz, b, =0 (18)
e  Ola ta peyédn téong tov {uyov givatl kovtd oto 1 p.u.

v; ~ elf! (19)
e Ot dwpopég ot Yyovia Taong HeTabd TV YPOUU®V ivorl pikpn

sin(6y — 0, — Osnife) = 05 — 0 — Ognise (20)

Me 10 cvvdvacpd tov (1) kot Tov (2) pe ta (18) xon (19), n moAvsvvBeTn pon pevpatog ce o
YPOUU UTTOPEL VO TPOGEYYIOTEL G EENG

L jxl . (% oIOF _ ef(et+eshift)) 1)
S

Emniéov ypnowonowwvtag t (19) ko avt) ™ mpocéyylon pELUATOS Y10 VO VITOAOYICTEL M
nePIMAOKT PoT| 16Y0V0G, GTN CLVEXELN EEAYOVTOG TO TPAYUOTIKO HEPOG Kot epapuoloviag tnv
tehevtaio amd tig vrobéselg tov povrédov DC and tic anoddoelg (20), mpoxvmtet 0Tt

1
pr = Xt (6 — 6, — Oshise) (22)

Onwg Ntav avapevouevo, dedopéVNG TS XOPIG OmMAELES TAPAdOYNS, MU0 TOPOLOLD TOPOYWYT
Y10 T0 P 00Myel 610 pr = —py. H oxfon uetadd mg npoyuatikic pofg 16}00G Kol TOV YOVIOV
Taong Yo i Egymprotn ypoupn I pmopel va 600l cuvontikd we eENG:

Pr1 i Qf .
[Pt] = Bp, [Ht] + Pepirt (23)

b. —b: b:
Omov 10 B = [_ llo b.l], Slhl-ft =0 [bl-]’ Kot T0 bj kabopilovtar GOUE®VO UE TIG OVTIGTACELS
l L l

oelpdg kat o deiktng ratio tap yio avti ™ ypapun og b; = 1 /xi Tt
S

Me éva povtého DC, ot ypappikég elomoelg tov diktvov oyetiCovv v evepyn 16x0 HE TIG
yovieg Taong tov (uyol, £VavTl TNG TEPMTMOENMS TOV EVOAAAGGOUEVODL PEVUATOS AOY® TOV
nepimAokov pPedHOTOC KOl TV TOAVTAOK®V Tdoewv oto {uyd. To np X 1 dudvoopa Bg
Kataokevdletar mapdpola pe to Yy, 0mov 10 otoyeio 1 givar to bi. Eved to Pfshift eivan 1o

dtdvvoua nl X 1 tov omoiov 10 oTOLYKELD | £lvan i60 pe —Héhiftbi. 21N CLVEYELD, Ol TPOLYHOTIKES
KOUPIKES €yX00ELS 16Y00G UTOPOvV VO EKOPOCTOVV MG 0L YPOUUIKY Gvvaptnon tov O, 10
dtvocpa Np X 1 tov yovidv tdong tov {uyod

Ppus(0) = BpysO + Pbus,shift (24)
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Omov Ppyssnire = (Cr — Ce)" Prsnige. Tlopopoiog n pofi g ypopung and ta drpa tg kabe
YPOUUNG VO YPOUUIKES GUVOPTIHGELS TOV YOVIOV TSNS TOL {Uyov

Kol AOY® NG YopIig amdAElEg Tapadoyns, ol PoEC GTo TPOS To. GKpa dlvovtol omd Tov TOTO
Py = —P¢. H xatackev] tov Tvakmv Tov cuotpatog B eivar avdroyn mpog tovg mivakeg tov
ocvotipatog Y yio to povtédo AC:
By = [Byr|(Cr - CO) (26)
Byus = (Cr — C¢) By (27)

Ot xopPucég e€lomoelg g woppomiog woyvog DC yia to cvonUo PITopodV Vo EKPPUCTOVY UE
ToVv akOAovfo oo

gP(Q'Pg) = BpusO + Pbus,shift + Py + Ggp, — Cgpg =0 (28)

omov 1o Ggh mpoceyyilel T0 OGO NG EVEPYELNS TOV KOATAVAADVETOL amd To otafepd cToryeio
EKTPOTNG NG avtioTaons vtd v vdBeon g téomng tov (19).

3.3 Pon Ioyvog

To npdTLIO pONG 16YHOG N TO TPOPANUA PONG POPTIOL TEPIAAUPAVEL ETIAVOT Yo TO GUVOAO TOV
TAGE®V KOl TOV PpO®V G€ éva OlkTLO TOL avTioTolKEl og éva kabopiopévo potifo eoptiov kot
napayoyns. To MATPOWER repiiapfavel Adteg yio ta TpofANUATO pong 1oYVOG KoL Yo TV
AC ka1 v DC, kot ta 600 ek TV omoiwv meptiapfdavouvy v enilvon piag oelpds eElomcemv
™G HOPPNG

g(x) =0 (29)

N omoin KOTACKEVAGTNKE eKPPALOVTOG £va VTOGVLVOAO TNG e&lcmong T KOUPIKNG 1c0ppoTiag
™G €VEPYEWS ®OC GLVOPTNAGES TOV Ayveoot®v mocotntov tdons. Olot ot AVteg TOL
MATPOWER a&iomotobv T1g eAdy1oteg avapopés Tov TPOoPANHaTog Kat, kTG amd tnv Gauss-
Seidel, amodidovv kaAd ce mOAD peydia cvotfiuoarta. I[Ipog To TopoOV Kavéva omd aVTH dev
nepapPavetl kamowo avtopatn avafaduion tov petacynuatiotov taps 1 GAAeg TeXVIKEG oTNV
TPOoTABELD. VO IKoVOTo|GovVy Tovg Tumikovg OPF meplopiopove, 6mmg etvar 1 yevvitplo, 1 téon
N T 0Pl PONG TOV YPOUUDV.
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3.3.1 Pon Ioyvoc AC

Y10 MATPOWER, «katd cvvOnkm, évac Luyog pe pia yevwhtpua opiletoar wg {uyog avaeopds
wote e Paon avtd tov {uyd va opilovror ol TAGELS, Ol YOVIEC Kot 1 EvEPYOS 1oyvG avtov. H
yovia tdong otov {uyd avaeopdg Exel YVOGTH TN, 0AAYL 1| EVEPYOS 1oYDG TNG YEVVIATPLOS GTO
uyo avaeopdg eivol dyvootn yu TV amo@uynq LIePPOMKNS avaivong tov mpoPAnuatoc. Ot
vroromot {uyol pe yevvntpieg Katatdooovtal g Luyot PV, pe dedopéveg Tig TYég tov peyéboug
G TéomMg Kol TG £YYLONG TNG EVEPYOD 10YV0G. Agdouévov 0Tt Ta poptia Py ko Qg Exovv emiong
d00ei, 6Aot o1 {uyol mov dev amotelovvTal amd YEVVITPLEG KaTnyoptomolovvtal ¢ PQ Luyol, pe
evepyég Ko depyeg eyyvoelg mAnpac kabopiopéves. 'Eotm 0t ta lrer, lpy, Ko Ipg dNA®dVOLV TO
oLUVoOAo TV OelkT®V TV uydv ovapopds, twv PV kat tov PQ Quydv avtictoyya. Xtnv
TOPUOOGLOKT SLOTLTTMOT) TOV TPOPANUATOC TS pong woyvog tov AC, n e€lowon tov 1olvyiov
mg evépyelng oto (17) dwywpiletor oto gvepyd kol oTo Gepyo WEPT|, EKQPACUEVO MG
GLVOPTNGELS TOV YOVIOV TAong @ Kot Tomv peyedav Vi kot tov eyydcemv g yevvnplog Py kot
Qg, 0oV ot eyxvoEIS TOL PopTiov BewpovvTal 6TAdEPES Kot dEGOUEVES:

gP(Q' Vi, Pg) = Ppyus(0, Vi) + Py — Coby =0 (30)

90(60, Vi, Py) = Quus(0, V) + Qq — C;Q, = 0 (31)

[ to TpoPinua pong toyvog oto AC, n e&icwon g(X) and v (29) oymuatiletor pe ™ Aqyn g
aplotepng TAELPAg g e€icmwong tooluyiov tng mpaypatikng woyvog (30) yia 6Aovg tov Luyovg
extog amd Tov Quyd avapopds. Xty e&icmon 1oppomiag g aepyov oyvog (31) yio dAovg Tovg
Cuyoig PQ ewodyovta o1 yovieg avagopds, ta eoptio Kot 01 YVOGTEG EYXVGELS EVEPYELNS OO TIG
YEVVITPLEG KO TOL LEYEON TOV TACEMV:

95 (6, Vo Fy)
96’ (0, %ns Q)

g(x) = (32)

To ddvuopa X amotedeitor amd TV TIG EVATOUEIVOVTEG AyVOGTEG TOGOTNTEG TAONG, ONAON TIG
yovieg Tdong oe 6Aovg Tovug {uyohc Un avaeopds kot ta peyén téong otovg Cuyoug PQ:
Oy Vi & Les

x= Vj € lpg

(33)

o

Avtd mopdyet £vo GOGTNUO U YPOUUKOV EEICOGEOV LE Npy + 2Npg EEICMOGELS KOl 0yVAOGTOVG,
Omov Npy Kat Npg eivor o apOpog tov PV kot PQ Quyav avtictoya. Me v enilvon tov X, 0
evamopévovoa evepyn oyd ¢ e&iomong tov 1ooluyiov umopel va ypnopomombet yoo tov
VIOAOYIOUO TNG £YYVONG TNG EVEPYOL 16YV0G amd T YevwhTpla 6to {uyo avapopds. Oupoimg ot
vrorowmeg Npy +1 e&iomoelg woluyiov g depyng oydog amodidovv Tig eyydoes g depyng
EVEPYELNG TNG YEVVITPLOG.

To MATPOWER mepihappdvel téooepic d1a@opeTikods aAydpiBuovg yi v enilvon tov
TpoPfAnuatog e pong toyxvog tov AC. O mpoemiheyuévog Atng Paciletor oty otabepn uébodo
Tov Newton ypnoyoTotdVTaG Lo TOAKY LOPON Kot £vVOL TANPN EVILEPOUEVO 1oK®Plavd mivako
oe k&Be emavdinyn. Kabe Prjpa, omm pébodo Newton, meprhopfaver tov VTOAOYIGUO TNG
avavtietotyiog g(x), oynuatiCovrag Tov wkoPlovd mivaka o omoiog Pacileton otic evaicinoieg
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QLTAOV TOV AVOVTICTOUIOV OTIS OAAAYEC TOL X Kol ADVEL Yoo TV avobeopnuévn petafintn X
TOPUYOVIOTOIOVTAG T OTOlXElo Tov 1oKwPlavod mivaxa. Avty n uébodog meprypdpeton
AEMTOUEPDG GE TOALG EyYEPIOLO.

Emiong mephappdvovtar ot Ateg mov Pacilovior o maporiayéc g puebddov g Toyeiog
amoovvoeoNc, Kot cvykekpiuévo ot uéBodor XB kot BX meprypdeovtar 610. Avtol ot AVTEG
LELOVOVV CTLOVTIKA TO TOGO TOL VITOAOYIGHOV OVA EXAVAANYT, LE TV EVNUEPMON TOV HEYEDDY
TAOMG KOl TOV YOVIOV, EEXOPIOTA oTNPLOUEVOL GTN TPOGEYYIoT TOV GTUOEPDOV TOV 10K®PBLoVOV
mov cvvumoloyifovtor puoévo pic @opd otnv apyn g Swdwkociog emiAvone. Avtég ot
€EOIKOVOUNCELS OVA ETAVAANYT, OUW®GS, £XOVV MG TiUNUo TeEPLocdTepEG emavornyels. O Tétaptog
aAyopiBpog eivan m wpoTuan pébodog Gauss- Seidel amd tovg Glimm ko Stagg. "Exer moArd
pelovekTioto o€ oyéon pe tn pébodo Newton ko mepriapfavetot yio akadnpoikovg Adyovc.

Amd TV mpoemAoyn, ot A0TeC TG pong oyvog tov AC amimdg Avvovv 10 mPOPANUO TOL
TEPLYPAPNKE TOPATAV®, OYVODVTAG OMOONTOTE OPlaL TNG YEVVNTPLIG, TA Oplol PONG Tng
YPOUUNG, Ta Opla. ToL peyEBoug g tdomg, KA. Q6TdG0 LVITAPYEL L0 ETIAOYT TOV EMITPEMEL GTO,
OplaL TG AEPYOL 1GYVOG TNG YEVVITPLOS VAL TNPOVVTAL €1G BAPOG TG EMBLUNTAG TYWNS TS TACTG.
Av10 yivetarl mpocbétovrog Evav eEmteptkd Ppodyo yOpw amd v emilvorn g AC porig poptiov.
Av kéBe yevwntpla €xet mopaflacpévo to Oplo TG depyov 1oYVOC, TOTE 1M £YXLON TNG AEPYOL
oyvo¢ opiletar oto 6plo, o avtiotoog Quydc petatpémetar oe Luyd PQ, kot m pon woyvog
emvetor Eava. Avt mn ddikacio emavalapPaveTor Emg 6Tov dev VIAPYOLY TAELOV GAAES
TopoPLicELC.

3.3.2 DC Power Flow- pon pevpatog DC

Mo 10 wpdPAnua g pong woyvog DC [162], 0 didvuoua X amotedeital amd T0 GUVOAO TOV
YOVIOV TAong 6€ OA0VLG Tovg LuYolg ekTOG 0o ToV LLYO AVaPOPAg

X = [9{1}],Vl & Iref (34)

Kot 1o (29) maipvel ™ €N Lopen
Bgx —Pg. =0 (35)

6mov 10 Byc eiva 0 évag (Np- 1) X (Np- 1) wivakag mov Aappdvetor omd thy omin e€dretyn and 1o
Bpus ™V ypappn kot otiAn mov avrtiotoyel oto {uyd avagopdg Kol ovTioToro oTn yovio
avogopdc. Asdopévov ot kabopilovrar ot e16poég Py tng yevvitplag oe 6oV Tov {uyolg exTog
and tov {uyd avapopdc, 10 Pgc umopel vo oynUaTIoTEL amd TIG GEPES TOV TEGCAP®V TEAELTAIWV
Op®Vv T0V (28) dNAON OO AVTEG TIG U AVOPOPAG.

Ot yovieg thong tov X vroroyilovror amd pio. Guecn AVGN TOL GLVOAOL TMOV YPUUUIKOV
e€lomoemv. 1N cuvéyelo LToAoYI{ovTal Ol POEC TNG YPOUUNG KOl O EYYVGELS TNG YEVVITPLOG GTO
Cuyo avagopds, ancgvbeiog amd TIc Yyovieg Tdong tov Luyod péowm tov (25) Kou TG KATAAANANG
YPOUUNG Tov (28), avtictotyo.
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3.3.3 Linear Shift Factors

To povtého pong toxbog DC pmopel emiong va ypnoipomombel yioo va VIOAOYIGTOOLV Ol
evacnoieg TV podV YPOUUNG OTIC OAAAYEG TOV EYYVOEMV EVEPYN 1OYVOG OTOVG KOUPoLC,
nepikés opéc ovoudlovrol mapdyovteg petotomiong eyyvoewv (ISF) 1 mapdyovreg petatdmiong
Tapay®YNS. Avtol ot Tivaxkeg evousOnoiag Ny X Np, oL OVOUALOVTOL ENIGTG TAPAYOVTES OLOVOUNG
¢ petaPifaong g evépystog 1 PTDFS, kot @épouv o EUUIEST]) TOPAOOYN CYETIKA LE TN
Bapumnta Tov kabe Luyod dwavounc. Av 1o H ypnotpomoteiton yio va vrtoonAdocet évav PTDF
nivako, T0Te TO oTOKElD OTN GEPA | ko 6T GTNAN |, hjj, avtmmpocwredel v aArayn Tng pong
™G eVEPYOVG 1oY0OG 0T Ypouun i divovtog o povadiaio avEnon oty evépyeto Tov Bo eyyvbel
oto {uyd |, pe v mopoadoyn Ot N mPOchHeTn povade 1oxbog EEAYETOL GUUPOVO, UE Lo
kaBopiopévn katavoun pe Baon tov {uyod avoaeopdg:

APf = HAPbus (36)

Avt) 1 Boapdmra Tov Quydv dtovopng puropel vo ekppactel wg £va Ny X 1 didvooua W tov un-
apvNTIKOV Bapdv TV omoiwv o otoryeior abBpoilovrar oe 1. Kdébe otoryeio kabopiletor and 10
10606TO Tov VYol avaeopds mov Aapfdvetar oe kébe (uyd. o v 0N TepinT®on €vOg
Coyov avaeopdc K, To W givat ico pe to divoopa . O avtiotoryog PTDF mivakog Hy pmopet va
KOTOOKELAOGTEL ONovpydvTag Tpmta Tov N X (N - 1) mivaka

H, = B; By} (37)

€L6GyovTag 6T GLVEXEWD pHio UNdeVIKT oThAN ot othAn K. Ed® 7o Ef Kot 10 By Aappdvovion
and to Bf ko Byys , avtictorya, eEaieipovtag Tig 6THAES TV {UYDV GTOVG 0TOI0VE AVAPEPOVTOL
Ko, 0TV tepintwon tov Bdc, apapdvrag ) ypopun K mov avtiotoryei otov Quyd avagopdg. O
PTDF mivaxag Hy, mov avtiotoyei oe pwa yevikn dtavoun slack w, umopel va Angbei oamd
omotadnmote dAho PTDF, 6mwg o Hy, apatpdvtag to W and Kdbe oTtAn, Tov 160dVVaEL [LE TOV
aKOAoV00 AAO TOALATAAGIOGUO TNG UNTPOG:

H, = Hy(I —w-17) (38)

Avtol o1 TaPAyovTIES YPOUUIKNG HETATOMIONG WTOPOLV EMIONG VO YPNOCLOTomBodv yio va
VTOAOYLGTOVV Ol EVOUGHNGIEG TV PODV TOV YPAUUDV GE SOKOTES TOPOYNG TOV YPOUUADV, TOV
elvar yvootol oG Tapdyovteg SVOUNG TNG YPOUUNG TPOCMPIVIG SOKOTNG NG TOPOYNS M
LODFs. Agdopévov 611 o mivakag PTDF Hy, o avtictotyog mivakag ny x nj LODF L pmopet va
Kataokevootel g e&ng, Omov lij eivar 10 otoryelo ot oewpd | kKo 6T GTHAN j, WOV
AVTITPOCMOTEVEL TNV OAAAYT TG PONG oTN Ypapuun | (og KAMGGHO TG apylkng pofg TOV) Yl Ui

S1aKoTN TG AELTOVPYING TNG YPOUUNG |-

[Ipwtov, T0 H avTITPpOCO®TEVEL TOV TVAKA TOV EVOICONGLOV TNG PONG TNG YPULUNG TPOG TIG POES
™G YPOUUNG, TO 0moio mpoékvye amd Tov molhamiactocoud tov mivake PTDF and tov mivoko
cuuPavimv Tov KOUBoL YpapungG:

H =H,(Cr — C) T (39)

Av 10 hjj etvar ) evocbnoia g porg ot ypapun i oe oxéon pe T por 6T Ypouun J, Tote to ljj
pmopetl va ekppaotel og e€Ng
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(40)

To MATPOWER mepihapfavel cuvaptoelg yio tov vroroyispd tov nivakoe DC PTDF kot tov
avtiotoyov mivakoe LODF egite yo éva Luyd avagopds K 1y éva {uyd davoung tov
VO LOTOG W.

3.4. Béhtiotn Po Loyvog

To MATPOWER meptloppdvel Kodko yioo TNV €TIALGOT TOV TPOPANUOTOC TG PEATIOTNG PO
oyvoc 1060 Tv AC 600 kot tov DC ekdodcemv. H Paocikn ékdoom tov kabevog maipvel v
aKoAovOn popen:

min f(x) (41)
X
subject to g(x) =0 (42)
h(x) <0 (43)
Xmin Sx = Xmax (4‘4)
3.4.1 Standard AC OPF

To dudvucpa Bertiotonoinong X yia to Tpdtumo TpoPAnua tov AC OPF amoteleiton amd to
davoopata Ny X 1 tov yoviav tdong @ ko peyédn Vi kot ta dtavdcpoto Ng X 1 tov eyydcemv
NG EvePYOL Kot depyov 1oydog Py rat Qg Tng yevviiTplag:
[9]
Vi 45)
X =

P, (

g
H oavikeevikn ovvapmmon (41) sivar amddg g dBpoion TV OTOMK®OV TOAVOVUU®V

ocvvaptioenv koéctovg fp kot fg TV eyydcewmv e evepyod Kot depyov oydog avtictotya, Yo
Ka0e yevvnTpla:

min " fih) + £(a}) (46)

0,Vm.Pg.Qg
l

Ot mepropiopol 1wodtrag (42) etvar amdd o TANPES GHVOAO TOV 2:Np U1 YPOUUIK®OV EEICHOCEDV
160ppoTiag TG evepyol Kot depyov 1oyvog amd 1o (30) ko to (31). Ot mepropiopol avicdHTTOG
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(43) amotelovvtal amd dVO cHVOLL OpiV PONG TNG YPAUUNG N G U1 YPOLUK®V GUVOPTNCEDY
TOV YOVIOV Kol peyeddv taong tov {uyov, £va Yo T0 oo T0 GKPO Kot TO GAAO Y10 TO TPOS TO
TEAOG KAOE YpOoUUNG:

hf(@; V) = |Ff(9'Vm)| — Fnax <0 (47)
ht(Qr Vm) = |Ft(@'Vm)| — Fpax <0 (48)

Ot poég eivar TumKG EavopevTn pon 1oyvog mov ekppdlovtar oe MVA, aAAdd pmopel va givon
POEG EVEPYOVG 1GYVO0G N NAEKTPIKOV PEVUATOC, Ol OTTOIES AmodidovV T akOAOVOES Tpelg mBavVEG
HOPPES Y10 TOLG TEPLOPLGLOVG TNG PONG:

S¢(0,V), apparent power
Fr(0,Vy) = P:(0,Vy), real power (49)
1:(0,Vy), current

6mov 7o I kabopileton oto (9), T0 St 010 (15), T0 Pi= R{S{} K011 TO dtdvuopa v opiwv ponc Fmax
EYeL TIG KATAAANAEG LOVADES Yo TOV TOTTO TOL mEPLoptopov. To 1610 1oyvel kot yio 10 Fy(@, V).
Ta petapintd opa (44) meprhapfavovy Evav TEPLOPICUO 1GOTNTAG GE OTOLOONTOTE YWOVIN TOV
Cuyol avagopds Kabds Kot T avATEPA KOl KATOTEPA OpLa OA®V TV HEYEDDV TAGEmS ToL {uYoD
OAAQ KOL TOV EVEPYDV KOl AEPYOV EYYVCEMV TNG YEVVITPLOG:

0/ <6, <0/, i € Loy (50)
veMt < vl S VR, =101, (51)
pi™t < pl < pi™er i=1,..,n, (52)
;™" < qh <@, i=1..1n, (53)

3.4.2 Standard DC OPF

Otav ypnoomolovvtor vrobécelg povtedomoinong tov diktoov DC xon mepropilovrag to
TOAVOVUUIKA KOOTN devTéPov Pabuod to cvvndiopévo Tpofinua tov OPF dnwc avaeépbnke
nponyovpévmg umopel va amdomondel oe éva mpOPANUA TETPAY®VIKOD TPOYPOLUATIGUOD, WE
YPOUUIKOVS TEPLOPICUOVS KOl L0 TETPOYMOVIKT] GLVAPTNGT KOGTOVC. X€ QLT TNV TEPITTMOT TA
Hey€On taong Kot depyov 1oyvog eEaleipovtol amd To TPOPANUO Kol Ol EVEPYES POES 1GYVOG
SLLOPPOVOVTOL OC UL YPOUUKT GLVAPTNON TOV YoOVioV tdone. H petafint peyiotonoinong
etvon

-

K0l T0 GLVOMKO TPOPAN U pewmvel To (55)—(60) OTmg paiveTotl TopaKdT®:
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Ng
: i(ani
min Z for () (55)
=

Subjectto  g,(0,P;) = ByusO + Pyussnise + Pa + Gsp + C4B, (56)
hr(0) = BrO + Py gnist — Fax < 0 (57)
he(@) = —BfO — Pr spifr — Fpax < 0 (58)
0/ <6, <0/, i € Ly (59)
pi™ < pl <pym, i=1,..,1m (60)

3.4.3 Extetapévog oynuotiopdg tov OPF

To MATPOWER ypnowponotei pia ektetopévn doun tov OPF mov emitpémel oto yprotn va
TPOTOTOMNGEL 1] V. AwENGEL TN cHVOEST TOV TPOPANLATOC YWPIG Va Eavaypdyel To TUOTO TTOV
etvar kowvd pe v tomikn ovvheomn tov OPF. Avto yivetan HEGH TOV TPOUPETIKOV TAPAUETPOV
€16000V, O10ITNPAOVTAG TNV IKavOTNTA VO, Ypnoiporotovy pre-compiled Avtec. H mpdtumn cdvOeon
éyel tpomomomfel HECH® NG EIGOYOYNG CLUTANPOUATIKOV TPOOIPETIKOV KooT®V fy mov
opilovtar amd TO YPNOTN, MEPLOPICUMV Kol UETAPANTOV Z Kot umopel v ypagtel pe v
aKOAovON TvoAoYia.:

min f(x) + f, (%, 2) (61)
Subjectto  g(x) =0 (62)
h(x) <0 (63)
Xmin =x= Xmax (64)
1<all|<v (65)
Zmin <z< Zmax (66)

H opilopevn and to ypnom cvvéptnon k6ctovg opiletor ¢ v GUVOAO TOPAUETPOV GE Lol
TPoKkaBoPIGUEVT LOPPY] TOV TTEPLYPAPETOL AETTOUEPDS GTO. AVTH 1| LOPPT TTapExeEL TNV eveMEla
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YO TOV YEPWOHO €VOG €VPY  PACUATOG KOGTOLG, OO OmMAEG YPOUUIKEG GUVAPTHGELS
BeAltiotomoinong t@v UETAPANTOV £mC TETPOY®OVIKNG KAMUOKOS KUPHOGES, OMWS TAGELS TOV
Bpiokoviar €kTOG TOL €mMBLUNTOV €VPOVS, £MG GLVOPTNOELS YPOUUK®DV GUVOLOCUDV TOV
UETOPANTAOV, EUTVEVGUEVES OO TIG OTOLTNGELS TOV OP®V GLVTOVICUOD TOV TILMV. ToL Ppédnkav
OTNV amoGUVOEST TOV UEYOA®V YOAUPE GUVOESEUEVOV TPOPANUATOV TOV OVEKLYOV KOl GTNV
£peuva TOV.

3.4.4 Ilpétvneg Enektaoerg

Extég amd 1 O61dbeon g emektdoyung doung tov OPF otoug tehkolg ypnotec, To
MATPOWER mpoc@épel 10 TAEOVEKTNUO, TNG ECWTEPIKNG EPAPUOYNG TOAADV TPdsOeTmV
SLVOTOTTOV.

1) Tunuozixn ypowuxs tov kdéorovg (Piecewise Linear Costs): H tvmikn odvBeon tov OPF
oto (41)- (44) dev yeiletor QUESH TIC UN-OUOAEG TUNLUOTIKEG YPOUMKES GUVOPTNOELS
KOGTOVG OV GLVNOWE TPOKVTTOVY OO SLUKPLTEG TPOCPOPES KO TPOCTPOPES OTIC AYOPES
™G MAeKTpKNg evépyelas. Otav Opmg TETOES GLVAPTNCELS KOGTOVG elvar KLPTEG,
UTTOPOVV VO LOVTEAOTOIM OOV Y¥PNCLOTOIHOVTOS Lo HEBOOO e TEPLOPIGUEVOL KOGTOVG
petafint (CCV). H tunpotikn ypoppikn ocvuvaptnon kéotovg C(X) avrikobiotatar amd
wo  Pondntik petafAnty Y kot omd €va GOVOAO YPOUUK®DV TEPLOPIGUAOV TOV
oynpoatifouv pa Kupt Koeapevi>> mov arartovv to petafAntd k66Tog Y vo BpiokeTon
oV emypaer ¢ cuvaptnong c(x).

Mo KupTf] N-TUNUATOV TUNUATIKO YPOUUIKTS GLVAPTNONG KOGTOVG

( m(x—x1)+c, x<x
mz(x - xZ) + Cy, X4 <x< X1

() =1 ; (67)

\ m(x —x,) +n,x,_1 <x

umopei va. opileton amd pa axorovbia onupeiov (X, ¢j), j = 0...n, 6mov M; dnAdvetl TV

KAlon TOL TUNUATOG |
ci —Cj_
m=2—12 j=1,..n (68)
Xj — Xj—1

Kot Xo < xq < - <xpKumy <m, <--<m, H defapevn mov aviictolyel oe avt
™ ouvvdptnon KoOctovg oynuatifeton omd Tovg akdAovBove N TEPLOPICUOVS OTN
BonOnrtikn petafin kdotoug y:

yij(x—xj)+cj,j= 1,..,n (69)

O 0pog ToV KOGTOVG OV TPOCTIOETOL GTNV AVIIKEWEVIKY Guvaptnon ot Béon tov C(X)
etvar amAdg n petapint y. I'a éva AC 1 DC OPF, to MATPOWER ypnoiponotei tv

68



npocéyyon tov CCV eocmtepikd yuoo vo ONUIOVPYNCEL ovtoOpate Tn Pondnty
HETOPANTY, TOV OpO TOL KOGTOLG, KOl TO OVIIGTOLYO GUVOAO TMOV TEPLOPICUDV Yiol
OTOI0ONTTOTE TUNUATIKA YPOLUIKT GUVAPTNGT KOGTOLG TNG YEVVITPLOG,.

2) Karaveuoueva Doptio: (o, amAn TPOGEYYIOT Y10, TO KATAvEUOUEVE 1| evaicOnta oty
TIUN Qoption €lval 1 HOVTEAOTOINGN TOVG MG EYYVOELS OPVNTIKNG EVEPYNG 10Y(VOC LE
OLGYETIGUEVO, APVNTIKA KOGTN. AVTO yivetor pe tov kabopiopd LG YEVVNTPLOG LE
OPVNTIKN TOPOY®YN, TOL KLUOIVETOL amd Mol eAdylotn £yyvomn ion pe TO apvnTikod
HEYLETO OLVOTO POPTIO G [ol HEYIOTN €yyvon iom pe o undév. Me avtd to povtéro, av
TO OPVNTIKO KOGTOG OVTIOTOUKEL 0 OPEAOG Yl KATOVAAMGT, 1 €AOYIOTOMOINGT] TOL
Kk6otovg f(X) T TapaymyNg 1G0SVVaLEL HE TN HEYIOTOTOINGT TG KOWVMVIKNG TPOVOLAG.
Me éva povtélo diktvov AC, mpokdmtel emiong To epOTNUO TNG AEPYOL KOTOVOUNG Yol
tétown poptio. Xt0 MATPOWER, Bewpovvtol 6t ta katavepdpueva goptio dotnpovv
éva otafepd OLVTEAESTH] 1oYVOG Kol OTL évag TPOCHETOC TEPLOPICUOS 1GOTNTOG
npootifetar avtopata yoo vo emPAiAel avtn TV Tpovimdheon yi KABe <KopvnrTikn
YEVVITPLO> TOV YPYNCULOTOIEITOL YIoL VO SOUOPPAOCEL £€VE HOVIELD KOTOVEUNUEVOL
@optiov.

3) Koaumdleg kovotnrag s yevwhmpiag (Generator Capability Curves): O tomikog
oynuatiopdg oo AC OPF mepihapfaver meploptopohs yio Tic eyy0OELS EVEPYONS Ko
depyovg oyvog piag yevvnproc. [ap’ dAa avtd ot mpaypatikég duvaToTNTEG KOUTOANG
P-Q tov euowav yevvntpuov (physical generators) cuvifwg mepilappdvovy kamota
eElooppomnon pHeTa&ld ™G evepyold Kol GEPYOL KOVOTNTAG. AV 0 ¥PNOTNG TOPEYEL TIG
napapétpovg mov kabopilovv avt ™ cuvaAiioyn o pa yevvitpu, 1o MATPOWER
QLTOUATO KATOGKEVALEL TOVG AVTIGTOLYOVS TEPLOPITUOVG.

4) Awopopd. Opiwv e T'wviag e Ipouune (Branch Angle Difference Limits): H dwapopd
ueta&o g yoviog taong df tov Luyod 610 amd 1o TELOG TNG YPOUUNS Kot 1) Yovia O oto
7pog 10 T€h0G umopel Yo mapddetypo vo oplofeteital mive Kot KAT® Yo va evepyel mg
£va LTOKATACTOTO Yo VO TOPOOIKO 0p1o otabepdtntac. Av avtd To dpla TapEXOVTaL, TO
MATPOWER onovpyet toug avtictoyovg neploptopods otig LETOPANTEG TG Yoviag
TAoNG.

3.4.5 Avteg

Ot apyikég ekdooelg tov MATPOWER ompildéviovcav ot Pektiotomoinon tov Toolbox tov
Matlab yw v mopoyn tov Avtdv NLP kot QP mov ypetdloviav ywo v emilvon tov
npofAnudatov tov AC kot DC OPF, avtictowyo. Evd Aettovpyncay apKeTd KaAd yio ToAd (kpa
GLGTNUOTO, OEV UTOPEGOV VO OTOdMGOVV KOAA Yo peyoAdtepa diktva. Telkd mpootédniay
TPOOPETIKE ToKETO €MAOYNG He TpOoHetovg AVTEG Yoo va PeAtimbel m emidoom, TvmIKA
omplduevov oty exéktoomn apyeimv tov Matlab (MEX) mov gpappolovrav ot Fortran 1 ot
C. I'a ) Bértiom pon oyvog DC, vrdpyet pia douny MEX tov vyictov enidoong Abvtn BPMPD
yw. LP/QP mpofriuata. o to npopfinue tov AC OPF, ta mokéta MINOPF xor TSPOPF
TAPEYOLV AVTEG KATOAANAOLG Yo TOAD peyoAvtepa cvotiuoto. To mpdto ompiletar oto
MINOS «oat 10 tedevtaio tepthapPdvel To LOVOL — SIMAOD ECAOTEPIKOL GMUEIOL KO TV TEPLOYN
eumiotoovvng mov Paciletal oty emavénuévn pébodo Lagrangian.
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3.4.6 IIp6oOetn AertovpykoTnTo

Onwg avaeépnke mponyovpévog, to MATPOWER dnuiovpynbnke amd v avaykn evog
unyaviopot exkafapiong Pacilopevo otnv OMUOTPATNON TNG NAEKTPIKNG EVEPYELNS 1 OToial
Bacileton oto OPF yia v KE&umvn ayopd>>. Xe avtd 10 TAOUG10, TPOGPEPEL TPOG TOANGT KoLl
Stvel TPOGPOPES Y10 VO lyOPOGTEL NAEKTPIKT EVEPYELN OO YEVVITPIEG EVD Ta GpopTiot opilovv 1O
«Kk60t0g>> Yoo to OPF mov kaBopilel tnv Katavoun Kot Tig TYESG TOL XPNGULOTOLOVVTOL Y10l VL
Kieloovv ™ Omuompacic. To MATPOWER mepilapfdaver évav kdOKo mov Toipvel tnv
TPOGPOoPA Kal TNV {NTnom yuo v evepyo 1N depyo 160, SOUOPPOVEL Kot EKTEAEL TNV avTioToLyM
OPF, kot emotpé@el TNV TEAKT TPOGPOPA Kot CHTNOT TV ONUOTPACIDV.

H tonuc) obvBeon OPF ov meprypdpeton Topandve oev mepthapPdvel pnyavicpud yio vo kAgioet
EVIEMDC TIG YEVVITPIEC, Ol 0Toieg elvarl TOAD axpiPég kot v Acttovpyio Tovg. AvtiBétme, sivat
amA®g puOucpéves ota eldylota Opo Tapaymyng tovg. To MATPOWER mepihappdver v
wavotra vo ekteléoet éva OPF og cuvovaoud pe por povéda pn-0EGUeEVoTg yuo €vol eviaio
YPOVIKO S1AGTNO, TOV TOL EMTPENEL VO KAEIOEL OVTEC TIC OKPPEG HovAdES Kol va Ppetl o
O£0LEVOT OO TOVG TOPAYMYOVS LE HKPOTEPO KOGTOG KOl VO, TOL KOTAVEILEL YPTCLLOTOUDVTOG
évav olyoplOpo TopoHolo te SUVOIKO TPOYPUUUOTIGUO.

Y& HePIKEG TEPIMTAOGELS, UTopel va lvar emBountdg o meportépw meplopiopdsg e OPF Avong pe
Vv anoaitnon va SbETovy €va GUYKEKPIUEVO EMMEd0 KovOTNTOS Pedpeiag Yo TV KaAvym
éxtaxtov avaykav. To MATPOWER mepilappdver enektdoelg OPF mov tov emttpémovv va
oLVPEATIGTOTOMGEL TNV €VEPYELR Kol TNV £pedpeia, Pacel pag oepds otabepdv ova {dveg
VIOYPEDMONG TNPNONG OPICUEVAOV OTOLTHOEMY OGO avaPopd v epedpeia. AVTdg 0 KMOKOC
YPNOLEVEL EMONG OG EVO TAPADELYLLO TOV TPOTOL TPOGUPLOYNG TOL TPpoTOIoL OPF pe emumAéov
petafAntés, KOGTOG Kot TEPLOPIGLOVG.

3.5 AmoTtEAEONOTO KOL GOUTEPACNATO

Y7rdpyovv opKeETEG MEPIMTMOCEIS TOPAOELYHATOV OV YPNOLULOTOOLVTOL Yo, VO SuYKPOel m
emidoon Swedpov Avtov OPF oe diktva mov ypnoluomolodviol ®¢ TOPASELYUD, OV
Kopaivovtal o péyebog amd evvéa {uyovg Kot TPELS YEVVITPLEG MG OeKAdEg YAldoeg Luyovg,
YMAOEG YEVVITPIEG KOl OEKAOES YIMAOEG EMTAEOV LETAPANTAOV KOl TEPLOPIGUAOV TOV YpnoTdv. O
[Tivaxkag 2.3 ovvoyilel T1g Pacikég dokiég OGOV apopd TN GEPE NG GLVAPTNOTNG KOGTOVG
(tetpaywvikn M ypappkn), tov aptdpd tov {uydv, Tmv YEVWNTPUDV Kol TOV YPAUH®V (Nh, Ng Kot
i), Tov aplipd tov PETaPANTOV Kol TOV TEPLOPIGUOV (N KOt Ngh) Y100 TOVG GYNHATIGHOVG TOGO
t0v AC 660 ko1 Tov DC OPF, kat tov aptfpd Tov SeCHEVTIKOV KaTOTEp®OV opinv Tdong (VM)

Kol TOV oplwv poNg NG YPOLUNG (|S}7ax|) yio. 0 TpOPANUa tov AC kxou Tov opiov pong
t

(|P};ax ) Y100 TV mepintwon DC.
t
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Iivaxag 1: OPF Test cases

Case Name Cost Sizes AC OPF D OPF Binding Constraints
' ) g fig It Tl Rgh e Mok v s IR

casey Q) 9 3 g 24 k' 12 27 1] ] ]
caseil 0 E11] it 41 12 142 30 112 1] 2 L]
case_npecih L 3o 43 121 158 314 4 278 i 0 L
casel 18 Q 118 54 186 44 i 172 45H] 0 0 0
case3 ) Q 30D 69 411 T3 1,422 369 1,122 0 0 L]
casel 383wp L 2,383 327 2,596 5420 10,558 2,710 8,175 2 & 3
casel736sp L 2,736 ] 3,269 6,012 12,0140 3,006 9274 0 1 1
cased | 20sp L 3,120 298 36893 6,836 13,626 3418 10,506 0 B 1
caselt3s Q) 24935 1.024 7028 7918 6,314 3,954 3.370 14 7 g
cazellk L 21084 2892 25001 54,091 111,784 | 30,315 o, 7O 3 4 4
cased2k I 42,168 5384 50,001 107,027 222,790 | 59475  |R0,628 3 137 i

O Ilivakag 2.4 diver Toug ypdvoug tpelipatog oe devTEPOLEMTO Y10 TOVG AVTEG TOL MTOV
EMTUYNUEVOL, LE TOV TAYIOTO XPOVO CNUEIOUEVO [E EvTova yphupata yio kibe mapddstypa. O
TPOTOG aAyopBuoc mov mapatifetat yo to kKabe éva givar and to Toolbox Bedtiotonoinong tov
Matlab, n fmincon yw v nepintwon tov AC OPF kau linprog 1 quadprog yia to pofinue. tov
DC. Ot emdpevor givar o1 mpdtumes Ko ové Pripor ereyyopeves ahlayEc g kabapng eQapproyng
Matlab tov povod — dumhod gowtepikod onueiov puebddov Kot o1 TelevTaiot gival KATOOL 0Td

toug C xor MEX Baciopévn oto Fortran Adteg mov OlavEpOVTOl MG TPOULPETIKO TOKETO
MATPOWER.

Mo to pukpd cvetuata, ot KaAvtepeg ovvaptoelg eivar 1 MINOPF yia to AC ko n BPMPD
yw to DC, ot onoieg givan apyeio MEX nov BaciCovtor otn Fortran. o peyoidtepa apyeio, ot
HOVOD — STAoD £0MTEPIKOD GMUEIOL AVTEG £XO0VV CAPEG TAEOVEKTNLO, LE TNV KaOAPT EQOPLOYN
tov Matlab va tpocpépet alocéBaotn enidoon o oyéon pe tig ekddoelc MEX mov otpilovton
om C.

IMivaxag 2: Xpovog tpeéiparog Tov OPF

AC OPF Times (in seconds) D OPF Times (in seconds)
Case Name Opt Thx pure Mailab MEX Opt Thy pure Matlab MEX
| | MIPS MIFs-sc MINOFI FLMPM SC-PLMPM | : MIPs MIP5-sc BEMPLD |

casc 0147 (108G 0,120 Lz 024 0027 TOTE] {09 020 [T
case3) 0935 0,133 0. 169 (.04 0056 0.062 bolE 022 0.035 (K1) &)
case_npoclt 13.5 0.247 1.332 0.346 0150 0.216 0.070 0.027 0.031 0.020
casel 18 = 0.313 0.492 0428 0.232 0122 0,244 0.051 0.065 0023
case300 0,795 4.07 0.713 4,04 0,369 0077 0138 0.043
cascliRiwp - H.24 10,2 Y, 8 T80 194 4.0 5462 59 -
case2 736sp B.36 10.4 56,8 7.69 884 1.74 1.84

cased 1 20sp 14.1 17.7 3E4.9 118 150 05 9 732 7.95
casel93s = 152 151 1,262 153 178 = 528 568 =
casel lk 832.1 1,027 5TR.8 610.4 156.9 2638

cased2k 5,232 5,933 3,700 3,701 1.241 1,224

Téhog, to MATPOWER mpoc@épet vynhol emumédon epyodreion pong evépyelag kat BEATIOTN pon
1GYVOG Y10 TOVG EPELVVNTES KO TOVG eKTodeLTIKOVG. H BéATIot pon woybog sivar emektdoun,
EMTPEMOVTIOG TNV €VKOAN Tpomomoinon g ovvBeong tov mpoPAnuatos. H amddoon twv
neplopPavopevov Avtodv OPF, poll pe dAleg 0100601LEC TPOPETIKES EPOPUOYES, OTOOIOEL
OPKETA KaAd og moAD peydio cvotiuota. To 2011 égovv yiver méveo amd 20.000 Afyelg tov
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MATPOWER, pe mepimov 50% xvpiog yo v ekmaidevon, 43% yio épevva, kot 7% yuo
Bropunyavio kKot GAAovg Adyoug.

Evdeiktikd napovstalovtatl 6Toug Tapokdt® tivakeg 1 Totonoinomn Tov {uYOV Kot TOV YPOUUOV
o010 MATPOWER «at tnv meptypa@r| avtig Kaddg Kol Tt aVTITPOCSOTEVEL.

IMivaxoeg 3: Bus Data (mpc.bus)

Mame Column Description

BUS 1 1 bus number { positive integer)

BUS TYPE 2 bus type (1 = PQ, 2= PV, 3 =ref, 4 =isolated)

PD 3 real power demand (MW)

QD 4 reactive power demand (MVAT)

a5 5 shunt conductance (MW demanded at V= 1.0p.u.)

BS (] shunt susceptance (MVAr mjected at V = 1.0 p.u)

BUS AREA 7 area number (positive integer)

VM ] voltage magnitude (pau.)

VA 9 voltage anple (degrees)

BASE KV 10 base voltage (kV)

ZONE 11 loss zone (positive integer)

VMAX 12 max imum voltage magnimude (p.u.)

WM 13 minimum voltage magnitude (p.u.)

LAM Pt 14 Lagrange multiplier on real power mismatch (w/MW)

LAM_Of 15 Lagrange multiplier on reactive power mismatch
(oMW Ar)

MU _VMAX{ 16 Kuhn-Tucker multiplier on upper voltage limit
(w'p.u)

MU_VMINT 17 Kuhn-Tucker multiplier on lower voltage limit

(w'p.u)

t Included in OPF output, typically not included (or ignored) in input matrix. Here we
assume the objective function has units w.
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Iivaxag 4. Branch Data (mpc.branch)

Mame Colhumn Description

F_BUS 1 *from” bus number

T_BUS 2 *to” bus number

BE_R 3 resistance (p.ai.)

BR._X 4 reactance (p.u.)

BR._B 5 total line charging susceptance (p.u.)

RATE A [ MVA rating A (long term rating)

RATE B 7 MWVA rating B (short term rating)

RATE C 8 MVA rating C (emergency rating)

TAP 9 transformer off nominal tums ratio, (taps Iar *from’
bus.impedance at *to” bus, i.e. ifr =x =, tap = |Vf
1vt)

SHIFT 10 transformer phase shift angle (degrees), positive ==
delay

BR_STATUS 11 imitial branch status, 1 = m-service, 0 = out-of-
SETVICE

ANGMIN' 12 minimum angle difference, 8f - Bt (degrees)

ANGMAX 13 maximum angle difference, 8f - 8t(degrees)

PF! 14 real power injected at *from” bus end (MW)

't;'I.Ff 15 reactive power injected at *from” bus end (MV Ar)

PT! 16 real power injected at “to’ bus end (MW)

ott 17 reactive power injected at ‘to” bus end (MWV Ar)

I!'I\-'I'I_T_E'.FI 18 Kuhn-Tucker multiplier on MVA limit at *from" bus
(wMVA)

MU ST} 19 Kuhn-Tucker multiplier on MVA limit at “to’ bus
(WMVA)

MU _ANGMIN? a0 Kuhn-Tucker multiplier lower angle difference imit
(u/degree)

MU ANGMAX? 2] Kuhn-Tucker multiplier upper angle difference imit
(u/degree)

" Not included in version 1 case format.

' Included in power ow and OPF output, ignored on input.

! Included in OPF output, typically not included (or ignored) in input matrix. Here we assume
the objective fimction has units w.
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KEDAAAIO 4

Epyoieta otKovopuKing amotiunong
OLELGOVGNG NAEKTPLKAOV OYNUATOV
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To mapakdTm Saypappo UTAOK TEPLYPAPEL TNV ®PLOi0 TPOCOUOIMOT oV JSEEAYETOL Yo Eval
OUOTNUO NAEKTPIKNG EVEPYELNG, LLE OKOTO VO YIVEL KATAVONTOG O TPOTOG LE TOV 0010 AEITOVPYEL
0 aAYOPIOOG Y10 TN LEAETN TOL GLGTNUATOC TopaYwYNS. [ KaBe dpa evog ETovg lcdyovtot Ta
dedOUEVO, OTIMG 1) YPOVOGELPE TOL POPTIOV KO 1 TAPUYDYN TOV OVOVEDCIU®V TNYDV EVEPYELG,
Kol ot ovvéyelo cuvovalovtal og pio emavoAnTTikny dwadkacio. H dwadwacio avty Aapfdavet
VIOYNV NG TO TEYVIKO EAAYIOTO T®V JECUEVUEVOV HovAdwV. T avtd kot o mpémel vor et
VTOAOYIOTEL 1 HEYLOTN EmMTPEMOUEV €VvEpPYeEld Tov déxetor 1o cvotnua oamnd to AllE.
EmnpocHeta, yivetar 0 TpoypopaTicoc TV GUUBOTIKOV HOVAS®MY [LE OIKOVOLIKT KOTAVOUY|
(unit commitment and economic dispatch), o onoiog Aapfdvel vEOYN TOL d1APOPA TPOYPELLLOTOL
ocuvinpnong Hovadwv Kabdg kol TV omapoitnin  otpepouevn eeedpeio. Oleg ot
TpoovopepHeicec mOPAUETPOL GUVTEAOVV GTNV EMITEVEN TNG AVAALGONG TNG PONG POPTIOV.

ELOOYwWY T Y00V ORELDAL
| topriou ko wmaiag
TRpay WY ATE

Yooy LoWOC Oply
QOonOHRETE QLK
EVEDVELTG

[ ] B
MpoypapaTUERaE

povadwy (unit n:‘m'f"‘“"""“
commitment} CLVTIRNOT,
povasuw
Erpedopsvn O OVOPLET KaTaVopRn
eefpein [economic dispatch)
¥ . o
. - . araypadn
[ Avahuon pong fopriow — amorEhE o Ty

Y|

Awdypappa 18: Aldypoppa HITAOK ToU aAyopifpou yia th HEAETN TOU GUOTHLOTOG TTAPAyWYH G
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2T TOPOKATEO  TOPAYPAPOVS TEPLYPAPOVIOL OVOAVTIKO TO OTOLXEI MOV OTOTEAOVV TO
LAY PO LTAOK TOV aAyopifuov.

4.1 [eprypa@1] TOV GLOTIHOTOS NAEKTPOTAPAYDYNG

%+ Yelotapeves cuUPATIKEG LOVASES KAL LOVASEG AVAVEDO LWV TINYWV EVEPYELNS

e €vol auTOVOLO CUGTNO NAEKTPIKNG EVEPYELNG AgttovpyohV otafpol Tapaywyng

01 070101 OTOTEAOVVTOL OO S1APOPEG LOVADES TAPAYDYNC.

Axoun og éva avtoévopo cvotnua Ppickoviol o Asttovpyio atoikd mhpka Kol @otofoAToikol
otafuol. Ta Aol [apka Asrtovpyodv mapdiinia pe Tig cupPatikég Lovades Kot Aapupdvouy
(QOPTIO OC TNV EKACTOTE 1GYVOVGO LEYIOTN EMTPEMOUEVT OlEICIVOT UN EAEYXOUEVOV GTAOUDV

AIIE 6to Avtdvopo Zuotna.

4.2 KaBopropog opiov amoppoenons aloAKG EVEPYELNG

Xmv mepintmon avTtdvopov GLOTHHOTOS, Bewpeitar vag cLVTELESTNG UEYIOTNG AmoppOPNONG

QLOMKNG evépyeLlag mov cuviBmc Aappdavet Tipeg and 25% £wg 40% tov poprtiov.

H awohukn evépyeia mepropilertan, emiong, amd to TeQVIKO EAGYIOTO TV HOVAd®WV. To cuvollkd

TEYVIKO EAAYIOTO T®V dEGUEVUEVDV LoVAdwV KaBopileTol o¢ €ENG:

I.  TIpdto Bempeitar 0Tt OAa 1 dabéoiun aoMkn evépyeto umopel va eloaydel 6to cvoTA.

P, =P

Wayp

omov Pw gival m atolkn] evépygla mov €16AYETOL GTO cLOTNUA Kou PwW_av m dwbéoun

OLOAIKY) EVEPYELQL.

ii. Ot cvuPatéc povadeg deouedovtal avaloya HE T CEPE TPOTEPALOTNTOC, ETCL DOTE M
GUVOAIKY| TOVG HEYLOTT 10YVG VO Elval ETAPKNC.
i EV EV
meax 2 P, + Psg + Peyy — Pgep — By — Ppy
i€A
OmoV Py gy €VOL M HEYIOTN 10YOC TTOV EYYEETAL GTO GVGTNA 0t TN povada |, P gival to

@opTio TOV GVoTHUATOG, Psr etvan n otpepouevn epedpeia, P, Ko Ppy elvarl n aloAikm)
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Kol MAOKY eVEPYELL OV YyéeTal 6To ovotnua ovtictoyo kot PE, PEV sivou 1o
OLVOAMKO TTPOPIL POPTIONG Kol EKPOPTIONG TOV GTOAOV T®V MAEKTPIKOV oynudtwv. H
HEYIOTN OLOATKT) EVEPYELD IOV UTOPEL var amoppoenOel stvat:

PWmax:PL+Pch;1V_PPV_ZPrinin

i€A
OmoV Y e Pryin OVOQEPETOL GTO TEYVIKO EAGYIGTO TNG HOVASAG .

lii. Xy nepintoon mov 10 PWie, lvan pikpdtepo g radéotung alohkng evépyetag B,

101e Bewpeitan 6t Py, = P,

Wimax KOL N S1adikacio emavarapBavetor and to Prua ii).

Awpopetikd, Oeopeiton 6Tt B, = B, ko1 1 Swdikacio teppatiCetor.

4.3’ Evto&n - @opTion cuufaTiK@V HOvVAd®V KOl GTPEPONEVY] EQEIPELO
GULGTI|LOTOG

% 'Evtaén cupfatikov povadwyv
evikd To KprTploe OPTIONG HOG Hovadag oyetiloviot pe TNV €101KN KATAvAA®GT KOVGIHOL,
™V TPEYOVCO KATAGTOOT TNG HOVAONG Kol TS KOIPKEG Kot (optiokeés ocvvOnkes. Ilo
OCLYKEKPIUEVA M AerTovpyio TV CUUPATIKOV HOVAI®Y VOGS OLTOVOLOL VIGLOTIKOD ZVGTHUATOG

BacileTton 6TOVG 0KOAOLOOVE KOVOVEG:

o Ot povadeg mov Aettovpyodv pe paloVT mTPonyovVIoL OVTAV TOV XPNGHOTOOVV VINLEL

AOY® KOGTOVG Kawoipov.

. 2Oopeove pe Ty €WK KOTOVAA®OT KOLGIHOL mponyobvtal ot TAEOV OTOJOTIKEG

LLOVASES Kot £TOVTOL 01 AIYOTEPO ATOOTIKEG.

. Ev yéver o1 peydiec povdoeg evrdooovtol mpv amd TG KPES. Avtd dev givar amdAvTo
KaOmOG TOAMEG QOpEG M MUEPNOLXL OlOKVUAVOT POpTioL eMPAAAEL TN AETOLPYIO WIKPOTEP®V

HOVAS®V OTOV TPOKELTOUL VO OVTILETOTIGO0VV UIKPTG SLAPKELOG OULYLLES.

o H ocepd évtaéng petafaiietor avaroya pe tn StobecuodTNTO TOV HOVAd®V (LOVAdES GE

ocvvtnpnon 1 o€ PAAPN).
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J O1 povadeg Baong de offvouy mopd Hovo 0Tav ovTo ETPAALETOL A0 TO POKPOTPOOEGLO
npoypappaticpd (efdopadiaio 1 pnviaio). Opolwg povadeg TOL  YPNGLULOTOOVVTOL Yo

OTUOTTOPAY®YN OEV ivan duvatd va Gprcouv.

. [owitepn @povtida divetor oty 000 T0 OLVOTO TEPLOPICUEVT  AgLTOLPYiDL TV

Agplootpofirov mov Kataval®vovy VICeA.
. Movddec maAoéG pe TPOPANLOATO EVTACCOVTOL TEAEVTOIEG.

Otav vadpyovv meptocdtepol Tov VO otabpol oto 1610 cvotnua Bo mpémel vo vdpyel o€
Aertovpyio TOLAGYIGTOV pio povada og kdbe oTabuo.

Hapatnpiosc:

1. Avtiotoyo ot pehdovtikég povades Bo akohovBodv v mapomdve cepd kot Bo Aappdvovv
@optio aKpPOS TPV TIG VPICTAUEVES LOVADES TOV 1010V TOTTOV.
2. Inuewwveral eniong OtL ot povadeg mov €yovv tebel o youypn epedpeion de AapPdvovtal

VoY
3. Zta oevaplo 6mov AapuPdvetar vroyn mn moapovoio povadov AITE ot povédeg ovtég

EVTAOOOVTOL KOTA TPOTEPAOTNTA £POGOV 1KavoTotovvTal ot Tifépeveg TpobmoBéselc ol onoieg
GULVEIGQEPOVV LEYPL EVOG OPTOV HEYIGTNG ATTOSIOOUEVIC OLOAIKNG 1Y VOG.

4. Tw ta oevdplo €10ayOYNG QLGIKOD 0gpiov oTo evepyelokd 160L0YlI0 TOV GLTHUOTOS 1|
TOPATAVE® GEPA TPOTOTOLEITOL MG TTPOS TO oNUEi0 OTL LETA TOVS ATHOGTPOPIAovg avarappdvouv
@OopTio 01 GLVIVAGHEVOL KUKAOL.

YyxeTikd e TIG OLVOTEG EVONCELS Kot GPECELS TV povadmy AapBdvovtor voyn ot akdAovBot

KOVOVEG:

% Ot atpnootpofilikéc povadeg dev oPvovy Tapd Ldvo yio. AGyovg GUVTIPNONG

% Ot povddeg ocvvovacpévov kKOKAOL glvar duvotd vo GPfpvouy emdg Kol pio. @opd Ttnv
efdopdda Kot cuykekpyéva evtog tov XapPatokvprakov ondte kot epeavifovror younid
QOpPTiOL. TNV TEPIMTOON 0T OEV EMTPEMETAL VAL EVTOXOOVV GE AEITOVPYIN TPV A TO TPWi
m¢ Aevtépag. Emiong oyetwkd pe myv €viaén tov povadwv cuvOLAcUEVODL KOKAOL
Aoppdvetal vroOY”N N SLVOTOTNTA AEITOVPYIO TOVG PE TEPLOPIGUEVO aplOUd aeplocTpofilwv
Kot 1 €vtagr) Toug TPOYUATOTOEITAL GE GTAdLO.

s T tig povadeg Diesel deydpoote émg kot 3 oféoeic avd efdoudda. Emiong n éviaén tov

unovadwv Diesel mpaypatonoeitan oto  Pobud omov vmdpyer mpOPreyn Yo TV
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OVOLYKOLOTNTO TOPOYMYNG Atd OVTEG Y10 TEPIGGOTEPO OO 6 MPEG LEGA GTO ENOUEVO 24mPO.
Evoloktikd 6tav ov avaykeg meplopilovtor o Alyotepec mpeg mpoTiwdTonr 1 Eviaén
aePlooTPOPidwy.

% T tovug agplootpdPirovg dev Tibetanl KavEVAG TEPLOPIGUOC KOl Ol EVAVOEIS/GPREGEIS TOVG

eEapTOVTOL Ao TIG AVAYKES TOL GUGTILLOTOS Y10 TNV KAALYT] TOV NUEPTICLOV OLYLOV.

Koatd ™ @option tov povadwv ce wpaio Bdon Aappdvovion emiong vwoyn ot pvbuoi avdédov

Kot KOO0V NG 1GYVLOC TOV UITOPOVV VO AVOAGBOVV Ol LOVAOEG TOPAYMOYNS.

Hoapatypnon:

1. I'a ) cvvmpnon tov povddwv Bewpeital TpokaBopioévo TPHYPALLLL GUVTIPNGNS TOVS AV

étoc.

% ZTpeipevn epedpeiat GLGTALOTOG

H otpepouevn epedpeion mov mpeitar oto cvotnua e&optdrol amd v Asttovpyia | Oyl TV

Awohkov [Tépkov. Enopévac woydovv ta axdiovda:

1. Ortav dev Aappdvovror vdyn ta Arodka [apka 1 6tav Bpiokovror KTOG Asttovpyiag (TT.y.
Otav dev VIAPYEL AVELOG KOl GUVETMG OEV TAPAYOLV) N GTPEPOUEVN ePedpeia TOL Tpeital Yo
Adyovg gvotdbelag Tov cuoTuatog givarl peyolvtepn 1 ion amd to 15% tov ekdotote Poptiov
™mg ERmong.

2. Ortav Aettovpyovv ta Atodkd [Tapka 1 otpe@dpevn epedpeia ival TOLAdIGTOV oM HE TNV
ekdotote Aok [Hopaymyn. Xtnv nepintoon dpwg émov n Aok [apaywyn sivor pikpodtepn
a6 10 15% 1tov exdotote Poptiov g {NTnomg, n oTpePouevn epedpeia datnpeitatl 6 aVTO TO

TO0G00TO.

Ye k0be mepimtwon M oTPePOUEVT] £QEdpEiar OV daTnpeiton empepileTon oTIC €V Agltovpyia

TOTIKEG LOVADES TOPAYMYNG .
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4.4 Owovopkn] aToTIpNI 61 THS AELTOVPYIOS TOV GUGTI|LOTOS
To mpdPAnua TG OIKOVOUIKNG amoTiunong Uropel va dStopopmbel ko wg e&ng:

M
minCk. = Z CEm(Pém)
m=1

omov t givar o ypovikd ddotnua, M glvar o aptOpdc TOV HOVAS®V TOpUY®YNS TOV LITAPYOVV
oTNV ayopd evEPYELAG, Cé,m etvat 10 K6GTOG NG EVEPYOD 10YHOG TOV TPOGPEPETAL OO TN LOVASL
m, Ko Pé,m glvar | Tapaymy”n evepyod 1oY0OS TNG LOVASOG.

To @optio TOL GLOTNUATOG OMOCTEAAETOL OTIS YEVVATPIEG OVOAOYO HE TOVG TOPUKATM
TEPLOPIGOVG:

I.  Tleproplopdg g 160ppOTiaG TG TPOYUATIKNG 10)(00G

N

Z IPG,n_PD-l'szV_chVh_Plosses =0
n=

omov Py ,, etvar n mopoywyn evepyov 16y00g g povadog N, N eivotl o Guvoiikog aplOpog twv

novadov, P, {imon evépyelag, PEY xar PEY, 10 mpogik @optiong kon ex@dptiong Tov

GTOAOV TOV NAEKTPIKAOV OYNUATOV AVTIGTOLYO, Kol Pjygses £IVOL OL AOMTMOAELES TOV GUOGTHUOTOS

HETOPOPALG.

ii.  Opla Tpaypatikng 16y00g

min max
PG,n SPG,nSPG,n

omov P, etvon 1 mapaywyn evepyod 1000 TG povadag N kot Pry, Piyw™ amotedovv v

eMdoTn Kot T péylotn 1oy mov 1 povada N pumopel va £yxHGEL GTO GOGTNLLO.

iii.  Ileplopiopoi tng oTpe@OUEVNG EQEdPETLNG
PI™ < Py + Psp, < POV

min
PSR,n < PSR,n

omov Pg, eivar n mapaymyn evepyod 1oydog g povadag N kot PEy", Py™ amotelodv Ty

gl 1oTN Ko T pUEYOTN oYL 1OV M povada N umopel vo eyyxvoel 610 cvotua, Psg, M
oTpePOUEVN £pedpeia Tov divel | povada N, kot Psrﬁf,’l N eAAyIoTN OTPEPOUEVT EPEDPELR TNG
povadog Nn.
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Me Bdiomn T1g €101KEG KATAVOADGELS TOV LOVAO®V KOl TOL KOGTY] TOL KOVGLUOV TOL YPTCLOTOL0VV
TPOKOTTEL TO PETOPANTO KOOTOG Kawoipov yio kdOe povade (oe €/MWNh) ota tpio enineda
@options. o ta evdidueca onueion EOPTIONG TG HOVASNG TO OVTIOTOWO UETAPANTO KOGTOG
Aertovpyiog TG TPOKOTTEL LE TN HEBOJO TNG YPOUUIKNG TOPEUPOAN.
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KED®AAAIO S

Merétn cvoTNUOTOS OLOVOUNG XTEPYELOUS
KOl EVEPYELOKOV cvoTinatos Kpntng
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"Exovtog mapovoidoel ota mponyodueve Ke@Aiaio OAOLE TOVS aAyopifLovg Kal To epyaieia TOL
YPNOHOTOMONKAY Yo TV €KTOVNON OLTNG NG €pYaciag, Oa mpoywpnoovue GE avtd TO
KEPAAOLO OTN HEAETT TNG EMIOPACNG TTOV £XEL 1] EIGOY®YN EVOC GTOAOV NAEKTPIKDOV OYNUATOV GE
éva Tpaypatikd evepyelako ovotuo. To kepdiato avtd Ba ywpiotel o€ dVO evoTNTES.

Yt mpmtn evotnto Bo pedetnOei n enidpaon mov £yl n otpotnykn eoptiong Vehicle-to-grid,
0€ OVYKPIOY UE TIG TPONYOVUEVES OTPOUTNYIKEG (OPTIONG, O©TO GUGTNUA OLVOUNG TNG
Ymepyeldoag Kot O TopouslaGTOVY To TAEOVEKTHLATO AVTOV TOV TPOTOV POPTIONG.

> devtepn evotnta Ba mapovciactel kol Bo pedetnOei to cvotnua g Kpnmg v téooepig
SLPOPETIKEG GTPATNYIKEG POPTIONG, CLUTEPIAAUPAVOUEVOL PLGIKA Kal TG eopTiong V2G. Xto
KOUUATL 00TO O GYOAMAGTEL O TPOYPAUUATICUOS TV HOVAS®V TTOV YPTCLLOTOLOVVTAL, TO KOGTOG
Aertovpyiag, ol pUTOL TOV EKTEUTOVTAL KOL TO KOGTOG TOVS KOl AAAEG ONUAVTIKES TOPAUETPOL.

5.1 lMapovoiocn Kol HELETT TOV GUOTHHATOS OLAVOG TG EAEPYELAOOS

5.1.1. Ileprypa@r] TOV YOPUKTNPLOTIKAV TOV GUGTI|LOTOS OLUVOUNG TG ZTEPYELAOUG

v evotnta avt) Ba e€etdoovpe g emnpedleTol T0 GHGTNUA SLVOUNG TNG ZTEPYELADNS LUE
™MV OAAOYY] TOV OTPATNYIKOV QOPTIONG TV MAEKIPIKOV oynudtov. H vlomoinon twv
oTPATNYIK®V POpTIoNnS Oa yivel yio pa Toyaio pEpa tov xpovou.

Ooov apopd T1g oTpaTNYIKES POPTIONGS, OTMG avapépape kKot 6to Kepdiaio 2 Ba mopovcidcovpue
4 o1 omoieg gtvat o1 TOPAKATO:

Yrpatnykn A: Mn gheyyouevn eoption (Dumb charging)

Ytpatnywkn B: Eleyyouevn eoption pe diloviko tiporoyro (dual tariff charging)
Ytpatnywkn C: 'E&urvn @dption (Smart charging)

Ytponyikn D: And 1o Oynua oto Aiktvo (Vehicle-to-grid)

PopnPRE

[Mopdra avtd, Yo o oot dtavoung TG Zmrepyedoag Ba avantoEovpe ™ otpatnyiky D oe
TEGGEPLS OLPOPETIKEG TEPUTTAOCELS, Ol OTOieg Ba SLPEPOVV EITE GTO TOGOGTO GLUUETOYNG OTIG
epapuoyés V2G (PERC) eite oto eninedo g pnatapiog mov Oempovpe 0Tt Tpémetl va £xovy OAa
To OYNUaTo 6T 7 T0 Tp»i (Tnv dpa OnAadn mov 6Aot ot odnyol apyilovv va Kivohvtal TPog Tig
dovAietég Tovg). ITo cuykekpyéva, ot emmAéov otpatnyikéc V2G mov 0o peletnoovpe Oa givat:

a) Ztpatnywn D1: eoption ue PERC=10% ka1 SOC pratapiac=100%
b) Ztpoatnywn D2: poption ue PERC=20% kor SOC umotopioc=100%
c) Zrpatnywn D3: option ue PERC=10% xa1 SOC pratapiac=90%
d) Ztpatmywn D4: option ue PERC=10% xo1 SOC pratapiac=80%
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Ooov agpopd T0 GTOLO TOV NAEKTPIKOV OYNUATOV, 0LTOG Kupaivetal avapesa oto 0 kot ta 2000.

EmnAéov, Bewpovpe 6t 1 dieicdvon twv AIIE katd ) perén pmopet va eivon amd 0 €mg ko 12
MW.

Ta otoyeio ta omola peAeTde e avti TNV evotnTo €ivor 1 dtakvuaven g tong avd {uyo, to
TPoPil ™¢ Tdong Twv {uydv KabmG Kot o1 amdAeleg Tov OkTvov. OvolaoTiKd, Oo deifovue TG
emnpedloviol avTéc ot peTaPAnTtég o€ oxéon He TIG O1AQOPEG OTPOTNYIKEG (POPTIONG, UE TOV
aplOpd TOV NAEKTPIKOV OYNUAT®V TOL LITAPYOVV GTO SIKTLO Kol PE TNV TocOTNTO dleicduong
tov AlIE.

Inueiowon 1: Ta 6leg T oTPATYIKEG POPTIONG, Ol ATMAEIEG TOL GLGTNUATOG Ba GVYKpivovTaL
HE TIC OMMOAEIEG TOV GLOTNUOTOC OTNV TEPIMTM®ON TOL dgv €yovpe 0VTE OYNUOTO OVTE
AVOVEDMGIUES TNYEG evEPYELOG. Avth 1 Ty eivan 2.025 MW.

Inueioon 2: Ot avovedoyleg TNyEC evépyeldg Tov €yovpe Owbéoipeg oto OIKTLO NG
Yrepyeldoog eivol @OTOPOATATKEG LOVAJES, ETOUEVAS dTVOLV oYY Katd TN S1dpKelo TG NUEPOG.
[Mapaxdto eaiveror 10 tocootd Twv AILE yio kédBe dpa tng nuépag:

Mocooto ATE ava wpa tng nHEPAS

14.00% |

12.00% | 2 N\

10.00% | / \

8.00% | / \
® 6.00% |

4.00% | / \

2.00% | / \

B | I %

-2.00% 6 2 4 6 8 10 12 14 16 18 20 22 24

Hours

Awdypappa 19: Mocooto AME avd wpa thg nUEPAS

5.1.2. lopovoo KOTAGTAGT TOV GUOTHNATOS OLUVOMUIG TNG LTEPYELAOAS YOPIS NAEKTPIKA

oynpato
Ed® Ba mapovsidocovpe Ty TPV KATAGTOGT TOV GLGTHLUATOG SIVOUNG TNG ZTEPYELANS YLl
po Toyaio Lépa Tov ypOVov.

¢ Huepnota kopumdin optiov
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Y10 emopevo Odypappa @oiveTor M MUEPNOLO KOUTOAN TOL @optiov Ywpic TV &caymyn
oynuaT®V, ya 600 dapopetikég Tipnég AIIE (0 kou 3 MW):

Huepnouo doptio

S M N
i -/ N
ol

SUVOAKO doptio (AME: 0 MW) |

SUVOAIKO dopTio (AME: 3 MW) |

MW
O B N W H U O N ®
/’

0 2 4 6 8 100 12 14 16 18 20 22 24
Hours

Awdypappa 20: Huepriowo ¢poptio (Non EV case)
% AlokOpavon Kot Tpo@ik téong

210 mopokdte oyNuo mopovcstdleTtar 1 SKOUAVOT TNG TOONG Yol TNV TEPInT®ON Ywpig
oynuoata, yio dtapopeg Tpég AIIE.

Voltage Deviation
3.5 -
3
2.5 -
2 -
X
15 4 VJ
1 7 d
0.5 -
0
1 5 9 13 1721 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97
Buses
AME: 0 MW 3MW 6 MW 9 MW 11,1 MW

Awdypappa 21: AtakGpovon taong yua Stadopeg tipég AMNE (Non EV case)

[Tapatnpodpue 6t pe TV oWENOT TOV OVOVEDGIU®OV TNYOV EVEPYELNG EXOVUE KOl aOENCT TNG
dtakvpavong taone. H dtakvpavon g taong opeidetor oto yeyovog 0t 1 oteicovon twv AIIE
EXEL OC AMOTEAEGHLA TNV AVENON TNG Thong TV {uydV 6ToVG 0moiovg GuvdEovtal. Avtd @aiveTon

87



KOl 6TO OlypOppa Tov Ogiyvel To Tpoeid g tdone. Onwg PAEmovue 10 dplo twv AIIE eivan
kovtd ota 11 MW, a@od petd amd avti v Tun 1 dtakvpavon taong Pyaivet ektoc opiowv. Oco
Y To TPOPIA TG Taong avd {uyd kot avd ®pa TG HEPAS, TOPOLGLALOVE TOPOKATO TNV TIUN
Tov Y 2 tipég AlIE:

108 =
102 — N N Rt
o1 =
: a7
" o "W’f{f\{{’\{”ﬁm‘u \\'&ﬁ:\\\m‘;‘%\\ﬁ@“
099 - T
Dga_é . wr oo

30

40 - et

Hours

Buses

Yoltage Profile (RES: 11.1 MWW)

105 -

,f.,;,‘_a,gﬁr‘
Rl
s 147 oy
.......... T " e . - 3EI
0.95 = ' )

120 100 a0

&0 40 20 g 0o !
ours

Buses
Awdypappa 22: Npodil tadong yia tipég AMNE 5 kaw 11.1 MW (Non EV case)
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AvT6 OV TAPATNPOVUE OO TO TOPATAVE OAYPOLa EIval OTL TO TPOPIA TG TaoNg lvar evidg
tov opiov (0.95 < Voltage Profile % < 1.05) avelaptitog G TWNG TOV EYKOTECTNUEVOV
AIIE. Enopévmg, n péyiom i tov AIIE kaBopiletan amd ™ dtakdpovon e téomng.

*  ATOAEEG GLGTHATOG

Me v eioaywyn tov AIIE mapoatmpeiton pio peioon tov anoieidv tov cuotiuatos. H peimon
oUT ETAVEL TNV KEYISTN TN TG o€ o dedouévn Ty AIIE, n omoia oty mepintwon ympig
oynuata etvar to 8 MW. Avtd gaiveton Kol 6T0 ETOUEVO SO0y POULLLOL:

Actual Losses (Non EV case)

0.00%
0 }\ 2 3 4 5 6 7 8 9 10 11 12 13

-5.00%

-10.00% \\

-15.00%

-20.00% -

-25.00% /
o P

-30.00%

% of Non EV//RES Case

-35.00%
MW

Awdypappa 23: AtwAeleg cuotipatog ava MW (Non EV case)

5.1.3. Xopmeproopd S1kTO0V d1ovounS e pun eheyyopevn @option (dumb charging)
¢ Huepnota kopumdin optiov

Apyikd, Bo TapOLGIACOVE TNV KOAUTOAT GOPTIOL Yo TNV TUYAid HEPA TOL UEAETAUE £TGL DGTE
vo d0UUE TG TPAYUATOTOEITOL | GOPTIOT e oVTH TN otpatnyikh). Eotm 0tL éyovue apBuo
oynuatev ico pe 500:
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Huepnowo ¢poptio (500 EV)
10

8 /\

6 A\
PN /__—\/

JUVOALKO doptio

MW

— APXLKO POpTIO YWPIg EV

0 2 4 6 8 10 12 14 16 18 20 22 24
Hours

Awdypappa 24: Hueprow ¢optio (dumb charging - 500 EV)
[Mopatnpodpe 611 oOptIon yivetan To Bpddv, OTmg elyapie mel kot 6to Kepdiato 2.
% AlokOpaven Kot Tpo@ik téong

Ocov agopd t dSwkdpovon tng thong, Bo peietnoovpe mmg ennpedletot avaAoyo e TOV
aplOpd TV oynUATOV oV £1GEPYOVTOL KaOMG Kot avaroya pe to moca AITE éxovpe oto diktvo.

[Ipdta Ba dovpe T0 KOTE MOGO emmpedletor n SKOUAVOT TG TAONG TOL OKTLOL amd TNV
eloaymyn emmiéov povadwv AITE oto ohoma, yia £va tuyaio aptOud oynudtomv:

Voltage Deviation (500 EV)

0
1 5 9131721252933 37414549 5357 6165697377 81 85899397
Buses
ANE: 2 MW 4 MW 6 MW 8 MW 10.5 MW

Awaypappa 25: AtakVpavon taong yua Sitadopeg tipuég AME (dumb charging - 500 EV)

> ovvéyela Bo TaPoVGIAGOLUE TV €£APTNON TNG OLUKDLILAVOTG TAoNS Atd ToV aplOpd TV
NAEKTPIK®OV oyNudtoV, Yo cuykekpyévn tiun AITE:
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Voltage Deviation (AME: 3 MW)

2.5 4

2 .
1.5 -

X

1 =]
0.5 1

0

15 91317212529333741454953576165697377 8185899397
Buses
)50 EV =——750EV 1200 EV

Adypappa 26: AtakUpovon téong yio Stadopetiko aplOuod oxnudatwv (dumb charging — 3 MW)

AmodeikvieTor OTL 1 E100YOYN EMTAEOV OYNUATOV £YEl MG OATOTEAEGHO. TNV avENOT TNG
KO UAVOTNG TG TAGNC, TO 0TTOI0 OQEIAETOL GTO YEYOVOS OTL TO EMTAEOV POPTIO TOV OYNUATOV
npootifetal ekel TOV £YOoVUE PEYIGTO POPTIO SIKTVOV.

Oocov apopd 10 TpoPid TG Tdong, avtod eivar péoa ota Opra yio 0Aeg TG Tinég AIIE. Tapaxdto
napovotdletar oe 3D Sdypappa o TpoPik g Téong yuo dvo evdektikég Tipnég AITE kot y
o0T0L0 500 NAEKTPIKOV OYMUATOV:

Yoltage Profile (RES: SMWY, 500 BV

e i'.i'.l'

e -'ff”#fﬁ.w*
%ﬁﬁi’iﬁﬁﬁ‘f}'ﬂ'«"”m’* ffj:f i

. { Mr ‘-,h' ‘.rm A
w} ffﬂ i "r;;.r"ﬁ:t:f i

D 11\'
S "’E{M}\\1‘3}{‘&3}5“%&&%&%{&&1\\\\\\mm il

Al

ik L

I.'HI ;.-'mﬂm'

%

Buses
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Vaoltage Profile (RES: 1005 kW, 500 EY)
104 '
1.02 ’
i ff# g
f.qffr}fi?;-‘;ffg": J‘l{w&@%
H it f I’ i
14 K fff
&=
0.598 S
096 S 5
30
094 =
120 )
B0 4o
0 0 . Hours
Buses

Awdypoppoa 27: Mpodil tdong ya tiuég ANE 5 kot 10.5 MW (dumb charing - 500 EV)

AoV 1o Tpoik g thong dev Pyaivel ektog opiwv, N péyom Ty tov AIIE xabopiletor and
™ StakOUOVoT TG TAGTC.

% ATOLEES GLGTHLOTOG

Ot andAEEG TOV GLOTNUATOG UETE TNV EICAYOYT TOV OXNUATOV QOIVETAL GTO TOPUKAT® Gy
[Mopatnpodpe 61t o1 eAdyioteg ammAeteg epeaviCovron yia tipn deicdvong AIIE ion pe 7 MW.

Actual Losses

10.00%

5.00% 1%

0.00% -

‘ o
=500 EVs
=700 EVs
950 EVs

— 1200 EVs

5.00% N

-10.00% -

-15.00% -

% of Non EV/RES case

-20.00% -

-25.00% -

-30.00% -
MW

Awdypappa 28: AMWAELEG cUOTHUATOG avd MW yia Stadopetiko aptdud oxnpatwv (dumb charging)
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Ot amdAelEC TOL GLGTHUATOG EIval MYOTEPEC OGO AyOTEPQ EIVOL TOL NAEKTPIKE OYNLLOTA, TO OTTO10
elval AoyiKd apov Ue TNV 100 Y®YN TOVS 6TO diKTVO awEAVETOL TO PopTio TG Ypauunc. Eva Ao
OTOLYEI0 TTOV TOPATNPOVUE GTO TOPOUTAVED SLAYPOUUO Elvarl OTL pe TNV adENCN TOV NAEKTPIKOV
oynuaTov petwveton | péytotn tiun towv AITE mov propodpe va €xovpe oto diktvo. 'Etot, eved pe
500 oyfuato pmopodue va £govpe pexpt kou 10 MW AIIE, pe 1200 oyfjuata n kavotta yo
AIIE pewwvetor oto 9 MW. Avtd ogeideton 610 yeyvovog ott pe tqv dumb otpatnywkn to

OYNMOTO TPOKOAOVY 0OENGN TNG TTMONG TG TAONG KOTA UNKOG TNG YPOLLUNG.

5.1.4. Xopmeprpopd KTV Oravouns pe ereyyopevn @option pe SillovVike Tipordyro (dual
tariff charging)
¢ Huepnyota kapumdodn optiov

Apywd, Bo Tapovsidoovpe TV KOUTOAN @OPTiOL Yo TNV TuYoio LEPA TOV UEAETALE £TCL OOTE
vo d0UUE O TPAYUOTOTOEITOL | OPTIOT e aVTH TN otpatnyikn). Eotm o0t éyovpue apBuo
oyfuatev ico pe 500:

Huepnowo doptio (500 EV)
e J
£ N
\ — /—A// =

JuvoAko doptio —

ApXLKO doptio ywpic EV —

MW
O =B, N W H U O N ®

0 2 4 6 8 10 12 14 16 18 20 22 24
Hours

Awdypappa 29: Huepow doprtio (dual tariff - 500 EV)

[Mopatnpodpe 1L 1 OPTION TPOAYUATOTOLEITOL TV ®PO EVAPENG TN YOUNANG TILOAOYNONG TNG
evépyelog. Oa mpémel vo onUELOCOVUE €d® OTL av kol otV mepintwon Tov 500 oynudtwv dev
&yovpe oAhayn oto peak, pe v avénon tov aptdpod Tev oynudtov givol Thavo n orypn Tov
(@OPTiOV TOL SIKTVOV VAL PTACEL GE UEYOADTEPQ EMHTEDA.

R/

*  Awxopavon kot Tpopid Taong

Ocov agopd 1 dwkdpavon g tdong, o peietioovpe mmg ennpedleTor avaloyo LE TOV
aplOpd TV oynudtev Tov e16€pyovTal Kabmg Kot avaroya pe o moca AITE éyovue oto diktvo.
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[Ipwta 6o dodue to KOTd TOGO emmpedletal 1 SAKOUAVOT TNG TAONG TOL OIKTVOV Omd TNV
eloaywyn emumiéov povadwv AIIE oto cvomnua, yio éva toyoio aptopd oxnuatmv:

Voltage Deviation (500 EV)

0
1 5 913172125293337 4145495357 616569 73 77 8185 89 93 97
Buses
AME: ——2 MW 4 MW 6 MW 8 MW 11.2 MW

Awaypappa 30: AtakUpavon taong yia Stadopeg Tipég AME (dual tariff - 500 EV)

Ta anotedéopata givor mopdpola Le aVTA TS GTPATNYIKNG A.

21 ovvéyela Bo TapovGIAcGOVLE TNV EEAPTNON TNG OLKVILAVONG TAOTG oo ToV aplipd TV
NAEKTPIKOV oynpdtov, yio cuykekpévn tiun AIIE:

Votlage Deviation (AME: 3 MW)
25 -

1.5 ~

%

1 5 913172125293337414549535761656973778185899397

Buses
o= )50 BV e====750 EV 1200 EV

Awaypappa 31: AtakUpoavon taong yia Stadopetiko aplOpo oxnpdatwv (dual tariff — 3 MW)

And 10 mopamdve Odypappa kotoAofoivoope O6tt péxpt to 750 MAEKTPIKA OYMUOTE, T
dwkdpavon g tdong pével avennpéaotn kabdg dev ahldlovv ta dpla Tov poptiov {nTnong,
EVD Y100 LEYOADTEPEG TIUEG OYNUATOV £xovpe Kot avEnon g dtaekdpavong. Avtd copfaivet 010t
Exovpe aHENGM TOV POPTIOL ALYUNG TOL OIKTLOV.
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Ooov apopd 10 TpoPid TG Taons, avto lvarl péoa ota Opra yio OAeg Tig TnéG AIIE. Tapakdtom
napovotdletal o 3D ddypappa o Tpoeid ¢ Taong Yoo 000 evoekTikég Tiég AIIE kot yio
016A0 500 NAeKTPIKOV OYNUATOV:

‘v’nltage Profile (RES: sk, 500 BV
iR A S S S T e
(-1 S S N SN ST S I P
o= "Mﬁﬁ?ﬂ' Fii g
: EORARE . - : i’ -
L f;{”!nmnﬂh .r;}’fjﬁff?m i .
1= AR o T o “'"“"-:t‘"l“‘ A
. = ‘\E‘.‘.\I‘.‘.\.\'ﬂln-.“*“u_lm““‘1 “.I“‘ 1‘\1'% H} .l‘l :
= _ w”m \\‘t\ﬁ\\\‘l\\\‘ﬁ\\":\m\ \“\ ]'.‘l"ll'l\" 1.:.!'\'.&\_\1 e
0.99 A -.m\\\ J t) :
098 =" 7 e : : : i
DBE . LT T e
120 100 a0 - L
0 40 A 0 . Hours
Buses
Yoltage Profile (RES: 11.2 WMWY, S00EY)
105 4
!J'J'J';r
L rff
00
2 1- ﬂfﬁ%ﬂﬁfﬁ
........ | SD
0495 2
120 a0 :
40 20 0 d Hours
Buses

Awdypappa 32: Npodil taong yia Tpég AME 5 kaw 11.2 MW (dual tariff - 500 EV)
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A@o¥ 10 TPOPIA T™NC Thomg dev Pyaivel extoOg opimv, N uéyiom T twv AIIE kabopileton and

™ SO UOVGT) TG TAGNG.
% ATOAEEG GLGTHLOTOC

Ot aTdAEEG TOV GUOTNUATOG LETE TNV EICAYOYN TOV OXNUATOV QAIVETAL GTO TOPOKAT® GYLLOL.
[Tapatnpodpe 6T1 01 eAdyioTeg ammAeleg eppavifovion Yo Tiun oteioovong AIIE ion pe 7 MW.

Actual Losses
5.00%
0.00%
(]
8 -5.00% -
Q ——500EVs
£-10.00% |
> ——700EVs
S0k 950 EVs
;‘2-20.00% ——1200 EVs
-25.00% -
-30.00%
MW

Aaypappa 33: AWAELEG CUOTAMATOC avd MW yia StadopeTikd aplOud oxnuatwv (dual tariff)

[Mapatnpodpe kot TaAL 0Tt pe TV oOENOT TOV NAEKTPIKAOV OYNUATOV UEIOVETAL 1] LEYIOTN TIUN
tov AIIE mov propovpe va €yovpe oto diktvo. Etot, evod pe 500 oynuoto propovue vo Exovpe
puéxpt ko 11 MW ATIE, pe 1200 oynpota n ikavotnta yuo AIE pewwveratl ota 9.5 MW.

5.1.5. Zopmeprpopd dtktvov dravoung pe £Evmvn @opTion (smart charging)
¢ Huepnota kopumdin optiov

Apykd, Bo TapoLGIACOVE TNV KOUTUAT GOPTIOL Yo TNV TUYaid HEPA TOL UEAETAUE £TGL DGTE
v 00VUE TG TPayUaTOTolEiTal 1 eOpTIoN HE avth TN otpatnyiky. Eotw 6t éyovue apiBuo

oynuatev ico pe 500:
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Huepnowo ¢poptio (500 EV)

o

£ N
/ L
il

ZUVOAKO dopTtio -~

Apxko doptio xwpic EV —

MW
O = N W s U O N ®

0 2 4 6 8 10 12 14 16 18 20 22 24
Hours

Awdypappa 34: Hueprow doprio (smart charging - 500 EV)

[Topatnpodpe OTL 1 EOPTION TPAYUATOTOEITOL TIG TPATES TPWIVES MPES, €Kel dmov 1 {Rnon
etvar yopunAotepn.

% AlokOpaven Kot Tpo@ik téong

Oocov agopd t dwkdpoven g téong, Bo peietnoovpe mog ennpedletor avaioyo pHe TOV
apOpd TV oynUAT®V oV £16EPYOVTOL KaOMG Kot avaroya pe to moca AITE éxovpe oto diktvo.

[Ipdta B dovpe T0 KOTE TOGO emmpedletor N StkOUOVOT NG TACNG TOV JKTVOV OO TNV
eloaymyn emmiéov povadwv AITE oto ohoma, Yo £va toyaio aptOpd oynudtov:

Voltage Deviation (500 EV)

2.5

1.5 A

0.5

1 5 9 1317212529 3337414549 5357616569 7377818589 93 97

Buses
ANE: 2 MW 4 MW 6 MW 8 MW 10 MW =—11.6 MW

Awdypappa 35: AtakUpavon taong yia Stadpopeg Tipnég AMNE (smart charging - 500 EV)

Ta anotedéopata ivat mopdoLa LLE OVTA TOV GTPATNYIKGOV A Kot B,
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21 ovvéyela B TaPOVGIACOLE TV ££APTNON TNG SLOUKDLLOVOTG TAONG a0 TOV apliud Tmv
NAEKTPIK®OV OYNUATOV, Yo, cvuykeKpuéEvn Ty ATIE:

Votlage Deviation (ANE: 3 MW)

1.8 -
1.6 -
1.4 -
1.2~

0.8 -
0.6 -
0.4 -
0.2 -

1 5 9131721252933374145495357616569 7377 8185899397
Buses
=——)50EV =——750EV 1200 EV

Awdypoppa 36: AtakUpovon Taong yia Stapopetiko aplBuod oxnudtwyv (smart charging — 3 MW)
Amd 10 ddypappo avtd Katarafaivoous 6t e€outiog Tov 0TL TaL OYHOTA dEV POPTILOVY TIC DPES
aLuns, M Olakvpaven ¢ Tdong mapapéver otabepn. ‘Etol, pmopovpe va £xovpe peyaidtepn
EI00Y®MYN OYNUATOV YOI TpoPARLOTA TN SLUKOUAVGT TG TAONC.
Ocov agopd to mpoeik ™G tdong, avtd eivor péca ota Opta yio Oreg t1g Tég AIIE. IHopokdtm

napovctaletar og 3D ddypappa to Tpoeik g thong yuo dvo evosktikég Tipég AIIE ko yu
o6TOA0 500 NAEKTPIKAOV OYNUATOV:
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Yoltage Profile (RES: & MW, 500 BY)
1.03
1.02
1.01
1 -]
5 i 1\\%%1\\1“1‘-.%;.% .%ﬁ"n\\\"hqu
099 17 o L mm!s "]ﬁﬁi@f
098 - : P :
a0
0.597
095 -
120 : _
B0 '
5 4 20 p U Hours
uses
Yoltage Profile (RES: 11.6 Y, 500 BV
105
B ﬂmﬂ“f#f
.f.*.*.f;. #.w i H ”? l'm ”""""’# i i
= 1] ~\mﬂ"ﬁﬁf{{{%"{f:{i"‘!#wf‘““m’%{ﬁ’-”f&‘ il
T L v
.......................... | 3|:|
o T
120 100 a0 '
ol 40 20 0 0 Hours
Buses

Awaypappa 37: Npodil tadong ya Tpég AME 5 ko 11.6 MW (smart charging - 500 EV)

AoV 1o Tpoik g Thong dev Pyaivel ektog opiwv, n péyiom tun tov AlIIE kabopileton and
™ StukOHOVeT TG TAGNC.
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% AT®AElEC GLOTNUOTOC

Ol am®AELEG TOL GLGTNUOTOGC LETA TNV EIGAYMOYN TOV OYNUATOV QOIVETAL GTO TOPOUKAT® GYNLLOL.
[Tapatnpodpe 6T1 01 eAdyioTeg ammAeleg eppavifovion Yo Tiun oeicovong AIIE ion pe 7 MW.

Actual Losses

0.00%
) \ 2 4 6 8 10 12

-5.00%
a \
S _10.00%
4 ——500EVs
o
-
&-15.00% ——700EVs
é 950 EVs
45 ~20.00% ——1200 EVs
*

-25.00%

-30.00%
MW

Adypoppoa 38: AwAELEG cUOTAMATOC avd MW yia StadopeTikd aplOpd oxnudtwv (smart charging)

Ye avtifeon pe Tic mponyoldueveg otpatnykés, 6tav epapuolovpe EEumvn eOpTIoN dev EYove
peimon g péytotg tung swlsaymyng AIIE pe v avénon tov apbpod towv oxnuitov, kabng
10 POPTio TOV TPOSTIBETAL OO TO OYNUOTA KATOVEUETOL TIC MPES TOL EXOVUE PE®UEVN CRTNo,
KOl £TO1 T EMTAEOV OYNUOTO OEV ONUOVPYOVV TPOPANUATA GTO HIKTLO.

5.1.6. Xopmeprpopd OSkTOOL Owvopuns pe @OpTion mov meprhapfaver gpappoyn V2G
(vehicle-to-grid)

Onwg avoepépape kot omv apyf ™G evotntag, Bo avalvcovpe kot Bo peietoovus 4
OLPOPETIKEG TEPUTTAOGELS Yoo T otpatnywkn D, pe okomd va dodue mowo moapovclalel to
KaAVTEPA amoteAESaTo. AVTEG fvor ot

a) XZtpatmmywn D1: eoption pe PERC=10% xa1 SOC pratapioc=100%
b) Ztpoamnywn D2: poption ue PERC=20% kor SOC umotopioc=100%
c) Zrpatnywn D3: eoption ue PERC=10% xa1 SOC pratapiac=90%
d) Ztpatmywn D4: eoption ue PERC=10% «o1 SOC pratapiac=80%
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+* Hpeprota KapumOAn goptiov

Ot kapmoAeg POpTiov Yo TIC 4 SLOPOPETIKES TEPITTAGELS, Yo aplOud oynudtov ico pe 1000 ko
AIIE 3 MW, ¢aivovtot Tapoakato:

Huepnouo ¢optio (D1) Huepnowo doptio (D2)
8.00 8.00
2 4.00 2 400 [ \ /
s = —~_V
2.00 2.00
0.00 0.00
0246 810121416182022 24 02 46 810121416 182022 24
Hours Hours
Huepniowo doprtio (D3) Huepnouo ¢optio (D4)
8.00 8.00
6.00 / \ 6.00 / \
L7
> 4»55.....__\_)/-"\/ = = —_5/—’\/
E 4.m \-\/ E 4.w \\—\-/
2.00 2.00
0.00 0.00
0 246 8101214 1618202224 0 2 4 6 810121416 18 20 22 24
Hours Hours

—Apyiko dopTio ywpig EV

Zuvoliko doptio

Awdypoappoa 39: Hueprioo dpoptio yia tig 4 mEPLNTWOELS TG oTpatnyLtkic D (1000 EV)

AT Ta TAPATAVEO SLOYPAUUOTO CUUTEPAIVOVULE OTL GTIC TEPIMTMOELS OOV TO EMIMEOO POPTIONG
™m¢ umatoapiog stvor pkpdtepo and 100% otig 7 10 mpwi, Omwg €xovpe vrobécel, £xovue
KOADTEPT KOTAVOUN TOL QOPTIOL TV MAEKTPIKOV oynudtwv. Ilo ovykekpuéva, oTig
nepumtwoelg D1, D2 pe 100% SOC n (nmon xavel o ardtoun kiion otig 7 1o mpwi 1 ool
opeiletan 0T0 YEYOVOS OTL TOL OYNUOTO TIC OPES 7, 8 Kol 9 apyilovv TIG LETAKIVIIGELS TOVG KOl OEV
vrapyet dbfecipudtTTa Yo eoptior. Avtifeta, 6tav to SOC otic 7 to mpwi givar pikpodTEPO o
100% tote axopa kor o0tav apyilel va @edyel n pio opddo oynuatov , ot dAieg 600 opdoeg
oynudtmv gkeivn v opa cuveyilovv va poptilovv.

R/
*

*  Awxopavon kot Tpopid Taong
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Oocov apopd ™ JSokdpaven g tdons, o peletioovue T ennpedleTol avOAOYO LE TOV
ap1Opo TOV oYNUATOV oV E16EpYovIon Kabmg Kot avaroya pe to téca AIIE éyovpe oto dikTvo.

[Ipwta 6o dodue to KOTd TOGO emmpedletal 1 SlAKOUAVOT TNG TAONG TOL OIKTVOV Omd TNV
eloaywyn emmAéov povadwv AIIE oto ocvotmuo, yoo pio and TiG TE00EPLS OLOPOPETIKES
TEPWMTAOCELS. AvOaQEPovpE LOVO i amd TIG TE6GEPIS KABMG OGOV aPopd TN OOKVUAVOT TAGNG
TaPOVGLALOVY OAEC TAPOLOLO GLUTEPLPOPAL:

Voltage Deviation (D1 - 500 EV)

o B Ja

1 4 7101316192225283134374043464952555861646770737679828588919497
Buses

AME: ——2MW ——4MW =—6MW EMW —10 MW -11.9 MW

Awaypappa 40: AtakUpavon taong yua Stddopeg Tipég AME (otpatnywkn V2G - 500 EV)

Ta anoteAéopata ivat TopOLOLO LLE TV TPOTYOVUEVOV GTPUTNYIKOV POPTICTG.

21 ovvéyewn Ba e€etdoovpe T oxEomn OV EYEL N AVENGT TOV NAEKTPIKAOV OYNUATOV LE T
KO AVOT| TNG TAONG:

Votlage Deviation (D1, ATE: 3 MW)

1.4
1.2

X 0.8
0.6 -
0.4 -
0.2 -

15 913172125293337414549535761656973778185899397
Buses
—)50EV =—=750EV 1200 EV

Awdypappa 41: AtakOpavon tTaong yio S1adopetikod aplOpd oxnpdtwv (otpatnyki V2G — 3 MW)
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Amod 10 mopomdve JSwdypappoe  kKatoAoPoaivoope O0TL, o€ ovtifeon pe TG TPONYOLUEVES
otpatnykéc A, B ko C, otig otpatnyikéc D (toydet yio OAEC TIG TEPTTMOOELS) EYOVUE HEIDON TNG
SlaKvLOVO™NG TAon 660 avéavovue Tov aplBud TOV NAEKTPIKOV oxNUATOV. Avtd 0QeileTal 6TO
YEYOVOS OTL 0 GLVOLOCUOG POPTIONG OTIC MPES LN OLYUNG KOL 1) ETLOTPOPN EVEPYELNG GTO JIKTVLO
TG OPEG OYUNG UEWDVEL TIS OKVLUAVES TAOE 7oL Tapovstdloviat 6tov (uyovg Tov
GLGTNLOTOG,.

Ocov apopd to Tpoil g tdong, avtd gival péca ota 6pia yio 6Aeg Tig Tiég ATIE. Mopakdtm
napovotdletar oe 3D ddypappa to TpoPidk g Thong yuoo dvo evoekTikég Tipég AIIE ko yo
0T10A0 500 NAEKTPIKOV OYNUATOV Kot Yio, TNV mepintoon D1:

“Yoltage Profile (RES: 5 bMWY, 500 E%)

103
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Hours
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“oltage Profile (RES: 11.9 MW, 500 BEY)

105

Bt R e '

Al ﬂﬂfﬂf y

. 1] g.-” i _ﬂfﬁﬂ?ﬁ‘%‘.ﬁﬂ'ff?

30
0957
120 |
R0
40
0 0 0 Hours
Buses

Awdypappoa 42: Mpodil tdong ya tiuég AMNE 5 kot 11.9 MW (otpatnywki V2G - 500 EV)
AoV to TPoPik TG Thong dev Pyaivel ektodg opiwv, N péyiom tun tov AIIE kabopiletoar amd
™ StokOUOVoT TG TAGTC.

®,

*  AndAeleg GLGTNUOTOG

Mo omowdnmote and 115 otpatnykés D, n oxéon peta&d anwiewdv ko woyvog AIIE sivor n
edne:

Actual Losses
0.00%
0 \ 2 4 6 8 10 12
-5.00%
[+ 1]
8. 10.00% \
B ' ——500 EVs
| o
~—
| & -15.00% ~, ——700EVs
5 / 950 EVs
| 2
|45 ~20.00% —— 1200 EVs
|
-25.00%
-30.00%
MW

Awdypappa 43: AnwAeleg cuotpatog avd MW yia Stadopetikd aptdud oxnpdtwy (otpatnykn V2G)

104



Meto&d tov otpatnyikdv D1 kar D2 o1ig onoieg €govpe 1010 enimedo @dpTiong g pratapiog
aAAG SrapopeTikd mocootd PERC (10% kot 20% avtiototya), ot amdAElEs £ovv og eENG:

MNocooto pelwong TwV anwAeLwWY Aoyw
avénong tou mocootou V2G (D2 - 500 EV)
0.60%
0.50%
1]
# 0.40%
= 0.30% -
]
« 0.20%
0.10%
0.00% -
1 2 3 4 5 6 7 8 9 10 11
MW

Awdypappa 44: MNocooto pelwong Twv anWAELWV cuotiatog Adyw ad§nong tou nocootol PERC

To cvunépacua mov TPOKVATEL OO TO TOPATAVE® Odypoppe glvar OTL pe v owénon tov
T0GOoTOL cLUpETOYNG ™G V2G Aettovpyiag €yovpe pio UIKP HEIOOTN OTIS OMMAEES TOL
oLOTHOTOG. MAAIGTO, TO TOGOGTO aVTO Yivetal PEYIOTO Yo peyorvtepeg Tiég ATIE, oniadn
vy 7 xou 8§ MW.

>t ovvéyela, Ba dei&ovpe T0 TOCOGTO KATH TO OTOI0 LEUDVOVTIOL Ol OTMOAEIEG TOV GUGTHUOTOG
OTaV VAOTOLOVE OTPATNYIKES POPTIONG OTIG OTO1EG TO EMIMESO POPTIONG TNG UTaTOPiag 6TIC 7 TO
mpoi etvon yapunAdtepo tov 100% (m.y. 90 1) 80%).

Mocooto Helwong TWV AMWAELWY HETAED
D3 (90% SOC) kat D1 (500 EV)

3.00%

2.50%
@ 2.00%
2 1.50%
;°; 1.00%

0.50%

0.00% -

1 2 3 4 5 6 7 8 9 10 11
MW

Awdypappa 45: Mocooto Peiwong Twv ANWAELWV TG oTpatnykig D3 cuvaptioel tng D1
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Mocooto pelwong TwV anwAeLwv peta&y
D4 (80% SOC) kat D1 (500 EV)

3.00%

1 2 3 4 5 6 7 8 9 10 1

Awdypappa 46: Mocooto peiwong Twv anwAgLwy tng otpatnytkig D4 cuvaptioel tng D1

vunépacpa: Av kot yu Oeicovon AIIE péxpt 5 MW 10 apyikd eminmedo @Optiong g
protopiog dev mailel onpavtikd poro oTIC OmOAEES, Yo dieicdvon and 6 MW kot mdve ot
OTTMAELEG LELDVOVTOL OPKETA [E TN HEIWON TOV EMTESOL POPTIONG TG Uratapiag. Mdailota, 660
LELOVETOL TO EMIMEDO TNG UTOTOPIOG TOGO PEYOADTEPT EIVOL 1) LEIMON TOV ATWAEUDV.

s Awgioovon AIIE

[Tépav TV am®AELOV TOL GLGTNUATOG, Ol EVOALUKTIKES TEPUTTMOCELS TG GTPATNYIKNG D pmopovv
Vo 0OOMYNOGOLV KOl GTNV KOADTEPN EKUETAAAELON TOV OVOVEDCIU®V TNY®V gvépyelag. To
AmOTEAECHO, VTO POIVETOL GTOV TOPAKAT® Tivaka, Omov ameikoviletal n péylotn deicdvon
AIIE mov pmopovpe va €govpe yuo kabe pio omd 11g 4 mepumtdoelg (Yoo apBpods oynudtov
2000, 3000 ko 4000):

Méyiot amoppopnon AITE avd otpatnyikn

ApOpog Oynudrwv D1 D2 D3 D4
2,000 12.9 MW 13.2 MW 13.5 MW 14 MW
3,000 13.4 MW 13.65 MW 14.25 MW 14.9 MW
4,000 13.65 MW 13.9 MW 14.75 MW 15.85 MW

[Mopatmpodpe 611y k6Be mepintwon EOPTIONG £YOVUE  SPOPETIKN TN  UEYIOTNG
eykateomnuévng woyvog AITE. Avt) n dwupopd yivetan axodpa peyoldtepa pe v avénon tov
GLUVOAIKOV ap1lBUol TV NAEKTPIKAOV OYNUATOV.
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5.1.7. ZOykpron amotereopnaTmV peToll TOV 4 OTPATNYIKOV QOPTIGNGS 6TO OIKTLO SLAVOUNS
™G LrePYELddog

Ymv evotto ot 0o TOPOVGIAGOLUE TO GLVOMK(O OTOTEAEGUOTO TNG VLAOTOINONG TWV
TEGGAPOV JOPOPETIKMOV GTPATNYIKOV QOPTIONG TOV MAEKTPIK®OV OYNUATOV 6TO OiKTLO NG
Ymepyeldong, pe okomd va Ppodie TO. TAEOVEKTNUOTO TTOL LIAPYOLV UE TNV EPOPUOYN TNG
oTpatnyikng eoptiong V2G.

Inueiowon: Xt obykpion petald TV oTpatnyIK®v Ba ypnoomomovpe ) otpotnyky D4 and
T1g TBaveg D Aoy Tov 0Tt KataAnyel 68 KOADTEPA AMOTEAEGLLOTA OTTMOG PAVNKE KOl TOPOTAV®.

% AlokOpaven taong

Oa ToPOVGLAGOVLE TN SKVUAVGT TNG TAONS TOL dKTOOVL Yo TVYaiovg cuvovacuovg AITE kot
NAEKTPIKOV OYNUATOV:

Voltage Deviation between all strategies
(500 EV, 3 MW)
—A
-
0 D
1 6 111621263136414651566166717681869196
Buses
Voltage Deviation between all strategies
(500 EV, 8 MW)
3
2.5
2 —A
R 15 - 5
A — —
0.5 —C
0 D
1 6 111621263136414651566166717681869196
Buses
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Voltage Deviation between all strategies
(1000 EV, 5 MW)
2.5
R —A
B
—C
0 D
1 6 111621263136414651566166717681869196
Buses
Voltage Deviation between all strategies
(1000 EV, 8 MW)
3
—A
—B
—C
0 D
1 6 111621263136414651566166717681869196
Buses

Awdypappa 47: AloKOPAVON TACHG TWV 4 TTEPLTTWOEWY TG oTPpATNYLKNG D yia Stddopoug cuvsuaopolg oxnuatwv-AMnE

vumepdopato:  AveEopTNTOS GLVOLAGHOL oynudtov Kot Oeicdvong AIIE, ov €Eumveg
otpatnyikéc (C ka1 D) mopovoidlovv kodvtepa omoteléopata amd TIc oTpatnykés A kot B.
MdaMota, n otpatnywkn D mapovcidlel m younidtepn dtokdpovon yio kdbe mbovod cuvovacuo.

EmnAéov, mapammpodpue ot yuo v id1a 1oy0 AIIE, 660 avédvoovpe Tov aptBpd tmv NAEKTPIKOV
OYNUAT®OV TOCO TEPLGGOTEPO HEYUADVEL 1 dopopd petald tov otpatnyikov C, D pe g
otpatnywéc A, B.

% ATOAEIEG GLOTAUATOG

Téhog, Ba dei&ovpe katd TOGO eMMPEELOVTAL O1 OTMOAEIEG TOV GUGTIUATOS YOl TIG SLOPOPETIKEG
oTpaTYIKES OpTIons. Ommwg kot mptv, Oa YPNCUOTOMGOVUE TUYXAIOVE GLVIVACUOVS 1GYVOG
AIIE ko1 nAeKTPIKOV oynudTmv.
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Actual losses between all strategies (500 EV)

0.00%
k 2 3 <+ 5 6 7 8 9 10 11

-5.00% \\
-10.00% \

-15.00% +

-20.00% +

% of Non EV/RES case

-25.00%

-30.00%

-35.00%

MW

Adypoppo 48: AWAELEG CUCTHHATOC LETASY TWV 4 MEPLMTWOEWV TG oTpatnykig D (500 EV)

To mopamdve SLaypopio AmOdEIKVIEL OTL Y10 GUYKEKPIUEVT] SIEICOVOT NAEKTPIKOV OYNUATOV
0T0 OIKTLO NG XmEPYEBONG, Ol OMMAEEG OV TAPOLGLALEL TO CVOTNUO Eivol OPKETE O
pewwpéves otav epappodlovpe tig otpomykés C kot D, pe to mocootd peiwong va gival
peyoAlvtepo ot otpatnyikny D. Exiong, mapatmpodpue o1t péxpt ta S MW AIIE 1 dtoapopd tov
V0 TEAELTAL®MV GTPATNYIKAOV dev ivar peyddn, aAdd avéavetor 6co avéavetol 1 dieicdvon tv
AIIE. Avto onpaivetr 6t pe v gprion V2G Aertovpyiog UmTopovpe vo EKUETOAAEVTOVUE QKON
TEPLGGOTEPO TIG AVOVEMGLUEG TTNYEG EVEPYELAG. ALTO YiveTal Kotavontd Kot amd TO YEYOVOS OTL
vy opOpd oynpdtov ico pe 500, av VAOTOMGOVUE TN GTPATNYIKN A UWITOPOVUE VO EXOVUE UEYPL
10 MW AIIE evo pe 115 otpatykés C ko D pmopodpue va €xovpe péypt 11.5 MW. MdAiota,
060 peyaAmvel 0 apluog Tov oynudtov tOco peyaAvtepn eivar n dweopd twv AIIE. Tha
napddeypa, ov OBswpnoovue 6Tl €xovpe oevdplo pe otéOAo oynudtwv 1200 oynuoto To
arotélecpa Oa Exel og eENG:

109



Actual losses between all strategies (1200 EV)

10.00%
5.00% 1\

0.00% \\
< o0% 1\\\3 4 s 6 7 8 9 10 11 12 13 5

-15.00%

-20.00% \ . /
-25.00% \Oe__/

-30.00%

% of Non EV/RES case
i
o
o
g
|

MW

Awaypappa 49: AWAELEG CUCTANATOG HETAEY TWV 4 MEPUNMTWOEWV TG oTpatnywkrg D (1200 EV)

2mv nepintoon tov 1200 oynpdrov n dwpopd elvar akopa peyaidtepn. [T cvykexpéva,
EVO pe TS oTpatnyikés A kot B dev pmopodpue va Eemepacovpe ta 9.5 MW AIIE, vionowwvrag
™ otpotnykn eoptiong D pmopodpe va €xovpe deicdvon AIIE péypt ko 13 MW, omAaon
Exovpe avénom 36.8% TG WKOvVOTNTOGC YO OVOVEDGIUES TNYEG evépyslng. Oa mpémel va
AVOPEPOVE GE aVTO TO ompeio OTL 0 AOYog oL dev pmopovpe vo Eyovpe mapomave AITE sivol
YTt 1 Stekdpavon g Taong Pyaivel ektdg opimv. AvTd QOivETOL GTO TOPAKAT® S18ypoLpLpLoL:

Méyiotn AtakUpavon Taong ava oTpatTnyLKn
yia duadopeg tipég AME (1200 EV)
4.5
4 /
3.5
3 //z\ o A
2.5 "1 T
5 2 — —B
1.5 — ——| @
1 T |
—D
0.5
0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
MW

Awdypappa 50: Méyilotn Stakipaveon taong ava otpatnyikn (1200 EV)

Télog, elval onuavTiko vo TovUE OTL LETA OO 0L GUYKEKPIUEVT] T NAEKTPIKMOV OYNUATOV Ko
LETA, Ol oTpatnyKES eOptiong dumb ko dual tariff dev sivar ikavég ya T cwot Aettovpyio Tov
OLOTNHOTOG SLOVOUNGC. X€ QTN TNV TEPITTMOT KPIvETOL avaykaio N OPTIoN TOV OYNUAT®V Vi

110



yivetal pe Baon Tig 600 TeEAevTOiES OTPATNYIKEG. ZOUPOVA LE TNV EPELVA TOL KOAVOLE KOTO TN
SLAPKELNL OV TNG TNG EPYACING, amo@avONKape O0TL aVTO TO OP1Lo OYNUATOV ivat TO EENG:

A — dumb 1230 EV
B — dual tariff 1330 EV

5.2 ITapovciocn Kol pEAETN TOV EVEPYELEKOV cvoTipoTog T Kpntng

5.2.1. Ileprypagi] 7T0v OGVOTHROTOS mNAekTpomapoywyns T Kpitng ko Ttov
AUPOKTPLOTIKAOV TOV GTOAOV NAEKTPIKAV 0OYNUATOV

210 oUTOVOHO CVOTNUO MAEKTPIKNG evépyelag s Kpntmg Aettovpyodv omuepa 3 Bepuukol
Ytafpol [apaywyng:

e AHZX Xaviov ot 0éon Eviokapdpa
e AHX Awomnepapdtov oto Hpdxielo
e AHX Afgpvoraxkov oto Aacidt

2tovg otafuods avTodg Aettovpyolv GLVOAMKE 24 cLUPOTIKECG HOVAOEG TOPAYWOYNG €K TV
omoiwv ot dVo &ival atpopovddeg cuvoAlkng oyvos 93 MW, ot déka eivor pnyavég vrileh
GLVOMKNG oyvog 557,4 MW, ot €&t eivan aeplootpofiiol cuvolkng oyvog 232,74 MW kot ot
vdAouteg €E1 elval LOVAdES cLVOLAGHEVOL KOKAOV GLVOMKNG oyvoc 395 MW. Z10 chotua
mg Kpnmg Bpiokovtar, emiong, oe Agttovpyio atolMkd mdpka kot gomtoPoAtaikol otabuol pe
gykateotnuévn oxd 440 MW. Iloapokdto @oivetol GLVOTTIKG TO TOC0GTO KAOE HOVASOG
TOPUYMOYNG EML TNG GLVOMKNG Tapay®YNg oty Kpnn:
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Zuppatikég kot Avavewotpeg Movadeg

Napaywyng oto evepyeLtako cuotnua tng Kpntng
ATUOHOVASEG

5%

AeplootpoBilot
32%

Juvbuacuévou
KukAou N—Mnyxavég diesel
23% 14%

Awdypappa 51: Mocootd cUUPBATIKWY HOVASWY Kat povadwv AME oto clotnua thg KpAtng

% Opa amoppdenong atorkr 1oyHog

¥10 avtdévopo cvomuo g Kpring n péyliom emrpenduevn oplaio deicdvon otabucvv AITE
elvar ion pe to 40% tov @optiov. H tiun avt) oyvel o¢ péyiom emrpenduevn £pOGovV
EMKPOTOVV OUAAEG KOUPLKES GUVONKES KOl LLE TOVTOYPOVY] OTOVGIO AEITOVPYIKAOV TPOPANUATOV
070 JiKTLO. Xg TEPIMTOON OVOUIA®V CLUVONK®OV TO TOGOoTO avTd dieicdvong meplopileTan

avdAioya pe TN 6oPapdTnTa TG KATAGTAGNC.

% "Evtoén kat poption cupPatikdv Hovadmv

H xavovikn cepd évtaEng tov veiotauevoy cuppatik®v povadmy yo to cvotnua g Kprmg

sivo:

a) Ilpota @optiCovtar ot 600 véor atpootpofirot tov AHX ABgpivoraxkov kol ot
atppootpOfiiol tov AHE Awomepapdtov ot omoiot ¥pNGUYLOTOOVVIOL G HOVAOES
Bdaong, oedopévov OTL, AOY® NG XPNONS OTUOD dev eivorl €PIKT 1N OLOKEKOUUEVN
Agttovpyio TOVG.
¥t ovvéxelo Aappdvoov eoptio ot povadec diesel tov AHE ABgpivorokkov Kot Tov
AHZ Aworepopdtov.

b)

c)
d)

R/
¢

Ot exmeumdpevol pvmotl amd To GVGTNU TOPAy®YNS vroloyilovian Eexwplotd yio kébe TOTO
povadag. I'a tov vmoAoyIopo TOVG, TOAAUTANGIALOVILE TV TTOpAY®YN TNG KA povadag pe Evav

Apéowg petd eoptiCetar o Zuvovacspuévog kokAog tov AHZ Xaviwv.
Téhog, Aappdvovv @optio ot AgplooTpOPilol GOUE®VO LE TNV OKOVOULKN (TLTIKY])
oelpd EvTagng Kol TOVG TEPLOPIGLOVG TOV GLGTHIOTOG LETAPOPUS.

YTOAOYIGHOG TV EKTEUTOUEVOV POTTMOV OO TO GUGTI L TOPOYWYNG
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OLUVTEAEGTN O OMOi0g €lval YOPUKTNPIOTIKOC TOV KAOE TUTOL povadas. Ot GLVTEAECTEG avTol
TaPOVGLALOVTL TOPAKATW:

Atpopovéoeg 0.56716
Agplootpofiiot 0.45195
Mnyavég Diesel 0.39099

2uvouacIEVOL KOKAOL 0.57143

% Owovopikn omotipnon tov cuathuotog Kpnmg

INa tov vroAoyiopd TOov KOGTOLG TNG AELTOVPYIG TOL EvePYELOKOD GuaTHUATOG TG Kpntng eivan
ATOPOITNTO VA 160000V TO SES0UEVA TV EOIKMV KOTAVOADCE®OV TV TPtV AHX ota enineda
50%, 75% xou 100% tng ovopootikng Tovg toxbog. Ta otoryelo ovtd mpoépyovior omd
OTOAOYIOTIKG GTOXELD TNG TOPAYMYNG - KATOVIAMONG TOV HOVAS®V amd TNV TeXVIKN £KOeoM.
EwWwd yia 11¢ atpootpofrhkés povadeg tov AHE ABgpivoraxkov mov gyKoatactdOnkov
TPOCPUTO OEV VIAPYOLV ATOAOYIGTIKE GTOLXEIN KO YpNOIHOTOMONKAY GTOtYElD AITd TN GYETIKN
ovupaon. Znpewdvetar emiong OTL Yo TIC LOVAdEG omoieg Omov Vapyel EAAeyM €xel BempnBel
0Tl TopPoVoIAloVV OVTIGTOLYO YOPOKTNPIOTIKE e TIG HE MOVADES 10100 TOUTOV TV OTOIMV TO
dedopéva etvat YvwoTd.

ZYETIKA PLE TIG LOVADES ZVVOLAGLEVOL KUKAOL EANOON g Tapadoyn Ot Ba Exovv didtaln 4+4+1
(4 aeprootpofirol + 4 AéPnteg avaktnong Beppomrag + 1 atpootpdPirog). v mepintwon
ot 0 BaBurdc amddoong 6to pEYIeTo EANPON 160G pe 52%. Zyetikd pe TNV HETAPOAN TNG EOKNG
KOTOVAAOONG ®G TPOG TN @OpTIon NG Hovados Oempndniov ot avaAvTiKEG KOUTOAEG
TOoGOoTIO0G HETAPOANG TNG EWOIKNG Katavdimong Yo otafud Zvvdvacuévov Kokiov ddtaéng
(4+4+1) mov divovtol 6TO TOPAKAT® SLAYPOULA, TOL TPOEPYXOVTOL OO LEAETY] TOV EKTOVIONKE
v Aoyapracud g AEH and 1o EMIL
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Awdypoppoa 52: KaprtOAeg nocootiaiog HeTaBoANG TNG ELGLKAG KATavAAwonG yLa oTadOpd cuvSuacpévou KUKAoU Slatagng
(4+4+1)

% Ko010G avove®GIU®mY LOVAS®V Kol EKTEUTOUEV®Y POTOV

To kb6otog TtV avovedowv povddwv Paciletor o onuepwvd dedopéva TOANGNS NG
napayouevng evépyelog and AIIE xor dev ovumepilopfdver to €£0d0 €yKATAGTAONG TOV
avave®oluov povadwv. ‘Etol, oty gpyacia avt) €yovpe OBempnoel kOGTOG TopayOUEVNS
evépyelog and AITE {co pe 84,6€ avd peyoPatdpa.

mv gpyoocia avt Oa ovopdlovpe kO6GTOG Acttovpyiog Kol CLVTAPNONG TO AOPOICLA TOL
KOGTOVG TV GUUPATIKAOV KOl OVOVEDGUL®V LOVAS®V TOPAYWOYNG.

To K66T0G TOV EKTEUTOUEVOV PUTOV QPOPA TNV OIKOVOUIKT] OTOTIUNGT TOV PUTMOV Ol OTTOi0L
EKTTEUTOVTOL ATOKAEIGTIKA amd TS povadeg mapoywyns. H tiun tov avépyeton ota 20€ ava tn
Cco2.

To dBpotopa Tov KOGTOVG AELTOVPYIG KOl GLVTHPNONG LE TO KOGTOG TOV EKTEUTOUEVOV POTOV
Ba 0 ovopdlovpe GLVOAKO KOGTOG TOV EVEPYELOKOD GUGTILOTOG.

% Yrmoloyiopog vrepyeilong mopaymduevns atolkng evépyetag (wind spillage)

[Ma Tov VTOAOYIGHO NG TOPAYDUEVIC NAEKTPIKNG EVEPYELNG 1| OTTOT0 TEMKA OV YPNCLOTTOLEITAL,
Aappavoope voymv v mopaynyn tov povadwv AITE kot toug meplopiopods amoppoenong
OLOMKNG 1GYVOC.

Ooov apopd Ta NAEKTPIKOV OYNUATOV, 1GYVOVV T EENG:
% ZTOM0G NAEKTPIKAOV OYNUATOV
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®a Tapovcldcov e TPic GEVAPLA O1EIGOVOTNG NAEKTPIKOV 0YNUdT®V 610 dikTvo ™S Kpnng:

1. To peaAiotikd cevdpio, pe Tov aplBud twv nAeKTpik®dv oxnuatov vo etavel o 10.000.
To a61060E0 cevdplo, e Tov aptpd TV NAEKTPIKOV oynudtov va gtdvet ta 30.000.
3. To vrepats10d0E0 6evEplo, 6TO 0TOI0 OVOUEVOLLE TTOAD SLVAUIKT OEIGOVOT NAEKTPIKAOV

N

oynuatwv, pe Tov apluod tovg va etévet ta 50.000.

% Zevapla pOPTIoNG
Onwg avapépape Kot 6To KEPAAALO0 2, Ta GEVAPLA POPTIONS TOV O TAPOLGLAGOLLLE givar 4.

Ytponyikn A: Mn eheyyouevn eoption (Dumb charging)

Ytponyikn B: EAeyyouevn option pe diloviko tiporoyio (dual tariff charging)
Ytponyikn C: 'E&umvn eoption (Smart charging)

Ytponyikn D: And 1o Oynua oto Aiktvo (Vehicle-to-grid)

Sl

5.2.2. lopovca KaTAOTAON TOV EvEPYELOKOV ocvoTipatog s Kpntmg yopic niektpika
oynuoTo

Ed® Ba mopovoidcovpe ta amoTeAEoUATO TG HEAETNG TTOV £YIVE GTO EVEPYELNKO GUGTNUO TNG
Kpnmg, mpwv v e1caywyn niektpikodv oynudtov. Ta arotedéspata mov Oa amotvmmdoovpe Oa
aPOPOVV TI GUVOAIKT] €TI0 GLUTEPIPOPE TOL dktHov TG Kpnng kot twv povadwv mov 1o
aroptilovv.

0,

s Kopmoin duapkelog poptiov

Oo Eexvnoovpe pe TNV €TNO0. KOUTOAN OpKENG QOPTIOV, 1 omoie PaivETOL GTO APECHG
EMOUEVO OLAYPOLLLLOL:
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Etriowa KapuruAn dudpkeiag poptiov
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Awaypappa 53: Etola kapmnUAn Swapketag poptiov (Non EV case)

A6 10 TOPATAVED SLAYPUUL TOPATPOVUE OTL TO HEYIOTO PopTio Tov pmopel vor (et elvan
nepinov 1100 MW, kot pddiota avtod yivetar povo tpeig nuépes to ypdvo. Emmiéov, 1o eAdyioto
eoptio mov pmopel va {nnBel katd 1 ddpkea Tov ypdvov ivar ta 260 MW.

s TIpoypappotiopds Tov povadwmv

O mpoypapHaTIionds TOV HOVAS®Y TOpay®YNS Yio. OAO TO €TOC QAIVETOL GTO EMOUEVO GYTLOL.
AvT6 IOV TOPATNPOVUE EIVOL OTL 1] LEYAADTEPT TOGOTNTO EVEPYELNG TPOEPYETOL OO TIC LOVADES
oLVOLOCUEVOD KUKAOV, KOl LAAGTO VOl GYEOOV OUTAAGLOL OTTO TNV EVEPYELN TTOV TPOEPYETAL OO
ta ATIE M oamo tic unyoavég diesel. Téhog, n ocvvelc@opd TV aeplooTpOPAmv givar apkeTd

XOHMAN.
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Etriowa mapaywyn povadwv
2,500,000.0

2,000,000.0

1,500,000.0

MwW

1,000,000.0

500,000.0 :l
0.0

Atupopov Mnxavég Zuv,éuao Agploot
. . HEVOU , AME
adeg Diesel , poBLLoL
KUKAOU

B napaywyn/tono | 698,032.9 | 987,623.2 |1,964,881.3| 37,382.2 [1,030,550.2

Awdypappa 54: Etiola napaywyn povadwv (Non EV case)

To axpiBég mM0G0oTo e TO 0010 GVUUETEYXEL KAOE LOVASQ GTN GLUVOAIKY] TAPAY®OYT QOIVETOL Kot
070 emOpEVO dtaypappa. Onmc eidape Kot mTpty, ol LOVASEG GUVOILAGUEVOD KOKAOL EETEPVOVV TO
éva TpiTo TNG GLVOAIKNG TOPAYWYNG.

MNooooto KABE povadag otn CUVOALKN apaywyn

ATHOHOVABEC
15%

AgplooTtpofilol
1%

Awdypappa 55: Mocootd kKaBe povadag mapaywyng otn cuvoAikr tapaywyn (Non EV case)

«» Exmeumopevol pomot
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Onwg eldope kot ot apyég awtod Tov Kepoiaiov, ov punyovég diesel éyovv to pkpdTEPO
OLVTEAEDTH] POTAVONG O OYEOM UE TIG VIOAOMES CLUPATIKEG LOVADES TOPAY®YNG EVA Ol
ATUOHOVADES KOt O 0EPLOGTPOPIAOL EY0VV TO PEYOANTEPO. Ol GUVOMKES ETNGLEG EKTOUTES PUTOV
avd povado Tapoywyns, kabdg Kot To m10cooTtd g KaOe piog g Tpog To GHVOAO Paivovtal oTo
VO GYNUOTA TTOV AKOAOLOOVV:

Etoleg eknounég punwv (tn CO2)

768,248.9291

446,356.2870

395,896.3647

21,361.3050

ATOMOVASEG Mnyxavég Diesel Juvbuaouévou AeplootpoBilol
KUKAOU

Awdypappa 56: ETRoleg eknmounég punwv (Non EV case)

MNocooto kABe povadag otnv eknopunn pUNWV
AeplootpoBilot

1%

Awdypappa 57: Nocootd kKade povadag mapaywyng otnv eknopuniy puntwv (Non EV case)
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Avtiotoyo pe mpwv, ot unNyavéG ouvOLACUEVOL KOKAOL E€ivol OVTEC OV EKTEUTOLV TO
LEYOADTEPO TOGOGTO PUT®V TTPOG TO TEPPAALOV, LLE TO TOGOGTH TOVS va TANGLAleL To 50% TV
GUVOAKOV pOTT®V. Oa TPEMEL, emionc, £0® va, onuelwbel 0TL TO KOGTOC TV PUTMV lvar aTabepod,
aveEapTNTO A TO TOV TPOEPYETAL, EMOUEVMG TO TOGOGTO KAOE LOVASOG GTO GUVOMKO KOGTOG
TOV POTOV £ivol TO 1010 LE TO AUECHOS TPOTYOVUEVO OLAYPOLLLLLOL.

% Amokomn tov AIIE

Eivar yvooto 0t 1 eykateomnuévn 1oyvg tov AIIE etvan peyoldtepn amd ovth mov TPOoyUOTIKA
napayeton péca oto ypovo. Iavta vapyel Eva u€Pog g 1oYVOg Tov deV YPNOIUOTOIEITAL AVTO
eoiveror KaAOTEPA KOl GTO ETOUEVO SLAYPOLLLLOL:

Etola anokonn twv ANE
1,200,000.00
1,000,000.00
800,000.00
3
s 600,000.00
400,000.00
200,000.00
0.00 - - —
Eykateotnuevn Mapaywpevn Etnow
Loxuc ANE Loxuc AMNE arokorn AMNE
| H loxug ANE 1,072,462.09 1,030,550.21 41,911.88

Awdypappa 58: Etiola anokornr AME (Non EV case)

[Mopatnpodpe, dNAadn, 0Tt amd Ta cuvolkd 1.700,462 GW mov umopovv va wapoyfodv amd to
AIIE, oyedov ta 42 and avtd amokomtoviol. Avtd onuaivel 0Tt Yavovpe £tnoing tepinov 610
3,9 % g mapaywyng tov AIIE, n onoia mdetl avekpetdAlevt).

+  Owovouikn anotipnon

Ye avtd 10 onueio Bo TAPOLGIACOVUE TO KOGTOG Agttovpyiog Kol cuvinpnong kabe povadog
TOPOYWOYNGS, T CUUUETOYN TNS KAOE LOVADOAG GTO GLVOAMKO 0VTO KOGTOG, KABMS Kol TO GUVOAKO
€10 KO66TOG TO0 0moio mepAapPdvel, ekTdg TOV KOGTOLG AEITOVPYING KOl GLVINPNONG, KOl TO
KOGTOG TOV EKTEUTOUEVOV POTOV.
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Etr)ol0 KOOTOG AELTOUpYLaG KAL CUVTAPNONG
300,000,000

250,000,000

200,000,000

w 150,000,000

100,000,000
50,000,000 . .
O I
Atpopova Mnxawveg 2uvBuacke Aeplootpd
. vou AlNE
b¢eg Diesel , B\otL
KUKAOU

M O&M cost| 63,968,226 | 72,554,990 | 281,703,495 | 8,200,019 87,184,548

Awdypappa 59: ETiolo k6otog Asttoupyiag kat cuvtitnong (Non EV case)

MNocooto kABe povadag emni TOU ETHOLOU KOGTOUG
Asltoupyiag Kot ocuvtipnong

ATOOVASES
12%

AeplootpoBilol
2% Mnxavég Diesel

14%

Awdypappa 60: Mocootd kKABe povadag mapaywyng ni tou kootoug Aettoupyiag kat cuvtipnong (Non EV case)
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ZUVOALKO £TNHOLO KOOTOG CUCTHLOTOC

Kbéotog punwv
9%

Awaypappa 61: ZUVOALKO TGO KOOTOG cuctiipatog (Non EV case)

[Mopatmpodpe 611 10 KO60T0G TV AIIE amotelel to 15% 1OV GLVOAKOD KOGTOLG TOL
GULGTNLOTOG, VO 01 EKTEUTOUEVOL pOTTOL Kataiapfdavouv Eva 9%.

‘Eva. aGAho péyebog mov mailelt moAd onuavtikd polo Kot Bo TPEMEL VO TAPOVGLAGOLLLE, ival TO
€101K0 k60T0G. To €101KO KOGTOG oG dglyvel TO KOGTOG ava peyofatdpa. Ty epyocio o
&yovpe vtoroyilel dVO €101 KOGTI, TO E01KO KOGTOG AELTOVPYING KOl GLVTNPNONS KOl TO E01KO
ouvolkd kootog. Kat ta d0o avtd gaivovtol 6To Tapakdt® Sidypopipia:

Etrioo £16k0 KOoTOC (€)

119.2266119

108.8512383

Aettoupylag kot ouvtpnong JUVOALKO

Awdypappa 62: Etriolo £181k6 kdotog (Non EV case)
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5.2.3. Zopmeprpopd Tov €vePyELoKov ovoTipotos Tng Kpntng pe pn eleyydpevn @option
(dumb charging)

e auto 10 Koppdtt Bo Bempnoovpe OTL OAOG 0 GTOAOS TV NAEKTPIKOV OYNUATOV akoAovOEl T
oTpaTNYIKN @OpTIoNg A, oniadn ™ un eieyyduevn @option. H scaymyn tov nAekTpikdv
oynuaTeov akolovbel ta Tpion cevdplo SlElGOLONG TOL TEPYPAPNKAY OCTNV EIGAYMYN TNG
evotnTog.

Apyikd, 0o TOPOLVGLAGOVLE TNV KAUTOAN QOPTIOV pog Tuyaing Hépag HEGH 6To YPOVO DOTE Vi
eovel g Asrtovpyel oavTOG 0 aAYOpIOHog POpTIoNG, dNAdN va dobue mePimov moleg MPES
TPAYUOTOTOLEITOL 1] POPTION TOV NAEKTPIKAOV OYNUATOV.

Huepnola kapunuAn poptiov (MW)

mOEV [10000EV [130000EV ©O50000EV

800
700
600 D
500
400
300
200
100

1 23 45 6 7 8 91011121314151617 18 19 2021222324

Awaypappa 63: Huepnowa kapnuAn ¢poptio (dumb charging)

[Mapatnpodpe O6tL TV TLYOiO QLT UEPQ, T GOPTION YIVETOL TIC OTOYELUOTIVEG OPES, HE
amotédecpo to peak tov poptiov va yivetar OA0 Kol O VYNADO LE TNV EIGOYOYT TEPIGCOTEPOV
NAEKTPIK®OV OYNUATOV.

+ Kopumdin didpketag poptiov

Oa EEKIVNCOLE LLE TNV ETNCLO KOUTOAN OUPKELNG POPTIOL, 1 Omoio POIVETOL GTO APECMG
EMOUEVO QLAY POLLLLOL:
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1400
1200
1000

800

MW

600
400
200

Etriowa KapuruAn dudpkeiag poptiov

326
651
976
1301
1626

1951

O « O
~N O o
N O O
NN N

3251
3576
3901

4226
4551

4876
5201
5526
5851

6176
6501
6826

7151

7476

7801
8126
8451

EOEV

310000 EV
130000 EV
0150000 EV

Awdypappa 64: EThola KapnuAn Swapkelag poptiov yia ta 3 oevapla Sieioduong oxnpdatwyv (dumb charging)

Amo 10 MOPUTAVED SLAYPOULO TOPATNPOVUE OKPPDS aVTO OV avapévape, 0Tt OnAadn otnv
TEPIMTOON TNG UN EAEYYOUEVNC POPTIONG, TO EMUTAEOV POPTIO TOL TPOEPYETAL OO TO NAEKTPIKA
OYNMOTO, TPOCTIOETOL 0TI DPES OLYUNG TOV GUGTNUATOG.

B

¥ TIpoypoppaTIGHOG TOV HOVAS®V

O mpoypappatiopds TV HoVAd®V Tapay®myNns Yoo OAO TO £T0C PAIVETOL GTO EMOLEVO GYT|LLOL.
Av16 Tov mapatnpove etvan kot A givot 6Tt TO PLEYOADTEPO UEPOG TNG TAPAYWYNS TPOEPYETAL
amd TIG LOVASEC GLVILOCUEVOL KOKAOV evd de0Tepeg Epyovtar ot unyovég diesel ko ta ATTE. H

GUVEIGQOPA TOV AEPLOGTPOPIAMV EIVOL OPKETA YOUNAT).

Etnowa mapaywyn povadwv

2,500,000
2,000,000
= 1,500,000
2 1,000,000
500,000
0 ,
euoior [ sors [y [ oo [
m10000EV| 698,045 | 994,975 | 1,984,864 | 40,438 | 1,030,827
m30000EV| 697,775 | 1,001,543 | 2,031,085 | 48,977 | 1,031,123
= 50000EV| 697,426 | 1,008,887 | 2,076,835 | 57,382 | 1,031,335

Awdypappa 65: ETiola mapaywyr] Hovadwv yia ta 3 osvapla Sieioduong oxnpatwv (dumb charging)
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To axpég m0cooTd e 10 omoio cvupetéyetl KOs LOVAdA BTN GLVOAIKY| TOPAYMYY| PaiveTOL Kot
010 endpevo ddypappa. Onmg eldape Kot Tptv, ot HovAdeS GLVOLOGLEVOL KOKAOV EEMEPVOLV TO
éva TpiTo TNG GLVOAIKNG TAPAYWYNG.

1060670 KG0E POVAOAS 6T GLVOMKI TOPOYOYN

10000 EV 30000 EV 50000 EV

1% 1% 1%

B Arpopovabe; M Mnyovee Diesel W IZuvbuoopsvou kikhou M Azplootpofiholr M AME

Awdypappa 66: Mocooto kKABe povasdag otn cuvolikn apaywyn ya ta 3 oevaptla Steiocduong oxnpuatwv (dumb charging)

+» Exmeumopevol pomot

Onwg &idape ko otig apyég avtod Tov Ke@aAaiov, ov unyovég diesel éxovv 1o pikpdTEPO
OLVTEAEGTN POTTOVONG O OXEON HE TIG VIOAOITEC GLUPATIKEG UOVADES TOPAY®YNG EVAD Ol
OTLOLOVADES Kot Ol aePlocTPOPIAOL EXouV TO PEYAADTEPO. Ol GUVOAIKES ETNGLEG EKTOUTEG POTTOV
avé povada Tapoywyns, kabmg Kot To mocootd g kdbe piog wg mpog 10 GHVOAO @aivovtal oTo
V0 GyNUOTE TOV AKOAOLOOVV:
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900,000

ETr)OLEG EKMOUTIEG PUTIWV

800,000
700,000

600,000
500,000

tn CO2

400,000
300,000
200,000
100,000

0

OTHOUOVASEC

unxavég diesel

O-K

— ee--————— 00
aepLooTpofiho
L

m 10000EVs

395,903

449,679

776,062

23,107

W 30000EVs

395,750

452,647

794,134

27,987

W 50000EVs

395,552

455,966

812,022

32,790

Awdypappo 67: ETROLEG EKMOUNEG pUTIWV Yia Ta 3 ogvapla Steiocduong oxnpatwv (dumb charging)

1060670 K(0E NOVAOUS 6TV EKTOUTH POTOV

10000 EV

2%

30000 EV

2%

50000 EV

2%

B Arpopovabes M Moyovee Diesel

W fuvbuoopsvouw kikhouw M AspLooTpofihol

Awaypappa 68: Mocooto KAOE povadag otnv eKouny pUNWV yla ta 3 oevapla dieioduong oxnuatwv (dumb charging)

Avtictorya pe TPV, Ol UNYOVEG GLUVOLOCUEVOL KUKAOL €ivol OvTEC OV EKTEUTOVV TO
LEYOADTEPO TOGOGTO PUT®V TTPOG TO TEPPAALOV, LLE TO TOGOGTH TOVS Vo TANGLAleL To 50% TV
GLUVOMK®OV pOTTV. Oa Tpénet, enione, €0 vo onuelmbel 0Tt T0 KOGTOS TV pOTTOV eivar 6Tabepod,
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avegApTNTA OO TO OV TPOEPYETAL, EMOUEVMOG TO TOGOGTO KAOE LOVADNG GTO GLVOMKO KOGTOG
TV pOTTOV £ivat T0 1010 [LE TO AUECOS TPOTNYOVLEVO SIALYPOLLLLOL.

EmumAéov, givar ypMo1po vo TepousldGouE TOVG GLVOMKOVS ETNGLOVG EKTEUTOUEVOVS POTOVG
Yol TOL SLAPOPA GEVAPLA O1EIGOVGNC OYTULATOV.

EtoloL eknepnopevol pumnot (tn CO2)

1,720,000

1,700,000 1,696,330

1,680,000 1,670,518

1,660,000

1,644,751

1,640,000 1,631,863

1,620,000

1,600,000

1,580,000

OEV 10000 EV 30000 EV 50000 EV

Awaypappa 69: Etioleg eknmounég punwv (dumb charging)

Kol T0 KOGTOG TOVG, TO 0moio akolovfel v it axpiPdg Tdon:

ETr)0l0 KOOTOG EKITEUNMOUEVWV pUTIWV (€)
51,500,000
£1.000,000 50,889,887
20,500,000 50,115,549
50,000,000
49,500,000 49,342,543
48,955,887

49,000,000
48,500,000
48,000,000
47,500,000

0EV 10000 EV 30000 EV 50000 EV

Awaypappa 70: ETROL0 KOOTOG EKEUNOMEVWY pUntwv (dumb charging)

EmumAéov, yvopilovtag v TocOTNTO TMV GUVOAIK®OV PUTMV TOV EKTEUTOVTOL KOL TO GOVOAO TOV
NAEKTPIKOV OYNUATOV Kot TG NUEPNGLOG OLOPOUNG TOV AVTH KAVOLV, UTOPOVLE VOL
vroAoyicovpe Tovg pOTOVG avd YIMOUETPO. AVTO TO GTATICTIKO TOPOVGIALETAL TUPUKAT®:
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EKMOUTEG pUTIWV ava XIALopeTpo (gr/km)

93.27 93.26
93.26
93.25
93.24
93.23
93.22
93.21 -
93.20
93.19
93.18
93.17

93.23

95.2U

10000 EV 30000 EV 50000 EV

Awdypappa 71: EKOUnEG pUnwv ava XtAtopetpo (dumb charging)

s Amokomn tov AIIE

To moc0o16 ™¢ mapaywyns twv AIIE mov anmokOnTeETo VAOTOUOVTOS TN GTPUTNYIKN QOPTIoNG A,
v Ta 3 cevaplo 0elcduong TV oYNUAT®OV € GUYKPION UE TNV TMEPITTMON Y®PIc oynuata,
OTOTVTTMOVETOL GTO TOPOKAT® SLAYPOLLLLOL:

Etnowa anokon AMNE (MW)
42,000

41,912
41,800
41,600
41,400
41,200
41,000
40,800
40,600
OEV

Awdypappa 72: Etrjowa anokonr) AME (dumb charging)

41,635

41,339

I ]

10000 EV 30000 EV 50000 EV

[Tapatnpodpe, SnAaodn, OTL pe TV €600 OYNUATOV LEIOVETAL TO TOCOGTO TNG 16YVOG TOL HEVEL
avekuetdAievto amd to AIE, kot pdhota ooty n peimon pmopel va @Tacel uéypt ko to 784
MW.
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@
0‘0

Owovopukn amotipnon

21 ovvéyela akoAovBovv o KOGTN Agttovpyiag Kot Guvtipnong kébe povados mopaymyns, M
GLUUETOYN TNG KAOE LOVAOAG GTO GUVOAIKO AVTO KOGTOG KOl TO GUVOAIKO ETNG10 KOGTOC.

Etriolo KGoTog Asttoupyiag Ko ouvinpnong

350,000,000
300,000,000
250,000,000
w 200,000,000
150,000,000
100,000,000
0
QTHOMOVASE un?(aveq oK oEPLOOTPOPL ATE
S diesel Aot

m 10000EV| 63,968,716 73,070,550 284,644,714 8,843,709 87,207,935

m 30000EV| 63,947,639 73,531,855 291,663,991 10,648,829 87,233,010

= 50000EV| 63,919,881 74,097,704 298,316,687 12,468,071 87,250,903

Awdypappa 73: ETiolo k6otog Asttoupyiag kat cuvtipnong (dumb charging)

10600670 K(0E povadaC ETL TOL KOGTOVS AELTOVP

/l0g KoL cuvTIpNoNS

10000 EV

30000 EV

50000 EV

B Arpopovabe; M Mnyovee Diesel W IZuvbuoopsvou kikhou M Azplootpofiholr M AME

Awdypappa 74: Mocooto KABs povadag eni tou k6oToug Asttoupyiag ko cuvtripnong (dumb charging)
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YVVOMKO £T1]610 KOGTOG GUGTILOTOG

10000 EV 30000 EV 50000 EV

B Kootog pUmwy - MEdoToc cupPomikwy povabuw W Kootog AMNE

Awaypappa 75: ZUVoAko eTioLo k6otog cuotipatog (dumb charging)

[Mopatnpodpe 0Tt 0 empeptoog Tov KOGTOLS e€akorovBel va givar o 1d10g, aveEaptnTmOg TOL
aptOpov oynudtwv.

Téhog, Ba dei&ovie pe Eva O1dypappia TNV YPEMON TNG TOPAYMYNS VA LeYafaTdpa, [LE Kot xopig
TO KOGTOG TV PUTTMV.

Etolo €181K0 KOOTOG

122
120
118
116
114
112
110
108
106
104
102

€/MWh

Aettoupylag kot
ouvtrpnong
| 10000 EV 109.0165228 119.4062896
m 30000 EV 109.5572141 119.9751573
m 50000 EV 110.0304348 120.4761069

SUVOALKO

Awdypappa 76: Eticlo €161k6 kootog (dumb charging)
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5.2.4. Zopmeprpopd Tov evepyelokov cvotipatog g Kpitng pe sheyyépevn @option pe
nloviko Typoioyro (dual tariff charging)

e auto 10 Koppdtt Bo Bempnoovpe 6TL OAOG 0 GTOAOG TV NAEKTPIKAOV OYNUATOV okolovOel
oTpatnyikn eoptiong B, dnAadn v eheyyouevn eoption pe Silovikd Tporoylo. H sicaywyn
TOV NAEKTPIKOV OoynudTomv akoAovbel ta tpio cevdpla dleicdvong mov meptypdonKoy otV
gloay@yN TG EVOTNTOC.

Apyikd, 0o TaPOLGLAGOLE TNV KOUTOAN GOPTION pog Tuyoiog Hépag HEsa 6To YPOVO DOTE Vo
eovel g Aettovpyel avTOG 0 aAYOpIOLOG POPTIoNG, dNANdN va doOUE TEPImOV TOlES DPES
TPAYUOTOTOLEITOL 1] POPTION TOV NAEKTPIKAOV OYNUATOV.

Huepnowa kapumnuAn ¢poptiov (MW)

EOEV [10000EV [130000EV @50000EV

800
700
600
500
400
300
200
100

123 456 7 8 91011121314151617 18 192021222324

Awaypappa 77: Huepnowa kapnuAn doptiouv (dual tariff)

[Mopatnpodpe 6t TV TVYAi0 AV HéEPQ, N POPTION YiveTar To Bpadv, amd 11§ 10 £wg TIg TPpMdTEG
TPOWES DPEC.

« Kopumdin didpketag poptiov

H emota kapumdin didpkela optiov yio T otpatnyikn B elvat:

130



Etriowa KapuruAn dudpkeiag poptiov

1400
1200
1000
mOEV
;800
= 010000 EV
600
130000 EV
400
0150000 EV
200
0
— O H OO AV HdO A0 A0 A0 A0 O A0 A0
NNRNONNMWNONINNONINRNONINNOANIRKN OGN W0
M OOMUOUAOANOVAOANIONIDMOWNILOW-IMOW A 0 oA
A AN NN FTTTIIDNDDNDO OO NNRNO®®

Awdypappa 78: Etiola kaprOAn Swapkelag poptiou (dual tariff)

Ed® moapatnpovpe 611 otV mEPINTOON NG EAEYYOUEVIG QOPTIONG, TO EMTAEOV QOPTIO 7OV
TPOEPYETOL OO TOL NAEKTPIKA OYNLLOTA, OEV TPOSTIOETAL HOVO GTIG MPEG OLYUNG TOV GLUCTNHOTOC
OAAG KaTOVERETOL AYO KOADTEPQL.

s Tlpoypappotiopds tov povadwv

O mpoypappatiopds TV HovAd®V Topay®myns Yoo OAO TO €T0G QAIVETAL GTO EMOUEVO GYT|LOL.
Av16 Tov mapatnpovLe etvon Kot AL givot OTL TO PEYOADTEPO UEPOG TNG TAPUYWYNS TPOEPYETOL
amd TIG LOVASEC GVVILOCUEVOL KOKAOV evd de0Tepeg Epyovtar ot unyovég diesel kon ta ATTE. H
GULVEIGQOPA TOV AEPLOGTPOPIAMV EIVOL OPKETA YOUNAT.

Etiola mapaywyn povadwv

2,500,000
2,000,000

3 1,500,000
2 1,000,000
500,000

0

atuopova UNXAVEG aeplootpd
- AMNE
beg diesel oK Bulot

m 10000EV| 698,195 996,543 1,982,008 39,934 1,032,395
m 30000EV| 697,780 1,023,635 | 2,008,408 46,818 1,033,862
= 50000EV| 697,452 1,032,254 | 2,052,832 54,720 1,034,605

Awdypappa 79: Etiola napaywyn povadwv (dual tariff)
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To axpég m0cooTd e 10 omoio cvupetéyetl KOs LOVAdA BTN GLVOAIKY| TOPAYMYY| PaiveTOL Kot
0TO EMOUEVO O1GYPOLLLILOL.

1060670 KG0E POVAOAS 6T GLVOMKI TOPOYOYN

10000 EV 30000 EV 10000 EV

1% 1% 1%

B Arpopovabe; M Mnyovee Diesel W IZuvbuoopsvou kikhou M Azplootpofiholr M AME

Awdypappa 80: Mocootod kABe povadag otn cuvoAikn napaywyn (dual tariff)
«» Exmeumopevorl pomot

Ot exmepmdpeVOL PUTTOL TOL £TOVG YO TO TPio. CEVAPLA JIEIGOVONG NAEKTPIKAOV OYNUATOV TO
Omoi0 TPAYUATOTOLOVV EAEYYXOLEVT POPTION e SL®VIKO TIHOAGY10 PaivovTol TapaKAT®:

ETOlEG EKMOUTIEG pUTTWV

900,000
800,000
700,000
600,000
500,000
400,000
300,000
200,000
100,000

0

tn CO2

e 00000
aEepLooTPOPiho
L

OTHOUOVASEC pnxavég diesel o-K

= 10000EVs 395,903 449,679 776,062 23,107
m 30000EVs 395,750 452,647 794,134 27,987
= 50000EVs 395,552 455,966 812,022 32,790

Awdypappa 81: Etioleg ekmounég pnwv (dual tariff)
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0600670 K(0E NOVAOUS GTNV EKTOUTH POTOV

10000 EV

2%

30000 EV

2%

50000 EV

2%

B Arpopovabes M Moyovee Diesel

W fuvbuoopsvouw kikhouw M AspLooTpofihol

Awdypoppa 82: MNocootod KABe povadag otnv eknopni punwv (dual tariff)

Avtictorya pe TPV, Ol UNYOVEG GLVOLAGUEVOL KUKAOL €ivol OVTEC OV EKTEUTOVV TO
LEYOADTEPO TOGOGTO PUT®V TTPOG TO TEPPAALOV, LE TO TOGOGTH TOVS va TANGLAleL To 50% TV

GUVOMK®V pOTT@V.

Ocov apopd TOUVG CLVOMKOVG E€TNGLOVG EKTEUTOUEVOVS POTOLS YO TO. JLAPOPO GEVAPLL
delodvong oynudtwv, avtot eivar ot eENg:

1,720,000
1,700,000
1,680,000
1,660,000
1,640,000
1,620,000
1,600,000

1,580,000

EtrjoloL eknepmnopevol purmot (tn CO2)
1,695,999
1,670,405
1,644,140
1,631,863
0EV 10000 EV 30000 EV 50000 EV

Awdypappa 83: Etrjolol eknepndpevol pumot (dual tariff)
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Emumiéov, yvopilovtag tnv TocOTNTO TMV GUVOAIK®OV PUTMV OV EKTEUTOVTOL KOL TO GOVOAO TOV
NAEKTPIKOV OYNUATOV Kot TNG NUEPTOLOG OLOPOLUTG TOV OVTA KAVOLV, UTOPOVLE VO
vroAoyicov e TOVG POTTOVG avE YIMOUETPO. AVTO TO GTATIOTIKO TOPOVGIALETOL TAPUKATO:

EKIopneg punwv ava XtAtopetpo (gr/km)
94.00

92.93 92.78

93.00
92.00

91.00

90.00

89.00 88.81

88.00 -
87.00 -

86.00 -
10000 EV 30000 EV 50000 EV

Awdypoppo 84: Eknopnég punwv ava xthopetpo (dual tariff)

s Amokomn tov AIIE

To 1060016 ™¢ Tapaywyns twv AIITE mov amoKOnTETOL VAOTOIOVTOS TN GTPATNYIKT QOPTIoNG A,
OTTOTVTTMVETAL GTO TAPOKAT® SLAYPOULLLOL:

Etiowa arokon) ANE (MW)
43,000

41,912

42,000
41,000

40,067
40,000

38,600

39,000
37,857

38,000
37,000

36,000

35,000
OEV 10000 EV 30000 EV 50000 EV

Awdypappa 85: Etioia anokornty AME (dual tariff)
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[Mopatnpodpe, dSNradn, 6Tt Le TNV £16000 OYNUATOV UEUDVETOL TO TOGOGTO TNG 1oYVOG OV UEVEL
avekpetdAievto ond to. AIIE, ko pdAicta avt) 1 peioon pmopet va gtaocet péypt Kot to 784
MW.

7

% Owovopikn arotipunon

21 ovvéxela akoAovBovv o KOGTN AELTOVPYILNG Kot GuvINPMoNg Kabe povéoag mapoaywyne, n
GLUUETOYN TNG KAOE LOVAOG GTO GLVOAIKO aVTO KOGTOG KOl TO GUVOALKO TG0 KOGTOC.

Etriol0 KOOTOG AstToupyiag Katl ouvtRpnong

350,000,000
300,000,000
250,000,000
200,000,000
150,000,000
100,000,000
50,000,000
0

__-:

OTUOMOVASE un?(avsq oK aEPLOOTPOPSL ANE
C diesel Aot

m 10000EV| 63,980,849 73,198,895 | 284,011,117 8,753,250 87,340,637
m 30000EV| 63,948,129 75,195,248 | 287,817,393 10,211,899 87,464,752
M 50000EV| 63,921,704 75,831,053 | 294,281,925 | 11,915,490 87,527,609

Awdypappoa 86: ETiolo k6otog Asttoupyiag kat cuvtipnong (dual tariff)

060610 KGOE HOVAOAS ETL TOV KOGTOVS AELTOVPYIOS KOL GLVTIPNONS

10000 EV 30000 EV 50000 EV

B Atpopovadbec M Mnyoveée Diesel W Zuvbuoopevou kikhou B AsplooTpofiholr M AMNE

Awdypappa 87: Nocootd KAOe povadag eni tou k6oTouG Asttoupyiag kot ouvtripnong (dual tariff)
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YVVOMKO £T1]610 KOGTOG GUGTILOTOG

10000 EV 30000 EV 50000 EV

B Kootog pUmwy - MEdoToc cupPomikwy povabuw W Kootog AMNE

Awaypappoa 88: ZUVOALKO £ToL0 KOOTOG cuotipatog (dual tariff)

[Mopatnpodpe 0Tt 0 empeptoog Tov KOGTOLS e€akorovBel va givar o 1d10g, aveEaptnTmOg TOL
aptOpov oynudtwv.

Téhog, Ba dei&ovie pe Eva O1dypappia TNV YPEMON TNG TOPAYMYNS VA LeYafaTdpa, [LE Kot xopig
TO KOGTOG TV PUTTMV.

Etiolo €1861k0 KOOTOG

122
120
118
116
114
112
110
108
106
104
102

€/MWh

Aettoupylag kot
ouvtrpnong
| 10000 EV 108.9232774 119.3093449
m 30000 EV 109.0608205 119.4780593
m 50000 EV 109.5017943 119.9454338

SUVOALKO

Awdypappa 89: Etiolo €181k6 kdotog (dual tariff)
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5.2.5. Xopmeprpopd tov gvepysrokov ocvotipatos g Kpnne pe é€vmvn @option (smart
charging)
Yg aut TV mepinton O0A0g 0 6TOA0G Bewpovpat 0Tt axolovbel v €Evmvn eOpTion (Smart
charging).

Apyikd, Oa TapovGLAGoLLE TNV KOUTOAN Qoptiov pog tuyoiog pépag HEsa 6To YpOvVo DOCTE Vo
eovel g Asrtovpyel oavTOG 0 aAYOpIOLog POpTIoNG, dNAdN va dobue mePimov moleg MPES
TPUYUOTOTOLEITOL 1] POPTION TOV NAEKTPIKAOV OYNUATOV.

Huepnowa kapunuAn ¢optiov (MW)

mOEV [J10000EV [130000EV [@50000EV

600
500
400
300
200
100

123456 7 8 9101112131415161718192021222324

Awdypappa 90: Huepiowa kaprAn ¢poptiouv (smart charging)

[Tapatnpodpe 6TL TNV TLYOLA VT HEPA, 1| POPTIOT YIVETOL KUPIMOGS TIC TPMTES TPWIVES DPEG TOV
n o elvan younin.

®,

< Koumdin didpkelag poptiov

H emota kapmoin didpkela poptiov yio ) otpatnykn C elvat:

Etola KapunUuAn dudpkeiag poptiov
1400
1200
1000
mOEV
2 800
S o 010000 EV
400 £130000 EV
200 050000 EV
0
T O O O OO d OO A O A O - O O -0
O MO O ANOL AN A0 AN ONOMO O on o
N NO SO A WML OON OO MMNCEHSOoONLOMOWOoOmMm
AN AN AN ON T ETND DN O W ONDNOO

Awdypappa 91: ETiola KapntvAn Swapkelag poptiov (smart charging)
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Ed® moapatnpodue o011 oty mepintwon g £Eumvng @OPTIoNG, TO EMIAEOV QOPTIO OV
TPOEPYETOL OO TOL NAEKTPIKE OYMLLOTAL, TPOSTIOETAL GTIG MPEG TTOL £xovpE YounAoTepn {fjTnom.

0,

s TIpoypop TGOS TOV HOVAS®V

O mpoypappatiopds TV HOVAS®MV TOPay®YNS Yot OAO TO £T0G POIVETOL GTO EMOUEVO GYNLLOL.

EtAnowa mapaywyn povadwv

2,500,000

2,000,000
= 1,500,000
2 1,000,000

500,000
0

QTHOMOVA MNXQVEG aepLootpd
- AMNE
beg diesel oK Bulot

m 10000EV| 697,832 989,435 1,991,311 32,693 1,037,860
m30000EV| 698,046 1,005,333 | 2,028,719 31,664 1,046,691
m 50000EV| 698,475 1,006,353 | 2,089,434 25,335 1,052,177

Awdypappa 92: Etiola mapaywyn povadwv (smart charging)

To axpiBéc mM0600To e TO 0moio cVuUETEXEL KAOE LOVASH GTN GLVOMKT TOPAYWOYN POIVETOL Kot
0TO EMOUEVO O1AYPOLLILOL.

1060670 KG0€ POVAOAS 6T GLUVOMKI TAPAY YN

10000 EV 30000 EV 50000 EV

0% 1% 0%
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B Atpopovadbec M Mnyoveée Diesel W Zuvbuoopevou kikhou B AsplooTpofiholr M AMNE

Awdypoppa 93: Mocootd KAOe povadag otn cuvoAikn tapaywyn (smart charging)

0,

*» Exnepnodpevor pbmot

Ot exmepmdpuevol pOTOL TOL £TOVG Y10 TO. TPio. oEVAPLL O1EIGOVONGC NAEKTPIKOV OYNUAT®OV TO

OTO10 TPAUYUATOTOLOVV EAEYXOUEVT POPTION HE SILOVIKO TILOADYIO PaivOVTOL TOUPUKAT®:

ETOLlEG EKMOUTIEG PUTIWV
900,000
800,000
700,000
~ 600,000
8 500,000
= 400,000
* 300,000
200,000
100,000
0
OTHOpOVAS UNXAVEG 0EpLOOTPOP
. 0-K
£G diesel ot

m 10000EVs 395,782 447,175 778,583 18,682

H 30000EVs 395,904 454,360 793,209 18,094

™ 50000EVs 396,147 454,821 816,948 14,477

Awaypappa 94: ETioleg EKMOUNEG pUTwWYV (smart charging)
1060670 K(0E NOVASUS GTNV EKTOUTH POTOV
10000 EV 30000 EV 50000 EV
1% 1% 1%

B Arpopovabec M Moyovee Diesel W Zuvbuoopévou kokhou M AsplooTpofiiol

Awaypappa 95: Mocooto KAOE povadag otnv eknounty puntwv (smart charging)
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Avtictoyya pe TPV, Ol UNYOVEG GLVOLAGUEVOL KUKAOL €ivol OUTEC OV EKTEUTOVV TO
HeyaADTEPO TOGOGTO PUTWV TPOG TO TEPPAAAOV, LE TO TOGOGTO TOVG va TANGLAleL To 50% TV
GUVOAIKOV pOTT®V.

Ocov agopd tOUG GLUVOAKOVS ETNCLOVG EKTEUTOUEVOLS POTOVG YOl TO OLAPOPO GEVAPLOL
delodvong oynudrwv, avtot eivar ot eENe:

EtrjoloL eknepmnopevol purnot (tn CO2)

1,720,000

1,700,000

1,682,393

1,680,000

1,661,566

1,660,000
1,640,222
1,640,000
1,620,000

1,600,000

1,580,000

OEV 10000 EV 30000 EV 50000 EV

Awdypappa 96: Eticlol eknepnopevol pumnot (smart charging)

EmutAéov, yvopilovtag TV TocOTNTO T®V GUVOAIK®OV PUTMV TOV EKTEUTOVTAL KOL TO GOVOAO TOV
NAEKTPIKOV OYNUATOV Kot TNG NUEPTOLOG OLOPOLUTG TOV OVTA KAVOLV, UTOPOVLE VO
VIOAOYICOVLE TOVG POTOVG AVE YIMOUETPO. AVTO TO GTUTIGTIKO TOPOVGIALETOL TOPUKATO:

EKnoumnéG puntwv ava XtAtopetpo (gr/km)

80.00 7162 73710

70.00

60.46

60.00 -
50.00 -
40.00 -
30.00 -
20.00 -
10.00 -

0.00 -
10000 EV 30000 EV 50000 EV

Awdypappa 97: Eknopnég punwv ava XtAtdpetpo (smart charging)
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% Amokomn tov AIIE

To mocoo16 ™¢ mapaywyns twv AIIE mov anrokOnTeETon VAOTOUOVTOS T GTPUTNYIKN GOPTIoNG A,
OTOTVTTMVETOL GTO TOPOUKAT® SLAYPOULLLLOL:

Etowa arokon) ANE (MW)

45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000

34,602

25,771

I 20,285

OE 10000 EV 30000 EV 50000 EV

Awdypappa 98: Etnola anokonr) AMNE (smart charging)

[Mopatnpodpe, dNradn, 6Tt Le TNV £(6000 OYNUATOV HLEUDVETOL TO TOGOGTO TNG 10YVOG OV UEVEL
avekpetdAievto amd to AIIE, kot pdhota ooty n peimon pmopel va @Tacel péypt Ko to 784
MW.

R/

< Owovouikr| amotipunon

21 ocuvéxeln akoAovBovv oL KOGTN AELTOVPYING KOl GLVINPNONG KABE LOVAdNG Tapaywyns, N
GLUUETOYN TNG KAOE LOoVAdaG GTO GUVOAKO aVTO KOGTOG KOl TO GUVOAIKO ETNGL0 KOGTOC.
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Etr)ol0 KOOTOG AELTOUpYLaG KAL CUVTAPNONG

350,000,000
300,000,000
250,000,000
200,000,000
150,000,000
100,000,000
0 . .
QTHOMOVAS un?(avec oK aEePLOOTPOPR ANE
€G diesel ot

m 10000EV| 63,951,493 72,669,890 | 285,484,982 7,181,668 87,802,926

m 30000EV| 63,968,186 | 73,825,803 | 290,723,060 | 6,923,628 88,550,041

= 50000EV| 64,002,339 | 73,880,619 | 299,213,256 | 5,582,215 89,014,192

Awdypappa 99: ETolo KOoTog Asttoupyiag Katl cuvtipnong (smart charging)

10606716 KGO HOVASUS ETL TOV KOGTOVS AELTOVP

/l0G Kol cuvTpnong

10000 EV

30000 EV

50000 EV

B Arpopovabe; M Mnyovee Diesel W IZuvbuoopsvou kikhou M Azplootpofiholr M AME
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Awdypappa 100: Nocootd KABe povadag emi Tou KOOTOUG Asttoupyiag Kat cuvtrpnong (smart charging)




YVVOMKO £T1]610 KOGTOG GUGTILOTOG

10000 EV 30000 EV 50000 EV

B Kootog pUmwy - MEdoToc cupPomikwy povabuw W Kootog AMNE

Awdypoppa 101: ZuvoAKO £THOL0 KOOTOG CUCTHLATOG (smart charging)

Téhog, Ba dci&ovpie pe Eva d1dypappla TV YPEMON TNG TOPAYMYNS VA LeYafaTdpa, [LE Kot xwpig
TO KOGTOG TV PUTMV.

Etolo £181KO KOOTOG

122
120
118
116
114
112
110
108
106
104
102

€/MWh

Nettoupylag kot
ouvtrpnong
m 10000 EV 108.9232774 119.3093449

JUVOALKO

m 30000 EV 109.0608205 119.4780593
= 50000 EV 109.5017943 119.9454338

Awdypappa 102: Etiiolo £81k6 k6otog (smart charging)
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5.2.6. Zvpumeprpopad Tov gvepyelokov cvotipnatos Tns Kpimg pe ooption mwov mepriappfaver
gpappoynq V2G (vehicle-to-grid)

Apyikd, Oa TapovGLAGoLLE TNV KOUTOAN QopTiov pog tuyoiog pépag HEsa 6To YPOVO DOOTE VA
eovel g Aettovpyel avTOG 0 aAYOPIOLOG POPTIONG, dNANSN Vo SOVUE TEPIMOV TOEG MPEG
TPAYUOTOTOLEITOL 1] POPTION TOV NAEKTPIKAOV OYNUATOV.

Huepnola kapunuAn poptiov (MW)
mOEV [10000EV [130000EV [150000 EV

600

500

400

300

200

100

1 23 456 7 8 91011121314151617 18 19 2021222324

Awaypappa 103: Huepowa kapntUAn ¢optiou (otpatnykn V2G)

Edo® PAémovpe 611 TEPAV TOL OTL 1] POPTICT) TOV NAEKTPIKADV OYNUATOV YIVETOL TIG MPEG YOUNANG

Mong, éyovpe Ko peimon g ocvvolkng {nmong otig mpeg ayunsg, xépn om V2G
Aettovpyia.

+ Koumdin didpketag poptiov

H emoa xapmoAn didpkela poptiov ya ) otpatnywkn D sivau:
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1400
1200
1000

800

MwW

600
400

200

Etriowa KapuruAn dudpkeiag poptiov

326
651
976
1301
1626

1951
2276
2601
2926

3251

3576
3901
4226

4551

4876
5201
5526
5851

6176
6501

6826
7151
7476

7801

8126
8451

mOEV

110000 EV
130000 EV
0150000 EV

Awdypoppa 104: Etriowa KapumuAn Stdpkelag poptiov (otpatnywn V2G)

Ed® mopatnpodpe O6tL otV mepintmon auth, TO0 EMITALOV QOPTIO MOV TPOEPYETAL OO T

NAEKTPIKA OYNUOTA, TPOSTIOETOL GTIG DPES OV EYOLUE YaumAdTEPT CRTNON.

DS

¥ TIpoypopaTIGHOG TOV HOVAS®V

O mpoypapHatiopds TV HOVAS®MV TOPAy®YNS Yot OAO TO £T0G POIVETOL GTO EMOUEVO GYNLLOL.

3
=

Etowa mapaywyn Hovadwv

2,500,000
2,000,000
1,500,000
1,000,000

500,000

0 5 - -
QTUOMOVA un?(aveq oK QEPLOOTPO ARE
£G diesel BlotL

m 10000EV| 698,160 995,793 1,988,098 30,069 1,039,513
m30000EV| 698,275 1,011,431 2,034,311 24,659 1,049,583
M 50000EV| 699,080 1,020,663 2,088,555 21,444 1,055,046

Awaypappa 105: Etiowa napaywyn povadwv (otpatnykn V2G)

To axpég mM0G0oTd e T0 omoio cvupeTéyetl KGO LOVAdA GTI GLVOMKT TOPAYWOYT POIVETOL Kot
0TO EMOUEVO O1AYPOLLLILOL.
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1060670 KG0E POVAOAS 6T GLVOMKI TOPOYOYN

0%

10000 EV

1%

30000 EV

50000 EV

0%

B Arpopovabe; M Mnyovee Diesel W IZuvbuoopsvou kikhou M Azplootpofiholr M AME

«» Exmeumopevol porot

Awdypappa 106: MNoocootd kaBe povadag otn cuvoAlki mapaywyn (otpatnywkn V2G)

Ot exkmepmduevol pHTOL TOL £TOVG Yo TO. TPia. GEVAPLEL O1EIGOVONG NAEKTPIKAOV OYNUAT®OV TO
omoio TPAYUATOTOLOVV EAEYYXOLEVT POPTION e SL®VIKO TIHOAGY10 PaivovTol TapaKAT®:

ETr)OLEG EKMOUTIEG PUTIWV
900,000
800,000
700,000
~ 600,000
o] 500,000
= 400,000
* 300,000
200,000
100,000
0 . X .
atpopovad UNXOWVEG oEPLOOTPOP
: o-K
£C diesel ot
m 10000EVs 395,968 450,049 777,326 17,182
m 30000EVs 396,034 457,116 795,395 14,091
1 50000EVs 396,490 461,288 816,604 12,254

Awdypappa 107: Etioleg ekmopnég pUnwv (otpatnykn V2G)
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0600670 K(0E NOVAOUS GTNV EKTOUTH POTOV

10000 EV 30000 EV 50000 EV

1% 1% 1%

B Arpopovabec M Moyovee Diesel W Zuvbuoopévou kokhou M AsplooTpofiiol

Awdypappo 108: Mooooto KaBe povadag otnv ekmopni pUnwv (otpatnykn V2G)

Avtictorya pe TPV, Ol UNYOVEG GLVOLAGUEVOL KUKAOL €ivol OVTEC OV EKTEUTOVV TO
LEYOADTEPO TOGOGTO PUT®V TTPOG TO TEPPAALOV, LE TO TOGOGTH TOVS va TANGLAleL To 50% TV
GUVOMK®V pOTT@V.

Ocov apopd TOUVG CLVOMKOVG E€TNGLOVG EKTEUTOUEVOVS POTOLS YO TO. JLAPOPO GEVAPLL
delodvong oynudtwv, avtot eivar ot eENg:

EtrjoloL eknepmnopevol purnot (tn CO2)

1,720,000

1,700,000

1,686,636

1,680,000

1,662,636

1,660,000
1,640,526
1,640,000
1,620,000

1,600,000

1,580,000

OEV 10000 EV 30000 EV 50000 EV

Awdypappa 109: Etriolol eknepunopevol pumnot (otpatnykn V2G)
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Emumiéov, yvopilovtag tnv TocOTNTO TMV GUVOAIK®OV PUTMV OV EKTEUTOVTOL KOL TO GOVOAO TOV
NAEKTPIKOV OYNUATOV Kot TNG NUEPTOLOG OLOPOLUTG TOV OVTH KAVOLV, UTOPOVLLE VOL
vroAoyicov e TOVG POTTOVG avE YIMOUETPO. AVTO TO GTATIOTIKO TOPOVGIALETOL TAPUKATO:

EKMOpNEG pUtwV ava XtALopeTpo (gr/km)
90.00
80.00
70.00 62.66
60.00 -
50.00 -
40.00 -
30.00 -
20.00 -
10.00 -
0.00 -

79.24

Y

IS
o
D

10000 EV 30000 EV 50000 EV

Awaypappa 110: Ekopnég pUnwv ava XIALOpETpO (otpatnywkn V2G)

®,

« Amnoxomn tov AIIE

To 1060016 ™¢ Tapaywyns twv AITE mov amoKOnTETOL VAOTODVTOS TI GTPOTNYIKN GOPTIoNG A,
OTTOTUTTMVETAL GTO TAPOKAT® SLAYPOULLLOL:

Etnowa antokony ANE (MW)
45,000 41,912
40,000
35,000 32948.81052
30,000
25,000 22878.66258
20,000 17416.0503
15,000
10,000
5,000
0
0EV 10000 EV 30000 EV 50000 EV

Awdypoppa 111: Etijowa anokoni AME (otpatnywkn V2G)
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[Mopatnpodpe, dSNradn, 6Tt Le TNV £16000 OYNUATOV UEUDVETOL TO TOGOGTO TNG 10YVOG OV HEVEL
avekpetdAievto ond to. AIIE, ko pdAicta avt) 1 peioon pmopet va gtaocet péypt Kot to 784
MW.

7

% Owovopikn arotipunon

21 ovvéxela akoAovBovv o KOGTN AELTOVPYILNG Kot GuvINPMoNg Kabe povéoag mapoaywyne, n
GLUUETOYN TNG KAOE LOVAdAG 6GTO GLVOAKO aVTO KOGTOG KOl TO GUVOALKO TG0 KOGTOC.

Etriolo KGoToG Asttoupyiag KatL ouvtipnong
350,000,000
300,000,000
250,000,000
200,000,000
* 150,000,000
100,000,000
50,000,000 -:
0 OTHOUOVASE ave 0EPLOCTPOPL
g uq ugi)faselq oK P }\OLp ANE
m 10000EV| 63,977,700 | 73,101,525 | 284,970,224 | 6,631,446 | 87,942,824
m30000EV| 63,986,766 | 74,280,051 | 291,509,065 | 5,439,063 | 88,794,758
w50000EV| 64,049,862 | 74,904,167 | 298,832,343 | 4,723,735 | 89,256,895

Awdypappa 112: Etiolo K60Tog Asttoupyiog Kot cuvtrpnong (otpatnyki V2G)

1060670 KG0E POvadAS ETL TOV KOGTOVS AELTOVP

/l0G KoL uvTpnong

10000 EV

30000 EV

50000 EV

B Arpopovabe; M Mnyovee Diesel W IZuvbuoopsvou kikhou M Azplootpofiholr M AME
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YVVOMKO £T1]610 KOGTOG GUGTILOTOG

10000 EV 30000 EV 50000 EV

B Kootog pUmwy - MEdoToc cupPomikwy povabuw W Kootog AMNE

Awdypoppa 114: ZuvoAko €T 0L0 KOOTOG OUOTHLATOG (oTpatnykn V2G)

Téhog, Ba dci&ovpie pe Eva d1dypappla TV YPEMON TNG TOPAYMYNS VA LeYafaTdpa, [LE Kot xwpig
TO KOGTOG TV PUTMV.

Etolo £181KO KOOTOG

122
120
118
116
114
112
110
108
106
104
102

€/MWh

Nettoupylag kot
ouvtrpnong
m 10000 EV 108.7255156 119.0831694

JUVOALKO

m 30000 EV 108.7549675 119.107064
= 50000 EV 108.8618674 119.2203714

Awdypappa 115: Etiiolo £l81k6 K6otog (oTpatnywkn V2G)
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5.2.7. Zopnepaocpota

Ye autf TV evotnTa 0o cLYKPIVOLLE TIG TEGOEPIS CTPAUTNYIKEG TTOL YPTCLOTOMGUUE MG TPOG
TV EMOPOCN TOL EYOVV GTY] GLVOMKN TOPAY®OYT, OTO KOGTOC TOL EVEPYELNKOD GLGTNUOTOG
K.T.A. kKot 000 GUVOYIGOLE TO TAEOVEKTHOTO KOL TO PLELOVEKTILOTO TTOV TPOKLITOVY OO TNV
YPNOLOTOINOT TNG TEAELTANG CTPATNYIKNG OV TTepAapfavet kot epappoyés V2G.

o Tlpoypappatiopdc Twv Hovadmv

21 cuvéyeln TaPoLGLALETOL 1] GUVOALKY] TOPOYWOYT TOV LOVAO®MV TOPOY®YNS Yo KAOe GEVAPLO
O1EloOVONG NAEKTPIKOV OYNUATOV Kol Yio KAOE GTPATNYIKY POPTIONG.

Noapaywyn atpopovadwv
699,500
699,000
698,500
/‘\ 10000 EV
= 698,000 %
= —_— ———30000 EV
697,500 50000 EV
697,000
696,500
Dumb Dual Smart V2G
Napaywyn pnxavwv diesel
1,040,000
1,030,000 A
1,020,000 —7A\
1,010,000 / N —— 10000 EV
§ 1,000,000 30000 EV
990,000 —'—\v/
50000 EV
980,000
970,000
960,000
Dumb Dual Smart V2G
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Napaywyn povadwv cuvsuacuEVou KUKAOU

2,100,000
2,080,000 o

2,060,000 ~__

2,040,000
2,020,000 ~ S ——10000 EV
2,000,000 30000 EV
1,980,000 50000 EV
1,960,000
1,940,000
1,920,000

MW

Dumb Dual Smart V2G

Napaywyn aepootpoBilwv
70,000

60,000

50,000 ——\

40,000 10000 EV
30000 EV

30,000
\ 50000 EV

20,000

MW

10,000

Dumb Dual Smart V2G

Napaywyn ANE
1,060,000
1,055,000
1,050,000 —
1,045,000 f
1,040,000 / —— 10000 EV

1,035,000 % 30000 EV

1,030,000 50000 EV
1,025,000
1,020,000
1,015,000

MW

Dumb Dual Smart V2G

Awdypappa 116: ZuVOAKN apaywyr) TwWV HOVASwV tapaywyng yia KABe otpatnykni ¢poptiong
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Avtd mov mopatnpovue givar OTL Yoo TNV TEAELTALO GTPATNYIKY GTNV OMOlN £YOVUE TOPOYN
EVEPYELOG KO OO TO NAEKTPIKE OXMLATO TPOG TO SIKTLO, EYOVUE OPKETA HeyaAVTEPT OleicdovoN
OVOVEDCIL®OV TNYAV EVEPYEWNS, EVA EMONG 1 TOPOYOY MOV TPOEPYETOL OmMO TOVG
aeploTpOfrhovg éxet pelmbel onuovticd. EmmAéov, PAémovpe 41t vdpyetl kan po avénon otnv
TOPOYWYN TOV OTHOUOVAd®V, €dkd otnv mepintmon tov 50000 oynudtov. Ocov agopd Tig
unyavég diesel, n mopaywyn toug ot V2G Aettovpyia givar Aiyo peyoaidtepn amd ovt ot
otpatnykn C, aAld pukpotepn and tic otpatnykég dumb ko dual tariff.

% Ekmeumopevor pvmot

Yto emdpevo. OLO  JYPAUUOTO OTOTVITMVOVTOL Ol GUVOAKOL EKTEUTOUEVOL PUTOL VA
oTPATNYIKN, KOOMOG Kot 1] TOCOTNTO T®V POT®V OVAL YIAOUETPO:

EKMOMMEG pUTIWV

tn CO2
‘}_l
(o))
(o))
O
o
o
o

10000 EV 30000 EV 50000 EV
H Dumb 1,644,751 1,670,518 1,696,330
B Dual 1,644,140 1,670,405 1,695,999
W Smart 1,640,222 1,661,566 1,682,393
mV2G 1,640,526 1,662,636 1,686,636

Awaypappo 117: EKOUnéG pUMwV yia Tig 4 otpatnyLkég poptiong

EKIMOUTEG pUTIWV AVA XLALOUETPO

100.00
80.00
g 60.00
5 40.00
20.00
0.00
10000 EV 30000 EV 50000 EV

® Dumb 93.23 93.20 93.26

= Dual 88.81 92.93 92.78

= Smart 60.46 71.62 73.10

m\V2G 62.66 74.20 79.24

Awdypoppo 118: EKOUNEG pUTWV ava XIALOMETPO yLa TiG 4 oTpatnyKEG PopTIong
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[Mopatmpodpe 0T, OTIC oTPATNYIKES OV £xovpe EELTTVN EOPTIGT Ol EKMOUTEC POTOV EYOLV
pewBel apketd. Iapodia avtd, petald tov 600 TEleLTALOV GTPATNYIKOV OTOL Erovpe £Evmvn
@OpTIoT, TapoTPovUE OTL ot ekmoumdpevol pumot g V2G otpatnykés sivol mepiocdtepot.
Avtd o@eihetar 610 YeYovog OTL, €€outiog TOV OMOAEIDV EVEPYELNG OV VLRAPYOLV KOTA TN
(QOPTIOT KOL TNV EKPOPTION TOV NAEKTPIKOV OYNUAT®wV, otV otpatnykn ™ V2G Asttovpyiog n
OLVOMKN Tapoy®yn €ival ovénuévn o€ oyéon pe OAEG TIC VTOAOUTEG GTPUTNYIKESG, (PO KoL Ol
POTOL TOV EKTEUTOVTOL GUVOALKAL.

Evteddg avtiotoryo eivar Kot 10 KOGTOG TOV EKTEUTOUEVOV POTOV, TO OMOI0 POIVETAL GTO
TOPOKAT®O OOy POLLOL:

KOoTOG EKMEUMOUEVWV PUTTWV

51,500,000
51,000,000
50,500,000
., 50,000,000
49,500,000
49,000,000
48,500,000
48,000,000

10000 EV 30000 EV 50000 EV

m Dumb 49,342,543 50,115,549 50,889,887

= Dual 49,324,207 50,112,160 50,879,985

Smart 49,206,472 49,846,993 50,471,799

BV2G 49,215,767 49,879,092 50,599,083

Awaypappa 119: KOOTOG EKMEUNMOUEVWV PUTIWV YLa TIG 4 oTpATNYLKEG POpPTLONG

+  Owovopikn anotipunon

e ovtd To onueio Bo TOPOVCIACOVUE KOl TO O CNUAVTIKO OTOTEAEGHA, SNAOON TIG JPOPES
TOV KOGTOVG UETAED TMV SopOPOV GTPATNYIKOV QOPTIONG. ZEKIVANE LLE TO TG0 KOGTOS TOV
cuupatikdv povddwyv, Tov povadmv AITE aAld Kot Tov cUVOAKOD KOGTOVG TOV GLUGTILATOG TG

Kpnng:
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ETr)oL0 KOOTOG CUUBATIKWY HOVASWV

455,000,000
450,000,000
445,000,000
440,000,000
w 435,000,000
430,000,000
425,000,000
420,000,000
415,000,000

10000 EV

30000 EV

50000 EV

H Dumb

430,527,689

439,792,314

448,802,343

®m Dual

429,944,111

437,172,669

445,950,172

W Smart

429,288,033

435,440,676

442,678,429

mV2G

428,680,894

435,214,945

442,510,108

Awdypoppo 120: ETiolo KOGTOG CUUBATIKWV HOVASWYV yLa TG 4 oTpatnyikég poptiong

Etolo kdotog ANE

89,500,000
89,000,000
88,500,000
w 88,000,000
87,500,000
87,000,000
86,500,000
86,000,000
10000 EV 30000 EV 50000 EV
B Dumb 87,207,935 87,233,010 87,250,903
H Dual 87,340,637 87,464,752 87,527,609
M Smart 87,802,926 88,550,041 89,014,192
mV2G 87,942,824 88,794,758 89,256,895
Awdypoppa 121: Etriowo k6otog AME yia TG 4 otpatnywkeg poptiong
ETGL0 OUVOALKO KOOTOG
590,000,000
585,000,000
580,000,000
w 275,000,000
570,000,000
565,000,000
560,000,000
555,000,000
10000 EV 30000 EV 50000 EV
B Dumb 567,078,166 577,140,873 586,943,133
H Dual 566,608,955 574,749,581 584,357,767
W Smart 566,297,431 573,837,710 582,164,421
mV2G 565,839,485 573,888,795 582,366,086

Awaypappa 122: ETolo cUVOALKO KOOTOG yLa TiG 4 oTpatnykég poptiong
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Yoprépaopa: H otpatnywn Vehicle-to-Grid odnyei og pukpdtepo KOGTN GLUPATIKOV LOVAS®V,
AL o€ peyardtepo k6oTog Ay AIIE. Avtd eivor Aoyikd apod n napaywyn tov AlILE cg avt
mv mepintoon givor peyorvtepn. Ocov apopd 10 GLVOAIKO KOGTOG TOV GUGTNUATOG, AVTO glval
eMdyioto Otav ypnowomolovpe T otpatnyiky V2G ko dieiodvon oynudtov péxpt 10000
oynuota. Amo ekel Kot téEpa, 1 TEPALTEP® O1EIGOVOTN OYNUATOV OVEAVEL TO KOGTOG TNG KOl TOTE
10 EMAY10TO KOGTOC TOPOVGLALETOL KOTA TNV DAOTOiNoN TG otpatnykng Smart Charging.

‘Eva. dAo otoyyeio 10 omoio pog evolapépel O1utépms, elvar 10 KOGTOG TAPOy®YNG ava
ueyopatdpa. Iapakdto mapovstdletor To €101KO GLVOAMKO KOGTOG Y10l TIG TEGGEPLS GTPOUTNYIKES
QOpTIONG, KOOMG Kot M €Ml TO1G €Katd aENGM 0LTOD TOL KOGTOVS GE GYECN LE TNV TEPIMTOON
IOV OV £YOVIE NAEKTPIKA OYLLOLTOL:

El81KO GUVOALKO KOOTOG
121.00
120.50
< 120.00
§ 119.50
@ 119.00
118.50
118.00
10000 EV 30000 EV 50000 EV
® Dumb 119.41 119.98 120.48
= Dual 119.31 119.48 119.95
= Smart 119.24 119.29 119.50
mV2G 119.08 119.11 119.22

Awdypoppo 123: E8IKO 6UVOALKO KOOTOG yla TLG 4 oTpatnyYIKEG hpOpTIoNG
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EL81k0 6UVOALKO KOOTOG (0€ cUYKpLON ME TRV Mepintwon Non EV)
5k ® Dumb m Dual m Smart mV2G
1.048%

1.000%

0.800%
& 0.600%
&
3
; 0.400%

0.200% 0.151%

0.069%
I
0.000%
10000EV - 30000EV S0000EV ~ -0.005%
-0.200% -0.120% -0.100%

Awaypappa 124: EL6k6 6UVOALKO KOOTOG oUVOPTHOEL TNG tepimtwaong Non EV yia T 4 otpatnytkég poptiong

Onwg PAémovpe kor ota mopamdve oaypappato, n V2G Asrtovpyio odnyel oe koAvtepa
OLKOVOLLKG OTOTEAEGLATA OGOV 0POPA TO E101KO KOGTOC, dNANSN TO KOGTOS v peyofatdpa.

*  Amoxomnn tov AIIE

Téhog, Bo TAPOLGLAGOVLE GE £Va. SLAYPOLLLO TO TOCOGTO TMV AVAVEDGIL®OV TNYOV EVEPYELNG TO
omoio péVEL aVEKUETAAAEVTO Yol KAOE pio GTPATNYIKY POPTIONG. ZOUPOVO LUE OVTE TOV EYOVLE
AVOQEPEL KOl TOPUTAV®, OVOUEVOVUE OTL OTIS £EVMVEG GTPATNYIKEG (POPTIONG KOl KUPIMG OTN
otpatnyikn 6mov epapudletar n V2G Aertovpyia n arnoxonn tov AIIE Ba etvon pikpotepn.

4.50% 2 88%
3.91% : g
4.00% ° 3.85% g39, 3.74%'60%

3.50%
3.00%
2.50%
2.00%
1.50%
1.00%
0.50%
0.00%

.53%

3.23%

Non EV Dumb Dual Smart V2G

= 10000 EV = 30000 EV = 50000 EV

Awaypappa 125: Artokorr twv AMME yia tig 4 otpatnytkég GOpTLoNG KaL TNV MEPIMTWON XwpPIig oxnHaTa

[Ipdypatt, 1 viomoinon g V2G Aettovpyiog pmopel va €xel ¢ AMOTEAEGUO TO TOGOGTO NG
OVEKUETAAAEVTNG eVEPYELOG VO TEGEL UEYPL Kal TO 1,62% NG GLVOMKNG £YKATESTNUEVNG 1G6YV0G
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tov AIIE. ITo ovykekpipéva, eved otnv mepintmon yopig oynuato yavovue mepinov 42GW
napaymyng AIIE, pe ™ Bondeta g otpatykne D 10 mocd avtd pmopet va méoel uéypt Kot ta
17,5GW. Avtdé onuaiver 6Tt kepdiloope 24,5 GW ocvvolMkd omd TIC OVOVEDGIUES TNYEC
EVEPYELOG.
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KE®AAAIO ©

YOUTEPACUUTO



2 oOmA®UaTiK) ovth eeTdotnke 1N O01E1GOVOT TOV NAEKTPIKGOV OYNUAT®OV GE &va LIOPKTO
OIKTLO e TEoGEPO GEVAPLL POPTIONG AVTOV. LTOYOG NTAV VO OEIEOVE TNV EMIOPACT TOV £YEL M
KkéOe pio oTpaTNYIKY 0TN AE1TOVPYIO TOL OIKTVOV Kol KUPIWE VO LEAETICOVE TO TAEOVEKTILOTOL
™¢ nebddov dptiong oynuatov pe Asttovpyio V2G évavtt tov vroloinwv otpatnyikov. H
avdivon pog yopiotnke o€ 000 KOUUATIO: OTN HEAETN NG emidpacng TG QOPTIoNG TV
NAEKTPIKOV OYNUAT®V GTO SIKTVO SLAVOUNG TG ZTEPYELADNS, KOl OTN UEAETN TNG EMIdpAONG TNG
@oOptiong oto evepyelokd ocvotnua e Kpnmg. Ta ocvunepdopata tov dVo avoldcewmv
TaPOVGLALOVTOL TOPAKATW:

6.1 Aiktvo Awavopg Xrepyerddog

Amd ™ perétn mov 0eénydn oto diktvo dtvoung TG Zmepyelddag amodeiydnke OTL M Un
eheyyouevn eoption (dumb charging) kot n eoption pe dSilovikd Tywordyto (dual tariff charging)
001 YoLV GE aOENGT TOL GLVOAIKOV POPTIOL TOL SIKTVOV KVPIMG KATA TIG MPES OYUNS. AVTO el
o¢ amotéleopa M SlKOUOVOT TG TAoNS otovg Luyoldc va givor peydn, Kot paicto vo
pHeYOA®VEL pe TNV avENon Tov apBpod Tev oynudtewv mov odlewsdvovv. EmmAdov, pe v
VAOTTOINGT OLTOV TOV GTPUTNYIKOV QOPTIONG 1 EAYIOTN TN TNG TAoNg 610 YEWPOTEPO LuYo
elvatl ELapP®OS TAV® amd TO KOTOTATO 0odektd Opto Tov 0.95 p.u. kot €161 dtav aw&dvovpe Tov
aplpd tv oynudtemv kwvdovvevovue vo Pyodue e€ktO¢ opiwv. Avtd onuoiver, OtL pe v
VAOTOINGT AVTAOV TOV GTPUNYIKOV OEV UTOPOVUE VO, £XOVUE HEYAAN O1EIGOVON OYNUATOV GTO
diktvo. ‘Eva dAlo mpdPAnpa, eniong, eival 6Tt e£01Tiog QVTOV TOV TEPLOPICUDV OEV UTOPOVLE VO
EYOVUE TNV EKUETOAAEVLCT] TOV OVOVEDCIU®V TNYOV gvépyelag oto Pabud mov OBa O&hape.
MdéMota, amodeiytnke 0Tt 660 Mo TOAAL oyfuata eoptilovion pe avtd Tov TPOTO EOPTIONG,
1660 Mo KPS etvar o apBuog twv AIIE mov pumopovv va ypnoyoroinfodv 6to dikTvo Tng
Yrepye1doog.

Avtifeta, pe v viomoinon tov é&umvov otpatnyikdv eoptions (C kot D) mapoatmpodue ot
auTd Ta TPOPAN AT EAAYIGTOTOIOVVTOL £0G Eva Pabid. Avtd opeihetat 6To YEYOVOGS OTL LE QLT
TOL GEVAPLO. POPTIONG £YOVUE KAAVTEPT] KOTOVOUN TOV POPTIOL TOV NAEKTPIKAOV OYNUATOV GE
MOPEG UM OYUNG, LE ATOTEAEGIO VO LELDOVOVTOL TOGO Ol SUKLUAVGOELS TNG TAonS TV {uydv 060
KOl 01 CUVOAIKEG AMMAELES TOVL d1kTVOV. Emiong, o1 eAdyioteg thoelg twv {uydv mapatnpeitor 0Tt
Bpiokovtor ce KaAOTEPO €mimeda, Kol £Tol v VTAPYEL TO €VOEYOUEVO va, Eemepdcovpe To
amodextd opwa. Ocov apopd to AIIE, ot otpatnywésg C kot D pag divouv m duvatdtmta vo
gyoopue peyolvtepn Oteicdvorm. Téhog, o péyiotog emtpendpevog aplBpds dSacLVOEdEUEVOV
NAEKTPIKOV OYNUATOV HE QVTES TIC GTPATIYIKEG Elvar TOAD HEYOADTEPOS OO TOV AVTIGTOLYO TMV
otpatnyik®v A kot B.

Ocov apopd Tig €Eumveg otpatnykég HeTa&h TOVG, Ol TPOCMUOUDGELS OmEdEEaV OTL TO
AmOTEAECUOTO OTO OTOl0 KataAnyovpe pe v epapuoyn g V2G Aettovpylog eivor kadvtepa
amd avtd g aning €&umvng @optiong. Ilo ovykekpyéva, to emmpodcbeto @optio TV
OYNUATOV KOTOVEUETOL KOADTEPO, LEGH OTN UEPQ, EVO 1 dlKOUOVOT NG Tdons Ppioketan o€
YOUNAOTEPQ EMITESN OTMOC KO O1 OTMOAELES TOV GLOTNUATOC. EmumAéov, damotdvove OTL e
otpatnywikn @optiong D aviavetar n Pédtiom yopntikotro tov AIIE oto diktvo kabmg
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avéavetalr o apBuodg towv EV mov viobetodhv ko pdhota 660 mo peEYGAoc o aplOudc twv
NAEKTPIKOV OYNUATOV TOGO UEYAAVTEPT ivar 1 dlopopd NG eyKATESTNIEVG 1oyvog TV AITE
HETOED TV 000 oTpotnyk®v. TEhog, eivarl onuUovTIKO vo ava@Eépovue 0 OTL 1) oTpotnykny D
pmopel va epopprootel pe dtapopeg maporiayés n Kabe pio omd Tig omoieg mapovoidletl ta ducd
¢ mAgovekTnuota. o mapdostypa, eidape amd TIC TPOCOUOIDGELG OTL e TNV EPAPLOYT EVOG
ocevapiov EOpTIoNg 6to omoio to oynuata eivar katd to 80% @opticuéva 10 mpwi (ko Oyt
TANPOG QOPTIGUEVA) TPV TNV TPOTN TOVS OOPOUY, KOATOAYOLHE o€ a1cOnTd KOAVTEPT
Aertovpyio. TOL SIKTVOL SLOVOUNG TNG ZTEPYELAO0S (LEWDVOVTAL Ol OTTMAEIEG TOV GUGTHLLOTOG).
EmnpooBeta, pe v tpomomoinom ¢ otpoatnyikne V2G €yovpe ™ dvvordtmTto va
EKUETAAAETOVLE TTEPIOCOTEPO TIG AVAVEDCIUEG TNYEC evépyeloc. [ivetal kotavontd, dniaon, 0Tt
avaroyo pe To 01KTVO oL £YOVUE, Oa PTopPovV Vo eQaprOovTol Kol O1pOPETIKES TOPOUAAAYES
¢ otpatnykng D ot omoieg Ba 0dnyodv ot PEATIOTA OOTEAEGLOTA TOV EKACTOTE SIKTVOV.

6.2 Evepyeroxo cvotnpa Kpnng

HEexvovtog oand ToV €TNCL0 TPOYPUUUOTIGUO TOV HOVAO®V TOPAy®YNG, OTN HEAETN TOL
EVEPYEWKOV cLOTNUATOS NG KpNtng mov kavape mopatnproope OTL HE TNV EQAPUOYT TNG
Aertovpyiog V2G épovpe adénom tng mapoywyns mov TPOEPYETOL OO OTHOUOVASES KOl LOVAOEG
oLVOVAGUEVOL  KOKAOV, OAAG peimon otnv  avtictoyn mopaywyn pnyavov diesel ko
atpounyovev. EmumAéov, peydhn oabdénon mpoypoTomolEitol Kol GTNV  TOPAY®YY]  TOV
OVOVEDGILOV TTNYOV EVEPYELNG GTLG GTPATNYIKEG EELTVIG POPTIONG, TO 0oi0 amoTelel amdOEEN
TOV YEYOVOATOG OTL LE AVTEG TIG OTPATNYIKEG Exovpe KaAvTepn ekpetdAievon taov AlIE.

Ocov agopd Tovg eKTEUTOUEVOVS POTOVS ATOJEIKVVETAL OTL 1] BEATIOTN emAoYN givar 1 EEvmvn
eoption (otpatnykn C) kabdg He 0VTO TO GEVAPLO QOPTIONG EXOVUE TIG AYOTEPES EKTOUTES
pOmOv oveCaptntog Tov aplBpod TV MAEKTPIK®OV oynudtemv. Ot ekmepumduevol pOTOL OV
TPOKVTTOVV v VAoTocovue T otpatnyk D (V2G) givan e&icov yapunloi, 101k o oyéon e
™ Un eAeyyopevn @option kot Tt @option pe SLOViKO TYoAOylo, oAAG eivor eAdyoTa
TEPLOCOTEPOL OO 0LTOVS TG oTpatnykng C Kot dpa 0dnyovV o€ PEYOADTEPO KOGTOC POTTMV.
Avtd opeiretor 6To YEYOVOG OTL €€0nTiOG TOV OMOAEIDV TOL £YOVUE KATA TN POPTION Kol TNV
EKQOPTION TOV OoyNUAteV, M otpatnyikn @optiong D omoutel amd 10 dikTvo HEYOAVTEPT
TOPUYMYN EVEPYEWS OE OYEON ME TIC LWOAOMEG OTPOATNYIKEG, Kol £TGL 0VEAVOVTOL Ol
EKTEUTOUEVOL PUTTOL.

[Mapd ™v avénuévn mapaymyn tov puTtov mov &yovue pe 1N otpatnyiky D évavtt g
otpatnyikng C, mopatnpodue 6tL 1 Aettovpyia V2G pog odnyel o€ avtictoyyo KOAG 1 Kol G
KaADTEPA O1KOVOUIKA amoteAéspota. [Tio cuykekpéva, 1o €101K0 GLVOAKO KOGTOG TOV JIKTVLOV,
ONAadN To KOGTOG TOPAY®YNG ove LeYafatdpa, ival EAIYIOTO OTOV DAOTOLOVUE TN GTPOTIYIKN
D, ue devtepn kodvtepn emdoyn va givan n €Eumvn eoption C kot tehevTaieg ot GTPATNYIKES
dual ka1 dumb avtictorya. Mdhota, pe v adéEnomn tov apBpod TOV NAEKTPIKOV OYNUATOV TOV
dteldvovy 610 diktvo g Kpnmng mapatnpeital kot peyoldtepn o10popd HETAED TOV ELOUKOV
k66toug ™G V2G otpatnytkng évovtt tov dAlov. O Adyog Tov ot 6TpaTNyIKES EEVTVNG POPTIONG
tov EV givan mepiocdtepo owovopukéc, eival yloti eKUETOALEDOVTOL KOAVTEPQ TIG AVAVEDGULES
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TNYEG EVEPYEWNG LLE OMOTEAECLO, VO 00N YOUV OE WIKPOTEPO E€TNGLO KOGTOG T®V GULUPOTIK®V
povadwv. Mmopet 10 k6ctog Twv AIIE ce avtég tavtdypova vo aw&dvetal, oAl TO TOGO TNG
avénong avtng eivol LIKPOTEPO OO TO KOGTOG LEIMONE TOV KOGTOVS TV GUUPATIK®V HLOVASMV.

Téhog, mpémel va avapépoovpe Ot pe v epappoyn g V2G Aertovpyiog KaTapEPVOLLE V.
EKUETAAAEVTOVUE KOAVTEPQ TIG EYKATECTNUEVES AVAVEDGCULES TNYEC EVEPYEWNG KOOMDS LE OVTNV
&yovpe peyaAvtepn amoppoéonon twv AIIE, yio 6Ala 1o ceviplo dieicduong TV NAEKTPIKOV
OYNUATOV.
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