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Hepiinyn

2 mopovce  SUTAMUOTIKY  €PYyacic UEAETOVIOL TO TPATLMO KOl Ol  TEYVOAOYIES
TNAETIKOVOVIOV OV SVVATOL VO, TTPOYLLOTOTOGOVV TV EMKOVOVIN TOV NAEKTPIKOV OYNLATOV
(Electric Vehicle — EV) pe to evguéc diktvo evepyeiog (Smart Grid). EmumAéov mapovoialeta
10 eyyeipnua Vehicle-to-Grid (V2G) ko e€etalovioan m Aertovpyio, m doun TOL Kol Ot
TEYVOAOYIEG TNAEMIKOWVOVIDOV 7OV EVOOUATOVOVTOL € ovT0. TEAoC yivetow peAéTn TOL
TPAYLOTIKOD GLGTARATOC Stoysiplone eoptione nAektpikdv oymudrov WINSmartEV™ tov
navemotnuiov UCLA.

Y10 KepdAawo 1 yiveton 1otOoptKny avadpour] otn mopeict TOV NAEKTPIK®OV Kot LEPOK®V
oynudatwv. Iopovcialovtor kpicyleg nuepounviec-otabpol oV KATOOKELT] Kol KLKAOQOpia
NAEKTPIK®V avtokivntev amd to 1839 uéypt kot onpepa, KaBMOG Kot T GNUAVTIKOTEPO LOVTEAQ
AVTOKIVITOV OV amOTEAECAV TOV aKpoywviaio AiBo g e€EMENG TV GUYYPOVOV NAEKTPIKOV
oMNUaT®V.

¥10 KepGAalo 2 yivetow €mMOKOTNOMN Oplopévev Bepdtov ot teyvoAoyio VPPOKOV
OYMUAT®V. ZVYKPYEVA, LEAETOVTOL TO. GLOTNLATO VPPLOIKNG HETAGOONG 1oYVOS Kot YIVETOL Lo
Katnyoplomoinon TV LPpOKOV oynudtov pe Paon v wNyn evépyeldg tovg. TENOC
ToPOVGIALOVTOL TO TAEOVEKTILATO, KO LELOVEKTILOTO TOV VEPLOIKAOV OYNUATOV.

Y10 kepdroo 3 efetalovion Paocwd Bépata MAEKTPIKNG TEYVOAOYiOG OTNV avTOKiVNoN.
Apywd mapovctdlovtol ot OMUOPIAESTEPOL TUTOL GUOGCMPEVTMOV Kol TEPLYPAPETOL 1 OPYN
Aertovpyiog TOVG. XTn cLVEXELD, OVAPEPOVTOL OVEPYOLEVOL KOl TTOALL VTTOGYOUEVOL EVOAAUKTIKOT
TPOTOL OO KELONG TNG NAEKTPIKNG evEPYElas. TEAOG, HeEAETMVTOL 01 NAEKTPIKOL KIVNTHPEG TTOL
YPNOLUOTOLOVVTAL GTOL OYTLLALTO KO TO SLAPOPO. €101 TOVG,.

>10 KePAAoo 4 HEAETOVTOL Ol TPOTOL POPTIONG TV MAEKTPIKAOV oynudtov (Modes), ot
tomot (Cases) kot d1aTdEelg GUVOESNS TOV OYNUOTOS e OIKTLO, EVA TOPOVCLALOVTOL OPIGUEVOL
YOPOKTNPLOTIKG OGS TUTIKNG POPTIONG, Ommg M 1oy kol o ypovog. Téhog, eEetdlovion ot
OTTOLTNOELG GE VTTOJOUT KO AGOAAEL OGS TUTIKNG NAEKTPIKNG OIKIOUKNG EYKATACTOONG, MGTE VO,
VooTNPilel POPTIOT NAEKTPIK®OV OYNUATOV.

Y10 kepalowo S5 mapovoidletar to eyyeipnua Vehicle-to-Grid (V2G). Apyikd yiveton
EMOKOTNGT] TOV ELPLOVE dKTVOV gvépyetag (Smart Grid) kot TV TEYVOAOYIDV ETKOVOVING TOV
duvatar vo evoopotmbodv oe avtd. ‘Emeita meprypdpetor - apyttektoviky tov V2G kot ot
TEYVOAOYIEG OV TO OTEAEYMOVOLV. XTN GLVEYELN, OVOADOVTIOL Ol OVAYKEC EMIKOWVOVIOG TOL
VIAPYOVY HETOEL TV doPOpOV GVoKELAOV Kot dtatdéemv mov amaptilovv to V2G. Téhog,
oedyetoar PEAETN TOL TPAYUOTIKOD GLYKPOTNUOTOS (OPTICNG MAEKTPIKOV OLTOKIVIIT®OV
WINSmartEV™ ot mapovsidleton pia pébodoc avtdpatng tavtomoinong EV péowo RFID.

¥10 KePAAOMO 6 TOPOVOIALOVTIOL GUUTEPAGLOTO OV TPOKVATOLV OO TN OUTAMUATIKY
epyaoio, KaOOS Kot TPOTAGELS Y10, LEAAOVTIKY| £pELVAL.

Aégerg Kheroua

Hextpikd Oymua, YBpdkd Oynuo, Eveuvég Aiktvo, ®option Hrektpikod Oynuartog, Tpodmot
dopTiong, Tomor Xovoeong, EV, V2G, EVSE, ZigBee, RFID



Abstract

The scope of this thesis is to study the telecommunication technologies and standards which
able the communication between electric vehicles (EV) and the Smart Grid. Furthermore, the
concept of Vehicle-to-Grid (V2G) is presented, and its functions and structure are being
examined, along with its embedded communication technologies. Finally, UCLA’s
WINSmartEV™ is studied, which is an actual EV monitoring, control and management system.

In the first chapter, the history of electric and hybrid cars is presented. Key dates to the most
important electric and hybrid car releases are mentioned, along with the most prominent car
models which were the cornerstone in the evolution of modern electric vehicles.

In the second chapter, certain crucial aspects in hybrid electric car technology are outlined.
More specifically, hybrid transmission systems are studied and then a sorting of hybrid vehicles
takes place, based on the source of their energy. Finally, the advantages and disadvantages of
hybrid electric vehicles are stated.

In the third chapter, important aspects of electrical technology are discussed. First, the most
well-known types of electric batteries are presented with insight on how they work. Next, other
means of storing electric energy are introduced. Finally, the most common types of electric
motors used, are described.

In the fourth chapter, the charging modes of electric vehicles are analyzed, along with the
connection cases. Typical values of charging times and power drawn are presented. Finally, the
requirements for a home electrical installation to enable EV charging are discussed.

In the fifth chapter, the concept of Vehicle-to-Grid (V2G) is presented. First, the Smart Grid
is described, along with its embedded communication technologies. Next, the architecture of
V2G is discussed. Moreover, the telecommunication needs of all elements in the V2G are
analyzed. Finally, the EV monitoring, control and management system WINSmartEV™ is
studied, and a mesh network RFID system for user identification and charging authorization is
presented.

In the sixth chapter, the conclusions drawn for the thesis are outlined. Finally, future
perspectives are presented.

Key words

Electric Vehicle (EV), Hybrid Electric Vehicle, Smart Grid, EV Charging, Charging Modes,
Connection Types, Vehicle-to-Grid, EVSE, ZigBee, RFID



Evyopiomipro Inueiopa

Me v oloxkinpwan ¢ mopodoos omiwuatikns epyocios Bo nlsio vo. evyopiotnow
Oepud. tov empPrémovra kabnynty ™ oimiwuotikis uov epyacios k. Hovoyioty Koty yio v
apioty oVVEPYaTia Kal TNV DIOTTHPICH Tov KaO’ OAn ™) O1GpKeLo. EKTOVHONS THGS, OTE TO TPOIOV
TG EPYATIOS VO, EUPAVIGOET GPTIO OO EMIOTHUOVIKNG KO EKPPOATTIKNG TAEVPUG.

Oa nbelo. emions vo. ekppPaow TIS 1010ITEPES EVYOPLOTIES OV KOL TV EDYVOUOTOVH HUOD
TPOS TOVGS YOVEIS O, TN YIAYIG 1OV, TOV GOEAPO LUOV KOl TOVS PIAOVS OV Y10, TV GYGTH TOVG, THV
OUEPIOTH COUTOPATTOCH TOVG KOL TH GTHPIEH KOTO, TH OLGPKELL OADYV QUTMV TWV YPOvMV.

T¢hog Ba nBeio va evyopiotiow TV TATTOD LOV, Y10, OO OGO OV TPOGEPEPE KOL YLO. TIG
nOikes alieg ue g omoieg e peydiwoe. Tov apiepadve ooty v epyacio.
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KEPAAAIO 1
IZXTOPIKH ANAAPOMH

210 Topov keQAAao Oa yivel pua 16Topikn avadpopr]. Oa TapovcLacTOOY YPOVOLOYIKE OAE

01 0EI0ONUEIMTES KATAGKEVEG LEPLOKMV KOl OpLyMG NAEKTPIKAOV oynpatov and to 1839 uéypt
TOPOVGO, ETOYN).

[1839]

[1870]

[1888]

IxAua 1.1: To Lohner - Porscher M9te hybrid. Eva anoé ta npwta afioAoya uBpidika
BevQwvokivnta — nAektpokivnta.

O Robert Anderson, amd to Aumepvtiv TG XKOTIOG, KOTOYPAPETOL OO TNV 1GTOPIN MG
0 EPEVPETNC OV KATOOKEVOGE TO TPMOTO NAEKTPIKO OYMLLOL.

O ogp David Salomon katackevace €vo avTOKivTO pe MAEKTPIKO HOTEP OUW®S Ol
umatapieg frov oA Popiég . H toyvnta ta&1d1o0 Kot 1 avtovopio NTay KokEs.

H Immisch & Company «katackeboace vy tov XovAtavo ¢ OBwopoavikng
Avtoxpartopiog po dpaéo pe pratoapio 24 otoryeiov. Tnv idwa xpovid o Magnus Volk,
610 Mrmpdutov tng AyyAiag, Kataokehooe Eva NAEKTPIKO TPIKLKAO.

[1890-1910] IMepiodog onpoavTiKdOV BEATIOCE®Y GTNV TEXVOAOYio TV pratapldv. Hrtav 1 emoyn mov

[1897]

[1897]

avomtHYTKaY ot urotopieg poAvpdov — o&émg, amd tov H.Tudor. e mold cvvrouo
YPOVIKO SACTNHA, EKOVOV KOl TNV EULPAVIOT TOVG Ol pmatopieg vikehiov — koadpiov
and tovg Edison ko Junger.

H London Electric Cab Company (Etaipeio Hiextpikodv Ta&i tov Aovdivov) Eexivnoe
TOKTIKG OPOROAGYLE XPTCLOTOLDOVTOS QL TOKIVITO OV oyedidotnkay ond tov Walter
Bersey. To Bersey Cab ftav éva €idog ta&i, T0 onoio ypnoiponoovce pio pratoapio 40
dtovvoedeévav otolyelmv Kot nAekTpikd potép Kavd va amodmcel 3 immovg. H
avtovopia Tov égtave ta 50 pila petaéd tov eopticemv.

H Pope Manufacturing Company tov Xdapteopvt, oto Kovétikar, kotackedooe
nepimov 500 niektpikd avtokivnta o€ dtdotnua 600 ETOV.
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[1900] To 1900 o Ferdinand Porsche, evédd ftav vméAiniog ¢ Lohner Coach Factory,

[1913]

e&éMEe 10 MOte, (o teTpaxivntn €kdoom ¢ VPPOIKNG oe oepd quoag «System
LohnerPorsche», mov elye eppaviotel vopitepa to 1900, oty Iaykodca ExBeon tov
[Topioiov. To M9te mepiraupove €va {ehyog yevwnTpldv mov Tpo@odoTovvTay omd
KWWNTPES €6MTEPIKNG Kavong 2,5 hp tng Daimler, dote va enekteivel v euféieia
Aertovpyiog kot va umopet vo ta&déyel 40 oxeddv pidio povo pe v pmotopio, Kot
napovstdonke to 1901 oy 'ExBeon Avtoxkwvnitov tov Ilapioiov. To M9te éonace
TOALGL AVGTPLOKA pekOp ToLTNTOS Kot kEPOoe 610 Pl 'EEedumepk 1o 1901 pe tov
1010 tov Porsche oto Tnovi. To MOte ypnopomorovoe Evav kvntipa Peviivng mov
TPOPOJ0TOVGE Uiot YEVWATPLO, 1 OTolo LE TN GEPE NG KIVOLGE TA NAEKTPIKA HOTEP
OV NTOV TOTOOETNUEVA GTO LOVAYLE TV TPOXADV, LE L0 LKPYT] CLOTOLYIO UTOTOPLDOV
yw a&omortio. Eiye péyiomm toyvmra 50 km/h kon woyd 5,22 kW yu dbpxeta 20
Aentov. Tnv 1310 xpovid ot apePIKavIKEG eTarpeieg avtokviTOV Kataokevooov 1.681
atpokivnta, 1.575 mnhextpokivnta kot 936  PBeviwvoxivnto  avtoxivnta. Xe
onuookdémnon mov &ywve katd TNy mpatn EOvikn ‘ExBeon Avtokivnitov g Néog
Y OpKnG, 01 VTOGTNPIKTEG OVESEIENV TOL NAEKTPIKE AVTOKIVITO MG TPDTY EXAOYY| TOVG,
akoAovBovpeva otevd amd T aTHoKivnTa.

Xpovid-otabpog yuoo v ovtokivion. Méca ota mpodta ¥poévia. tov 2000 cmva,
TapNxONoav YIAdoeg NAeKTPIKE Kot LEPLOKA AVTOKIVITO, OUW®G, LLE TN YPOLLLUT

IxAua 1.2: AUTOKIiVNTO TTOU KOTALOKEUAGTNKE amno tnv Krieger to 1903
KOLL XPNOLHOTOLEL Evav BeVIIVOKLVNTAPA YL VOL UTTOCTNPLEEL
CUGTOLYLO TPLWV UITOTOPLIV.

ocuvoppordynong tov Henry Ford kot pe tov gpyopud TOL  OLTO-EKKIVOVUEVOL
Beviivokivntipa, to atpokivinto kot To niektpokivito oxeddov eéapaviotnkov. Tn
YPOVIA EKEIVI 01 TOANGELS TOV NAEKTPIKAOV OvTOKIVITOV émecay otig 6.000, evd to
Movtého T g Ford movince 182.809 Bevivokivnta avtokivnta. Ta emdpeva ypdvia
onuatoddtToay v Toyeia Helmon Twv VEPLOIKAOV AVTOKIVATOV.
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Ixnua 1.3: To Owen Magnetic Model 60 Touring Touv 1921 xpnotpomnolei Bevivokivntrpa ya
va KLWVEL YEVVATPLA N oTtoia TtapEXEL NAEKTPLIKO peUA OE SUO LOTEP TOU Bpiokovtal
tonofeTnpéva oTov KaBEva and Toug nicw TPOoXouG.

[1920-1965] Adpovrg mepiodog yio palikn mapaymyn NAEKTPIKGOV Kot VBpidik®dv avtokivitov. To
EMOVOUALOUEVO EVOALOKTIKA LTOKIVITO EYIVOV OVTIKEILEVO £PELVOC KOl KOTAGKEVTG
YO HIKPOVG OIKOTEXVES KOTOOKELOOTEG Kol Ppayvfiovg emyeipnpaties. 1966 To
Koykpéco twv Hvopévov IloAtewwv mapovcioce ta mpdTo oY&d0 VOO,
GLVIGTMVTOG TN XPNON TOV MAEKTPIKOV Ooynudtov o¢ HEGO Yo T pelwon tng
ATHLOCQOPIKNG pOTOVoNS. Mia véa mepiodog Eavapyilel yioo TNV NAEKTPIKN Kol TNV
VPPLOKN TEYVOLOYiOL.

[1977-1979] To 1977 n Toyota eméhee, ywo. vo kotoadeiel Tic ueAlovtikég mpobéoels g, 1o
vPpdwd Toyota Sports 800 e aepoaTPOPIA0. XPNGILOTOIOVTAS £VOL GTTOP AVTOKIVNTO
vynlov emdodcemv, 1 Toyota mpdteve o EEvmvn kot TePPOAAOVTIKA cupfatr) Avon
Kot OMpovpynoe o eriocoeio mov peténeita Bo £gEMoGOTAV 68 QVTO TOL GNUEPQ
ovopdletoan «Hybrid Synergy Drive». Eikoot ypovia petd, to 1997, m Toyota
nmapovciace Eva VRPOKO Aewpopeio Tapaymyng, To Coaster Hybrid, kot to Prius, to
TPMOTO VPPOIKS avToKivVITO.

Ixnuoa 1.4: Toyota Sports 800, to pwto UBPLSKO autokivnto tng Toyota.

[1989] H Audi mopovcicce tnv mpdT YeVIA TOL TEpapotikod oynuatos Audi Duo
Baciopévo oto Audi 100 Avant Quattro. To avtokivnto €lye Evav nAexTpiKod Kivntipo
12,6 hp, o omoiog kwvovoe TOLG TioW TPOYOVG avti Yo €vav kevipiko dEovo. H
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[1997]

[1997]

umoatapio  vikehiov-kadpiov mopeiye v evépyewn. H  pmpootiviy  kivnom
TPOPOSOTOVVTAV Ao £vov Kivntnpa tévte KuAivopwv 2,3 L pe anddoon 136 hp. Avo
xpévia apydtepa 1 Audi mapovsioce T devTep YeEVIA Tov Duo, emiong Paciouévn
oto Audi 100 Avant Quattro.

To Toyota Prius mapovcidotnke 6Ty 10m®VIKY] oyopd d00 ¥povia TPV amd TNV MLE-
pounvia Tov exionpov AaveopioUaTOg TOV KoL TPV amd TV ToyKOGHLO SIAGKEYT Y10
v vrepBéppavon tov mAavitn oto Kidto, mov mpaypartomomdnke tov Agkéufplo
0V {d10V £tovg. Ot TOANGELS TOL TPAOTOL YPOVOL £pTacay oxeddv Tig 18.000.

H Audi éywve o mpdTo¢ Katackevaotig oty Evponn mov £fare Eva vPpdkd dymuo
ot polkn mopaywyn: to Audi Duo Baciopévo oto A4 Avant. To dymuo Kivodvtov
a6 évav kivnmpa TDI 1,9 L, 90 hp og cvvdvacud pe éva niektpucd potép 29 hp.
Kot o1 dVv0o mnyég 1oy00g Kivodsav Tovg Umpootivovg Tpoyxols. Mia pmoatopio CeAé
poAVBoov oto miow pEPog amodnkeve v nAekTpik evépysta. To Duo dev vanpée
EUMOPIKN €mTUYIOL KOU Yoo TOV AOYO OVTO KOTAPYNONKE, TOPAKIVOVTOS TOVG
Evpomnaiovg KoTooKeELOOTES CVTOKIVTOV VO ECTIACOVV TIG EMEVOVCELS EPELVOS KOl
avantu&ng ota viile.

[1997-1999] Xtnv KaAipdpvia TopovcldoTnKe omd TOVG UEYAAOVS KOTOAGKEVOGTEG OTOKIVATOV

[1999]

[2000]

[2002]

évag HKpOg aptBpdc €€ 0AOKAPOV MAEKTPIKOV OYNUATOV, GLUTEPIAOUPAVOUEVOV
tov: EV Plus g Honda, EV1 m¢ GM, 1o niektpikd pikpd avorytd eoptnyd S-10,
éva pkpo avorytd eoptnyod Ford Ranger kot 1o RAV4 EV ¢ Toyota. Ilopd tov
apykod €vOOLOIOCUO OVTMOV TTOL LWOBETNoOV aVTNH TNV TEYVOAOYiD, TO MAEKTPIKA
ATETLYOV VO TPOGEAKVGOVV TEPIGGOTEPOVS OO UEPIKES EKOTOVTAOES 0ONYOVS Yol TO
KaOe povtého. Méoco oe Alya ypdvioe ta mpoypaupato e €& oAoxkAnpov
nAekTpokivnong eykataleipOnkay.

H Honda mopovcioce to dimopto Insight, to mpdTo vPpdkd avtokivinto mov Oa,
«romovoey TN palikn ayopd towv Hvopévev Tolteidv. To Insight képdioe mAn00g
BpoPeiov kot EraPe Pabporoyieg yhopeTpikng dtdvoong g EPA tov 61 piMov avé
YOAOVL (m/g) otnv TOAN kot 70 m/g 6ToV LTOKIVIITOSPOLO.

H Toyota napovsioce 1o Toyota Prius, 10 mp®dto vpdkd teTpdmopto sedan mov
dwtédnke otig Hvopéveg IMoAtteles.

H Honda moapovcioce 10 Honda Civic Hybrid, 1o debtepo epmopikd dtobécipo
vPpIKd Pevivokivnro-niektpokivnto avtokivnto. H gupdvion kot 1 amddoon tov
Civic Hybrid frov (ko e&akorlovBobv vo givol) TOVOHOIOTUTES HE OULTEG TOL
ocvoppatkov Civic. 2004 To Toyota Prius II képdioe ta Ppapeioa Avtokivrtov g
Xpoviag tov 2004 amd 10 meplodwd Motor Trend Magazine kou amd v 'ExBeon
Avtokwnitov g Bopelog Apepikcic. H Toyota e&emhdyn and ) {imon ko avénoe
mv mopaywyn e and 36.000 oe 47.000 avtokivnta yio v ayopd twv HITA. Ou
EVOLPEPOEVOL OYOPOOTEG TTEPIpEVAY G Kol €51 UNVES Yo vo. ayopdoovy to Prius
tov 2004. O mpdedpog mwincewv 1ng Toyota Motor twv HITA Jim Press to
ATOKOAECE (G «TO MO KOAVTO OLTOKIVITO TTOL ETYOLLE TOTEY.
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[2009]

[2010]

Néa e&eArypéva povtéha KAvouy v eUEEVIoT] TOVG OTIS YPouuéS Tapaywyns Toyota.
Ta Prius III, Lexus RX 450h, Honda Insight ot dAAa diexducodv pepidio otnv ayopd
TOV OTOKIVIATOL Kot otV EAAGSaL.

Néa povtéla, 6nwg ta Honda Juzz, Auris hybrid, Porsche Cayenne, VW Touareg kot
GAha, TOV EUEAVICOVTOL GUVEXDGS, ATTOOEIKVOOLY OTL Ol TEYVOAOYIEC TNG EVOAAAKTIKNG
aVTO-KIivong, AOY® TOV OLVEXDS OVENVOUEVOV  auoTNPOV  TEPPUAAOVTIKOV
mpobmobécemv Yo TNV avtokivntofropnyavia, £yl yivel Lovodpopoc.
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KE®AAAIO 2
YBPIAIKH TEXNOAOTIA

2.1 Exocaymyn oto vpprowkd oynpota

Xmv  amkovoTtepn  popen  Tov, €va VPpkd ocvotnue  cVVOLAlEl TOL  KOAVTEPQ
YOPOKTNPLOTIKA AEITOLPYIOG €VOC KIVNTNPO £0MTEPIKNG KOVONG Kol €VOG NAEKTPIKOV HOTEP.
Xpnowonotel dvo mnyég evépyelag: Tn OePUOSVVOUIKT, TOL TPOEPYETOL OMO TOV KIVITNPO
ECMTEPIKNG KOVONG KOl TNV MNAEKTPIKY, OV TPOEPYETAL Omd TOV MAeKTpokvntipa. [a
oLVOLOCHEVT AELTOVPYIN QVTAOV TOV dV0 TNYDV EVEPYELNG Elvar amapaitnTn 1 VTapén Kot GAA®V
BonOntikdv datdEemv, OTWC Ol GLCCMPEVTES, 1) YEVVATPLO KOL O UETOOYNUATIOTNG. Eva
VPPOKO avtokivnto pmopel va Kwveiton ite pe tov €vav amd Tovg OVO KVNTNPEG gite He TO
ovvovacpd tovg. Idavikd, o nAektpokivnTipog avarapBdvel tnv kivnon oe kdbe Eekivnua Tov
OLTOKIVITOV, OTNV KLKAOQOPio péca otV TOAN Kol 6€ mopeiot YOUNANG ToyDTNTOC, EVA OF
avorytd dpopo Kot o€ Toyela kivinomn tov Edeyyo £xet o Bevivokivntipag. Otav, ouwc, amotteitol
N UEYLOTN oY0G, OMWG GE €VO TPOCTEPAGUA N GE U0, avnedpa, ot eEac@origTor amd )
ocvvovacpévn Asttovpyion kKot Tov 000 Kvnmipov, Bepuikov kot nAektpikov. Ot mAektpikol
KIVNTNPEG £X0VV TO GOPaPO HEIOVEKTNUO TNG UIKPNG avTovopiag otnv kivinon tov oynuotog. H
YN EVEPYEWS TOV YPTNGLUOTOOVV £IVOL Ol GLGGMPEVTEG TOV OEV WITOPOVV VO TPOGODGOLY
HeYOAN avtovopio 6to Oynua. Xto VPpkd avtokivnto ot pmatopieg eoptilovror amd pio
YEVVITPLO, M omoia Aettovpyel xapn otov Pevivokivntipa. AVOADTIKOTEPO: 1) YNUIKN EVEPYELL
TOV KOWGIHoL petatpénetal and 1o Pevivokivnipa oe Kivntiky evépyela. H kivntikn evépyeia
HeTOTPENETAL e TN OEPpd TG amd T yevvniplo o mAektpikn. H mAektpikn evépyeia
SLOYETEVETAL GTOV NAEKTPOKIVITIPO TOV T UETATPETEL EAVA GE KIVITIKT EVEPYELN KIVMDVTOS TOVG
TpoyovG. H niektpikn evépyesto mov mepiocevet amobnkedeton otig pnatapiec. 'Etot éva vfpioko
Oymuo cLVOLALEL TOL TAEOVEKTNLOTA TNG NAEKTPOKIVIONG LE TN LEYAAT avTOVOLia, TOV TaPEYOVY
TOL OPVKTE KOOGULOL.

2.2 Tvotipratao VfpLotkig HETAO06S LoYV0G

Ta vBpwiKd cvomuoto petddoons toxbog pmopobv va toastvounbovv, pe Pdon ™
OLVOEGHOAOYI TOVG, G TPELS PUCIKES KaTnyopies:

i.  Xepuokod cvetTnpe pETddoong toyvog: e éva oelplakd vBpLdkd chotnuo HeETAdooNC
1oY00G, TNV Kivnon divel amoKAEIGTIKA 0 NAEKTPOKIVITIPAG, O 0TTO10G OEXETAL NAEKTPIKN
evépyeln €lte amd oLOTOYIN UTOTAPUOV E1TE MO PNYOVY] ECMTEPIKNG KOVONG HECH
YEVVITPLOG. X& £V, OEIPLOKO GUOTNUO UETAOOTNG 1OYVOS O MAEKTPOKIVINTIAPAG &ivol
oLVNOMG LIKPOTEPOG, KAOMG EYEL VAL OVTILETOTICEL LETPLEG GE 1oYD OTOLTHGELS 0ONYNONG
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Electric motor, works as a generator
when used as regenerative brake

Generator

IxAua 2.1: ZVotnua oELPLOKG LETAS0OoNG LOXUOG.

Hopdlinlo obotnua HeTadoons 16yvog. e £va TapPIAANA0 VEPLOIKO GVGTNILO LETAOOCNC
1GYVOC, 0 KWWNTNPOAG KOl 0 NAEKTPOKIVINTHPAS TTapdyovy v 1ox0 Yo TNV Kivnon tov
TPOYDV, EVGD PpiokovTol HOVIHE Kot aveEAPTNTO GUVOESEUEVOL LE TO KIBADTIO TOYLTHTOV.
Emeidn oe ovtév 10 oyMUOTIGHO O KvnTnpog &ivar ouvdedepévog amevbeiag 6Tovg
Tpoyove, eEadeipetar 1 pelwon g omddoong KATé TN UETOTPOM TNG UNYOVIKNG
EVEPYELNG OE MAEKTPIKT, o€ avtiBeon pe avtd mov cvuPaivel 6To GEPLOKE CLGTHLLOTO
Hetddoons 1oxvoc, KafIoTOVTAG aVTO TO CUGTNUA UETAOOONG 16YV0G KATAAANAO Yo
001NYNO™N GE AVTOKIVIITOOPOLOVE.

Electric motor, works
as a generator when used
as regenerative brake

-
Controll

IxAua 2.2: 2ootnpa napaAAnAng petadoong Loxyvog
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lii.  Mekto obotnua uetadoons ioyvog. Melktd cOOTHO LETASOOTG 10YVOC EIVOL OVGAGTIKA
0 GLVOLOCHOG OelPlaKoy Kot TapdAiniov. To pewktd ovotnua €xel dvvatdTNT
KOADTEPNG OmOO0oNG OO VTNV Tov €xel T0 KABe €va amd To mpoovapepBivia
ocvoThuata EEYWPLoTA.

2.3 Katnyopieg YPprowkov Avtokivitov

21 ovvéyelo yivetar Kotnyoplomoinon Tov LPpIK®V avtokivntov pe Pdon ™ wnyn
EVEPYELNG TOVC.

2.3.1 Enavo@optilopeva amo 1o 6ikTvo VPPLotkd NAEKTPIKE QVTOKIVI|TO

Ta emavoaeoptildpeva omd to dikTvo VPPdKE MAekTpikd oavtokivnta (Plug-in hybrid
electric vehicles 1 PHEVS) gival gpodiacpéva pe cuotoryio uTatapldv HeyOANS xmpnTiKOTnTous
OV TOVG EMITPEMEL VAL KIVOUVTOL OULYDG NAEKTPIKE, LE PUNOEVIKT POTOVGT), Y10 OPKETEG OEKAOEG
YMOUETPaL. AlaBETOVY GUMG Kot Pnav E0MTEPIKNG Kawong. Eropéveg emhéyeton érTiota amd
70 CVGTNUA TO GTOLKEIO OV TTaPEYEL TNV KiVOT GTOVG TPOYOVS KABE Ypovikn otryun. Zvvibwg,
KOTA TV EKKIVNGT TOL QLTOKIVITOL Kol OTIG

IxAua 2.3: Enavadopti{opevo ano to diktuo uBpLdLko
oxnua (PHEV)

YoOUMAég toyvnteg (mov o Pevivokvntipoc €ivor TOAD PLTOYOVOG Kol [N OOO0TIKOC)
YPNOOTOIEITOL O NAEKTPOKIVIITIPOGS, EVED OTIG VYNAES ToyOTNTEG avaAapuPavel dpdon 1 nyov|
€0MTEPIKNG Kowons. Emiong, ta eivat epodiacpéva pe KaTdAANAN NAEKTPIKY VTOS0YT TOV TOVG
EMTPETEL TN GUVOEDN LLE TO OTKTLO NAEKTPIKNG EVEPYELOS, TPOKEEVOL VO popTiloviat amevdeiog
amd aTo.

To k60TOG TG MAEKTPIKNG evépyewng Yy TV Tpo®oddtnon twv PHEVS xaf’ 6An
dubprelav Aettovpyiag Tovg VIOAOYioTNKE OTL Eival PIKPOTEPO amd TO €va TETAPTO TOL KOGTOVG
™m¢g Pevlivng mov Ba ypnoyomoovcay o1 GLUPOTIKN TOVS HOPEN. X CLYKPION UHE TO
ocvpPartikd avtokivnta, tao PHEVs copfdailovv ot peioon tg povmavong, g e€dptmong ond
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TO TETPEAOMO KOL TNV EAQTTOON TOL Qovouevov Tov BOegppoknmiov mov 00MyovV o1V
vrepBéppavon tov mhavit. Ta PHEVS dgv ypnotpomolovy kdmolo ¢uotkd KodGIHo Kot
JLPKELD TNG NAEKTPIKNG TOVG Agttovpyiag, epocov, BERata, 01 CLGGMPELTEG TOVG PopTilovTal
amo avove®oes mNYEG evépyeloc. Mmopel va Bewpnbel 6tL o PHEVS amotelobv v e£éMén
TOV oNUEPVOV TANPOS LPRpKoV oynudtwv. Eva mifpmg vPpoikd avtokivnto £xet
duvaToTNTO VO EKKIVEL KOl VoL EMTAYOVEL GE YOUNAEG TaXDTNTES YWPIG TN (PNOTM TOL UNYUVIKOD
tov kwvnpo. H pratapio tov, 061660, QoptileTton amOKAEIGTIKG OO TOV KWVNITHPO KOl TO
cvotnua avayevvntikng médnongs. 'Eva PHEVS Aettovpyet katd tov 1610 TpodTO 0ALA:

I.  éyel peyoldtepn pmatapio Kot

ii.  mapéyel otov 00MY0 TNV E€MAOYN VO TN QOPTILEL YPNOIUOTOIDOVTIOC UioL TN
NAEKTPIKOD PEVUOTOC MOTE VO UTOPEL VO KIvel TO Oynuo TOL HOVO pE TN XPNoM
NAEKTPIKNG EVEPYELDG,.

2ovnlmg, N EOPTIGN TOL OLTOKIVITOL B0 TPUYUOTOTOEITOL KOTA TIG VOYXTEPIVES MPEG.
Enopévmg, ta PHEVs xdvouv ypnon TOGO MAEKTPOKIVNTAP®OV TOV TPOPOSOTOVVIOL 0o
pmotapieg, 060 KO UNYOVIKOV KIWVNTHPOV, ®GTOGO £X0vV TNV dvvatdtnta vo avaBdiiovy
¥PNoM Kavsipov pe ) eoption tov oxnuotos. Exiong, ta PHEVS éyovv mheovéktnua Evavtt tov
QLY DG NAEKTPIK®V OYNUAT®V dEG0UEVOL OTL O 031YOL TOVG OeVv YPELBLETOL VO, AVIGLYOVV YOl TO
evogyolevo  “amo@dptions” Tov oyfuatog tovs. Avtd ovpPaiver ywri ov m pumotapio
amogoprtiotel, To PHEVS Agttovpyodv 0mmg kot tar cupPatikd KGvovtog yp1on Tov Unyovikon
KWV TNPO TOVG KOl TOV GLUGTHIOTOS OVAYEVVNTIKNG TEONOMG Y10 T GOPTIoN TNG Hratopioc. Aol
YPNOOTOOVV TOGO pNYaviKe Kwvntipo 660 Kot niektpokwntipo, to PHEVs dwabétovv
HIKPOTEPESG KOl PTNVOTEPEG CLGTOLYIEG UTOTAPLAV GE GYXECT LE TO OVTIOTOLYO OULY DS NAEKTPIKE
oynuota. Ta onpepva epmopikd vPPOKE oyxfLaTa ¥PNoLoToovV pratopieg kupiwg Nikeriov-
MetdAlov vOpLdioy, OV EMTPEMOVY VA SLVVOOVV LKPES OMOGTACELS LE OMOKAEIGTIKY XPNoN
niextpikng evépyetas. o ta PHEVS, opmg, n peyokdtepn amodnkevon nAEKTPIKNG EVEPYELOG
KO Ol HEYOADTEPEG OMALTNOELS LTS Ba emitevyBovv pe v TevoroYia TV protapidv lithium-
ion (Li ion), 6nwg avapéveral.

2.3.2 HAeKTPIKE 0YNNOTO TOV KIVOUVTOL OTOKAELGTIKA PUE GVOCOPEVTES

Ta nAekTpikd avTOKivNTO TOL KIVOLVTOL OMOKAEIGTIKA pe TV Pondeio TV GLGCMPELTAOV
(Battery Electric Vehicles 1 BEVS) dev €youv gpedpiki] anyn Kowcipov kot eoptilovv Tovg
OLGOMPEVTES O TO NAEKTPIKO dikTvo. Aviikovv oty idwa katnyopia pe ta PHEVS. Opwmg, vy
v Kivnon toug ta. BEVS Bacilovion amokAEIoTIKA OTIG UTATOPIES KOl TOV NAEKTPOKIVITIPA.

IxAua 2.4: HAEKTPLIKO OXNUa He cuocowpeuTr) (BEV)



Avto onuaivel 6Tt HEW®VETAL SVVNTIKA 1) QVTOVOLO TOVS, AoV 1 OTOGTACT TOL UTOPEL VoL
dlovocel €vo oToKivTO PE amofNKeLIEVN NAEKTPIKY EVEPYELD. TNV UIaTopio TOL givol TOAD
pkpdtepn and avtnv mov Ba Siévue av M kivnorn emtuyyovotav péco Tov Pevivokumripo.
Avto givol amoAvtd katavontd av AneBodv vmoyn ot meplopiopol mov yoapaktnpilovv v
TPEYOVOA TEXVOAOYIN TV GLGGMPEVTMY GTNV OMOONKEVOT TNG NAEKTPIKNG EVEPYELAG.

2.3.3 Hliexktpkd oyMnota pe KOWEAEG KOVGIpHov

Ta nAektpikd oynuata ue koyéieg kovoipov (Fuel cells electric vehicles 1 FCEVS)
KIWoOVTOL LE TNV NAEKTPIKY EVEPYELD TOV TTaPAyEL 1| povado kuyelmv kavoipov (fuel cells) tov
oyfuatog v omoia amobnikebovv 6e cuoowpevtéc. H povada Asttovpyel pe kabapd vdpoyodvo
oV amodNKeVLETAL GTO OYMNUO Kot Pe 0EVYOVO OV AOUPAVETOL OO TNV ATHOCPOLPA.

How fuel cell cars work Fuel port

A fuel cell 18 & clean and efficient power plant that makes S — p The tanks
alectricsty through & chemical reaction between T are refiled
nydrogen and oxygen. >— at hydrogen

= fueng

Paower control unit
Manages the fuel cell

stations,

Electric motor and the battery output
Propels the vehicle and input in
with litthe nowse or accordance with

vibration. It can also  driving condibons, g
recOver energy
during deceleration

"\

Power

A J
control unit Battery
. p Stores energy
recovered duning
deceleration and

heips
Fuel Cell stack x:‘:uf:.;?

High-pressure hydrogen tanks
Provide hydrogen to the fuel
cells.

Inside the
fuel cell stack

Hundreds of individual
fuel cedls — each
procducing less than one
voit < are assambied
inside the stack to
procuce encugh vollage
for the mator,

Inside sach cell, hydrogen passes
through a negative slecirode
where 3 catalyst strips electrons
froen the atoms, The electrons
Now from the negatve to the
positive electrode, generating
electricity. Edctrons and
hydrogen atoms travel through an
electrolyte membrane to reach
the postive side, whare they join
w& with axygen to become water

catalyst

Pelymae wioctrobte

mombeane
Scurce: Toyots Motor Corp.

Javign Zannacina Los Anguis Thoes

IxAua 2.5: HAEKTPLIKO OXNUa e KUY EAEG KAUOLOU

H Bacum apyn tov FCEVS eival oxeddv 1 1010 e oty TV NAEKTPIKOV OYNUATOV TOL
YPNOLOTOOVV UOVO GLGCOPEVTY| , OALG SLBETOVLV KLWEAN KOvGipov 1| pratapion TOTOL 0Epa-
UETAAAOL OV avTikadioTd TNV emavapopTiLopevn niextpikn protapio. Ot teptocdTEPES amd T1G
HEYAAES ETAPEIEC KIVIITNP®V OLTOKIVITOL £Y0LV OVOTTTUEEL TOAD TPOYMPNUEVE AVTOKIVITO TTOV
tpoPodotovvTon pe Koyéleg kavoipov. H Daimler Chrysler, yw mapdderypo, éyxet avoamtdéet
aVTOKIVIITO, KLWEADV Kovcipov pe Pacn tig Mercedes oepdg A kot to €xel €QOSIAGEL pe
Koyéleg kavoipov Ballard mov Asttovpyel pe vdpoyodvo to omoio givar amobnkevpévo og vypn

HOPOT.
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2.4 TTAEOVEKTNNOTO KOL LELOVEKTIRATO TNG YPNONS NAEKTPIKAV CVTOKIVI|TMV

2.4.1 IkeovekTipoTo
Ta niextpicd oynuata (Electric Vehicles — EV) gugavifovv apketd mieovektiuoto, oAl
KOl OPIOUEVO, LEIOVEKTNLOTO. GE GYECT UE T CLUPATIKE oot

Ot nhextpcol KvnThpeg, Wiaitepa OTav 1 Agttovpyio Tovg GLVILALETOL pE YPNoN
OVOVEDGILOV TNYOV EVEPYELNS, OE OVTIOEOT] PE TOVG UNYOVIKOVUG KIVITNPES, OEV
TapAyodV aépla KOTOAOA, eV SBETOVV KOl TOAAL KOTOGKELAGTIKA OAAG Kot
Aertovpyikd mieovektuata. o Tapaderypa, govv KOADTEPO TPOTO AElTOVLPYIOG,
eAEyYovTOL KOADTEPQ, £Y0VV TOAD LYNAG Pobud oamddoomng, dev omottodv GuyVH
ocvovtnpnon kAm. IMaviog 10 KVPLOTEPO TAEOVEKTNUO TMOV NAEKTPIKOV OYXNUATOV
elvar  ovvelspopd Tov otn pelmoN TG OTHOCPUIPIKNG PUTAVONG, TO UEYUAVTEPO
UEPOG TNG 0Tol0C OQEIAETOL GTOVE PUTTOVG TOV GLUPATIKOV oYNudToV. To nAekTpikd
oMU EXEL TPOKTIKA UNOEVIKOVG PUTOVS TPOKOADVTAG EANYIOTN POTAVOT) TOV OEPOL
Kot UNdeVIKY pOTAVGOT TOV YMPOL TOV KIVEITOL.

Meiowon g myopvmavone. To miektpwed Oynua  eivar  oxeddv  aBopvfo
GLYKPIWVOLEVO LE TO. OYNLOTO TTOL AELTOVPYOLV HE UNYOVEG ECOTEPIKNG KOAVGEMG.
MdaMmota, AOY® pn eKToumne pomwv Kot TpokAnong Bopvpov, emrpénetan | kivnion
TOV GE MEPLOYES KIGTOPIKE gvaioONTES) T.Y. OTMG GTO 1IGTOPIKO KEVIPO TMV TOALEMV.
H nmlAektpikn teyvoloyio. Tpooeépel Tn duvatdTNTO YPNONG AVAVEDGCIU®OY TNYOV
EVEPYELOG Y10 TNV EMOVAPOPTIOT| TV OYNUAT®V. Ta nAeKTpIKd oyuaTe Hropovv vo
ATOTELEGOVV PEPOG EVOG CLGTHLATOG OV Ba TEPAaPdvel GTAOIOVG OVEPOIIAGLLOV
TPOPOOOTOVUEVOLS ad Eva EELTVO NAEKTPIKO O1KTLO.

Meiwon otig eknopnég CO2, epdGov M pNOT| TOV NAEKTPIKAOV oxnudtov eEomimbel
Kot yivel gupeia. AvEnuévn amddoon 6T0 GUOTNUO HETAOOONS 1oYVOG OVTMYV TV
OYNUATOV 00NYEl GE ONUOVTIIKEG UEUDCES TOV POT®V TOV GLUPEAAOLY G©TO
QovOLEVO TOV BeppoknTion, akopa Kot ov ANeOoDV VITOYN 01 ATMAEIEG EVEPYELOG
KOTO TNV TOPAY®Y Kol OVOUN TNG NAEKTPIKNG EVEPYEWNG TOV OIKTVOL Kol Ol
OTTMAELEG KOTA TN QOPTION TNG UTATOPIOG. ZOUQ®VO HE HEAET TOL AUEPIKOVIKOD
YvuPoviiov Amodotikng Evepyesiaxng Owovopiag (American Council for an Energy
Efficient Economy - ACCEDE ) npoBAéneton nepimov 15% peiwon otig Koboapég
exmounég CO2,avo 0dny0, o€ oxéomn Ue TN xpNnon cvupatik®dv oynudtov. Emmiéov,
Yo T0 MAEKTPIKE oynupato mov  @optilovtar oe mePloy€g Omov TO  OIKTLO
Tpogodoteital amd mnyég evépyeag mov eknéumovy CO2 oe younAdtepa emimedo
amd o PEGo Opo, ot Kaboapés exmounes CO2 mov oyetiCovran pe ta avtokivnTe aVTd
peltovovton avtiototryo. Avtifeta, 1 01 peAétn mpoPAémel OtT1, o€ MEPLOYES OMOV
epLocoTEPO amd 10 80% TG EvEPYELOG TOL OIKTVLOV TPOEPYETAL Od TOV AvOpaKa,
ot tomikéc kaBapég exkmounés CO2 Ba avénbovv Adym ypnong towv EVs. Avtd
amotelel Kat To Pacikd peovékmuo tov EVs népav tov emnpdcbetov kdoToug Kot
Bapovg LOym twv cvotoydv and pratapiec. Ta EVs mpocseépovv 1 dvuvatdtnta
amod0TIKNG dtayeipiong TG nAekTpikng evépyelag. Ta oxfuata avtd Oa poptilovrot
Katé KOPLo Adyo 6g TEPLOGOVE OTTOV VILAPYEL YOUNAT {ATNOT NAEKTPIKNG EVEPYELNG
(my ™ voxta) M eComiilovtanr pe tEYvOoAOyio SloKOTNG TNG OPTIONG KOTA TN
duwpkela mepddmv ayypng g {tnong. H plug-in teyvoroyio mpooeéper
duvaTOTNTO XPNONG OVOVEDCIU®V TNYDV EVEPYEWS YO TNV ETAVOPOPTIOT) TOV
OYNUATOG. XNV TEPITTMOON OVTN, TO TEPPAAALOVIIKO OTOTUTMUO TNG XPNONS EVOG
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Vi.

EV oyfiuatog eivar onuovtikd pkpdtepo oe oyéon pe €va cuppotikd dynmuo g
g  katnyopiag. Qotdéco, v éva EV  ypnowomolel mAekTpiKy] evépyela
TpoepyOUeV] amd €va, BEpUONAEKTPIKO €PYOCTAGIO HE KOVGIUN VAN GvOpoka M
Ayvitn, TOTE 1 POTOVGT TOV TPOKOAEL EVOEXOUEVS VAL Efvarl LEYHADTEPT OO QL TNV
oL TPOKAAEL Eva cuuPatikd dynuo.

[ToAd onuaviwd mieovéktuo towv PHEVS, dwitepa oe mepmmtdoelg avtdvopmy
OIKTVOV OTMG T.Y. 6To VoLl Tov Atyaiov, €ivatl 1 SuvaTOTNTO TOL TOPEXOVLY Y1l
Vv €E100pPOTNGN TOL EOPTIOL EMGTPEPOVTOS TNV OTOONKELUEVT] EVEPYELD GTO
diktvo og MEPLOOOVG ayUNG. AVLTO EMTLYYOAVETOL HE TNV TEYVOLOYID LETAPOPAS
eVEPYEWOG OO TO OYMNUO OTO OIKTLO HEGM TNG OTolg N TAEOVALOVGO EVEPYELD AT
TG umatopieg emotpépeTonl mio® oto diktvo, ko to. PHEVS pmopovv va
EMOVAPOPTIOTOVV apyoTEPQ OTOV EOUAAVVOEL | POT) NAEKTPIKTG EVEPYELOG.

Ta nlextpwcd oynuata Bempodvior meplocdTEPO AEWOMOTO A0 TA GLUPOTIKA
oynuata. Efvor gukoddtepn 1 KOTAOKELT €VOG MAEKTPIKOD OYNUOTOS Yot O
NAEKTpOKIVNTNPOG €lvorl TOAD OmAOG OTN JOUN TOV, GE OYECT UE TIC UNYOVEG
eomTEPIKNG Kavonc. Eedcoov tpogodoteiton pHEC® MAEKTPOVIKAOV UETOTPOTEMV
10VOG, Ol OTO{01 EAEYYOVTOL EVKOAN NAEKTPOVIK(, OEV omatteitol GuVHBWS vEPO Yo
™V Yo&n tovg kol 0gv ypnoilponotel GIATpa kol AGOL, HE OMOTEAEGUO VO UMV
napovoldlel  mpoPAnuoata  wov  dnuovpyodvtor  omd  YouUnAn  Oepupokpocio
nepParirovroc. Katavarmver evépyeto povo otav kiveitan. Otav dev Kiveiton m.y.
OTAON G€ ONUATOOOTEG 1| O UEYAAT KUKAOPOPLOKT GUUPOPNOT|, OEV KOTOVOADVEL
evépyela. Apa givor TOAD KOAN ETIAOYN Y10 YPNOY GE OOTIKA KEVIPO. ZOUQDVO UE
vroloywopovg twv General Motors kot Chrysler, to kK66t0g Agttovpyiog tov, givon
TOAD HIKPOTEPO 0md oVTO TV cLUPaTIKOV oynudatwv. H miektpikn unyovn €xet
TOAD peyoAvTEPN OldpKeln (®NG cLYKPIVOUEVT LE TOL cupPatikov. YmoloyileTon
pdAiota ion pe 1.000.000 pida og avtiféon pe ta 100.000 pidio tov coppatikov.

2.4.2 Mewovektijpoto

[Moapd to onuoviik@ mieovektnuoto Ouws, to PHEVS eppaviCouv kot onuoviika
LEIOVEKTNUOTA OV OmTOTEAOVV avTikeipevo €pevvag. Ta pelovekTtnuaTo oVTd TPOEPYOVTOL
KUplmg amd TOVG CLGCGMPEVTES, KL OVTO YT, LEXPL CIUEPQ, TOPE TN LOKPOYPOVT] TOPELD TOVG
nopovctdlovv advvarta onueio.

To mpdto oyetileron pe Vv mOKVOTNTA €VEPYEWS - ONAadN TO AOYO TNG
amoONKELUEVNC EVEPYELOG TOV GUGOMPEVTN TPOG TOV OYKO Kot TO BApog Tov - M
omoia glval TOAD yaunAn o€ oxéon pe ) Tokvotnta evépyelas g Peviiving. Avtod
Exel oG amotéLeoo Vo TEPLOPILETOL 1] LTOVOUTN EVOC NAEKTPIKOD OYNHOTOS CPOD
KaOd¢ avEdvel ) evepyetaxn {ftnon amoteiton Kot peyolvtepog 6ykog Kot fapog
ovoowpevtdv. ['a mapdderypa, 1 kgr Beviivng €xet e1d1kn evépyeta g Tééng tov
12 KWh. Avrifeta, 1 kgr and tov kaAdtepo cvoompevt Natpiov — Ogiov €yet
€K evépyela g TééNg tov 80-85 Wh. To péyebog avtd dapopomoteiton
avaAoyo pe TOV TOTO TOL GLGCMPELTY], EULPAVIOVTOS TIG VYNAOTEPEG TIUEG Yl
oLGoMPELTEG  AAlovuviov-Aépa Kol TG YOUNAOTEPES YO GLOCWPEVTEG
MoAbBdov-O&€og. Efuepa, av kot €xel Peitiobel onuoviwkd oe oplopéva
TEPOUOTIKA LOVTELD GUGCMPEVTMV, 1| TUKVOTNTO EVEPYELNG TOPOUUEVEL Eval Omd
10 PACIKA LELOVEKTILOTO VTMV TOV GTOLYEIMV amobnKevoNC.

AlNo onuovtikd TpoPANa ival 1 S1ApKEI POPTIONG TV CLGCMOPELTAOV KAONDS
o TANPNG EMAVOEOPTION UE YOUNAO pedUE QOPTIONG — MOOTE Vo yiveTot

24



a&lomoinon Tov VUKTEPIVOL TIHOAOYIOL KOTOVAAMONG MAEKTPIKNG EVEPYELNS —
Jlopkel pepucég mpeg.

iii.  Emm\iéov, vmdpyovv kot GAAo mpoPAnpata Omwc m Odpkew {ong TOV
CLGGMPELTAOV OV gUTOdilovv TV gvpeia eEdmimon towv oynudtev. Extdc tov
GAA@V M £€pELVO GTOV TOUEN TWV NAEKTPIK®OV OYNUATOV £6TIAlETON GTO ALdVVATO
avto onpeio. ['a v entivon TV TpoPANUATOV aVTOV £Y0VV TPOoTUdE d1APOPES
Moelg Om®G VEOL TUTTOL GLGCMPEVTAOV, KOTAAANAES KUKAMUOTIKEG TOTOAOYIES
QoptioNG, evorlaktikég péBodor edptiong, péBodot droyeiptong g cvototyiog
TV 6LGcOPeLTOV. Eniong yuo to péAdov 1 emouoviky kowdtnta cuveyilet pe
EVIOTIKO puOUO TNV €pevval Yo aVATTUEN KOl EVOAAOKTIKOV TNYDV EVEPYELNS
OTMG 01 EVEPYELOKEG KOWEAEG.

iv. Tlepartépm, T0 MAEKTPIKO OYMUOL EXEL WKPOTEPEG EMOOGEIS ad TO GLUPATIKO KO
TOAD HIKPOTEPT] AVTOVOLIO GE GYECT LE TO GLUPOTIKA.

V. Téhog, 10 KOGTOG TV GLOCOPELT®V &ivar vyMAS. MdMota, avtd emnpedlel
a1oONTé T0 GLVOAMKO KOGTOG TOL NAEKTPIKOD OYNUOTOG, Kol KAVEL OLGKOAITEPT
TNV ayopd TOV. X1UOVTIKT OVGKOAID GTY| (P1|OT TOL NAEKTPLKOV OYTLLOTOG Efvor 1)
dvuokoio TpdcPacng 6e PopTioTy, o€ avtifeon pe Tovg otabpovg kavsipmy. To
TPOPANUO oVTO OVTILETOMILETOL LE TOVG POPNTOVS POPTIOTEG N TN Onuovpyia
oTaOUDV POPTIONE, TOV TAEOV GLVAVTAOVTOL OAO KO GUYVOTEPO O KATOEG TOAELG
oL EMTEPIKOV.

[Mopd To mAeovekTpato OV EREAVICOVY Ol NAEKTPIKOT KIVITIPES, TOL NAEKTPIKO OYNUOTO
dev givan axopa og B€omn va avtoywvietovuv ta cupfatikd oyquota. H épevva, Aowdv, eotidleton
omv &milvon TV TPOPANUATOV (OCTE TO MAEKTPIKE OYNUATO VO KOTAGTOOV 1KOVA Vo
AELITOVPYOVV OVTOYOVIGTIKA TPOG TO GCLUPOATIKE O UOTOL
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KE®AAAIO 3

HAEKTPIKH TEXNOAOI'TA XTHN AYTOKINHXH

To nAextpokivnto dMua dSaPEPEL GNUAVTIKE amd Eva avtioTolyo cVUPatikd 0GovV apopd ™
dopn| TOL KWVNTHPLOV GLGTNHLOTOS. ATO TEYVIKN GTOWT), TO NAEKTPIKA OYNLOTO OTOVIOVIOL GE
popes TapaAdayEc eite MG TPOG TNV TNYT TNG NAEKTPIKNG EVEPYELNS, EITE OC TPOG TOV TPOTO
mov mapdyetal M Kivnon. Qotd6c0, OAa €GOV G KOWO YOPAKTNPIOTIKO TNV VmapEn &vog
TOLAGYIOTOV NAEKTPIKOV KIVITHPA Yo TNV TPO®ONOo™M TOL 0YNUATOG. Y TAPYOUV dVO KATNYOPieEs
NAEKTPOKIVIITOV OYNUATOV OGOV OPOPE TIC EKTOUMEG POTM®V 7OV TOPAYOLV: 1)TOL OYNUOTO
LUNOEVIKOV pOT®V (QUydG MAEKTpOKIivVNTA OynfuatTae) Kot i) To oyRuate Yoauniov portmv, oto
omoia avikovv ta VPPKE oynuata. H €100mo1d¢ d1apopd TV apydc NAEKTPIKAOV OXNUATOV
amd To VPPLOKA elval 1 amovsia BevivokvnTipo. T0 KEQPAANLO 3 TPOYUOTOTOLEITOL 1) LEAETN
TOV OQUY®G MAEKTPIK®OV aLTOKIVINITOV Kol Teptypdeovtal  opopéva  Pactkd  texvikd
YOPOKTNPLOTIKA TOVE.

3.1 Zvocmpevtéc Hhektprkng Evépyerag

210 TPONYOUUEVO KEQAAOO OvaQEPONKE OTL VIAPYOLV JPOPETIKE €10M Ko peYEON
NAEKTPIKOV OYMUATOV. Q0TOG0, GE OAEC TIC MEPUMTAGCELS O GLGCMOPEVTNG (Umatapio) amoterel
Bacwod otoryeio. 10 OUy®G MAEKTPIKO OYNUO, O CLGCMPEVLTNG Elval TO HOVOIIKO WHEGO
amofnKevoNg TG EVEPYELONG, KOl TO OTOYEl0 pe TO peyahdTtepo kdoTOC, Phpog Kot Oyko. Xta
VPPOKE OYNUOTE O CLGGMPELTNG EYEL EMKOVPIKO pOAO Kot amotelel emiong éva otoryeio
ueybang onpociog. Optopéva OxNUATO KOYEA®V KAVGIHOL StofETovy GLGGMPEVTEG OV dgv
vrepPaivovv o p€yebog ekeivovg OV ¥PNOUYLOTOOVY TO, OVTOKIVITO UE KIVIITIPO ECMTEPIKNG
Kavong. Yroroyiletar, ®oT060, OTL TO TEPIGGATEPO OYNUATO TEXVOAOYING KLYEADY KOWGipov Oa
YPNOUYLOTOLOVV OPKETA UEYAAOVS CLGCMPEVTEG KOl Ba AetTovpyovV pe VRPIOKN XPNOT KOYEADY
KOVGIHoV - umotapiog. XVVET®MG, (ol KOAN Kotavonon Tng Te(VOAOYIOG UTATOPLOV KOl TNG
aO000NG TOVG £ival KpioUN Yol TNV TEPAUTEP® OVATTLEN TOV NAEKTPIKAOV OYNUAT®V.

"Evog cvoocwmpevtig anoteleitor amd dV0 1 TEPIEGOTEPES NAEKTPIKEG CTNAES TOL GLVOLOVTOL
peta&d toug. Ot otAeg amoteAovvTol and BeTikd Kot apynTIKE NAEKTPOOIO TOV EVAOVOVTOL UE
Eva. MAEKTPOADTN KOl HETATPEMOLY TN YNWIKN &VEPYElD o€ MAEKTPIKY evépyswn. H ymuuwkn
avtidpaocn HETOED TOV NAEKTPOSIOV KOl TOL MAEKTPOAVTN TOPAYEL CLUVEXEG NAEKTPIKO PEVLLOL.
2y TEPItTOoN TOV ENAVUPOPTILOUEVOV GLUGCOPELTAOV, 1 YNUIKN ovtidpacn upmopel vo
OVTICTPOPEL LEGM TNG OVTIGTPOPT|G TOL PEVUOTOG, OTOTE 1 UTATAPIO EMOTPEYEL GTN POPTIGUEVT
katdotacn. O ovocwpevtic MoAOBoov-O&éoc elvor 0  YVOOTOTEPOC GULOCMOPELTNG
EMOVOPOPTILOLEVOL TOTOV, OUMG EUTOPIKG OlaTifevTOL dlapopa €i01 CLOCOPELTOV. LYETIKA
KpOS aplBpdc  GUVOLACUMV EXOLV aVATTLYOEL Yoo EUTTOPIKY YPNOY OE EMOVAPOPTILOUEVES
NAEKTPIKES umatapieg KOTAAANAES Yo xprion o€ oynuata. [Ipog to mapdv, ot Guvdvacol owtol
neplappdvouy pmatopieg: poAOPIOL-0EE0C, VikeAiOL-GONPOL, ViKEAioL-Kadpiov, VikeAiov-
vopdiov petdAiov, molvpepdv Mbiov, cdfpov-Abiov ko Bgiov-vdtprov. Yrmdpyovv, emiong,
TpdoQaTeS EEAEEIC CLGCOPEVTAOV TOL Elval SVVOTO VA AVEPOIIOGTOVV UNYOVIKA, 0TS Eival ot
alovpviov-aépa Kot yevdapyvpov-aépa. Ilapd T mpoomdbeieg, petd amd 150 ypdHvia
avantuéng, egokoilovbel va pnv éxet avoamtuyfel KatdAAnAn pmatopic mov va cvpuPdAiet
KaBoploTikd oty gupelo ¥pron TOV MAEKIPIKOV oynudtwv. Qotdco, mpoéceata vanpEav
OPIOUEVEG ONUOVTIKEG £EEMEEIS OTNV TEYVOAOYIO TOV UTATOPIOV TOL vl EATLOOPOPES Y10 TO
péALOV. Amd v mAevpd ™G oyxedlaong MAEKTPIKOV oynudtov 1 pmotapioc pmopel va
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OVTILETOTIOTEL OC Pl KAEWOTH O1dTtaén mov tKavomolel o oepd omd kprrhplo amddoons. Ta
Kputnpo. avtd oyetilovion LE: TPOGPEPOUEVT] EVEPYELD, EVEPYELNKT] TUKVOTNTO, TPOGPEPOLEVT
SUVOUN, TUTIKEG TIHEG TAGELS, ATOOOTIKOTNTA OGOV 0POPE T OUTEPDPLO, EVEPYELNKT ATOO0GT,
eUmopiKY| otafecipudtnra, KOoToG, Oeprokpacieg Asttovpyiag, puOUOG eKPOPTIONG, APOUOS TV
KOKA®V Cong kot puBuog eravapoptions. O oyediaotng tpénet va AdPel vdyn 0Tt n dbéaiun
evépyelo mowkidAel pe ) Oeppokpacio teptBAALOVTOG, TO TOCOGTA POPTIONG Kl EKPOPTIONG, TN
YEOUETPIOL TOV OTOWYEI®V OTO £0MTEPIKO TNG UTATOPIOG, TIG HEBOSOVE YPEWONG, TIG OVOYKEG
yoéng k1A Qotdco, Oeswpeitor moAd onupovtiky n Pacikny Kotavonon g ymuelog tov
OLGGMPELTY], MOOTE VO YIVOUV KOTOVONTEG Ol OMOUTHGES EMOOGEMV KOl GLVTNPNONG TOV
SPOPOV TOTWV, KAODG KOl 01 TEPICGOTEPES GO TIC OGTOYIES TOL GLVOEOVTOL LE T YPNOT TNG
umoTopiag, OmMG 1 TEPLOPIGUEVT (®N TOVG, N AVTOEKPOPTION, 1 UEIOUEVY] OTOJOTIKOTNTO GE
vynAoTepeg pevpata. Emiong n facikny avt) yvoon sivarl amopaitntn dote va avayvopiloviot
Kot vo evtomilovtor ot gvdgyOuevol Kivouvol atuyNUAT®V KOl O GUVOAIKOG OVTIKTUTOG TNG
YPNONG TOV YNUIKDOV OLGIHV TNG Uratapiog yio To TeEPPAAAOV.

Ot cvsowPeLTEG umopovV va. opadomonBodv 6e TPEIS Katnyoples :

I. Ydatoe1deic 6LGOMPEVTEG : Xe aVTOVG AVIIKOLV Ol urartapiec LoAdPdov/o&Eoc, vikediov o€
SlQOPOVE  GLVOLOCUOVS KoL Ol umaTopieg pong He  Kuplopyeg OovTEG  TOV
yevdapyvpov/Bpopiov .

Ii. Xvoowpevtéc mepippéovcog Beppokpaciog ABiov: To oNUAVTIKOTEPO TAEOVEKTNLA TOVG
gtvar to pkpd tovg PAPOC KO 1 VYNAYN TAOT KEAMOL OV UTOPOLV VO OVOTTOEOLV.
Melovektuatd tovg eivor 10 peyAo ko6otog Ko 1 taxeia @Bopd Tov Oetikov
nAektpodiov.

li. Xvoowpevtéc VYNANG Beprokpociog: Xe aVTOVG AVIKOLY 01 GLECMPELTES ABiov/OgtkoD
dAatog, varpiov/yAopdiov petdAlov kot varpiov/Beiov. Tlpodkertar yio cvooWPEVTES
VYNNG EVEPYELOKNG amodoTikOTNTOS. 26T0G0, 1 VYNAN Bepprokpacio Aettovpyiog Tovg
o€ GLVOLOCUO HE TO OWPPOTIKG OWAVUOTO TOV TEPLEYOVYV TPOKOAOVV TEXVIKES
dVGKOAIEG Kot eyeipovv BEpata acOdreLns.

H esmompovikn épevva pe avTiKeiEVO TOVG CLGCMPEVTESG Elval SLOPKNG, 1 TEYVOAOYiO TOVG
VOTTOCGETOL TOYVTATO, EVED KOl TO €Mimedo wpipavong kdbe texyvoroyiog petofdiletor
ouvey®s. Emumiéov, o TEXVIKA YOPOKTNPIOTIKA TOV GLCCOPELT®MV glval peTofailopeva
Katd T0 ¥pOvo (NG TOLS, OPOV 1 ATOO0CT) TOVG UETAPAAAETOL CNUOVTIKG LE TO YXPOVO Ko
™ xpnon.

Ytov [Tv.3.1 mapovoidleton GOYKPIoN TOV SPOPOV TEYVOLOYIDV GUCCOPEVTMOV TTOV EXOVV
YPNOLoTOmOel Yo ¥prion o€ NAEKTPIKA OYLOTA VIO TIG 101eC GLVONKES POPTIONC.

Nivakag 3.1 : ZUYKPLON TEXVOAOVLWV GUGOWPEUTWV NAEKTPLKWV OXNUATWV
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Katnyopieg Zvocmpevtawv

a) Xvocwpevtic O&Eos-Morvpdov

Ot pmotapieg o&Eoc-poAvPoov €xovv ypnowomonbel oe peyddn wiipoko, Ooedopévov OTL
AmOTELOVV [0l MPIUN KOt SOKIHAGUEVT TEYVOAOYia oM amd to 1859. To apvntikd niektpdolo
™G pmatapiog KOAOTTETAL 0O 6ToyY®Ddn LOAVPOO evd To BeTIKO ivarl EMOTPOUEVO e d10EEIDL0
Tov poAVPoov. Ta dvo mAektpodia PvBilovtal otov NAEKTPOALTN TG pUmaTapiog, mov eivon
dtlopa Betkod o&éog oe popoen LeAé (gel), N og voapn popen. Otav N puroatapio ekpoptileTal,
onuelmveTal ovtidpaon petald Tov Beukov 0£E0C TOL NAEKTPOADTN Kol TOV GTOWXEI®V LE TO
omoia givar emoTpopéva to 600 MAekTpdola (LOAVPOOC Kot d10&eidto Tov pOAVPOOL). Etot,
EKADETAL NAEKTPIKN evepyeian kat mapdyovtor vepd katl Beukdg poALVPO0S, dmwg TpokHTTEL Omd
™V MUK ovtidpaon :

PbO; + Pb + 2H>S04 2 2PbSO4 + 2H20

Koatd 1 @6ption 100 oLGoOPELTH, 1M O0OKOCIO OVTIOTPEPETAL Kol TO MAEKTPOSIN
petatpénovtal T oe LOAVPOO Kot 10EE1010 TOV HOAVPAOL VD 0 NAEKTPOADTNG o8 Beukd 0&D.
Ot oveowpevutég poAOPOOV-0EE0G €xouy HIKPO kOOTOC, €lval apketd alidmiotor, €OHKOAN
OVOKUKADOLUOL, Kol Ogv ypelaletal avavémon Tov MAEKTPOADTN tovg. Qotdco gupavifovv
OPKETA pEovEKTOTO, Ommg 1) 0Tt éxouv peydro Papog, mov pmopei va @tdoel 10 20% Ttov
GLVOAIKOD BApovg Tov OYAUOTOG, Kou i) OTL KOTOOTPEPOVIOL UEPIKMG OE TEPIMTMON
Tpovg ekkévoonc. Emiong, 6mmg gaiveror kot amd tov mivaxko 3.1, £xovv v yoauniotepn
mokvonTo evépyetag, poag 40Wh/kg. H ynukn tovg obvbeon givar aotabng kot yio to Adyo
avtd avtipetonilovy to BEpna HETPLOg TPOS VYNAN owTO-ekPOpTIoNS. To TPOPANUa etvan 6TL TOL
VAKE TV NAEKTPOdI®V eKEULAOVTOL OGO M UmaTOpio. OEV YPNOUYLOTOEITOL GOUP®VO UE TIG
aVTIOPAGELS :

2Pb0O2 + 2 H2SO4 2 2PbSO4 + 2H20 + O (ywo o OgTicd nhektpddio) Ko
Pb + HSO4 2 PbSO4 + Ha (y1o o apvnTikd nAektpdoto )

Onwc paiveror omd TIC aveOTEP® OVTIOPACELS, 01 GVGCMPEVTEC EKTEUTOVV VOPOYHVO, 0EVYOVO Kot
O¢io. Emopévac, etvar 1daitepa to&ikol Kot emkivovvotl yio 1o mepBaiiov Kot Tov avOpmmo. (m.y
og mePInTOMON avtiKatdotaong Toug ). Idiaitepn mpocoyn mpémel va dobel oTo Voo punv vdpyet
dlppon TOV NAEKTPOAVTY, GTNV TEPITTMON OOV TO KEAVQOS TG Uratapiog oev ivol KAEIGTO
KOLL Y10 KATO10 AOYO avaTpomel.

b) Xvecwpevtic Nikeriov-Kadpiov
Ot ovoowpevtég vikeliov-kadpiov (NiCd) ypnopomolodv oto Oetikd NAekTpddio Tovg 0&gidio
Kot VOPo&eidio tov vikerliov ( NIO(OH) ) ko petodliikd Kaduo oto apvntikd. O NAEKTPOADTNG
amoTeAEITOL OO VOUTIKO SIAEO VOPOEEWDTIOL TOL KaAiov OTtav M pumatapio Tpoopiletal Yo
Aertovpyion oe yopunAég Oepuokpaciec. LTV MEPIMTOON OMOL KOAEITOL VO AEITOLPYNOEL GE
vynAég Beppoxpaciec, ypnoponoteitor NAEKTPOAVTNG amd voatikd VOpoteidio tov vatpiov. H
ANUIKT avTIOPOIGT), TTOV TPOYLOTOTTOLELTAL Y1 TV TOPAY®YN NAEKTPIKNG EVEPYELNG, Elvat:

Cd + 2NiO(OH) + 2H,0 €= Cd(OH), + 2Ni(OH)2

O1 cvecmpeLTéG avTol EYovV KOADTEPN TuKVOTNTA gvepyeiag (mepimov S6Wh/kg) oe oyéon ue
TOVG GLGGMPEVTEC 0EE0G-UOAVPOOV, dALE VT — AapPdvovtoc VoYM TiG VEOTEPES TEYVOLOYIEG —
dev amotelel wovomomtiky] PeAtimon. H Aettovpyio tovg elval tkavomomtikny oe yopnA£g
Oepuoxpaocieg kot epeaviCovv avtoyn e TOALOVG KOKAOLG POPTIONG-EKPOPTIONG , APKETE KOAN
a&lomotio Kot YOUNAES amotnoelg cuvinpnons. E@ocov vapéetl vrepeopTion TOV GLGCMOPELTH
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ent peydro ypovikd didotnua, speaviCovror anmieeg vepov. I'a to Adyo avtd ta ke o610
ECMTEPIKO TOV GLGCMPEVTMV EIVOL GYEOIAGUEVO VO TTEPLEYOLV UEYOAT TOCOTNTO NAEKTPOADTN.
"Etot, Aowmdv, dev amarteitor 1 cuyvi cuvtipnor] tovs. Ot cuGGOPELTEG ViKEMOV-KAOUIOV Emiong
EYouv apkeTd peyaho PdaOog ekpoOptTiong. e avTOoTOAN pe TIG umatapieg LoAVPOov-0EEnc,
SBETOVY TO TAEOVEKTNLO OTL UTOPOVV Va. U1 YPNOLUOTONOOVV Y10 LEYAAES XPOVIKEG TEPLOOOVG
Yopig va vrdpyel kivovvog va vtootovv PAdPec. Onwg o1 cuoowpevtég LOAOPOOV-0EE0G, £TGL
KOl Ol CUGCOPEVTES VIKEAIOV-KOOUIOL AOY® Tov Kadpiov mov mepiEyovy yopaktnpifovior and
to&wotra. Emopéveg, amotteiton dtaitepn mpocoyn Katd v aviikatdotacn tovs. Emiong,
AOy® Ttov OTL TO KAOMO &ifvor SLGELPETO VAIKO, 1 KOTAGKELN] T®V KEMAOV givor axpipn.
AVTIoTOlY®MG, TO KOOTOG KATOOKELNG TOV KEAIDV TOVG VLIEPPaivel Katd TOAD ovTd T®V
puroatapldv poAvBdov-o&émc. Xto onueio avtd, a&ilel va vroypoppotel 6tL vty 1 Kotnyopio
oLGOMPEVTAOV euPovilel To @awvopevo «uviune». Ilov onpaiver 6T, ov eV EKPOPTIGTOVV
TANP®G TPV TNV EXOUEVT] GOPTIOT), LETE TNV TPAYLOTOTOINGT TOALATADY QPOPTICEDV LELDVETOL
N xOpNTIKOTNTE Tovc. O apYIKOS TANPNG KOKAOC OpTIoNG avtikadioTtoTonr ond HELOUEVO TOV
odnyel ot un TANPN N o€ pepikn aSlomoinon Twv SVVATOTHT®V TOVG. Y GioTavVToL Lo TapOodIKN
TTOON TACMG, M OMol0 TAPEUTITTOVIMG, EUPAVICETAL KOl OTIC TEPITTMOELS OTOV TO OPVNTIKO
nAektpddlo vepeoptiletor o€ vYNAN Beppokpacio. Téhog, To KAdo Bewpeitar PraPepd yia to
mepPEALOV KOl KOPKIVOYOVO, YOPOKTNPLOTIKO TOL OVLoYEPOIvEL TNV gupeio. Topoymy| Kot
avokOKA®o™ TV cvocopevtov NiCd.

C) Xvoocopevtic Nikeriov-Yoprdiov Metailov

O1 cvoowpeLTéEG ViKELioV-peTaAAoL VOpIdiov (NIMH) arotelolv dokiuacuévn Adon dedouévon
otL ypnoomroovvtal, Non, oe vPpwIKd oynuata Omtwg to TOYOTA PRIUS kot dudoopa
povtéha g LEXUS. Awagpopomolodvtal amd Toug GLGGMPELTEG VIKEAIOV-KOOUIOL EMEWDN| TO
apVNTIKO NAEKTPOOI0 TOVG OV TEPIEXEL KAOUIO OAAG KoTaokeVAleTOL omd VOPido pétariov. H
JPopa £YKELTUL GTO OTL TO VOPIOIO PETOAAOV AVTO dEGUEVEL LOPOYOVO, AELITOVPYDVTOG KATH TNV
EKQOPTIOTN GOV KOYEAT VOPOYOVOL. ZTo BeTIKO NAeKTPOSI0 EEAicaETON 1) 1100 YMUIKT] avTiOpoiom
ue avtn Tov cvoowpevtdv NiCd. Xto apvntikd niektpodio, To V3POYOVO, TOL dEGUEVTNKE OO
T0 LETAALO, amEAELOEPDOVETOL KOt AVTIOPE, OTOTE TAPAYETOL VEPO Kol NAEKTPOVIQL.

H apyn Aettovpyiog TV cLGOMPEVLTOV VIKEAOL-VOPLOIOL HeTAALOL PacileTor G o YNUKN
avtidpaon Katd tnv omoio. To VIPOYOVO GAAOTE deopevetol amd To PETOAAO Kot GAAOTE
anehevbepdvetarl. To VOPOYOVO TPEMEL VO O1ATNPEITOL GE GUYKEKPIUEVN TECT. £TO ECMTEPIKO
TOV TAOK®V, EMOUEVOC, TPEMEL Vo eMKpaTel otabepn mieon aAld kot va unv €xel TpocPaoct o
aépog, ool tote Oa amoppoPndel amd 10 VOPISIO TOV PETAALOV, KaTAAAUPAVOVTOS TO XDPO TOL
npoopiloviav yio o V3PoyOVo. H ymuikn avtidpacn mov TpoyloTonoteitol ivor :

MH + NiOOH €= M + Ni(OH).

Y& oYéon LE TOLVG CLOOWPEVTEG VIKEAMOV-Kad oV, o1 cuoowpevtég NIMH yapaxtnpilovrar amod
OPKETA PEYOAN EVEPYEOKN TLKVOTNTO, OPOD OTMG TPOKVTTEL amd Tov wivake 3.1 avépyeton
nepimov ota 80Wh/Kg. ‘Eva npocbeto cuykpitikd mieovéktnpo tov cucompentdv NiMH eivat
OtTL M EOpTIoN TOLG YivETOL TOYLTATO (ONUOVIIKO GE TEPIMTMGCELS OTOL TO PELUA QOPTIONG
dwpkel Atyo). Ouwmg, kaitor o1 GuGeMPEVTES avTol euEavifovy UIKPY ECMOTEPIKN OvVTioTOOMN,
exAvetan apketn Bepuomta. Av AneBel voyn o6t kol n eEDBepun avtidpact e Evoong Tov
HETAALOL e TO VOPOYOVO EKAVEL TPOGHeTN OepudTnTa, Yivetar avtiinmtd mdco avaykaio eivol n
Yo&n 1oL GLYKEKPLUEVOL TOTOV ovocwpevt. Evog tpoémog wHEng elvar m mpocdptnon
VELGTPOV GTO KOAvppa Tov cvoowpevt. H dadwacio optiong eivar id1a pe avtiv g
eoptiong Twv ovoowpevt®v NIiCd. Mio onuoviiky 1810thto. TG KoTnyopiag ovTng
GLGCMPEVTAOV €ivar OTL 1 TOGHTNTO TOL MAEKTPOAVLTN Ogv peTafdAletanr Katd tn dSadkacio
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QOPTIONG — EKQOPTIONG. LVVETMG M TACT OTO AKPO TNG LTOTAPIOG OAAL KO 1| ECOTEPIKT TNG
avTioTOON TOPAUEVOLV aUETAPANTES, 08 cUYKplon pe dAlo €idn cvocmpevtdv. MelovékTnuo
™G elvar 10 LYNAG KOGTOG KATOOKELNG TOLG KOl O ToyOG pubuds avtd-ekedptiong (self-
discharge).

Ixnua 3.2 ZuooWPEUTAG VIKEALOU — uSPLEloU peTAAAOU

d) Xvecwpevtic Iovrov-ABiov Ko Abiov-Ilolvpepoig
Ot ovoowpevtég AMBlov  TPOGEEPOLY TN UEYOAVTEPY  EVEPYELOKN TLUKVOTNTA  OAAL
yopakmpifoviar amd 10 VYNAOTEPO KOOTOG. BePOLVTOL Ol GLCCMOPEVTES MOV THAVADS VL
gktomicovv ta vOAOUTa £i0N CLGCMPELTOV GTA NAEKTPIKA oynuota. Bplokovior ota mpdTa
otadw €EEMENG, omdTE 1 TYWN TOVS ivat akoOun apkeTd VYNAY. Ado €idn pratapidv AMbiov mov
ypNoomotovvTat evpémg eivar ov Aifiov - [oAvuepoic ko Ioviwv-Aibiov.

Ot cvoowpevtég MBiov-toAvpepovg mepiéyovv ABo 010 apvnTiKd NAEKTPOSIO Ko pio 6Tpdon
o&e1diov petdhiov 610 Oetid. To AiB1o avtidpd pe 1o 0&€id1o Tov petdAlov Tapdyovioag o&eido
Tov ABiov ko ekAvovtag evépyeta. To Ao Aettovpyel wg avTdpodv Kat, Tavtdypova, Kiveitol
péosa otov nhektpoAivtn. H ynuun e&icmon, mov meptypdeel To pavopevo avtd giva:

C6LiX + MyOz €2 6C + LIXMVPOZ

O ocvoompevtig WVTEV-MBiov €xel 6T0 BeTIKO TG NAEKTPOSIO piat GTPMOOT 0EEWIOL HETAAAOV
EVD 0TO apVNTIKO NAEKTPOSI0 €xel MB1ovY0 dvBpaka. Q¢ NAekTpoALTNG YpNoLpoTotEiTan VYPO
opYavIKO OldAVLLA 1) 6TEPED TOAVUEPEC.

O 10mog avTdc CLGCOPEVTN €ivol O KATAAANAOTEPOG Yol TOL MAEKTPIKA OYNUOTO, KAO®DS dev
TOPoVGLALEL TOAAG OO TO LEOVEKTILOTO TOV TPOOVOPEPHEVTOV GUCCOPEVTAOV. ZVYKEKPLUEVO,
eKTOC amd peydAn mokvotnta evepyesiog (vynAdtepn tov 100 Wh/Kg), ot cvoowmpevtéc avtoi
TAPEYOVV Kol OXETIKA LYNAN oy0. ‘Exouv avénuévn ddpkelo (ong, €K Ol GVCCMPEVTEG
1OVTOV-MOiov, evd dev epeaviCovy T0 KOTAGTPOPIKO QOUIVOIEVO LUVIUNG TTOV TOVG ovayKAleL va
YAVOLV TNV YOPNTIKOTNTA TOVS. MeydAo mAeovékTnua amotelel 1 tayeiol ETOVAQOPTION TOVG
(e101K@ oTO VEOTEPO LOVTEAD), ATTOLTEL MOTOGO GLYKEKPIUEVO EIO0C POPTIOTI), TOL TTAPEYEL GTNV
¢€000 T0V oTafEPO pedpa. Tlapoia ta BeTikd oTOXELE TOVG, Ol GLGGMPEVTEG OVTMOV-ABiov
eneavifouv Kol HEWOVEKTNUATO, OTMG TO UEYAAO KOGTOG TOVG, OAAG Kot TO OTL UTOPOVV Vo
VIOGTOLV aVTAVAPAEEN av n Beppokpacio Tovg vrepPel kbmowo Ty. o 10 Adyo owto,
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YPNOLUOTOIOVVTAL GLUGTNUATO OOYEIPIGNG TOL GLGGMPELTY TPOKEUEVOL VA £E0GPAMOTEL M
AGQPOANG AELTOVPYIO KOL VO, OTOTPOTOVV QOVOUEVO VTTEPPOPTIONG.

e) YrmepmukvoTég

O vreprukvotig (Supercapacitor), eivor évo péco amoBNKELONG MAEKTPIKNG EVEPYELNG, TOV
mpoopiletal va aVTIKATAGTNOEL GTO UEALOV TOVG KAAGGIKOVS GLGGMPEVTEG, AOY® TOV TOAADV
TAEOVEKTNUATOV TOV EUPAVILEL EVOVTL TOV GLOCOPELTOV. AVTL TOV YNUIKOV OVGLOV TOV KAVOLV
TOVG GLOCMPEVTEG OVGKOAN OLOYEIPICILOVG, Y10 TNV OOONKEVOT EVEPYELONG Ol VIEPTUKVAOTES
YPNOUOTOLOVV Eval €100G GTATIKOD NAEKTPIGUOV. AVTO OnuUaivel OTL Ol EMBOGELS TOVG givar 1)
TpoPAEYIpES 11) Ta VAKA TOVG TEPIEGOTEPO AELOTIOTA Kol AlYOTEPO EVAAMTA OTIG METAPBOAES TG
Beppokpooiog kat iii) pTopovV Vo AroPopTIGTOHY TANPAOS Y10 L0, AGQOAEGTEPT) ATOGTOAN.

Ao 115 apyég TG dekaetiag tov *50, o1 epevvnTég glyav MO apyicel va mepopotilovion e Toug
VREPTVUKVOTEG, Katookevalovtog odeopa €10n kot mapoAiloyés avt®v. Ot emMKPOUTESTEPES
TOPOALOYES KATOAGKELNG VITEPTUKVOTMOV VOl TPELG LE TN SOPOPE TOVS VO EYKELTAL GTOV TPOTO
KOTOOKELNG TV NAEKTPOSI®mV TOVC:

. Yrepmokvmtég Sumhod oTpdUATOC e NAEKTPOSIA 0O EVEPYO AVOpOKa ) TOPAYDY®OV TOVL
GvOpaka, TomofeTNIEVA GTO EGOTEPIKO NAEKTPOAVTN

ii.  Yevdomukvmtég pe nAektpddio 0EEdimy HETIAM®VY Thve o€ Popéa evepyoD GvOpaka
TOMOOETNEVO OTO EGMTEPIKO NAEKTPOADTN

iii.  YBpdoi vrepmukvmtég 6mov 10 Eva NAEKTPOSI0 Elval KATACKEVAGUEVO OO EVEPYO
avBpaxa kot 1o GAAO amd 0Eeidto LETAAL®V ToToBETNUEVO GE NAEKTPOADTT. AVTN 1|
mopoALayn omoteLel cLVOLAGUS TV dVO TPOAVAPEPHEVTMV.

Ot vepmUKVOTEG OMTOTEAOVV GUVOLOGHO OMADV TUKVOTMOV KOl GUCCOPEVTMOV, Kot ERPavifovv
HEYAAEG YOPNTIKOTNTES OV TOVG EMITPEMOLV Vo, Bempovvion aEIOTIGTOL AVTIKATUGTATES TOV
KOW®OV GUGCMPEVTMV GE GUOTHLOTA EPESPIKNG AEITOVPYING, OOV ATULTEITOL AUEST) TPOPOOOGiN
TOL KWNTNPO. ZVYKEKPIUEVA, Ol YOPNTIKOTNTEG TMOV VIEPTVKVOTOV (TAVOLV UEYPL Kol TO
10000F, pe tdon Aertovpyiog TOPATANGLO HE OLTH TOV OVTICTOL®OV GTOWEI®V TOV KOW®OV
oveowPeLTAV. 'ETo1, cuvovdloviag TOAAOVG VIEPTUKVMTEG GE OElpd, pmopel vo emttevytel
OVOUOOTIKY] TOOT Agttovpylag 1010 HE 0T MOV GLVAVTATOL GTOVG KOWOUG GUGGMPEVLTEG
OLTOKIVITOV.

f) eovovior
O1 opovovrot (flywheels) amobnkevovy v KivnTikn €vEPyELo TOV GVTOKIVITOL GE £Vl SPOUEN
(rotor). Amotedovv dnAad” éva €idoc punyovikng urotapios. H apyn Aettovpyiag tovg éykerton
OTO OTL L€ TNV KIVNTIKY EVEPYELD TOL OLTOKIVIITOL EMLTAYVVETOL O dPOUENS TOV CPOVIVAOD, Kot
OTNV CLVEYELD, STNPEL TNV EVEPYELDL QTN LAO TN HOPPT TEPICTPOPIKNG EVEPYELNS UEXPL VOl
ypewotel va v amodwoel. H dibpetpog tov dpopéa mokiddel omd peptkd cm péypt pepka m,
He ToyvINTeG MEPLOTPOPNG mov vmepPaivovv Tic 200000rpm. Ot ocedvovior pmopel va
AEITOLPYNOOVY  AAAOTE MG YEVVATPLEG Kol OGAAOTE G KIVINTNPES. XPNOUOTOI0VVTOL
OMOTEAECUATIKG KOl OTN TWEPIMTOON Omov VLIApYeEl omdtopa dSwbéowun  evépyea  (T.y.
opevapiopa). Tlponyuéva cvotiuato 6PovoLA®Y 0100éTovV SPOopElS KATOOKEVAGUEVOVS OO
avOpaKovALOTO VYNANG OVTOYNS, TOL €ival avOPTNUEVOL TAVEM GE HOyVNTIKG £0poval Kot
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otpépovtal pe tayvNnTeg Tov Kupaivovton peta&y 20000 kot 200000 rpm, tomobetnpévol o va
nepiPAnua kevov. Té€totov TOmOL GEOGVOLAOL UTOPOLY VO EOACOVY TNV OVOUAGTIKY TOYOTNTA
TOVG G€ TOAV Alya Min, pOAvoVTaG 6TO HEYIGTO TNG EVEPYEINKNG TOVG IKAVOTNTOG TOAD ToYVLTEPQ
oe oyéon pe Ghleg popeéc amobnkevons. ‘Eyxovv mpotabel yio ™ Peltioon tng evepyelakng
AmOO00NC TOV NAEKTPIKAOV aLTOKIVIATOV. MEYpt Tdpa, pioKovtal aKOUo G TEPAUATIKO GTAOL0,
elvar avti-owovopkol Kot dgv €xovv Ppet epappoyn oe povada niektpomrapaywyns. To facikd
HEPN evog opovovAoL givat: 1) o dpopéag, 1) o a&ovag, iii) to doyeio kevoy mov o TEPPAArer
Ko iv) m yevntpio.

O Jdpopéag KataokeLAleTol Amd VAIKO YOUNANG TUKVOTNTOGS KOl LEYAAT aVTOYY| G EPEAKVLGLO
(.. Kevlar - €idog carbon fiber-, moupitio).

H peyiotn evepyeloxn mokvémrta tov dpopéa Tov GPOVOLAOL  e&aptdTal Kuplwg omd Vo
Tapayovteg: 1) 1 yeopetpio Tov dpopéa, Kot i) TG 1010TNTEC TOV VAIK®V TOV ¥PNGILOTOLOVVTAL.
Av vrtotebel 0Tl YPNGYLOTOLOVVTAL IGOTPOTIKOL OPOUEIS TOV aOoTEAOVVTOL OO £Va LOVO VAIKO,
oYVEL N GYEoN:

E/m = K(o/p) (3.1)

Omov E 1 xvnrikn evépyeta tov dpouéa [J], m n udla tov dpouéa [Kg], K yempetpikn otabepd
oV opopéa [adidotato péyeboc], o  thon epeAKLGHOL ToV VAoV [Pa] kat p n TukvoTHTA TOV
vikov [kg/m?3].

‘Eva. ovomuo 6povodlAov mov ypnoytonotel poviepdy, pmopel va ydoet to 20% pe 50% g
evepyelag Tov o€ 2h. Meydho pépog g TpIPNg mov guhHVETAL Yio TV EVEPYELOKT] OTOAELL OVTH
TPOEPYETAL OO TNV CAAOYT] TPOCAVATOAGHOD TOL GPOVOVAOL AOY® TNG MEPIGTPOPNS NG YNGS
(Trapdpown mepimtwon pe to ekkpepés tov Govkm) . H odldayn mpocsavatoAcpov Ppicket
avTIoTOOT 0o TIC YUPOSKOTIKEG OLVAUELS AOYO TNG GTPOPOPUNG TOV GPOVOVAOV, LLE OTTOTEALECLOL
va aokeitan SHvaun ot poviepdy mov av&dver v tPPn. Avtd pnopet va amopevydel epdGov o
aEovag TEPIGTPOPNG TOV GPOVIVAOV KOUTAGTEL TAPAAANAOG Le TOV AEova TEPIGTPOPNG TNG YNG.
Avtifeta e Toug GPOVIVAOVG TOV YPNCIUOTOIOVV POVAEUAVY, O1 GPOVOLAOL LE LLOYVNTIKE £E0pavaL
o€ QVOTNPES GLVONKEG KEVOD, UTOPOVV VOl S10TNPGOVY TV 0000 TIKOTNTA TOVS 6T0 97%.

3.2 Hiektpikoi kKivntypeg

O nAekTpKOG KvNTHPpOG €lval {6mG TO ONUAVTIKOTEPO TUNUO EVOC NAEKTPIKOD OYNLLATOG.
Ot Kiynmpeg mov ¥PNOIUOTO0VVTAL G TETOOL €I00VG EQAPUOYEG €lval TOCO KIVNTNPES
ovveyovg pevpotog (X.P.) 600 ko kvnipeg evariacoopévon pevpatog (E.P.) Ot kvntipeg
ovveyoVc pedUaTOg €lvar Ol TPMTOL TOL YPNGYOTOMONKAY OTNV NAEKTpOKivion AOY®
AOVVOULOG LETOTPOTNG TOV GLVEXOVG PEVLATOS TOV CLGCOPEVTY| GE EVOAAAGGOLEVO.

INuUepo To. MAEKTPOVIKG 10Y00¢ emTpémovy Tétola petatpon. Opmg e€axorlovbovv va
YPNOOTOLOVVTOL EVPVTOTO Ol KIVIITHPEG GLVEXOVS PELUATOG AOY® TNG EVKOANG pHOUIONG NG
ToYOTNTOG Kol TNG TOPOYNG OTabepng POmNG Kol 1oYVOG Yoo HEYAAO €0pPOC TOYLTHT®V.
Xperalovtal, OH®G, TOKTIKY GLVTPNGCN Kol KAADTEPT YOEN AOY® TOV GUAAEKTT), £XOVV LEYAAO
Bapog wor Oyko, avénuévo KOGTOG Kol UIKPN omdO0CN GE OGYECN HE TOVG KIVITNPES
EVOALOGGOEVOL PEVUATOC, TOV EMIMALEOV TPOCPEPOVYV KOAVTEPT TPOCAPLOYN LE TO GVGTNLO
petddoong kivnong.

3.2.1 TI'evikd Yo TOVG Kiv T PES
Ot nhextpkol KIvNTAPEG 1| NAEKTPOKIVNTIPES ,ElvaL S1ATAEELS TOV YPNCLLOTOLOVVTOL Y10, TV
LETATPOTY] MAEKTPIKNG EVEPYEWNS GE UNYOVIKY, He v Ponbeid Tov payvntikov mediov.
Xpnotponotovvial evpiéme toco oty Kadnuepwvn (o1 (T.y. o6& NAEKTPIKEG GLOKEVES, POADYLOL)
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660 ka1 otV Propnyavio Kot dAAeg dpactnprotntes. Mall pe TIC NAEKTPIKES YEVVITPIEG OVIIKOVV
OTNV KOTNYopio. TOV NAEKTPIKAOV UNYOVOV TOV VOl NAEKTPOUNYOVIKEG OLUTAEELS LETATPOTNG
EVEPYELOGC. XPNOUYLOTOLOVVTOL Y10 GUVEYN UETOTPOT EVEPYELNG KO LEYAAES, GLVNOME KLKAMKEG,
uetatornioelg. Ta Pacikdtepa HEPM TOL NAEKTPOKIVIITAPA Eival: 1) TO NAEKTPIKO cvoTNUA, 11)TO
unyavikd cvotnua, iii) o poyvntikd medio mov eumiékel ta avotépon. Kataokevaotikd, vag
NAEKTPOKIVNTNPOG OTOTEAEITOL OTO TO OPOUEN KO TO GTATY.

O opopéag etvarl To KIVOOUEVO HEPOS TNG UNYOVIG Kol pmopel va petotomileton ypoppukd 1
VO TEPIOTPEPETAL. XE OVTOV TPOGOPUOLoVTaL KATOAANAQ TLUPHVAG KOl TUAIYHATO, HOVILOG
poyvinng M polokdg 6idnpog.

O otdtg mopapével akivntog. Amotedel 10 TAOIGIO TOL KWVNTNPA KOl GE OVTOV gival
TPOCOPUOGUEVOL NAEKTPOUOYVATEG 1] HOVIHOL HOYVATEG HECH T®V Omoimv  Ompuovpyeitol
poyvntikd medio. Ot NAEKTPOUOYVITEG OTOTEAOVVTIOL OO PEVUATOPOPOVS Ay®YOLS (TLATYLLOTOL)
OV £Y0VV TEPLEAMYTEL YUP® AMO KATO0 GLONPOUOYVNTIKO VAIKO (Tupnva). Meta&d dpopéa Ko
oTATN LIAPYEL VO SIAKEVO, TOV EMITPEMEL TN CYETIKY Kivnon twv 600 pepmv ko puduilet
HOyVNTIKY] poNy oL Swoppéel 1o poyvnTikd KOKA®po g unxovhis. Ov mopnveg eivon
KOTOUOKEVAGHUEVOL OO GLONPOUAYVNTIKO VAIKO, TOL OlOpOpPOVOVTOL GLVNOMG VIO HOPEY|
TOPOAAMNA®Y  EAOCUATOV, OOTE VO EANTTOVETOL 1 UOYVNTIKY]  ovtiotoon Kol va
EAOLY1GTOTO10VVTAL O ATTOAELES TVPTVA. Ol GUVOEGELS TOV GTPEPOUEVOV TUALYUATOV YiVOVTal [LE
daktuAiovg oAicOnong wor ynktpeg. Ov yrktpeg (brushes) xatackevdlovror omd poAaKO
GvOpaka, EMTPEMOVY OTO PELUA VO JEPYETOL EAEVOEPa, evd eppaviCouv younin tppn. O
OLAAEKTNG amoTeAEiTOl OO €vo. KOAIVOPO, GTNV TEPLPEPELD. TOV OO0V VILAPYOVYV GPNVOELDELS
Topelg omd yoAkd. Ot daxtOAor oAMcOnong efvor katackevacpévor amd UETOALO Kot
npocoapuoloviar otnv dtpakto Tov Opouéa, pHE TNV mapepPorn pdévoonc. Ot dakTtOvAOL
Bpiokovtolr 6e cuveyn emaEn HE TIG YNKIPEG. XE MEPITTMON TOL OEV VTAPYOLV Ol OLUTAEELS
aVTEG, M TOPOYWYN oLVEYOVS PELHOTOC Thong yivetar pe odnynon amd pikpoegleyktn (motor
drive). Ot kynmpeg Pmopov va tpopodotnBovv gite and cuveyés pedpa, OnAad arnd KAToov
€1l00Vg CLGGMPEVTN, €lTE OMO EVOAAACTOUEVO PEVLLAL,.

>m ovvéyeln Ba e€etactoblv TOL JSPOPE €101 KIVNTHPWOV TOV YPNGLULOTOIOVVTOL GTO.
niektpkd ovtokivnto. Ilpémer va onuewwbel 411 6060 TEPLGGHTEPO TPONYUEVOS Elval €vag
NAEKTPIKOG KIVITNPOG, TOGO TEPIGGOTEPO TMEPIMAOKOG EAEYKTNG OTOLTELTOL.

3.2.2 Kivntmipag ovveyols peOPOTOS pe YNKTPES

Ta NAeKTPIKA OYHLLOTOA XPNCUOTO0VV TTOKiAa €101 NAekTpiKdV Kivntipwv. To amiodotepo
amd avtd gival o kivntipag cvveyovg pevpotog (DC) pe ynkrpeg . O tHmog Kivnmipa owTog
amotelel (ol KOAN €l00y@YN OTN HEAETN TV KwnThip®v, yiati €KTOg Tov OTL ¥pnolLonoteitol
gupvTOTO, UTOPOLV, LE BAon avTdv, va e&nynbodv ta factkd (ntHpaTa EAEYYOL VO KIVIITHPO.

H Baocwn apyn Aettovpyiog tov DC kivnipa eivon 611, 0tav €vag aywyog mov Ppioketon
péca og payvntikd medio dlappEetor omd NAEKTPIKO pEVLLO, OVOTTOGGETAL EML AVTOV SVLVAUT OO
TO poyvntikd medio mov TEVEL va TOV KIVI|OEL TPog opiopévn katevBuvon. H dvvaun avtn elvon n
ocuvviotapévn tov duvdpemv Laplace, otig onoieg vwokevtol o ehevBepa NAeKTPOVIA, TO OTTOTaL
Kivouvtol pésa otov aymyd. H dbvaun dtveton amod ) oyéon:

F=ILBnua (3.2)
Omov B 1 payvnrikn enaymyn tov mediov [T], I n évraon pedpotog mov dappéet Tov aywyod
[A], | To ufikog Tov aywyov mov Ppicketal uéco oto payvntikd medio [mM] kot o n yovia peta&y
TOV Oy®YOL KOl TOV HoyvnTikoy mtediov [poipeg]
33



+

) 1)
2 - H
./.
Commut37

Brushes

Ixnua 3.3: Kwntipog cuvexolg peupatog e WAKTPES

210 avOTEP® CYNUO. TOPOVGLALETOL O OMAOVCTEPOS KIVITNPOG GLVEXOVG pevpatos. To
PEVLLLO IOV OLOPPEEL TO KOADIO KO SEPYETAL TANGIOV TOV LatyVITY] OMLOVPYEL o SUVOLT GTOV
aywyo. To peopa diEpyxeTol amd TNV YNKTPO Y, TOV NUOAYXTOALO TOL GLAAEKTN A, YOp® amd TOV
aywyo, péca amd 1o 0evTEPO NdayTVAMO B kot kataAnyet ot ynktpa Y. X pio mtAevpd tov
ay®yov, 6mwS Gaivetal 6To YN, 1| SUVOUN £XEL POPE TPOG TOL TAV® EVM GTNV GAAN TAELPQ
&xel opd Tpog ta Katw. Ot dvo duvapels avtég avaykdlovy Tov aywyo vo oTpaeel. Xto onueio
OV 0 OYWYOC €tval KAOETOG OTIC LOYyVNTIKES YPOULUES TOV TTEDIOV, 1) OPUN TTOL E£YEL AVOTTTVEEL TOV
avaykalel va ocvuveyioel péxpt va tomofetndel mdAl vtd yovia 610 poyvnTikod medio , OOV TOV
aokeital amd v apyn n dSvvaun.

3.2.3. Pom] TV KiviTi|p@V 6vvey0oUg peORATOS
H pom T, 1 omola ackeitol og £va TPy LOTIKO KIVII TP GUVEYXOVG PELLATOC, dtveTat omd T
oyéon:

T=P-SW/(Q2ma) (3.3)

Omov P o apBudg tov {evydv TV poyvnTiK®v TOA®V TG UNXovhis, S o apliuog tov
otolyelmv Tov TVAlypatoc, W o apiBuog tov aywymv kabe ototyeiov, a o aptBuog tov (evydv
TOV TApOAANA@V KAGdwv, @ 1N payvntik pony kdBe poyvntikov moiov, It n évraocn tov
PEVLLOTOG TOV TVUTAVOV (o€ A).

To péyebog k = P-SW/(2-ma) mepiéyel 1o otabepd peyébn kdbe pnyavng, omdte n 3.2
yphpeTo:

T=k-®-Ip

3.2.4. Toyvtnto TeproTpoPnis TOV Kivntipov X.P.
H taydmrta nepiotpoeng tov kivntpov X.P. propel va pvOuiotel pe peydin axpifela pe
amhd Tpomo. H oyéon mov divel tnv taydTnta TG TEPIGTPOPTG TOL KivnTipa givar 1 e€Ng:

_ V-IpRp
k-®

(Gtp/min) (3.4)

Omov V 1 tdon g mnyng mov tpopodotel tov kivnmpa [V], 111 éviacn tov pedvpotog uéca
amd T0 TOAYHO TOV Enay@ytkod Topmdvov [A], RTn avtictoon Tov TUAYHOTOG TOV Em0y®YIKoD
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Toumavov katl tov ynktpov [Q], V- It Rt = Ean (AHEA - avimlextpeyeptikny dvvourn tov
Kinmpa) kot @ 1 poyvntikny pon kébe tolov [Wh].

3.2.5. M£€00d01 poOpiong g ToTNTAS TEPLGTPOPIS KivnTIpOV X.P.

Amd v 3.3 paivetor 0Tt 01 VO TAPAYOVTES TOV TPOSIOPILOVY TNV TAYVTNTO TEPLGTPOPNS
oV Kwntipa givar 1 tdon V - mov gpapuoleTor 6To GKPOL TOL TLAIYHOTOG TOL EMOY®YIKOD
TOUTAVOL - Kot M payvnTikny ponp @ tov moéAwv, dnhadn 1 €vtaon o01€yepone. 'Etol, pe Pdon
avTo¥g TOLG TaPAyovTES o1 LEBOSOL puBIIGN G TS TOYVTNTOG TEPICTPOPNG Elvar:

I.  pe pubuiotiky avtiotaon 6to TAPAAANLO TOALY O S1EYEPOTG
ii.  pe puOUOTIKY AVTIOTAGT GTO EXOYOYIKO TOUTAVO

iii.  pe petaforn e Taong TPoPOdOTNONG TOV EMAYMYIKOD TUUTAVOL.

3.2.6. Ioy¥g, ammreres ko faBpog amddoons Tov Kivntipov X.P.
H niextpicn 1ox0¢ mov amoppo@d vag Kivnmpog and v mnyn TpoPodocios Tov eivart iom
POC:
Pn=V-I (3.5)

H 1oy0¢ P mov amodidel o kivntipag 6tov AEova Tov VIO HOpE] UNYOVIKNG EVEPYELNG Elval
TAvVToTE HKPOTEPT ald TNV NAEKTPIKN 16V Pin TOV amoppopd amd 1o diktvo. Av P givar 1 1oy0g
TOV ATOAELDV, IGYVEL

p= Pin - PL (36)

O Aoyoc g woyvog P, otov G&ovd tov kvnmipa, mtpog Vv woyd Pin. ovopdleton Babuodg
aOO00NG KOl VO TAVTOTE PKPOTEPOS TNG LOVADOGC.

n=P/P;, (3.7)

O PaBpdg amddoong dev eivar otabepog, oAl eaptdtol amd T0 POPTIO Kol LELOVETAL, OTOV
10 @optio Tov Kwntpo pelwdel onuaviikd. O Pabuog amddoong 6Tovg KvnThpeg YiveTat
LEYIOTOC TNV T Qoptiov Tov o1 HeTOPANTEG andAgiles yivovian {oeg pe T otafepés. Avtod
ocvpPaivel, OTOV 0 KIVTNPAG 0odidel 1oYD 161 LE TNV OVOUACTIKY TOV 1] KOl EAAPPOSG UIKPOTEPT
VTN,

3.2.7. Kivntpeg evarhaooOpevov peOPoToS

AcVYypovol KIVIITI|PES

Ovopalovtal acOyypovol Kwntmpes, Kabdg Oev kvodviol pe Tr oOyYpovi ToydTnTo
TEPIOTPOPNG, OTMOG Ol GVYYPOVOL KWWNTNPES, OAAG HE OStapopetiky toyvtnta. Ot achyypovol
KWNTpeg dwakpivovior o€ 1) EMOyOYIKOVG 7oL  gival  &ite  aKTLAMOPOPOL  KIVNTNPES,
gite Kivnpeg  PpoyvkvkAouévov dpouén (Lovopootkoi 1 moAveactkol), ii) Kivntipeg ue
GLAAEKTT, TOVL dlakpivovTol o Kivnthpeg oelpds, kvntipeg Universal, kivntipeg avtidpaonc (1
OTOOTIKOT KIVNTNPEG).

2T0VG EMAYMYIKOVG KIVITNPEG TO PEVOL TTOV KIVEL TO Opopén avamTuooeTol and enaywyn. Ta

EMAYOYIKA PEVUATO OVATTOCCOVTIOL OO TNV OAANAETIOPAOT TOV UAYVNTIKOV Tedimv. XTtnv

TPOKEEVT] TEPIMTMOOT TO UETOPOAAOUEVO HayyNTIKO TTedio givor €va OTPEPOUEVO LayvNTIKO

medilo. LTpe@opevo Layvntiko medio ovopdletor to poyvntikd medio 1o omoio datnpel otabepd

pétpo (otrypaio tiun), oAAd 1 01e06vvon Tov HETAPAAAETOL LE L0 OPLGUEVT] YOVIOKT ToyOTNTO
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. Avtifeta, éva gvorllaocoopevo medio owatnpet otabepn  devbuvorn tov, evd M otryoio
TN TOL (TO UETPO TOV) UETARAAAETOL OPLLOVIKAL.

3.2.8 OLicOnon

Onwg avaeépbnke, n Kivnon 6ToVG EMOY®YIKOVS KIVNTHPEG EMLTUYYAVETOL OTO TO ETOYWYIKA
PEVLLOTA TTOV OVATTOGGOVTOL GTO dPOUEN TOVS. AVTA TO EMOYWYIKE peOLOTA dNUOLPYOVVTOL O
TN GYETIKT O1POPa TNG TaYHTNTOG LETAED TOL GTPEPOUEVOL TTESIOV KOl TOV OPOUEQ.

Edv n taybdtta tov dpopéa @Bdoel v ToyvTNTa TOL TEGIOV, TOTE OEV LIAPYEL EUPAVION
EMAYOYIKOV peopateyv, ovte duvdupewmv Laplace, kot katd cvvémeln dgv vmdpyel Kivnonm.
YVVETMG, 0 OPOUEAG OEV OTPEPETOL TOTE LE TN SVYYPOVN TaXVTNTA TEPICTPOPNG, ONAAST LE TNV
ToaYOTNTO. TOV GTPEPOUEVOL HOYVNTIKOV 7TESIOV, OAAG TAVIOTE pPE UIKPOTEPN ToyvTnTo. H
Sleopd TG TOXLTNTOS OTPOPNG TOL OPOUEN Omd TNV TOYLTNTO OTPOPNG TOV TESIOV,
kaAgitonr odicOnon. H oAicOnon ocvpPorileton pe 1o ypaupo S, kot covifwg ekppdletar mg
TOGOGTO €T TOIS KATO TNG GVYYPOVNG TaXVTNTOC:

S = (ns-n)/ng (3.8)
OTOV: Ng 01 GTP/MIN TOL GTPEPOUEVOL LOYVITIKOV TEGIOV KOl N 01 GTP/Min TOL SPOUEQ.
Atevkpwviletor 6Tt 1 oAicOnom tov KNP €ivor 1 TaxOTNTO UE TNV OTOL0L Ol UOYVNTIKEG
YPOUUEG TOV OTPEPOUEVOD TTEHIOV TEUVOVY TOLG AYWYOLS TOV OPOUE.

3.2.9 Bnpotwkoi Kivntipeg peTafAntig avriopacng

Ot xwvntpeg ovtol kataokevdlovior pe éva tuiua dpopéo (single stack rotor) M pe
noAlamAd Tunqpata opopéa (multiple stack rotor) mpocappoopéva oty ida dtpakto. Me tov
TPOTO OVTO eMTVYYAVETOL 1] BEATIOON TNG OMOSOOUEVNG POTYG.
21006 Pnuatikohg Kivntnpeg UETOPANTAC HOYVNTIKNG OvVTIOpAoNG, 0 000VIMTOS GTATNG Kol O
000VTMTOG Opopéag Kataokevdlovtal omd paroakd ydAvPa mov dutnpel moAd Ayo mapapévovto
payvntiopo. [nvia mepredypéva yOpw amd Tic 000VIMGELS TOL GTATN TAPEYOLY HOYVNTIKN EAEN
n omoia kaBopiletl T B€om tov dpopéa. H ovopasio Tov cuykekpyévon Kivntipa TpokuTTeL ond
TO YEYOVOG OTL 1] HOYVNTIKY OVTIGTOCT] TOL HOYVITIKOU KUKAMUOTOS oL oynuotiletor and Tig
000VIMGELS OpouEn Kol OTATN HETOPAAAETOL pe TN Yoviokn 0éom tov Jdpopéa. Me tnv
EVEPYOTOINGN €VOC 1 TEPICGOTEPWV TNVIOV TOL GTATN O OPOUENS KAVEL Eva Prna urpootd (1
miow) otn B€on eAdyIoTNG LayVNTIKNG avTioTtaong TS dadpoung mov mepthapuPdvel to dpopéa
KoL TN poyvntiopévn 0dovimon tov otdtn. O otdtng amoteAeital amd oKTd Tnvia, mTov £Yovv
ouvoebel og oelpd ava opdoeg Twv 600, avtdlapetpikd. ‘Etot, étav Eva amd avtd eivotl o fOpelog
moAo¢ (N) 10 avTidtopeTpkd tov givor o votiog morog (S). Katd avtdv tov tpdmo mpokdmTTouV
TEGoEPO AVEEAPTNTA KUKADUATO, YVOOTH ®¢ @doelg, 1 kabepio omd T1g omoieg evepyomoteitan
pnéow Egxwplotov olakomtn. A&ilet vo onuewwbel 6T M TOMKOTNTO TOL PEVUATOG OV
evepyomotel TIc PAcelS dgv ivat onuoavtiky. Mio SloQopETIKY LOPPT TOL KvNTpo HETABANTNS
LOYVNTIKNG ovTidpoong €ivar o TOmog pe moAlamAd tunfuota-otoifeg dpopuéa (multi-stack),
AmoTEAOVUEVOG amd opkeTA (cvvnOmg Tpia) payvnTikd aveEaptnra Tunuatao (stacks). Xe tétotov
gldovg Pnuoticodg Kivnmpeg o dpopéag amoteeiton and tpia EExwPLoTd 0d0VIWTA TUNUATO,
€K00TO TV omoilmVv £xel ico apBud wanéyoviwv doviimv. Ot 060VIDCELS avh TUNUO ATEYOVY
amootaon ion pe 1o 1/3 tov kevoy petadd 6vo dovtidv. O otdng €xel emiong tpio Eeymprotd
TUNUOTO, EKOGTO TMV OTOIMV £YEL 000VIMOELS, EVOVYPUUUICUEVEG OUMG, Kot KAOE T €Yl Eval
TOMYUO. TOV EVEPYOTOLEL OAOVE TOVE TOAOVE ToV. [ Agttovpyio one-phase-on, kabe Tufuo TOL
oTdtn evepyomoteital dodOYIKA, KATA TPOTO TETOL0 MGTE TO OOVTLN TOL OPOUEN VO EAKOVTOL OTtd
T avtiotoyo tov otatn. O Pnpatiopds emrvyydvetar kabmg dradoyikd (evydplo SovIidV TOV
dpopéa etvar un-gvbBuypappucpévo. H Bepeiicddns dwpopd petald tov amidv Pnuotikdv
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Kivnmpov peTafinmge payvntikng avtiopacns (VR) kot tov fnuatikddv ToAAOTAOV TUNUATOV
dpopéa glvarl 0Tl 6TOVG TEAELTAIOVG, O T dOVTIO KAOE TUNIATOG GLUPBAALOVY 6TV AVATTLEN
POTNG ATV VTO TO TUNLO EVEPYOTOLEITOL LVVOAIKA OU®G, amd Amoyn amddoong dev dlapEpet
amd TV TPAOTN KoTnyopia agov povo éva tunupa evepyomoteitoan kdbe gopd. Kdébe tunpa tov
dpopéa  CLUPAAAEL oMV OVOATTTLEN  POTNG. TNV MPAYUOTIKOTNTO TO TUNMOTO  €ivol
mopoAnAiopéva. To TeAKO amotédespa eitvar Evag OpoUENS TEVTE 00OVIMCEMY KO EVOG GTATNG
TEGGAPWOV 000VTIDCEWMV.
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KE®AAAIO 4

TPOITIOI KAI AIATAEEIX ®OPTIXHX HAEKTPIKQN OXHMATQN

210 kePGAoo avTo O e£€TOGTOVY Ol TPOTOL KoL TO, TPOTLTA. e T ool SvvaTon Vo yivel M)
QOPTIOT TOV GLGCOPEVTAV OTO NAEKTPIKE oynuate. Me Tov Opo NAEKTPIKA OYMLOTA VOOUVTOL
KUPI®G TO OULYDG NAEKTPIKA OYNUOTO YOPIG aVTO Vo oNUaiveEL OTL Ol TEYVOAOYiES POPTIONG TOL
TEPLYPAPOVTOL KATOTEP® OV €lval GUUPATES KO LE TOTTOVG VPPIOIKDV OYNLATWOV.

[Ipémer va yivel katavontd 01t ot teyvoroyiec OptTiong mailovv kpioio poOAO 6TV EEAMKTIKN
TOPEID TOV NAEKTPOKIVIITOV OYNUATOV. ZVYKEKPEVO, av YIVETAL AOYOG Y100 TNV TEPIMTWGT TOL TOL
NAEKTPIKA OYNUOTO £XOVV TPOOTTIKY] VO OVIIKOTOOTHGOLY Ta ovufPatikd Pevivokivnrto, tOTE
npénel ot LEBOOOL Kol 01 SLATAEELG POPTIOTG VAL TAPOLGLALOVY TOL KATWTEP® YOPOKTIPLOTIKA:

I.  Noa eivor edkoAot 6TV LAOTOINGT TOVG
ii.  No d0étouy Ta KaTdAANAL HETPO OCQPAAELOG
iii.  No givor amodoTikée, Yo 660 T0 SuVaTd TAYVTEPT Kl OIKOVOULKOTEPT POPTION
iIv.  Na givar gvéliktot, va vrootpifovv moikileg Tpodioypoapic Kot TpdTLTQ
V.  Na elvarl e0pwoteg ©¢ mpog 1o 01KTLO dlavoung EVEPYELNS, ONAOT Vo vITapyeL EEvTTvog
éleyyoc mov va, puOuilel Ta enimedn POPTIONG MOTE Vo PNV TPOKANOel KoTdppevoT Tov
NAEKTPIKOD SIKTLOV.

Ta wpooavapepBivta YapOKTNPIOTIKA, EPOCOV EVLTAPYOLV OTN OLOIKAGIOL POPTIONG,
avoiyouv 1o dpOUo GTN J1O0CN TV NAEKTPIKAOV oynpdtwv, eEacpaiilovtog ™ cvuPatdtmta
KOL TI GUVEKTIKOTNTO UE TO MAEKTPIKO O1KTLO, TOL OmMOTEAEL TO EMGTNAIO OTIG KaONUEPIVEG
Aertovpyieg kot Con TV avBpodT®V ToV cOYYPOVOL TOATIGHOV. EmumAéov, av mtpocsdobovv 610
NAEKTPIKO OIKTLO KO ELPVELG TNAETIKOIVOVIOKEG AEITOVPYIEG HE OTOYO TN UETATPOTN TOV OE
eVELEG TOTE Ol €EEMEElg OTO gyyelpnua TG QOPTIONG MAEKTPIKAOV OLTOKIVAT®OV Oa gival
paydaies.

4.1 Tpomor pOPTIONS CLGGOPEVTOV NAEKTPIKAV OYNUATOV

Ot tpémoL POPTIONG AVAPEPOVTOL GTN] GUVOEGT TOL OYNUOTOG WE TO MAEKTPIKO OIKTVO.
[Tepthappdvovv tov avaykaio eEomAonod, ta PETPO aoPUAEiOS TOV £X0VV EPOUPUOCTEL, KOl TIG
TPOOLAYPOPES TAONG, PEVUATOG KOL 1OYVOG OV ATOPPOPE TO Oynmuo Kotd Tnv oladikacio
eoptiong. Xoupwva pe 1o mpotvmo IEC 61851-1 opilovrar or akdriovbor téoceplg TpoOmOL
@Optiong (modes) CLGGMPEVTOV NAEKTPOKIVITOV OYNUATOV:

®opTion katd Mode 1

Apeon eoption omd aveSApTnTn NAEKTPIKY ypopun e KoAn yeiwon HEGH PELUOTOOATN
(LovVoQaoIKOD M TPLPAGIKOV), KATOAANA®V  TPOSIypPOP®V  OCQOAEINS KOl  TPOCTAGIAS.
H @option mpaypatomoteiton pe e0KoUnto KoAmolo. O TpOTOC aVTOC TPOTEIVETOL Y10, OIKIOKTY|

xpfon.

AC
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®opTion kata Mode 2

Apeon @option omd aveEdpTnTn MAEKTPIKY Ypopp HE KOAN yeiwon pEcw KAUOGIKO
PELUOTOOOT  (LOVOPAGIKOL 1 TPLPACIKOV) KOUTAAANA®Y TPOSypopdv oc@oieiog Kot
mpootaciog, He TN O@opd OTL T0 €OKAUMTO KOADOWO QPOPTIONG O0fETEL EOKO UNYOVICUO
npootaciog. EmmAéov vapyel n dvuvatdtnTa TOpoYNS TANPOPOPLOV CYETIKMV HE TN OPTION
HEG® OVO TPOGHETOV YYDV EMKOWVOVIOG EVOOUOTOUEVOV GTO  KOAMDOO GUVOESNG.
[Ipoteiveton Yo owctakn ypnon.

AC
e

AG
«—COM

Ixnua 4.2: @option nAeKTPLKOU oxfpatog katd Mode 2

déption kard Mode 3

"Eppeon ovvoeon o ave&aptnTn NAEKTPIKN YPOUUY LE KOAT YEIOOT LE TO KAOADIIO TOPOYNG
vo katoAnyel oe Eexmplotd, €101KO GVOTNUA GTAOUOV QOPTIONG, KATAAANA®V TPOSIAYPOP®OV
acpaleiog, mpootaciog kal eA&yyov Asttovpyiag. To edkaumnto KOADI0 POpTIoNG glvan pudvipo
OLVOEOEUEVO OTO E0IKO CLOTNUHO QOPTIONG KOL KOTOANYEL GE - EWOIKOV TPOSIAYPUPDV -
aKpPOOEKTEG ohvoeong (LOVOQACIKOUG 1 TPpactkons) pe 1o Oynua. Kot mdAr vmdpyer m
JuVaTOHTNTO TOPOYNG TANPOPOPLDV Y10 TO, GTOLYXEID TG POPTIONG HEG® dVO TPOCHET®V OywymdV
EMKOWVOVIOG EVOOUOTOUEVOV 6TO KOAMO0 cOvoeons. Evdsikvutar yia ook ypnion oAl
elvan mpoteivetan yro emaryyehpatikn ypnon (o€ ktipla ypapeiov, Eevodoyeia K.AT.).

AC
A

AC/

o
«—COM
IxAna 4.3: @option nAektpikol oxnpatog katd Mode 3

déption kard Mode 4

‘Eppeon ovvoeon oe aveaptntn NAEKTPIKN YPOUUY LE KOAN YEIMOT LE TO KOADOLO TAPOYNG
Vo KoToAnyel o Eexmplotd €100 cVOTNUO oTaOUOD EOPTIONG KATOAANA®V TPOSLOypap®OV
acPOAElNG, TPOOTAGIOG KOl €AEYyOL Aettovpyiog. Xto ovotnuo eoptiong avtd, to AC tov
dwktvov petarpénetor oe DC. To edkopunto KOADI0 OpTiong eivar povipo cuvoedepuévo o6to
oVOTNUA POPTIONG KOl KATOANYEL GE EOIKAOV TPOSAYPOP®OV OKPOOEKTEG GUVOEONS. YThpyeL N
dVVATOTNTO TTOPOYNG TANPOPOPLDY TEPT TNG POPTIONG amd TO 1010 To cvotnua. [Ipoteivetan y
EMOLYYEALLOTIKT) XPNOT, KUPIwG 6€ 6TaBHOVS POPTIONG NAEKTPIKAOV OYNUAT®V.

39



>
()

DC

Ixnua 4.4: @option nAektpkoL oxnpatog katd Mode 4 | Taxeia DC poption

4.2 TYmor 6UvVOEoNS NAEKTPIKAV OYNUATOV
H obvdeon tov miektpikov oynudtov pmopel va mpoayporomomBel katd €va M
TEPLGGOTEPOVS OO TOVG AKOAOLOOVGS TPELG TPOTOVS GVVIEST|G:

2bvoean tomov A. X1 mePItTOON AT 1N COUVOEGT TOV NAEKTPIKOD OYNUOTOS GTO NAEKTPLKO
OIKTLO TPOYHOTOTOLEITOL UE YPNoN KOAWIIOL TOPOYNG PEVUATOS HOVILO GUVOEOEUEVOL LE TO
niektpikd Oynuo. To KoAdOo KatoAnyel o€ pevpatoddtn yio T ovvdeon pe 1o diktvo. O
TPOTOG OV TOG OEV TPOTILATOL KOl OEV £XEL EPUPLOYT GTI TOPOVGA PAGM.

IxAua 4.5: Z0vdeon nAekTpLkoy oxAHATOG TUTIOU A

2ovoean tomov B. H obvdeon petald tov mAektpucod oxfUOTOS Kol TOV NMAEKTPIKOD SKTOOV
TPAYLOTOTOLEITOL [LE YPNOT KAAMOIOV TOPOYNG PEVLATOG TTOV EYEL TN OLVOTOTNTA VO, ATTOCGTATOL.
AmoteAeitar amd oo EOIKNG LOPPNG PEVUATOANTTT Y10 T cVUVOEST GTO dynua Kot Booua

Ixnua 4.6: 20vbeon nAekTpLkoU oxnuotog tumou B

PEVLOTOANTTN Y10, T GVVOEST] E TO NAEKTPIKO SIKTVO.

2ovoeon tomov C. H odvdeon HETOED TOV MAEKTPIKOL OYNUOTOG KOL TOL MAEKTPIKOD SKTVOV

IxApa 4.7: 20v6eon nAekTpLkoU oxnuatog tumou C
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TPOYLATOTOLEITOL LE XPNOTN KOAMOIOV TOPOYNG PEOUOTOS HOVILO GUVOESEUEVOL IE TO NAEKTPIKO
dikTvo TOL KaTaANYEL 6 POGHA EWOIKNG LOPPNG PEVLOTOANTTN Y10l TY) GUVOEST| UE TO OYMUOL.

Ortav yivetar Adyog yia option Mode 2 1 Mode 3, npénel vo tovioTel 0Tt 10 KaADS0 TOV
ypnoorolovvtal wepExovy éva. tpdcheto (ehyog aymydv dwatoung 0,50 mm? mov £xovv
OTOKAELGTIKO GKOTO TN LETAS0OT OE00UEVDV HETAED TOL GTABLOD POPTIONG KO TOV NAEKTPIKOV
avtokvntov. Mécm g avtariayng dedouévav, eEac@aiilovy 0Tl 1 eOpTIoN dev B EKKIVIGEL
av OEV TANPOVVTOL TP OTOPOLTNTO KPLTNPLo acpaieiag. Avtd etvar :

i.  Noa éyetl yivel cmotd 1 oOvdeon otafuod QOPTIoNG KOl OYHLLOTOC
ii.  Novrdpyet yeimon Tov oyRUatog
iii.  No éyet vToloyloTel | HEYIOTN ENMLTPETOUEVT 1GYVG OO TO POPTIOTN
[TeprocoTepeg TANpoopie enl TV TPoavaEepBEVTIOV VITAPYOVY 6TO KEPHAao 5 mov Oa

€€ETAOTOVV OVOALTIKA TO TPOTOKOALO KOl CLGTHIATO EXKOVOVING TOV KabiocTtovtot avaykoio
Yo TNV OpoAN Agttovpyia Ko dtoxeipion e eOPTIoNG.

4.3 XopaKTNPLoTIKG QOPTIGNG KOl UTULTIGELS OLKLOKAV EYKUTAGTACEMV
Kototépm avagépovtal ot amoitnoels mov £(ovv ot d1ipopot TPOTOL POPTIONG GE 1oYH ALY
KOl G€ YPOVIKN d1dpKetla

4.3.1 Toyvg @épTIONG
H woy0g edptiong kabopiletar amd v TGO TPOEOSOGING Kol TO PEVLO TOV TPOCPEPETAL
otV protoapio Tov oxnuotos. Emopévac :

i.  Movogaoikn mapoyn: 230V, 16A
H 1606 vrohoyiCetar and tov tomo:  Pyoprione = Viz3ov) * l(16a) (4.1)
ii.  Tpwpaocwn mapoyn: 400V, 32A

2 TPUPacIkn eOpTIoN T0 KOKA®U mov Tpo@odotel to dynmuo pmopel va eivon gite og
ocuvdecouoroYia actépa | cuvdesporoyia Tprydvov. Omdte 1oyHEL avaroya

I.  Zvvdeoporoyia Actépa (Y)

O tomog etvou Pooptione = 3 - Vizzov) “ I(32a) (4.2)
Il.  Zvvdeoporoyia Tprydvov (A)

O tomog g 1oy00g yivetar:  Pyoprione = V3 - Viaoovy * I(324) (4.3)

Ytov [Tw. 4.1 @aivovtol EVOEIKTIKA, N TAGN, TO PEVUA KOl 1) 1GYVE TOL EUTAEKOVTAL G KAOE
TpOTO ac POPTIONG, KAOMDS KOl 1) TPOTEWVOUEVT SLOTOUN TOV KAAMOIWV TNG YPOLLUNG.

Mivarag 3. Xopokmpiomkd nAekTpebomeng  @opnong  (modes)
NhERTpIKWY oxnpdey (o AC)
. . AaToprn
i ApmBpdg loygig Max Max .
Tpotog B . i B} Ty LY
. paOTELV gdpniong | pedpa Tha .
FepTIEI nAekTpoBomong [HW] [A] I P “2”';
[mm=]
1 3,7 16 230 2,5
Mode 1 ’ ’
oce 3 74 | 32 |40 | &
1 3,7 16 230 2,5
Mode 2 - -
oce 3 74 | 32 | 40| 6
1 74 32 230 6
Mode 3 3 1" 16 400 2,5
3 22 32 400 6

Nivakag 4.1: Xapaktnplotikd nAektpodotnong AC ¢poptiong NAEKTPLKWV OXNHATWV.
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4.3.2 Avdpkero ®opTiong

O ypovikn JIPKELD TOV OMOLTEITOL YOl VO QOPTIOTEL O GLGGMPELTNG e&apTATaL OO dVO
Booikog mopdyovies. TuyKekpluéva, eEQPTATOL 0O 1)TN YOPNTIKOTNTO TOV CLGCOPEVTH Kot 1)
v oy0 pe v omoia Ba tpopodotnOel. Apa pumopei vo vroAoylotel 0 ypdvog eOpTIoNS He Pdom
™ oyéon 4.4 :

t

_ Xxwpnukotntoc ovoowpevtn (KWh) (4 4)

@opTIoNnG — P(pop‘tlo'rl‘;(KW)

Y10 [Tw. 4.2 paivovTol o1 EVOEIKTIKOT XPOVIKES O1APKEIEG POPTIONG Yot KAOE TOTO POPTIONG:

Mivaxkag 2. Xopaokmmopdg xpdvou popnong o oxon Pe TV aTmamodpeyn
1030 TOU TUOTRRATeS POPTIONG Km To S60C NAEKTPOSOTNONC
Ku‘:’::l:_:_':::_;u o5 LupBokopog Ludpeet GopTIoNG ::if-:{i Hn‘::l';gﬁ
Apyniy AC O (6 + B) wpeg 3.7 g
Ipijyopn AC o (3 = 4) wpeg T.4+22 I
Tayeia AC o (30 = 60) Aevrrd 23 +50 3
Tayeia DC o (20 = 40) Aemrrd 50 DC

Nivakag 4.2: Xpovol GpopTLonG o€ OXEOoN JLE TNV AMALTOUEVN LOXU TOU CUGTALLOTOG
doptiong Kat to €606 TN nAekTpodotnong.

4.3.3 Aot 6ELS OIKLOKIG NAEKTPIKIG EYKATAGTAGTS Yo POpTIon Katd Mode 1 kan Mode 2

H niextpucn ypouun oty omoia o cvvoebel 10 Oynua eivor avaykoio vo €yel avtoym
woyvoc 3.7 KW, Swatopn 3x2.5 mm?, kar prxog oyt peyardrepo omd 40m. H ypapuy mpénst vo
avaympel Kavovikd amd Tov mivako NG £YKOTAoTOoNG Kol Vo KOTOANYEL GE PELHOTOOOT
Boaocik®v TPodlaypaP®V. XTN YPOUUN TPETEL VO VTAPYOLV TO AIOPAiTNTO OTOLYElo Yo TNV
OVTILETOTION HETARATIKAOV QOIVOUEVAOV KOl OPUOVIKAV TMOV PEVUATOV. ZVYKPUEVO, TPETEL VO
vIdpyouvy :

I.  Amoledktng 1oyvog
. AutoAog dakdmng 2 X 25 A
.  Acediew 16 120 A
iv.  Aviyvevon dapopikod pevpatog ota 30mA / 20 A ue RCD (I'vooto kot g Pelé

HAextpomin&iog.
I a F ‘ch, |
i .5""‘*-._ i A

2
| - o £ U e

RCD type B

Ixnua 4.8: fpappn nAektpodotnong yia ¢poption katd Mode 1 3 Mode 2

4.3.4 AT GELS OIKLOKNG NAEKTPIKIAG EYKOTAGTAGS Yo 9OpTIon katd Mode 3

H niektpicr] ypopun otnv omoia Oa cuvdedei 1o dynua, Sroatoung 6 mm? mpémel v €xet
unKog to moAv 40 M, ko va €yel avtoyn pevpatoc 32A. Tt mepintmon avty, N MAEKTPIKNY
YPOUUN avaywpel amd Tov TivaKa TG EYKATACTOONG Kol KATOANYEL GE €101KO GTAOUO POPTIONG
nmov eykobiototon oe toiyo (wall mounted). Ipéner va Swribeton ko 0 TPdobeto Ledyog
AYOYOV Y10 TNV ETKOWVOVIN PLETOED TOV OYNUOTOS Kot Tov otafpov. H dvvatdtnta petdadoong
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mAnpogopiag evtdooel To cvotnue eoptione katd Mode 3 oto £€vavo diktvo. Onmg Kot ot
Tponyovpevn mepintmon, elvor amapoitnro M ypopun vo dwbétel o akdAovbo oToryein
TPOcTAGiOG:

I.  AocaieloamoledKTn e OVOUAOTIKN T 32A
ii.  TpuoAd daxdmtn EopPTiov (To OYMLe TPOPOSOTEITOL OO TPLUPOCIKY TAPOYT])
iii.  Aviyvevon dwapopikod pevpotog ota 30MA/4A0A pe RCD (T'vootd ko g PeAé

Hlextponin&ioc.
B G- s D o o
=

\ "ll. M il yinng
18 1

. ’ \ I 1 | i l ) ‘ g ) i -
22 e - S ¢ *-q . ~’_"_'_. . P4
o nonpen ) w f

hpetl | | =

IxAua 4.9: Fpappn nAektpodotnong ywa popticn Mode 3
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KE®AAAIO 5

HAEKTPIKA OXHMATA KAI H ENEIQMATQZH TOYE ZTOEEYIINO
AIKTYO.
H TEXNOAOTIA VEHICLE-TO-GRID (V2G)

5.1 Emokoénnon tov 'ESumtvov okTvov EVEPYELNG

e

Wind Power Plant rt Hou: Solar Power Plant

IxAua 5.1: Avanapdaotacn Asttoupyiog tou Eudpuoug Evepyertakol Atktuou.

To Eveuég Aiktvo (Smart Grid) amotedei avofdaduon tov mopadociokod NAEKTPLKOD
OKTVOV. XPNOYOTOlEl TPONYUEVEG TEXVOAOYIEG EMKOWVOVIOV KOl OLTOUATOV EAEYYOVL GF
oLVOLOCUO LE GLOKEVEG LETPNONG KoL, YEVIKOTEPQ, aELOTOLEL TIG TEXVOAOYiEG TANpOoPOpiag Kot
emukovoviov. Eivar évag cuvovaoudg Tov evepyElokoy SKTVOV, TG Olakivinong mAnpogopiog
KOl EQOPHOYNG TOV KAVOVAV TNG oyopds (Tyoroytokr) moMtikn). Ola ovtd cuvdvdlovton og o
olokAnpopévn Oadikocioo pe okomd TNV KOAVTEPN TapoyN, EAEYYO KOl JSloyElplon TNg
niektpwng evépyewng (HE). 'Eva é&umvo diktvo emitpémel oe  O0140opeg GLOKELEG va
EMKOVMOVOLV LLE EVOL KEVIPIKO GUOTNLLO KoL VO £(0VV TPOGPOCoT GE TANPOPOPIES, OE TPAYUOTIKO
XPOVo, OGTE VO, LTOPOVV VO, AELTOVPYOLV 0G0 TO duvatdv amodotikdtepa. Me ) yprion £Evmveov
OLOKEVMV KOl UETPNTAOV Ol KOTOAVOAMTEG EYOLV TN duvatdTNTO Vo TOPaKoAovBovv Kot va
EAEYYOLV TO QOPTIO TOVG HE amoTédeopa va eEotkovopovy evépyela. EmmAéov, Adym g xpnong
TPONYUEVOV  TEYVOLOYIDV ©OTn dlakivnon ¢ mAnpoeopiag, kabictator Svvaty 1 GueEoT
EVNUEPMOT] Yo TNV TIHOAOYNON NG NAEKTPIKNG evépyetas. H {ntnon niektpikng evépyeslog ogv
etvan otabepr| oAhd epgaviCer dwkvpdvoels. Etol, ypeidletor vo pumovv og €QOppoyn ot
Aeyopeveg oTpe@OuevEG pedpeieg Yoo voo KaAdyouy v emumAéov {Nnomn. Avtodc o TpOTOC
dayeiprong Exet vYNAO K66T0G, TOG0 Yot To 10% NS NAeKTPIKNG evEPYELOG TOL glvan dtabéoiun
umopet va ypnotpomomOet povo ya 1o 1% tov gpdvo 610 omoio givor S100€G1H0 GGO Ko EMELON
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01 O10KOTEG TTAPOYNS PEVUATOG KOl To. PAApaTa givor {nuioydva yuo tovg ypnotes. To evpuég
diktvo mpoceépel aAlnieniopaon peta&d @optiov kot mapoywyns HE oe mpaypatikd ypovo.
Avto mopéyel SOLVOTOTNTA Y10l VITOAOYIGUO TOL 16oLVYIOV GE TPAYUATIKO XPOVO Kol EMITPEMEL
OTOVG XEPIOTEG VO AVLYVEDOVY COAALOTA KOl VO TPOGOLOPILOVV ToDTOTO EVOALAKTIKY S1O0POLTY
yio ™ pony ¢ HE mapoxkdurtoviag to oedipa, avédvoviag kot’ avtdv tov TpOmo TNV
a&lomotia. Eniong, emdpmvrog 610 unyovicpud KootoAdynong (VYNAES TIES EVEPYELNS TIC DPES
OLYUNG KO YOUNAOTEPES TIC LIOAOUTEG MPEG) YIVETOL UETOTOTION QPOPTI®V KOl HEIDVOVTOL Ol
avaykeg v epedpeia. EvBappiverar, emiong, ko n yprion "mpdowvng evépysloc" mov pmopet
gbKkoha vo evoouatmbel og éva tétolo cvotnua kabng kabe Katavaiwtg HE pmopel va yivet
Kol Topaywyos ypnowonowwvioag teyvoroyiec AIIE (pwtofoAtaikd, ovepoyevvnTpleg, HKPA
VOPONAEKTPIKA, KOWEAEG VOPOYOVOV, CLUTAPOYWYN) Kot va mpoceépel v HE oto diktvo 1
amAd vo KoAvmTel pépog g {fTnomg tov.

Me ypnom é&vmvev petpntdv, ot xpnoteg yvopilovv Gueca mow 1GY0 OTOPPOPOLV 1|
TPOCPEPOLY 61O dikTvo. Xvvowilovtag, To guELEG dlkTvo cvvdvdlovtag texvoAoyieg Smart
Metering, Energy Storage kot moMtik®ov DR/DSM aAld kot on-line vanpecidv TAnpoeopikng
(EIS) amote)el éva BérTioto choTua dtayeipiong g NAEKTPIKNG evépyelas. MEGm Tov EPLOVG
SIKTOOL TPOGPEPOVTOL O EENG -

. Zovomopén TG KEVIPIKNG KOl SIECTOPUEVIC TOPOYOYNS, LE ATOTELEGUA TNV UEIMON TNG
YPNONG AvVOPOKa KOL TNV TOTELEGLLOTIKY OlO(EIPLON NAEKTPIKNG EVEPYELOG.
il.  Eumopio evépyelag ko peiowon koéotovg HE péowm ypovopetafintdv tiporoyiov kot
TAPOYNG KVNTP®V E0PTOUEVOV OO TO HETAPAALOUEVO POpPTIO.
iii.  Evepyog ovppetoyn tov ypnotov otnv sumopia HE, pe Pdon v oueidpoun
EMKOVOVIO KO TNV a&lomoinom HEYOANG pONS TANPOPOPIaG.

5.2 Emokonnon Tniemkowvoviekav Teyvoroyi®dv Tov Eveuotvg Atktiov

Y10 €Eumvol OIKTLOL EVEPYELONG, Ol TNAEMIKOWMVIOKEG OVAYKEG KOl Ol TPOOLNYPAPEG TOVG
amottovv wWiaitepn tpocoyn. Ot dVO GNUAVTIKOTEPOL TAPAYOVTES OV TTPEMEL VL ANPOoHY vIToYN
gtvon :

I. 1M dekmepaloTikny Kovotnta. Tov KovaAiov (throughput), mov oyetileton pe 1o
dlabéoipo gvpog Lodvng
ii. 1 xabvotépnon petddoong (latency).

Av ot 61dy0l Tov TEBOVV Yo AVTEG TIC TOPAUETPOVS Ogv emttevyBodv, TO gyyeipnuo Tov
gvELOVG dktvov Ba amotvyetl. [laviwg mpénel va AapPoavovror vedyn Kot dALOlL TOPAYOVTES,
Om®G M a&10MoTIO KOt 1] ACQAAELL TV OEGOUEVOV.

Emonpaivetor 01t ToALEC TEYVOLOYIEG OIKTVOV HITOPOVV VO YPNOLUOTOINO0VV G £va £EVTVO
dikTvo Y10 d1dpopovg Topelg (HeETOPOPES, OLVOUNG, OIKIOKO XMDPO) OAAG Kopio amd avtéc dev
umopet va, ypnotporomBetl to 1010 amodotTikd yioo OAEG TIG €POPUOYES . ZuviOwg VTOGHVOLO
TEYVOLOYLOV €fval KOATAAANAO Y10 EQPUPUOYES GLYKEKPLUEVOL TOUEN 1] Y10l EPOPUOYES TTOV £YOVV
TopopolEg  emKowvmviokés avaykes. Iloteg teyvoloyleg Ba ypnmowomomBovv kdbe @opd
e€aptdrol TEAMKAE amd TOVG GTOYOVG Kol a0 TO GUYKEKPIUEVO TUNIO TOL €VPLOVE OKTVOV (TT.),
V2G). X1 ocvvéyela, YiveTor ovagopd e d1apopa ETIKOVMVINKA TPOTLTO, TOL EIVOL 13101TEPWMGC
EAKLOTIKA VO YPNOIHLOTON OO0V Y10 S10GVVIEST] TOV NAEKTPIKAOV OYNUATOV LE TO dIKTLO.
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5.2.1 Zigbee

Start of
packet PHY
Preamble delimiter header PHY service data unit

g

Zighee
application
framework
8 bits
48 bits. ' SO bits 16 bits
[EEetee ]
MAC Zigbhee Zighee Application data Frame control
header network layer application sequence

services
laver

IxAMa 5.2: APXLTEKTOVLKA TOU MPWTOoKOAAou ZigBee.

To Zigbee eivor TPOTOKOALO (PLGIKOD OCTPOUOTOS KOU OTPOUATOC (eVENG OEOOUEVMV
Baciopévo mpotvmo IEEE 802.15.4 vy acOppateg emkovovieg pikpov aroctdoemv 10-50m, pe
puOuo petddoong dedopévav mepi ta 250 kbps. Agttovpyet otig pacpatikég nepoyés 2.4 GHz
kot 868-915 MHz kot ypnopomotet dStoupdppwon OQPSK pe péyiot oy0 exkmopnng ImW.

[Mieovekmuota: To Zigbee yapoaktnpiletor amd yapnAn KAtaviAmon eVEPYELNS, IKOVOTNTO
va épyeton o€ adpovn Katdotaor (sleepy mode) yio eEowkovounon evépyelng, KAVOTOMTIKO
pLOud petdooong dedouévav, HIKPY moALTAOKOTNTO Kot @Onvd kootog eykatdotaons. H
EMEKTOGIUOTNTO  TOV  OIKTUOV  EMTLYYXAVETOL HEC® TOALPNUOTIKNG  EMKOWVOVIOG Kol
dpopordynong. O xpdvog amdkpiong amd adpavi Katdotaon eivar poAg 15ms, eved amattovvrol
30ms yio mpoécPacn oto diktvo. Térog, yapoaktnpiletal amd dSLVVATOTNTA CVLTOOPYAVMOONG LECM
TPOTOKOAAOV SVVOALIKNG dPOLOAOYNONG, EVD O100éTel Kot VYNAS eminedo acpdielag. Télog, e
TeyvoAoyia Zigbee Hopovv vo GYNUOTICTOVV SIKTLO EMKOWVOVIOV TOL TEPAAUPAvVOLY UEXpL
kot 65.000 kopPovg, duvatdoTTo TOL PUTOPEl Vo GUUPAAEL GTNV EMEKTOGILOTNTO EVOS SIKTVOL
EMKOVOVIOV.

Meovektpata: To kOpro eAdttopa g tevoloyiog Zigbee gival o1 LIKPES VTOAOYIOTIKEG
JUVOTOHTNTEG TV GLOKELMOV TTOV TN YPNOLUOTOOVV. AVTO oPeileTal 6To Hikpd pEyebog TAaiciov
ov vrootnpilel To Zigbee AOY® NG amoitnong yuwo WKPN KATOVOIAMGN EVEPYEWNG OO TOVG
Kkopupovg. Eniong, Aoy tov tikpoh pnKovg Takétov vapyel Kabuotépnon oty enelepyacio Ko
TNV OMOCTOA| TV OdOUEVOV eVD, AOY® NG MKPNG 10YVOG EKTOUTNG, eU@avifovTon
wpofAnpata TopepPoAng amd GALES TEXVOAOYIEG TOV GLVLTAPYOLY GTNV 1010 Pacuatiky Ldvn,
onwg IEEE 802.11 ot IEEE 802.15.1.
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5.2.2 Koyehotéc Emxkoivovieg
H opeidopoun pon dedopévev umopel vo emtevybel péocm tov SabEcILmOV TEYVOLOYIDV
Kwvntov emkowvoviov GSM, GPRS/EDGE, UMTS, LTE. Ot 800 npdteg te)voA0Yies

".NiralTegs_
Cluster

Switch

\'&_____ S

Ixnpa 5.3: KupeAwtég Emkowvwvieg pe Mikpoku£EAEG

VooTNPifoVV HOVO HETAO0OT) OEOOUEVAV, EVA 01 OV0 TeEAgLTaiEG Elval EVPLLOVIKOD YOPAKTIPA
Kot vrootpilovy vanpecieg Tolvpécwy. Av kot ot Tpoovapepbeices TexvoAoyieg pmopolv va
e€LIMPETNCOVY TO €VPVEG JIKTVLO GTO aPYIKO GTAS10, HOVo Ot dvo Tedevtaieg eivarl PEPato dtL
elvar oe B€om va vootnpiEovv evoeyOUEVEC LEAAOVTIKEG EQOPLOYEC LE OVAYKN Y10 LEYOADTEPO
gvpog Lavne.

[Mieovektuota: H a&lomoinon Mg vadpyovcog VTOooUn TV OKTV®V  KIVINTOV
EMKOVOVIOV £IVOL 1] ETIKPATEGTEPT ETIAOYN Y10 TV LAOTOINGT] TOL SIKTVOV EVEVOV UETPNTAOV,
AmOPEVLYOVTOS TO TPOCHETO KOGTOG Yol TN £YKATAGTAOT) TNG TNAEMIKOIVMVIOKNG VITOGOUNG TOV
egeMypuévov ocvotnuatog yneokov petpnoemv (Advanced Metering Infrastructure - AMI).
Eniong, ta diktva kivntov emkowvoviov mapéxovv oxeddv 100% ninbucpoaxn kdiovymn, évtog
oe Oéon va eumMPETNOOLY OKOUO KOl UETPNTES EYKOTECTNUEVOLS O OPOLOKOTOIKNUEVES
nepoyéc. Ta dikTva KIVNTAOV EMKOWVOVIOV £XOVV TN dUVATOTITO VO SLOYEPLGTOVY VINPECLEG KOl
EPAPLOYEG TOV ONULOVPYOVV HEYOLO OYKO SEOOUEVMV, OTTMG T.Y. N KOTOYPAPT TNG KOTOAVAAWDONG
HE tov nehatdv pe coyvomra 15 Aentdv. Emmiéov, emPdaiietor  KApoxmt) ypion tov
TPOTOUTI®Y  OVAAOYOL UE TIG ONOUTNOELS 7owTNTaG. Tao  JiKTLo KVNTOV — ETKOWVOVIOV
yopaxtnpiloviar amd vymAd eninedo acEAAENS OEOOUEVMVY, VIOBETOVTAS dladIKaGie OTWE M
TOTOTOINOT TNG AWOEVTIKOTNTAG TV XPNOTMV, 1| ¥PNON KPLTTOYPUPIOG KOl ATOGTOAN TOKETWOV
onuatodosiog.

Metlovektipata: Ot gtoipieg Kivntng miepoviag mbavag va 0écovv vymAd KOGTOG
mcBwong Twv SKTH®V TOVG, EVOEYOUEVO TOV UTTOPEL VO ETNPEAGEL TN LEALOVTIKT) AVATTVEN TV
ocvotuatov AMI. H petddoon mAnpopopiog kpicipumv epoappoymdv pmopel va aroppebel oe
DOPEG OLYUNG TOV OIKTVMOV KIVIITAOV ETKOIVOVIAV, OE00UEVOL OTL TO SIKTLO YPNCLUOTOIOVVTOL O
OO TOVG MEAATEG TOV ETAUPELDV KIVNTNG TNAEP®VING. Apa Ol 6YEO0GTEG TOV ELPVOVS OKTVOV
pénel va AAPovv vtdyn OTL Katd TIg MPEG aymv Kivnong av&avetol  mboavotnta amdppiyng
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Kamowwv oartnoewv mpocPacng oto diowro. XoPapd {Nmmua amotedel 1 wpoPAemouevm
CLUHEOPNON TOV SIKTO®V KIVIITOV EMKOWVOVIOV a@oV Yo, Tpoécfacn oto dabécipa kavaio
EMKOWVOVIOV OovVOUEVETOL Vo, ovTayovifovior ekatoppdplo EVTVOlL HETPNTEG Kot OATAEELS,
YMAEOES GLYKEVIPWOTESG, ekatoppopla E&vmva Aépowva, toumiéteg kow H/Y. H peyodvtepn
TpOKANoM eivar 1 d1oyEIPIOT GLOKEVOV TOL EYOVV FUPOPETIKO TPOGAVATOAGHO. Ot pev evpueig
OLOKEVEG TTPOGOVATOAILOVTOL Y10l TIC METPNTIKEG EQPAPUOYEG KOL, KOT' EMEKTOGCN, YL TNV
aLTOHOTN AELTOVPYIO TOV NAEKTPIKOV JIKTVOV, To dg EEumva TNAEQVA TTpocavoToilovTol yio
avOpomvn emuovovio. Avtd emPAArel SOPOPETIKO YAPOUKTNPIGUO TNG TNAETIKOWVOVIOKNG
kivnong mov mapdyovv, and ™ pia TAeLPA, ot EEumveg datdEelg Ko, amd TNV GAAN TAELPA, Ot
OLOKEVEG OV YpNolponotlel o dvlpomoc. o mapddetypo, oe diktvo AMI vrdpyer peydiog
oykog oedopévav otn (evEn uplink, evdd o Oykog dedopévav Yo avOpdTvn EmKovOvia
ovykevipoveral Kupiwg ot Levén downlink. Apa, ivor avaykaiog yapoktnpiopds g kivnong
OE0OUEVMV Y10 VANPECiEg €VELOVG UETPNONG, MOTE Vo, €EEWOIKELTOVV Kol Ol KOTAAANAOL
aAyOp1OLol KATOVOUNG TOP®V, LE GTOYO TNV AMOTEAECLATIKY KOl OPLOVIKT OloyElplon OA®V TV
GLOKEVAOV TTOV £XOVV TPOGHRAOT) GTO SIKTLO KIVITMV EMKOIWVOVIDV.

5.2.3 Powerline Communications (PLC)

HOME/BUILDING SMART COMMERCIAL
AUTOMATION GRID APPLICATIONS

IxAua 5.4: Power Line Communications — PLC.

Eivor n evevppotn teyvoroyio mov xpnoipomnotel to KaAddlo Tapoyng NAEKTPIKOD pEdUATOS
Yoo TN HETAd00MN TNAETKOW®VIOKOV onudtemv. To mpotvmo otevig {owvng PLC (NB-PLC)
ypnowonotel ™ eacpatiky {ovn 1-500 KHz mopéyovrag puBupovg dedopévev péypt 1Mbps pe
péylom amoéotaon petdooong 1.5 km. H teyvoloyio PLC eivar and Tic emkpatéotepeg yo
SIGVVOEST] UETPNTAOV KOL GUYKEVIPOTAOV OTO MAEKTPIKO OIKTLO YOUNANG TAONS, €vO glval
duvat Kot 1 SIKTO®GON HETAED) OIKIOK®OV EVPVAV CLCKEVGOV.

[Mieovekmuota: Meydho mieovéktnuo givar n Vmopén oV KoA®diov 1oxbog (Puoikd
OTPAOUO), DCTE VO OTOPEVYETOL OO TIG £TALPIEG NAEKTPICUOD TO KOGTOG £YKATAGTOONG TNG
avaykoiog TNAEMKOWOVIOKNS vrodouns. Emiong, moapéyeton peydn yemypoeikn kdAvym.
Enopévmg n dropdppmon evdg diktoov PLC oto diktvo mpdoPaons amorlidooel Tig eToupieg
NAEKTPIGHOV 0md TO KOGTOG EVOIKIONG KO XPNONS SIKTLOKOV £E0TAICHOD Ko NG €EGpTNONG
Ao Sl EIPIOTEG OIKTVMV EMKOVMVIADV.

Meovektpata: To KaAmolo 1oyvog eivan wwaitepa Bopufmdoeg HEGO, TOL, EMTAEOV, E1GAYEL
peyain e€acévnon kot mopapdpewon. apdiinia, n wapepfoin givar avdioyn tov aptBpov
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TOV PETPNTOV 7OV gfvar cuvoedepévol og éva Tomikd diktvo. o Tovg avemtépm Adyovg, eivan
avoyKoion 1 YpNoT ETAVOANTTOV Yo, TNV EMKOWOVINL GE OMOCTACELS UeyoAvTepeg tov 1km,
YOPOKTNPLOTIKO TTOV aVEAVEL TO KOGTOS VAOTOINGTG TOL dtkTvoL TPpdcPacng. EmmAéov, Aoym g
TomoA0Yiog S1oHAOL OV YapaKTNPILEL TO NAEKTPIKO diKTVLO YOUNATS TAoNS Kot Tov Bopufddovg
KaA®OTiov 16Y00C, 1 UETAOOCT OEOUEVOV €IVl ELAAMTY GE TTMOOTN TAONG, 0EV TPOCPEPETUL
EVOALOKTIKT] OpopoAdYNon dedopévmv, evd pe OLOKOAID pmopovv va emitevyBovv vymAoi
pvOpuoi dedopévav.

5.2.4 Ynowoxi Zovopountikny Ipoppn (DSL)

Up to
1 GHz

-

Data

- 2
0 Mz Audio

Local
Audio
Switch

other
witches

¥t g Telephone

Ma#m R

“ (. <4
4 l;iam Distribution
Frame (MDF)

IxApa 5.5: Wnouakn Tuvdpountikn Fpappn — DSL.

Eivoar n evovppatn teyvoloyior petddoons, OMOL TO YOAKIVO TNAEPOVIKO KOAMDOLO
YPNOOTOIEITOL Yo EVPLLWVIKEG VINPETiES, e pLOUO peTdOOo G dedopEVEVY nEYpLt S2Mbps oto
QLOIKO oTpodpa. O pLOUOG LETASOONG LELOVETAL OGO OLEAVETAL 1) ATOGTACT|, TOV, TAVTWS, OEV
npénet vo vepPaivet Ta 3.5 km.

[Mieovekmpuota: Onwg kot pe v PLC teyvoroyia, vwdpyel S100EG1Uun TNAETIKOIVOVIOKY|
VOO, OTOTE TO KOGTOG £yKoTAcTaoNG VoG AMI diktdov pewwveror. H DSL teyvoroyia, o
ocvvovacud pe diktva ontik®v vav kot Ethernet (mov ypnoyorotovviar g vwodoun KOOV
TNAEQOVIOG/EVPLLOVIKOY VINPECUDY), TPOCEPEPETOL YO TNV OMO (KPO OCE (KPO GCULVOEOT
LETPNTOV KOl cuoThpdtwv dwyeiptong dedopévav tov petpnoewnv (Meter Data Management
Systems — MDMS), aAld kot ywoo T obvdeon tov MDMS pe povdadeg emelepyaciog tov
VIOAOIT®V OvIOTHTOV ToL Evpuovg Atktvov.

Meovektiuata: H ocvykekpipuévn texvoroyio advvatel vo e5umnpetioel PeTpNTés Ko
OLYKEVTIPMOTEG TOV PpioKovial GE  OPOLOKOTOIKNUEVES TEPLOYEG. MEG® TOL TNAEPOVIKOV
KaAmoiov petadidovionr Kupimwg oedopéva gupulOVIKGOV OladIKTVOK®OY VLANPECLOV, OTOTE
eMoyevel 0 kivouvog copeopnong oedopévayv. Téhog, ot etaipieg nAekTpiopold mpémer vo
KATABAAAOVY KOGTOG volkioomg Kot ¥pNons E0MTAMGHOD OTIG ETAPIES TAPOYNG TNAEQOVIK®V Kol
eVPLLOVIKAOV LINPECLDV.
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SMART GRID COMMUNICATIONS TECHNOLOGIES

Technology Spectrum Data Rate Coverage Range Applications Limitations

GSM 900 - 1800 [ Up to 144 | 1-10 km AMI, Demand | Low date rates
MHz Kpbs Response, HAN

GPRS 900 - 1800 | Upto 170 kbps | I-10 km AMI, Demand | Low data rates
MHz Response, HAN

G 192-198 GHz | 384  Kbps-2 | 1-10 km AMI, Demand | Costly spectrum fees
2.11-2.17 GHz | Mbps Response, HAN
(licensed)

WIiMAX 25 GHz, 35 | Upto 75 Mbps | 10-50 km (LOS) AMI, Demand | Not widespread
GHz, 5.8 GHz 1-5 km (NLOS) Response

PLC 1-30 MHz 2-3 Mbps 1-3 km AMI, Fraud Detection | Harsh, noisy channel

environment

ZigBee 2.4 GHz- 868 - | 250 Kbps 30-50 m AMI, HAN Low data rate, short

915 MHz range

5.3 Znmpoto 7OV OVOKOTTOUV
Omuarov

oo TNV gvoopatmon tov Hiektpikov

210 €da¢10 avtd Ba pehetnBodV To GLOTNUATO, Ol JTAEES Kl TO SIAPOPE TPMOTOKOAAN
EMKOWVOVIOG TTOL YPNOCILOTOOVVTAL CNUEPA KOTA TN Oadkocios OPTIONG TV NAEKTPIKOV
oymuatov. H enucotvaovio Heta&d tov d10pOp®mV CUGTNUATOV ALY KOl HETAED TOV GUGTHATOG
QOPTIONG KOl TOV XPNOTOV ivar Kpioun Kot dkpws amapaitntrn. Avtod copuPaivet yroti vrapyet
EMITAKTIKY OVAYKT] Y100 OLOAN KOl ACQOAT Agttovpyio OPTIONG, TOGO O TPOS TNV EYKOTAGTOON
060 Kot ¢ TPog 10 ypnotn. EElcov onpaviikodg Adyog eivor 1 dtoyeipion g eoOptTiong peydiov
mnBovg oynudtwv mov @optiletar otV 1010 £YKOTACTAON KOTO TO 1010 YPOVIKO O1AGTNLLL.
KoBiotator, Aowmdv, capég 6t1, yopic datdéels emkovoviog EVOOUATOUEVEG GTO LITAPYOVTOL
CLGTHLTA POPTIONG OAAA KOl GTO NAEKTPIKO dikTLO, dev pmopel va yivetar AOyog yia dieicdvon
TOV NAEKTPIKOV OYNUATOV GTIS 0yOpES 0T EMOUEVA, X POVIA. AALMDOTE, TO GTOLXELD EMKOVOVING
AVTA ATOTEAOVV TO GNUOVTIKO TUAKO TOV avarTuocopevoy Smart Grid.

I. Ac@aleln Katd T QOpTION
Etvon onpoavtikd 6épa, mov apopd v mpoctacio g avOpomivng Long amd niektporAnéia,
katd ™ {evén kot amdlevén tov oyfuatog oto NAekTpkd diktvo. Kaitot diatibevion ta ototyeia
TPOCTOCING TNG NAEKTPIKNG YPOUUNG, OV 1| OPTION EKKIVIGEL Yopig va Exovv cuvdebel opBa ot
OKPOOEKTEG — €1TE amO TNV MAEVPE TOV OYNUOTOG €ite Amd TNV TAELPA TN TAPOYNG —LTAPYEL
coPapodg kivovvog niextponAnéiog 1 mopkoyldc. Apa, ypetdletal cOGTNUA TOL AVIXVEVEL OTL Ol
aKpOOEKTEG €0V cLVOEDEl COOTA Kot OTL VTAPYEL Yeimon oto dymua. Tote Kot povov tétE Hat

empéneTon n Evoapén g OpTIoNG.

ii. TIpootacio Tov AlkTV0V Alavopn|g 1] Tov ekaotote Kévrpov DépTiong

Ac vrotebel 611 6T0 YDOPO GTAOUELONG HOGC TOAVKATOIKIOG VITAPYOLY TOAAATAOL KATOYOL
NAEKTPIKOV OYNUATOV Kol €TBLHOOV VO QOPTICOVV TOVTOYPOVA TO. OYNUOTE TOVLG. XTo
TPONYOLUEV KEPAANLO LEAETHONKAY Ol amontnoelg o pevpa Y kdbe EV. Eropévag, dev Ba
apynoel va eméABEL M KATAPPELOT TOV OKTOLOV, APOL 1M amaitnon Y. TOGO HEYAAN TTapoyn
vrepPaivel Ta Opla AEITOLPYIAG OTOOVONTOTE UETACYNUATIOT dtovouns. Avtd Ba cupPel axdua
Kol oV 0 HETAoYNUOTIOTG dtovoung Asttovpyel 40% mavo omd TV OVOROGTIKN TOv Tun. Apa
elvarl avaykaiog &vag pUMyovicrog EAEYYOV, TOVL Vo TTAPAKOAOLOEL TNV KOTAGTOON GTO YMPO
@OpTIoNg Kou vo emepPaivel 0mov ko Otov YpeldleETON Yoo VO OOKOTTEL TNV TOPOYN 1 Vo
dwpotpdlel to dwbéopo goptio oe O Ao oo oynuatTa mov Ppickovtar vd @option. To idwo
OEVAPLO LGYVEL KOL OTA IO1OTIKE KEVTPA POPTIONG.
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iii. EvkoAio TANpoOUNG TOV VINPEGLAOV QPOPTIONG

KoBohg avty eivor pio emoyn mov mn teXVoAoyio. TPOCEOEPEL OAOEVO KOl TEPIGGOTEPES
SUVOTOTNTEG YO, TOXELDL KOl OVTOUOTY HETOPOPA TANpogopldv (m.y M2M teyvoroyia), eivor
eMBLUNTO Ol OIKOVOIKEG GUVOALOYEG TTOV aPOPOVV TN POPTIOT TOV OYNUAT®OV va dte&dyovtol
KOTO TO PEYUAVTEPO UEPOG TOVG avTOHATA, YOPIC Vo pecoraPel avOpdmvy TapéuPaot. Xe avtd
umopei cvpuParer koboprotikd n vrodoun tov Smart Grid, kabdc kabiotd dvvaty ™ peTOPOPd
OTUOVTIKOD OYKOL O€0OUEVOV TOVTOXPOVO UE TNV TOPOYN 10YXV0G oTovG KoatavoAwtés. Ot
TEYVOLOYiEG LEG® TV OMOiV LAOTOLEITAL 0 GKOTOG aTHS Ba avapepBovv 6T cLVEYELD.

iv. Tlapoy] EMKOVPIKAV VANPEGLAOV E£YYVONG NAEKTPIKNG 10oY00g 6710 AikTvo —
[payparomoinoen tov eyyepipoaros V2G
H paydaia dieicdvon mov extipdton 0Tt Bo £40vV Ta NAEKTPIKE OYNUATO TO ETOUEVA YPOVIOL

dev opeidleTon HOVO 6TO OTL 0 NAEKTPIGUOG amoTeEAEl TOAD KOAT EVOALOKTIKY TTNYN EVEPYELOC.
‘Eva onpovtikd mAeovEKTNIA TOV NAEKTPIKAOV OYNUAT®V givar 0Tt pmopovv va BempnBolv kot wg
OLGCMPEVTEG NAEKTPIKNG EVEPYELNG TNV OTOL0L UITOPOVV VO EMGTPEYOLV OTO NAEKTPIKO SIKTLO
otav mapactel avaykn, oniadn étav n {fTnom yo nAEKTPIKN evépyeta etvat 1060 avEnuévn OcTe
N KOpo mapoywyn evépyswg Ogv emopkel yioo vo NV KoAOyel dueca. Avtd eivor moAd
ONUAVTIKOTEPO amd OTL @aiveTon apykd. Otav 1 {tnon evépyetag vepPel v mpoceopd (1] Kot
omv mepintmwon 6mov ovuPel to avtioTpoPo) petafdrAieTal 1 cLYVOTNTO AELTOVPYING TOL
dktvov (50Hz oty Evponn, 60Hz otnv Apepikn), yeyovog mov PUmopel va €YEl KOTAGTPOPIKESG
OULVETELEG Y10 TO OIKTLO OAAGL KO Y10 SAPOPES GLOKEVEG KOl GLGTILTA TTOV TPOPOSOTOVVTAL
amd avtd. Avtd £xel PUOIKE TPOPAEPOEL LEYPL TOPO, XPNOILOTOIDOVTAG EPEIPIKES YEVVITPIES TTOV
elvar cuveymG £TOEG VO EYYVGOVV 1) VO OTTOPPOPTICOVV TEPIGTELN 1GYD.
To petovekmpota avtov Tov TpdToL givor dvo :

I. Ot gedpikég yevwnTpleg €xovv peydrlo kOGTOG, yiati TPEmel va gival evepyég Kol o€

oLVEYY ETOWOTNTO.
ii.  AxoOpo Kot 0Tov YPELOGTOVV Ol VINPEGIEG TOVC, Ol EPEIPIKEG LOVADES ypetdlovTol pepikd
min péypt va ival ETOLES VUL TPOGPEPOVY TNV ATOPOITNTN 16YD 6TO SIKTVLO
Enopévag n elcaymyn Tov nAeKTpikav oxnudtov anotelel £va 1oyvpd epyoareio e 6TOYO T

otafepomoinon ¢ ovyvOTNTAS OAAG Kol Téong Tov OwktHov. Me avtdv Tov TpdmO Elval
EVKOAOTEPO VO VIOGTNPYTEL M TOPAYWYN EVEPYEWNS OMO OVOVEDGIUES TNYEG EVEPYELNG
(avepoyevvpleg KTA.) OV TOPA TO OETIKA TOVG YOPOUKTNPLOTIKA, OVOTOPEVKTH TPOKAAOVV
KV UAVOELS KO SLTOPOYES GTN GLYVOTNTO TOV SIKTVLOV.

5.4 H Teyvoroyio V2G

H Boown 16éa tov V2G (Vehicle to Grid) givat 61t to oyt mpocs@Epovy 1630 6To diKTvo
otav givon otoBpevpéva. I'a to okomd avtod kb dynua yperdleton

I.  XOvdeomn pe 1o JIKTLO Yo TV OVTOAAYT) TG NAEKTPIKNG EVEPYELNS
ii.  EEomMoud eléyyov Kot ETKOVOVIOG LE TO SLUYEPLOTT TOL SIKTOHOV
iii.  Evoopatouévo petpnti nAEKTPIKNG 1oy 00C.
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To V2G seivor amapoaimto yoti emrpémel 10 Aemtopepn OYENOOUO TNG TPOCPOPAS
NAEKTPIKNG 10Y00G 610 dikTvo, OTav aVTO TNV Ypewaletar. [ va pmopécel va oyedlaotel
OTMOLOONTTOTE EKYMPNON OYVOG GTO SIKTVLO, TTPEMEL O YEPIGTNG TOL OKTHOL Vo Paciotel 61O
YEYOVOG OTL LILAPYOVY TOALAL OYNUATO GLVOEIEUEVO GUVEX(DS GTO OIKTLO. ZVUP®VA PE EPEVVEG
OV €£Y0LV Yivel, kATl HEco Opo €va avTokivTo Kiveital povo katd to 4-5% ce nuepnoia Pdon
mov onuaivel 6Tt v volowtn nuépa eivar otabuevpévo. EmmAéov, ektevelg €pguveg éxovv
deiget 0tL 10 90% TV oYNUATOV £lvol TOPKAPIGUEVA, KOTH TIC MPEG OUYUNG TOV MAEKTPIKOD
dwktoov. Emopévmg, 10 0TL M KatdoTtaon Tov oynuatov givol oe peyaho Pobud mpoPAéyiun,
avoUEVETOL Vo cuUPaiel oty emttvyio Tov V2G.

[Ma va €yt éva NAeKTpIKO dynua T SLVATOTNTO VoL GLUUETAGYEL 0TO gyxeipnua V2G, sivan
arapoitnreg 600 Pacikég Tpovimobécels.

i.  H mpodm sivar va vadpyovv eVoOUOTOUEVO GTO OYNUo. €101KG MAEKTPOVIKG
1oyvo¢ mov vrootnpilovv V2G.

Ii.  To devtepo elvar EMKOWV@ViaL, GE TPOYUATIKO YPOVO, LE TO YEPLGTH TOV SIKTVOV,
(MOTE VO UTOPEL 0 YEPIOTNG TOL SIKTVOL Vo {NTNGEL 1Y OO TO OYNUO. OTOTE
™V xperleTor.

H mp6Preyn g evépyetag mov xpetdleTot 1o SikTvo €lvan oNUAVTIKY], KaOOS TO gyyeipnua
V2G Ba elvar emtvuyég povo av yivel katd tpomo mov Ba dStac@arilel OTL VILAPYEL TAVTO UEYOAOG
aplOUOG AVTOKIVIITOV KoL LE OPKETN EVEPYELN AmMOONKELIEVN 0T UraTapio TOLG. ATO TV AAAN
TAEVPA, O 1OIOKTNTEG TMV OYNUATOV MOEAOVVIOL TOPEXOVTOC OVTEG TIG VANPECIEC, &ite pe
HELOCELG GTO AOYOPLACUO TOL PEVUOTOG €1TE AaUPAvovTag O18POopa OTKOVOULKH OQPEAN.
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5.5 Apyprektovikn Tov V2G

ag -
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Ixnua 5.7: Apxttektoviki tou V2G.

To V2G meprhapfdverl To NAEKTPIKE OYMLLOTO KOl GUGTHILOTA-OVIOTNTESG TTOV GUYKEVIPDOVOLV
dedopéva amd peydro apBud oynudtov kot to dtPpalovy 6to SayEPLoT TOL SIKTVOV MOCTE
Vo Tpaypatonoleiton 1 vo oxed1dleTal amodoTIKOTEPA OTOONTOTE dlepyacio ypeldletal To
diktvo. Avtictoya, ot popeic ovykévipmong (aggregators) HeTa@EPOVY YPNOLUES TANPOPOPIES
Kot otd TV TAEVPA TOL SIKTHOL GTA NAEKTPIKE OYNUATO, T.Y. TNV TN TNG KIAOPATMOPOG KATA TN
@option kTA. 'Eva amlomompévo dbypoppa g 6AnG Asttovpyiog tov V2G divetar oto Xy.5.7.
Ot Qopelg GVYKEVTPOONC TOPAKOAOVOOVY TNV KOTAGTOCT EOPTIONG TOV Umataptdv Tov EV 1,
omwg avapépetar otn o1ebvny Piprloypagic SOC (State of Charge), xor ta opadomolovv.
Yovnlwg, ypetdlovtor YIAMAdEG OYNUOTA Yo VO €YYOGOLV/OTOPPOPNCOVY EVEPYELL ETITEIOL
MWh ®aote vo kaAlveBodv ot avayKes Tov SIKTOHOV.

‘Evag kevtpikog popéac ovykévipwong (Central Aggregator- CA) eivar vrevBuvog yia
GUVOAIKY] TApOKOAOVONOT TV OYNUATOV Kot avaAaUPAvEL GUVOAAOYEC MAEKTPIKNG 1GYVOG €K
uépovg tv EV pe Bdon ) petaforiidpevn tiun ayopds g nAEKTpikng evépystoc. EmmAiéov,
tomkol Popeic cvykévipmong (LAS) opyovmpévol 6 1epapytkr] SO, KOTOVELOVTAL GE O1APOPES
neproyéc. Kabe LA eivar vrebBuvog va mapakorovdel ta oynpata mov Bpickoviol oty Teploym
dkanodooiag Tov Kot petagépet ta dedopéva otov CA dueca kot avtopata. ‘Eva tétoto oynua
etvat TOAD amodoTIKO Yo TNV EMTHPNON HEYAAOL aptBpov oynudtov. Onwg eaiveTot Kot amd To
>%.5.7 ot0 'E&umvo Aiktvo vrdpyovv 600 €101 pomv, N pon evépyelog Kar 1) pon minpopopiag. To
YEYOVOG 0TO dgv amoterel EKTANEN, ooV 1 0pON Kot arodoTiKn ovTaAdayr| 16YX00C e TO OIKTVLO
amoutel avtoliayn TANO0VG TANPOPOPLOY SLOPOPETIKOD TOTTOV OTMG :

I.  Teyvika dedopéva 0mmg to SOC TG UmaTopiog TmV OXNUAT®Y.
il.  Owovopukd dedopéva OTMG N TN TNG NAEKTPIKNG EVEPYELNG.

.  Ztototkd dedopéva Ommg 1 StobectudtnTa 16Y00G amd TAELPAG OYNUATOV.
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2T oLVEXEWL, O YEPLOTNG TOL JkTVOL umopel va oteikel onua otov CA, (ntdviog
NAEKTPIKN 10Y0, Kot 0vTOHG E00TOLEL TO GTOAO TOV OYNUAT®V VO TOPAGYEL TNV OTOLTOVUEVT 1GYD.

5.6 Avtariayn Tanpoeopl®v 1o V2G

Ot avaykeg Kot T TPOTLTO ETKOWMOVIOG KATyoplomolovvion o€ Tpio. cvvora. To mpdrto,
nmeprapPdvel Tig texvoloyieg mov givor amapaitnTeg Yo EQUPUOYES OIKIOKTG POPTIONG KoL TO
UNVOLATO TTOV OVTOAAGGGOVTOL PETOED TOL OYNLOTOG KOl TOV €£OTAIGHOV QOPTIoNG Tov. To
devtepo mepthapPdvet Tig Teyvoroyies Yo emkovmvia petaéd twv EV. To tpito mepilapfavel ta
TPOTLTLOL Y10, TIG EMKOWVAOVIEG LE TO KEVTPO EAEYYOVL.

5.6.1 Emikowvovieg V2G otov Owioko Xmpo

5.6.1.1 Emkowvovio NAEKTPKOD 0YNNATOS HE TOV EE0TMOUO pOpTIONG

H emwowovia V2G og owlokod ydpovg, mpayHoTonoleitol o€ mOAAATAL  emimeda.
Katopynv, vrapyovv ta mpdtuma kot ot texvoAoyieg emkowmviag HeTad TV MAEKTPIKAOV
oynudtov kot tov eéomhopnot optiong tovg (Electric Vehicle Supply Equipment  EVSE),
mov glvon amapoaitnro yio:

I. TN petagopd evépyelag,
ii. v emmpnon kot tn dtoyeipion e eOPTIoNS
ilii. Vv aviodioyn TANPOEOPLOY KOGTOAOYNONG
IV. NV Gueon TaVTomoinoT TOoL YPNOTN Kot TNV £0VG1060TNO POPTIONG

H oyetwkn mpotvmonoinon elvar amoapaitntn ywo v tayeio deicdvon twv EV ko v
g0pvOun Aertovpyia tev otoyeimv Tov MAekTpukol diktHov. H KowdThto TOV pNnyoviKdv
avtokivnong (Society of Automotive Engineers 11 SAE) £yt kabopicel ta mpdTLTOL EMTIKOWVOVIOG
otav eoptileton £va EV ta omola elvan :

i.  SAE J2293: To mpdtumo autd KAADTTEL T1 AEITOVPYIKOTITA KOl TIG OPYLTEKTOVIKEG
OV OIOLTOVVTOL Y10, TO GOGTNLO LETOPOPAS EVEPYELNS TOV NAEKTPIKOD OYLLOTOG

ii.  SAE J2836/1 xou J2847/1: TIpocdiopilovv Tig TEPIMTOOEIC XPHONG Kot OTL givan
aropoitnTo Yoo TNV emkowvovia peta&d tov EV kot tov nAektpukod diktdov,
Koplowg og 0,11 apopd TN petapopd evépyelng. To mpoTdOKOAAL 0ovTA
EMKEVTIPOVOVTAL OTN PEATIOTY LETOPOPA EVEPYELNS OO TO OIKTLO KOl EYYLAOVTOL
OTL o1 ypNoTeg B AAPOVV TV OTOUTOVEV EVEPYELD, KPOTDOVTOS GTO EAGYLIOTO TV
emPdpuvon mov d€yeTat 10 diKTVO.

iii.  SAE J2836/2 ka1 J2847/2: TIpocdiopilovv ta avaykaio TpOTLTO ETKOIVMVIOG TOV
NAEKTPIKOD OYLOTOG [E TO GTAOUO POPTIONG TOV.
SAE J2836/3 kou J2847/3: To mpodTLTA 0VTA AEITOVPYOVV ENMIKOVPIKA MG TPOG TOL
SAE J2836/1 kou J284711 kau £xovv okomd va S10.c@oricovy OtL 1 dladikacio TG
LETOQOPAG eVEPYELOG amd TO Oynua 6to Niektpikod diktvo (V2G-Vehicle to Grid)
givor ovpPotn kot dev cuykpoveTal e Aowég Asttovpyieg onmg V2H-Vehicle to
Home, V2L-Vehicle to Load, V2V- Vehicle to Vehicle.

iv. SAE J2931: Kabopiler Tic aviykeg ymeuokng emkowmviog pHetold Tov
NAEKTPIKOD OYMUATOG KOl EEMTEPIKMY GLOKELMV, OTWG O YNOLIKOG KETPNTNG
16 00G.
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V.  SAE J2931/1: KaAbdmtel ta Oépato TG EXKOVOVIOS TOV YPOUU®Y NAEKTPIKNG
EVEPYELNG LLE TO OYMULOL.

vi.  SAE J2931/2: TIpocdwopilel to amopoitnto oToyEld TOV QPLGIKOV EMUTESOL
emucowvoviov (physical layer) yw to ofpote mov aviodldoccovtal peta&d Tov
NAEKTPIKOD OYNUOTOG Kol TOv oTafuod @optione otn mpokabopiopévny (mvn
GLYVOTNTOV.

>10 Xy.5.8 amewoviletar 1 cuVoMKN) AErTOVPYIKOTNTA TOV TPOTLTT®V. [0 Tapddetypa, Tt
Aertovpykd wpoypapupato mov oteyalovrol kit ond to  J2836/1 umopei va meprappdvovv
dwxeipton Tov YPOVOL YPNONG, EMTHPNOCT TYOAOYIOKNG TOMTIKNAG GE TPOUYUOTIKO YpOVO,
JLoXEIPIOT TIHOAOYLOKTG TTOALTIKNG GE TEPIMTACELS POPTIONG OTIC MPES OLLYUNG K.0.K

=1

Use Cases Requirements Protocol FSK
12931/2
Utility
12836/1 12847/1 NB OFDM
Programs
\ 12931/1 12931/3
. 12836/2 12847/2
Charging / / J2931/4
Reverse -
12836/3 12847/3
Power Flow ' 12931/
Diagnostics Telematics

12836/4 12847/4
Customer to
PEV/HAN 12836/5 12847/5

IxAua 5.8: Mpotumna emkowwviog ota EV katd SAE.

12931/6

DSCR

5.6.1.2 Emkowvovia povaoa owayeipiong evépyelas pe To niekTpiko dikrvo.

H ontwcomoinon g evepystokng katavaimong fondd to ypnot va avtidnedet 1o K66T10G
™G evepyelakng xpnons. Oume, PéATIOTEC 0moPAcEl umopovV vo AneBodv Hovo amd avTOUaTO
ocvotiuata dwyeipong evépyelag (Energy Management Systems - EMS). T v diemagr| Toug
LE TO YPNOTH TO GLOTHUOTO OVTE YPNOLUOTOOVV Hovadeg dlayeipiong evépyelng (Energy
Management Units). Ta EMU kdvovv duvat tv oaAANAETIOpOCT TOV KOTOVOADTOV WHE TO
diktvo evépyelng. Ot KaTavoA®TEG LTOPOVV VO TOPAKOAOVOOVV, EAEYXOLV Kol BEATIOTOTOLOVV
mv evepyelok katavaiwon. Kaitor to cvomiuota otoyeipiong evépyelag sivor eumopikd
dwbéoa €0 ko pepikég Oekoetiec, onuepa yvopilovv peyaAvtepn avimtuén Adym Tov
TPOcEUTOV e£EMEE®V GTO ELEVLEG diKTVO.

1) Emwowovia EVSE pge EMU
To EVSE (dnAadn o e£omMopdc eopTiong Tov oxnuatoc) cuvoéetar pe 1o EMU péow HAN
(home area network). Ot TAéov dnuoireig teyvoroyieg yioo to HAN eivan i)to ZigBee, ii)n
teyvoroyic WLAN (dnradn n teyvoroyia mov Paciletar 6to mpdtumo 802.11, kowdg to Wi-
fi) ko iii) O peprokLYELEC TOV KOYEADTMOV SIKTOWOV.

To ZigBee npocpépet ikavomomtiky tnAemkovaviokn kKaivyn ( eppéieta 30 Emg 40m) ko
pLOUod petddoong dedopévav (256kbps). younin katavaiwmon evépyelag Kot YoaUnio KOGTOG
gykataotaons. To yeyovog ot i teyvoroyion WLAN €xet eykatactabel onpepa moviov v
Kafotd ko ooty eEoupetikn emhoyn yo HAN. Ov peptokvyérec xpnotponotodvior mg
onueia mpoécPacng vy to Kvoyelmtd Ooiktva. H teyvoroyio avt) ypnowomotel tnv
evpulovik] ovvdeon Tov katovolmt) .y DSL k1A, yio cvvdebel 610 dikTvo KOPHOD
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(backbone network) tov oacOppatov @opéo. Me avtd TOV TPOTO Ol PEUTOKLWEAES
TPOCPEPOLY TNV ATOLTOVUEVT] KAALYTY, CE ECMTEPIKOVS YMPOLGS, Y10 EQUPROYEG TOv Smart

Grid.

2) Emkowaovia EMU pe to niektpiko diktvo
H gmkowovia peta&d tov EMU kot tov niektpucod diktvov pmopel vo dekneparwbel amd
mv vrapyovca vrodoury AMI. Tw 10 okomd owtd, vEapyovv ot €ENG VIOYNPLES
TEYVOLOYIES:

Power line Communication: H rteyvoloyio PLC amotedei pio amd Tig
KataAANAGTEPEG TEYVOLOYiES Yo TV aAAnAenidpaon g EMU pe 1o niektpucd
diktvo. To xivntpo Yy ™ ypnon PLC elvar o011 éxer Mom eykoatactabel n
amopoitntn vmwodour. Ymhpyovv Tpeic TOmMOl TtEYvoAoywwv PLC  mov
KOTNYOPLOTO100VTOL avTioTowy o Le TN LDV GLUYVOTHTOV Kol TO puOud petadoong.

a. Broadband PLC: Astovpyei otig ovyvomteg 1,8 — 250MHz kot o pvOudg
uetadoong kopaiveton peta&d Alyov Mbps kot pepikav exatovtddwov Mbps.

b. Narrowband PLC: Aegttovpyei ota 3 — 500 KHz kot éyel younAidtepo pvbud
petddoong dedopévev.

c. Ultra Narrowband PLC: Amotehei moloudtepn teyvoroyio omd  TIG
npoavapepBeioes, kot o puOUOS petddoons g elvat TG TAENG TOV UEPIKAOV
ekatovtadmv bps

Evtovtolg, onmg éxet oM avaeepbei, n petddoon PLC eppavifel kot pelovektpoto Tou
PLC. To ¢@uowd péco petddoons efacBevel onpavtikd ko eivar dwitepa BopuPmdec.
Emiong, ot petaoynuotiotéc mpokalovy onuavtikn eEocévnon, yeyovog mov meplopilel Tig
anootdoelg emkowoviag. Mo vo aviyetomotel to mpoPAnue avtd pmopovv  va
ypnowonombovv emavainmteg (repeaters) aAld mpémer va AneOel €€ apyng vmoym 1o
oyeTKd Tpocbeto kOaToG. TEAOC, 01 Kavoviopol o€ KAmoleg ydpeg meplopilov T xpnon g
teyvoroyiag PLC. Ta mopddetypo ommv lomovie 0Oev  emtpénetal o€  €0MTEPIKA
nepPairovra.

White-space Networking: H am6doon mAEmkovoviokod QAGHOTOS Yo
EVPVLEKTOUT YNOLIKNG TNAEOPAONG OMEAEVOEPMVEL TUNUATO TOV (QAGHOTOC
ocvyvotntov. To IEEE 802.22 eivoaw 10 7MpoOTLMO Y100 TO GCVPUOTO OIKTLO
nepipepelakng euPérelag (Wireless Regional Area Network - WRAN) mov
xpnowonotel g erevbepeg avtég Béceic oto @dopa. H yprion avtnig g
TEYVOLOYIOG TPOCPEPEL TA KATMOTEP® TAEOVEKTILLOTOL:

Emutpémer vymio pubuod petddoong dedopévav pe oukovopkd tpémo. To whitespace
networking £yst Pobid Sieicdvon kot peydin euPérelo HETABOONG, TPAYLO TOV
eCalelpel TNV avaykn yioo cOVOETEC OPYITEKTOVIKEG.

Evlovik obvdeon kotavoioty: Evolloktikd, dvvator vo ypnoyuomombet o
evpulovikr teyvoroyio ,0mmwg to DSL, mov eivor Mdn eykateotnuévn otov
TPOCONMIKO  YOPOo TOL  KoTovoA®T). Ot  gupulovikég avtég  TEYVOAOYIES
YPNOLOTOOVV TO SIKTLOKO TPMTOKOAAO IP kot pmopovv va cuvdéeBovv edkora pe
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Ao TnAemikotvaviakd diktova, Tov £xovv g Baon toug o IP, Ta omoia Bpickovrat
dubomapta oe kbbe onueio.
Yndpyovv, BePaimg, petovextiuota:

e O aplBudc TV evpLlOVIKOV CLVOIEGEWVY, €V YEVEL, glval KkpATEPOS omtd ToV aplBpod
TOV EYKOTECTNUEVOV YNOIKAOV UETPNTOV EVEPYELNS. AVTO mopotnpeiton Kupimg
OTIG AVOTTUGOOUEVES YDPES

e O ypoévoc un Aertovpyiag (down time) ocvokevdv 1N VANPECSIOV O KATOLEC
TEPIOTAGELG UTTOPEL VO €lvat TOAD PeyAAOG Kol 11 amodeKTOS Yo KPIGIUES EPUPLOYES
TOV EVPLOVG SIKTVOV.

iii.  Aowuéc Teyvoloyieg : Aiktvo pe opydvwon mAéypatog (Mesh Networks) éxovv
npotodel g evaAroktikn teYvoAoyio yw tnv AMI vmodoun. Ta diktva
TAEYLOTOG £YOVV TNV TAGT VA YPNGLLOTOOVV TOAAEG KOl SLOPOPETIKEG LOPPES
acvpuatng diktvmong omwg to IEEE 802.11, 3G / 4G / 5G «xtA. H emhoyn
VROKELTOL GE TEYVIKOVS, GTPOTIYIKOVS KOl VOUIKOVG TEPLOPIGUOVS. XTT) GLVEYELD,
TOPOVCIALETAL EMOKOTNON TOV TEYVOAOYLOV QVTAOV.

H emokdénmon tov teqvoroyidv emKOVOVIOg Yo @OPTIOT GE OIKIUKO KOl ONUOGLO Y MDPO

Table 5
Overview of communication standards for IoEVs

End users Application Name of standards and technologies
EV-EVSE Energy transfer - SAE J2203, SAE J2836/1, J2847/1, SAE J2836/2,
garage charging J2847/2, SAE J2836/3, SAE J2847/3, SAE J2836/4.

J2847/4, SAE J2931, IEC 61851-23, IEC 61851-24

EVSE - Home area network  Zigbee, 802.11, HomePlug
Energy
Management
Unit (EMU)
Customer Garage charging, PLC, 3G/4G/WIMAX/LTE/5G, WMN, TV white space,
(EM) - grid load shifting, valley =~ DSL, cable
filling, energy
trading
Mobile EV - Public charging 3G/4G/WIiMAX/LTE/5G, WMN
control
center
Inter-control  Public charging IEC 60870-6/TASE.2
center

Nivakag 5.2: Mpoeniokonnon npwtokoAAwv enikovwviag tov V2G.

otabpevong €xetl 6o0et otov IMv.5.2. Na onueiwdel oto onueio avtd 411 1 emkovovio HETAED
EV ko1 EVSE givon g 164Eng twov ms, evad n emkowvovia tov EVSE pe 1o EMU Aapfavet yopa
oe uepikd devteporento. Telkmg, to EMU ypeidleton pepikd Min yio va EXIKOWVOVIGEL UE TO
NAEKTPIKO dikTLO ([ TVTIKNY TN eivor ta 15 min).
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5.6.2 Emkowvovio Kivoopevov oyfpatog (Mobile EV) pe to kévrpo dwaysipiong

Ta mAektpwcd oynuato mov Ppickovtal 6e Kivion YpNOUOTOOVV dNUOGIOVS GTaOIOVG
tayelog QOPTIONG Y. VO POPTIGOLV TOVG GLCGCWPEVTEG TovG. H oyetikn {nftnon mMAEKTpkng
evépyelog etvan péyebog tomkd Kot ypovikd petaforiopevo. Eivar kotavonto, emopévmg, 6tL o€
SAPOPEG TEPMTAOCELG UTOPEL Vo TPOKOWYEL 1] advvapic TOL NAEKTPIKOD SIKTOOV, VO EEVTNPETNGEL
,TOTKG, oplOud oynuatov peyaAvtepo and kamolo oplokd opdud. Eivar avaykaio, Aowmdv, 1
oLGoOPELUEVT {ATNON VO KOTOVEUETOL GE YEITOVIKODG OTOOHOVG HE YPpNoT KATAAANA®V
TNAETKOWVMOVIOK®OV VTOSOU®V. 210 Xy.5.9 anguoviletar to €id0g TV unvoupdtov mov mpénet va

Connected Mobility:
-Roaming-Hand-offs
uthorization/Authenticatjao

» Find and Reserve a Charging Station
Charging Related Information

Retrieval(charging duration, price
etc.)

Charghg Station

= H ﬁ \
'»

Charging Station

Control Center-i rol Center-2

e Price and Locationinfo / e

for load balancing " 3
* Availability Info lDI'enlon::
Information Flow
Nhargmg Station ﬁ

s Servnce Terrltory 1 —Service Terrltory-z =

IxApa 5.9: To Atadiktuo twv Oxnuatwv (Internet of Vehicles — 10V)

OVTOAAOYOUV Y10 [0 TUTKT TEPIMTMON KIVOUUEVOL OYNLOTOC. YTTAPYOVV OPIGUEVEG OCVPLATES
teyvoroyleg mov extdton 01t B vmooTNPifouy  IKAVOTONTIKA TnV KIVNTIKOTNTO TMV
NAEKTPIKOV OYNUAT®V, Ol OVO EMKPATESTEPES OO TIC OTOIEG iVl Ol KOYEAMTEG EMKOIVOVIES
KoL T0, aoVPUOTA O1KTVO TOTTOAOYI0G TAEYLOTOG.

5.6.2.1 Kvyehotéc Emkowvovieg

BpoyvrpoBeopa, o yeyovog 0Tt To SNUOCIO KOWYEAMTA HIKTLO VILAPYOLY TOVTOV TOPEYEL TNV
amopoiTnT TNAETIKOVOVIOKT KOAALYN HE OWKOVOMKO TPOmo. Ol KATOGKELOGTEG YNOLOKAOV
LETPNTOV EVEPYELNS EVOOUATMOVOLV TNAETIKOWOVIAKES OUTAEELS OTIG GUOKEVEG TOL TOLG
EMTPEMOVY TNV MKOVOVIOL LE Ta KOYEA®TA diktva. [ TG avaykeg Tng eOPTIoNG KOt AAAEG
V2G epoppoyés (my mANpo@oOpNon Yoo KOTAVAA®GOTN  EVEPYELNS, TU), T  Ogdopéva
AVTOAAAGGOVTOL OV TAKTA YPOVIKA dtacthuoto (mepimov kébe 10 pe 15 min). Ta nepiocdTepa
KOYEA®TA dikTva €0V EMaPKEIC duVATOTNTEG MOTE Vo avTomeEEA00VY Kal Vo AEITOVPYGOLV
IKOVOTIOMNTIKGL G TTPOG TO0 6KOTO anTd. EmmAéov, ta koyedwtd diktva gpeavifovv ta akdAovda
TAEOVEKTNLOTOL:

i.  H teyvoloyia TV KOYEA®TOV TEYVOAOYLOV &ivol @puun dote vo avtarnefébel otig
avéykes Tov Evpuotdg Atktoov.
ii.  E@dcov 6Aa To KOYEA®TA JiKTLO, AELTOVPYOVV GE OOELOSOTNUEVO QACH, OEV OTOLTEITOL
picBmon pn adelodoTNUEVOV (OVOV GLYVOTITOV.
iii.  To koyehotd dikTvo Eivol EMEKTAGIUN OOTE VO LTOPOLY Vo vrrootnpiEovv TN chvdeon
peydiov apBpov and EV.

H moaykoéoa dwhertovpykdétnta e pikpokvpatikng npoésfaone (WIMAX) v kabiotd
oAV KOAY vroymoeta texvoroyia yia to V2G. To WIMAX mpoceépel vynAn yopntikodtnta,
gvpeia kdAoym, younin kobvetépnon, yauniod koctog ava bit, ko v amartoduevn moldtnTo
vrnpeoiov (QOS).
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Evdewktikd, kaitolt n @option EV ce dnpodciovg otabpovc optiong moapdyst pkpn Kivnon
OEOOUEVMV, O EKTIUMOUEVOS aplBog cuvdésewv eivar oAl peydroc. ['a ta EV mov Bpickovrat
og Kivnon, o vynAog puOUOG HeTAdOoNG dEOOUEVOV EIval amopaiTnTOg Yol TV TPOYLOTOTOINGT
epaproydv mov Pacilovial ot Ye®ypaeikn 0Eon. LTiG TEPIGGOTEPES MEPIMTMGELS, Ol EPOPLOYES
oL AopPdvouy HEPOG HEGH GE Eva OXMMO. OTOLTOVY €VPEiD KAALYT), VYNAT KIVITIKOTNTA, Kol
dacpaiion morotntog vanpeotdv (QoS). To WIMAX éyet Ti¢ amattodueveg SuvatdTnTes yio vo.
YEWPLOTEL TNV HETASOOT) TETOLOV JESOUEVDV.

Ot omuodcilor otabpol EOPTIoNG Kol OMOEG EPOPUOYEC TPUYUOTOTOLOVVIOL GE OUTOVG
ypewdlovtar vroompiEn kvnTikotnroc. Oco tayvtepa Kiveiton £vog xpnotns 1060 o puoudg
petddoong dedopévav mov pmopeil vo vrootnpybel peidvetar. Xto XyS5.10 moapovoidlovral
SPopeS TEYVOLOYIEG OCVPUOTOV EMKOWMVIOV pHe Bdorn v KvnTikdtnto Kot 10 puoud

Vehicle
5G

Walk

Mobility

WiFi

Fixed

100 1000

Data Rate (Mbps)

T IxAMa 5.10: PuBpol petadoong S€60UEVWV e UTTOOTAPLEN KLVNTLKOTNTOLC.

petddoong dedopévav mov TpocsPépovv. H oldvdeon pe tov KeEVIPIKO €AEYKTN| 1| TOV TAPOYO
TNAELOTIKOV VINPECLOV PUTOPEL vaL eMTELYDEL LLE TN YPTOT| EMKOVOVIDV EVPELNG TEPLOYNC.

5.6.2.2 AcVppata SiKTLO TAEYNOTOS

Ta acvppata diktva mov eivar opyovouéva ce mA&ypo (WMN) elvor kotdAAnia v va
TPOCPEPOLY TNV ATAPOITNTY] CLVOEGIUOTNTO UETAED TOV 0ONYADV TOV NAEKTPIKAOV OYNUATOV Kot
TOL NAEKPIKOV O1KTVOV. EmumAéov, 10 yaunAd KOGTOC, N VYNAN EXEKTACIUOTNTA, 1| SOLVATOTNTO
avto-laong Kot owto-opydvoong mov dwbétovy, o cvvovacud pe 0Tl vrootnpilovv TV
Kivntkotnta, Kabotd ta WMN éva 1oyvpo vroymelo. Ta WMN mapéyovv emapkég e0pog
Covng kot wavotnto gvkoAng dwmoumng (handover) pe vymiég tayovtreg. Eniong, o WMN
&yovv doun mov KabloTd €0KOAN TV EVemUAT®oN Tovg o Al vrdpyovta diktva (my IEEE
802.15, IEEE 802.16, kuyehmotd dikTLQ, KTA).

Ao v aAAN mhevpd too WMN €xovv opiopéva petovekTipota:

I.  Xe ootkd mepifdrlovio 1 KAALYN pmopel va emmpeooctel omd mopeuPoric Kot
dwdetyelc.

ii.  To dwbéoo evpog Ldvng pmopel vo pelmbel o€ TEPUTTOCES TPOPANUATOV GTOVG
Bpoyove.

5.6.3 Emkowvovia petadd TOV KEVIPOV EAEYYO0V
AlopopeTikég meployEc eEumnPeToHVTOL OO SLOPOPETIKOVG Popeic vnpecidv. Kdbe kévipo
eréyyov emmpel Kou StoyepileTon TIG avAYKES TV YPNOTOV KA oTtabpov @opTiong mov
ocvvoéetal og avtd. EmmAéov, dtav Evag ypnog and dapopeTikn meployn {ntmoet vanpecia, To
Kévipo eAéyyov  mpémel va givar o Béom va  oavioAddocovv mAnpoopieg mov Oa
ypnowonombovv yuwo eEaxpifwon, ypéwon, Kol yeoypoewkn Oécn. Xtnv mapodoo @don m
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euPérera tov EV givan peyorvtepn and pepkés exkatovtdoeg pido. H eppéleta avt mapéyet ™
duvaTHTNTO GTOVG 0O YOVS VO LETAROIVOUV GE dLAPOPETIKEG TTEPLOYES Kot Vo, eEummpeTovvTat omd
bAdec vimpeoies. Emopévmg, to diktvo emkowvoviog mpénet va givanr oe Béon va dayeplotel
mbavég mepumtdoelg domopnrg (hand-off). Xty napodoa pdon ot vnpecieg ypnooTo0HY TO
npotomo emikowvoviag IEC 60870-6/TASE.2 (International Electrotechnical Commission Tele-
control Applications Service Element), yia v avtoliayn nAnpo@opidv puetaé&d Tov KEVIPOV
eAEYYOL Kol TV Spdpov vrnpecidv. Eviodtolg, mbavodg vo  ypelactodv  mpdcheta
TNAETKOWVMOVIOK YOPOKTNPIGTIKA Y10 TV KOADTEPT TAPAKOAOVONON TOV KIVITAOV YPNCTOV.

5.6.4 TIp6c0eTec TNAETIKOLVOVIOKES OVAYKES

Tnienuovoviakés avaykeg mpokvmtovy petald tov EV kot tov otafuod @dptiong otig
akOAOVOES YPOVIKEG TTEPLOSOVG: 1) TPV TN POPTIOT, 1) KaTd T Sdpkeln TG POPTIoNG, 1ii) petd
T0 TEAOG TNG POPTION.

Mo va ekkwvnoet 1 dadikasioo eOpTiong, To dyMUa Kot 0 €E0TMOUOC QOPTIONG TPETEL VAL
&Yovv eVoIKN ovvdeot. Mnvipata Tpémet vo avTaArayohv Yo TOVTOTOINGT KaBdg Kot £yKpion
amo to otafud EOPTIoNG.

Kotd 1 odpkela g @OPTIONG OPIGUEVES TAPAUETPOL OTWS 1 SIPKEW POPTIONG, 1
Katevbuvon g evepyelokng pong, m owbéoun evépyeia Kot 1oyx0G, TANPOPOPIES Yo TNV
KOTAOTOON TOL OYNUOTOS (T 1 KATAGTAGN OPTIoNG TNG Uratapiog, n dféoun evépyela g
protoapiag), yperdletot va ovtaAlayodv peta&d tov oxnpatog kot tov EVSE. Akpipng pétpnon
NG LETAPEPOUEVNG EVEPYELDG IV ETTIOTG CNUOVTIKN Y10 TO GKOTO TNG XPEDONG.

5.7 Mgrétn TOV TPOYROTIKOD GVYKPOTHRaTOS popTiong WINSmartEV

IMa va yiver katavontd mowol pnyovicuol eAéyyov emAvovy to Oépata mov avaeépinkoay
TPONYOVUEVMG KOL OO TNAETIKOWVOVIOKG TPOTLTOL XPNCIUOTOIOVVTOL TPAKTIKA oto V26,
Kpivetol amapaitnTn N HEAETN €VOG TPOYUOTIKOD GLGTAATOS POPTIONG. APOV TO EYYEIPLA TOV
NAEKTPIK®OV avToKivntev kot 1n vAomoinon tov V2G givar vmd pedétn kot avamtoln, oev
VIdpyovv ovykekpiuéveg peBodoroyieg yio TN dwoyeipion kol emKowwvio €vOg GLVOAOL
oynudtwv ce €va cuykpotnua eoptions. To cvotnue mov TaPOLGIALETOL GTY GUVEYELD Kol M
dbpOHpmon Tov givar amd Ta KAADTEPA TOV EYOLV avamTLYOEl Yo TO 6KOTO OVTO.

H pelém emcevipdveronr oo WINSmartEV™ | o magpn vrodopn goptionge, emipreyngc

Internet

Internet

W =1

Database
Control Center

ﬂ Ethernet 3G or 4G

Smart Phone

i; Ethernet, g; @
WiFi, or PLC
Gateway 1 Gateway 2 Gateway 3
om B I
Station Station - Station
1 2 nl
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Kot dwoyelpiong otéAov oynudTmv, Tov oyxedidotnke kot vAomombnke oto UCLA. Amoteleiton

and Tpio vVToGLoTHLOTAL!

1) Zoonpa Eréyyov

Onwg £xel non avaeepbet, To eyyeipnua tng eopTions Twv EV pmopel va yivel cvykevipotikd 1)
AmOKEVIPOUEVA. Xg KOO mepintmon, amarteitonr n cvvepyocio evog kOplov eleykrr (master
controller) pe tovg eheyktég mov Ppickovior péca otovg otaduovg eoptiong (slave controllers)
v TN Otayeipion g dadikaciag eoptiong tov EV kot tov éleyyo tov peduatog Tpopodociog

TOVG,.

a) Kuvpuog Eleykrig
Eivaw évog eEummpetntic (server) mov emitehei éheyyo tov ovotiuoatoc. Evepyel
OLYKEVIPOTIKG €Ml OA®V TOV oToOU®V @OpTIoNG NG MEPOYNG 7oV  eMPAEREL,
YPNOUOTOLOVTOG SIKTLOKEG TOAEC (gateways) kot teyvoroyieg 4G, Ethernet kou Wi-Fi.
To obVomuo eAéyyov mapakolovBel Kol €AEyxel TIC EYKOTAOTAGES (POPTIONG

YPNOUOTOIDVTOS TECCEPQ TUNLATO AOYIGUKOV:

Bdon Agdopévav (Database)

H Bdon dedopévov amodnkedel OAa ta dedopéva amd Tig ToAeg (gateways), Toug
oTaOOVG POPTIONG, TOVS AAYOPIOLOVS POPTIONG, TOVG XPNOTEG TV NAEKTPIKDOV
OYNUATOV, TNV KOTAGTOGT GOPTIONG KTA.

Eleykty Ztabupo® (Station Controller) ot ocvAiéktn minpogopidv (Data
Collector)

2KOTOC T®V OVIOTHTMV OUTAOV £IVOL VO aTOGTEALOVY EVIOAEG GTOVS GTOOHOVS
Kot vo. eAEyyouv TIC OldKacieg TOv €YouvV OxEOM HE TN QOPTIOY, EVO
TOPAAANAL GLGGOPEVOVY TANPOPOPIES GYETIKA LE TNV GYD TOV OTOPPOPOVV TOL
oynuata. O gleyktg tov otafuol ypnoipomolel Tpokabopiopuévous EELTVovg
alyopiBuovg @OpTIoNG, Ol omoiol pmopovv va.  Tpomomomboldv kol va
avapaduictovv pe otdyo | PeAitioon g OANG dadikacioc. Evd o eheykng
Swyepiletar Toug GTAOUOVG, 0 GCULAAEKTNG GLAAEYEL TANPOPOPIES Yoo TNV
Katdotoon Kabe oTabpov.

Emmpnon ovotjuotog (System Monitoring) o€ ouvvepyocio pe to k€vipo
eréyyov (Control Center)

To Loyiopkd avtd €xel oyedaotel Yo va emitelel d1dpopeg Aettovpyiec. Méow
TOV SETAPDV VTAOV, 0l GTUOUOL POPTIONG LITOPOVV VO EAEYYOVTAL YEPOKIVITAL
KOl YEVIKA VoL emTnpodvTal omd TO OLa)EPLOTH TOV GLOTHHATOS. O S1aXEPLOTNG
umopel v LETOPAALEL TIC TOPAUETPOVS TOV GTOOU®Y, dnAadr| tn devbuvon IP
TOVG, TNV EMAOYT TOV aAYopiBov EOPTIONG KTA

Kévtpo eréyyov ypnotmv (User Control Center)

To kévipo eAéyyov YPNOTAOV EMTPEMEL GTOVG €EO0VGLO00TNEVOVS YPNOTES VOl
Bpiokovv d1a0éc10Vg 0TAOHODS POPTIONG OTIS TOAELS, VO EKKIVOOV Kol Vo
OTOUOTOVV TN dtadikacio pOPTIoNS, Vo TaPaKoAoLOOVY dALL Kol va, EAEYYOVV
NV KATACTOOT QOPTIoNG Kot vo. dwxepilovial TG TANPOPOPiES TOL TOVG
aQOPOVV UEGH KIVNTOD TAEQP®OVOV.
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IxAua 5.12: Ta téooepa Baotkd THApaTa TG EVdPUoUg Uodong GOPTLONG NAEKTPLKWY OXNHATWVY.

b) Tomwoi gleyktés 6TOVG 6TAOROVG POPTIONG

2y mAevpd NG €YKOTACTOONG (OpTIoNG, ot otabupoi eivor efomiopévor pe LAKO
(hardware) mov vrootpilel emkowvwvia péow ZigBee kot amoteleitonr omd €va aptOuo
HKPOETEEEPYACTMV Yat T OleKmepainon OAwV TV {ntnudtev eAEyxov mov Oa ELEAVIGTOVV
KATA TN 010 01KOGio TG GUVOESTG TOV OYNUATOC, TNG POPTIONG Kot ,TEAOG, TNG ATOGVUVOECTG
tov. [Iepiocdtepa yro 1o VAKO awto Oa avoaeepBodv oe emopévn evotnto.

Otav éva EV ouvvoebel yia mapoyn pevporoc, AouPdvel amd 10 otobud @optiong £va
TAOTIKO onua eAéyyov mov eivor dtapoppouévo kotd PWM (Pulse Width Modulation).
Avéloyo pe tov kOKAo Aertovpyiag (duty cycle) tov moiuov, to EV dwpoppdver to
E0MTEPIKO QOPTIO TOV GLGGMPELTH] TOL KOTE TETOWO TPOTO, GTE VO, OTOPPOPNGEL TO

N
System Status Pull Down Check EVPIUg-| | yyor submite.
., Pilot Signal | [ | (ISt Every| FRS cpargey
Wait Charge = 3minutes | | XSS
System Status Pull Up B || Generate
Detect EV Pilot Signal DE‘I_QCI,?'C'L Pilot Signal
.. | |
System Status N T i
= > EV Exist? —Yes CE‘I{:FF:." <4 W?‘Ead" =
Run Pilet Flow alfpration i o
I —— [ L
No
¥ N
SYStem Statis | ygfacent Chaniel._ Vogy | ShAre Current &
== . e ™ i
Set Duty Cycle (hargl;g/ Wait 5 Seconds
T
No
¥
Setup Maximum Turn On
Current Relay
System Status BV Take ™ Relay
== Energy?.~ " | Keep On
Monitor EV
1
No
¥

L Check EV Relay Off &
Plug-in Status Reset Dury Cycle
]

IxAua 5.13: Aldypappa pong tov aAyopibpou SLapolpacpiol peULATOG TOU TOTILKOU EAEYKTH.

KatdAANAo pedpa. ‘Etor 0 otabuog eléyyet v tayvtnta eoptiong tov EV petafdiiovrog
1o duty cycle tov mlotikod onuatoc. Avtd givarl onuovTikd eneldn onuaivel 0Tt 0 KOKAG
7oL ivol LITELOVYVOG Y1 TN GVVIEST VAIKOV-Aoyiouikov (firmware) tov otabudv puropei, o€
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MEPIMTOON GLPPONG HEYEAOL 0plBuod oynUdT®V 7POg EOPTION, VO EUTAOVTIOTEL LE
aAyopiBuovg owouoipacuod peduaros . Xto Xx.5.13 mapovoidleton 10 TPOOVAPEPOHEV
firmware ce popen Saypaupatog pong. Xto idto oynue. eoivetal akdun OTL O TOTIKOG
EAEYKTNG TPOPOJOTEL e pedpa pio BEom eoptiong, pvBuifovtag to duty cycle mpv to otddo
“System Status = = Monitor EV”. 'Etot, av dev vrdpyet GAro EV va goprtiletar og dumhav
0éom, 0Ao 10 dwbéoyo pedpa Ba dwatebel oy mpokabopiopévn Béon avtr. AAA®G , TO
peopa Ba dapedel yio va to popactodv ta EV. Otav éva dynuo amocuvoebet, M 1oy0¢
dwtifetan €€ ohokAnpov ota vdoroma EV.

2) Lootnpo Emxowoviog

Méca 610 otafud eOpTIoNG LVIdpyel pio dtkTvakY TOAN (gateway) mov VITooTNPilel TOAAATAL
TPOTOKOALN Y10 VO TOPEYEL TIG ATOLTOVUEVES TNAETIKOIVOVIOKEG VANpesies. [a va cuvoebel oto
Awdiktvo vrapyovv tpelc pEbodotl dabéciuec, ocvykekpyéva, uéow: i) 3G/4G, ii) Ethernet kot
iii) Wi-Fi. To 3G/AG ypnoponoteitar Adym ¢ eveM&iag kot thg TposPactudTnTag Tov, agov
VILAPYEL TAVTOV OTOV LITAPYEL KLYEAMTY] KAALYT], EOIKA EKEL OOV 0L EVGVLPUATY GUVOEST ] TO
Wi-Fi dev eivan dwabéoipa. Otav ) moAn ypnoiponotet to Ethernet pmopei vo cuvdebei amevbeiog
010 Awdiktvo pe otatikn 1 dSvvoptkn IP d1evbvuvon, mov g anodiver évag DHCP povtep. T
nepintoon O6mov 1 ovvdeon péow Ethernet 1 3G/4G dev eivan dwbéoun, tOTE M TOAN
ypnowonotel teyvoroyia PLC (7 axdpo kow Wi-Fi) vy va cuvdebei oe dpoporoynt mov €yet
npocPacn 6to Awadiktvo. H moAn tov EVSE pnopet va ypnoponomost po povéoda PLC yua va

i{ Smart Charging | [
| Stations

| without 3G/WiFi/
‘\ZigBee Gateway

Server

*

Internet

220V

|Station
:with Gateway %-ZigBee-»»b{ 3G/;V iFi/ZigBee
ateway

rf—*— _______ o —Y

ZigBee
Pilot Signal
Generator

|

|

|

: Meters
(CC2530ZNP) |

|

|

|

|

Control Unit

———————— —— —— —— —— — — — o — — — —_

————————————————————— . —————————————— s ————

IXAMA 5.14: IXNHOTIKA OITELKOVLON EVOG TUTILKOU GuyKpotHatog Level 2 dpoptiong.
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ouvoebel oe GAlec mOAEG 1| OpoproroyNTEG TOL Ppiokovial 6 NAEKTPIKE KUKAMUATO TOL 1510V
uetooynuotioti. Otoav 1 ToAn ypnowonrotet Wi-Fi yio tomikn emkowvovio, mtpénet vo Aertovpysi
o¢ client ywo va ocvvdebel ce dlhec mOAeG 1 OpOUOAOYNTEG. Xe VTN TNV AEPINTOON,
ypnowonoteitar poe péBodog mpodOnong (port forwarding) otig GAlec mbOheg M oTOVG
OPOLOAOYNTEG, DOTE O EELINPETNTNG VO LITOPEL VO TPOGTELAGEL TNV TOAN OV €ivol ONA®UEVT
og client.

H avtodiayn mAnpoeopiog peta&d e mOANG, TOV LETPNTMOV Kol TNG LOVAdAG EAEYYOL YiveTal
uéow ZigBee. O pdrog Tov cvvtovioty ZigBee eivar va diayelpiletor o umvopoto peta&d g
TOANG KOl TGOV TEPUOTIKOV GLOKELOV 1 HeTald 1Tng mOANG Kol T®V  SPOLOAOYNT®V,
CLUTEPIAAUPAVOLEVOV TOV YNOLOKDV LETPNTOV, TNG LovAadas eA&yyov kot Tov VMM's 6ta EV.
I'o va oteidel TIC EVIOAEC Kot TIG TAPAUETPOVS OTIC SIAPOPES GVOKEVES, O cuvToviothg ZigBee
ypewaletar va avayvopicst Kot va kataypayel Tig povadtkés MAC dievfoveelc Tov tepuatikdv
OLOKEVOV 1M TV Opoporoynt®v. Emeidn OAeg Ol CLOKEVEG GTO GLYKPOTNUA QOPTIONG
EMKOVOVOVV ypnolponowwvtag ZigBee, eivar avaykaio povo pe woAn. To vrd e&éraon
ocvotnua Obétel 0vo €idn eleyktdv, T0 €va pe cvotnua emkowvmviag ZigBee kot 1o dAro
yopic. O gleyktic mov dev £xel evompatouévn povada ZigBee smkowwvel pe v moAn pécm
g USB 00pag tov ko pe ypron karhwdiov RS-232. O eleyktig mov ypnoiuonolei ZigBee
amoteleiTon amd £va GUVTOVIOTN Kot £va, Teppatikd. H moAn emkovmvel e To cLVTOVIGTH Yo VoL
oteilel ) va AaPel pnvopota and 1o TEPLOTIKO.

3) Tovotnuo Métpnong

To ovotuo pétpnong amoteleitan and o TOAN (gateway) kot tovg ynelakovg petpntéc. Ot
HeTPNTES KAOE GTAOUOV POPTIGNG AMOGTEAALOVY TIC TANPOPOPIES GYETIKES LLE TNV OYD POPTIONG
otnv wOAN péow ZigBee, dtav avtd toug (nnbei. Or TAnpoopicg 1oyv0g apopovv i) tdon, ii)
peva, iii) ocvyvotnta, IV) GUVTELEGTH 1GYVOG Kot V) EVEPYELNKT] KATAVOAMON.

Ot ymoewxkol petpntég ovuuetéyovv emionc oto diktvo (mesh network) ZigBee mov
dnovpyeiton amd o cvvtoviotn ZigBee. Télog, yio v opbf kot amodotikn Agttovpyio TV
LETPNTOV Elvol amapaitnTtog 0 GLGYETIGUOG HETAEL NG BEong mov Ba eivan cuvdedepévo Eva EV
ka1l Tov ID tov avrtioctoyov pertpnt. ‘Eva dtbypoappo Aettovpyiog tTov HETPNTOV QOIVETOL GTO

¥ anT136

1 ANTZWIF
Y ANT3 ZigBee

12 GATEWAY

PLUG MALE

( - L1 WiFi
n L
PLUG FEMALE Zig
L2 Y,
' ANT4 ZigBee
M1 M2 Ja
i METER AMP  METER VOLT T PLUG MALE
_'“source voLtace N, LT T3r E
PLUG FEMALE
Y ANTS ZigBee
M3 M4 16
METER AMP  METER VOLT 1l PLUG MALE
{ ) { ) il —( -—] 2
et p— 5
PLUG FEMALE
Y anTe zigBee
M5 ME 1B
RAETER Anaf | (| Rat¥E Tk ) PLUG MALE
T i EV3
7
PLUG FEMALE
' ANTT ZigBee
M7 Ma no
MET_E_B_.AMP METEEYOLT T PLUG MALE
o ) A - EVa }—
Ll il » !

PLUG FEMALE

IXAHa 5.15: Ixnuatiki meptypadn touv cuctiparoc Pndrakwv petpntwv tov WINSmartEvV™
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y.5.15.

5.8 Lvompa Avtopatng Avayvopions EV Méocw RFID

Lo

EV WITH VMM \\

MASTER EVSE

EVWITH VMM

ZxAua 5.16: RFID diktuo mAéypatog tng eudpuolg urtoSoung ¢opTLoNG NAEKTPLKWY OXNUATWV.

Y10 mopovca evotnta Bo mapovslaotel po apyrtektoviky, Tov pécw RFID 0o mpoospépet
oTOV 00NYO €VOG MAEKTPIKOL OYNLOTOG TOLTOMOINGM Kot  €ykpiom Yy @OPTIoN, GUECH Kol
avtopata ,Kabde To dynua Ba eloépyetal oto otabud eoptions. H 6An dtadikacia, emropévmg, o
mpaypatoroleiton ywpic avlpomivn mapéupfacn. H dwadikacio avtn yiveton epikt pe xpnon mg
teyvoroyiag ZigBee kat tov diktdwv mhéyuatoc (Mesh Network).

To acvppoato diktvo anoteleiton amd Evo KEVIPIKO cuvtovioth ZigBee, mov Bpioketon péoa,
oto otabuo, kol and ZigBee dpoporoyntég (routers), mov gival €yKOTESTNUEVOL GTO OYHLLOTOL KO
ovykpéva 6to VMM tov oynudtov. O cuvtoviotig, mov givol EVOOUOTOUEVOS GTNV TUAN
(gateway) tov dwktoov TOL oTOBUOV, avorapPdver v ovdyvoon tov RFID etketdv
Aerrovpyovtag o¢ RFID reader. Ou dpopoloyntéc mov Ppiokovtar péco oto. OyHUOTOL
Aertovpyovv o¢ RFID etikéteg xapn otn povadikn 64-bit dievbvvon MAC mov yoapaktnpilet
Kabe cvokevn ZigBee.

Ta dedopéva amd To NAEKTPIKE OYNUATO LTOPOVV VO, 0KOAOLONGOLY 0TO10dTOTE dLodPOUN
Héoa 6To OiKTLO Yo va EOAGoVY 6T0 GuVToVIoT!. AVTd TTapéyel evpwaotn (robust) emkowvmvia
petald tov oynuaTov kot tov otafuod Pdong, o éva mepiPdAlov mov VIOKEITOL EOKOAN GE
e€acBévnon katl eumioxkn tov RF onudtev. Kaitor kdbe EV anoppopd 1oy0 and 10 01Kd TOL
otafud eopTIoNs, O Ta EV amoostéAlovy ta dedopéva og £va KeVIPkO otabpd. Avtd €xel mg
OTOTEAECHO TN PELOON TNG TOAVTAOKATNTOS 0AAL Kot Tov KOGToVS. 'Eva mpodcheto mheovéktnua
™G OIKTVOONG aVTNG elvar 6Tl Ta dpyava gréyyov KABe otabuold @OpTIoNG Exovv emiong
npdcPaocn 610 acvpuato diktvo TAEyHatog (Twv cvokevmv ZigBee), pe amnotéleopa katl ot
otafuol eOPTIONG Vo UTOPOHV VO ETKOVOVOLV UETAED TOLG. AVTO OMUOIVEL OTL UOVO E Lo
TOAN O1KTVOV og KGBe cuykpdTNUA POPTIoNG eSvINPETOVVTAL OAOL O TOTIKOL GTafol POPTIONG
Kot to. avtiotorya EV.

Tavtomoinon (authentication) ywo Tqv dwdkacio ¢éptions péecw RFID
H tovtomoinon mpo g @optiong — vy éva dptt apybév EV — pe 10 ocbotmpa avtd
ephapPBavel optopéveg d1adtKaGieg OTMG:
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i. Vv avakmon tng devbuveng MAC tov dpoporoynt ZigBee tov oyfuatog
ii.  'EAeyyoc adero0d0tnong (authorization) @dptiong tov ypnot
ii.  Aviyvevorn and 1o chotua 6Tl T0 dYnua £xel cuVOEDE Le To 6TABIO POPTIONG HEGH TOV

EYKEKPLUEVOL KAAMOIOL KATAAANA®V TPOSLOYPaPOV.

To chotua eAéyyet yia ApiEn Katvovplov oxNUATOS TEPLookd. O eEuINPETNTNG GTEAVEL il
evtoAn “rgst” yio vo damotdost ov €xel yivel Katayopnon véag oevbuvong MAC
veoewoayBévioc EV. Emiong, otélvel o eviodn “stat” yuo va pabet oe motov otabpd eoptiong

Command Description and Example
rgst Return all registered ZigBee MAC address
comdrgst0000
[return]:

rgst01[MAC address][approach/leave/stay]
rgst02[MAC address][approach/leave/stay]

stat Charging station status request
comdstat0100
request channel 1 status
[return]:

duty0150rely0101plug0101stat0100

Nivakag 5.3: EVtoA£g Tou eAeyKtr) mMPog Toug otaOpoug ¢poptiong.

ovvoédnke 1o eloepyopevo EV. H d1ebBvvon MAC mov avaktiOnke vopitepa eAéyyetol e pio
Bdaon dedopévav Kol av avTIoTOEL 08 KATOOV EYKEKPIUEVO YPNOTN, O €ELINPETNTNG GTEAVEL
EVTOAN Yo va apyiocel  OpTion Tov oxfuatoc. Ot eviodéc Tov eEumnpetnTi TPOG TOL GTAOUOVG
eoptiong eivar ot  popoen: comd[command][channel][parameter].Mw emokémnon tov
EVIOADV KOl TV TIHOV oV eMoTpEéPovy gaivetanr otov [Tv.5.3 T va kataotel capéotepn N
Aertovpyion Tov cvotNuaTog Bo €EETOCTOVV TO. GTOXEID TOL TO AMOTEAOVV UE TEPIOCOTEPN
AemTOUEPELOL.

Yvvrovietig ZigBee : O RFID Reader

O ovvrtoviotig Aettovpyel o¢ avayvootng etiketov (RFID reader) xou dwayepiletar ta
unvopaTo. PETOED TG KEVIPIKNG TUANG TOL OkTOOoVL (gateway) Kol TV TEPUATIKOV GUOKELDYV,
dMAad” v dpoporoyntdv ota oxynuata. Otav évag dpoporoyntig ZigBee eicéAbel oto diktvo,
0 cLVTOVIOTHG TOL avabétel pa 16 bit Suvapukn dievBuvon kot T cuoyetilel pe TNV LOVASIKY
devbvvon MAC g ovokevng. O cuvtoviotig ,TpakTikd, viomoteital pe Evav CC2530ZNP
(ZigBee Network Processor-ZNP) mov aneikoviletat oto Xy.5.17.

IxAua 5.17: HAektpovikr) mAakéta evog CC2530ZNP | cuvtoviotn ZigBee.
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O ovvtoviotig avayvopilel av éva oynuo TANcLalet 1 amopakpvveTol and 10 6tadud, péow
evOog ofuoTog mov ekméunel to ZigBee router tov oyfuotog kot ovopdletoan RSSI (Received
Signal Strength Indication). T va dtuopoliotel o obevopn couvdeon HETAED TOV GLOKEVOV
ZigBee tov diktvov ypnoyonoteitoan tpmtokoiro yewpayiog (handshake protocol) peta&d tov
GLVTIOVIOTH K0l TOV €KA0TOTE Opoporoyntn (1 toodvvaua, peta&d tov RFID Reader kot tov
RFID tag). To mpwtdéxoriro @aiveTon otov mivaka 5.4:

Command Initiating Format
Device
Request ZigBee “comdtest[MAC address]”
router

Response ZigBee “comdresp[MAC address]”
coordinator

Mivakag 5.4: Evroléc mpmtokoilov yeipoyiog Tov cvvrovieti ZigBee.

Vehicle Monitoring/ldentification Module (VMM) : To RFID Tag

O poérog g etcétog (RFID tag) emteieiton amd po vIoAoy1oTIKY HOVAdA, LE duvatdTnTO
ATOMOKPVGHEVOL EAEYYOL pécm ZigBee, tnv Aeyouevn VMM. Avtn Bpioketon evoouatopévn
péoa og kabe niextpkod oynua. Onwc éva cvpPatikd RFID tour, n povéda ot Tpoceépet tnv
duvatdm o avayvopiong tov EV oto onoio Ppioketar apov @épet povadikn devbvven MAC.
Emniéov 10 VMM mpoceépel Ty dvvatdtta Topokorovdnong g Katdotaong tov EV péow
tov CAN (Controller Area Network) diaviov tov oynuatoc. To ecwtepikd evocVMM kan ta
pépm omd tao omoia amotereital ,paivovton oto Xy.5.18:

ighee
CAN MCP2551

M5P430/

Atmega328 f+—
e sena |  CC2530

Yypa 5.18: Avaiven tov VMM povadog Tov NAEKTPIKAOV GUTOKIVITOV

H VMM povéda amotereiton and évav pukpoenelepyaotr kot évav RF moumodéiktn mov
YPNOOTTOLEITAL YO0 TNV €mKovovia pe tov cvvroviot ZigBee. T va mapaxoiovbel tov
dtowAo CAN tov oynuotog, m ovokevr] ypnowponolel éva tour mov viomotel évav CAN
nounodéktn (MCP2551)oe ouvepyaoia pe évav pukpoenetepyaotn (Atmega328).

To firmware g mapondve povadog gival vevbvvo yo TNV dnpovpyio GHVOESNG UE TOV
oLVTOVIOTY], Yo va. amokplon o€ ID requests kot yio tn d1oTpnomn TS AGVPUATNG GUVOECNC UE
70 O01KTVLO 6TO OToi0 PBpioKeTaL, HEGM EKTOUMNG TEPLOOKAOV UNVOUATOV Yelpoyiog. Akoun £xet
™ duvatOHTNTA Vo ETavEKKIVEL TOV KOUPBO av dev AdPel amdvinon otn xepoyio.
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Aviyvevon 6OVOESTS TOV OYTHATOS

Me v aviyvevon ovvdeoNg TOV OYNUOTOS o€ €vov oTabud @OpTIoNg, O KEVIPIKOS
e€ummpeT TS TOV GVYKpOTHRATOG ovTicTolel To ID ToL oyfuatog o€ éva onpeio eoptiong. H
KUKA®UOTIKY DAOTTOINGT TG HOVASG EAEYYOL OV EMTVYYAVEL KATL TETO10 aiveTal 6To Xy.5.19

IxAnoa 5.19: OAokAnpwHEVO KUKAWMA EAeyKTH otabuou $poptiong.

To kdxkAopo mov glvar vrebBvvo Yoo TNV TOPAY®YN TOL MAOTIKOD CNUOTOS EAEYYEL OV
owvoenke kavovpro EV og otabud, aviyvevovtag aAloyn oto emimedo TAOMNG TOV TAOTIKOD
onuatog 6mwe kabopiletor amd to EV 6tav cuvoéetan otov otafud eoptions. To mhotikd onua
eoobeveiton yoo va e10é0er otov petatpoméo. A/D. Amod exel tpogodoteitanl  pECH
yopuniomepatov @iktpov (LPF) yia va mapaybet DC téon.

Yotépa amd v AQYN TOL TAOTIKOD GNUATOG, TO KUKAMUO TOPAYEL OIKO TOL TOAUO,
petafAntond kokAov Aertovpyiog (duty cycle), mov yvmotomotel to dwwbéoipo pedua PopTIoNG
oto EV, katd 11 mpodiaypapég tov mpotvmov J1772. O maApdg avtdg, mov amoterel T YVOOTO
PWM (Pulse Width Modulation), petatpéneton amd 3.3 V o +/- 12V, péowm evog cuykpii
votépnong (Schmitt trigger), ko tpogodotel 1o EV. Xto Xy.5.20 @aiveton to didypoppo pong
™¢ unyavng Katdotaong (State machine) tov kukhdpotog mov Tapdyet to PWM mohpo:

SOUTEPAGLOTIKA, GTNV €VOTNTO 0T €O0UE U0 TPOGEYYIOT OLTOUOTNG OVOYVMPLONG
OYAUOTOC KOl OOE000TNONG YL POPTION O W10 OAOKANP®UEVN LTOdoU | OMMG €ival TO
WINSmartEV tov mnavemomuiov UCLA. Emeidn ota nmiektpwkd avtokivinta vmdpyovv
EVOOUOTOUEVO TTPOoNYUEVO MAekTpovikd — Omwg ta. VMMS, mov ypnoyomolovviol yio Tty
TOPOKOAOVONON TNG KATAGTAONG (POPTICNG — 1 E60YMYN OLVOTOTNTOS TOVTOTOINONG Kot
a0€1000TNoNG/EyKplong eivar amdd Béua TPocsOHNKNG KovoLPLov VAIKO-AOYIGUIKOD 1 OAM®G
firmware, ndve oto vedpyov vAkd (hardware). Xtov okomd avtod, akpoywviaio Ao anoteAovv
to diktva moAlamAdV onueiov M diktva mAEypotog (mesh networks) mov emtpémovv v
ofevapn (robust) emkowvovia peta&d EV kot otabupod, oe éva BopuPfmddeg mepipdiiov mov
VIOKELTOL EOKOAQ GE TOPEUPOLES.
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Start f’ R5232 w/
Interrupt

w "L“-\_
Hardware L
and ZigBee Pllat Signal Check Return
. » | Generator
interface bry Timar Value
Initialization from Arduing
L
I
- Interrupt
end
~—#{ Main Loop [+

l

Poll Message
From .| | Check
ZigBee | | Message
Module

Change Pilot
Signal Duty
Cycle

Pass
Command to [4Y
Arduing

Return Value
to ZigBee
Coordinator

IxAua 5.20: Awaypappa pong uAtko-Aoylopkot (firmware) mou mapayet to MAOTLIKO orua eAEyxou.
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KE®AAAIO 6

ZYNOYHXYMIIEPAXMATA KAI IPOTAXEIX I'TA MEAAONTIKH
EPEYNA

6.1 Xovoyn ko Xoprepacpato

210)0G TNG €PYACIAG QLTS NTAV 1 TAPOLGINGT) TV TEXVOAOYUDY ETKOVOVIDV TOV UTOPOLV
va ypnotponomBodv oto NAEKTPIKA oxfLoTo, Kobmg Kot 1 peAétn tov eyyeipnuartog Vehicle-to-
Grid. Apyikd TapovcIAGTNKAY 01 TEYVOAOYIES TTOV KATEGTNGAV SLVOTN TNV KOTOOKELT VEPLOIKOY
Kot NAEKTPIKOV oynuatov. ‘Enetta, yve emokOnNnon TV THAETIKOW®OVINK®V TEYVOLOYIDV TOV
OTELEYDVOLV TO EVEVEG NAEKTPIKO dikTvo. TéLOC, mapovcldastnke 1N apyttekToviky Tov V2G Kot
peketinke M doun €vOg TPOYUATIKOV GUYKPOTHLOTOS (OPTIONG NAEKTPIKAOV OYNUATOV, TOV
viomotet to V2G oty mpdén. Kevipikn 1d6éa tov V2G amotelel 1 mpoc@opd evepyeiog amd Tovg
OLGCMPEVTEG TOV MAEKTPIKOV OYNUATOV GTO MAEKTPIKO dikTvOo, GE TEPLOOOVS QLENUEVTS
evepyelokng Cnmone. o va Asrtovpynoet cmotd kot evpvbua éva tétolo cvotnua otnpileton
OTIS TNAETIKOWVOVIOKES TEYVOAOYIEG TOL EVOOUATOVOVIOL GTO MAEKTPIKO OIKTVLO KOl TO
kaB1otohv «Evpuécy. Xtn mopodoo SUTA®UATIKY epyocio HeAeThONnKaY, Yo TOV OKOTO avTo,
1060 evovpuateg texvoroyieg (0mmwg DSL, PLC xtA.) 660 kot acOpuoteg (OTmMC KUWEAWOTES
emkovoviec, WIMAX «td.) Idaitepng avagopdg xpnlet n acvpuotn texvoloyio Zigbee, mov
amotelel TV KATOAANAOTEPT TEYVOAOYIOL EMKOWMVIOG, TOMIKNG EUPEAEING, YO EPAPULOYES
Machine-to-Machine (M2M). Méowm tng te)voAoyiag Zighee Oa mpaypatonoteital 1) entkovavia.
TOV NAEKTPIKOV OYMUATOV HE GAAES NAEKTPOVIKEG GUGKEVEC, TOGO GE OIKIOKO X(DPO, OGO KOl GE
onuoaco.

Yvumepocpatikd, o gyysipnua Vehicle-to-Grid Bpioketon akéun oe mpdwpo otddlo. Agv
VILAPYOLY GLYKEKPIUEVE TPOTVTIOL OLAGVVOESTG KO ETIKOVMOVIOS TOV OaPpOP®OV TUNUATOV TOL TO
anaptiCovv. Avtd cvpPaivel yioti: i) o Evpuég Alktvo dev éxel viomombel akoun oe této10
Bobud ®OTE VO OVIIKATAGTACEL TANPOC TO TOAMO MAEKTPIKO OikTLO, Kol 1) T MAEKTPIKA
OYNUOTOL OEV EYOVV EMITHYEL IKOVOTOINTIKY] OlEIGIVON 6TN TAYKOGLLO 0yopd, €Nl TOV TAPHVTOG.

6.2 IIpotaceig yio perhovtikng £pevva

To V2G anoterel éva morvdidototo 0épa. H viomoinon evdg 1€10100 £yyelpnHoTog amottel
épevva Kat avantulrn e moALd enimeda. ATd 10 €100G TOV TEYVOLOYLOV TNAETIKOIVOVLOV OV Oat
ypnotpomomBodv, UExpt TV ovATTLEN KOTAAANA®Y adyopiBumv mov Ba diekmepaidvoLy TIC
Aertovpyieg Tov V2G.

INo mv axpifero, 10 Aoyopikd mov Ba mpaypoatonoel 10 V2G, elvar amopoitnto va
amoTeELEITOL OO ELPVNG KOl ATOSOTIKOVG akyopifuove. Xtn mapovoa dumdmpotikny, to V2G degv
eetdotnie kaBoAOV omd mAevpdg aAyopiBumv, mapa poévVo avoAvOnke 1 dopr| TOL Kot
peretnONKe 1 apyrtektovikn Tov. Kt 1éto10 pmopei vo 001ynoel 6TnV E0QAAUEVT] EVTUTMOT] OTL
ot aAyOpIBHoL dev AmOTEAOLV TOCO ONUOVTIKO UEPOG NG Asttovpyiog tov V2G. X wpdén,
ocvoppaiver akpipmg to avtiBeto. Xe évo cOoTNUO TOGO TOADTAOKO, Ol OMOPAGELS TPEMEL VoL
Aappavovior €ykaipa kot amodotikd. H deEaywyn Tov amottoOUeEVEV EVEPYELDV TPEMEL VO
yivetow pe PéATIoTo ko cvotnuatikd TpoOmo. Emopéveg amarteiton emmAfov  gpguvnTikng
dpaocTnpOTTOL 6TOV TOopéN T®V oAyopiBuwv. Avo xotnyopiec oiyopiBuwv mov ypnlovv
Waitepng avagopds, eivar or Evpetikoi aiyopiOuot (Heuristic Algorithms) kot ot alyopBpot
Beltiotonoinong pe Xpnvog Topotdiov (Particle Swarm Optimization Algorithms). H
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euocopio oyediaong Tov adyopiBuwv avtdv ivor t€tota, dote va dayepilovtol KaToyiopd
TANPOPOPLOV Kol VO, AVTIHLETOTILoVV pe BEATIOTO KOl 0od0TIKO TPOTO GVUVOETA TPOPANATO GE
TPOYLOTIKO YPOVO.

Emniéov epeuvntikng dpactmpromrag ypnlel Kot 0 TOUENSG TOV NAEKTPIKOV OYNUATOV,

OGOV aPOpPA TNV TEXVOAOYIO T®V GLGCMPELTAOV OAAL KOl TIG TEYVOAOYIES S1UGVVIESTG TOVG E
GAAEG MAEKTPOVIKEG OGLOKEVEG. XVLYKPLUEVA, TPEMEL VO OYEOLOOTOVV Kol YPNUATOd0TNOOVV
KATOAANAQ TTPOYPAUUOTO £PEVVOS, OVATTUENG, EMIOEENC Kol EVNUEPMONG OTO YEVIKOTEPO
YVOOTIKO ovTikeipevo g mniextpokivnong to omoian Ba €yovv Ta akdAovOo YVOOTIKA
OVTIKEIPEVL:

Vi.

Vii.

viil.

Avantuoén ocvoowpevt®dv Yia ypnon oto H/O pe xdpro yopaxtnpiotikd v VYmAn
TLKVOTNTO. EVEPYELOS, TN YPNOHOTOINGN UN TOSIKOV Kot @ONVAOV DAIKOV Kot TO YOLUNAO
KOGTOG TOP ALY ®YT|S.

AVATTUEN MAEKTPOVIKOV GLGTNUATOV OLOYEIPIONG TOV GLGCOPELTAOV, POPTIONG Kot
EKQPOPTIONG TOVG, MAEKTPIKOV KWNTNPWOV, KA. HE KOPWOL YOPOKTINPIOTIKA TN
YPNOLOTOINCT] MAEKTPOVIKAOV VYNANG EVEPYEWONKNG OMAS00MNG KOl TNV  avAamtuén
eEomlopol vyming a&lomotiog.

AVATTUEN KOl KOTAOKELT) POPTICTAOV Y10 TOVG GLOCMPELTEG TV EV ovupova pe ta
oebvn| mpdtuma Tov JpK®OG EEEAGGOVTAL.

Avamtoén €Qapuoy®V TOL a@opolV TA €VELN OIKTLA HE KOTOAANAEG OlemapEg
(vmodouég, AOYIGIKO, emKOV®VIR) TV otabumv eoptiong twv EV yia m dwyeipion
™G 01001KAGIaG POPTIONG TOVS G€ GLVOLAGHO pe TV a&lontoinon cvotnudtov AIIE. Oa
emnreiton n KatdAAnin évtaén g dayeipiong tov EV kot tov cvotudtov AIIE pe
okomd N PeAtioon g dwyelplong TV SIKTLMOV JLOVOUNG NAEKTPIKNG EVEPYELNG, TIG
UEIOUEVEG EMEVOVCELS GE VEEG VTOOOUEC KOL TN UEI®MON TOV EKTOUTOV 0EPIOV
Bepuoxnmmiov Kot aEplwv pOTOV.

[1poGd10pIGHOC TV  ONUOVTIKOTEP®Y Kol KATOAANAOTEP®V Ypnoewv towv EViko
avantuén Tov KatOAANA®v vrodoumv Yo T Oleicdvor] tovg. Exmovnon peiétng
peTaKvioe®V Kot ypnoewv tov EV (opddeg ypnotdv) oe peydieg morelg (oiwkia,
gpyocio, SNUOCLOL Y MDPOL).

Odkdg xapnc Yoo v €viaén tov EV cg ouddeg ypnotodv Kot oto SiKTuo NAEKTPIKNG
evépyelog o€ cvvovaoud pe cvotiuota AITE.

Emwewtikd mpoypdppata evnuépmong Tov Kotvov og Bpata niektpokivnong.

AvanTtuén emyelpnolokov HovtéAov yua T dwyeipion tov otabumv eoptiong twv H/O
ov Ba cvvdéovtar 6To NAEKTPIKO AapuPdvovtag VIOYN TIC KOTNyopieg TV VTOSoUDY
Kot 11§ B€oelg TV OTAUOUOY EOPTIONG, TO OTOLTOVUEVO TEXVIKE YOPOKINPIOTIKA TOLG,
TOVG EUTAEKOUEVOVS POPELG KOt TO GYETIKA TYHOAOYLO NAEKTPIKNG EVEPYELNG Kot 1G5YV0G
Yo TV NAEKTPOKiviON.
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