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NEPIAHWH

Itnv mopouoa SmMAwpATK epyacio e¢etaloupe TtV TEpiMTWon MiAG OLKLAKAG
gykataotaong, mou PBploketal oto voud Oecoalovikng,n omoia yivetal evepyslakd
QUTOVOUN HEOW TNG Xpnong ¢wrtoPoAtaikwy maveA.livetal xprion Aoylopkol yla
TOV UTIOAOYLOUO TOU amaltoupevou aplBpol mAatciwv,AapBavovrag umoyty

VEWYPADLKES KAl KALLATOAOYIKEG CUVONKEC TNG EVPUTEPNG TIEPLOXNG.

ErmutAéov avaAvovtal OAa Ta PHEPN TNG EYKATAOTAONG,OMWG Ol CUCCWPEUTEG KOL OL
HETATPOTEIG KOl YIVETAL AEMTOUEPNG UTIOAOYLOMOG TWV EVEPYELOKWY QVAYKWYV TNG
KOTOKIAC.TEAOG,UECW  TOU  TIPOYPAMUMOTOC  TETUXOVOUME TNV OKpLpn
Slootaololdynon twv mavel,kabwg o SlaBéoluo¢ Xwpog Tou EXOUME elval

TIEPLOPLOUEVO

NEEELC KAELOLAL:

Evepyelokn auTtovouia, NALOKN EVEPYELD, PwTOPBOATAIKA

TIAVEA, UTatapieg, LeTatpomeic,6éppavon.



ABSTRACT

In the present thesis, we examine the case of a domestic facility, located in
Thessaloniki, which becomes energy independent through the use of photovoltaic
panels. We use software to calculate the required number of frames, taking into

account geographical and climatic conditions of the region.

Moreover, we analyze all the parts of the facility, such as batteries and inverters and
we make a detailed calculation of the energy needs of the facility. Finally, through
the programme we achieve an accurate sizing of the panels, as the available space

we have is limited.

Key words:

Energy autonomy, solar energy, photovoltaic panels, batteries, inverters, heat
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KEDANAIO 1

ANATKH rA ANANEQZIMEZ NMHFEZ ENEPTEIAZ

1.1 TENIKH NAPOYZIAZH

JKOTIOG TNG MOPOUCAC EPYOOLAC ELVAL N EVEPYELAKN UEAETN EVOC OLKIOUOU TIOU
Bploketal evtog Siktvou AEH kot tpododoteital evepyelakd amd uBpLdko
dwtoBoAtaiko cuotnua.Zekvwvtag, Ba avaAubel 6Ao To ¢puaoiko undBabpo mou
KpUBeTal miow amd tn Asttoupyila Twv ¢wrtoPoAtaikwyv mAatciwv, dnAadn to
dwTOBOATAIKO PALVOUEVO KOl TIWG TO EKUETAAAEUOUOOTE YL VO TIOPAYOULE
NAEKTPLK evépyela. Emiong Ba e€nynBel n Aswtoupyla TwWV NAEKTPLKWV
CUCCWPEUTWY TIOU QTTOTEAOUV TO PECO amoBrnkeuong NAEKTPLKNG EVEPYELAC OTA
dwtoBoAtaikd ocuvothuata. Akoun Ba meplypadouv €va TPoG €va OAol oL
NAEKTPOVIKOL HETATPOTEIC TOU €elval umelBuvoL ylo TNV TPOCAPUOYH Kal
uetadopd TNG NAEKTPLKAG €VEPYELAC amd To ocuotnua oto ¢optio, kat Oa
avaAuBei n Aettoupyia Toug Katl o €Aeyxoc Toug.Katomiv,Ba yivel n mapouoiaon
TNG EVEPYELAKAG AELTOUPYLOC TOU OLKLOMOU KOl 0 OXESLOOUOC TOU dwTOBOATAIKOU

CUOTNUATOG TIOU armalteital yia tnv tpododotnaor tou.

1.2 ANANEQZIMEZ NHIEZ ENEPIEIAZ-XPONIKH EZEAIZH-2YTKPIZH

H mpoomdBela ywa KAAUPN TwV TEPACTIWV TOCOTNTWV EVEPYELAG TIOU
QTOLTOUVTOL OO TO oUyXpovo Tpomo IwNng TNE avlpwrmivng Kowwviag £xouv
odnynoeL og evtovotateg mapeUBAcell oto puaLkd mepBAAAov Pe TOAAATIAEG
KOL OUXVQ M OVOOTPEWPLUEC OCUVETELEC.ATTO TNV TMapaywyn oyabwv €wg Tt
B€puavon, TNV NAektpodOTNoN KL TG LETAdOPEC —TOUELG amapaltnToug o KABe
Xwpa — ol pactnpLoTNTEC Tou avOpwrou oxetilovtal o€ peyalo Babuo pe tnv
katavalwon  evépyelac.Ta  Tedeutalor  xpovia  €xel  mpokUPeL  pia
OUVELSNTOMOLNGN TOU MEMEPAOCHUEVOU TWV OPUKTWVY KAUGCIHWY 0€ cuvOUaoUO e
pLo evatodntomoinon yla TG MePLBAANOVTLIKEG GUVETIELEG TNC AAOYLOTNG XPNONG
QUTWV HE opdonuo TN Plopnxavikr emnavdotoaocn ota téAn tou 18°° awwva.H
avalntnon t¢ avlpwnotntag Yo AUCELG OTO XELPOTILAOTO, TIAEOV, EVEPYELOKO

NPOPAnua emedepe pLa otpodn mpog tig Avavewotpeg Mnyég Evépyetag (A.MN.E).
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Q¢ A.N.E BewpoUUE TIC KN OPUKTEC OVAVEWOLUEG TINYEC EVEPYELAG,ONAadn Tnv
OLLOALKNA KOl TN YEWOEPULKA EVEPYELQ, TNV NALAKA, TNV EVEPYELX  KUUATWY, TNV
TLAALPPOIKN) EVEPYELQ, TNV USPAUALKN EVEPYELA, TA AEPLO TA EKAUOUEVA ATIO XWPOUG
UYELOVOULKAG  Tadng,amd eykataotdoels PloAoylkol kobaplopol Kol  Ta
Bloaépla,omwg opilet n odnyla 2001/77/EK.Ta teleutaia xpovia amod tnv
Evupwnaikn Evwon,oAAd kL amd TOAAA HEMOVWHEVA KPATN, ULOBeTOUVTOL VEEG
TIOALTIKEG YLOL TN XPNON OVOVEWOLUWY TINYWV EVEPYELOG,TIOU TIPOAYOUV TETOLEG

E0WTEPLKEG TIOALTLKEG KOL YLOL TAL KPATN MEAN.

H ‘EkBeon tou EBvikoU Zxeblou Apdong yla tnv eniteuén tng cupBoAng twv AME otnv
TEAKN KotavaAwon evépyelag oe mooooto 20% €wg to 2020,amoppéel and tnv
Od&nyia 2009/28/EK kat mepAapPAvVEL EKTIHAOELG yia TNV €EEALEN TOU gvepyELOKOU
TopEa Kal tn Sleioduon twv texvoloylwyv AMNE €wg to 2020.El81kdTEPQ yIa To cUVOAO

TWV Kpatwv-peAwv tng E.E péxpt to 2020 mpoPAEneTal:

o 20% pelwon Twv ekmopnwv ogplwv tou Bepuoknmiou oe oxéon He Ta
emnineda tou 1990 cUpudwva pe TV odnyia 2009/29/EK

e 20% Sieicduon twv AMNE otnv akaBapLotn TeAK KOTAVAAWGN EVEPYELAG
oUudwva pe tnv odnyia 2009/28/EK kot

e 20% ££0LKOVOUNON TIPWTOYEVOUC EVEPYELAC.

Eldika yia tnv EAAGSa 0 0TOXOC YLa TIG EKTIOUMEC A€PLWV PUTIWV Tou Bepuoknmiou
elval pelwon katd 4% otoug TOUELG EKTOG gumoplag o€ oxéon He Ta emineda Tou
2005, kot 18% O&ieicbuon AME otnv akaBapiotn teAkiy katavaAwon (Mnyn:
Yrnioupyeio NepifdAdovrog,Evépysiag kot KAwpatikng AAAayngEmitponry 20-20-
20,2010).H emévbuon kepoaAaiov otic AMNE BewpnTtikd akKoAOUBEsl TIC OPXEG TNG
olkovouiag KAlpakag, umo TNV €vvola OTL TO PMECO KOOTOC LELWVETAL HE TNV avénon
TOU TtapayOpEVOU Oykou.Me aAha AdyLa, 60N TEPLOCOTEPN EVEPYEL TIOPAYETAL ATIO
OVOVEWOLUEG TINYEC, TOOO XaUNAOTEPO Ba elval TO KOGTOC ava Hovada TN EVEPYELAC

OUTAG.
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AIEIZAYZH ANE ETO ENEPTEIAKO IZOZYTI0
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Ixnua 1.1

ITov akoAouBo mivaka Slvetal n EYKATESTNMEVN LOXUG NAEKTPLKNG EVEPYELOG

napayopevng amno AMNE otov eAAadiko xwpo péxpL to 2009.

EKTOC amo tnv avnouyia yla tnv moaykooua avénon tng Bepuokpaociag, n Pacikn
actia miow amd v enévduon otg AME eilvalt n avepyopevn TR TOU
netpelaiov.Kabwg n TR tou metpedaiov aufavetal, n W€ TNG MOPAYWYAS
EVEPYELAG ATTO OVOVEWOLUEG TINYEG Pavtalel OAO Kal o EAKUOTLKA.Ma tapadelypa
o OTAOULOUEVOC HEDCOG 0pog¢ ™mg TLUAG ™meg QLOALKAG
EVEPYELAG,OoUUTIEpAOUBOVOUEVWY TwV HOpwV Tapaywyns, to 2009 ntav mepl ta
0,44USD/KWh —twur) mou eival QUECA avtaywvioldn ekelvng tng €VEPYELAC TOU

TIAPAYETAL ATTO T OPUKTA KAUGOLUAL.
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Nivakag:Eykateotnuévn ox0¢ NAEKTPLKAG evépyelag( MW) otnv EAAGSa péxpl to
2009 (MnyA: 5" EBvikA ExkBeon ywo to eminedo Sieiocduong g avaveWoLUNG
evépyelag to 2010)

Teyvoiroyia

2000 2001 2002 2003 2004 2005 2006 2007 2008 @ 2009
ATIE
MYHZ 42 45 45 50 59 64 =77 95 158 180

dotofoitoikd 0 1 1 1 1 1 5 9 12 37

Avod 226 270 287 371 | 471 0 491 749 846 1.022 1140
Buopéla 1 222 22 M4 ¥ M 39 40 41
Zuvoho 269 338 335 444 | 556 581 855 989 1232 1398

Nivakac 1.2

Itnv mopovoa SMAWHATIKA gpyacio Ba aoxoAnBoUUE PE HLa TTO TIG OVAVEWOLUEG
TINYEG EVEPYELOG KOL TILO CUYKEKPLUEVA TNV NALAKH. Apeoa N NALOKN EVEPYELO UITOPEL
va HETATparnel eite oe Oepulky HE TOUC NALOKOUC OepULkoUG CUAAEKTEC €ite o€
NAEKTPKR He Ta dwtoBoAtaikd otoleioan ta omoila Ba pog amacyoArncouv
ektevéotepa. Onwg sival yvwotd n Bepuikn evépyela e pmopel va petadepbel
XWPIC AMWAELEC O HUEYAAEG ONMOOTACELG YLU'AQUTO KOl TIPOTIMATOL VO TIOPAYETAL
TOTUKA, KOVTA otnv TomoBeoia katavaAwong. Mavtwg aueon xpnon tng BepULKAG
EVEPYELAG TIOU TTOLPVOULLE O TOV NALO £XOUUE OE TIOPA TIOAAECG EPAPLLOYEG OTIWC OE
nAlakoug poupvoug, nAlakoug Bepuooidwves K.a. AvtiBeta n nAekTplK EVEPyELd
eival e€alpetikad BoAwkn popdr. Mmopel va peTapEpeTol EUKOAX UE OXETIKA LLKPEG
OMWAELEC, UMOPEL va PETATPEMETAL 0 AAAEG HOPhEC aAAd Kal va armoBnKeVETAL OE

KATTOLEG LOVASEC HE LKOVOTIOLNTLKA amodoaon.

KaBe wpa o mAavntng Aappavel anod tov AALO evEpyeLa TNG TaEnc twv 150 pe 200

Sloekatoppvpla MWh. BéBala otnv emipdvela dev ptavel 6An auti n mocotnTa
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KaBw¢ €va TOoooTO avakAdtal and TNV atpoodalpa, Ta cUVVEDQ, TOUG WKEAVOUC,
o €6adoc n kot amoppoddrtal yia vo Bepudvel tnv emidpdavela tng yns . Eotw
MAVTWG OTL N wdEAUN evépyela eival to 1/5 autng mou $OAvel ota Opla TNG
otHuoodapaC OPKEL KOL HE TO TAPOMAVW Yla va KOAUPEL TIC QVAYKEG TNG
avOpwWMOTNTAG OE EVEPYELA, TOUAAXLOTOV HE T ONUEPLVO Sedopéva KaTavaAwong .
BéBala o avBpwmog evvoeital mwg eivat aduvatov Kot MAAL Vo EKUETAAAEUTEL UE
TETOLO TPOTO TNV NALOKA EVEPYELX, WOTE va €{0PTATOL OTMOKAELOTIKA QMO QUTH,
KaBw¢ KATL TéTolo Ba amaltovoe TNV KAAUYN TEPACTIWY EKTACEWV yNG KE NALOKA

oTolxElaL.

H avamntuén twv Avavewotpwy Mnywv Evépyelag (A.M.E) kat Kuplwg TG aLoAKN G Kall
™MC¢ PWTOPOATAIKAG NAEKTPLKNG EVEPYELOC TIPOWDBEITAL Kal €VIOXUETAL HE LOXUPQA
Kivntpa Kat uPnAoug puBuoUg oe OAOV TOV QVEMTUYHEVO KOOMO. Metafl Twv duo
oQUTWV Hopdwv N OLOAKN €UPaVI(ETOL OLKOVOULIKOTEPN APA KoL TIEPLOCOTEPO
TPOOLTH, KUPLWG PE TNV Hopdr OQLOALKWY TIAPKWVY ouvOedeévwv o0To SIKTUO TNG
AEH. Ta pwtoPoAtaikd otolxeila mapd Ta ONUOVTIKA TTAEOVEKTHUATA TOUG OTIWG OTL
bev €xouv Kwvoupeva PEpn, opouolalouv akopa UPNAG KATAOKEUAOTIKO KOOTOG.
Zta mAaiola evioxuong tou puBuou Sleicbuong Twv GwToBoATATKWY CUCTNUATWY CE
epapuUoyEC OTOV BLOUNXOVIKO TOUEQ, N €UPWMAIKA €vwon TPowbel OXeTIKA
TIPOYPAULOTA E LOXUPA OLKOVOLLKA KivnTpa. ITO YEYOVOG QUTO £XEL CUMBAAAEL Kall
n aneAevBEpwaon TNG ayopas NAEKTPLKAG EVEPYELAC O TIOANA KPpATH. AUTO onuaivel
OTL dUvartal va UTTAPXOUV KABETA OPYAVWHEVEG ETALPLEG TTOU VA KAAUTITOUV KAl TOUG
TPEL( TOMELC TNG Tapaywyng, UeTadopds kKol OSLavounG NAEKTPLKAG EVEPYELAG
gxovtog tnv duvatdotnta va aveapTnTOMoLoouV aUTOUG TOUG TOMEIC Kal
oToLoodNTIOTE LBLWTNG UIOPEL va €XEL KaTap)Ag pooBacn oto diktuo petadopds i
tpododooiag NAEKTPLIKNAG EVEPYELAC, VA TIAPAYEL HUE SIKO TOU TPOTMO KATOLO TIOCO
EVEPYELAC KL UTTOPEL ElTE va TO KATAVOAWVEL O 1610¢, €lte va TO TTOUAG OTOV TOTILKO
0pPYQVLOUO TTapoXNG eVEPYELAC, OTwe N A.E.H otnv EAAASa, pe tnv mpolmoBeon otLn
lox0¢ Tmou Tapayel TANPEl oplopéveg mpodlaypades. OL  ONUAVILKOTEPES
OVOVEWOLUEG HOPDEG EVEPYELOG, KUPLWCE N NALAKI KAl N AlOALKN, Kpivovtal OavIKEG
yla donapaywyn kabwg ta enimeda nAlodpdavelag kKal aloAlkou Suvaplkol otn

XWpa poG elvat e€alpeTikd LPNAQ, CUYKPLVOUEVA LE QUTO O BOPELOTEPA KPATN KoL
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Sev €xouv £€€06a Kauoipwy, aAAA HOVOo Ta apxkd £€oda eykaATAOTAONG KAl EAAXLOTA
€€oda ouvtnpnong. Emiong otnv xwpa HOG QVOPEVETOL ONUOVTIKA avénon tng
EYKATEOTNMEVNG LOXUOG Movadwy nAektpomapaywyns amod A.M.E., kabwg 1.6GW
OLLOALKWV TIAPKWV AVOUEVETAL Va eykataotabolv €wg to 2020 cav amOTEAECHA TOU
TAoUOLOU aloAlkoU Suvaplkol otnv EAAGSa Kal Twv TOALTIKWY UTIOOTHPLENG TToU
edapuolovtal amd v eAAnviki kKuBépvnon. Mapatnpeital Aoutdév onuepa o€
maykoopla KAlpaka pla avénuévn Spoaotnplomoinon otov €UpUTEPO TOUEA TWV
A.MN.E, mou npootwvilel Tnv aApatwdn avantuén toug Kot MARpnN EVOWHATWON ToUg

OTHN EVEPYELAKN TTAPOYWY).

KEDAANAIO 2

HAIAKH AKTIOBOAIA

2.1 O’'HAwog

O nAwo¢ amoteleital and 80% udpoyovo (Hy), 19% nAlo(He) katl to umdAouro 1%
elval peilypa meploocotepwv amd 100 xnuikwv otolxeiwv.0 AALOG €ival €va TUTIKO
aotépt pe pdda 2X10% kg, axtiva 700.000 km, nAwia 5X10° xpovia kat urtoAoyileTal
OTL €XEL MMPOOTA Tou AAAa 5  Sloekatoppvpla xpovia wnc.H emudavelokn
Bepuokpaoia Tou ival ~ 5.800 K, evw n sowteptkn eival mepimouv 15.000.000 K.H
udnAn Bepupokpacia tou NAOU odelAeTal OTIC AUTOOUVINPOUUEVEG TIUPLVIKEG
avTIOpACELC TTIOU CUHBOIVOUV OTO ECWTEPLIKO TOU KOTA TLC OTOLEC UETOTPETIETAL TO

udpoyovo oe NALo.ZVpudpwva He T Bewpla autr, n TuPNVIKA avtidpaon:
4H — JHe+evépyeaia

Sikaohoyel, pe To AR Halag, TNV EKAUOUEVN eVEPYELQ, PE BAon TN yvwaotr oxéon E=Am
*?, amo v ekl Bswpiar TN oxeTkdTNTAC.YoAoyileTatl OTL yia KAOs ypoupdpLo
uSpoYdVOU,ToU peTOTPETETAL O He, ekAUeTaL evépyela ion pe U=1,67 x10°KWh. H nAwakn
evépyela Sladidetal oTo cUMMAV KUPLWG e NAeKTpopayvnTIK aktvoBolia aAAd Kal pe

owpatdlakn popodn.
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2.1.1 H Uotaon tou HAtakoU Ddopotog

H Stapopdwon tou pAacpatog tou GwTOG TOU EKMEUTEL O HALOG TIPOCOMOLAlETOL
ouvnBw¢ pe TNV aktwvoPBolia evog péEAavog cwpatog Bepuokpaciag mepimou
5.800K, 600 eival katd péco 0po, n Beppokpacia tg pwtocdalpag tou HALou.H
TIPOCEYYLON AUTH €lvol EMOPKAG yla TN MEAETN Twv Bepuikwv epapuoywv tng
NALOKAG akTvoBoAlag, OxL OpwE Kat yia T dwToBoATaikr HeTatponn Tng, adou
autn kaBopiletal anod tn pwTtovikr clotaon TNG akTtvoBoAlag.Autd cupBaivel
eneldn n duvatotnta anoppodnong twv pwrtoviwv TG aktwvoBoAiag o évav
NULOYWYO €EXPTATAL OUCLACTIKA Ao TN oUYKPLON TNG TLUNG TNG EVEPYELAG TOUG

LLE TO EVEPYELOKO SLAKEVO TOU NULaywyou.

H avaykn yia Aemtopepn e€€taon tnG PpacUATIKAG oLOTAONG TNG NALAKAG
oktwvoPBoAiag yivetal ¢pavepr) mapatnpewvrag TG SladopEC TOU TPOYUOTIKOU
ddaopatog tou NnAlakoU ¢GwWIOC CE OXEON HME QUTO TOU HEAQAVOG OCWHUOTOC

Bepuokpaoiag 5.800K, onwg dpaivetal kat oto akdéAouvBo oxnua:

20K

- ol
o o«
T T

AxrwoBolla, kWh /mEum —
o
o
T

0,2 0,5 1,0 1,3 2,0

— A, WM —

Ixnua 2.1: to ddaopa tng aktvoBoAiag mou avtloTolXel oTNV EKTTOUTIH HEAAVOG
owpatog Beppokpaocioc 5.800K(sEwteptkn cUVEXNC YpOUUR), To daoua TG idlag
TiNYNG UETA Uotepa amod anoppodroels anod to 6Jov Kal and okeSACELG Ao Ta
oLwpPoLEVA CWHOTIOL TNG aTuoodalpaG(aoUVEXNC YPOUUA) KAl TO TIPOYHOTIKO
ddaopa tng nAlakng aktwofoAiog mou ¢$Bdavel otnv emidpdvela tng yng o€

OUVONKEC LETPLOC LYPOOLAC( EOCWTEPLKN CUVEXNC YPOAULN)
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EvSelkTik) AAAWOoTE TNG eMidpaong tng atuoodalpag otnv nALakr aktvoBoAia sival
n e€aptnon tng évraong tng amd 1o UPOUETPO TNG TomoBeoiag mou SExeTal TNV
aktwvoBoAia.Etol €xel petpnBel otL, evw otnv enudavela tng BAlaocoag n pEyLotn
WA TG évtaonc TS nAtakr aktwvoBohiog eivat 900-1000 W/m?  n tuh tne
au€dvetat katd mepimouv 7 W/m? yia kdBe 100 pétpo Uouc g tonobeoiag,eneldn
HELWVETAL avTioToLXa TO TAXOE TOU OTPWHATOG TNG atpuocdatpag mou dtaoyilouv ot

NALOKEC QKTLVEG.

To 6lov, mou eival adBovo ota avwTEPA OTPWHATA TNG atpoodalpag, anoppodd
gvtova TNV umeplwdn aktvoBolia kot ewdikotepa otnv meptoxn 0,2-0,35 um, TO
Hoplako ofuyovo amoppodd Kupiwg otnv meploxn tou gpubpou (myx 0,63 kat 0,69
um),to Sto€eidlo Tou avbpaka oto unépuBpo(2,7 kat 4,3 um) Kot oL udpatuol oto
€puBPO Kal oto unépuBpo.Emiong, amo tn cuvoAkr nAtakn aktvoBoAia ou ¢pOAvel
otnv empavela TG yng ouvnbwg Alyotepo amd to 60% eival dueon,oe popodn
6€0UNC QKTWVWY, TIOU MTOPOUV TIY VO €0TLACTOUV UE  KATtomtpa | ¢akouc.H
umoAounn sivat dtaxutn,SLOTL €XEL TPONYOUUEVWE OKESAOTEL KoLl avakAaoTel ota
Sladopa cwpatidla kal otayovidla mou alwpouvtal otov agpa,avaloya BERata pe
TN ovotaon TG ATHOodALPAG KOL TO MAKOG TNG SLadpoun g tng aktivoBoAiag péoa oe

OUTAV.

2.1.2 Arakvpavon the HAwakic AktwvoBoAiog

Onwg avadépbnke mopamdvw n nAlakr aktvoBoAia mopouclalel  HEYAAEG
SLOKUMAVOELG.ZTA TIAPOKATW oxAuata ¢aivovtal mapadsiypata NG OUAAAG
HeTABOANG TNG €vtaong TNG NALOKNG aktvoBoAiag katd tn SldpKeLla TG NUEPAC YLa
3 eVOELKTIKEG NUEPOUNVIEG( kKadoKaipt, AvolEn kol dpOLVOTIWPO,XELLWVA) O CUVONKEG
davikd kaBapol KalpoU.XapaKTNPLoTIKO UEYEBOC elval n TWA TNG €vtaong Tng
NALaKNG aktvoBoAilag(évtaon ayung), mou HeTpATOL 0TO NALOKO peonuépL, dnAadn
otav o nAlog PBpioketal oto peyaAutepo UYPog tou opilovta,to omoio dev eival
OVOYKOOTLKO VO CUUTILTTEL PE TO WPOAOYLAKO HUECNUEPL, TtX otnv ABrnva €xoupe
NALOKO HEONUEPL  OTav TO pPoOAOL Oeixvel 12:25 1o Yewwva kot 13:25 10

kaAokaipt,étav loxVeL n Bepvi wpa.
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IXNUa2.2 : AlakUpaveon Tng Evtaong Tng NALOKAG akTvoBoAlag mou déxetal pia
opllovtia emidavela otn SLApKeLa 3 XOPAKTNPLOTIKWY NUEPWY TOU £TOUG(OL WPEG

elval og NALOKEG TLUEC).
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‘Exoupe ndn toviocel OTL n €vtacn TnG NALAKNAG akTtlvoBoAlag mou d€xetal pia emimedn
TP AVELA YIVETOL ONUAVTIKA HEYOAUTEPN OTav BplokeTal oe KATAAANAN KALON, WOTE
N TMPOOMTIWON TWV OKTWWV va yivetal KABeta.itnv mNMePMTIwon auth,omnmwg
avadEpbnke mapandvw, N LEYLOTN LoXUG TNG AKTWVOPBOALOG TO NALOKO UECNUEPL OTLG
EUVOIKOTEPEG NUEPEC TOU £TOUG 6 SladEpel mapa MOAU amd TOMO € TOMO KAl N
Ty 1KW/m? amotelel pio OAO  xovSpwr,aMd TAVTWE YEVIKA  OtOSEKTH

T(POCEEYYLON.

21N SLApKELA TOU £TOUC,0TO BOPELO NULODAIPLO, O APLBUOC TWV PWTEWVWY WPWV TNG
NUEPAC, N MEYLOTN LOYXUE KABWG Kal N GUVOALKH NUEPNOLO EVEPYELD TIOU SEXETAL PLaL
opulovtia emidpavela, GTAVOUV OTIC UEYLOTEG TIUEG Toug ot 21 louviou(Bepvo
NALOOTACLO) Kal TEDTOUV OTIG QVTIOTOLXEC €EAAXLOTEC TIMEC TOug ot 21
AskepBplou(xelpnepvo nALOOTAGCLO).2TIC eMIdAVELEG, OUWG TIX ToU Pplokovtal o€
KAlon lon pe to yewypadilkd mapAAAnAo Tou TOToU, N UEYLOTN TLUA TNG LoXVOG TNG
NALaKNG aktwvoPoAiag eival ota nALOKA peonpépla Twy onueplwv(21 Maptiou Kot

21 ZenttepBplou),610TL TOTE €YOVTAL KABETA TIG OKTIVEG TOU AALOU.
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Ixnua 2.4:Alak0povon tng Eviaong tng NALakng aktwvoBoAiag otn Sldpkela Twv
WPWV ULag NUEPAC pe pepLkn VEPwon.H acuvexng KapmuAn Seixvel Tnv avtiotolyn

Stakupaveon yla kabapo oupavo.
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Otav o0 oupavog €xel ouvveda, n KeETABOAN TNG éviaong TG NALAKNG aktvoBoAiog
otnv erupavela TNE yng yivetal avwpaAn, onwe ¢paivetal oto mapanavw oxriua.Ot
TIAPATNPOUHEVEC ATMOTOUEG MTWOELG TNG €vtaong odeihovtal otnv mapeUPoAn evog
VEDOUG TIOU HETAKIVEL O Avepoc.Emiong, TOo ypriyopo MEPOAOCUA €VOC OUNVOUG
TIOUALWV 1 EVOG AEPOTAAVOU HEoa amo tn SE€0Un Tou nAlakou GwTog ou SExeTal o
OUMAEKTNG Kataypadetal oe pio mMOAU ofela oTyplala mTwon tng &viaong tng
oktwvoPBoAiag.MapatnpoUpe,akopa, EEAPOELG TTIOU EEMEPVOUV TLG KOVOVIKEC TIEC TNG
NALOKAG aktwvoBoAiag oe ouvBnkeg kabBapou oupavoul.Mpodavwg ota aviiotolya
Xpovikd Staotipata Ba cupBaivel aBpolotikiy enibpaon TG dpeong aktivoPoAiog
anod tov AAo,UEca amd €va AVOlyHa TwV VEGWV, KoL TNG OVOKAWUEVNG amd T

ocuvveda.

2.2 HAwakn ZtaBepa

O ONUAVTIKOTEPOG TTAPAYOVTAG TIOU SLaopdWVEL TNV oYXV TNG NALAKNG akTlvoBoALag
glvat n 6éon tou NAlou oe oxéon He TO onueio TNG ng mou O&éxetal TNV
aktwvoPBoAia.Q¢ nAwakr otabepd opiletal n pory NG nALOKAG aktwvoPoAiag mou
TIPOOTUTTEL O€ pio povadilaia emipavela KABETN OTIC OKTIVEG TOU NALOU OTO OPLO TNG

atpéodapac:

Gsc=1367 W/m? Ty} mou éxet mpotadei pe afepatdtnta 1%.

| >
+

Nadpgipog =1,39x10 L
= 1.27%10m
=884x10Mi 'HAIOQ 79(;;“[

M
} |

I HMaxr] oTodepd |

=167 W2~ |

B (GSC =433 bruMhr [

i =492 mim?hr |

-1 €98% d’m
H awdoraon sivan =9,3x10;m| +/-1.7%

IXAU02.5: To oxNua Selvel oXNUATIKA TN YEWUETPLKN oxéon nAlou-yng, n
EKKEVTPOTNTA TNG TPOXLAG TNG VNG ElvaL TETOLO, WOTE N amdotoon KeTagy Toug va

netaBaAetal katd 1,7% ot péon andotaon twv 1,495X10 m
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Onwg elval yvwoto n évtaon NG nAlakng aktvoPoAiag peTaBAAAETaL KATA TN
Slapkela Tou 24wpou,Aoyw TEPLOTPOPNC TNG yNG TEPL TOV Afova TNG Kol KATA T
SlapKela Tou £Toug, AOyw NG meplotpodnG NG ynG yupw amd tov NAlo ot
eMNEUTTIKA TPOXLA, TO emimedo NG omoiag ovopdletal ekAeuttikn.H petafoAn tng
QamoOoTOOoNG TNG YNG OO TOV NALO £XEL WG ANMOTEAECHA TN KETABOAN TNG akTvoBoAiag
EKTOG atpoodalpagc.Av eival Gy, n €vtacn tng aktwvoBoAiag ektdg atudodalpag o
emninedo KAOETO MPOG TG AKTVEG TOU NALOU KAl Gy N MEON TR TNG NALAKAG

otaBepac,Ba eivat:

| 360-n
G. =G.|1+0.33cos ——
| 365

Omou:
n :oL péPeC Tou €toug n=1,2,3...365 ue apyxn tnv 1" lavouapiou.

G:n aktwvoBoAia mou SExetal eMinedo KTOC aTUOoPALlPAC KAl KABETO OTIG AKTIVEC

ToU NALou.

H rtukvétnTa toxvog tThg NALakig aktvoBoliog AapBdvel tn peyaltepn tur tnv 1"
lavouapiou.Auto cupPaivet S1OtTL ToTE N amodotacn RALOU-YNG elval n KKPOTEPN OO
OAn tn Sldpkela Tou £€Touc.Ouwe, yia pla opovtia emibavela TonoBeTnUEVN OTO
Bopelo nuiodaiplo n aktvoBoAia TOU TPOOTIMTEL €lval UIKPOTEPN TO XELUWVO KL
autd odeidetal otnv kAlon ™G ync.H KAlon NG yng €XEL WG QATMOTEAECUA N
HEYQAUTEPN €evEpyelo amd Ttov NALO va ¢Ttdavel Otov Ol OKTIVEC TOu HALoU
T(POOTITITOUV KABETO OTNnV TePLOXN TNV omola e€etaloupe.la o Bopelo nuodaiplo

0UTO cupPaivel Toug KAAOKALPLVOUG UAVEG.

2.3 HAwakn) Fewpuetpio

2.3.1 Opiopoi

v Aéplog Malo AM: 10 TT00OOTO TOU avaAOYel ard To PAKOG TNG MATog TG

atpoodatlpac to onolo Stacyilel n §€oun TNG Apeong aktvoBoAiag wg mpog
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TO UNKOG TNG Halag TG atpuoodalpag mou Ba mepvouaoe €av o NALOG TAV OTO
Cevi® tou(bnAadn aupeca amd mAvw).Katd ouvémela  otn otabun TNg
BdAaocoag,p=1 6tav sivat o AALog oto Levid katl p=2 yio ywvia Zevid 60°.Ma

ywviec ZeviB and 0 éwg 70° otn otdBun tng BAAACONC,KATA TTPOCEyyLon

LoYVEL:

cos -

Ixnuo2.6 :Mala tou agpa
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T AM LopPatikic cuvhikeg Toyic niwoxig

axTivofoiriag
(Wim?)
AMO 1o hidotpa, £€0 and Ty atpdéopaipa. 1350
AM1 O fhog oo Levif. Kabetn npocntmon oe 1060
emupavalo 6t 6Tadun g Bdhaccac. Enpn
aTuécealpa.
AM2 Andotacn niov 60° amd to Cevif. Kabetn 880
TPOGTTMG GE EMQAVELL 6T1) 610NN TNg
Odlaoccoc. Enp1) aTtpdécparpa.
AM3 Amdéotaon fhov 70,5° and To Cevif. Kabetn 750

TPOGTTMOGY G EMPAVELD GTT| 6TAOUN TNG

Odlaccoc. Enp1j aTtpdécparpa.

Mivakag: Npotumneg TEG Twv AM

Apeon aktwvoBoAia: n nAlakn aktvoBolia mou mpoorintel an’ euBeiag anod
Tov AAl0 Xwplc va £xel umootel okédaon amo tnv atpuoodalpa( n Aueon
aktwoBoAia avadépetatl cuxva wg direct 1 beam aktivoBoAia).

Awayvutn aktwvoBolia: n nAtakr aktivoBoAila mou €xelL umooTel okéSaon amo
Vv atpoodatpa(avadépetal kot wg diffuse aktivofolia).

ZuvoAwkr) aktwvoPBolia(total solar radiation): to dBpolopa TG Apeong Kot
™¢ Slayxutng nAlakng aktwoBoAiag mavw oe pla emudavela(ocuvnbwg ot

HETPNOELG NALOKAG aKTIVOBOALQG €lval LETPAOELG TNG CUVOALKAG OKTLVOBOALaG

o€ pia opllovria eMPAVELR, CUXVA KAAOUUEVN KOOULKN ETLHAVELQ).

Global = Direct + Diffuse

IxAU02.7: APLOTEPA N KOTOVOUN TNG LECNC EVEPYELAG OVA TETPOYWVLKO

24



HETPO,aVAAUUEVN O€ AEeDN Kal SLaxutn aktvoBoAia.Asld pETpnon NG GUVOALKNG

NALOKN G akTvoBoAlac.

v TMukvotnta woxvog axtvoBoliog G: (povasdo W/m?),eivat o puBpoc e tov

ormolo n oaktwoPoAia mpoomintel oe pa  emudpdavela,ava  povada
emupavelac.To cuUPBoAO G XpnOLUOTOLEITAL YL VA EKGPACEL TNV TTUKVOTNTA
LOXUOG NG NALOKAG aktwvoBoAiag,ue Ttoug KataAAnloug &eikteg ylwa TNV
aueon, Staxutn r; cuvoALKn aktivofBoAia.

NMukvotnta evépyetag aktvoBolriac: ( povada J/m?), n mpoomintouca
eVEpPYELlX Ot pla emipavela,ava povada emnipavelag.YrnoAoyiletal anod tnv
OAOKANPWON TNG TUKVOTNTAG LoXUOG akTlvoBoAlag katd tn SLApKeLa €VOG
kaBoplopévou xpovou,ocuvnBwe pia nuépa f pia wpa.H €kBeon otnv nAlokn
oktwoBoAia elval €vag Opo¢ TOU LOYXUEL KATA OUYKEKPLUEVA Yyl TNV
aktwvoBoAia nALaKAG EVEPYELAG.

HAwaki wpa(solar time) : n nAtakn wpa XPNOLLOTIOLEITAL YLAL TOV UTTOAOYLOUO
OAwV TwV YwVLwV Tou avadépovtal otov NALO Kal StapEpPEL amod TNV TOTKNA
wpa AOyw NG KAlong Tou afova TNG yng Kot TNG EKAEUTTIKNAC TPOXLAC YUPW

aro tov NnALo.

2.3.2 IhoupKEC SUVTETAYUEVEC

H B£on tou NAlou oToV oUpaVO €VOC TOTIOU TIEPLYPAETOL CUVABWG PE 2 YWVIEC: TO

U og tou NAlou( a R h) kat to alipovBlo tou AALoU (y).

‘YPog tou RAlou(a): eivalt n ywvia mou oxnuoatiletal avapeoca otnv
katevBuvon Ttou NAlou kal otov opilovta.

AQpou01o(y): eival n ywvia mou oxnuatifetal mavw oto opLlovtlo eninedo
ovapeoca otnv mpPoBoAn Tng katevBuvong Tou NALOU KAl OTOV TOTIKO
pHeonuBpwo Boppa-votou.0 6pog mpogpxetal amd tnv apafikn AEEn as
summut, ou onuaivel katevBuvon.Mpo¢ ta 6e€ld and 1o vOTo, To NALAKO
o{lpouBio maipvel OETIKEC TLUEG KOL TTPOG TAL APLOTEPA OPVNTIKEG TLUEC.KaTa
™ SldpKeLla TNG NUEPAG,TO UYPOG Tou NALOU Kal To allpouBlo petaBailovral

oUVEXWE KABWC 0 NALOG SLATPEXEL TOV OUPAVO.

To alipouBio eivat:

25



Mo voTLo mpooavatoAlouo y=0.

Mo ywvieg SuTikd amo to voto maipvel BETIKES TIUEG

< N X

Mo Ywvieg avatoAlkd armo To VOTOo MaipVEL APVNTIKES TLUEG.

ZeviBLakn ywvia Tou RAou: avti yla to UPog, XpnoLUoToLELTAL EioNG ouXVA
N CUUTANPWHATIKA TOU ywvia,dnAadn n ywvia avapeca otnv katevBuvon
TOU AALOU Kal oTnv Katakopudo, mou ovoudletal {eviBlokn amootaon( n

ZeviBlakn ywvia) tou AAou(6;).
Emopévweg cUUPwWvA HE TO TTAPATIAVW LOYVEL:
h=90°-8;

ZeviB €lval To onpelo Tou oupavol TIOU CUVAVTA N KATAKOPUHOG €VOG TOTIOU KAl O

0pOoC TPOEPXETAL Ao TNV apafiki Aé€n Senit mou onuaivel euBéla 060¢.

e Qplaia ywvia tou RALou: opiletal w¢ wptlaia ywvia (w) Tou AALOU N YwvLaKn
amootacn Tou RALOU and TNV nAlokn HeonuPBpia Adyw meplotpodng TN yng
nepl tov dfova tnNGC.ZTNV nAlakh peonuPpio w=0° evw KkdBe wpa n w
peTaBAAEeTOL KOTd 15°.TIC MPWIVEC WPEG N W Elvat BeTIKA(+) Kal KATA TLC

OTTOYEUMOTIVEG yiveTal apvnTkn(-).

HAlakn 9 ¢ i | g
~1 1ROy A\ ~ 3
}‘M?E.}A‘()‘-’J.h oA | ~ | &
iy l o /.
| W L
i W

NOTOC TOU

/: et
\ B
qW .
R
\ “

Bopp&g To0
maeaTNPNT!

Nabip

IXAU02.8: TO TOTILKO cUOTNUA CUVTETAYUEVWYV ZeviB-Nadip To omoio deixvel tn

dawopevn nUepnoLa Kivnon Tou AALOU.
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o Tswypadiko mAdatog(d): Tou TOMoU eival pla ywvio mou opiletal and tnv
guBela MOV EVWVEL TO KEVTPO TNG YNG E TO ONUELO TOUNG TOU LONUEPLVOU KOl
TOU PECNUPBPLVOU TIOU PG eVOLOPEPEL KaL N EUBELD TTOU EVWVEL TO KEVTPO TNG
YNG UE TO ONUELo TOU HaG eVOLADEPEL OTO OUYKEKPLUEVO HECNUPPLVO TTOU
TIEPVA QO TO onpelo auTto.H ywvia Aowumov autr) mou opiletal pe kopudn to
KEVTPO TNG yNG KoL AVAKEL 0TO HECNUBPLVO eTtimedo Tou TOMOU pag opilel Tnv
akpLBn B€on tou TOMoU MAvw otnv enudpavela TnG ynG.TEAog yvwpilovtag to
YeEwypPaPLKO TTAATOC Kol TO HeonuPBpLvo,yvwpiloupe kat tnv akpBr B€on tou

TOTOU MAVW 0TNV EMLPAVELA TNG YNG.

To yewypadko mAATog eivat mavw otoug pecnuPpivouc ‘BOPEIA-NOTIAkalL maipvel
Tpéc 0° péxpt 90° yia to Podpelo nuodaipto kat ard 0° péxpt -90° yia to voTo
nuwodaiplo.

-90%<< 90°

o TlEWUETPKO MNKOG €VOC TOMOU elval Lo ywvia mou oxnuatiletol amo to
UN6eVIKO peonuPBpVO Tou TOmou mou pag evdladépel.Me to yewypadiko
UAKOG TPOCSLOPIlOUE AV O TOTIOG HAG EVOL «OVATOALKA» 1} «SUTKA» TOU
undevikol peonuPpwvol.To yewypadikd prikog maipvel tipég 0° éwe -180°

yla TOmou¢ avatoAikd tou Greenwich ki artd 0° éwg 180° yia tOOUG SUTIKA

tou Greenwich.

M'vwpilovtag autd ta Hey£On €xou e Tn SUVOTOTNTA OTOV LONUEPLVO VO oplooupe e’

okpBwe tn B€0n evog TOMou otV emidaveLa TS ynge.
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IxNUa2.9: NlewypadlKEG CUVTETAYHUEVES EVOG TOTIOU

e AnokAwon(8): eival n ywvia mou oxnuatiletal avapeca otnv gubeia mou
EVWVEL TO KEVIPO TNG YNNG UE TO KEVIPO TOU NALOU Kal oto eminedo tou

LonuepvoL Kot paivetal 0To MAPAKATW OXAHOL:

lonpepIvag

Zxnua2.10: anokAlon oto enimedo Tou LonpepPLVOU

H tiun ¢ anodkAlong 6 dev eival otaBepr 6An tn Stdpkela Tou Xpovou aAAd aAAdlel
avaloya pe tn B€on Tou NALOU TOU KL AUt oAAAlEL avaAoya PE TIG ETOXEC TOU

XPOVOU,EXEL BETIKEG TIUEG AOUTOV yla TO BOpelo NUIOGALPLO KAl APVNTLKEG yLO TO
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NotLo.H tun mou naipvel kabe popad n anodkAon & deiyvel To LPog To NAou,dnAadn
av o AAog sival ‘PYnAd’ | ‘xapnAd' otov oupavo.Avaloya HE TnV €moxn O NALOG
nepva elte ‘PYnAd’ elte ‘yoapnAd’ amno tov kabe tomo.Eival yvwoto OtTL To Kalokaipt o
AALOG avatéAAeL vwpitepa To pwi kat Suel apydtepa to Bpaddu kat OtTL Bploketal
‘YnAd’ pokpld amo tn yn.AvtiBeta to Yelpwva avatéAAeL apyotepa Kol SUEL
vwpitepa kot Pploketal ‘yapnAotepa’ otn yn.Zuvenwg n amokAon & maipvel
HUEYAAEG TIUEC TO KOAOKOLPL KAl HLKPEG TO XELMWVA,UE MPEYLOTN T ot 21
louviou(6=+23,45°) kot ehdyiotn TR ot 21 AeképBpn(6=-23,45°).H oxéon mou

HLOG ETILTPETIEL TOV UTIOAOYLOMO VLA OTIOLASATIOTE HEPQ TOU £TOUC Elva:

4

(360-(284+n)

O =23.45s1n

. 365

Mnvag Huépa tov pijva Hpépa tov £rovg
Lavovaprog 17 17
DePpovaprog 16 47
MapTiog 16 75
Ampiinog 15 105
Maonog 15 135
Tovviog 11 162
Tovliog 17 198
Avyovotog 16 228
Xentéufprog 15 258
Oxtafprog 15 288
Nogupprog 14 318
Asgképpprog 10 344

MivoKaG:XOPAKTNPLOTIKEG NUEPEG KABE pRva Kat 0 aplOuog tng otn SLapKeLa Tou

£TOUC

Otav,0pw¢, amaltetal 0 UTTOAOYLOMOC TNE HEONC KNVLOLAC NALOKAG OMOKALONG, TOTE
yla kdBe pAva xpelalOUOOTE MO XOPAKTNPLOTIKY NUEPQ TNG omoiag n nAlakn
amokAlon elval n TANOLEOTEPN TPOC TN MEON TOU avIloTOou pAva.H
XOPOAKTNPLOTIKN UEPA ylo KABe pAva Kabwg kal o aplOpog tng otn SLdpKeELa TOu

£Tou¢ Silvovtal oToV MapPATAVW TIVOKO.
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Ag 60U e, OpwG, Alya yUpw amd tnv nAlodavela,ylati mpayuatika §gv €xoupe OAn
™MV nuépa nAtodpavela Aoyw PuOLKA TwV KAPKWYV dalvopévwy.Katapxdg €xouue

TNV MPAYUATLKA Kot TN BewpnTikn nAlodavela.

OQewpnTtikA nAlodavela eival oL WPEG Tou 24wWPOU AVAPECO OTNV AVOTOAN KOl OTh

S6uon Tou AALou.

Mpaypatik nAlodpdvela ival ol WPEG eKEIVEC KATA TS omole¢ o NAlog Oev

KaAUTtteTal and cuvveda.

HAwodeyyeig sival ol nuépeg ekeiveg otn Slapkela Twv omoiwv o NAog bev

KaAUTTeETaL KaBOAou anod cuvveda.

AvRALeG slval oL NUEPEG eKElVEC O0TN SLAPKELA TWV OTIOLWV 0 HALOC KOAUTITETAL OO

ocuvveda.

Exovtog umoylv TNV mpayuatiki nAlodavela o€ €va TOMO,T0 CUVOAO Twv
NALoPeYYwWV Kal avAALWY NUEPWV UITOPOUUE VO LEAETIIOCOUE IE OPKETH akpiBetla av

KOl KATA TTOoOV €UVOEL ULla WTOBOATAIKN EYKATAOCTOON KATIOLOG TOTIOG I OXL.

2.4 O nAtako¢ TUAAEKTNCG Kot 0 MpocavaToALGUAC TOU

HALOKOGC OUAAEKTNG €lval  HLOL  OUYKEKPLUEVN  €TULPAVELO(UE OUYKEKPLUEVEG
Sl00TAOELG) TTOU OKOTIOG TNG lval va ‘palevel’ Tnv nAlakn aktwvofoAia kot avaloya
UE TNV mepintwon(texvoloyla mou xpnolpomnoleitatl) va Tt HeTatpEéPeL oTnV avaloyn
pHopdn evépyelag, NAEKTPLKA €VEPyEla OTavV TPOKeLTal yla dwtoBoAtaika,Bepuikni
EVEPYELXL OTAV TIPOKELTAL yla  emimedou¢ NnALAKoUG OUAAEKTEG uypol HEOOU
KTA.Ekeilvo mou pag evéladépel ival pe oo tpomo Ba TonmoBeTricoupe To CUANEKTN

HOG £TOL woTe va ‘palevel’ 600 to duvatov KaAUTEPaA TNV NALOKN akTvoPoAia.
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IxNUa2.11: nALokOG CUANEKTNG

Eva amd ta onUOVTIKOTEPO OTolXEla KABE OUOTAUATOG TOU EKUETAAAEVETOL TNV
NALOKI EVEPYELA E(VaL O TIPOOAVATOALOUOG TOU NALAKOU CUAAEKTN O OXEON LE TNV
katevBuvon tN¢ NALaKN G aktvoBoAiog.Onwg n B£on Tou AALOU OTOV OUPAVO,ETAL KOl
0 TIPOCAVOTOALOUOC €VOC emimedou otnv emidpavela TG yng meplypadetal amod 2

YWVLEG: TNV KAlon kat TV allpouBla ywvia.

H kAion tou cuAAéktn (B): slval n 6iedpn ywvia mou oxnuatiletol avAapeca oTo
enineSo Tou GUANEKTN Kal oTov opilovta Kot UIopel va tdpet TG amod 0° péxpt Kal

180°.MNa ywvieg B>90° to emimedo Tou GUANEKTN Elval OTPAUUEVO TTPOG TA KATW.

H afipouBia ywvia touv ouAAéktn(y): sival n ywvia mou oxnuoatiletat mavw oto
optlovtio eninmedo avapeoa otnv PoPoAr TnG Katakopudou Tou CUAAEKTN KAl OTOV
TOTKO pECNUPPLVO Boppd-votou.Maipvel Tipég amo -180° péxpt 180°.H mukvotepn
lox0¢ plag Séoung nAlakng aktvoBoAiagmavw oe éva eminedo culAéktn Ba
TipayUaTomoLleital 0tav N emidpAveLd Tou elval KABetn mpog tnv KatevBbuvon tng
aktwoBoAiag, SnAadh otav n ywvia npdomtwong (8) eivat 0°.H ouvBrkn,opws,
autn 6ev eival evkoAo va e€aodaAloTel KABWE 0 NALOC CUVEXWC METAKLVELTAL OTOV
oupavo Kata T SLApKeLa TNG NUEPAC.EXOUV KATAOKEUAOTEL INXOVIKEC SLATAEELS TTOU
EMAVATIPOOAVATOAL{OUV CUVEXWE TO CUAAEKTN,WOTE N €MAVELA TOU VA OVTIKPLleL
mavta  kaBeta tov nNA0.OL Sotaelc Oopwg autég elval  damavnpEg  Kal

ToAUTAOKeG.EtoL n  xprion Ttoug OwkawoAoyeital HOVO O TIEPUTTWOELG
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edapuoywV,0MwE OTA CUCTAUATA CUYKEVIPWUEVNG aKTwoBoAiag pe dakolg n

KATOTTPAL.

Boppag

IxAua 2.12: n kAlon (B) kat n alipovBia ywvia(y) mou xapaktnpilouv tov

TIPOCAVATOALOUO €VOG emtimedou NALAKOU CUAAEKTN 0TV eMLPAVELD TG YNC.

2.4.1 H BéAtiotn KAion tou TUAAEKTR

2TI oUVNOLOPEVEG TTEPLUTTWOELG Ol CUAAEKTEG TotoBeToUvVTAL O otaBepn KAlon Kol
alipovbla ywvia,mou emAéyovtol WOTE N ywvia TN¢ MPOOTTWONG TNG NALAKNAC
aktwvoPBoAiag va eivat 600 to Suvatov UIKPOTEPN KATA Tn SLdpKELo TOu €TOoud.H
ywvia mpdéontwong tTN¢ NALAKNG aktvoPoAlog cuvdEeTal Pe TIC AAAEC YWVIEC TNG

NALOKN G YEWUETPLAG, MOV avadEpOnkav mapandvw, we eEAG:

CosB=sind*sind*cosp-
sinb*cosdp*sinB*cosy+cosd*cosd*cosp*cosw+cosd*sind*sinB*cosy*cosw+cosd*sin
B*siny*sinw

Ot enimedol CUAAEKTEG XPNOLUOTIOOUV TNV AUECN Kol Tn Staxutn aktwvoPfolAia Kot
ouvnBwg TomoBetouvtal und otabepn KAlon Kal TPOoaVATOALOUO Katd tn SLdpKeLa
TOU £TOUC.H emtAoyr) Tou gUVOiKOU MPOCAVOTOALOMOU Kol TNG KALONG TOU GUAAEKTN

elval To oNUAVTIKOTEPO UETPO Yyl TN BeAtiwon tou nAtakol képdoug.H B€on tou
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OUAAEKTN emnpealel TNV amodoor] Tou Katd 2 TpOmnouc.Mlpwta ennpedlel ONUOVILKA
TO TO0O0 TNG NALAKAG EVEPYELOG TIOU TIPOOTUMIEL OTNV  €mMPAVELD TOU
OUMAEKTN.AKOMO N B€on Tou OUAAEKTN emnpedlel To ouvteleot dafaong Twv
Sladavwv KAAUPHATWY KoL TO OUVTEAEOTH anoppodnong tou anoppodntipa,adou
Ol 2 CUVTEAEOTEG €lvalL CUVAPTAOELG TNG YWVLOC,TIOU N akTvoBoAla TPOCTITEL OTNV

eTULPAVELQ TOU CUANEKTN.

*d

H. kWh/m?

0 1 1 L T A (W | 1 1 L 1 I

| ® M A M | | A X O N A

Ixnua 2.13: mapadelypa tng e€aptnong TG LEONC NUEPOLAC NALOKNC akTvoBoAlag
H mou &€xetal pia eminedn ermupavela katd tn Stdpkela Twv SLadopwv Pnvwy Tou

£€TOUC,0€ ouVAPTNON UE TNV KAlon tn¢.

levikd n peyoAUTepn moootnTa TG NALAKAG evépyelagAappavetal o pia Nota
npooavatoAlopévn kAlon.Eav n emidadvela tou cuAAékTn Sev avtikpilel akplBwg To
NAto,T0 Tood NG WPEAUNG EVEPYELAG, HELWVETAL EAadpd ot pwa ywvio 30°
OVATOALKA,SUTIKA 1 voTla.H kAlon yla cuoTtAuata mou AELTOUPYOUV OAO TO XPOVO
elval 45°evw avtiBeta ylo cuOTAMOTA TIOU AELTOUPYOUV KOAOKOLPLVOUC MAVEG
AopBdvetal pikpotepn mepimou 25°Etol eival Suvatdv va aflohoynBei 0pBd n

EYKATAOTOON  NALOKWYV  OUOTNUATWV(I.X  nAlokol  OUAAEKTEC) woTe  va

BeAtiotonoinBel n andédoon toug.
Zuvoyilovrag:

» H Béltotn ywvia kAlong(B) Oa mpémel va elval mepimou (on He TO

YewypadLko MAATOG Tou ToTou(d).
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» Kata t Sudpkela tng Bepivrg meplodou: n BEATiotn ywvia kAlong (B) mpémet
va eivat mepimou 10-15° pikpdtepn amnd To yewypadkd MAATog Tou Tomou.

» Koata tn Sldpkela tng XeWMEPLVNG TepLlodou:n BEAtotn ywvia kAiong (B)
MipEmeL va elvat tepimou 10-15° peyalitepn oo to yewypadkd mMAATOg Tou
tomnou ().

> O Béhtotog mpooavoatolopdg(aliuovBlo y) eivalr votog (y=0° )evw
amokAton katd 20-30° amd voto €xel MKp Emidpacn otnv E€Thola

OUMAEYOUEVN EVEPYELQ.

Ta 0PN tou nAiou adopoulv ta avtioTtolya NALOKA LECHUEPLA.

: 21 louviov
Qﬂ Mapr.

21 Zent,

e

21 Aex.

Ixnua 2.14: n BEAtiotn KAlon evog nAtakol cuAAEKTn oto Bepvo(21 louviou) kat to
XEWWEPLVO(21 AsképBpn) Kat otnv eapvi(21 Maptiou) kat tn $pOwvonwpvi(21

semtepPpiov) wonuepia,oe pia tonobeoia pe yewypadikd mAdrog 38°,6mwe n ABrva

Ta moapamavw oxVoUV yla T oUAAOYn TNG APEONG NALAKNG oKTlvoBoAlag mou
gépxetal oa &éoun amo tov NAto.Na tig AAAEG AlyOTEPO ONUAVTIKEG HOPDEC TNG
NALOKNG aKTvoBoAlag, 0 KuplOTEPOC Ttapayovtag eival n armoAUTn T T KAlong
ToUu OUMAAEKTh,aveéaptnta amd tn O£on tou nAlou.EtoL,000 n KAlon améxet

TIEPLOOOTEPO ATO TO OPLIOVTLO,TOCO UEYAAUTEPO TIOCO AVAKAWUEVNG AKTIVOROALAG
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and to £6adog déxetal 0 OCUANEKTNG,AAAA KOL TOOO MIKPOTEPO TOCO OLAXUTNG

aktwvoBoAiag amnod tov oupavo.

MNa mapadelyua,ce MEPLOXEC UE LYPO KALUA, OTIOU AOYW TwV otayovidiwv Tou vepou
otnv atuoocdalpa,Eva PEYAAO HEPOC TNG NALOKAG aktvoPoAiag Slaxéetal otov
oupavo, n BEAToTn KAlon tou nAtakoU cUAAEKTN €lval yla TN Sldpkela 0AOKANPOU
Tou €toug eival repimou 10-15% pikpdtepn amd Tn Ywvia TOU TOTUKOU YEwypadLlkoU
TAATOUG.ETOL, O OUAAEKTNG OVTIKPL(EL TEPLOOOTEPO TOV oupavo Kal SExetal

adBovotepa tn Stayutn aktivoPfoAia.

H moootnta tng avakAwpevng nALakng aktivoBoliag eaptdtal MEPLOCOTEPO OE
HEYAAO PBabuo amd to UAKKO ToU KOAUTTEL TNV €emLPAVELX TIOU OEXETOL TNV
aktwoBoAia.H wkavotnta tng avakAoaong ekppaletal amd €va CUVIEAECTH TOU

Kupaivetal amo 0 ywo mAnpn amoppodnon ¢ aktvoBoAiag péxpt 1 ywa mAnpn

avakAaon.

e s TUVTELEGTHC

Eidoc smoavsiag R P

UVAKALACIS
Emodveia vepov, Odlacoa 0.05
AcouiTocTpOpY 0.07
Avypoc LLE GKOTEWVOYPOUL YO 0.08
IIpacivoc aypoc 0.15
Bpuydin emoedveia 0.20
Emodvela Taiaiol TOIUEVTOD 0.24
Emoedaveia véou TGIUEVTOL 0.30
X10v1 0.60

IxAua 2.15: mapadelypata TLWV TOU CUVTEAEOTH AVAKAOONG TNG NALOKAG

oktwoBoAiag

2Tn ouVEXELa aKOAOUBOEL £vag TivaKag HE TO YEwWypadLkO MAATOG(KATA TTpoaéyyLon)
Stadopwv eAANVIKWV TTOAEwWV KaBw¢ Kat ol {wVEG TIoU €XEL XWPLOTEL 0 EAAASLKOC
XWPOC VOTEPA ATO HUEAETEC TIOU €XOUV KAVEL EMIOTHUOVEG HE BAon kKuplwc TIg
KALLATOAOYIKEC ouvOnkeg(Bepuokpaocia otn Oldpkela TG UéEPAC R TOu

ELKOOLTETPOWPOU, TNV Lypacia, TNV NALOPAVELX,TOUC AVEUOUC TTOU ETILKPATOUV KTA.)
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IIohn 1 mepuoyy

Tzwypogwko nAatog

Sidnporactpo, Aidupotenyo,
Opzonida, Propwe, 'Edscou,
Thovwnied, K,

Séppeg, Apane, Kofidi.a

41 30

Edaven), Kopotmywj, ALeZavapoumoi)

Kuctopud, IItodeparon, Kolav,
Naovew, Bepow, Kutepivn,
®egsoioviin, [lodvyupog, Sopodpaxn

Kownrtoa, T'pefevi, Avzoyeopo,
Koooavopo, Anjpvog

Eipxupo, Hyovpsvitoo, Imownve,

Mstoofio, Tpikaio, Kopditeu, Aoprea,

Bolog

Agvkeoo, Ilpepelo, Apta, Kepreviel,
Agpug, Zxvpog, Muwdapm

Kegurinvie, I6axn, Avpivio,
Mezookayn, ITatpa, Apgihoyie,
Afadad, Ohijfio,

Nuixide, Xiog

Zaxkuveog, Apuiede, Kehipputo,
EdpivBog, Miyapo, Exsuciva, A61jve,
Pouprpve, Kapuetog, Avépog, Ixapio,
Zapog

Iupyog, Meyoiomoin, Tpimoir), Apyog,

Neavmiao, Hopog, Svpog, Hatnog

Ivkog, Kedepeta, Sxapn, Hepog,
Nadog, Kalvpvos, Kog

Tv@s10, Mijiog, Tavropivi, Pasog

Kionpo, Kastehopiio

Xowa, Pé6uivo, Hpaxheo, Kioeog,
Kdapnobog

Xope Sookiey, Tepanitpa,
Ay Nwokoog Kpijang , Kuapog

IXAU02.16: yewypadlkd TMAATOC(TPOOoEYYLOTIKA) Stddopwy EAANVKWV

TIOAEWV/TiEpLOXWV

KEDANAIO 3

OQTOBOATAIKH ENEPTEIA

3.1 EIZArQrH
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ITIC UEPEC HOG N TTopaywyn NAEKTPLKNG eVEPYELag otnplleTal KATA To HEYOAUTEPO
TTOOOOTO TNC OTOUG HEYAAOUC BEpUONAEKTPLKOUG Kal USpONAEKTPLKOUC oTabpoug. Ot
TIOPOTAVW HOPPEC TTAPAYWYIC EVEPYELAC KATAVOAWVOUV TIETPEAALO, HUCLIKO AEPLO,

KApBouvo 1 oupavio Kot AAAC OXACLUA UALKA  XpnoLdomololV udatontwoelg. OAeg




OLWG QUTEG OL EVEPYELAKEC TINYECG EXOUV OXETLKA TIEPLOPLOUEVEC TIPOOTITIKEG ol Ta
0€pPLO, LUYpPA I OTEPEA KAl YEVIKA OUMPBATIKA KaUOoLHa, AGAAQ KOL Ta TTUPNVLKA
kavoua, e€avtlovvral Babutaia, evw Kat n USPONAEKTPLKI EVEPYELA ELVAL TTOCOTIKA
KaBoplopévn Kal yewypadlkd TEPLOPLOUEVN. EmumAéov, yvwotég eival kot ot
TEPIBAAOVTIKEG ETIUTTWOEL] TWV TAPATIAVW HOPPWV TAPAywYNG EVEPYELAG,
KaBlotwvtag amapaitntn TV  avamtuén Kol XpAon TEXVOAOYLWWV yla TNV

EKUETAAAEUON ATILWV POopdWV EVEPYELAC.

To evlladépov yla tnv nAlakr evépyela evtabnke otav xapn oto dwtofoAtaiko
dawopevo, dlamotwbnke n MPAKTIKA Suvatotnta TNG €UKOANG, QUECNC Kol
amodOTIKNG METATPOTING TNG OF NAEKTPLIKN EVEPYELD HE TNV  KOTOOKEUN
dwtoBoAtaikwv yevwniplwv. H dwtoPfoAtaikiy HEB0SOC UETATPOMAG TNG NALAKAG
oKTWVOoBOALOG 0€ NAEKTPLKN EVEPYELA EXEL KUPLWG TTAEOVEKTAMATA, AV e¢apeBolv To
OXETIKA UYPNAOG KOOTOG yla TI TEPLOCOTEPEG €£POPUOYEG, N aduvapla TNng
dwToBOATAIKAC YEVVATPLOG VO TIAPAYEL CUVEXWG NAEKTPLKA EVEPYELA AOYyW TwWV
SLoKUMAVOEWY TNG LoXUOC TNG NALAKAG akTvoBoAiag katd tn dldpkela Tou 24wpou
KOl N amaitnon tneg XpNoLomnoinong LEYOAWV OXETIKA ETMLGAVELWY AOYW TNG UIKPNG

moLoTNTAG TNG oXUo¢ TNG NALaKNG aktwoPoAiag. Ta TAEOVEKTAUOTO TNG

dwTOoPOATAIKNC HETATPOMNAC TNG NALOKAG EVEPYELAC O NAEKTPLKA E€lval Ta

okOAouBa:

1. Avavewolun Kal eAeUBepa SlaBEaiun evepyelakn mnyn.

2. Ikavormolntiky anddoon HETATPOTNC.

3. IXETIKA €UKOAN HEBOOOC KATAOKEUNG TWV NALOKWY KUTTAPWV OO TPWTIES
UAE£C.

4. oAU peydAn dldpketa {wng Twv NALAKWVY oTolxeiwv(touAdxiotov 25 xpovia).

5. Ta nAokd otolxela O6ev €xouv KlvoUpeva HEPN Kol elval oxedov
amoAAaypéva amd tnv avaykn emiBAedng kat ouvinpnong. AKOUA KoL OE
neptmtwon BAABNG, n amokatdotaon tng Astoupylog yivetal eUkoAa Adyw
¢ omovOUAWTAG Hopdng TNE pwrtoPoAtaikng Statanc.

6. H dwtoPoAtaikn petatponn dev mpokadel punavon oto mepLBaiiov, oute
Bo0puBo N GAAn evoxAnon kot &g Snuloupyel amoBAnta 1 axpnota

mapanpoiovra.
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7. Aiveltn duvatotnta avefaptnoiag amo Keviplkd nAekTplkad Siktua SLavoung,
KaOLoTWVTOG TN pla AOYLKOU KOOTOUG TIAPOXI) EVEPYELOC OE EYKOTOOTAOCELG
QTOLOKPUGUEVEC A0 TO KUPLwG SIKTUO SLaVOUNnG NAEKTPLKNG EVEPYELAG.

8. OL ¢wtoPoAtaikol otabuol pmopouv va AeltoupyoUv HE OCO WULKPR oYU
{ntnOsl.

9. H avaloyia TnNg mapayopevng LoXUog mpog to Bdapog Tng datagng elvat
OpPKETA HeyaAn, mepimou 100W/kg, mou eival onuovtikn SLotnTa ylo T
SLOOTNULKEG EDAPUOYEG.

10. H avarmntuén tng TeXxvoloyiag Twv NULOYWYLHLWY UALKWY KAl N OUVEXAG LElwoN
TOU KOOTOUG Tapaywyng toug, odnyouv o otadlakr Helwaon KAl Tou KOOTOUG

TwV dwtoBoAtaikwv mMAalciwy.

3.2 DQTOBOATAIKO ZTOIXEIO

Ta kUpla oUCTOTIKA TWV GWTORBOATAIKWY YEVWNTPLWY Kol N Kapdld KAOe
dwTtoPoATAIKOU CUCTAMOTOC UETOTPOMNAG TNE NALAKNAG OKTVOBOAIAG 08 NAEKTPIKN
evépyela eival ta dwtoBoAtaikd otoweia [ dwrtootolxela A nAlakd KUTTOpPA N
KupeAideg. Auta eival Siodol nuaywywv o popdn diokou, mou kabwc S€xovrtal
otnv enidpavela toug TNV nAakn aktwvoPolria, ekdnAwvel pia dtadopd Suvapikou
OVAUECO OTNV EUTPOC Kol otnV Miow oYPn toug. Avaloya PE TO UALKO KOTOOKEUNG
TOUC KoL TNV €vtaon aktwvoPoAiag mou d€xovtal, €va NALOKO KUTTOPO UIMOPEL va
dwoel uéxpt 0.5-1.0 Volt kat mukvotnta pevpatog peExpL 20-40mA avd cm2 tng
emupaveiag tou. To €d0¢ ToUu NUIOYwWYoU TIOU ETIAEYETOL WE UAKO KOTOOKEUNG
dwtoBoAtaikwyv oTtolxeiwyv, KaBoplleTal He KUPLOTEPO KPLTpLo OTwG Ba Soupe Kol
OTN CUVEXELQ, Ao TNV TLUN TOUu evepyelokol SlakEvou Tou n omola kaBopilel kat
Vv anoddoon tou otolxeiou. Q¢ ouvteleotrg anodoong i amlovotepa w¢ anodoon
evoG pwtoPoAtaikol otolyeiou opiletal o AOYoC TNG UEYLOTNG NAEKTPLIKNC LOXUOG
TIOU TAPAYEL TO OTOLXELO MPOC TNV oYXV TNG NALAKAG aktvoBoAilag mou S€xetal otnv
empavela Tou. Xto oxnua 3.2 BAEMOUUE OTL oL HEYOAUTEPEG BEWPNTIKEG ATTOSOOELC
HETATPOTNG TNG NALAKAG aKTWOPOAloG elval mepimou 25% Kol HUMOpouvV va
npayuatonotnbouv pe dwtoPoAtaikd OTOKElD Ao NULAYWYOUC UE EVEPYELOKO

Slakevo mepimou 1.5eV.
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To mupitio anoteAel To PACIKOTEPO UALKO yLO TNV KOTAOKEUH NALOKWY KUTTAPWY LaL
Kol amoteAel To Kuplapxo UALKO OTNV KOTOOKEUN NUlaywywv. Ta ¢pwTtofoAtaikd
otolyela amd mupitio KATAoKEUAIOVTAL XPNOLUOTIOLWVTAG E(TE LOVOKPUOTAAALKOL N
moAukpuotaAAikol Siokol, eite Aemtd ¢GUAAa mupttiou (dpopdo). Me tn ocuvexn
avénon otnv mapaywyn NUIYWYLHWY UALKKWY Kal tn BeAtiwon tng texvoloyiag
TupLtiov, n anddoon Twv NALOKWY OTOLWXELWV TOPOUGCLAlEL Ulat CUVEXN auénon
TMANGoLAlovTag TN UEYLOTN BEWPNTLKA TN TOUG Kal Ue tapdAAnAn paydaia peiwon
OTO KOOTOG TOuG. [l TNV eKTiUnon TOu KOOTOUG TWV NALAKWV OTOLKElWY
XPNOLUOTOLE(TAL 0 cupPBatikog 6po¢ watt awung (Wp, peak watt) mou eival n
eAaxLotn amaltoVevn €MPAVELD TOU OTOLKEIOU yla TNV Topaywyr NAEKTPLKAG
Loxvog 1W otav d€xetatl nAtakr aktwvoPolia pe mukvotnta woxvog 1kW/m2 . M.y.
KOOTOC nAlakou otolyeiou 10€/Wp onuaivel OTL TO KOOTOG €VOG I TIEPLOCOTEPWV
NALOKWVY OTOLXELWV HE TOON OUVOALKH ETLPAVELA WOTE VO TTAPAYOUV NAEKTPLKH LOXU
1W, otav ekteBolv oe aktwvoBolia mukvotntag 1kW/mz2 , eivat 10€. AnAadr to Wp
ekppalel ocuvduaopéva TO KOOTOG KATOOKEUNG OE OXECN HME TNV Oamodoon Tou
NALAKOU oOTolxelou. 2to katwbL oxnua (3.1) mapouotdaletol out n TOPEia
avantuéng Twv pwtoPoAtaikwy oTtoleiwy, TOco am' tnv okomd Tng avénong tng

apoywyng 600 Kal ar' TNV oKOTLA TG LElwonG Tou KOOTOUG.

Itnv  EAAGSa, OSuotuxwg b&ev  €xouv  edapuooTeEl  EUPEWG  TpoypAUpATA
EKUETAAAEUONG TNG dwTOoBOATAIKNC EVEPYELAC, TTop' OTL TTOAAOL AdyoL cupBaAouy yla
to avtibeto. H euvoikn yewypadik Béon kat 1o KAipa, WOlwg OTI( VOTLOTEPEC
TEPLOXEC TNC (SéxeTal apKeTd onpavTky nALKr aktoBolia, mepimou 4600MJ/m?
£TNOLWCE, KATA HECO OpO, G OUYKPLON He 8000 MJ/m? OTLC TPOTUKES TIEPLOXEC KO
2200 MJ/m? KoVTd OTIC OPKTIKEC TIEPLOXEC), KABWCE Kat N UTOPEN ATTOMOVWHUEVWY Ka
OPALOKATOLKNUEVWY TIEPLOXWV KUPLlwG ota vnold, Sivouv peydda meplbwpla otn

Stadoon twv dwrtoBoAtaikwv epapuoywv.
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Ixnua (3.1) :MNaykdouta cuvoAikn mapaywyn dwtoBoAtaikwy oToXeElwv

[1976-1998, NREL '99, Ayres '98]

3.3 HMIAIQrol

Ta dwrtoPoAtaikd otolxeia OMwe avadEpOnKe MPONYOUUEVWEG KaTOoKeualovTal
Kuplw¢ amd nuaywyol¢ Tou eival otowxela tetpacBevy pe  TETPAESPLKA
KPUOTAAALKN Sour omwce To nupitio (Si). Zta otoela auvta dev untapxouv eAsUBepol
dopeil¢ nAektpkol pevpatog kot &g SLABETOUV NAEKTPIKN AYWYLLOTNTA OTNV
UTOBETIKA TEPUTTWON TOU 0 NULAywyos Bploketal otn BegpeAwdn evepyelakn
kataotaon, 6nAadn eivat evieAwg umoPadbulopévog evepyelakd. Otav OpwG
arnoppodrioouv Kkamolwa afloAoyn evépyela, TLX. ME TN Hopdr Bepuotntag N
oktwvoBolAiag, mpayupatomnoleital po pulik HeToBoAr. H gvépyela Tou MOpEXETAL
OTO CWHO KOl KOTOVEUETAL OTA ATOMA TOU, TPOKAAEL tnv €AeuBépwon MOAAWV
NAgKkTpoviwyv amnod toucg deopolC. Ta NAEKTPOVIA AUTA 66£VOoUC QMOUaKPUVOVTAL ATTO
TNV TEPLOXT TOU SECUOU TOUG OTO KPUOTAAALKO TAEYUA, XAPN OTNV KLVNTLKA EVEPYEL
TIOU amoKTnoav Kal yivovtal gukivntol ¢popeic tou nAsktplopou, Sivovtag otov
NULAywyo pia afloAoyn NAEKTPLKA aywyluotnta. Eival ¢avepd OTL TO €VEPYELOKO
Slakevo avapeoa otn {wvn oBévoucg kat otn lwvn aywylpotntag skdpalel tnv
€\AXLOTN QMOULTOUMEVN EVEPYELA yla TN SLEyeEpan evoc nAektpoviou oBévouc, wote

va petatparnel oe eEAeUOgPO NAEKTPOVLO, e TAUTOXPOVN SnpLoupyia LLag OmAg.
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Av ota nAektpoévia Twv SECUWV TOU KPUOTAAAOU TpoodepBel pla moootnTa
eVEPYELAG TLY. av dexBouv pa Séoun aktivoBoliag mou amoteAeital and pwtdvia
HE evépyela hv HIKPOTEPN Mo To evepyelakd Stakevo (Eg>hv), 6 pmopolv va tnv
amoppodrnoouV Kal pévouv otn {wvn 06évouc. Av OUWCE Ta evepyELaKA KBAvTa mou
npoodépovtal eival ioa | HeyallTepa amd TO EVEPYELAKO SLAKEVO TOU NULAywyoU
Ag<hv), ToTe KABe KPBAVTO pmopel va amoppodnBel anod éva nAektpovio oBévoug Kall
va to dleyeipel mpog tn {wvn aywyluotntag, adnvovrag otn {wvn cBévoug pia omn.
O mapamdvw HNXOVIoUOG SLEyepong e€0PTATAL KL OO TO AV O NULAywyog elvat

AQUEDOG I EUUECOC.

Goron
am

& Elecirore shame
" by roichbourng
atoms .

Ixnuo(3.2): KpuotaAAiko mAEypa mupLtiou pe dtopa vobeuong

Av Twpa o TeTpacBevng NULaywyoc Si, voBeutel pe kamolo meviacBOevég otolyeio
(pwodopog, P)  pe kamolo tplobevég otolxeio (Boplo, B), TOTE £XOUUE NULAYWYO

TMPooui&ew TUTIOU-N KoL TUTIOU-P avTioToL KA.

Téooepa amd ta mévie nAektpovia oBévoug kaBe atépou P, Ba evwBouv pe
NAEKTPOVIA 0OEVOUG TWV YELTOVIKWY ATOUWV Si Kal Ba oXNUATIOoOUV OUOLOTIOALKOUG
6eopolg (oxnua 3.5). To méumto nAektpovio (dopéag mAelovotntag) Oa
ouykpateital oAU xaAapd amd to BeTKO Mupnvikd doptio tou P kal pe Alyn
EVEpPYELXL MMoOpel va amoomacBel kot va Kiveltal oav €AeUBepo nNAEKTPOVLO,
adrvovtag eva aviov (P+) mou pével akivnto oto mAEypa. AnAadn 1o mevtaobeveég

ATOHO CUMMEepLPEPETAL 0TO MAEYHa oav OTNC nAektpoviwy (TUTOG-N NULAYWYOC).
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Avtiotowa, pe TNV MPOoULEn TploBevwy atopwv B oe mAeypatikég B€oelg tou Si,
Snuoupyouvtal Keveég BEoelg nAektpoviwv otoug deopolg (oxnua 3.5). Me tnv
anoppodnon Alyng evépyelag, €va nNAEKTPOVIO Ao £va YELTOVIKO MARpn Seoud
umnopet va koAU eL Tnv Kevr B€an, adrivovtag mapdAAnAa otnv mponyouuevn B€on
TOU HLO OTTH KOl UETOTPEMOVTIAG TO ATOUO B og katov (B-). AnAadn 1o TploBeveg
Aatopo ocuumepldpépetal oav anodektng nAektpoviwy (Ppopeig pelovotntag) r 66tng

OTIWV (TUTIOG-P NHLAYWYOG).

Otav og pla mMePLOX TOU nUlaywyol umapxel dnuoupyla 1 ékxuon popeéwv oe
neplooela, autol Slayxéovtol MPoC TG GAAEG TEPLOXEG TOU NULAYywWYoU OToU N
OUYKEVTPWON TWV avtiotolwv dopéwv eival pikpotepn. Emiong otav éABouv oe
otevn enmadn &va TEUAXLO NULAywyoU TUTIOU p HE £va TEUAXLO NULOywyoUu TUTOU N,
SnAadn oxnuotiotel plo évwon p-n (dtatagn 8todou nuLaywyou), TOTE Eva LEPOG
Qo TLG OTEC TOU TEHAXLOU TUTIOU p SLaXEETAL TTPOG TO TEUAXLO TUTIOU N OTIOU OL OTIEG
elval AlyOTepeC KOl OUYXPOVWC £€va UEPOC amo Ta eAeUBepa nAektpdvia TOU
Tepayiov TUTIOU N SlaXEETAL TTPOG TO TEUAXLO TUTIOU p OTOU Ta EAeVBepa NAEKTPOVLA
glvatl oAU Ayotepa. H avaulén auti twv ¢popewv Kal N av€énon Tng CUYKEVTPWONC
TWV GOPEWV PELOVOTNTOG OTLG TIEPLOXEG KOVTA 0T Slaywplotiki emudavela (meploxn
opaiwong) Twv TeEHA)iwV TUTOU p KAl N, OVOTPEMOUV TNV LOOPPOTILAL TTOU UTIPXE
mpwv. H amokatdotaon Twv cuvlnKwv LoopPoTiag YIVETAL PHE EMAVAOUVOETELS TWV
dOpEWV, PEXPL OL CUYKEVIPWOELG TOUC VA TIAPOUV TIUEC TIOU VA LKOVOTIOLOUV TOV
vopo dpaong twv palwv. H cuyKEVIPWON TWV KATIOVTWY OTA oMol PETATPATINKAY
Ol QUIMOGEKTEG OTO TUAMA TUTIOU P KAl N, TIOPAUEVOUV APETAPBANTEG adoU Ta LovTa,
OMwG ouvnNOwe OAa Tl ATOUA OTO OTEPEA, LEVOUV OKivNTA 0TO cwia. ETol To UAIKO
XAVEL TOTUKA TNV NAEKTPLK oudeTEPOTNTA Kal oL dU0 TMAEUPEC TNG €vwong p-n
doptilovtatl pe avtiBeta nAektplkd ¢optia. Anuloupyeitat Aowuov pla Stadopad
Suvaplkol, TOU N TN TNG €lval OXETIKA UIKPH, GAAA TO EVOWUATWUEVO QUTO
NAEKTPOOTATIKO Tedio eumodilel TNV mapamnépa Slaxuon Twv GopEwv MAELOVOTNTAC
TPOG TO QMEVAVIL TUAUA TNG €vwong. To amotéAeopa eival otL n &iodog mou
TIEPLEXEL TNV £VWON P-N, TAPOUCLALEL EVIEAWC SLOPOPETIKA cupTepldopd otn pon

TOU NAEKTPLKOU pEVUATOG, avaAoya He TNV ¢opd Tou.
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210 oxNua dpaivetal pio uhomoinon 166ou og éva KPUOTAAALKO NALAKO KUTTAPO

nupttiou.

IMayog kehtow:
Iepimov 0.3 mm

n- Huayoyog

- ; Yrootpouo

-
=

p-n Emoen

p-Huayoyog

Katovalom

(ZxNua 3.3):HAlako kOTtapo KpuoTaAAkol uptLtiou

3.4 ®QTOBOATAIKO ®AINOMENO

Ta nAlakd otolxeia eival 6iodol nuilaywyou pe t popdn evog diokou mou dExetal
™V nAwokn oktivoBolia. Kabes dwtovio tng aktwvoPoAiag pe evépyela ion n
HEYAAUTEPN ATIO TO EVEPYELOKO OLAKEVO TOU nULaywyou, €xeL Tn duvatotnta va
armoppodnBel oe €va xnUIKO Oeopd Kal va eleuBepwoel €va NAEKTPOVLO.
Anploupyeital €tol, 06co Slapkel n aktwvoBoAia, pla mepioosla ano gvyn GopEwv
TIEPA ATTO TLG CUYKEVTPWOELG TIOU AVTLOTOLXOUV OTLG ouVOnKeG LooppoTtiag. Ot dopeig
autol, kKaBw¢ KukAodopouv oTo oTePED Kal epooov dev emavaouvdebolv e popeic
avtiBetou mpoonuou, punopet va Bpebolv otnv mepLoxn ¢ Evwaong p- n, onote Ba
S6exBouv tnVv emnidpacn tou nAektpootatikol tn¢ mediov. Me tov TpoOMO AUTO, TaA
eAeVBepa NAEKTPOVLOL EKTPETIOVTAL TIPOG TO TUAMA TUTIOU N KOL OL OTIEG EKTPETOVTAL
TPOG TO TUNHA TUTIOU p, UE amoTéAeopa va dnuoupynBel pla Stadopd duvapikou
OVAUECO OTOUC OKPOBEKTEC TwV U0 TUNUATWY TNG dLodou. H ekdnAwon tng tdong
oUTAG avapeoa otic dvo OYPelg Tou pwtlopevou Siokou, n omoio avTLoTOLKEL o€
opBn moAwon tng S10bou, ovopaletal PwtoPfoAtaikd datvopevo. H Siatan
QMOTEAEL ULt TNy PEVHATOC Tou Slatnpeital 000 SlopKeL n TPOCTITWON TOU

NALKOU GWTOC MAVW OTNV ETILPAVELX TOU OTOLYELOU.
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Otav éva pwtoPoAtaikd otolxeio Séxetal kat@AAnAn axtivoPolia, Sieyeipetal
TapAyovtag NAEKTPIKO pEUUQ, TO dwTopeupa IP, ou n T Tou Ba eivat avaioyn
TPo¢ T Ppwtdvia TIou amoppodd To oTolxeio. H MukvOTNTA TOU GWTOPEUUATOG

Sivetal amnd tn oxéon 3.1:

Ag

I,=c¢ j S(A)[1=R( W]DO)A

0

(3.1)

Omou e, e&lval To OTolKElwdeG nAeKTplkd ¢optio kot Ag, TO UEYLOTO
XPNOLLOTIOLOUEVO HUNKOC KUUATOG aKTwoPoAlag otov nuiaywyo. SA) eivatl n
daopatikn anokplon mou opiletal w¢ to MARBoG Twv Ppopéwv mou GUAAEyovTaL oTa
NAEKTPOSLa TOU PwToPoATaikoU otolxeiou oe oxéon He tn dwtoviky pon O(A),
dnAadn pe to mARBog Twv Ppwtoviwv NG aktivofoliag mou €xetal To oTolKElo ava
povada emidaveiag KaL XpOVoU E EVEPYELA TIOU AVTLOTOLXEL OE UNKOG KULLOTOG o

A péxpL A+dA. K(A) elvat o deiktng avakAaong tng emtpavelog Tou otolyeiou.

3.5 HAEKTPIKA XAPAKTHPIZTIKA TON ®QTOBOATAIKON

Ma va yilvel pLoe ektipnon Twv NAEKTPKWY XOPAKTNPLOTIKWY Kal TNG AELToupylog
evoG dwtoPfoAtaikol otolyeiou, pmopel va BewpnBel OTL amoteAel pla mnyn
peVUATOG TIOU eA€yxetal amod pia 6lodo kal OtTL meplypadetal amd 1o TOAU
amAomnotlnuévo Slaypappa tou oxnuatog 3.7 mopakdtw. 2To .ooduvapuo autd dev
oupnephapBavetal n avtiotacn AOyw TG Kivnong Twv ¢opéwv HECA OTOV
NULAYyWYO Kol ot emadeC UE Ta NAEKTPOSIA, OMWE OKOUA KAl N Un Amelpn

avtiotaon dltapéocou tng dL0dou Kat Ta avanodeukTa peupaTa SLOPPONG.

Y€ oUVONKEG avVoLXTOU KUKAWHATOG, Ba amokataotabel Loopporia 6tav n Tdon mou
Ba avantuxBel avapeoa otig SUo 6YEeLs Tou otolxeiou, Ba mpokaAel Eéva avtiBeto

pevpa movu Ba avtlotabuilel To pwTOPEL A, VLA TO OTtOLo Kal Ba LoyUEL:
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;| (3.2)

IxAua 3.4: AmAomolnpévo LooSUVAIO NAEKTPLKO KUKAWUA eVOC pwToBoATaikoU

oTolxeiou.

omou ly, lval to avaoctpodo pelpa KOPOU, e To oToLXELWSEG NAEKTPLKO dopTio, k n
otaBepda Boltzmann, T n amoAutn Bepuokpacia Kol Yy £vag OUVIEAECTNC TOU
ovAaAoya UE TNV KOTOOKEUN Kal TNV molotnta tng 6todou maipvel cuvABWE TLUEG

HETAEL 1 KoL 2. ATTO TNV MAPATTAVW OXECN, N TACN OVOLXTOKUKAWMATOC Ba lvat:

. AT (1, T ( lr,_;

= 111‘2 ID | J; jrﬁ | IL.' — Ifmr . 111!& 7

ac

(3.3)

H mapamnavw oxéon Seixvel tn AoyaplOuikn petaBoAn tng Voc o cuvaptnon HE To
ly, SNAadn pe tnv Evtaon tng aktivoBoliog mou dExetal To pwtoBoAtaiko otolxeio
Kall TNV €€aptnon Tng amo T S1adopes LOLOTNTEC TOU NULAywYoU. ITNV GAAN akpalo
nepimtwon, dnAadn oe cuvbnkeg PpaxukUukAwong avdpeoca ot dUo OYELS Tou
otolxeiov, To pevpa BpaxukUKAwong Ba LooUTal PE TO MAPAYOUEVO PWTOPEUUA,

Isc=Ig>.

Otav 10 KUKAwHA Tou pwToBoAtaikol otolxeiou KAEIOEL SLOAPETOU ULOG EEWTEPLKAG
avtiotaong Ry, To pevpa Ba mApEL pLo HIkpotepn TN I mou Bploketal pe t Alon

™ e€lowong :
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efi-Re
le=Ts—Io-(e™" -1)
(3.4)

MNpodavweg Ba uTapxeL KATOl T TNG avtiotaong, dnAadn tou ¢optiou Tou
KUKAWHOTOC, ylot TNV omoia n woxU¢ mou mapdyel to pwtoPfoAtaikd otolxeio Ba
yivetat péylotn (Pm=ImVm). Ztig ouvbnkeg auteg, Ba avtlotolel pia BEATIOTN TAON

Vm, mou Sivetat amod tn Avon tn¢ e€lowong:

.Ir e:- LI.'I = :.-:-
Gl +1=(1+— | -
Io y kT
(3.5)
210 Slaypappa Tou oxnuatog 3.8, ¢paivovral Ta MOPAMAVW XAPAKTNPLOTIKA LEYEDN
TIOU XpNoLUomoLlouvTaL yla TNV afloAdynon tng cupmnepldopdc Kot Asltoupyiag Twv

dwtoPoAtaikwv otolxelwv kat kabopilouv tnv anddoaon Toug.

=

Y TO GKOTHO1

210 QMg

Ixnua 3.5:Xapaktnplotikn KapmuAn évtaonc (1) - taong (V) evog dwtoPoAtaikou

oTolXelou 0TO OKOTASL KAl 0TO PwC.

Q¢ mnyn mapaywyng NAEKTPLKAG eVEPYeLOC, TO GWTOPROATAIKO OTOLXElO £XEL ULaL
OpKETA aouvnBlotn ocupmnepidopd. Anhadn, o avtiBeon e TIC MEPLOCOTEPEC KOLVEG
NAEKTPLKEG TINYEG OL OTOLEC Slatnpouv Tepimou otabepry TAON OTnNV TEPLOXA

KOVOVLKNC TouC Aeltoupylag, n taon Twv wtoBoATaikwy oTolXelwv peTaBAAAETAL
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PUIKA KAl 1N YPAUULIKA O ouvApTNON WE TNV €viacn Tou pelpatog mou Sivouv oto
KUKAwQ, €0Tw Kot av n aktvoBolia mapapével otabepn. Emiong €vag mapdayovtag
mou embpad apvnTKA otnv amnodoon twv ¢wrtoPoAtaikwyv otolxelwv eival n
Oepuokpaoia. JUyKekplUéva, HE TNV auvénon tng Oepuokpaciog mpokaAesital
avtiotoln avénon tng evdoyevol CUYKEVTPWONG TWV GOPEWV TOU NULaywyou, UE
QIMOTEAECHOA VO TIPOYLLATOTOLOUVTAL TIEPLOCOTEPES EMAVAOUVOETELS Popewv. EToL,
ekdnAwveTaL LoxupOTePO pevpa Stappong dtapéoou tng Stddou, TOU CUVEMAYETAL

Helwon tng Voc kat avtiotolyn pueiwaon tng andédoong tou otolxeiou.

MNna otabepéc ouvOnkeg aktivoBoliag kal Beppokpaociog Kat yio LeETABAANOUEVEG
TLUEG OTNV AVTIOTOON TOU KUKAWHATOG TIou TPod0odoTel To NALaKO KUTTAPO, N TAon
Kall N €VToon Tou PEUMATOG TOU KUTTAPOU TALPVOUV EVOLAPEDEG TIUEC AVALEDA OTLC
OKPOLEG TIOU avTLoTOLXOUV o€ undevikn avtiotaon (BpaxUKUKAWUEVN KOTAOTOON HE
HEYLOTN TN pPeVPOTOG, Isc KalL MPNOEVIKR TAoN) KoL AmElpn aviiotoon
(avoLXTOKUKAWMEVN KATAoTAON UE UNOEVLKNA TN PEVUATOG KOL LEYLOTN TLUN TAONG
Voc), onwg daivetal oto oxiua 3.6.

Znueio

Kopmoin I-V " pEywoTIg -

- \/ lGX-OOG Pm

:E L
~— [y
L. =
: < 3
= 3 D g
> 45‘ &
ML & )
‘I RE\ L —_
v K

1 1 1 I [f ™ 1 1

-Téaon (V) -

Ixnua 3.6: KapmoAeg I-V kat P-V ¢wtoBoAtaikol otolxeiou Si yla otabepeg

ouvOnkeg aktwvoPoliag katl Bepuokpaciag.

MNapdAAnAa peTaBAAAETOL OHAAQ KoL N LOXUG TTOU TIOLPAYEL TO OTOLXELO, HUE MEYLOTN

TR Pm o€ éva oplopévo {elyog TLHWV Tdong Vm Kal évtaong Im ywa to omoio n
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KAUTTUAN TNG LoxVog¢ wg Tpog tnv taon (P-V) mapouoidlel péyloto. AladopeTika
umopel va emwOel, OTL yla TIC TWHEC AUTEC Twv Im kat Vm, to eufadov tou
opBoywviov Tou oxnuatiletal and v |-V KaumuAn kol toug Afoveg taong Kot
€vtoong peVUATOG, YIVETal péyloTo. H pabnuatik cuvbnkn yla to onueio péylotng
Loxvog elvat:

\p )

dP = r;'r -di 4 ﬂ dV =0=

L el

(3.6-3.7)

omou Rm eivat n duvauikn avtiotaon tou ¢wrtofoAtaikol otolelov. Autn n
Suvaplkn avtiotaon eival pla cuvaptnon tng aktvoBoAilag kot tng Bepuokpaociog
TwV otolXeiwv. EMopévwg yla Tn petadopd PEYLOTNG LoXVOoG amo tn dwTtofoAtaikn
yewntpla oto ¢optio evo¢ wToPBOATAIKOU OCUOTAUATOG, TPETEL va  YIVETaL
Taipltaopa tou ¢optiou otn povipwg petafariopevn Suvopkn avtiotaon Tng
YEWNTPLAG. YTApXEL KATAAANAN cuokeuny puBulot ¢OPTLONG CUCCWPEUTWY TIOU
TapokKOAOUBEL AUTO TO onUelo PEYLOTNG LOXVOG, ETILTPEMOVTAG Ula 600 To duvato
HEYaAUTEPN TtapoX NAEKTPLKAG LoXUOG amod tn PwtoPfoAtaik YEVVATPLA TIPOG TO
doptio kal tn pnatapia tou PwrtofoAtaikol cuothuatog yla diadopa emineda
EVTAOEWC TNG NALAKAG akTvoBoAiag kal SLadopeTIKEG BepUOKPACIEG TWV NALOKWV
KUTTOPWV. H petaBoAr Tng MUKVOTNTAC TNG LOXUOG TNG aKTWVOBOALOC CuVETAYETAL
avtiotolyn petaPfoAn tng Voc kat NG Isc amd to pndév yla to okotadl, UEXPL TIG
HEYLOTEC TLUEG TOUC YLa T HEYLOTN £€vtaon TnG aktvoBoAlac. Emiong, pe tnv avénon
™G Bepuokpaociag mapatnpeital aobnti pelwon tNg OVOLXTOKUKAWUEVNG TAONG,
Voc twv ¢wtoBoAtaikwv otolxeiwv. Napatnpwvtag to oxfiua 3.10 mou akoAouBel,
yla tnv aktwoPoAia mou Sivel ISC=1.25A €xoupe mepimov Im=LIA kot Vm=0.5V.
Emopévwg n KatdAAnAn avtiotacn Tou KUKAWUATOG yla va TOPAYETOL N MEYLOTN
NAEKTPLKN LOXUC amod to pwtofoAtaikd otowxeio sivat RL=Vm/Im=0.5/1.1=0.455Q. H
avtiotaon auth onwg ¢ailvetal kat oto oxNUa, eival evteAwg akatdAAnAn yla OAeg

TIC AAAec ouvOnkeg aktwvoBoAiag, adol n eubBeia pe kAion 1/0.455 TEMVEL TIG
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QVTLOTOLKEG KAUTIUAEG |-V og onueio dladopeTikod amod To onueio péylotng oxvog. H
TIUA TNG E0WTEPLKNG AVILOTAONG TOU CUCCWPEUTH (KalL oe oxéon pe to doptio
KaTavaAwong) oto ¢wtoPfoAtaikd cuotnua kabopllel KATA MOCO KOVIA OTO onuEio
HEYLOTNG LoxVog Ba Aesttoupyel n dwtoPoAtaikn yevvntpla ota peTaBoAAOpeva

enineda tng NALOKAG aKTLVOBOALOG TTOU TPOOTITTEL OTA NALAKA OTOLKELQ.

1.50

125

1.00

1{A)

Q.75

0.50

)

025 —e—

0 01 0.2 0.3
V)

Ixnua 3.7: H petatomnion twv onueiwv Asttoupyiag (ZA) evoc pwtoBoAtaikol
otolxeiou mupttiou Kal n AmMopAKPUVON TOU Ao TA AVTLIoTOLXA CNUEL TNG LEYLOTNG
toxvo¢ (MP) tng I-V kapmuAng, yia StadopeTikéC ouvOnKkeg aktivoBoliag aAld yia

otaBepn TN TNG avtiotaong Tou KUKAwHATOC tou tpododotel To otolxelo.
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3.6 ®QTOBOATAIKA NAAIZIA

H tdon kat n wxug twv dwrtoPoAtaikwyv otolxelwv eival oAU PIKpAR yla va
avtamnokplBel otnv tpododotnon Twv ocuvnOLoUEVWY NAEKTPLKWY KATAVAAWOEWV I
yia ™ $opTion Twv oucowpeutwv. ELSIKOTEpA, n TAON ToU eKONAwveL €va
ouvnBlopévo PpwtoPfoAtaikd otolxeio mupLtiou Tou eumopiou, 0€ KAVOVIKN NALOKN
aktwoBoAia, eival poAlg 0.5V mepimou kot n NAEKTPLKN LOXUE OV TAPAYEL €lval
HEXPL LOALG 0.4W mepimou. Emiong, eival yvwoto otL uno Wavikég ouvOnkeg dUo n
TIEPLOOOTEPEC OLEC TINYEG TAONG O€ OELPA TTPOOoTiBevTal OnMwg mpootibevtatl kat dUo
N MEPLOOOTEPE TINYEC PELUATOG TTOU cuvdEovtal mapdAAnAa. MNa tov Adyo auto ta
dwtoPfoAtaikd otolxeia mou mpoopilovtal yla TN ouykpotnon ¢wrtofoAtaikwy
YEVVNTPLWV cuVEEovTal o OELpad ] TapAAAnAa kot tomoBeTolvTal o€ eviaio MAaiolo

HE Kown nAekTplkn €€060 wote va tpododotouv otnv €£060 TOUC Pe TNV emBuUUNTN

Qo TOV KATOLOKEVOLOTH TAoN Kal LoyU.

IxAua 3.8:1-V xapaktnplotikn ¢wtoBoAtaikol mAalciou pe otolxeia cuvdedepéva

O£ Oglpa KoL tapAaAAnAa.

Otav ta nAltakd KUTTapa €xouv ta dla akpLBWE XapaKTNPLOTIKA, N HEYLOTN LOXUG
TIOU TalPVOUHE oo €va GwTOBOATAIKO TAQICLO LOOUTOL HE TO YLVOUEVO TNG
HEYLOTNG LoXVUOG Tou pmopel va tpododotrioel kaBe otolxelo Eexwplotd, emi Tov
oplOuo twv otoelwv. H péylotn taon €€66ou tou dwtoPoAtaikol TAALGIOU

nipooblopileTal anod tov aplOpd CUYKEKPLUEVWY NALOKWY OTOLXElWV TTou cuvdéovtal
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OE OELPA KOl TO MEYLOTO pevpa otnv £€€060 (yla kavovika emineda nAlodavelag)
npoodlopiletal and tov aplBud twv otolxeiwv ([ opada v oelpd OTOLXELWV) TTOU
ouvbéovtal mapdAAnAa. H xapaktnplotikn IV KapumiAn evog cuvoAou (8Lwv NALoKwY
otolxelwv ouvdedepévwv oe oelpd n/kat mapdAAnAa, TPOKUTITEL UE QAVTIOTOLXO
OUVOUOOUO TWV XOPOKTNPLOTIKWY TWV ETMUEPOUC OTolxeElwv. Ta dwtoBoAtaika
mAaiola mou KUKAodopoUV OTO EUNMOPLO, ATIOTEAOUVTAL OO TA OTOLXElA Ta omola
npootatevovtal and nmavw He GUANO yuaAlou f Stadavoug mMAAOTIKOU Kal amnod
KATw pe PUANO avBeKTIKOU UALKOU, ouvnBwWE HETAANOU 1} EVIOXUUEVOU TIAQOTLKOU.
To MAvw Kal KATW TPOOTATEUTIKO GUAAO cuyKpaToUvTal HETAEY TOUC OTEYAVA KOl
HOVLUO. AlopopdwVETAL €TOL N BLOUNXAVLIKI) HOvASa N omoia XpnoLUOTOLETAL WG
OUAAEKTNG OTN OUYKPOTNON TwV GWTOROATAIKWY YEVVNTPLWV. 2TO EUTIOPLO CUVABWG
Ta mAaiola moapouactalouv Taoels ano 4V wg 22V, pevpa 0.5 A wg 2.5 A, 1oxUG ayung
(mapayopevn peéylotn oxug oOtav to TAaiowo Sextel nAlakn aktwvoBoAia e
nukvotnta wyvog 1kW/m2) 2WP wg 60Wp kat cuvteleotry anddoong 6% wg 12%.
Eniong, ouxva xpnolpomolouvtal ota mAaiowa diodol yla tnv mpootaocia (Siodot
amopdvwong, blocking diodes) kat tnv BeAtiwon tng amodoong toug (Siodot

napakaudng, bypass diodes).

KEDAANAIO 4

HAEKTPIKOI ZYZZQPEYTEZ
4.1 EIZATQrH

H oTaToTIK KaTavopr tng &viaong NALAKAC akTvoPoAlog €vOog TOMOU Kal N
duvatdtnTa PETATPONNG UEPOUC aUTNG o€ KaBapn yla To MEPBAAAOV NAEKTPLKN
evépyela, debopévou Tou TpéYOovtog emumédou TNG PwToPfoAtaikig TEXVOAOyLagC,
KaOloT@ OAO KOl TILO OUXVA ETUTAKTIKA TN XPAON TwV NALAKWV KUTTAPWV WC
YEVWNTPLA NAEKTPLKAG EVEPYELOG. Ta oTATIOTIKA Sdebdopéva TG nAltodavelag evog
TOTOU avTumapatiBépeva otnv dla T $uon tou Poalvouevou, Tou xapaktnpiletol

amo TLG EVTOVEG KOL CUXVA YPRYOPEG METABOAEG, TOOO KATA TN SLAPKELA TOU £TOUG
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000 KOl KaTd tn SLapKeLla TNG HEPAG, Ba mepLopl{av TPOUEPA TO EUPOG TWV duvaTWY
epappoywv xwpi¢ tn duvatotnta TNG AMOTAUIELONG TNG NAEKTPLKAG EVEPYELAG. Tn
AUon tou TPOBARUATOG TNG CUXVAG acupdwviag INTNoNG Kol TOPOXNG NAEKTPLKNAG
EVEPYELDG, HEOW TNG Suvatotntag tng amotapieuong TG TNV TOPEXOUV Ol
NAEKTPLIKOL CUOOWPEUTEG (Umatapieg). Metatpemovtag TNV NAEKTPLIK EVEPYELD, O
OUCCWPEUTAG, TNV amoBnKeUEL 0€ XNULIKN Hopdr, Yl va TNV armodwaoeL 0TV apxLki
™G Hopdn otav umapéel {Atnon. Zto kePAAALO AUTO, EKTOG Ao Ta Baolkd oTolxeia
NG TeXVOAoylag TwV CUCOWPEVUTWY Ba EEETAOTOUV KAl TA XOPAKTNPLOTIKA TNG
AewTtoupylog Toug, Ta omola mpéEmneL va AapBavovtal unodn otav xpnotluomnotlouvral

oe dwroPoAtaika cuotuata.

4.2 APXH AEITOYPTIAZ KAI EIAH 2Y33QPEYTON

Ol nAeKTpLlkOl CUCOWPEUTEG €lval OUCLOOTLKA UETATPOTELG XNHLKNG EVEPYELOG OE
NAEKTPLKNA Ko, cuvABwg, £€xouv TN duvatdtnTa va eKTEAOUV QUTH TN HMETATPOTN KOl
mpoG tnVv avtiBetn katevBuvon mapéxovtag PE AUeco Tpomo T Suvatotnta
OUOCWPELONG NAEKTPLKNG eVEpyELag. H Suvatotnta va amoTapLleUoUV EVEPYELA Qv
TIACA OTLYUN 1 OXL €lvalL aUTH TOU XWPLlEL TOUGC CUCOWPEUTEG OTIG SUO KUPLOTEPEG
Katnyopleg. Ztnv katnyopia Twv MPWIEVOVIWV (primary) cUCOWPEUTWVY QVAKOUV
outol TIou €xouv amoBNKEUPEVN XNULKN EVEPYELD TNV OmMola KAl UIOpPOUV va Tnv
anmobwoouv w¢ NAeKTPLkr, 6ev Umopolv Opwe va emavadoptlotolv. Ol TUTIKEG
uratapie¢ ABlou TOU XpPNOLUOTOLOUVTIAL O NAEKTPOVIKEG OUOKEUEC EUPELC
KATAVAAWONG QVAKOUV O€ auTAV TNV Katnyopia kot emewdry dgv umopolv va
enavadopTloTolV Sev elval AELTOUPYIKEG oTa dwTOoBOATAIKA cuoThpaTa. AUTEC TTOU
UIopoUV va XpnotpomnotnBouv o€ TETOLO CUCTHMOTO AVAKOUV OTNV Katnyopia Twv
deutepevovtwy  (secondary) ouocowpeutwv. H  duvatdétnta  TOUG  va
enavadoptifovral €ival autr) TOU TOUuG KAVEL KATAAANAoug yla PpwTtofoAtaika
ouOTAUATA KOL O TILO ouvnBlopévog TUTOG Toug €ival ol pmatapie¢ poAuBdou-

ofeldiov.
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4.2.1. Ixedwaotikr) Soun Kot apyr) AELTOUPYIOC CUCCWPEUTWV.

H kotoaokeur Twv OEUTEPEVOVIWY CUCCWPEUTWY €eival pia Bapld Bropnxavikn
Stadkaoia mou meplhapBavel t xprnon emkivbuvwv kat toflkwv ouclwv. H
Stadkacio auth eivat ouvnBwg pallky kot ocuvdualel MANBOC OELPLAKWY KO
napoAAiAwv enefepyaciwy. Av kat n Sladlkaocia KOTOOKEUNG TIOWKIAEL amod
KATAOKEVUQOTI) O€ KATAOKEUAOTI), WOTOOO OPLOUEVA XAPAKTNPLOTIKA Elval KOWA o€

OAeg oxedov TIG unatoapled.

Electrical load /

T
|
|

/‘ Positive plate gxfl  Negativeplate
: |
) Grid & Grid
Active material Active hateqial
/ Caso
Electrolyte o
Lo

(ZxAua 4.1) : KupeAidba cucowpeutn

Aopikny povada tou cucowpeut elvat n kuPeAiba (cell), kat plo €momtikn

napouvcoiaon Tng povadag autng divetal oto oxnua 4.1.

H kueAiba eival n Baowkr NAEKTpOXNULIKN povada TnG umatapiog, ouviotatal ano
pio Betiky koL pio apvntik mAAka Tou eival BuBlopéveg oe éva SlaAupa
NAEKTPOAUTN Kal TeplkAeiovtal oe €va Soxeio. Me tn BorBesla tou MapamMAvVwW
oxnuatog Oa yivel pia meplypadr] Twv CUCTOTIKWY HEPWV TNG KUPeAISag wote va

ylvetal otn cuvéxela, o eUKOAQ KoL Katavontd n avadopd o€ oXETIKA BEpata.

Evepyo YAkO (Active Material): To evepyo UALKO gival évag cuvOUAOHOG UALKWVY Ta

omola amo t BTk KAl TV apvnTikn MAAKa, eival ol Baotkol
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OUVTEAEOTEG TNG NAEKTPOXNILKAG avTidpaong péoa otnv kKueAida. H moodtnta Tou
gvepyol UALKOU o€ pio pmatapia €ival avaloyn tng Xwpentikotntag te. e uia
TUTIKA  pmotopia poAUBSou, OnMwe e€ival Kal n MepMTwon g Mnatopiag mou
XPNOLLOTIOOUE, TO €VveEPYO UALKO eival cuvduaopog Slofeldiou tou poAUBSoU
(Pb0O2) otn Betikn mMAAKa pe PeTaAAKO mopwdn HOAuBdo (Pb) otnv apvntikn, mou

avtdpouv oe StaAupa Beukol o&€og (H2504) kata tn Asttoupyia tng pmatapiag.

HAektpoAUTNG: O nNAEKTPOAUTNG €lval TO QYWYLUO HECO TIOU ETUTPETEL TN PON
NAEKTPIKOU PEVUATOC MEOW TNG LOVIIKAG aviallayng n tg  avtaAAayng
NAEKTPOVIiWY, EMAVW OTIC MAAKEG TNG KUPeALdag. ITig pumatapieg poAuBdou eivat
SlaAhupa Beukol of€og (H2S04) og uypn nopdn n og popdn gel, evw otig unatopieg
vikeAiou (Ni) eivat Stalupa udpoteldiou tou kaAiou (KOH). Ze mepmtwoelg oav tn
SN MOg, TOU O nAekTpoOAUTNG elval uypd OlGAupa, ouxva, Omalteltal n

avanAnpwaon vepol AOyw Tou GaLvoUEVOU TNG EEAEPWONG.

NAgyua (Grid): Ze pla pmatapia poAvBdou, to MAéypa ouvnBwg eival éva mAaiolo
ano Kpapo LoAUBSou To omoio umooTtnPIleL To EVEPYO UALKO ETTAVW OTLG TTAAKEG Kall
glval aywyog nAektplkol peUpaToC. YALKA KPpAUOTOC OMwE To avtipovio (Sb) i to
aoBéotio (Ca) ouxva XpnNOLUOTIOLOUVTAL YO VA AUEACOUVE TN UNXOVLKN avToX TwV
TAOKWV KoL €XOUV XAPOKTNPLOTIKA emibpaocn ot emdooelg tng pmotopiag. O
OUOOWPEUTEG TOU CUOTHUATOC £XOUV UIKPN TiPOouEn avtipoviou (Sb < 3%) ota
BeTIKA NAEKTPOOLA, UE ATIOTEAECUA VA UTTOPOUV va AELTOUpyoUV SLatnpoUEVOL OE
APLOTN KATAOTOON CUVEXWG YLa 3 Xpovia o€ MapAaAAnAn, Asltoupyia avapoving otav
TG Stamepvael pevpa 2,23 V/cell kat Bpiokovtal o Beppokpacia neptpaiiovrog 20

oC.

MAdkeg (Plates): Ol mMAAKeg, Tou cuviotavtal and To MAEYUA KAl OO TO EVEPYO
UALKO, elval to Paclkd otolxeio tng upmatapiag kat ouvnBwg avadépovtal wg
NAEKTPOSLla. Tevikd, umapxel £€va TANBOG apvnTIKWV Kol OeTlkwv TAAKWY,
ouvdedepévwy mapdAAnAa, péoa oe pia kuPeAidba. To MAXOC TOUG KOL Ol OXECELG
TWV EMPAVELWY HETAEY TWV APVNTIKWY KAl TwV OETIKWV MAAKWVY, £X0UV KaBopLoTLKA

enidpaon ota XapaKITNPLOTIKA TNG Uiatapiag.
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Alaxwplotng (Separator): O dlaxwplotng elval éva MopwdeG AMOUOVWTIKO HECO
HETAEL TWV TAQKWV TNG pmatapiog mou eumodilel tnv aywylun emnadn HeTay
Betikol Kol apvnTikoU nAektpodiou. e TOAAEC TEPUTTWOEL O SLAXWPLOTAG
epapuodletal cav pakehog kal eplkAeiel oAOkANpo to nAektpoddio, epmodilovrag tn
Snuoupyia BpaxuKUKAWUATOC, AOYW TWV SLOXEOUEVWV UALKWY OTO KATW HEPOG TWV

TIAOLKWV.

MoéAol | Teppatikol MoAot (Terminal Poles): O ool ivat oL e§wTepLKEG OETIKES A
OPVNTIKEG, NAEKTPLIKEG OUVOEDELS TG Unatapiag. Eva ¢optio | éva dwrtofoAtaiko

oUOTNUA CUVOEETAL E TN HmaTOpia HECW TWV TIOAWV.

O TUMOC TWV SEVUTEPEUOVTWY CUCOWPEUTWYV UMOopel va avadépetal wg MoAuBSdou-
O¢teldiou (lead-acid 1) amAa Pb), NwkeAiou-Kaduiou (Ni-Cd), Apyupou-Weudapylpou
KTA, avaAoya HE TO UAIKO KOTOOKEUNG Twv nAektpodiwv toug. Ewdikotepa, 600
adopd TOUG CUCCWPEUTEG HOAUBSOU, TO KPAUA TOU MAEYHATOG TwWV NAEKTPOSiwY
TOUC, TOUG KATATAOOEL o€ urtokatnyopie¢ (MoAUBdou-AcBeotiou Pb-Ca, MoAUBSoU-
Avtipoviou Pb- Sb) kat to Kpdpa outd poll UE TOV TPOTO KOTOOKEUNG TOU
OUOOWPEUTH, KOBOoPIlEL TA XAPOAKTNPLOTIKA AELTOUPYLAC TOU KOL TIG XPOELG VLA TIC
OTIOlEC AUTOC TtpoopileTal. e OTMOLOV TUTO KOl OV OVAKOUV Ol CUCCWPEUTEG, O
UNXOVIOUOG TNG Aeltoupylag toug otnplletal oe pia aVTIOTPEMTH NAEKTPOXNULKN
Sladkaoila n omoia, ylo TOUC CUCOWPEUTEC HOAUBSou meplypadetal amd tnv

avtibpaon (4.1):

___foprian
2PbSO:+2H20 PbO2+2H2804+ Pb

exgdprion

Ot kueAideg Twv cuoowpeutwv Pb amoteAouvtal amnd (gVyn LOVWUEVWVY TIAQAKWY
BuBlopévwy oto blo Stalupa Beukol of€og (H2S04). OL mAAGKeg Tou adOPTLOTOU
CUOCWPEUTH KaAumrtovtal amnod Beukd poéAuvBSo PbSO4 () akplBéotepa Pb2+S042-).
Kata to otadio tng ¢optiong, Staomatal o Beukog poAuBSdoc kot oxnuotiletot
o&eidlo tou poAUBSou PbO2 (A akplBéotepa Pb4+022-) oTIG MAGKEG TWV BETIKWVY
NAeKTPOSiwy Kol LETOAALKOG Pb 0TLg MAGKEG TwV apvnNTIKWV. Avtiotpoda, Katd TNV

€KPOPTION TOU OUCCWPEUTH Kal Katd tnv TPododotnon Twv NAEKTPIKWV
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KaTavoAwoewv, 0 Pb ofeldwvetal ot TTAAKEG TWV APVNTIKWY NAEKTPOSIWV TIPOG

tovta Pb2+ kat Sivel nAektpovia 0to eEWTEPIKO KUKAWA
Pb-» Pb* " +2e

EVW OTLG OeTIKEG MAAKEG 0 Pb4+ avayetal mpog Pb2+, maipvovtag nAektpovia ano to

€€WTEPLKO KUKAWUA :
Pb** +2e-» Pb’*

Ta mpoiovta twv duo avtdpacewyv, dnAadn ta Lovta Pb2+ evwvovtal pe Beuka
Wvta (S04%) amd to SLdAUpa Kal emavaoxnUatilouv Beukd POAUBSO MAvw OTLC
TIAAKEC. ETOL, KATAVOAWVETAL BELLKO 0V KAl OpALWVETAL TO SLAAUpA OTLG KUPEAISEC.
Me tn Stadkaoia tng ¢optiong, Ta Beukad ovta enotpédpouv oto SLAAupa Kol n

TIEPLEKTIKOTNTA TOU amokaBioTaTaL OTNV KOVOVLKI TLUN.

‘Evag cUCOoWPEUTAG amoteAeital and pia cuvabpolon KUPEAISwWY KAl N OVOUOOTLKN
TOU TAonN €lval To ABpOLoUA TWV OVOUOOTIKWY TACEWV TwV KUPeAidwv tou. Etol, o
OUOCWPEUTAG TTOU XPNOLUOTIOLOUE, UE OVOUAOTIKN T 60Volt anoteAeital anod 30

KU EALSEC ovopaoTIknC TLUAG 2Volt n kaBepia.

4.2.2. TUITOL GUGOWPEUTWV.

Exel N6n oavadepBel OTL T UAIKA TOU KPAUATOG OTO TAEYMO TWV TAQKWY
KOTNYOPLOTIOLOUV TOUC OUCOWPEUTEC MOAUBSOU KoL VIKEAIOU OE UTOKATNYOPLEC.
Autol oL ouvbuaopol, pall pe AAQ  KOTOOKEUQOTIKA XOPOKTNPLOTIKA TWV
OUCOWPEUTWY, KaBopilouv TIC WBLATEPOTNTEG TWV EMISOCEWV TOUG KOL TLG
epapUoyEC yla TIG omoleg eival TePLooOTEPo KatdAAnAoL Mvwotol Kol gupéwg

XPNOLLLOTIOLOULEVOL TUTIOL CUCOWPEUTWV MOAUBSoU elvat:

OL ouoowpeutég poAUPBSou-avtipoviou (Pb-Sb), oL ocucowpeutég PoAUPBSou-
aoBeotiouv (Pb-Ca) oL omoiol xwpilovtal oe uypoU KOATOAUTN HE OVOLKTH N HE
odpaylopévn PBoABida e€afpwong, ot uPpldlkol ocuoowpeutéc  HoAUBSOU-
avtoviov / poAUBSou-acPeotiou, ol LOAUBSoU pe Seopeupévo KATAAUTN TOU

uropet va ivat gelled f Absorbed Glass Material (AGM).
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Mo edappoyég GWIOBOATAIKWY CUCTNUATWY, OTIOU OL AVAYKECG KOTAVAAWGONG TIOAU
onavia oupPadilouv PE TIC WPEC TAPAYWYNG KOL TNV TOPAYOUEVN TOCcOTNTA
NAEKTPLKAG EVEPYELAG, TIEPLOCOTEPO KATAAANAOL EIvVAL OL CUCCWPEUTEG TIOU €XOUV TN
Suvatdtnta va unootouv Babld ekdoption xwplc va aAAOLWVETOL N XwPNTIKOTNTA
TOUG Kal va Pelwvetal n Stapkela {wng. Avaloywg tou ¢optiou, GAAote eival
anapaitntn n duvatdotnTa TAPOXNG EVIOVOU PEVUUOTOC YL HIKPA  XPOVLKA
SlaotAuata Kot AAAOTE n mapoxn MIAG KAVOVIKAG TWWAC PEVUATOC yla HEYAAQ
XPOVLKA SlaoTAMOTA. JUXVA Ol amaltioelg Tou ¢optiou o katavalwon dev eival
TOOO UEYAAEC OCO N OVAYKN N KOTOVAAWON Vo TapEXETOL PE aflomioTia Kol ylo
HEYAAEG XPOVIKEG TIEPLOSOUC Kol AAAEG POPEG O TOTOG TNG EYKATACTACNG ElVOL TOCO
SUOTPOOLTOG TTIOU TIPOTLUWVTOL CUCCWPEUTEG UE ULKPEG OVAYKEC CUVTNPNONG Kal

eniBAePng.

ISlaitepa yla avtévopua ¢wrtofoAtaikd cuotipata, 6mou §gv uTApPXEL EVOAAAKTLKN
AUon mapoxnG NAEKTPLKNG EVEPYELOG KoL Omou ol PeTaPBOAEC TNG NAlodavelag
UITOpOUV va €lval EVTOVEC Kal LAKPOXPOVEG, AmapAiTNTOL (V0L OL CUCCWPEUTEG TIOU
€XOUV HEYAAN XWPENTIKOTNTA, UIMOPOUV va UTtootouv PBabld ekdoption Kal cuxva
anatteital pia kaAf oxéon kootoug Kal Sldapkelag {wnc. MNa éva TéTtolo ocuoTnua,
KaAr emloyn Ba amotelolUoe €vac ouoowpeuTn¢ HoAUBSou-avtwoviou (Pb-Sd).
Autol elval OUCOWPEUTEG He €CALPETIKA  XAPOKTNPLOTIKA, 000 adopd TIG
duvatotnteg Bablag ekpoptiong kat uPnAol pubuou ekdoptiong. Exouv, emiong,
HEYAAn Sldpkela {wng kal udiotavtal pkpn Slaxuon Twv EVEPYWV UAKWV TOUG.
MelovéKTnua Toug eival o peydiog Babudg avtoekdpoptiong mou udilotavral Kot
mou 08nyel otnv avaykn va unepdopTilovial PUE ATMOTEAECHO TN HEYAAN AMWAELN
UypwV Tou efaptdtal Kol amd TG Bepuokpaciec Asttoupyiag. Eivalr ocuvnBwg
OUOOWPEUTEG UYPOU NAEKTPOAUTN, He avolktr BaABida e€aeplopol Kkat yio Tov Adyo
QUTO amalteltal cuxvi avamAnpwon Twv uypwv. H katdotaon Toug Umopel eUKoAa

va eAeyxOel peTpwVTAG TNV ELSLKNA TTUKVOTNTA TOU NAEKTPOAUTN.

MoAU &nuodang emloyn yia autovoua ¢wrtoBoAtaikd ocuothpata elval ot
OUOOWPEUTEC HOAUBSoU Seopeupévou nAektpoAutn (Captive Electrolyte Lead-Acid
Batteries), AOyw Tn¢ oteyavotnTag TOUG KOl TNG EUKOALAG HETAKIVNONC TOU

napouotalouv. Exouv BaABida eéaépwong, mMou avolyel o€ OplOUEVN Tileon OtV
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unepdoptiotoly, yla va anedeuBepwbolv ta agpla mou dnuoupyndnkav Ouwg,
Sev umapyel Suvatotnta avamAnpwong Tou NAekTpoAUTn. To yeyovog OTL Sev €xouv
QMALTAOELS ouvTpPNonG (oute kat duvatdtnta), oe cuvSUACUO HE TNV EUKOALD OTN
HETAKIVNON, TG KOOLOTA LOAVLKEG YL CUCTHUOTA OE ATIOUOKPUOUEVA | SucoTipooita
HEpn. EkTOC amd 1o mpoPAnua TnG UMepdPopTLong, N amwAELX NAEKTPOAUTN UTopel
va emtaxuvBel Adyw NG uPnAng Bepupokpaciag kot kabBwg Sdev umapxeL n
Suvatdtnta NG avanmAnpwong Tou, el0LKA PETpa TpEneL va AndBouv. Eivat Sduvatov
va Yivel Beppokpaclokn avtlotaduion kal pubuion akplBeiag wote va anodelyeTal
n unepdoption Kol n umepPoAkn ekdpoptTion Kal PECW TOU TEPLOPLOMOU TOU
doptiou va anodevxbel o peyalog pubuog ekdpopTLonG. ETOL LELWVETAL CNUAVTIKA N
omwAela NAEKTPOAUTN Kal aufavetal avrtiotolyw¢ n Otdapkela {wng. Méow tou
oAyopiBuouv ¢optiong avilpetwniletal n evalobnoia mou moapouctdlouv oL
OUOOWPEUTEGC oautol otn Swadikaocio ¢optiong. Ol cUCOWPEUTEG HOAUBSOoU
deopeupévou NAektpoAUTn Sev AVTIUETWT{OUV TOOO PEYAAO TPOPRANUA HElWONG
XwpNTKOTNTAC o Yuxpotepo meplfallov 600 autol TOu UYpoU NAEKTPOAUTH,
napexovrol oe Svo tumoug (gelled electrolyte, AGM) koL mAvw amo tTa HLOA

QTOUAKPUOUEVA ULKPA GWTOROATAIKA CUCTAMATA TOUG XPNOLLLOTIOLOUV.

And ta mapandavw eival mpodaveég OTL €KTOC AmO T UAIKA TOU KPAUATOG OTO
TAEYUA TV NAekTpobiwy, AAAQ XAPAKTNPLOTIKA TWV CUCGCWPEUTWY, OTIWE O TPOTIOG
KOTOLOKEUNG TOUC N OL OXETIKEG SLOOTACELG, O APLOUOG KOL N YEWUETPLO TWV TAQKWY
TOUG, UmopolV va Toug katatafouv oe elOIKOTEPEC Katnyopies. MNa mapdadeyua,
OUOCWPEUTECG LOAUPBOOU pe BETIKEG TAAKEG HEYOAUTEPNG ETILDAVELAC OO QUTH TWV
opVNTIKWY, avadEpovtal HE TOo ouVoSeUTIKO cUPBoAo GroEH, evw yla omAlopéva
Betikd nAekTPOSLOL Xpnolpomoleital to ocuvodeuTtikdo OpzS, To omoio eival kat n
neplmtwon tou pwtoPoAtaikol mou xpnotpomnoloVe. ETal, To ouvodeutikd 50pzS,

urobelkvUel kKupeAida pe 5 BeTikég MAAKeg, Tumou OpzS.

4.3. XAPAKTHPIZTIKA MEFEOH, OPIA AEITOYPrIAZ KAl MPOZTAZIA TON

2Y23QPEYTON

H Suvatotnta amotapieuong EVEPYELAG, OL TIEPLOPLOUOL OTO PEVUA TTOU UMOPEL va

napooyxebel mPo¢ Katavalwaon amo €vav CUCCWPEUTH, N ocupmeplpopd Tou Ot
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oxéon e tn Bepuokpacia Kol Ta Opla YEVIKOTEPA TNG Astoupyiag Tou, Ba ival To

BEpa TwV EMOPEVWY TTapaypAdwv.

4.3.1. Xwpntikotnta

H moootnta tng nAEKTPLKNG €VEPYELOG TIOU MMoOpel va amobnkeutel oe éva
OUOOWPEUTH N TIou Umopel va amodoBel amd autdv, sivat n xwpntikotnta C tou
ouUoOoWPEUTH. H xwpntikotnta cuvnBws kabopiletal yla €va oUYKeEKPLUEVO pubuo
ekpoptiong n mnepiodo ekdpoptiong. Efaptdtal amd opKeTOUC OXeSLAOTIKOUG
TIAPAYOVIEG, OTOUC OTNOoloUG oupmepAapBavovtal n €8Ik TUKVOTNTA TOU
NAEKTPOAUTN, N TOCOTNTA TOU €VveEPYOU UALKOU, O aplBuog, o oxeSlacpog Kot ol
DUOIKEG OLOOTACELG TwV TAOKWV (NAeKTpodiwv). AEITOUPYLKOL TTOPAYOVIEC TIOU
EMNPEAloOLV TN XWPNTIKOTNTA €ival 0 pubuog ekpoptiong, To Badog tng ekdpoOpTIONG
(MooooTd TNE CUVOALKAG XWPNTIKOTNTOG TToU amodobnke amnd tn pnatapia), n taon
NG unatapilog oto TEAoG tn¢ ekdOpTIoNG (Tdon amokomnc), n Bepuokpacia, n nAkia
NG Umataplog Kal To LoToPLKO TNE XPNong Tng (kakrn xpnon ktA). H cuvnBng povada
€kPpaong TNG XWPNTIKOTNTAG TOU CUCOWPEUTH €ival to Amber-hour (Ah) kat o
puUBUOG ekdpOpTionG ekdppaletol WG To KAAoOUA TNG XwenTkotntag C mpog TN
Sldpkela NG meplddou ekdpoptiong oe wpeg (mx. ekdoption oe 120 wpeg
tooduvapel pe pubuod ekdpoptiong C/120). Duoikd, n povada tou pubuol
ekpoptiong eivat to Amber. Etol, pia pnatapio pe ywpntikoétnta C—375 Ah
opLoPEVN og puBUO ekdoptiong C/120, SnAadn 375A, umopel va amodidel 375A yia
XPOVIKO dtaotnpa 120 wpwv (N XwpnTlKOTNTA 0pLOUEVN Yila peVpa ekpopTiong 375A
uropet va avadépetal kot wg K375). Mepkég ¢dopéG n  XwPNTIKOTNTA OF
amoBnKeVUEVN EVEPYELD TOU CUOOWPEUTH, ekdpaletal os Kilowatt-hour (KWh) kat
umoAoyiletal mpooeyylotikd moAlamAactdalovtog tn xwpentkotnta o Ah pe tnv
OVOHOOTIK) TAon Tou cucowpeutn kot Statpwvrtoag pe 1000. Mo mapadesyua,
ocvoowpeutng 12 V, I00Ah, €xeL XwpnTKOTNTQ O amoBbnkeupévn evépyela
12*100/1000 = 1.2KWh. O umoAoylopog TG amaltoUHEVNC XWPNTIKOTNTAG, £lval
£€vag KaBoploTkOg mapdayovtag otnv Aoy tou aplOpol Twv KUPeAdwy Kot Tou
TUTIOU TOU OUCOWPEUTH. AeSOUEVOU TOU HEYLOTOU PEVUATOG TTOU UTopEL Eva poptio
VO KATOVOAWOEL KOL TOU XPOVLKOU SLaoTHATOG TTou To $popTio pmopsel va eéaptatal

QTOKAELOTIKA Ao TOV oUCOWPEUTH (6nAadn tnv autovouia Tou), n xweNTKOTNTA
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TIOU armatteltal MPEMeL va elval opLopévn yla pubuod ekdopTiong TOUAAXLOTOV (00 HE
TO PEYLOTO PEVMA KOTOVAAWONG N yla XpOVo €KPOPTIONEG TOUAAXLOTOV (00 HE TOV
XPOvo Tou 1o ¢optio Ba KATAVOAWVEL QTIOKAELOTIKA QMO TOV CUCCWPEUTH.
INUOVTIKOG TapAyovtog €EMAOYAG TNG XwpnTkotntag eivalt n  Bepuokpacia
Aettoupylag Tou cucowPEUTH KABWC oL ETUOPACELS TNG UIMOPEL VAL ELVAL ONUOVTLKEG.
El61kOTEPA ylO OUCOWPEUTEG HOAUBSOU, n Bepuokpaocia Asttoupyiog UeTaBAAEL
€vtova TN Xwpentikotnta tous. H avénon tng Bepuokpaociag, €xeL amotéAeoua tnv
avénon TNG XwWPNTIKOTNTAG, evw Yyl AEltoupyla o€ XOUNAOTEPEC BEPUOKPAOIES
uewwvetal. Otav n Beppokpacio Asltoupyiog MECEL ONUAVIIKA, N WEa NG
TIPOCEYYLONG TNG APXLKNG XWPNTIKOTNTAG LECW ECKEUUEVNC UTIEPDOPTLONG TIPETIEL VAL
eykataAeldpbel, adou umapxel kivbuvog e€agpwong. H mooootiaia petaBoAn tng
XWPNTIKOTNTAG OPLOUEVNG YL XpOVouG ekdpoptiong 500, 50, 5 kat 0.5 wpeg og oxéon
HE TNV Bepuokpacio AelToupyiag yla cUCOWPEUTEC LOAUBSOU daiveTal oTo EMOUEVO

Saypappa (oxnua 4.2).

Ye YapnAég Beppokpaocieg, HETpA MPETMEL val Aapfdvovtal yla tn ¢option woTe va
amodevyovtal patvopeva e€agpwaong Tou NAEKTPOAUTN Kal yla TNV £KPOPTLON TTOU

TIPETIEL VA ELVOLL TIEPLOPLOUEV.

AM\O HETPO TNG XWPNTLKOTNTAC TOU CUGCWPEUTA £ival n kataotacn ¢poptiong (state
of charge 1 SOC), mou opiletal cav TO MOCO TNG AMOBNKEVUUEVNC EVEPYELOG Kall
eKPpAlETAL WG TO TTOOOOTO TNG EVEPYELAG EVOG TIANPWE GOPTLOUEVOU CUCCWPEUTH.
‘Etol, €vag CUCOWPEUTAG TOU Omolou Ta % TNnG €VEPYELOG Tou €xouv adalpebei,
onhadn éxeL exkdoptiotel katd 75%, Aeyetal ot Bploketar oto 25% SOC. Mia
HEBodog péow NG omolag pmopel va ektipnBel to SOC tou cuocowpeuTn elval n
HETPNON TOU €l8KoU BAapoug tou NAekTpoAUTN. AUTh opileTal WG To KAACUA TNG
TIUKVOTNTAC TOU SLOAUMATOC TOU NAEKTPOAUTN TPOG TNV MUKVOTNTA Tou KaBapou
vepoU. e €vav MARpw¢ PopTIoPEVO CUCOWPEUTH MOAUBSOU, N TIEPLEKTIKOTNTA OF
Beuko o0 (H2S04) eivat 36% kata Bapog 1 25% kat' oyko Kal to €8k Bapoc Tou
SlaAUpatog eival epimou 1.25 otouc 27°C. KaBw¢ o cucowpeuthg ekdoptiletal To
eWBKO Bdapog TOU  SLAAUHATOG TOU  MELWVETOL KOl  EMAVEPXETAL OTAV

enavadopTtiletal.
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Ocppuokpacio Asttovpyiag TG protopiog o C

(IxAua 4.2):Emi tic ekatd mooootiaia  PETABOAN TNG XWPENTIKOTNTAG ylo

OUOOWPEUTEG HOAUBSOU, ouvapthioeL TNG Bepuokpaaciag Asttoupylag.

4.3.2. Exdoption kot enttpenouevo Badog ekdoptiong.

To emutpenopevo Babog ekdpoptiong (depth of discharge ) DOD) eival to péyloto
TIOOOOTO TNG XWPNTLKOTNTAC TO omoio umopel va amodobel amd tn pnartapio.
ZuvnBwg KatadelkvUeTAL Amd TNV TACN AMOKomn¢ 1 tdon BdaBoug ekdodpTIonG Kal
oo ToV PUOUO eKPOPTLONG. ZTA TUTIKA GWTOPBOATAIKA cuoThaTa, TIPOoPAETETAL piat
TAon amokomng Tou doptiou amd TN Oouokeurp Tou pubuloty $optiong
OUOOWPEUTWVY Kol €tol kKaBopiletal to emitpenopevo Pabog ekdpoptiong yia
6ebopévo pubuo ekdpoptiong. OL TLUEG Tou emutpenopevou DOD pmopouv va eivat

arnod 80% €wg kal 15% tng xwpnTkOTNTAG AvAAoya e ToV TUTO TG Unatapiag.

Onwg avadépbnke otnv mponyoluuevn mapaypado, Kotd tThv ekPoOpTion NG
UmaTaplog MELWVETAL N TUKVOTNTA Tou SlaAUpatog tou nAektpoAutn, 6nAadn
HELWVETAL TO €L61KO Tou Bapog. To dpavopevo tng peiwong tou e18tkol Bapoug Tou
NAEKTPOAUTN TpEmel va AoapBavetat ocofoapd umoyn ywa Astoupyia Tou
OUOOWPEUTH o€ Beppokpaocieg mou mAnalalouy tn Beppokpacia OTEPEOTOLNONG TOU

vepoU (0°C). Ze €vav MANPwWE GOoPTIOUEVO cUCOWPEUTH HOAUBSOU, N CuYyKEVTPpWON
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nAektpoAUtn oto &ldAupa eivat mepimou 35% koatd PBAapog kot to onueio
otepeomnoinong tou SlaAvpatog eivat oAU xaunAd (mepimou —60°C). KabBwg o
OUCOWPEUTAG ekdopTileTal, To SLAAUHA TOU NAEKTPOAUTN APOLWVETOL KAL TO ONUELD
otepeomnoinong tou SlaAupato¢ mMAnolalel To onueio otepeomoinong Tou vepou
(0°C). Ymapxel Aoutdv to €VOEXOUEVO TNG OTEPEOTOINONG TOU HE QMOTEAECUA TN
SlaotoAn kat Tnv mbavn Slappnén Twv TolwHAtwv Ttou doxeiou Tng kuPeAidag. MNa
va anodpeuxBel auti n €€€AEn, to emutpendpevo Babog ekdopTIONG TMPEMEL val
HEWWVETAL B€TOVTOG TNV TAON OIOKOMNG Tou ¢optiou OTnV CUOKeUR pudbuloTh
doptiong oe kKatdAAnAo onueio. To amotéAeopa Ba lval 0 CUCCWPEUTAG va PNV
ekdoptiletal mARpwg kal n Beppokpacia otepeomnoinong va diatnpeital xapnAa. To

KOOTOG Ba €lval n Pelwon TNG AUTOVOULOC TOU CUCTIUATOG UMaTaplag-OCUCOWPEUTH).

Mo va Slatnpeital N auTovopla, N XwWENTIKOTNTO TOU CUCCWPEUTH TIPEMEL va
emAéyetal AapBavovtag umtoyn, TOoo tn Helwaon TNG o€ XAUNAEG Beppokpacieg 600
kol To DOD oti¢ Bepuokpacieg autég. H tdon tou Baboug ekdpoptiong oxetileTal Ye

TOoV PUBUO EkDOPTLONG YL TOV OTIOLO Elval KaBoplopévn N XWPNTIKOTNTA.

4.3.3 Autoskdoption

H autoekdoption eival n dtadikacia katd Tnv 0 omoila 0 cucowWpPEUTHG udioTatal
uelwon tou SOC (state of charge), xwpi¢ va elvat ouvbéedepévog pe kamola
katavaAlwon. Ta attia eival ol ecwTePLKOL XNUKOL Hnxaviopol 1 AAAEG AMWAELEG TNG
UITapLloG KoL ONUAVTLKOL TTapAyovteg ot Sladikaoia TG auTtoeKPOpTIoNnG Elval Ta
EVEPYA UALIKQA KOl TOL OTOLXELO TOU KPAUATOG TOU TIAEYHOTOC TIOU ETUAEXDNKAV KOTA
TOV OXeOLOOUO TOU cuoowWpPEeUTH. Tumiko péyeBog autoekpOpTiong eival n anmwAesla
tou 0.7% tou SOC ava nuépa Kot yla Tov AOyo auTO, Ol CUCCWPEUTEC TIPETEL VOl
Bpilokovtal o€ ouvONAKEG ouvVINENTIKAG $OpTIoNg akopa kal av &ev umApxEL

KaTavalwon.
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4.3.4 ®option

H ¢option tou cucowpeuTh eival n dtadikaoia amoBnkeuong NAEKTPLKNG EVEPYELAG
HE TIopoXN NAEKTPLKOU PEVHATOC TIPOG TOV cucowpeuTh. OL péBodol podpTIonG mou
edapuolovtal amod Ttoug pubulotég ¢optiong ota ¢wroPfoAtaikd cuothuaTa,
Sladpépouv yevikd amd OUTEG ToU £PopUOloUV Ol KOTOOKEUQOTEC Yyl va

KaBoploouv TI¢ EMSOOELS TNG Unataplag.

OL mpodlaypadég bev meplopilouv Kotd Kovova TO peUPA  GOPTIONG TOU
OUCOWPEUTH edooov Sev yivel umépBaon TG taong ekKALOEWS agpiwv. Qotooo, n
TAon €KAUOEWC QEPLWV YIVETOL MIKPOTEPN KaBw¢ to pelpa ¢doptiong yivetal
pHeyaAutepo. Mevika n €kAuon aeplwv eival avamodeuvktn adou cupPaivel tdéoo
KATA TN SlapKela TG GOPTIONG OCO KAl UETA TNV UTEPBaAcn TG TAONG EKAUCEWC
oeplwv. Mo owotn $OPTLON TOU CUGCWPEUTH £VOL CWOTO ONUELD LOOPPOTILAC TIPETEL
va avalnteital petafl tng HEylotng duvatng Goptiong Kal TG TAoNnG €KAVCEWG
aepilwv, adou kat ot Vo eival mapdyovteg mou oxetilovrat pe tn Stapkela {wng Tou
ocuoowpeut. AANOC mopdyovtag Tou TPEMEL va AapBavetat umoyn ywa to
emblwkopevo SOC eival n Bepuokpaocio Asttoupyiag Tou cucowpeuty. Oco
auéavetal n Beppokpacio avfAvetal N XWPENTIKOTNTO TOU CUCCWPEUTH, MELWVETAL
OMWG N TAon ekAUOEWG aepiwv. Etal, To péyloto SOC mou pmopei va emiteuyBetl oe
6ebopévn Bepuokpaoia, KATA KAMOLO TPOTMo GPACOETAL AMO TNV TAON €KAUCEWG
aeplwv. Zto Sldypappa tou oxApatog 4.3 mou akoAouBei, mapouaoldaletal N oxéon
™T¢ taong ava kuPeAidba kat tou SOC mou pmopel va emiteuxBbel pe TPELS
Sltadopetikouc pubuoug poptiong (C/2.5, C/5, C/20) kaBwg Kal oL TACELG EKAVCEWCG
oeplwv ot TPelG SlodopeTikéC Oepuokpaciec Asitoupylag yld OCUCCWPEUTH

HoAUBSou-avtipoviou (Pb-Sb).
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4 Lead-Antimony Grids
=0 ysh Charge Rate

2.7 i Ci2.5
2.6 " § Gassing Voltage at 0 CI5 /

Tdom kehod (VOItS)

0 20 40 60 80 100

Kotdotoon eopTiong unotapiog (0/0)

(ZxAua 4.3): Alaypappa taong KeAlou - SOC kat emineda Taong eKAVOEWG agpiwv yLla

ocuoowpeuT Pb-Sh.

Amo6 to mapandavw Sdlaypappa yivetal mpodavig n avaykn avtlotaduLlong wg mpog
™ Oepuokpacio Aeltoupylog TOU OCUCOWPEUTH KOl TNG KATAOTAONG TANPOUG
doptiong. H pelwon tng ekKAUOEWG OEPLWV YlLO CUCOWPEUTEG OECUEUUEVOU

NAEKTPOAUTN €lval onUAVTIKN Kot €ivat auth mou kaBopilel tn Stapketa {wng TOuG.

4.3.5. JuvteAeotng doptiong Kat andédoon Loxvoc.

Ta aumnepwpta (Ah) ou eival anapaitnta yia tn ¢oOpTLon EVOG CUGCWPEUTH KAl TV
av&non tou SOC Katd €va CUYKEKPLUEVO TTOOOOTO Elval, KATA Kavova, TEPLOCOTEPA
a6 ta Ah mou amobidel otav ekpopTioTel Kata to (6o mocooto tou SOC. Etal,
opiletal o cuvteAeotAG GOPTIONG WG TO KAAOUQA TNG ELOEPXOUEVNG TtoootnTag Ah

npog tnv e€epxopevn moocotnta Ah, SnAadn woxveL:

gloepyousvn moocornta Ah

YZOVIEAECTHG POPTIONG = - -
eCgpyousvn moocornta Ah

AvtioTolya, o Aoyoc Tn¢ Loxvog mou Sivel €vacg MANpwS GopPTIOUEVOC CUVTEAEDTHG
TIPOG TNV €VEPYELA TIOU amalteltal yia va poptiotel mMARpwg ovoudletal anodoon

Loxvocg.

Artodoon = Eégpyouevn evépyeia(KW)/Eloepyouevn evépyeia(KW)
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4.3.6. EkAucn atuwv, Snuoupyic KpuotdAAwv Kat StaBpwon oTou¢ CUCCWPEUTE

poAuBdou

Onwg £xeL O avadepbei, n unepPoAikn ¢opTIon Kal to avEnuévo pevpa GoOpPTLONG
TwV ouoowpeutwv odnyel oe £€kAuon aepiwv. To dawvopevo adopd otov
OXNMOTIOUO aepiou ofuydvou (02) otig BeTikég MAAGKEG Kal agpiou udpoyodvou (H2)
OTILG OPVNTLKEG. TEVIKA, QUTO TO EKPNKTIKO AEPLO Miypa eAeuBepWVETOL HECW TWV
BaABibwv efaeplopol kalL odnyel otnv amwAela vepol. € OCUCCWPEUTEG
OeopEUMEVOU  NAEKTPOAUTN, €vag EOCWTEPIKOG HNXOVIOUOG ETUTPEMEL  TOV
EMAVACXNUATIOMO VEPOU OO TO QEPLO HiyMO Yyl TNV QMOKOTAOTOON TOU
SLaAUpaTOG Tou NAekTpoAUTN. QOTO0O0, av n Tieon Twv atuwv avénbel Wiaitepa,
autol ameleuvBepwvovtal otov agpa péow twv BaABidwv aodaleiag, xwpic va
UTIApXEL duvatotnta avamAnpwong Tou xoapévou vepol. Mo dwrtofoAtaika
CUOCTNHATA TIOU XPNOLUOTIOLOUV TETOLOUC CUOCWPEUTEC, €lval avaykn va yivetal
TIPOOEKTIKN pUBULON otnv €mloyn TG TAoNG TANPOUG GOPTIONG Kal oTov pubuo

$OPTLONC TWV CUCCWPEUTWY yla va Statnpnbel n Stapkela {wng Touc.

Y€ KATOLOUG OCUCCWPEUTEC CUXVA ETUSLWKETAL N €KAUON ATUWV. MPOKELTAL YLa TOUC
OUOCWPEUTECG LUYpPOU KataAutn pe avolkt BaABidba e€aeplopol kal n altia €xel
ox€on Ue tn dnuoupyia Bapéwc Beukol of£wc, To OMolo OXNUATIIETAL OTLG TTAAKEC
Kal eTkAaBeTal oto mato tou doxelou. Me tnv mAPodo tou Xpdvou 0 NAEKTPOAUTNG
eTKAOeTal Kat Snuioupyeital HEYOAUTEPN OUYKEVIPWON OTO KATW HEPOG TWV
KUPeASwyY, He amotéAeoua tnv avopolopopdn Aesttoupyia Kal tn otadlakn
S1aBpwon tou MAEypaToC Tou 08nyel otn cuvtopevon Tn¢ {wng ToU CUCOWPEUTA. H
Snuoupyla atpuwy, o TETOLOUG CUCCWPEUTEC, EXEL ATOTEAECUA TNV avASEUON TOU
StoaAUpatog katl amotelel pia pEBodo ouvinpnong. Kata kavéva, n €kKAuon atuwv
TIPETEL va TiEpLOPLleTal LOLOITEPA OV Ol CUCOWPEUTEC BPLloKOVTAL KOVTA OE XWPOUG

epyaociag.

Av 0 ocuoowpeutn¢ Ppebel ylo MAPATETAUEVO XPOVIKO SLACTNUA OF KOTAOTOON
HEPLKAG dopTiong, KpuotaAlot Beukol POAUBSOU avamtloocovtal €MAVW OTNV

empavela Twv Oetikwv mAakwyv. OL KpUoTAAAOL pe TNV TMAPodo Tou XPOVOU
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auéavovtal, HELWVOVTAG TNV TTOCOTNTA TOU €VEPYOU UALKOU TIOU CUMUETEXEL OTNV
avtibpaon Kot TNV evepyn €MIPAVELN TWV TTAOKWVY HE ATOTEAECUA TN HElwon TNG
XWPNTIKOTNTOG TOU CUCCWPEUTH. Av oL KpUGTAAAOL Yivouv TIOAU peyAAoL pUmopouv
Va TTPOKAAECOUV [N avaoTpEPLUES unXavikéC BAABEC o0To MAEyUA TWV MAAKWVY. AUTO
elvat éva ouvnOlopévo mpoPAnua ota PpwrtoBoAtaikd ocuoThupato Omou oL
OUCOWPEUTEG, AOYW KALPLKWVY CUYKUPLWY, UIopouv va Bpebolv yla LEYAAO XPOVIKO
Sldotnua oe Katdotacn UEPLKNE POPTIONG Kal ylo Tov AOyO QUTO armalteital
edappoyn pevaTOC EEL0OPPOTNONG YLO CUVTPNON. FEVIKOTEPA, TO MAEYUA UIMOpPEL
va umtooTel StaBpwon yla toAAoUG Adyouc Omwe n oeldwon Kat cuxva n avtoxr Tou

elvaL autn mou untoSelkvieL TV dLapkela {wr¢ TOU CUCCWPEUTH.

KEDANAIO 5

AYTONOMO ®QTOBOATAIKO SYSTHMA

5.1 AYTONOMA ®OQTOBOATAIKA SYSTHMATA

Ta autovopa ¢wrtoPfoAtaikd cuothpata eivat n KatdAAnAn Alon yla KAmolov o
omolog eite yla mpoowritkolG Adyoug BéAel va emwdeAnbel amd tnv AMAETN Kal
Swpeav evépyela Tou NALOU WG eTAoyn, elte Bploketal MOAU pokpld amnd to diktuo
™¢ AEH w¢ avaykn.Etol 6ev ouvdéovtal oto Siktuo tng AEH kat dev emiBapuvouv
TOV LSLOKTATN HME TAyla KOOTN N TITWOELS TACEWV Tou Ttapoxéa.Katd autnv tnv
€vvola 6ev embotouvtal Kal §gv UMopoUV va XAPOKTNPLOTOUV WE EMAYYEAUATIKA

EMEVOUTIKA CUOTAHOTA.

Ta kUpla pépn amo ta omoia armoteAsitol éva autovopo ¢/B cvotnua eival to
dwtoBoAtaiko mAaiolo,n pmatapia,0 pubuLoTn¢ Tdong,0 Hetatpomnéag(inverter)kat

0 KOTOVOAWTAG.ZTNV £lKOVA TTOU 0KoAouBel meplypddovtal ta Baokd pEpn £vOg
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TETOLOU GUOTHMOTOC.AVOAUTIKY Tieplypadr Tou ocuvothupatog Ba yivel oto 6°

kedaAalo.

Ivaxox, eMyxou

Duwncfiodraxd nAalovo

[ Avnorpopiac (inverter )|
4 Pubmoriic edpmong

) ? ’]ﬁ'? —
==

IxNuab5.1: avtévopo ¢/B cvotnua

5.2 METATPONEAZ 3YNEXOYZ TAZHZ (DC/DC CONVERTER)

Ye éva ¢/P ovotnua n mapayopevn taon amno ta ¢/B otoweio dev £xel otabepn
T, aAAd peTtaBAMAETAL YUpW OO Pl péon Tn. MNa va otabepomownBel n tdon
€€66ou NG d/B yevvnTplOG KOl va KATaoTel KATtAAANAN yla tnv €(0o086 tng otov
ovtlotpodEa XPNOLUOTIOLOUVTAL UETOTPOTIELG CUVEXOUC PEVUMATOG. Ol UETATPOTELG
UMopoUV VO XWwPLoTOUV OE Katnyopieg avaloya pe To av n taon €£68ou mou
Byalouv sival HeyaAUTEPN | UIKPOTEPN ATIO TNV TAON £L0080U KAl OKOUA avaAoya

LE TNV TtEPLOXN).
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/ nwﬁ\ Avoplomy: le---| BonEnmen

vmsoao\u / Fewentpux
D DC/AC

O/ yevirpua Po-?:l;m 5 * Avmctpooeas Yn| SopmoAC

MPPT * ®opmeDC

Ixnua (5.2): Amlomotnpévo diaypappa ¢/B cuotnuartog . Edv xpnotponownel pa
BonBntikn Ttnyn evépyeLag, Omwe Gpaivetal oTo OXAUO LE TNV SLOKEKOUUEVN VPO,

TOTE 10 olotnpa Kalsital uBPLBLKO ¢/B cuotnua.

H avaAuon mou akoAouBel adopd TN HOVIUN KATACTOON TWV UETOTPOMEWV KOl Ta

otolxela Bewpolvtal Ibavika.

Metatponéog Ynopipaopov (Step-Down Converter 1} Buck Converter)

(ZxAua 5.3):(a) KbkAwpa petatponéa vmoBLBacpou, (b) Aakomtng KAELOTOG, (c)

AltakomTng avolytog, (d) Kupatopopd£g yia cuvexopevo pevpa e€660u
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To kUKAwpO evog petatponéa umofiBacuol daivetal oto oxnua 5.3(a). Otav o
Sltakomtng eival kAelotog, n 6iodo¢ moAwvetal avaotpoda Kal n €i0odo¢ mapéxel
EVEPYELA TOOO OTO doptio 600 Kal oto mnvio (ZxAua 5.3(b)). Otav o dakomtng
avoiel, To pevpa Tou mnviou péet pEow tng S16Sou Mpog To dopTio, LeTaPEPOVTAG

€T0L LEPOC TNG AIOBNKEVEVNG TOU EVEPYELAC TTPOC AUTO (Zxnua 5.3(c)).

O petatpoméag autog SExeTal otnv £l0080 Tou pLa cuvexn taon Vin kat divel otnv
€€0860 TOU ouveXn TACN UKPOTEPNG TUAG Vo . H péan Tun tg tdong e€6dou divetal

amno Tn oxéon:
Vo=Va=DVin (5.1)

omou to D Selyvel tn oxetkn SLApKELA aywyng Tou Slakomtn Kal Sivetal amod tn

oxéon:

~+
4+

T
on -~ aff s (5.2)

omou ton n Slapkela KOTA TNV omola ayel o dlakomtng yia pla nepiodo, toff n
Sldpkela katd tnv omola dev ayel kat Ts n mepiodog. H péon tun ¢ taong e€66ou
Vo MPOKUTITEL (ON HE TNV TAon ota akpa tng 6lodou Va, kabwg n HéEon TN TG
TAONG Tou TNViou yla Xpovo uiag meplodou eival pndév. To pevpa €€68ou pmopet
va elval elte oUVeEXEG elte SLAKOTITOUEVO, YEYOVOG TToU e€aptatal anod 1o opTio Kal
TN XPOVLIKA SLapkela ton. Ol KUUATOUOPGEG YLa TNV KATACTACH CUVEXOUG PEULOTOC
€€06ou (Continuous Conduction Mode -CCM) ¢aivovtal oto oxnua 5.3(d), evw n
Katdotoon OlaKOmTopevou pevpatog €€odou  daivetalt oto oxnua 5.4
(Discontinuous Conduction Mode - DCM). Onw¢ UnmopoUpE va TapatnprooUE amnod
™ ypadlkn mapdotacn tou oxnuatog 5.4(b), umapxel pla kplowun péon T Tou
PEVUATOG TOU MNViou, KATW arnod Tnv omoia to pevpa yivetal acuvexEC. H péon Tiun

autn Sivetal and tn oxéon (5.3):
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Vi
&mwm=2gr

D(1-D)

TéAog emeldr) TO6oN n TAON 000 KAl TO PeVMA elval BeTIKA Katd Tn Asltoupyia Tou

HETATPOTIEQ, YLOL LUTO KOl OVOUATETOL LETATPOTIEAS TPWTOU TETOPTNOPLOU.

5.2.1 EAgyXog L€ TNV TEXVIKA PWM

H péon twn ¢ taong €€odou pmopel va pubuiotel pe ™ péEBOSO NG
Slapodpdpwong mAdatoug (PWM). Onwg daivetal kat and tn oxéon 5.1, n taon autn
efaptatal and To XPOVO TOV OmMoio Ayel 0 SLAKOMTNG O XPOVO LA TIEPLOSOU.
JUuPwva He TNV TEXVIKA tNG PWM, n Héon TR g taong €€66ou eAéyxetal
puBuilovtag TN OXeTIKA SLAPKELX aywyng Tou SLaKOMTIKOU otolxeiou. H mepiodog
KaBw¢ kal n ouxvotnta Hetafaocng tou Slakomtn eival otabepd, evw aUTO TIOU

peTaBAMAeTal elval n oxeTikn Slapkela aywyng autou, SnAadn o Adyog D.

H tdon €€660u TOU PETATPOMEN PETPATAL KOL CUYKPIVETAL PUE TNV €mBUUNTA TAoN
Kal EMelta to onua AaBoug evioxVeTaL amo €vav eVioXUTr, Tou omoiou n €£o0bog
elval to onpa eAéyyxou vc(t). Emerta to onua eAéyxou vc(t) ouykpivetal pe pa
TPLOVWTA taon vr (t) n omoia €xel mAdtog Vr kat otabepr ocuyvotnta fs. Napdyetat
£TOL TO SLOKOTITIKO OO TO OTolo £€xeL T 1 otav vc (t) > vr (t), kat 0 otav vc (t) <
vr (t) (Zxnua 5.4). Etol n oxetikn SLapkela aywyng umopel va ekppaotel ocuvaptroel

TwV 8U0 AUTWV TACEWV WG EEAC:
D=Vc/Vr

Me auTOv Tov TPOTIO TO O EAEYXOU TOU UMOpPEl va Kupaivetal and 0 péxpt Vr, Kat

va EAEYXEL YPOAUULKA Kal SuvapLkd tov Aoyo D.
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,{/_'_j ‘/’4 5 ’/, v (f)

(ZxNua 5.4):MéBodog PWM

5.3 ANIXNEYTEZ 3HMEIOY METIZTHZ I2XYO2-MAXIMUM POWER POINT TRACKERS

MPPT

H texvoloyia tng aviyveuong tng MEYLOTNG LOXVOG, APXLOE VoL XPNOLUOTOLE(Tal
OXETIKA Tpoodata ot £PapUoyEC Twv PwToPoAtaikwy Kal amoteAel mAEov
XOPOAKTNPLOTIKO KABe kKaloU avtiotpodéa yla cuvdeon pe to Siktuo | ¢optiotnh
CUOCWPEUTWV. ZHUEPA XPNOLUOTIOLOUVTAL TIOAUAPLOUEG TEXVIKEG Kal aAyoplOuol yia
NV €UpPeon TOU onueiou pEYLOTNCG LoXVOC. OAEGC QUTEC OL TEXVIKEG UIMOPOUV va

opadormnoinBouv oe Suo PeYAAEC KATNYOPLEG.

5.3.1 Eppeoot aviyveutéc MPP

Autol oL avixveutég mpooeyyilouv to onueio péylotng Asttoupylag pe Baon amAEg
UTIOOE0ELC KOl EUUEDEC UETPNOELS. ZUpdwvVa pe pia pEBodo n taon Asttoupyiag
puBuiletal avaloya PE TNV €MOXN TOU XPOvou. MeyaAUTEPEG TIHEG TAONG OTO
OonUelo PEYLOTNG AELTOUPYLOC AVAUEVOVTAL TOV XELLWVA, OTIOU oL BepuoKpacieg eival
XOUNAEG, EVW TO KaAokaipl ot TIHEG TNC TAoNC £ival oadwg UIKPOTEPEG. Mia AAAn
HEBodog pubuilel tnv tdon avdaloya pe tnv Beppokpacio MOU AVOMTUCCEL TO
mAaiolo. TEAOC MLt TPITN KAVEL XPrHon TOU YeEYovOoToC OTL OTO TIEPLOCOTEPOQ
dwtoPoAtaikd otolxela o Adyo¢ TAONG OTn MEYLOTN oYU TPOG TNV TAON

ovoLlXTokUKAwOoNG eivat otaBepog, SnAadn:

‘Eva pwtoPoAtaikd otolyeio To omoio mMapapUEVEL AVOLXTOKUKAWMEVO TomoBeTelTal

Stmha amo Tg GWTOPOATAIKEG OUOTOLXIEG YylO VO METPATOL CUVEXWG N TAON
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avoLXToKUKAWONG autou. H tdon tote Twv nmoapaywylkwv ¢/B otoxeiwv pubuiletatl

KABe otyun oto onueio K*V oc, mou e€aodalilel tn péylotn Loyu.

5.3.2 Auecot aviyveutéc MPP

H Aettoupyia toug Bacoiletal otn cuvexr mapakoAolOnon Twv TIUWV TNG TAONG Kal
€vtaong €€660ou TwV GWTOROATATKWY YEVVNTPLWY, TIPOKAAWVTAC OVA TOKTA XPOVIKA
Slaotipata pla datapayn tng taong €€6dou autng. Av StamiotwBel OTL pe TNV
avOPwon ¢ TaonG, AUEAVETAL N LOXUG TIOU TTAPEXEL N YEVVATPLA TOTE QUEAVOUV TNV
TAON TPOG TO MAVW WOTou va €pBel pla Loopporia. Autd elval kol To onpeio

HEyLoTNC AsLlToupylag.

Onwg npoavadépOnke otnv €€taon Twv GwToPBOATAIKWY OTOLXELWYV, N €vtoon Mou
napdystat oo éva ¢/B otowxeio, Oev eival otabepry ald petaBalAetal
avtiotpoda am' otL petaBarAetal n taon. MNa KATMoLo cUyKeKPLUEVO {gVYOC TAONG -
€vtaong, To otolxeio Silvel tn péylotn oxL tou. Qotdoo emeldr) KABe oTyun n
NAlakr oktwvoBoAia mou mpoomintel oto otolxelo dev eival otabepr, opoiwg
otaBepn bev eival kat n tdon €€66ou Tou. Elvat Aoutov emBupuntd yla KABe otiyun
T0 GWTOBOATAIKO OTOLKELO VA PNV TIOPAYEL TNV TAON KOL TNV £VTOON OMWE auTa
kaBopilovtal amod tnv avtiotaon Tou KUKAWUATOG TTOU UTIAPXEL OTA AKPA TOU, aAAd
va Sivel otnv £€€060 auTo to {ellyog TAONC - EVIAONG TTOU LEYLOTOTOLEL TNV oYXV Tou.
Zto oxAua 5.5 daivovtal oL XapakInploTIKEG TAONG- €vtacng Kal LoXYVog €&VOg

dwtoBoAtaikou otolxeiou.

H ouvexnc kaumuAn deixvel TNV HeTaBoAr TN TAONG O CUVAPTNON LE TNV £VTAON
ToU pevpaTog evog ¢/B otolelou mupttiou, oe cuvOrKeg oTtabepr ¢ aktvoBoAiag Kat
Bepuokpaciag. H StakeKoppEVN KOUUAN SelxveL TNV avTtioTtown HETaBoAN ¢

NAEKTPLKAG LOXVOG TTOU TTAPAYETAL.
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(ZxAuo 5.5): XapoKTNPLOTIKEG TAONC- £VTOoNng Kol LoxUo¢ evog dwtoBoAtaikou

otolxeiou.

MNna va emtevxBel n Asttoupyia oto onueio PEYLOTNG LOXUOG XPNOLUOTOLETAL Eva
KOKAwpa DC/DC petatpoméa, aviupwong-umofiBacpol TAoNG, Ot GKPA TNG
NAEKTPOVIKAG OUOCKEUNG OTNV Omoia €LoEpPXETAL N oXUE tou pwtoPfoAtaikol. Eva
arAoiko oxediaypappa DC/DC PETATPOTEN TIOU XPNOLUOTIOLELTAL YLl TOV EVTOTILOUO

NG HEYLOTNG LOoXUG €060V TG /P yevvNTplag daiveTal MApaKATW.

DC
T Vin - T Vout
DC
Metotponéac GLVE}OVC
TaoNg
Y Y
Aoywko
Kuxlopa
Eléyyov
MPPT

(2xAua 5.6):Amhonotnpevn dtataén MPPT
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Avd mdoa otlyun n oxug mou mapayestal ano éva ¢wrtoBoAtaiko otolxeio eivat: P
=V *1(5.6). Eav Adyw petaBoAng otnv eloepxopevn nAtakn aktvoBoAia i petaBoAn
Tou doptiov, aAAA€el n apayouevn oxLG, petatoriotel SnAadn oe SladopeTKO
onueio Asettoupyiag mavw otn KopmuAn V-1, tote Ba umdpéel petafoAr tng Tdong Kot
HeTaBoAn tng évtaong kata dV kat dl avtiotowa. H 1oxU¢ oto KawvoUpylo onueio

Aettoupyiog Ba eivat

P=W+dV)-(I+dl)=V -I+V-dl +IdV

omou ayvonbnkav ot o6potL Seltepng TAENGC. IuvemMwg n MeTABOAnR otnv Loxv

TUPOKUTITEL:
dP=P —P=V-dIl+1dV

310 onpeilo tTNC HEYLOTNC LoXUoc n KAlon tng KaumuAng toxvog tou ¢/B otolxeiou

undeviletal, 6nwg daivetal kat anod to Ixnua 4.5. AnAadn woxveL:

d_P=Q:>I!£+I=G:>d_V=_E
dv dV dl I

OTIOU 0 TPWTOC OpoG ekPpalel tnv Suvaplkn avtiotacn g mnyncg (Zo) evw o
bevtepog TNV otatiki avtiotaon (Zs).

Me Baon autn tnv e€iowon untapxouv duo SladopeTikol TPOTOL yLa TNV EVPECT TOU

onueiov péyLotng LoV oG:

e Mia Slatapaxr peUMOTOC €LOAYETAL TEPLOSIKA otnV dwToBoATaikn TmNyn evw
pHeTpoLvTal n Suvapkn avtiotaon autng Zd kal n otatiki avtiotaon Zs. H taon
Aewtoupyiog auEavetal  HELWVETAL HEXPL va kavorolnBel n e€locwon tou onueiou
péylotnc oxvog, dnAadn:

Zd=-Zs (5.10)

Jupudwva pe pla deutepn pEBodo eAéyxou, n taon avédvetal 600 LoXUEL n ouVvORKN:

d—P =0
dv
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TIOU OUVETIAYETAL KOL TOUTOXPOVN aufnon tng LoxVog. Ze avtiBetn mepimtwon n
TAON UELWVETAL, EVW OTAV 0 puBUOC LeTtafoAng elvat TOAU Kovtd oto undév n taon
otaBepornoleital. To Aoylkd KUKAWMO €AEyXOU METPA TNV TACN KAl TNV €vtoon
€€060u Twv PwtoPoAtaikwy yevvntpwwy, n omoia BéRata e€aptatal KAOe oTyun
anod Vv aktwoBoAia mou mpoonintel, ) Beppokpacia TG yevwnTpLlag Kot puoka
amo TNV avtiotaon Mou cUVAVTA N YEVWNTPLA oTa akpa TnG. Edapuolovrag pia anod
TG mopamavw peBodoug, otélvel onpa otov DC/DC petatpomnéa vo avuPpwoesl A va
HUEWWOEL TNV TAON MEXPL VA EVIOTUOTEL TO ONUELO HEYLOTNG LoXVOG. Avaloya HE TV
TEPIMTWON AOUTOV TO OUYKEKPLUEVO KUKAWUO AETOUPYEL €(TE WG UETATPOTEAC

avupwong ite wg petatponéag umopLpacuol taonc.

EvaAAaKTIKEG pOpdEC aviXveEUONG TNG UEYLOTNG LOXUOC XPNOLUOTIOLOUV KUKAWUOTO
HE MVAMN WOTE VO CUYKPLVOUV TIG TPEXOUOEC UETPOUMEVEC TIMEG LoXVOC, TAONG,
€VTAONG LE TIPONYOUUEVEG OTIOTE Mpooapolouv avaloya tn oTtadun Tng Tdong mou

Ba anoppodrosL 0 avtioTpodEac.

5.4 ANTISTPOMEAS DC/AC

5.4.1 Tevika

Eva dwtoPfoAtaikd cvotnua Stacuvdedepévo pe to SIKTUO yla va Umopel va
OlLOXETEVEL TNV oYU TOU O€ aUTO, €lval amapaitnTo va UMOPEl Vo HETATPEMELTNV
ouvexn taon ££66ou Tou 0 eVAAAOOOOUEVN HUE XOPAKTNPLOTIKA (Sla HE aUTA TOU
Siktbou, wote va pn dnuoupyel mMpoPAnua otn Asttoupyia tou SIKTUOU KOl OTN
TIOLOTNTA LOYXUOG TIOU AUTO TTAPEXEL. TNV LETATPOT QUTH EMITUYXAVOUUE HECW TOU
avtiotpodéa (Inverter) i DC to AC Converter, n 6éon tou omolou og éva cuotnua

daivetal oto oxnua

To XOPAKTNPLOTIKA TTIoU BEAOUE VA ETUITUXOUE oTNV £€€060 TOU aviloTpodEa eival
NULITOVoEeLldNG Loxug e€06ou otabepol TAATOUCG, oTOBEPNC CUXVOTNTOG KAl XWPLG
OMWAELEC. TuvnBwWC yla TN UETOTPOM QUTH XPNOLLOTIOLOUUE NULAYWYLKA OTOLXELD
LoXUoG oav SLaKOmTeG OnwG Tpaviiotop N Bupiotop Kol n yeviki tomoAoyia tou

KUKAWLOTOC TOU avtlotpodEa dpailveTal 0To oxAua :
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(ZxAua 5.7):TomoAoyia KUKAWUOTOG avtioTpodEa

To NUIOYWYLKA OTOLXELOL TTOU XPNOLUOTIOLOUME €XOUV TNV LOLOTNTA va Ayouv I OxL
avaloya He To av toug Sivetal MAAUOG €vauong amd KAMoLo avefdptnto AOYLKO
KOKAwpO evw n oBéon Ttoug umopel va mpaypatomolnBel eite pe maApoug
(tpaviliotop) eite katw amod elSIKEG CUVONKEG OTOU TO pelMA TIOU OLOPpPEEL TO
Stakomtn undeviletal yla kamolo xpoviko diaotnua (Bupiotop). Ta otolxeia autd
avolyokAeivouv ava opadeg (1,2) kat (3,4) yla xpovo pLloGnULTEPLOSOU, HE UL
ouxvotnta ion pe tnv SutAdola NG cuxvotntag tou diktuou (i=50HT) N mepiodo

T=/21=0.01 sec.

To mnvio otnv eicodo Tou avtiotpodea Xpeldletal yla va eEOMAAUVEL TLG
HETAPBOAEC TNC TAONG TIOU SNULOUPYOUV OL SLOKOMTEG, evw otnv £€£060 umApxeL

ouvnBw¢ évag LETAOXNHUATLOTAG.

5.4.2 TOnot avtiotpodEwv.

Yrapyouv dlddopeg tomoloyieg mou umopel va uAomolnBet évag avtiotpodéag. H
arAn tonoAoyia napouotalel uPpnAd Babuod anddoong aAAd n Kupatopopdn Kat n
otaBeponoinon tng taonc e€6dou Oev eival amMOSEKTH Yyl TIG TEPLOCOTEPEG
epapuoyéC. Ta HELOVEKTAMATA QUTA prmopolV va efaleldBolv ev UEPEL UE TN
BonBela ¢iATpwv TA OTMOlO OHWG £XOUV HEYAAO OYKOo Kol KOotoC. AAAEC TiLO
TIPOXWPNMEVEG TEXVIKEG MELWVOUV TIG amaltioel oe ¢idtpa aAAd mapouctdlouv
HEYAAUTEPEC AMWAELEG. JUVETIWC N €mAoyr tn¢ TomoAoylag Baoiletal otnv evpeon

NG XPUONG TOUNG AVAECO OE AVILKPOUOWEVEG AMALTAOELS OO0V adopd TO KOOTOG,
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TNV molotnTa TG taong €€680U, TO MEPLEXOUEVO OE APHOVLKEG, TOV OYKO K.A.Tl. Av
KalL N TEXVOAOYLO TWV aVTLOTPOPEWVY ELVOL APKETA QVETITUYHEVN, EV TOUTOLG SEV €lval
OpKeTA EfekaBapo mola amd TIG TOAAEC TOTIOAOYIEG TOU UTMAPXOUV E€lval n
KataAAnAotepn ya kaBs dwtoBoAtaikn edpappoyn. Evag avilotpodpEag mpEmeL va
eKTeAEL TPELG AElTOUPYLEG TtOU €lval a) avtiotpodr, B) puBuLon tNg TAONG KL V)

Slapodpdpwon TG Kupatopopdnc.

Ot avtiotpodeic mou unapyouv pnopouv va taflvounbolv avaloya He To oBRoLU0
TWV SLAKOTITLKWVY TOUG OTOLXELWV OTav autad eival Bupiotop. Otav n evépyela yla to
oBnowo twv Bupiotop mapéxetal ano pla eEwteptkn mnyn (6iktuo) téte avrikouv
oTNV Katnyopla twv aviotpodéwv odnyoUpevwy amd to Siktuo | He PUOLKA
petaPfaocn. Otav n evépyela aUTH TIPOEPXETOL QMO EC0WTEPLKA KUKAWUATA TIOU
TIEPLEXOUV OTOLXELD OMWC TUKVWTIEG TOTE AVAKOUV OTNV  KAatnyopla Twv
avtotpodEwy He e€avaykaopévn petapaon i avtoodnyoupevol avtiotpodeis. Ot
OVTLOTPOEIG TIOU TIEPLEXOUV TPAVOIOTOPC OVAKOUV TIAVTIA OTNV KATNyoplo TwvV

dUOLKA AUTOOSNYOUEVWY AVTLOTPODEWV.

5.4.3 AvtiotpodEac védupac.

‘Evag armo toug o kablepwpévoug avilotpodei eival o avtiotpodéag yédupag mou

daivetal oto oxnua 5.8 (Lovodaoikog).

D

“

"Da

Dy

G3 D3

(ZxAua 5.8):Avtictpodag yedupag

Otav 10 doptio dev ival amAd WHUIKO AAAA TEPLEXEL TIUKVWTEG N KAl emaywyoug,
6nhadny otoleia moOu amoBnkeUouv evépyela, TOTE Kplvetal amapaitntn n
tonoBétnon twv 616dwv mapdAAnAa o KABe SLOKOMTIKO oTolyelo. Autd yivetal

S1OTL 08 QUTEC TIC IEPUTTWOELS TO pelpa doptiou Sev €xel mavta To (blo mpodonuo
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LE TNV TAON oTo ¢poptio Kal £TaL otav Ta Bupilotop ofrivouy, To pevpa cuveyilel va

nepva péoa amnod tig Stodouc.

Ito oxfua 5.8 BAfémoupe TNV Sladoxn Twv MOARWY €vauonG ota OLOKOTITLKA

otolxela, TNV evaAAacoOUEVN TAON £€060U TTOU MPOKUTTEL KABWG Kal TO PEUUO OTO

doprtio.

5.4.4 PUBuon tdoncg os éva avriotpodEa.

Ye MOMEG edapuoyECg xpelaletal o Babulaiog éleyxo¢ tou Adyou tng DC taong
€10060u Tou pnopel va petafarietal pog tnv AC taon €€66ou mou tpododotel To
doptio. Autd pmopet va yivel eite pe évav AC puBulotr) taong petafy tng e€66ou
Tou avtotpodea Kol Tou ¢optiou Tou OpwG SnUloupyel TIOANEC QVWTEPEG
OpPUOVIKEG oTnV tadon £€66ou Kol amodevyetal, site pe €vav DC/ DC petatpomnéa
HETAEL TNYNC Kal akpodektwv €l00dou (aufdvovtal €10l Ol OMWAELEC TOU
OUOTNUATOG AOYyW TOU ETUMPOCOETOU METATPOMEN KoL amalteital éva emutAéov

diAtpo otnv eicodo).

MEGOAOz PWM

‘Evag aAAo¢ Tpomocg va petaBarloupe tov Adyo petafy tng DC tdong €l00dou mpog
v AC tdon €fo0bou eivalt pe tnv Pornbsla toUu KUKAWUATOG €AEyXOU TOU
oavtiotpodéa. Ol TEXVIKEC TIOU UTAPXOUV OSLadEPOUV WC TIPOG TO QAPHOVIKO
TIEPLEXOUEVO TNG TAoNng €€060u mpaypa mou kabopilel TNV KAtdAANAn KaBe popa
emAoyn. OL TPELG TILO YVWOTEG TEXVLKEG XPNOLUOTIOL0UY Slapopdwaon eUPoUC TOAUOU
(Pulse Width Modulation 1 PWM) n omoia amattel e€oavaykaopévn pPeTaywyn Kot
elvat: 1)dlapopowon pe €vav maipo, 2) dapopdwon pe moAAoUG MaApoUG Kat 3)
Slapopdwaon pe NULITOVOELSH TTAAUO.

To KUKAwPO EAeyXoU €AEyXEL TNV €vauon Kal oféon Twv SLAKOTTIKWY OToLXElwY
Tou avtilotpodéa mou ouvnBOwe sivat MOSFET ) IGBT yLa T€toleg edpappoyEC. TNV
epyacia aut Oa xpnowomoujooups tnv pEBoSo PWM pe Siapdpdpwon pe

nutovoeld moApo yuati Béloupe va mApoupe pla tdon otnv €6odo mou va
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mAnolalel 600 TOo duvaTO TEPLOOOTEPO TO nitovo. Ol OUVAPTAOELS €AEYXOU
armotelovvtat and €va nuitovo METAPANTOU TAATOUG KOL MLOL  TPLYWVLKA
KUMOTOMoP®r oTaBepol MAATOUC HE L0l GUVEXH CUVLOTWOOQ, N omola avaotpeédpeTal
0€ TIOALKOTNTA OTO TEAOC KAOE NULKUKALOU TG Tdong e€66ou. OL ywvieg évauong Kal
oBéong Twv SlakomTkwy otolxeiwv kabopilovtal amd tnv Tourn autwv Twv duo
Kupotopopdwv eAéyxou. H tdon €€0dou eAéyxetal pe HETABOAN TOU MAATOUG TOU
nuitovou. Av autod yivel TTOAU peydAo TOTE n Xpovikn PeTaBoArn tng taong e€66ou

TIANOLAZEL TNV TETPOAYWVLIKA KUATOUOPd).

To nuitovo (Aéyetat onpa avadopag) €xel petaAntd mAdtog A kal cuyvotnta f,
EVW N TPLYWVLKA Kupatopopdrn (Aéyetal kot ¢opéag) €xel otabepo mAdtog Ap,
6nAadn pla ouvexn ouviotwoo He HETpo Ap Kal cuxvotnta fp. To mMAAGTOC TOU
NULTOVOU A YeVIKA UTopel va TTApeL TN PeYaAUTEPN O TO TTAATOC TOU TPLYWVOU
Ap. O aplBuog Twv maApwy ava nuikukAo Sivetal and tnv oxéon 2N= fp/f kal sival

TIAVTA aKEPALOG.

Opilovtal duo ouvteleotég Stapopdwong: o cuvteAeotng Sltapopdwong MAATOUG

MA=A8t/Ap Kal 0 cUVTEAEOTAG SLapdpdwaong cuxvoTnNTAG

MF=Fp/Fsin. Onw¢ ¢aivetal and 1o Mapandvw oxnua ot Suo KUUATOHOPDEG
ouykpivovtal petagl touc. Otav To TPlywvo eival LeyaAlUTEPO TOU NUitovou €Xou e
£€€060 pe Aoyikr otadun undév evw Otav To NUITovo givat HeyaAUTEPO TOU TPLYWVOU
€XOUME Aoylkry otabun povada. Ouclaotikd o cuykpltig tpododotel TNV povada
TAALOSOTNONG TWV SLOKOMTIKWY OTOLXEIWV ToUu avtlotpodéa. To AMOTEAECUA TNG
ouyKpLoNg e€opTATAL OO TO CNUELD TOUNG TWV 2 KUpaTtopopdwy. AuEoUELWVOVTOG
to ouvteAeoty MA (amo 0 €wg 1) petaBaAletol To €UPOC TWV TOAAUWV TNG

KUUaTopopdn Tou TIPOKUTITEL A0 TN CUYKPLON).

0oco adopd tov ouvtedeotr) Stapdpdwong cuxvotntag MF mpémnel va emonuavOet
OTL yLO. XAUNAEC TIHEC TOU TIPETEL va. XpnotpomolnBeil ouyxpoviopévn Stapdpdpwon
(ouyxpoviouog onpatog dopéa pe onpa avadopdg), va eival EPLTTOC AKEPALOG KOl
TIOAAAMAQCLOG TOU 3 yla TNV amaAoldr) TwV KUPLOTEPWY OPHOVLKWY OTTO TNV TIOALKNA

Taon.
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5.5 ANQTEPEZ APMONIKE2

H ouxvéotnta otnv €€060 tou avtiotpodéa kabopiletal amod to pubuod Evauvong Kal
oB£€oNng Twv SLOKOMTIKWY OTOLXELWV Kal emopévwg divetal n duvatdtnta pubuLong
OUTAG HEOW TOU KUKAWHOTOG TaApodotnong tou avtiotpodéa. Qotdéoo n
Slakomtiky Aettoupyla Tou avtiotpodéa €xel ouvNOBWE WG ATOTEAECHA  HN
NULITOVOELSEIC KUPATOUOPPEC PEVHATOC KAl TAONE otnv £€€060 TOU, TIOU ONUALVEL
Umapén avwTEPWY ApPUOVIKWY. To GIATpAPLOMA TWV OPUOVIKWY SEV glval VKOO,
€16IKA 0TNV MEPLTTWON OMOU N CUXVOTNTA TWV AVWTEPWY APUOVIKWY HETABAAAETAL
Kall BploKeTaL KOVTA OTNV oUXVOTNTA TNG BOOLIKNG APUOVLIKNAC TNG TAoNG e€060uU. AUTO
€XEL WG amotéAeopa avénon tou PApoug, OYKOU Kal KOOTOUG TOU aviloTpodEa.
Juvenmwg n Onuwoupyia kupotopoppwv HE TO HIKPOTEPO SuVOTO OPHUOVLKO
TIEPLEXOUEVO KOL OPUOVIKEG TIou va evromilovtal o 600 Suvato uPnAoTepeg
OUXVOTNTEC (Yl EUKOAOTEPO KOl OLKOVOULKOTEPO PIATPAPLOUA) ATIOTEAEL Evav amo
TOUG ONUAVTLKOTEPOUG OTOXOUC TWV KOTOOKEUAOTWYV avtlotpodewv. Tautdxpova Ba
UMOPOUCAUE VO TIOUHE OTL ylot TOV Topamndavw Adyo Ba pUmopoUcape vo €XOUUE
avtlotpodeilg pe TMOAU peydlo cuviedeot Stapopdwong ocuxvotntag. Ouwg KATL
TETOLo Oev ylvetal otnv mpaén S10TL 600 peyaAlTepn elval n cuxvotnta Asttoupyiag
TOU avTLOTPOodEQ TOOO UEYAAUTEPEG £ival Ol SLOKOTITIKEC TOU OTMWAELEC. ZUVETTWG
nipenel va Ppebel €vag ocupPLBacpog Hetall Twv SLOKOMTIKWY AMWAELWY OTa
SLOKOTITLKA OTOLXELD TOU aVTLOTPOdEQ KAl TOU OYKOU- KOOTOUG TwV PpiATtpwy mou Ba

tonoBetricou e otnv £€€odo Tou.
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KEDAAAIO 6

MONTEAOMOIHZH AYTONOMOY 2Y2THMATOzZ 2E KATOIKIA 2TO NOMO
OEZZAAONIKH2

6.1 3TOIXEIA ZNITIOY

Oa mpoomabriooupe va £bapUOCOUE TO UPBPLSIKO Hag oUOTNUA O ULl HEYAAN
Katolkia otnv meploxy NG Ofpung,otn  Oscoalovikn.Ol  KATOVAAWOELG

umoAoyilotnkayv Bacn Hag LEoNG TETPAUEAOUG OLKOYEVELQC.
6.1.1 TonoBeoia pwrtofoAtaikwv

H eykatdotaon twv ¢wrtoBoAtaikwv pmopel va yivel Je 2 TPOMOUG:E(TE OTN
otéyn,eite o€ MO €ktaon otnv OoUAR He trackers.Ta TA€OVEKTAUATA TNG

gykatdotaong Twv pwtoPfoAtaikwy oTn oTEYN lval Ta €EAG:

o  MIKpPOTEPO KOOTOG EYKATACTACNG

e Efolkovounon xwpou,kabwc n oTEyn lval axpnoLLOTIOINTN €KTAON
Ta mAgovekTAPATA TNG EYKaTAoTOONS TwV PwTofoAtaikwy e trackers eival ta €€AG:

e Agv UTAPXOUV TIEPLOPLOUOL OTNV QPXLTEKTOVIKI TOU OTILTIOU,0€ avtiBeon e
TNV EYKATAOTAON OTN OTEYN,O0MOU TIPETEL L0 LEYAAN €KTAON TNG OKETNG va
npooavatoAileTal oTo voTto

e MeyalUtepn amodoon €wg kat 40% pe QMOTEAECHA TN XPNON AlyOTEpwvY
TLAVEA yLo TNV 8La tapayOpevn evEpyeLa

e Eilval 1o €UKOANn n enéktaon tTwv GwTOPBOATAIKWY,0€ TEPLTTWON OVAYKNG

TIEPLOCOTEPNG EVEPYELAG

2TO CUYKEKPLUEVO HoVTEND Ba TomoBetricoupe ta pwToBoATaikd pag otn oTéyn .0
dpovticoupe pla Peyaln £KTaon TNC OTEYNG VA ELVOL OTPOUUEVN TTPOC TO VOTO,yLa va

EKUETOAAEUTOUE TNV NALOKH EVEPYELA KOTA TO HEYLOTO SUVATO.MLO CUYKEKPLUEVAL:
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H @eooalovikn éxel cuvtetayuéveg avatoAwkda 22° 56’ 40” kal Bépela 40°38’21”.H
BEATLOTN KALON yla TN HEYLOTOTONON TNG ETHOLAG amodoong o€ cUOTNUA oTaBEPNC

oTAPLENG YLA TO CUYKEKPLUEVO TINATOG eivat h=31°.

6.1.2 ApXLTEKTOVLKN OTILTLOU

IxNua 6.1:e€wteptkn epdavion Katolkiag

H katolwkio otnv mpokelpévn mepimtwon eival pla Stwpodn povokatowkio 112
T.U.ABétel tpio umvodwpdrtia, 800 pmdvia,cahdve kot tparmelokouliva.itov 1°
opodo PBploketal pla KpeBatokapopa,éva  pmavio,n Tpamnelokouliva Kol TO

coAOVL(ZXNUa 6.2)
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Ixnua 6.2:xkaton mpwiou opodou

O &eUtepog 6podog (ZxNua 6.3) eival codita kal mepléxel SUO LMVOSWHATLA KoL
€va umavio.H peyaAn okemn,otnv omoia mavw Oa yivel n TtomoBétnon Twv
dwToBOATAIKWYV,ElVOL TIPOCAVATOALOUEVN OTO VOTO YlO VO EKUETAAAEUTOUME TN

péylotn duvatn nALaKn evEpyELal.
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Ixnua 6.3:katodn devtepou opodou

6.2 NAHPO®OPIEZ ZYZKEYON KATANAAQZHZ

Itn ouvéxela Oa uToAoyloOUPE  TIC QAVAYKEG TNG KOTOLWKIOG OE NAEKTPLKN
evépyela.Mpwta Ba MAPOUUE HLO YEVIKN ELKOVA PE UEOCEC TIMEC KATAVAAWONG KoL
apyotepa Ba avaAUCOUUE AETITOUEPWE TIG TLUEG TWV GOPTIWV ava UARva,aAAd Kal

0VA WPO TOU ELKOCITETPAWPOU.

H tdon Tou UMoCUGOTHATOG TWV CUCCWPEUTWV TIou Ba xpnolpomnolrjocoupe Ba eivat

48V,kaBwg €xouue taon awxung 14.465,5W coudwva pe tov mivaka.
6.2.1 Méon KatavaAwon

‘Exovtag w¢ Se50UEVO OTL TO OTILTL KATOLKELTOL OO HLa TETPAUEAT OLKOYEVELX OAO TO
XPOVO,UTIOAOYICOE TG KATOVAAWOELS TIOU €XEL KABE NAEKTPLKN) CUOKEUN(UECO OpO)

OUVOALKA HECa OTNV NUEPQ,ANA Kal péoa otnv eBdopada.(MNivakag 6.1)
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Tuvoiaxkr) | Hpspnoia Epoopaudraia
@opTio Ioybdg [W] | Asitouvpyia raitovpyia
(Opeg/mpépa) | (Mpépec/spoopada)
19 Adumec tov 11W 209 3.3 7
2 Adumec tav TW 14 4 7
1 Puyeio 900Wh o 24 dpec 112.,5 8 7
1 Dovpvoc nukpokvpdrayv | 800 0,05 7
B00W
1 Bpootipog vepod 2400W 2400 1 0,13 T
1 MiZep 800W 800 025 3
1 I'kpih 1800W 1800 0,17 5
1 Amopopnmpag 250W 250 |1 6
1 Hisktpiki oxoomo 1500W | 1500 0,25 7
1 TV 100W 100 7 7
1 TV 85W 85 | 5 7
1 Yecovdp 1650W 1650 0,16 5
1 Yidepo c1dgpmpatog 2250W | 2250 0,34 5
1 Laptop 300W 300 5 7
1 DVD 50W 50 3 7
1 H/Y 715W 715 3 7
1 Padiogmvo 70 70 | 025 | 6
1 [Mwvripo  podywv A+ | 1360 1 7
1360W

Mivakog 6.1:01 NAEKTPLKEG CUOKEUEG TNG KOTOLKLOG KOL O XPOVOG TIOU QLUTEC

Aeltoupyouv

JUudwva Aowmdv Ue TOv Tapamavw Tivaka Kat pe Tt PonBela tou excel

UTtOAOYL{OUUE TIC HEOEG TIHEC PopTiwv TNE KaTtowkiag(Mivakag 6.2):

MEam £T|010. KOTUVAADGT) 3,572 MWh

Meaom unviaia Katovaimaon 297,64 KWh
| Méaom efdouadiaio KoTaviAmor) 69,45 KWh

MEam nuepn ol Katovaiman 9,92 KWh

Mivokac 6.2: EKTILWIEVEG LECEC KATAVAAWOELG KATOLKLOG

JTOV TOPOKATW Tivoko  ylvetol Hla  TO  aVOAUTIK  TPOoE€yylon  ava
ouokeun.Ymohoyiloupge Aowmdv TIC KOTOVOAWOELG,OAAQ  KOL TOUG XPOVOUG
Aewtoupyiog KABe CUOKEUAG.ALOLPWVTOG HE TNV TAON TIOU AELTOUPYEL TO cuoTnUA
pog kot moAlamAaotaloviag pe tnv amodoon Ttou inverter(91%) &ivovtal ta

ounepwpla(AH) mou KATaVaAWVEL N KOTOLKLAL.
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PIWIDC | PIWIAC nupqolq LMWGG}qu andboon Ofovuol\ud
QOPTIO NOTOTHTAN | 1[A] viv] o bape. heoupyla  [Aewtoupyia aveiotp. A [tdon ovor,
3 |[wpse/nuEpal [(nuépsc/sPBopddal[ustato,  |IV) [AH/nuépal
x X x s = * N e sl [ + &
X X x X " el [ B
8 X X I X X gty | g -
X X x X x " * +
X X x = = L X —— + + =
Aaguepag  [x 19|x X = = 209|% 3,3x(7 s G 0,91+ 8= 15,79
Aopnerpac  [x 2|x x 5 z 14)x |7 T |t 0,91+ a3)= 1,28
Yuyeio X 1 4 = ® 12,5 8|n(7 V7 |+ 0.91|+ o 20,6
$ovpuog o~
WP OKUMETWY | X 1jx X 800(x 0,05|x|2 M 0,91}+ 48|= 0,92
fpacripat s ]
VEROU x ilx X = 2400 0,43|xi2 47 |+ 0,91}+ 8= 7,14
lkep  |x 1lx x - - 800|x 025013 _——+7 |+] o051 48|~ 1,96
ykod 1fx x = = 10800 0A7xls __—=37 [+] 09} a8= 5
anopodnripac [x 1(x X - - 250(n 1 -}2__.-—*"07 * 0,91{+ Q]- 491
nAEXTpLKT : "
2| oxolma |x 1x x - = 1500|x 025lxz—" 47|+ osf u]: 8,59
v X 1fx X 2 = 100|x 7|7 ~==31 |+ 0,91+ agl=| 10,03
v X 1/ x : [ s|xl7_—— 0,91 e 9,79
oEoouap  |x 1fx x 1030 |x 0,10[xls 37 [+ 0,91+ 4= 4,32
albepo S
cbepuparo; |x 1x x = s 2240|x o3afxls " 41 [s 0.91}+ al=| 1%
laptop * 1 L 20{= ® 100 {x §|n|7 =3 0,91}+ a8)= M4
() X 1[x ¥ - - 50 ] Y — 17 |+ 0,91+ 45~ 3,43
HAY X afx X - - 7150x w7 _—37 || oail asl=| 49,14
padibdune [x 1fx x - - 7|y 0,25xle __——%7 |+ 0,91+ 4g]- 0,34
rAwVEnpw f_.--’
POUXMVAL  |x 1fx X . . 1360 [x 1z 47 [+ 0,31+ 4|~ 3L14
D 1043%,2
suv. loyde gop. (W) |C €l 144655| [Whinutpe 2 0voho [AH/uépal 227,14

Mivakag 6.3: UTIOAOYLOMOG OUTEPWPLWV/NUEPA TIOU KATOVAAWVEL N KATOLKLA

6.3 HAIOOANEIA >TH OEZZAAONIKH

ITOV MOPAKATW TiivaKa ¢aivovtol KATIOl OTOLXELOl OXETIKA Pe TN Bepuokpaocia,tnv

NALOGAVELQ, TNV TILECT KOL TNV UYpaCia TTOU EMIKPATEL 0TN OE00AAOVIKN ava HRva.

Mnvog | @spuoxpacio | Huspiiow nioxn | Atuoseoipikn | @spuokpacia
agpa (C°) axtivofolia micon kPa £6G(0oVg
opiiovna
kWh/m’/np)
Iov 5.5 1,70 96.6 1.5
DQef 6,3 2,75 96,4 33
Map 9,2 3,79 96,3 8,0
Amp 13,5 5,00 96,0 14,1
Ma 18,7 7,21 69,1 20,6
Iouv 235 7,22 69,1 26,1
Tovh 25,8 6,93 96,1 28,9
Avy 25,5 16,27 96,1 28,3
Xem 214 4,85 96,3 232
Okt 16,3 3,00 96,6 15,9
Nog 10,7 1,88 96,5 8,2
Asgk 6.6 141 96,6 25
Etiowo | 153 426 96,3 15,1
IInyq | ‘Edagog ‘Edopog NASA NASA

Mivakoag 6.4:

KALLOTOAOYIKA oTOoLXEl0t @OEG0aAOVIKNG




2tn S6eltepn otNAN €lval oL PEoeg BepOKPAOLEG TOU aépa Alya HETPA TAVW OO TO
€6adog,ouudwva Pe LETPNOELG TNEG oo To €dadoc.2tnv Tpitn othAn Kataypadetal
N Hé€on nAwokn aktvoPoAia ava pEpa,oe €va opl{OVTIO TETPAYWVLKO METPO.H
TETAPTN OTAAN avadépel tn HEon oatpoodalplkn Tiieon avd pRva cupdwva e
uetpnoelg tng NASA kat n Méumtn ot)An Oeixvel tn péon Bepuokpacia tou
€60douc.H mo onuaviik otAn yla tTnv Aoy NG LoXUog Twv dwToBoATaikwy
elvat n Tpiltn,n wxug Ba emhexBel cUpPwvA HE TO HAVO UE TN MIKPOTEPN
nAlodavela mou eival o AskéuBpng(Bewpolipe dedopévo OTL oL KATaVaAWOELS gival

(6leg kAOe pnva).

6.4 ENINOIH INVERTER

-OVOMOOTIKY) TAON:N OVOUOOTIKN TACN TOU inverter TpEMeL va €ival lon pe v

OVOHOOTLKA TAON Tou umocuotiuatoc,dnAadn 48V.

-loxU¢ €€060u:n oxUG €€66ou Ba mpémel va eival ion pe v WXL Twv dopTiwy
KOTAVAAWONG TIOU AELTOUPYOUV TAUTOXPOVA.QEWPWVTAC OTL O OUVTEAECTHC
TOUTOXPOVIOHOU Twv doptiwv ¢ owkiag eivat 0,47, n woxug €€66ou tou Inverter

elval 14465,5W*0,47=6798,79W.

-loxug aypng:n oxUG alYUnG KaAd €lval va aviamokpivetal oto ¢alvOUEVO
Aewtoupyilog OAWV TWV EYKATECTNUEVWY CUOKEUWV,TOUTOXPOVA,ECTW Kol yla Alya

SeutepoAenta.AnAadn n LoxuG aXung va ivat 14465,5W.

-Taon €§06ou:mpenel va eival ton pe TNV taon twv doptiwv katavaiwonc,dniadn

230V.

To inverter mou emiAéyoupe eivat To Sunny Island 5048 kat 6a xpnoLUOTOL|COUUE 2
oo autd moapdAAnAa.Ze mapdAAnAn Asttoupyia ol inverter ocuyyxpoviovtal Kal
AeltoupyoUv og pia povo ¢aon,wote va avéavetal n dLaB£oiun oVouaoTIKA LoXUG

og 10KW.
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AC output (loads)
MNominal AC voltage / adjustable 230V /7 202V - 253V
Mominal AC frequency / adjustable 50 Hz, 60 Hz f 45 Hz ... 65 Hz
Continuous AC power (at 25 *C/ at 45 ®C) 5000 W/ 4000 W
Battery DC input
Battery voltage / range 4BV /S 41V -63V

Max. battery charging current / continuous charging 120A /100A
current at 25 °C

Battery type / battery capacity Lead, NiCd / 100 Ah ... 10000 Ah
Charge control IUoU process

Efficiency / self-consumption

Max. efficiency 95 9%
Self-consumption with no load / standby 2Z5W /4 W
Protection

DC reverse polarity protection / DC fuse yes / yes
AC short circuit / AC overload yes [ yes
Over-temperature / battery deep discharge yes [ yes

Mivakag 6.5: XapaKTnpLoTIKA inverter

6.5 AIASTAZIONOIHZH HAIOTENNHTPIAZ

Ta ¢wtoBoAtaikad mAaiocla mou Ba xpnowlomnownBouv eival HOVOKPUOTAAALKA TNG
etalpiag Coenergy tumou SC 170MA woxvog 170 W pe ovopootiky taon 24 V.H
ETUAOYN TOU OUYKEKPLUEVOU TUTIOU €YLVE LE KPLTNPLO TNV amodoon Toug Kal To
KOOTOC TOUC.OPLOMEVEG AEMTOUEPELEG OXETIKA pe to ¢/B mavel Bpiokovtal otnv

TIAPOKATW ELKOVAL.
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SC170MA
Max. output (Pu. 38 per STC2 7iW:3% s
Modulo sfficiency (%) 121 % : |
MPP voltage (Vysp) 3B5V
MPP current (I,.,) 473 A
Open-circuit voltage (Yoo 424V
Short-circult current (\sc) 5212
Temporature cocfficieat (Pypp) ~0.485 %/°C
Temperature coefficleat (V) =-0.155 v°C
Temporsture coefficleat (I ;) 2.79 mASC Risvdlds
Maximun system voltage 1,000V
Cells 72 monoerystalines LA 44 g
Cell dimensions 124 x 128 nm 3 UL "
Module dimensions (Lx W x H) 1,575 « 826 x 46 Pront side
Weight 18.3 kg 19+
. o
Wide Range of Apgplications N D ¢
Grd-connacied pnotovollaic Ssystems tetwean 1 2nc 100 kW . ¢
arge PV systems and spacial projects |

Extended Module Service Life
Calls embeddad in EVA {ethylene vinyl acetate)
Sclar gass on thefront side
Waather and waterproof foil back

Sturdy Frame High Quality Finish
Fully closed aluminium frama

Allgimensions inmm

Oplical, mechanical and sectrical module testing during

Frame scravec atend faces and postproduction
Warranties and Certificates Automated production |ine enaures corsistently high level
25year warranty on 80% of the mnimum output® of proguct guanty
5 year product warranty* Simple Installation
EC 81215 Protection Class || Multi<contact (NCill) plug suppied as standard

Ixnua 6.6:xapaktnpLlotika ¢/p mlatciou

3TN CUYKEKPLUEVN evoTnTa UTtoAoyi{oupe TN cUVOALKA LoXU Twv ¢/B cuoTolwy yLo
va SlaocTtacloAoyriooupe tnv eykatdotaon poc.la Ba yivel autd eKTILOUUE TLG
KOTAVAAWOELG Yyl KABE prAva KoL TNV MAPAyOLEVN EVEPYELX KAl UTIOAOYI{OUUE TV
woxy ovudwva HE TO UAVA HE TN WUIKPOTEPN Sladopd mapayOouevng eVEPYELAC

KaTavAaAwong.
6.5.1 Mnviaieg avayKeg pEUHATOC

Avadépape OTL Ol HECEG AVAYKEG NAEKTPLKAG EVEPYELAG TNG owkiag ival 297,6KWh
TO MAVOLAUTA n TR amoteAel To HECO OpOo OAWV TWV UNVWV.YTTAPXEL
Sladopomoinon Twv avaykwv o€ NAEKTPLKY EVEPYELD KATA T OLApKELA TOU
€TOUC,KOOWG adevog pev €xoupe SLOPOPETIKEG SpaoTnPLOTNTEC KOl adeTEPOU TO
XELLWVA VUXTWVEL Vwpltepa Kol Ta PpwTa AELTOUPYOUV TEPLOCOTEPEG WPEC.ZTOV

TIOLPOKATW TIVOKOL EXOUME LaL EKTINON TWV KATAVOAWCEWY VA UAVaL.
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MRAvacg kWh Mivag kWh
Iavoudpioc 320 lovAw0¢ 275

- ®efpoudplog 314 AUYOUCTOC 270
MApTIOC 309 ZenTéuPplog 287
AnpiAioc 298 OkTwBplog 297

Maioc 290 NoZuBploc 307
IoUviog 280 AsképBplog 322

Mivakog 6.7:EKTLLWUEVN KNVLIAio KATOVAAWGCN KATOLKLOG
6.5.2 Mnviaia napaywyn

XpnowpomotloUpe évav eéopowwty ¢/B kat BaAape ta KAtwOL dedopéva(Mivakag

6.8):

Avoym Ioydoc potofoiraikng vevwnpas | 0%
Ammisiec UETaGyMUATIGUOD (YaunAn -> | 0%

péom)

Amnmhisiec Advo okown g & Kaioumg 0.5%
EMUPAVELIS CVAASKTOV

Anmieiec Adyo dabecuotnrog 1/é10¢
TonmoBeoia Oeooalovikn
ZTpIEN Kepapookem
[Ipocuvatoiouoe Notioc
Kion 31°
Ovouaotikn 1oyng 8,9 kW

Mivakag 6.8:el0epxopeva SeSopéva 0TOV EEOUOLWTNA

-H <<Avoxn woxvog ¢/B YeVVATPLAG>> £lval TO TOCOOTO TNG TNG OVOXAC OVAUESQ

OTNV OVOUAOTIKN LoXU TNG YEVVATPLAG KAL TNG TIPOYHOTIKAG TNE TLUAG.

-OL <<AnwAeleg Adyw okovng & kaAvyng emipaveiag oUAAeKTWV>> €ival oL
OTMWAELEC TIOU TIPOKUTITOUV AT TO UETAOXNUATIONO TOU PEUUATOC amo tn XaunAn
otn Méon Taon kot €xel edapuoy] HOVo o0t GWTOPBOATAIKEC EYKOTOOTAOELG

peyaAutepec twv 100KWp.

-OL <<AnwAeleg AlaBeopotntag>> eival anwAeleg oL omnoieg odpeilovral oe BAABN

TOU CUOTHHATOC.
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-Tnv <<OvopaoTKA LoXU>> Tnv opioape ota 8,5 KW kat to Adyo Ba tov avaAlucoou e

TIAPAKATW.

Ta anmoteAéopATA OXETIKA LE TNV EVEPYELX TTOU amodidouv ol CUANEKTEG ava pnva

Kataypddovtal 6ToV MapaKATw TVaKa.

MRvac Mapaywyn (kWh)
|Icw0uc'1p|m; "644 ]
|d)a[3pouc'1mov; "684 |
|MépT|m; "945 I
|,&np'|h|0r; "1.[][]9 ]
\Mdioc l1.120 |
_|I0|l|w0v; ||1.215 |
[ToUAIOC |11.279 |
l:&uvoumm; "1.24? ]
|E£nTéqu|m; ||1.16? ]
|DKT:'J:-B;}|0:; "398 l
INoZpBpioc 572 |
|ﬂ£|<£'u[3p|m; "556 ]
I_Eiwuhu 1° £Toug _"11.33? kWh ]

Mivakag 6.9: KWh ava pnva

OL mapamdvw UTIOAOYLOHMOL £ylvav ylo TOV TPWTO XPOVo Aeltoupyilag Tou
ouotApaTog pag.H anodoon twv pwtoBoAtaikwy OpwE HELWVETAL TtEpimou Katd 1%
KABe xpovo.OL urtoAoylopol mou Ba kKavoupe gival yla 25 xpovia Asttoupyiac.Apa n

napayouevn evépyela oe KWh to xpovo paivetal oTov mapakatw mivaka.

Etoc  kWh ‘Etoc  kWh ‘Etoc  kWh ‘Etroc kWh |Etoc kWh

1 11.109 | 6 10.565| 11 10.047 | 16 9.555 |21 9.086
2 10.998 | 7 10.459 | 12 10.047 | 17 9.45% | 22 8.996 |
3 10.888 | 8 10.355| 13 9.847 |18 0.365 | 23 8.906
4 10.779 | 9 10.251 1 14 9.749 |19 9.271 | 24 8.817
) _10.672 | 10 _10.149] 15 9.651 |20 9.178 | 25 _8.728 |

I'I'Lvaqu 6.10: oL napayéuevsq KWh kdOe €TOUG

Ma va umoAoyiooupe av n Loxug mou emAE€ape(8,5 KW) eivat n katdAAnAn,Ba
TPEMEL va eAEYEOUUE TN XELPOTEPN MEPIMTWON TApAywWYNG-Katavalwons.O pnvag

Aoutdv mou Ba kpivel TNV TWA auth elval o AsképBpng tou 25% étouc,kabwe to
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UAVO QUTO €XOUME TN MEYOAUTEPN KATOVAAWGCN KAl TN MIKPOTEPN TapAywyn
evépyelac.OL avtiotoxe¢ KWh avd prva tou 25% étoug kataypdyovtat otov

MNivako 6.11:

MRAvac kWh MMvac kWh
Iavoudploc 505 lovuog 1.004
®eBpouapioc 537 AuyouoToc 979
MdapTIOC 742 ZenTépBpiog 916
AnpiAioc 792 OkTwBplog 705
Mdioc 880 NoéuBploc 449
Iouviog 954 heképBploc 437

Mivakag 6.11:KWh avd pfva 25% étoug

MapatnpoUpe OTL N XELPOTEPN pNviaia elopon evépyelag eival 427 KWh.Ouwg otnv
TIPAYUATIKOTNTA aUTA N evépyela 6 Ba Ttasl oOAOKANPN TPOC KatavaAwaon,aAld Ba
umap&ouv Kal KAToLleG anmwAeleg.2tov MNivaka 6.12 ¢aivovtal oL anMwAELEG QUTEG KOl

uTtoAoyileTal 0 GUVOALKOG CUVTEAEDTHC OMWAELWV arto ta /B otnv katavalwaon.

Anmieiec KeAwOdTEDV | 098 |
Anmieec Inverter 091 |
Anmigleg CLTCWPEVTOV | 0,85 |
Lovolkoc Lovreieotic Anwiaov | 0,76 |

. Mivakag 6.12:0uvrs)\eoféq QTIWAELWV EVEPYELAG ad TaL ¢/B otnv Karavd)\wcn

‘ETOL AOUTOV N TIPOYUATLKY TTOPAYOUEVN EVEPYELQ TIOU TINYOALVEL OTNV KATAVAAWGCN yLa

10 25° ét0C eivat:
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. MAvag kWh | Mnvag kWh |

Iavoudploc 384 lovAwog 763
dsBpoudpioc 408 AuyouaTog 744
_ MapTioc 564 | ZenTéuBpioc 696
Anpikioc 602 OkTwBplog 536
.~ Maiocg 668 | NoZpBpioc 342
_IoUviog 725 AsképBplog 342

Nivakag 6.13:kWh mou kataArfyouv otnv katavalwon to 25° étog
6.5.3 AlaotaoloAdynon kat Siatagn pwrtoBoAtaikig cuotoryiog

Yrioloyioape Aoutov ot n ¢/B cuotolyia poag,Ba mpenel va €xeL oYU TNG TAENG TWV
8,5KW.0L Siaotdoelg and kabe maveA sivat 1,515 X0,826m to omoio eival 1.,30095
T.L.ZUVOAIKA n cuotolyiot pag KOAUTTEL €KTaon Twv 65,05 T.) Kal n €KToon TG
vOTLOG OKEMNG elvatl 70,4 T.U.ITOV TMOPOKATW Tivaka d¢aivovial CUVOTTIKA Ta

otoleia ¢ SltaoctacloAoynong.

ZuvorliKN 16y0¢ 8.5 KW

Ioyd ova mavel 170 W

Tuvolikoc opiBudc mivei 50

AWIGTAGEIS — EMUPAVELW THVEL 1,575x 0,826 m 1,30095 ..
TUVOLIKY) EKTOGT] GUGTOLIOG 65,05 T. .

‘Extacm votiag oxennC 70,4 T.u.

Bdpoc avad mavel 16,3 ke

Zuvoliko Bapoc cuctotyiag 815ke

Mivakag 6.14:0f0Lxsia Staotacto)\évnoné TaveA

MNna va €xoupe taon €£6dou 48 V Ba mpemel va cuvdéooupe ava 2 ta mAaiola ot

OELPA KAl OAEC TIG SuAdeC peTagL Toug mapAAAnAa.
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Ixnua 6.15:avanapaoctacn datagng ¢/ cuotolxiag

sﬁ

Péupa mAawsiov:4,79 A

PeUpa cuotolxiag: 25X 4,79=119,75 A
Pebpa Bpay. Matoiou: 5,27 A

Pebpa Bpay. Zuotolxiag: 25 X 5,27=131,75 A

To endpevo BrApa TNG TEXVLKNC LEAETNG €lval 0 UTTOAOYLOUOG TNG EAAXLOTNC TAONG TNG

NALOYEVVATPLAG, WOTE VA ETLTUYXAVETAL N GOPTLON TWV CUCCWPEUTWV.

H péylotn avapevopevn Bepupokpacio Asttoupyiag twv ¢/B mAatciwv pmopst va
dBdoel péxpt kot Toug 70°C,06 KOTOOKEUEC TIOU ETUTPEMOUV TNV €AeVBepn
KukAodopila Tou agpa otnv Miow MAEUPA TWV TAOLCLWV.ZE QUTEG TIG TIEPUTTWOELG
arno to datasheet Tou mAalciou,umoloyiletal OTL N TAon Tou MAALoiou elval mepimou

28,53 V.Ta mAaiola mou gival o€ oelpd €ival 2,apa n TAon TnG cuctolxiag sival:
Tdion ouotoxiag otoug 70°C: 2 X 28.53=57,06 V

H taon ¢$Ooptiong TwWV OUCOWPEUTWV ETITUYXAVETAL TIoOAamAactaloviag tnv
OVOMOOTLKA TAON TOU UTIOCUCTHMOTOC TWV CUCCWPEUTWY HE To ouvteleotn 1,2 Etol

€XOUE:

Taon ¢oéptiong Twv cucowpeuTwv: 2 X 24 X 1,2=57,6 V
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Télog umoAoyiloupe TNV TAON TNG cuotoliag oe ouvOnkeg STC(Standard Test
Condition),moA\amAacidlovtag tov aplBud Twv TmAaloiwv O OeElpd, HE TNV

avtiotolyn Taon tou mAalciou og cuvOrkeg STC:
Tdon ouotoyiag:2 X 35,5=71V

Tdaon avowtou KUKAwpatog mAaiciou: 2 X 44,4 \/=88,8V

6.6 EmAoyn-ALaotaoLloAOynon oUGOWPEUTWY

O ocuoowpeutng mou Ba emiAé€oupe eivalt o << 2V 16 OPzS 2000>> tng etalpiog
EPTON pe ovopootikn tacn 2V Kal xwpntkotnta 2520 AH oe ekdoption 24
wpwVv.Avinkouv otn oelpd OPzS-Solar,elval  ocwAnvwtou TUMOU  XOUNAAG
ouvtnpnong,el8Ika oxedlaopuévol yla yla KUKAoug ¢optiong-ekpoptiong upnAng
outovopiag Kal 0oopAAElAC.2ZTOV TOPAKATW Tivaka dailvovtal To  TEXVIKA

XQPOKTNPLOTLIKA TOU OMwE Ta SIVEL O KATAOKEUAOTNG.

Tomoc Xopur. | Am6uoc | Tdon | Peoua | Mixoc | IThdroc | Yvoc | Bépoc e
C4  |nohav | (V) |PBplomc | (mm) |(mm) |(mm) nqam (kg)
(Ah) (4) 5%
2V160PS | 2520 | 6 12300 1 220|399 (815 | 1558
2000 Solar

LA-b

)

IxAUo 6.16:0ToLKElO ETUAEYUEVWYV CUCOWPEUTWV
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IxNua 6.17: cucowpeutng tumou OPzS-Solar
Ztov nivaka urtoAoyiloupe Ta Ah 1ou BEAOULE va €XEL O CUCOWPEUTAG L.

Juvnbwg to Pabog ekdpoptiong eival 60% o AUTOVOUEC KATOLKIEC.OpWG EUELS
XPNOLLOTIOLOUE ULKPO BaBog ekdoptiong 30% yLa va auénGoUE TO XpOvo (WG TwV
OUOOWPEUTWV.ETAéyoupE 2 PEPEC AUTOVOUIAC.TO TTAPAKATW OXAHUA HaG SelyVeL T
oxéon tou Paboug ekdpodptiong  Kal Twv KUKAwvV Twnc.0 Bepuokpaclakog
ouvteAeotn¢ eival 0,9,kaBw¢ oL cucowpeuTeG Ba BpilokovTtal o€ UTIOYELO E OXESOV

otaBepr] Beppokpaocia kovtd otouc 15°C.

Apa adol ta amattovpeva Ah  oxedov CUUMIMTOUV HE TN XWPENTIKOTNTO TOU
ETUAEYUEVOU OUOOWPEUTH,0e Ba £xoupe moapdaAnAn ouvdeon kot OAoL oL

oUOOWPEUTEC Ba ocuvdeBouv oe oelpd.

Anar. | Huépec Mey. fdfoc | eppiok. Anoodpe | Xoprt.
Ah | ootovouiog | ekpOPTIONC | GUVIEASGTIC | yGPNTIKOTTE | STULEYL.
CUGCEPEVTAV | GVAGEP.
(AH) C24 (Ah)
=103  |=]09 = 1.97 2.520

IxAua 6.18: umoAoylopog anattolpuevwy Ah

2663 | x

L2
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O aplBuog Twv cUCOWPEUTWY UTIOAoYIleTaL amd TNV amaltoUEVn TAon Tou €ival
48V.Apa 0 0plOUOC TWV CUCCWPEUTWY TIOU armaltteital eivat 24 cuvdedeuévol oe

oelpd.Me Babog ekpoptiong 30% ta opéApa Ah eivar 0,3 X 2520 = 756 Ah.

g 8

g

Apos Kihuv Exgopmons -E
g

8

o

0% 0% 20% 30% 40% S0% 60% TO% 80% 90%
Ba8og Expopriong: DoD (Depth of Discharge)

Ixnua 6.19: avadoyia Babouc ekdpoptiong pe aplBuo KUKAwV {wn¢ os Beppokpaocia
20°C

ATO TO MOpAAVW CXNHUA TTAPATNPOUKE OTL yLa BaBog ekdpoptiong 30%,Exou e 3600

KUKAou¢ {wng,To omoio onpaivel 8,5 mepimou xpovia Lwngc.
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2YMNOEPAZMATA

OAOKANPWVOVTAG TNV HUEAETN OQUTOVOUOU PwTOBOATAIKOU CUCTHUOTOC yla TNV
TP0d0doTNoN ULOG KATOKIAG oTn @e0oalovikn CUUMEPAIVOUHE OTL TETOLOU €ld0Ug
peAéteg Sev elval 8laitepa amAég. O pnxavikog mpEmel va Aafel unoyn tou éva
TANBO0G TapayovVIwY TPV TIPOXWPNOCEL 0TNV €MAOYN TwV HoVASWV Kal To pEyeBog
NG €yKatdotaonG. Baolkd Kpltriplo ot €mAOYEG Tou amoteAel n emBuunti
0€LOTILOTIAL TOU UEAETWHUEVOU CUCTAUATOC TTOU OPWG OVTIKPOUETAL UE TO AUENUEVO

KOOTOG TWV amapaitnTwy Hovadwy yla tTnv cuykpotnaon Tou.

Ot evlLadepOUEVOL TIPETIEL VA KATAVONOOUV OTL, £HO00OV N NAEKTPLKN Tpododdtnon
Tou¢ Baoiletal amokAELOTIKA O€ £va AUTOVOUO GWTOBOATAIKO cUOTNUA, TPEMEL Val
TLEPLOPLOOUV TIC AVAYKEG TOUG O€ NAEKTPLKN EVEPYELA OTOV HEYLoTO duvato Babuo. O
HUNXAVIKOC odeilel va Toug mpoteivel eVAANOKTIKEG AVCELG O€ OTL apopd TNV Xpnon
OUOKEUWV TIOU HIopoUV va avtikataotabouv amd AaAAec mou Sev amaltolv
NAEKTPLKN EVEPYELQ, OTIOU AUTO ival SuUVATOV, TIPOKELWEVOU va TopBel pia TeAKN

KOlL CUYXPOVWG LKAVOTIOLNTLKI armodaon wg Pog To HEYEBOC TN EyKATAOTAONC.

IAUEPQ, Ta autovoua pwtoPoAtaikd cuotipata Bplokouv epopuoyr o EAAXLOTEG
TIEPUTTWOELS €€ALTIOG TNG WIKPNG AELOTILOTIOG TOUG KOL TOU UTEPOYKOU TIOCOU
XPNUATWY Tou Tpémnel vo damavnBel yla tnv HEAETN KAl €YKOTAOTOOHN TOUG.
ZuvnBwCg, TA CUVAVTAUE OE KOTOLKIEG ATOUOKPUOUEVEG OO TO SNUOCLO NAEKTPLKO
6iktuo ) e€oxlka oTiTIa TTOU KATOLKOUVTAL KUPLWE KATA Toug Beplvouc UNVEG Kal oL

QAT OELG O€ EVEPYELA KL AIMOBRKEVON QUTAG Elval TTOAU TIEPLOPLOUEVEG.

Aebopévou OTL Ta CUMPBATIKA KAUGLUO €XOUV KATola Opla UTtapéng Kot KAmote Ba
e€avtAnboulyv, n texvoloyia £xel NdN oTpadel OTIC OVAVEWOLUEG TINYEC EVEPYELOG
b6lvovtag €updaon otnv nAwakn. AUTO elvalt TOAU  evBappuvtikd SLOTL N
dwtoPoAtaikn texvoloyia Ba e€eAyOel kal oto pEAAOV Ba pmopouoe va AmoTEAEDEL

™V KUpLa Ny NAEKTPLKNG tpododotnong Tou avBpwrou.
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