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MINAKAZ ZYMBOAQN KAI ZYNTOMOIPADIQN

OK dwtoPoAtaikd kUTTAPO
HK NAEKTPOAUTLKO KeEAL
KK KUY EAN Kauoipou
MEA Membrane Electrode Assembly
GDL Gas Diffusion Layer (otpwpoata Stdxuong agpiou)
MPP Maximum Power Point, onueio p€ylotog Loxuog
opP Operation point, onpeio Aettoupyiag
PEM Proton Exchange Membrane, moAupepikn
HeuBpAvn
aG MetaBoAn tng eAevBepng evépyelag Gibbs k] - mol ™!
dH MetaBoAn tng evBaAmiog k] - mol~!
ApH, EvBaAnia avtidpaong didomacong tou vepol k] - mol™?
ds MeToBoAr TG Evipomiag k] - mol~tK™?1
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R TIAYKOO LD OTOOEPE TWV QEPLWV 8,314]-mol™1- Kt
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EnK—s EVEPYELAKH armdSoon Tou NAEKTPOAUTIKOU KEALOU
Qapavtaikn anddocon Tou NAEKTPOAUTLKOU
EHK-F
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1 ZKkomog

Jtn mopoloa dcknon Ba yivel n mapaywyr), amoBnkeuon Kal KoatoavaAwon udpoyovou Kot
ofuyovou oe povada n omola amoteAeital anod tpia tunpata: (1) éva dwrtofoAtaikd kuttapo, (2) éva
NAEKTPOAUTIKO KeAL Kat (3) pia kuPEAN Kauoipou. Mevikdg oKomog eival vol LEAETIOETE OE LA CUOKEUN
«TPACLVNG» TexVoloylag n omola gival pikpoypadia piag cuyxpoving Hovadag mopaywyne, amobnkeuong

Kal katavalwong H, kat 0.

JUYKEKPLUEVO OTNV TTopoloa EPYACTNPLOKT AoKNoN:

v ouyKplvetal n amodoon evog dwrtoBoAtaikol KUTTApou Ot SLOPOPETIKEG OUVONKEG
dwrtiopoL

v npoodilopiletal n anddoong culeuéng

v HUEAETATOL N OX£CN TOU PEVPATOC E TNV TACH TOU NAEKTPOAUTIKOU KEALOU Kal TNG KUYPEANG
KOUOLHOU (XapaktnpLoTikéG KapmuAeg IU) kot mpooSiopilovtol ol BEATIOTEC CUVONKEC YL TN
Aeltoupyla Tou NAEKTPOAUTIKOU KEALOU.

v npoodLopilovral oL LETATPOTIEG EVEPYELOG KOl LA,

v nipoodlopiletal n anddoon otnv napaywyn H, kat 0.

H aoknon xwpiletal o mévte pépn, SU0 €K TWV OMOLWV EPEUVWVTAL PE YWWOTA dedopéval.

NE=EIZ-KAEIAIA
dwtoPoAtaikd KUTTAPO, NALakr evEpyela, NAEKTPOAUTIKO KeAl, kKUEAN Kauaipou, vopog Tou Faraday,

evepyelakn anodoon, dapadaikn andédoon, uméptaon

2 Ewoaywyn

H maykéoupla evepyelakr otkovopia Baciletal katd KUplo AOYO O€ MN OVAVEWOLUEG TINYEC
evépyelag. Aev amotelel kamola poodatn eEEALEN, AAAG LOYXUEL QIO TLG ATOPXEG TNG EKBLOUNXAVLONG, N

omoia tpodpodotrBnke Katl TpododoTeital amod TNV EKUETAAAEUCT TWV OPUKTWY KOUGTUWV.

Mo otpodn TIPOG TNV OLKOVOULA «TIPAGLYOU USPOYOVOU» UMOPEL VA LELWOEL TLG ekTtopuntéG o CO,,
va auénoel t Sleloduon Twv AVaveEWOCLUWY TINywV oTo SIKTUO TTapaywyrng EVEPYELOG Kal Vo BEATLWOEL
TNV evepyelokn achaAela. H avamtuén texvoloyLwv udpoydvou UTIOOXETOL ONLAVTIKEG CUVELOPOPEG OTNY
KAAUYN TWV EVEPYELAKWY OVOYKWYV TNG OLKOVOULAG, evw apaAANAa LELWVEL TNV (A0TIKA) pUTIAVON KoL TO

OUVOALKO amOTUMWHA TOoU dvBpaka Kol 0SeVUEL TTPOG TNV KUKALKH OlKovouia.
Ol BOOLKEG, LN VAVEWGLUEG TEXVOAOYLEG TTapaywynG udpoyovou meplapBdavouv

v" Tnv agplomoinon tou GvBpaka.
v Tnv avapdpdwaon Tou puotkol agpiov HE aTUO.

v' T mUpNVIKEG Slepyaoieg




OL BaolkEG, avaVEWOLUEG TexVoAoyieg mapaywyrng udpoyovou meplhappavouy

v' Tnv agplonoinon tng Blopdlog.
v' Tnv nAektpdAuon Tou vepol og uPnAEG Beppokpaoiec.
v' Tnv HAektpoAuon tou vepoU LE TN XPRON «TIPAovNG» NAEKTPLKAG EVEPYELOG.

To ubpoyodvo SlabéteL TNV uPNAOTEPN EVEPYELOKH Amodoon ava povada palog, to omoio eivat 2,75
dOopEC peyaAUTEPN AMO eKEVN TWV KOWUGLHMWY TTOU TIPOEPXOVTAL Ao USPOYOVAVOPAKES. ZUYKEKPLUEVA

1 kg udpoyovou mepléxel Thy iSLa mocoTnTa evépyelag pe 2,1 kg puokol aepiou 1 2,8 kg Bevlivng.

To ubpoyovo amotehel dopéa evépyelag, OMWE £lvol Kal TO NAEKTPKO pelpa, Kol OXL HLa
TPWTAPXLKA TtNYN eVEPYELAG Kal TIPEMEL va TtapaxBel amod kamota AAAN mnyn evépyelac. H nAektpoAuon,
n omoio XxpnoLUomolel cuvexeg pelpa yLa va SLACTIAEL TO VEPO 0 LEPOYOVO Kat ouyovo, Ba prmopolos
va gival pa mbavn texvoloyia yla thv mapaywyn udpoyodvou, xwpic poAuven tou meptpdAlovioc. To
napayopevo udpoyovo pnopei va BewpnBel wg kabBapdg Kal «TpAcivog» GopEag EVEPYELAG HLOVO OTAV
XPNOLLOTIOLOUVTAL OVAVEWOCLES TINYEG EVEPYELOG, TOTE. AV TO NAEKTPLKO PeUA TIOU QTALTELTAL Ao TN
OUOKEUN NAEKTPOAUCNG TPOEPXETAL ATTO OPUKTA KOoUaLpa §gv MPoodidel Kavéva MAEOVEKTN O £VAVTL TOU

NAEKTPLKOU PEVLOTOG TIOU TTApAYETOL ATeUBEelag amod Ta OpUKTA KAUGLUA.

To ONUOVTIKOTEPO PELOVEKTNHA TNS NAEKTPOAUGNC elvol OTL AMALTEL ULOl APKETH LEYAAN TTOCOTNTA
NAEKTPLKAG EVEPYELAG. € £va LBavVLKO cuothua, amattouvtal 3.9 KWh nAektplkig evépyelag kat éva Altpo
kaBapou vepou, yla t napaywyn 0.111 kg uSpoyovou. OL TUTILKEG EUMOPLKEG CUOKEVEG NAEKTPOAUGNG
Tou vepol €xouv amodoon mou kupaivetat petafd 55 kot 75%, to omoio avtiotoweil os 5.6 kWh

nAekTpLKoU pevpatog yia tnv mapaywyn 0.111 kg udpoyodvou.

H &laomaon tou vepol oe udpoyovo Kat ofuyovo, elval pa avtiotpenth Siepyaocia. Ta Vo avtd
o€pla Umopouv va avildpdoouv oxnuatilovrag vepo, xpnoLpomnotwvrag pia kuperida kavoipou, pe thv
TOUTOXPOVN Ttapaywyn NAEKTPLKAC EVEPYELAG Kal BepuotnTag wg umomnpoiovta. AMA edw sival Kat n
nayida: ta 0.111 kg udpoydvou mepiéxouv 3.7 kWh evépyelag mou pmopel va petatpamnel povo oe

1.8 KWh nAsktplkig evépyelag, Heow pLag kupeAidog kavoipou (amoédoon petatpomnic ~50%).

Inuepa, mepimou 4% tng MOYKOCULOG TApaywyrG USPOYyOvoU TPOEPYXETAL amod TV NAEKTPOAUCH
Tou vepou. Autr n Slepyacia gival RGN OLKOVOULKA omodOTIKN yla TNV mapaywyn umep-kabopol
uSpoydvou og ULKPEG TOOOTNTEG, AAAG TTAPAUEVEL aKPLBN Yo eDAPUOYEC HeyaAUTePNC KALpaKOG, AOyw

KUPLWG TNC amoLTOUEVNC NAEKTPLKIG EVEPYELALG.

YTIG EMOUEVEC evOTNTEC TtapouctaleTal Kot avalUeTal n diepyacio Kot oL BewpnTKEG APXEC HLOG
povadag n omola UMopel va XpNOLUOTIOLEL TO NAEKTPLIKO pelpa amd GwTOBOATHIKO KUTTOPO ylo TV
napaywyrn udpoyovou pHéow NAeKTPOAUONG TOU VEPOU Kal TNV Xprion Tou udpoyovou, OTNV CUVEXELQ, YLa

™V mapaywyn NAEKTPLKOU peVUATOC O pia KUY EAN Kauoilpou.
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3 Oswpla
3.1 Apxn Asttoupyiag tou pwrtoBoAtaikov kuttapo (DK)

Ol anapaltnteg YWWOoeLS yla TNV Bewpla mepléxovral oTIg oNUELWOELS « DwToBoAtaikd Kuttapo» TOU

gpyaotnplou PpUCIKAG, KaL OTO POMTUXLAKO pHadnua uaotkn Il tou TUARUATOC.

H mo onuavtikl mapApeTpog tou PwToBoATaikoU KUTTAPOU elval n amdédocn Tou €pg, N

LKAVOTNTA Tou dNAadN va LETATPEMEL T GWTELWVA EVEPYELD O NAEKTPLKN. OplleTal amod tov Adyo

€ok = Pok out/Pok in (1)

Omou Ppk oyt €lval n péylotn mapayopevn woxug (Maximum Produced Power, MPP) Tou kuttdpou Kot

Pok in €lvain mpoominrouoa oxU¢ TG dwtelvig aktvoBoliag.

JTtnv mopouca Aoknon XPnoldomoleital pia Auxvio wg mnyn dwTtlopou. Av 8ev UTIAPXEL HLa
SlaB€oLun cuoKeLN yla TN HETPNON TNC EvTaong TG akTvoBoAiag Tou, opiletal n mpooTintouoa oxUg

ToU dWTOG WG €€NG:

YroBétovtag étL to kUTTopo Boupapdiletal pue dwg KaL mapAyeToL TO «WTOPEVUA» 4k TO OTIOLO
e€aptartal povo amod tnv Evtacn Kal To PRKOG KUPOTOC TOU MPOCTIMTovTog $wTog, Uropet vo BewpnBetl
10 pevpa PpoxukukAwpatog, Ig. (H€yloto pevpa dwtoviou) wg ploe moodTnTA avaAoyn NG
npooTintouoa LoXVog Tou GpwToc. Na va mpoodloploTel TEAKA N MpooTtinTouaa L.oXUE Tou GwTdG MPETEL
va TOAAQITAOGLOOTEL N TIUA TOU PETPOUEVOU PEULOTOG BPOXUKUKAWLOTOG UE €vav Ttapayovta [T mou

umoloyiletal wg €€NG:

H péylotn TN tng évtaong tng Loxvog tng NALOKAG aKTWVOBOALOG KATA TIG NALOAOUOCTEG NUEPES
naipvel tnv T 1000 Wm™2. H péylotn tpn tou pedpatog BpaxukukAwpatog, Isq (n onota kaBopiletat
armd TOV KOTOOKEUAOTH OE TUTUKEG ouvOnKeg Sokiung, mpodavwe Alakadag, SC = short circuit)

avépxetal o€ Isc = 350 mA. Emopévwg pmopoUpe va oploou e TNV TOpAUETPO [T wg

_ 1000 Wm™?

— 2 -2 A—l 2
350 mA 86 Wm™"m (2)

‘ETOL N MPOOTITITOU oA LoXUG TOU GWTOG Py —ipn OTNV TTAPOUCA AOKNOT UITOPEL VO UTIOAOYLOOEL o tnv

Pog_in =1 A~ Isc (3)

omou A eival n evepyn enwdavela Tou dwToBoATaikol KUTTAPOU.

3.2 BaolkEG ApXEG TNG NAEKTPOXNHELQG

HAekTpO610 KAAOUUE Hla SLoXWwPLOTIKY emidavela LETAAAO-NAEKTPOAUTH, TO omoio Slabétel Suo

ONUOVTLKEG LBLOTNTEG (Selte TNV doknon « HAeKTpoavaAUoNC», EpyAcTrplo pUOLKOXNHELOC):



https://eclass.upatras.gr/modules/document/file.php/CMNG2157/%CE%A3%CE%97%CE%9C%CE%95%CE%99%CE%A9%CE%A3%CE%95%CE%99%CE%A3%20%CE%A4%CE%A9%CE%9D%20%CE%95%CE%A1%CE%93%CE%91%CE%A3%CE%A4%CE%97%CE%A1%CE%99%CE%91%CE%9A%CE%A9%CE%9D%20%CE%91%CE%A3%CE%9A%CE%97%CE%A3%CE%95%CE%A9%CE%9D/%CE%915%CE%B1%20%CE%A6%CE%A9%CE%A4%CE%9F%CE%92%CE%9F%CE%9B%CE%A4%CE%91%CE%99%CE%9A%CE%9F%202022%20%282%29.pdf
https://eclass.upatras.gr/modules/document/?course=CMNG2161

(a) NV ektéleon plag pn auvBopuntng XNULKAG aviidpaong He TtV XPHon NAEKTPLKOU
PELUOTOG TIOU SLEPXETAL HECA QMO QUTO Kl KAAE(TaL NAeKTPOAUTIKO otolxelo (og auth

TNV Aoknon to NAekTPOAUTIKO KeAL = electrolyzer) )

NV mapaywyr NAEKTPLKOU peUATOG OE AUTO LE TNV EKTEAECN Hiag auBOpUNTNG XNILKNAG
avtidpaong kot KaAeital yaABavikd otolyelo (og auth thv doknon n KUPEAN Kauaoipou =

fuel cell).

Jtov Mivaka 1 mapatiBevrol Kupleg SladopEéC Kal OPOLOTNTEG UETALU NAEKTPOAUTIKOU Kol

yaABavikou otolyeiou.

Nivakag 1: KUpleg Stadopég kot opolotnTeG HETAEL NAEKTPOAUTLKOU Kot yoABavikol otolxelou

NAEKTPOAUTIKO oTOLXELIO

yaABaviko otolyeio

Anote)eitat yevikd amo 800 dtadopeTikd PETAANA cUVSEUEVA LE VEUPA GAATOG, 1} LEULOVWUEVA
nutotolxeia mou daxwpilovral pe mopwdn LeUBpavn.

Kivnon nAeKTpoviwv oTo eEWTEPLKO KUKAWMA KOL KIVNGON LOVTIWY 0TOV NAEKTPOAUTH (0 NAEKTPOAUTNG
uropel va elval og vypn 1 otepen popdn)

10 YOABaVIKO OTOLXELO UTTOPEL va peTaTpATEL 0€ NAEKTPOAUTIKO UE TNV MPOoBean ULag EEWTEPLKNG
NAEKTPLKAG NYNAG (TT.X. uratapia, dwtoBoAtaikd kUTTapO)

Ma va yivel po avtidpaon, n Taon tng eEWTEPLKNG
TiNYyNg TpéEnel va givatl Alyo peyalutepn amnd to
SUVOULKO (TtnV TAoNC Tou otolxeiou, HEA).

H kwntiplwa duvapn twv avildpdoewv eival n
Sladopd Suvaulkol TIOU QVANMTUCOETAL UETAED
TwV SU0 NAEKTPOSLWV.

TPAYHOTOTOLETOL Ml N auBopuntn o&eldo-
ovaywylkr avtidpaon (AG > 0) pe peTaTpornn Tng
NAEKTPLKAG EVEPYELOC OE XNULKN

TMPAyMOTOTOLETaL  plot  auBopuntn  o&eldo-
ovaywyikn avtidpaon (AG < 0) pe peTaTpomn TNG
XNULKAG EVEPYELOC OE NAEKTPLKN

To nAektpodlo (Gvodocg) pe TN peyoAlTtepn
oAyeBpikn TR Suvaptkol cuvSéetal pe to BeTikd
TOAO TNG TINYAG TNG TtNYNAC.

H avobog eival to nAektpddlo omou AapPavel
xwpa n ofeidbwon (amwAela nAektpoviwv). H
avod0¢ CUVOEETAL LLE TOV OPVNTIKO aKPOSEKTN TOU
BOATOUETPOU/AUTIEPOUETPOU.

To nAektpodlo (kaBodog) pe Tt HIKPOTEPN
oAyeBplk TR Suvopilkol ouvSEsTal pE TOV
0PVNTLKO TIOAO TNC TTNYNG.

H kaBoboc eival to nAektpddlo omou Aappavel
Xwpa n avaywyn (ewopon twv nAektpoviwv). H
KABob0¢ cuvdéeTal e TOV OETIKO OKPOSEKTN TOU
BOATOUETPOU/AUTIEPOUETPOU.

3.3  Apxn Asttoupyiag tou nAektpoAutikoU KeAloU (HK)

H apxn tng nAektpoAuong rou Baoiletal otig KuPEAeg Tumou PEM (polymer electrolyte membrane)

TEPLYPAPETAL OTLG MOpOKATW EElowoelg
Avodoc:

KaBodoc:

H,0(1) » % 0,(g) + 2H* + 2e~

2HT + 2e™ - Hy(g)

(4)

(5)
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Molo avoAUTLKA: TO VEPO ELOAYETAL OTO KeAL amod tnv avodo oe uypn popdn (Ixnua 1, aplotepd).
Katda tnv &layxuon, to vepod ¢GTAVEL 0TNV KATOAUTIKN emiidpavela tTng avodou HECw TG Mopwdoug
eTLPAVELAG KOl OEELSWVETAL O€ TIPWTOVLA, NAEKTPOVLA Kol 0€uyovo (E€lowon 4). To mapayopevo ofuyovo
LETADEPETAL LECW TNE AVOSIKAC TTOPWSOUC ETLPAVELAG KAl AropakpUveTaL armd To keAl. Ta mapayopeva
npwtoévLa tn¢ avtibpaon petadEpovral anod tTnv avodo PECW TNG LEUBPAVNE TNV KABOSIKI) KATAAUTIKN
eTULPAVELA OTIOU KOl TIOPAYETOL TO HopLako udpoyovo péow avaywyns (E¢lowon 5). To mapayouevo
udpoyovo amopaKPUVETOL amd To KeAl HEow TG opwdoug emidavelag tng kabddou. H kivnon twv
npwtoviwy dlapéoou tng pepPpavng cuvodeletal amod pio mapaAAnAn petadopd vepol WG AmMoTEAECUA
NG NAEKTPWOHWTLKAG Ttapdcupong. H ouvoAlkn avtidpaon sival to dBpolopa Twv U0 NULAVTLEpACEWY

(E¢lowon 6).
H,0(1) - H;(g) +1/20; (8) (6)

OL PEM 0OUOKEUECG NAEKTPOAUGNC UIMOPOUV va oXeSLAOTOUV yla va AELTOUPYOUV OE TILECELG HEXPL
OpKeTEG ekatovtadeg bar. (E€staote autiv tnv Suvatotnta. Mati sival wpéApo va Asttoupyel to

NAEKTPOAUTLKO KeAl umod Ttieon;).

HAektpoAuTikd KeAl KuéAn kavoipou

kaBoboc ﬂq/_ kdBobocg
0, =« H, H, — i : 0,
H,0 <— H,0 : H,0

— TIOAUMEPLKN LEpPBpdvn

KOToAUTLKD mudavela TN Gvodocg Kol
kaBodoc

mopwdne emudpaveLa TNC dvobdoc Kot
¢ kaBodog

IxAMa 1: Alatour evog nAekTpoAuTikoU keAlou PEM (aplotepd), kat piag kupéAng kauaoipou (6e€la)
QAMOTEAOUEVO ATO UL TIOAUUEPLKT] LEUBPAVN ETUKAAUTITOUEVN ATIO AVOSLKEG KAl KABOSIKEG NAEKTPOKATOAUTIKEG

emudaveleg (electrocatalyst) kat pla mopwén emipavela (gas diffusion layer).

Ytov Mivaka 2 mapotiBevtatl ol KUpLeg StadopEC Kol opoLotNTEC UeTafl £vOC NAEKTPOAUTIKOU
KeALoU kal piag KuPEANG kKavoipou.


https://www.mdpi.com/applsci/applsci-09-04461/article_deploy/html/images/applsci-09-04461-g001.png

Mivakag 2: Kupleg Sladop£g Kot opoldTNTeG LETAEU NAEKTPOAUTLKOU KEALOU Kal KUPEANG Kauaipou

nAektpoAuTiKO KeAL (PEM)

Ku£An kavoipwv (PEM)

Amoteleltal yevIKa amo SUo SLadopeTIKEG NAEKTPOKATAAUTIKECG ETMLGAVELEC TIOU £PXOVTAL OE QUECN
EMAGN LE IO TIOAULEPLKN LEUBPAVN.

kivnon nAektpoviwv oto ewTteptkd KUKAwua Kat kivnon wvtwyv (H ') otov nAektpoAitn

H ku€An Kauoipwyv pnopel va petatparnel oe NAEKTPOAUTLKO KeAL pe tTnv mpdoBeon ULag e€WTEPLKAC
NAEKTPLKAG TINYNG cuvexoUl¢ Taong (m.x. unotapla, ¢pwtoBoAtaiko KUTTapo).

TpAyHOTONOLETaL KN auBopuntn Sldomoaocn tou
vepoU (nAektpoAucn) oe H, kat 0, (4G < 0) pe
LETATPOTIN TNG NAEKTPLKNG EVEPYELAG OE XNULKNA

Tpaypotonoleital  auBoépuntn  ofeldwon Tou
ubpoydvou kat avaywyn ofuyovou (4G > 0) pe
LETATPOTIN TNG XNMLKNG EVEPYELAC OE NAEKTPLKNA

N TAon TG e€WTEPLKAG TINYNG TPEMEL va lvat Alyo
MeyaAUTEPN A0 TO SUVANLKO TNG AVTISPAONG

N Kwntnpa dUvopun Twv avVISpAcswv elval n
Sladopd Suvaulkol TIOU QVANTUCOETAL PETAEY
Twv 800 NAEKTPOSLWV.

O BTIKOC¢ TTOAOG TNG TTNYNG AVTAEL NAeKTpOVLA ATIO
v avodo otnv Oomoilo TPAYUATOTOLE(TOL N
o&eldwon.

H,0(1) » % 0,(g) + 2H' + 2e~

H avodog (apvntikd ¢optiopévo nAektpodio)
glval to nAektpodlo Omou AopBdavel ywpo n
ofeldbwon (amwAela nAektpoviwy):

H,(g) + 2e~ « 2H?

H avodoc¢ ouVBEETAL UE TOV QPVNTLKO AKPOSEKTN
TOU KATAVAAWTA.

H kabBobdog otnv omola TPAyUATOMOLETOL N
ovaywyr CUVSEETAL PE TOV ApVNTIKO TOAO TNG
TNYNG, Kol tpododoteital pe nAektpovia amod
ouTtnv.

2HY + 2e™ - Hy(g)

H kaBodog (Betikd popTiopévo nAekTpodio) eival
To nAektpddlo dmou AaUPAVEL XWPA N avaywyn
(ab€non twv nAektpoviwv):

% 0,(g) + 2H* + 2e~ & H,0()

H kdBobdoc¢ ouvdéetal pe Tov BeTkO akpodEKTN
TOU KATAVAAWTHA.

3.3.1 Aopr] tou nAektpoAuTikoU KeAov (HK)

H nmopakdtw mepAnPn tng Soung tou nAekTpoAuTikoU keAlou PEM LoxUeL Kat yla Tig KupEleg
Kkauoipou Tomou PEM. Ta nAektpoAutikd keAhia PEM kat ol kupéleg kauaipou PEM SladEpouv yevika

MOVO WG TtPOg TNV edpappoyr Kal tn Aettoupyia Toug (Zxnua 1).

OL PEM cUGOKeUEC XpnoLomolouV katd kUpLo Aoyo Nafion® wg moAupepko nAektpoAltn (ZxAua 1).
Elvat avaykaio n pepPpavn va Statnpeitat evudatwiuévn ylo Ty e€acdAALon TG LOVIKAG AyWYLLOTNTOG
(H™).

To KUPLOL AELTOUPYLIKA XOPAKTNPLOTIKA TIOU KaBLoToUV [La LeBPAvn Kavh yla xprion eivat

e Na napoucialouv UPNAN TPWTOVLAKN AYWYLLOTNTA
o MnS&eVIKA NAEKTPOVLIKH OyWYLLOTNTA KoL

e XapnAn dwamepatdtnta ota aépta (H, ka 0,)
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OL PEM GUOKEUEG XPNOLUOTIOLOUV Yl NAEKTPOAUTN OTOKAELOTIKA evuSATWUEVN HeUBpdvn. H
Baowkn toug popdn amoteAsital anod plo pepPpavn otig Suo MAeUPEG TNG omolog evarmnotiBevral Ta
NAEKTPOSIO KoL TA OTPpWMOTA Sldyuong Twv aéplwy, Onpoupywvtag £I0L Ul cuoTtolkia

avodo/nAektpoAUtn/kaB0ob0 yla tnv omola xpnoLyornoleital n ovopaocia MEA .

Ta nAektpodia twv PEM Slatatewv Bplokovtal mANpwe Sleomappéva os otpwpata Slaxuong

aeplou (gas diffusion layer, GDL):

v" Napéxouv otnv MEA Tnv amattoVUevn pnxaviky otabspotnta.
v" Emutpénouv thv SLdxuon Tou poidvtog 1 avTlSpwyToc aepiou Kal Tou Vepou.

v" AntotehoUv 6{080 yLa TNV por] Twv NAEKTPOVIWY aTtd KAl TIPOC TAL KOTOUAUTIKA OTPWHLATA.

To KATtaAUTIKO otpwia Pploketal oe enadr TO0O0 e TO oTpwHa SLAXUONC AEPioU OGO HE TNV
NAEKTPOAUTIKN LEUBPAVN, WOTE KOl TA €(6n MOV CUPHETEXOUV otV Aettoupyia tng Siatagng(H, 0, H, kat

0,, Ta MPWTOVLA KaL TA NAEKTPOVLA) va. UrtopolV va €pBouv ot enadn UE TO KATAAUTIKO OTPWHAL.

H xaunAn Bspuokpacia Aettoupyiag kabLotd avaykaio tnv xprion euyevwy akplpwv kataAutwy. O
AeuKOXPUOOC €lval 0 KUPLOG KATAAUTNG O OTIOLOG XPNOLUOTIOLELTOL TOGO OTNV Avodo 000 Kal atnv kKaBodo

AOYw TNC UPNANG NAEKTPOKATOAUTLKAC TOU EVEPYOTNTOC.

3.3.2 KoumnAn IU tou nAektpoAutikoU keAtov (HK).

Qg avtiotpentd SuvapLko (Uye,,) oplleTal n EAGXLOTN TN TAONG TIOU TIPETEL VAL EGAPHUOCTEL yLoL TN
Slaomaon twv popiwv tou H,0 kot oxetiletal pe tnv eAevBepn evépyela Gibbs, AG. e mpotuMEg
ouvOnkeg mieong kat Beppokpaciag (25°C kat 1 atm) to avtiotpento Suvapkd cupBoAiletal pue Uy, Kat

uroloyiletal cupudwva pe tnv E€iowon tou Nernst

4G

Uer = F (7)

OMoU, Z aPLOUOC TWV NAEKTPOVIWY TTOU CUUUETEXOUV Ot KABe avtidpaon (n = 2 otn nepintwon tou H,)

koL F n ota®epd tou Faraday (96.485,33 C- mol™1).

Ma va umoAoylotel To eAdxloto Suvaplkd Tou amatteital yio tnv nAektpoAucn Tou vepou,
Bewpeltal n avtidpaon H,0(1) = H,(g) + 1/20, (g) (E§iowon (6)). H Ty mou Ba ektiunBdel eival
TPOOEYYLOTIKN, SLOTL Sev AapBavetat utt’ odn n untéptaon otnv kdBodo kat otnv avodo (Seite Tnv doknon

«HAgkTpoavaAuong», epyootiplo GuatkoxnUelag). To IXAUO 2 TAPOUCLACEL OYXNUOTLKA TNV KAUruAn 1U

€VOC NAEKTPOAUTLIKOU KeALoU. Au€dvovTtog TV TAon TNG INyNg UMopel va mpooSLlopLoTel MELPOUATIKA N
taon évapéng tng nAektpdAuong amd to ypapulkd gUpog oe UPNAEC evTAOELl TOU pevpatog (n

SlakeKoppEVN YPAUUN N omoia TEUVEL Tov dfova X TNG TAoNG, TETUNKEVN).
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IxApa 2: Ixnuotkn KapmuAn IU tou nAekTpoAuTikoU KeALloU.

levika yla va Sieéoydel pta nAekTpoxnuLkn avtibpaon, o Eva NAEKTPOAUTIKO KEAL, TIPETIEL N TAON TTOU EQPAPUOTETAL
eéwtepika, va elval T00n wWote va gival Fepuobuvaulka emtpent n Slteéaywyn TG oAkng avtibpaons kKot vo
UTTEPVLKOUVTAL T (POLVOUEV TTOAWONG, KOL N WK QVTiOTAon Tou ouothuatog. o va eival depuoduvauika
ETUTPETT) N OALKN) NAEKTPOXNULKN QVTIOPAON, TIPETIEL TO EQPAPUOIOUEVO SUVOLKO OTOUG TTOAOUG TOU KEALOU v elval
ToUAdyLoTov (00 kat avTiFeTo UE TN SLaPopa TwV SUVAULKWY LOOPPOTTLAG TNG KAFOSLKIG Kol TNE avodiknG avTidpaonc
ToU KeALoU. Otav to Suvauitko Tou NAektpodiou eival (oo Ue To SUVALLKO LoopPOTiaG TOU, UITopouV va AaBouv ywpa
UOVOV QVTIOTPETTEC NAEKTPOYXNIULKEG VTIOPATELG, SNAadn avTidpaoeLc OTI¢ onoleg oAa ta otadia Sieéayovral ywpic
TNV MOPAULKPY TTOPEUTTOSLON. STIC TTEPLOCOTEPEG TIEPLUMTWOELS, WOTOOO, EVA 1) TIEPLOCOTEPA QATTO TA OTASLA TNG
nAekTpoxnuUIknc avtibpaonc napeumnodilovratl, onote yia va SteéayIei n avtibpaon Kot va TEPATEL ATTO TO CUCTNU
PaPaAVTAIKO peUU, TO EPAPUOIOUEVO SUVOULKO TIPETEL VA Eival UEYXAUTEPO ATTO TO SUVOULKO LOOPPOTTIAS. 3TNV
mepintwan autn, n avtidpaon elval UN-avTLoTPENTH Kot N SLapopd SUVLKOU, TTOU EQAPUOLETAL A0 TO SUVAULKO

Loopportiac ovoualeTal UTTEPTAON.

Ynapyxouv 6Uo Slakpitol TUmoL amodotikotntag yia tn Hébodo tng nAektpoiuonc, n Oapavrtaikn

anodoon kat n Evepyelakn anodoon, deite avaAUTIKA TTAPAKATW.

3.3.3 Evepyslakr anddoon tov NAeKTPOAUTIKOU KEALOU, Exk_.
H evepyelakn anodoon, ek —_g, OpLlETAL WG TO TINALKO TNG TTOCOTNTA EVEPYELAG TIOU EUTTEPLEXETAL
OTa POLOVTA [E TNV NAEKTPLKN EVEPYELA TTOU TTPOoobiSeTal 0TO cUoTNA:
EH2 VH2 " AH (8)
Enlsk Q ' U

EHK—¢ =

onou Vy, o mapayopevog dykog udpoyovou, AH n Bepuidikn agia tou udpoydvou*, Q to doprtio kat Uo

MECOC OPOG TNG TAON KATA 0TV SLAPKELA TNG NAEKTPOAUONG.

* H evépyela mou ameAeuBepwveTal kata TNV kavon uLag ovoiog (oéeibwan), opiletal wg Feputdikn aia n Svvaun,
Hn (avwtépa Jepuoyovog aéia, higher heating value). H avwtepn Jepuoyovog duvaun meptlauBaver kat T
JepuotnTo mou EAEVTEPWVETAL ATTO TN CUUTTUKVWON ToU atuoU. H evépyela autr Sev umopel va xpnaotuormotn9ei o
ouuBatika cuotnuata kKauong. Omote, SLaUOPPWVETAL Eva ETILITAEOV UEyedoc mou Sev meplAauBavel TV evépyela
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™G ouumUkvwaong. To uéyedog auto Acyetat kadapn n katwtepn Jepuoyovog aéla n Suvaun, Hi kat xpnotuomoleito
yLQ TOV UTTOAOYLOMO TNG artoS00NG CUOTNUATWY FEPUAVANG, KIVNTHPWV KAl KUYEAWY Kauaiuou.

3.3.4 ®apavtaikny andédocn Tou NAEKTPOAUTIKOU KEAOU, €k _F

Xpnotuomnouwvrtag tov §gUTEPO VOLOU Tou Faraday Kal Tnv KataoTatikh elowaon Wavikwy aspiwv,
Ba kaBoploTel pla oxéon UETALL TNG €VTOONC TOU PEUUATOC KAl TNG BEWPNTIKA TTAPAYOEVNC TTOCOTNTOG
H, kat 0,. H Qapavraikn anodoon elvat o Adyog avapeoa otn Bswpntikd UToAoyW(OeVn TIOCOTNTA

aeplou MPoG TNV MPAYUATIKA TopayOUEVN TTooOTNTA aeplou.
Q=I1t=n-z-F (9)
H kataotatikr e€iowon W6avikwy agplwv elvat n akoAoudn:
p-V=n-R-T (10)

Me tov cuvbuacuo twv dUo Tapandavw (amaloildr) Tou n) e€lOWOEWV TTPOKUTITEL O OYKOG TOU
Tapayopévou agpiou w¢ akoAolBwg:
_R-I-T-t (11)
- F- -z
émou V= dyko¢ BewpnTikd mapaydpevou aegpiou, m3, R = naykdopo otabepd twv aepiwv (ion pe
8,314 ] mol1K™1), p= nieon (Pa), F= otaBepd tou Faraday (ion pe 96485 C - mol™1), T= n andAutn
Beppokpacia (K), I= perpoupevo pebpa (A), t= xpovog (s), Q= nAektpko ooptio (C), n= moocdInTaL
ouaiag (mol) , z=aplOpoG NAEKTpOViwY TTOU amaLTOUVTAL yLa Tov SloXwpLopd evog poplou, (. z(Hy) =
2, 6nhadn 2 nAektpovia amaltolVIaAl yla TNV mapaywyn evog poplakou H,,z(0,) = 4 &nladn 4

NAeKTPOVLA amattoUVTaL TIPOKELUEVOU va Ttapadobel éva O,.
H Qapavtaikn andédoon nMpokUNTEL amnod Tnv akoAoubn efiowon:

Vi, (Trpay patiko)
€KK-F =

12
Vy, (BewpnTiko) (12)

H moodtnta tou uSpoydvou TOU TAPAYETAL OTNV TPAYUOTIKOTNTA €lval HLKPOTEPN Ao TNV

Bewpntikn Tou umoAoyilete. Mmopeite va okedteite To yLati;

Mpwtog vouog tou Faraday. H uala tng ovoiag mou amotidetal oe kade NAeKTPOdLo elval avaioyn tng moooTtnTag
TOU NAEKTPLOUOU (NAEKTPLKOU (POPTiOU) oU SLEPXETOL OTTO TOV NAEKTPOAUTIKO aywyo.

AegUtepog vouog tou Faraday. Ot UAlec TwV SLAPOPETIKWY LOVIWV MTOU amoTidevTal ota NAeKTPOSLa kaTd T 6iodo
™N¢ (blac moodTNTaG NAEKTPLOUOU (NAEKTPLKOU (opTiou) eival xnuika toodUVaES, eivat dnAadn avaloyeg mpog ta
ypauuoicoduvaua (g-eq) autwy.
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3.3.5 AnwAsieg ouleuénc (coupling losses)

To Ixnua 3 mapouoclalel tpelg KapmUAeg IU evog dwtoBoAtaikol KUTTApou ot SLUPOPETLKEC
ouvlnkeg pwtlopoL (m.x. aAlayn tng NAlodavelag Katd T Stapkela TN NUEpac). Ta tdavika onpeia MPP
(Maximum Power Point = onpeio PEYLOTAC LoXVOG) UTIOSELKVUOVTAL UE «KUKAGKLOY OTNV KABE KAUmUAn.
To ypadnua mapouolalel eniong tnv KOUUAN IU tou nAeKTPOAUTIKOU KEALOU, N omola TEUVEL TIG TPELG
kapruAeg IU tou OK ot SladopeTikd onueia kal aviumpoownelel To oneio Asttoupylag (OP) tou HK. Ta

Tpla autd onpeio UTTOSEIKVUOVTAL HE KTETPAYWVAKLA» OTNV KABE KOUTTUAN.

nAlakr akTivoBoAia (W /m?)

< 1000
S 6
L]
g‘ KauTTUAEG IU TOU
5 PwTOROATAIKOU
3 4 KUTTApOU
n: \
a g
: ®-|\
=2
g 200
& 5 \
10 20 30 40 50 60 70
KQUTTUAN [U Tou Tdon U (V)

NAEKTPOAUTIKOU KeAIOU

Ixnpa 3: Kaunueg IU evog dwtoPoltaikol Kuttdpou o€ dladopeTikeEG ouvOnkeg GwTLoMOU
ETUKAAUMUEVEG UE TNV KAUTIUAN [U tou nAektpoAuTikoU KeAlou [ 1.

MNpodavwe n kavotntd tou OK SnAadr va LETATPETEL T GWTELVH O NAEKTPLKNA €VEPYELA YivETaL
peyaAUtepn 600 aufavel n anddoon Tou pwTog, LY. To ypddnua Seiyvel TNV LEYLOTN TN TOU PEUUOTOG
BpayukukAwpatog, Isc ota 1000 W - m™2 va avépxetal o€ Igc~ 6 A (evw n avtiotolyn TiuA ota 500 W+
m~2 eivat Igc~ 3 A, kat ota 200 W - m™2 pog Igo~ 1,2 A). Eriong, yia thv udnAdtepn aktivoBoAia, To
onpeio MPP tou OK cuurtintel ue to onpeio Asttoupyiag (OP - operation point) tou HK. Na xapnAdtepeg
aktwopoAieg, autn n cupnepldopd arlhalel kat n KapmuAn tou HK téuvel tig kapmuAeg IU tou OK ot
XOUNAOTEPN TAon (Kol pevpa). Q¢ amotéAeoua, sudavilovtal anwAeleg oxvog (coupling losses -
anwAeleg oUleuéng) emeldr] xpnolUoToLeiTal PHOVO €val PEPOG TNG MEYLOTN LoxUg €€0dou. AuTEG oL

anmwAELEG 06nNyoLV OTOV 0pLOUO TG anmodoong oulevéng:

Pop

EoK/HK = (13)

PMMP
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onou 1o Pyp elval n woxug Aettoupyiag (OP — operation point) kot Py p N HEYLOTN LOXUG.

3.4 Apxn Asttoupyiag TG KUPEANG KAVoipou

O KuplOTEPOC Kol gupéw¢ OSladopévog tumog KupEéAn koauoipou eival o tumog PEM ue
Bepuokpaclako eUpog Aettoupyiag 10 — 80°C kat xpnoLlomolouv uypa (.. aAkoOAeg) i agpia (m.x. H,)
Kavowa. To ofeldwTlkO PECO elval aéplo o§uyovo i atpoodalplkog aépag (20%k. 0.0, oe N,), 6e€la

TAEUPA TOU Zxnuartocg 1.

H o€eidwon mou Aappavel xwpa oe pia KK givat n
H,(g) +1/20,(g) < H,0() (6a)
H omola amoteAeital and tng nuavindpaoelg
H,(g) -» 2H* + 2e~ (5a)

% 0,(g) + 2H* + 2e~ - H,0(1) (4a)

3.4.1 Aopn ™G KUYPEANG KOoipou

Agite tnv mopanavw evotnta «3.3.1 H Sopn tou nAektpoAutikoU KeAloU (HK)».

4 MNewpapoatiky Stataén
Me Tnv MopakATw melpapatikn diataén tng h-tec (IxAua 5) o xprotng Umopet:

° Na Tapdyel NAeKTPKO pelpO amd TV XPAON MG OVOVEWGCLUNAG TNyAG, OmMwg éva
dwtoPoAtaikd kuTTApPO.

° Na mopayet Kat va anodnkevel uSpoydvo kat ofuyovo.

° Na kataypdpel tnv kaprvAn IU tou dwtoPoAtaikol KUTTAPOU, TOU NAEKTPOAUTLKOU KeALOU

Kall TNG KUPEANG KAUOIOoU, EeXWPLOTA YLa KABE TUAUOL
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KOAWSIA yIa TNV KUWPEAN
KaAWSIA yia To @WTOROATAIKO Kauoiyou
KUTTaPO!

OWARVESG degapevn yia Tnv OWARVEG
peTagpopag armoBrikeuan o§uyévou HETAQOPAS  AeTTida QVEMIOTAPAC

\ PopTio
Q | (kaTavaAwTAg)

!
QwTOROATAIKO
KUTTOPO
NAEKTPOAUTIKO KEAI Baon Segapevn yia v KUWEAN Kauoigou
amoBrkeuon udpoydvou
IxAna 5: Mepapatikr Siatagn tng h-tec [ ]
To KUPLOTEPQ EPN TNG CUCKEUNG €lval:
. To dwrtoBoAtaiko kuttapa (Mnyn tdong)
. To NAeKTPOAUTIKO KeEAL
° H ku€An kavaoipou
. To doptio (aveuiotnpag)
. O 6e€apeveg yla tnv anodrkevcon udpoyovou kat oEuyovo
Anapaitnta emutAéov otolxeia
° Auxvia yla tn Aettoupyla Tou NALOKOU TTAVEA
° BOATOUETPO, yLa TNV UETPNON CUVEXNG TAONG, AUTIEPOUETPO, YIa TNV HETPNON TNG EvTaong

TOU pevpaTog, HeTaBAnTh avtiotaon, KaAwdila
° XPOVOLETPO

. aneotaypévo vepo (Aywylpdtnta yepot < 2 pScm™1)
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X0pAKTNPLOTIKA TOU dwToBOoATAIKOU KUTTAPOU

gvepyr nAtakn empaveLa 60 cm?
HEYLOTN TAon Asltoupyiag 2V

pEylotn évtaon pevpartog Asttoupyiag 350 mA

X0pAKTNPLOTIKA TOU NAEKTPOAUTLKOU KEALOU (PEM)

HEYLOTN apaywyn uSpoyovou 10 ml min~?!
péyLlotog 6ykog amoBrikevong H, 30ml
HEYLOTN Tapaywyn ofuyovou 5 ml min~!
péylotog dykog amoBnkeuong 0, 30ml
ETUTPETIOUEVN £VTAOHN TOU PEULOTOG 0—-15A
ETUTPETIOUEVN TAON 0—-20V
enpAaveLla NAeKTPOSLIoU 3,6 cm?
ETUTPEMOMEVN Tiieon AsLlToupylag 0 — 20 mbar

XapoKktnplotika tne KuWeAng kavaoipou (PEM)

H,/0, oxuc 580 — 640 mW (1,5 A)
Eruddveto nAekTpoSiou 3,6 cm?
Emitpenopevn taon 0,45 —-0,96V

17



TPOG NAEKTPOAUTLKO KeAL

T FZ npog KUPEAN KauGipou

‘ b €vSeLEn MANPWONG AVWTEPOU EMUMESOU
— | . ; ' N
Se€apevi avioTdBuonG A €voeLEn MANpWOoNG KATWTEPOU EMLIESOU

(mpoetotpooia) A
Se€apevn unepyeilong vepou
(og Asttoupyia)

— €£000¢ yLal TO TTAPAYOUEVO AEPLO

e{0060¢ yla To mapayopevo 0

aéplo C

i KALpako

N
o

£€£060¢ yLa apoxn vepou |
T(POG NAEKTPOAUTLKO KEAL

—t | | 30

TUAKO aroBRKevong agpiou

10=

Ixnpa 5: As€apevn yla tnv amobrikeuon aegpiou, h-tec [ ]

5 Newpapatikn Siepyacio

5.1 Mépog 1 pe Baon dedopévwv: METpnon TG XOPOKTNPLOTIKAG KAUIMUANG TOU

dwtoBoAtaikol KUTTAPOU CUVAPTHOEL TNG EVTOONG ToU GWTOG, KapnUAeg IU

J1ox0C¢ TOU MEpouc 1 elval o TPOOSLOPLOPOG TNG XOPAKTNPLOTIKAG KOUmUAng IU Ttou
dwtoPoAtaikol KUTTAPOU o€ SLaPOPETIKEG OUVONKES GWTLOUOU.

NEMTOUEPELEG (KOTAOTPWON KUKAWMATOC, TPOTMOC METPNONG TNG TAONG KAl TNG €vtaong Tou

PEUOTOG) YLlot TNV TIELPOUATIK SLatagn Bplokovtal OTILC ONUELWOELS TOU EpyacTnplou GUGCLIKAC.

5.2 Nepapatikdé Mépog 2: MPoodLopLlopdg TG XOPAKTNPLOTIKAG KapunUAng I1U tou
NAEKTPOAUTLKOU KEALOU

To nAektpoAuTtikd keAl mapayet Hy kat O, pdvo otav €xeL Eemepaotel L OPLOPEVN TLUA TOU
ouveXoU¢ peVLATOG TO OTIOLO AVTLOTOLXEL 0TO SUVAULKO (TNV TAON) TNG EvapEng TS NAEKTPOAUGCNC. ZTOXOG

elval n karaypadn tng xopoktnELOTKAG KapmuAng IU tou HK kot o ypadlkdg mpoodloplopd tng
€AAXLOTNG TAONG YLOL TNV SLACTIA0N TOU VEPOU 0g USPOYOVOo Kal ofuydvo.
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KAelote Ta Kammdkia otnv MAeUpd TG KUPEANC Kauoipou.

lepiote kABe Oefapevn e QMECTAYUEVO VEPO (0 < 2uS) UEXPL TNV €VOELEn TARPWONG TOU
KOTWTEPOU ETLTESOU.

Avol€te ta KamakLo otnv MAeupa TN KUWPEANG KOUGIHOU WOTE VA IEPACEL TO VEPO ATIO TN de€apevn
QVTLOTABULONG OTO TUAUA amoBrKeLVONG. XTN CUVEXELD, KAeloTe Eava Ta KamaKLa.
Mpaypatomnolote tn cUVSeon mou daivetal oto IxAua 7. Ma aviiotacn XpnoLUoToLHoTE To KouTtl
HETABANTAC QVTIOTOONG, YO AUTIEPOLETPO TNV cUoKeUr) PREMA Kal yla BOATOUETPO TNV CUOKEUN

MASTECH. Quun6Beite ot

To QUITEPOUETPO @ OUVOEETAL MAVTA O€ OELPA OTO KUKAWUA.

To BoAtouetpo, @ ouvbéetal navra napdAAnda ota onueia mouv JEAouue va UETPHIOOUUE TN SLapopd SuvauLkoU.

0

dwrtoPoAtaikd
KUTTAPO
NAEKTPOAUTLIKO KeEAL

IXARA 7: HAEKTPLKO KUKAWMO YLOL TNV LEAETN TNG XapakTnploTikng (IU) tou nAsktpoAuTtikol KeAol pe

AN

<\

N eAeyxOUevn TNy taong

Eotidote Tn Auyvia emdvw oto dpwtoPoAtaiko kUTTapo o€ andotacn > 50 cm pakpld anod avtov.
@¢tovtag tn Auyvia og Asttoupylia, n pétpnon tng IU apyilel oto U = 0 V (undevikn avtiotaon).
Auv&avovtag tnv avtiotaon (apxikd auvfdveote tnv taon oe Bruata mepinouv 0.2 —0.4V),
Kataypddte TNV avtiotaocn, TNV TAON KoL TNV €VTtaon Tou PeVUATOG. MeTafl Twv PETPNOEWV
TLEPLUEVETE PEXPL VO £XOUV oTaBepomolnBel oL TIUEG yla va AABETE AVTUTPOCWIEVUTIKEG TIUEG TNG
TAONG KaL TOU pEULATOC.

Mpoc€fte Kal KataypAYPTe €miong TNV TAon amnod tn omnoia apyilel n dnuwouvpyia pucaiidwv oto
NAEKTPOAUTLKO KeAL.

B€ote Tn Auyvia ektdC Asttoupylac.

Juvd€oTe TN KUPEAN KAUGLLOU LE TOV QVEULOTHAPAG XPNOLOTOLWVTAG Ta KaAwdLla ouvdeonc. Awote
TPOCOYXN OTNV MOALKOTNTA. Avoifte TAAL TA KOMAKLA 0TV TAEUPA TG KUWEANG Kauaoipou. Mua
pwpn moootnta H, kat 0, Siadelyel anod tig Sefapeveg amobrnkeuong. Adrote tnv KUWPEAN

KOUG(HOU va AELTOUPYNOEL LEXPL VA NV KLVELTOL O AVEULOTAPOG TIEPALTEPW.
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5.3

KAeiote Eava ta KamakLa.

Nepapatikdo Mépog 3: MPoodLoplopdg Tou puboL mapaywyns udpoyovou Kat

ofuyovou.

2TOX0C Tou PEPOG 3 elval o MPoaSloplopog Tou pubuol mapaywyng udpoyovou kat ofuyovou ot

BéAtiotég og SladopEg ouvbnKkes dwTLoUOU.

v

v
v
v

Mn aAAdG€Te TNV T Tou PeTaBAnTh avtiotaong.
ZNUELWOTE TNV apxLKA oTABLN Tou vepoU Kal ota dUo Soxela.
O¢ote Eava tn Auyvia og Asltoupyia Kal TAUTOXPOVA TO XPOVOUETPO.
Kataypate tov xpovo, TNV TACN KAl TV £VIACH TOU PEUMATOC, KoL TOV amoBnKeEUUEVO OYKO
udpoydvou kot 0Euyovo otig Se€apeveg avaloya e TO MOPAKATW TTPOYPAUUO GWTLOHOU:
o T 10 Aemtd (5 — 6 petproelg) oe BEATLOTEC CUVONKEG
o Oéfote oto Xpovo 10 Aemra éva avtikeipevo petafl tn Auxvia Kal to ¢wtoBoAtaiko
KUTTapPO (éva «ouvvedakLy) yla aAAa 10 Aemtd (3 — 4 peTprocLg),
o Kol adalpEoTe TO avVIlkeipevo oto xpovo 20 Aemrtd. Kataypaldte kot autd Ta
anoteAéopata yia dAAa 5 — 10 Aenttd (3 — 4 petpnosLg).

B<ote Tn Auyvia ektog Asttoupyiag.

YuvbéaTe TN KUYPEAN KAUOLMOU HE TOV OVEULOTAPOC XPNOLUOToLwvTag Ta KaAwdla cuvdeong Kot
TouTOXpova BECTE TO XPOVOUETPO OE AELTOUpyiaL.

Avolifte ta kamdkia. To udpoyovo kal to ofuyovo Sladelyouv otadlakd amo TG Se€apeveg
amnoBnkevong. TL TOPATNPELTE;

MePLUEVETE UEXPL O QVEULOTNPOC VO OTAUOTHOEL VA TEPLOTPEDETAL KAl KaTaypdTe To CUVOALKO

XpOvo Aettoupylioc.

Enefepyaoia anoteAeopdtwyv — INTOUHEVA TG ACKNONG
KaBe opada mapadibel pia £kBeon, n omolia mephappavel

a. To apyeio EXCEL kat

b. TO UTtOAOLTTO YPOTTTO (UE TIC YpadKEG Ttapaotdoelg!) os popdn pdf.

oKoAoUBWVTAC TLG YEVIKEG 08nyleg TTou €xouv 800el atig Odnyieg yia To Epyaotrplo Alepyactwvy I.

H tehikn popdn twv Kelévwy mou Ba dnuooteubolv Boa mpémel va akoAouBel moTd TIC 08nyisg

ocuyypodng mou divovtal oto mapddstypa (mpdturo yia tnv ékBeon).

To Gvopa Twv apxeiwv mepLéxel Hovo tov aplopd tg opadag Kat Toug aplBpols UNTpwou Twv
doltntwy, ywa Tapddelypo opdda 18 kat AM = 1020875, 1028768.. -> 18-1020875-
1028768....pdf.
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H epyaocia Ba mapadivetal auvotnpd péxpt duo eBOOUASEC PETA TNV eKTEAECN TNG AOKNONG

NAEKTPOVIKA PHEOw ToU eclass «Epyacieg» oto mAaiolo tng OXETIKAG AoKNoNG.

Katd mpotiunon, ol epyaocieg mpémnel va avePaivouv oe popdn PDF. Ta oxoAla tou Babuoioyntn
UIopoUV va davouV LOVo G UTTOAOYLOTH e edappoyh TTou avoiyel TéEtolou idouc apyeia, omwg
To Adobe Reader kal oxL oe puANOUETPNTEG TOU Sladlktiou N og Kwntd. Ekel ta oxoAla dev

eudavilovral opba.

MNapakaAw, MH cupmiéote ta SUo apxela oe €va (oUte rar oute zip). Exete tnv Suvatotnta va

avePaote duo apyeia KABWCE yLa TIC ATOWLKEC KAl OHASIKES epyaoieg (Méyloto péyeBog apyeiou: 100M).

KaBe €kBeon eléyyxetal yra AoyokAomn pe To mpoypappa Turnitin. I mepimtwon AoyokAomng avw

Tou 30%, n ékBeon Ba aflohoynBel pe 0/10.

Zntouvtal T akoAouBa otnv evotnta tne Oswpiag (buo oceAidec MONO):

oag.

(A)

(B)

JulNTHOTE TIG TOPOKATW EPWTNOELG KAL SWOTE LA GUVTOLLN EMLOKOTINON Kol OVAPEPETE TG TIYEC

Noa urtoloytotet and Beppoduvapikd dedopéva yia tyv avtidpaon H,(g) + 1/20,(g) < H,0(1)
oe T = 25°C to Oeppod-oudétepo Suvaptkdo ( Uy ) kat to avtlotpento Suvaukd ( Uspey, ).
Mapouoidote cuvtoua TIg Sladopeg UTEPTAOELG Ttou epdaviovtal o pia KauruAn IU (yia éva
yaABavikd otolxeio — KUPEAN kauoipou, deite ota gyypada «Apxr, MPAYHOTIK AElToupyla Kot

evepyelakn anodoon tng KUPWEANC Kaucipou 2025»).

Na StaBoaotel to o apBpo «The 2030 power sector transition in Spain 2023: Too little storage for so
many solar photovoltaics? » [19] kot va 806sl pla cUvtopn mepiAnn Baclopévn Kupiwg ota
vpadnuota 1 kat 5. AwoTe TNV ekTipnon oag yla Ty Katdotaon otnv EAAada. Moto mpoBAnua

TPETIEL VA AVTLUETWITIOOUUE;

Agv urtapyouv {NTOUUEVO GTNV EVOTNTA TN TELPOUOTIKAC Stdtaéng Kot Stadikaciog, Hn thv

avadeEpete.

Zntouvtal To. KOAouBol OTNV EVOTNTA TWV ATOTEAECUATWYV (e§LOWOELS, OTAOEPEC, TUIVAKES UE TOL

KUpLa artoTeAEoHATA KO yPOPHHUATA LLE TOV TITAO TOUG, Ko piLat cUvTopn e€flynon yla Kabe evotnta)

TA AEAOMENA KAI Ol METPHZEIZ ANO TO EPTAZTHPIO MONO 2TO APXEIO EXCEL:
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https://www.turnitin.com/
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Mépog 1 pe Baon dedopévwv: MEtpnon xapaktnelotikng KapnuAng IU tov pwrtofoAtaikou

KUTTApOoU

Me ta Sebopéva ava opada,

(1)

(2)
(3)
(4)

Na kataokeuaotouy ta ypadrpoata IU, évtacn Tou pelOTOG CUVAPTAOEL TNG TAoNG, Kal PU, Loxug
OUVOPTHOEL TNG TAONG, 0 SLOPOPETIKEG CUVONKEG GWTLOUOU (Koo ypddnua).

Na poodioplotel yia kaBe peAétn to onuelo Ig- kal to onpelo Tng péylotng oxvog, MPP.

Na poodloplotel yia kB peAéTn n anddoon Epk -

Na mapouclactolv ta anoteAéopata (2) — (3) os évav mivaka. E€nyrjote cuvtoua.

Mépog 2: METpnon XOPAKTNPLOTLKIG TOU NAEKTPOAUTLKOU KeALOU

(5)

(6)

(7)
(8)
(9)

Na kotaokevaotel 1o ypadnua IU tou nAektpoAutikol keAlou. Na mpoodloplotei ypadika n
TELPAUOTIKI TAoN €vapEng TNg NAEKTPOAUONG. ZUYKPIVETE TNV TIELPAPOTIKI TLUA TNG TAONC UE TNV
ovapevopevn anod tnv Bewpla. EEnynote cuvtoua.

Xpnolpornowwvtag Eava to ypadnua [U tou gpwtipartog (1), va npocBéoete tn koumVAn IU tou
(6).

Na nipoodloplotolv ypadikda oL TOPEG TwV KAUUAwWY (ohuela Asttoupyiag).

Na npoodloplotel yla kaBe perétn n anodoon oculevéng. EEnynote cuvtoua.

Na nmapouclactolv ta anoteAéopata (7) kat (8) os évav mivaka. EEnyrnote clvtoua.

Mépog 3: MpoodLopLlopog touv pubuol napaywyng udpoyovou Kot o§uyovou.

(10)

(11)

(12)
(13)

Na kataokevaotei to ypadpnua Vi, kat Vo, (LETPOUHEVOL OyKOL TTPOIOVTWY) CUVAPTHOELTOU XPOVO.
Mo ta mpwta 10 — 15 Aenta (mARpng ¢wtlopd) va mpocdloplotel o pubUOC Mapaywyng Tou

1. Suykpivete to amoteAéopaTa QUTA HE TNV

udpoydvou kol tou ofuyovou oe mol - sec™
umotLBEuevn avaloyia.

Na mpoodloplotel and tnv ouvoAkn mapaywyn H, n evepyelakn anddoon kot n Qapavraikn
anddoon.

Na poodloplotel amo tnv ouvoAki mapaywyr 0, n Oapavtaikn anodoon.

E€nynote clvtopua.

Mépog 4: MpoodLlopLlopog TG anddoong tng KUYPEANG KOUWGIHOU KoL N XOPOAKTNPLOTLKNA

KapruAng IU tne.

(14)

Na ylvel pLo ektTipnon tng nAektpoxnUkng amddoong e BAcn Tou HETPOULEVO XPOVO AELTOUPYLAC

TOU aveploTApa.
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Zntouvtal Ta akOAouBa 6TV EVOTNTO TWV GUUTTEPOLCULATWYV

Na kataokevootel amd to IxNUa 5 éva oxnuatikd Slaypappa tou OAou TMelpdpatog, &va
SLaypappa pong, To onoio mepAapBAveL TIG SLaPOPEG LETATPOTIES LA KoL EVEPYELAG. ZXedLALeTaL elte
LE TO XEPL elte He €va AOYLOUIKO TpOypaupa. Mnv eKTunwvete oxnuarta rf pwroypadisg anod tig

ONHUELWOELG.

Na oulntnBouv ta kUpla amoteAéopata pe BAon TNG MOPAMAVW ELKOVAS Kal va avadepBouv
TUOAVEC amWAELeG evéEpyelOg Kal PAlog KOTA TNV moapaywyr, arnobnKeuor Kol KATtavaAwong tou

udpoydvou Kol oEuyovou.

BONUS
la povo pia povada kara BovAnong

Na 060UV 6Aa ta opaipata petpnong. Na 60800V ta oxeTkd opaApata yla tnv SeUTEPN Kal TEAsUTALA
pétpnon tou Seltepo pEPOC. Na 600800V oL e€loWoELS yia To odAAU TOU Oykou (0 Oykog BewpnTikd
napayouevou aepiou, e€lowon 11) kat tng Dapavraikng anodoong (e€lowaon 12) edpapuolovrag Tnv
eflowaon NG LeTadoonc opAAPATWY KoL VO UTIOAOYLOTOUV Ta o AApaTA AUTA yia uSpoyovo Kal oEuyovo

avtiotolya. Na kataypadtouv ta TeAkad anoteAéopota otnv popdn tou V + 8V kol exp_p + Sekk—_F-
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