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Evyapiotieg

Oa Hieha Vo EXPEATE TNV ELAXELVT HOU EUYVLUOGUVT TIR0¢ 6AoUg 660l GUVEBAAAY GTNY
ohoxhpworn auThe TNG dtmAwuatixc epyaciag. Ilpmto am’ dho, eLAELOTE Amd XAUPOLEC TOUG
yovelg pou, Kovotavtivo xaw XLoglo, xodog xon o adeppiar nov, Zayapla xar Idoova, yio tnv
adLdxoT UTOOTARLEY, TNV orydmn ot TNV evildppuvoT Toug o€ xdle pou Brua. Eniong, ¥éiw
VO ELYOPLOTACW ToL UEAT TN EEETUOTIXAG EMTEOTAC Yoo TNV ToADTIY cUUPBOAY Toug, ol
Wlantépne Tov emBAERovTa xonynTh wou, x. 'edpylo Xtavpoxdxr, xar tnv Ap. Mepydun
Ehevdepion EAILL yior tnv xododrynor, tny umodovy| xat TNV a@oocinot Toug xod Ohn
owdpxeta Tng epyaoiog pou. Télog, Eva Ueydho EUYAPLOTE GTOUC PIAOUS LOU YIdL TNV AUEQLOTN

oThEEN Toug xou TNV eVIdpEUVOY| TOUC OTIC BUOXOAES GTLYUEC.
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Hepiingn

H ohoéva xan peyahOtepn {ATNom NAEXTEAC EVEQYELNG XL 1 avayXT) YL TNV UEWCT) TGV
exnoun®v COy 6Tov TAAVATY, xothoTé avaryxador TNV YeHOoT OVAVEDCIMY TNYWV EVEQYELIS.
Mo amd Tig avavemotueg mnyég evépyelag mou €yel Oetlel 6Tl UTopEl Vo v TIXUTUG THOEL, O To-
LG, T OPUXTY XU, Eivon 1) ML EVERYELYL, UECK TNE YPYONG PWTOBOATUIXGY GUOTN-
udTwy, TV onolwy 1 teyvoloyia eehiooeTon porydafor Tor TEAEUTAlRL YOI, PE ATOTEAEGUN
vo qUEGVETAL GLYEY WS 1) ambdoon Toug. H mapoloa dimhwuatiny cpyoasia eotidlel og uia
Tétol TeEYvoroyla, auth twv ®/B mhaciwv dimkic édmne 7 bifacial PV modules. Tlepi-
Yedpovtan ot cuvniéotepes Teyvohoyieg xataoxeuric @ /B miaicionv, evd avolbovtor xou ot
ONUAVTIXOTEQES TUPHUETEOL X0 OL TLO Xaplol TapdyovTeS OYEdlIoNS CUGTNUATKWY HE YEYION
o /B oimArc ogng. Axohoudel 1 oyedioon xar Tpoowuoinon pag eyxatdotaong 250 kWp
ue tnv yerion bifacial P/V miawciov xou 1 odyxpeion tng anddoone tng pe tny anddoor (Bug
eYXaTdoTAUONG AAAG UE Yeron cuuPatixey monofacial mhawciwy. Téhog, mpoyuatonoteiton
OWOVOUXT| UERETT), AvOhDOVTOG TO CUUTERAOMATA WOTE Vo Bpedel xatd 600 elval OtxoVouLXd

Buoown auth N TEYVOrOYia.
AéZeic KAz

¢ /B, Potofohtdiind, dinhic 6dnge, xhion, a&ovixt| anéatoaon, AIIE, heuxadyeta, 10ooto-

Yutopévo x6oToC eVERYELaS, xordopd Tapoloo aio



Abstract

The ever-increasing demand for electrical energy and the need to reduce COy emissions
globally make the use of renewable energy sources necessary. One of the renewable
energy sources that has shown potential to gradually replace fossil fuels is solar energy,
through the use of photovoltaic (PV) systems, whose technology has rapidly advanced
in recent years, resulting in a continuous increase in their efficiency. This thesis focuses
on such a technology, specifically bifacial PV modules. The most common technologies
for manufacturing PV panels are described, and the most significant parameters and
crucial design factors for systems using bifacial PV modules are analyzed. A design
and simulation of a 250 kWp installation using bifacial PV modules is then presented,
and its performance is compared with the performance of a similar installation using
conventional monofacial panels. Finally, an economic study is conducted, analyzing the

findings to determine the economic viability of this technology.
Keywords

Bifacial, Monofacial, PV, Photovoltaics, LCOE, NPV, Bifacial Gain (BG%), pitch,
albedo, tilt



1 Ewaywyn

1.1 Evepyesioxod [MpoBAnua

H ovipowndtnta éyet 6ho xan peyoADTEPEG EVEQYELOXES AVAYXES WE ATOTEAECUA TNG AVENOTNC
Tou TANYuopoU, Tou emmédou Lwhc Tou TANYUCHOD XaL TNG ¥EHONS TN TEYVOLOYiog GE OO
xan meptocotepoug Tolelc. H ouveyde auavouevn xatavdhwon evEpYELag @aiveton amd To
Sudrypapa Tou figure 1 (1).

Primary energy consumption

Primary. ours, using the substitution method.
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Figure 1: ITayxdéouia evepyetant| xatavdiwon, 1965-2023

261600, TO PEYOADTEQO UEPOC TNG EVEQYELNS TIOU XOTUVUAWVETOL OO TNV avlpwToTnTa,
TPOEPYETOL UTO TNV YPNOT 0pUXTWY TOPWV. O x0plol opuxTol TOEOL TV Y ENCULOTOLOUVTL
elvon 0 dvdpoxag, To QuoLxd aéplo xaL To TeTpéhato. AuTéC ol TNYEg Bev elvon ave&dvThnTteg
X0 ToEd TO YEYOVOS owTh, oTNetldpaoTE o TOAD UEYAAO T0G0GTO oE auTég, tepinou 80%
(2), ywo v mopayoyh evépyetac. H evépyeto mou xatavahdvoupe we avlpemrtdTnTa Tou

TPOEPYETOAL OO 0PUXTONE TOPOUS, PULVETAL GTO dudypouua Tou figure 2.



Fossil fuel consumption

Measured in terawatt-hours’.
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Data source: Energy Institute - Statistical Review of World Energy (2024) OurWorldInData.org/energy | CC BY

1. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one joule per second, a
watt-hour is equivalent to 3600 joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kWh), or a thousand
watt-hours. - Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion
watt-hours.

Figure 2: Ilayxoouio evepyelant| xaTavaAwon amd opuxtolg tépoug, 1965-2023

Eivor mpogavéc hotmov 6Tt oL GUVEYOCS AUEAVOUEVES EVERYELIXES ATOUTHOELS IOV TEOXUT-
Touy amd TNV €ZENEN TNE TEYVOAOYIOG XL TNV ETEXTUCT AUTAC OTNV UPHALO GE GUVOLUCUO
ue ™y adinon tou TANYUCUOD Xou TNV TETEQUOUEVY QUOT TOV XOLTUCUITOY TWV OPUXTOV
TOPWY, CUVIGTOUV EVal EVERYELUXO TEOBATUO TOU UTOREl VoL ETLPEREL ETUTTWOOELS OE OAT) TNV

ovlpwmoTNTA.



1.2 Ouv avavewolpeg TNYES EVERYELNS

Mia 006¢ avTIHETOTIONG TOU EVERYELXOU TEOPAAUATOS Elvol 1) YO TOV AVAVEDCLIWY
Yoy evépyetag. ‘Onwe mpodidet 1 ovouaoia Toug, oL avaveoyleg TNyEg elvon aveldvTinteg
»OoT600 1) 0&loTolNoT TOUG BEV OPXEl Yol VoL AVTIXATUOTACOLY TIG [ avavewotues. Tlpog
TO OOV xahOTTOLY To TEpitou To 14% Twv evepyelaxmy poc avayxdv (). ITopaxdtw

ToEOVCLELOVTOL OL XUPLOTERES TETOLEC TNYEC EVEQYELIC.

1.2.1  Awoluxy) Evépyeia

H Aol Evépyeta elvon 1) savntins evépyeiol Tou avépou 1 omolal UETATEENMETAL OF NAEXTEIXN
UE TNV Ypnomn avepoyevvnTewy. Elvor and Ti mo SNUoQLAElc avavEDGIUES TNYES Xol 1) YPHON

TNC aUEAveToL G TOMAES YOPES OVE TOV XOOUO.

Figure 3: Awohix6 Ildpxo



1.2.2 Ydponiextewxr Evépyela

H udponiextoiny| evépyeta elvon 1) TLo SNUOPLATEC 1o TOAUOTERT] LOPPT) AVAVEWMCUING EVEQYELOG.
KorohoBdver mepimou to 50% tng evépyetag mou mopdyeton omd avovewotpes tnyée. () To
LBPONAEXTEWE £0Y0l AIOTOLOUY TNV UNyoviXY) EVEPYELL TOU VEQOU oL TNV UETATEENOUY OF

NAEXTEWH UE TNV YeNoTn LOEOCTEORBIAAWY.

Transmission
e B

Fishway
e

Figure 4: Myedudrypopua Toponhexteixol ‘Epyou



1.2.3 Hhoxr Evépyeia

H nhwoer| evépyelo apopd Tnv exeTdhhevon Tng axTivofoliog Tou HALOU Yo TNV ToQoy WY
niexteuxrc evépyelog 1 Ty Vépuavor. Autéd emtuyydveton ue mordnTixnd NALxd GUCTAUTA,
EVEpYELXY NALXE CUCTAUNTO X0 PWTOPOATOIXE cuoTANT. XTnVv exéva tou figure 5

pofveTon €vol TETOLO0 PWTOBOATHIXG GUOTNUA.

Figure 5: ®wtofoAtaixd Idpxo otny Itoiia

H hertovpyio twv @/B xadde xou o1 xdpleg teyvohoyiec Bertinong tng amddoong Toug

oV TUCOOVTOL OE EMOUEVEG EVOTNTEC.
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1.2.4 TewVeppia
H yewdepula agopd v expetdhhevon tng Vepuinrc evépyelag e I'ng mou duippéel mpog
Vv em@dvela. Xenowomoeitor yio TNV VEpUovoTn yOpwY, TNV LAEAVOT| TEOIOVTILY X0l EV

UEQPEL, OTNY ORIy WYY NAEXTEXTS EVEQYELOC.

Figure 6: Xyedidrypopuo anhod cUGTAUATOSC eEXUETIAEUCTC YeEwIepuiog

11



1.2.5 BuopdZla

Q¢ Bopdla yopaxtneillovtar Ta owaxd 1 Brounyoavixd andfinta opyovixrc @bong, omod
Ta omola, Y€ow xatdAAning enelepyaciog, dnutovpyolvton Bloxadoua 6w To BlovtiCe.

Enfong unopet va mapoydel evépyeia and tnv aneudelag xodon Toug.

Figure 7: Blopdla mpoc oo

1.3 Epesuvntixd Epwitripota tng Epyaciag

L%0TOG TNG TAPOUCAS DIMAWUATIXNG epyaciug elvor 1) UEAETN XU O OYEBIAOUOS EVOG GUOTH-
HOITOC PWTOBOATAIXDY UE TNV YeNoT TAVEA BITAC Odewe, yéoa and To hoyiouxd PVsyst.
Hpoxewévou va emiteuydel cwoth oyediaot, avahlovTal Ol ETIXPATECTERES TEYVOAOYIEC TWV
® /B mhouoiov xot mpoodlopilovtal oL TapdueETEoL oY EdlaoNg TwY cuoTNUdTKY. [vetar xoto-
YEUPY) ATOTEAECUATOVY VLot GOOTNUO UE YE1OT) CLUPATIXGY TAMCIWY Xon Ye Ypror TAcolwy
OtmAnc 6heme xodide xou 1 oOyxpton auty. T'iveton enlong oovouxn UeAETN Yo Vo Tpoo-
OLOPLO TEL 1) OLXOVOULXY) BLWCHIOTNTU TV UAOTOLNUEVKY GUC TNUETWY Xat Vo xpwel av 1) yefion

NG ey VohoYlag BIMANG Oewe elvan oixovouLxd cuupEpOUGAL.

12



1.4 Aopn tnc Epyaociag

270 TPWTO XEPAAUO TNG EQYACIOC EYLVE UL ELCAYWYT) GTO EVEQYELMO TEOBANUO TOU
avTWETOTICEL 1 avlpWTOTNTO XS XOL Lol ELCUYWYT OTIC XUPLOTERPES UVAUVEWOUIES TNYES

EVEQYELIC TIOU YLENOWOTOLOUVTAL YId VO AVTIETWTOTEL TO TEOBANUL.

270 0eUTEPO AEPdANO TNG EpYasiag avahiUnxe 1 Aettoupyio TV PwToBoATHix®Y Thatciwy
xOC xou Ol HVPLOTEPES TEYVOAOYIEC TOug, cuumept apfBovouévng ot Tng Teyvoloylag

OLmANc Oenc.

Y10 tpito xe@dhoto, avohbinxav ol mopduetpol mou ennppedlouv Ty oyediuon ¢/B

CLUOTNUATWY PE TNV YeNoT Thaoiny SITAS 6eng.

270 TETOPTO XEPIAAUO EYLVE O GYEDLACUOS TOVY BVO CUCTNUATWY, VA UE TNV YPNoT Cul-
Batixdy mhouolwy xon €va ue Ty Ypnon mhauoiowy SitAhc dleng. Emiéydnxe n tonodeotio,
0 €COTAIOUOS o EYLVE O 0pLOUOS TwV TopouéTewy. Emeita, €ylve xatoypapr Twv anote-
AEOUGTWY TOV TEOCOUOUWOEWY TV V0 CUCTNUITWY HECA UTO LY EUUHUATO TOU AOYLOULXOU

PVsyst xaw cuyxplinxay to anoteAéopota.

270 TEUTTO XEPAALO EYLVE OXOVOUXT] UEAETT TV 0V0 CUOTNUATWY XL 1) omoEodTnTN

oUyxpLom KoTe Vo xpWiel 1 oovouxy| PO TNTA TWV GYEDLACEWY.

13



2 To pwToBoAtoixd yevixd

2.1 PwTOoNAExTEIXO PALVOUEVO

Puytonhexteind, ovoudleton T0 QUUVOUEVO ATEAELIEPWONG NAEXTEOVIMDY OO COU, OTAV
Tpoon{nTel o8 auTé NAexTpopayvnTix axtvoBorio. IIio cuyxexpuyéva, mpoxeluévou va
(POPTIOTEL TO GWUA, 1) TEOCTUTTOVGH NAEXTEOUAY VNTIXY| axTvoBohio TEETeL var efvon GuYVOTN-
Tag, ueyohlTeeng 1) long amd ula 0OpLoUEVT uw'].(4) H 7wur autr) ovoudletar oproxy| cuy voTnTa
fo. E@’ 6owv 1 ouyvétnta tng oxtvBorlag etvon peyohitepn tng fy tote 0 apriude twv exmey-
TOUEVOY MAexTeoviwY elvon avdhoyog tng évtaong J tng nhextpouoryvnuxhc axtivoBoriog.
H exmount; nhextpoviwy, cuufaivel oyeddv Toautdyeova UE TNV TEOCTTWOT TG axTvoBoAiag
oto owpa. To gutoniexteixd gorvouevo elvar 1 opyn Aettoupyiag TWV PWTOBOATUXDY
Thvel, ool T NAEXTEOVIA TOU EXTEUTOVIUL O TNV TEOOTTWOT Tou pwtog tou Hilou,

TEOGOIBOUY TNV NAEXTELXT) EVEQYELX OTO GUVOESEUEVO QopTiOo.

\ |
¢e /

X R

Figure 8: Xynuotixy| avomopdoTtaoT @uToNAexTexo) Quivouévou
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2.2 Hiwaxd KOttopa

To nhiond xOtTopar elvon 1 UxEOTERT HOVADN ToEUYWYNHC NAEXTELXNG EVEQYEWIS Omd TNV
nitooe axtivoBorio.  ‘Eva gwtofoktauxd mdveh amoteheiton amd moAAG nhlaxd xOTTORA,
ouvidwe 32, 36, 48, 60, 72 1) xou 96. Metd ano uereteg, oty aydpa To UAXO TOU EYEL
EMXPATHOEL GTNV XUTUCKEUT] TV NAMAXWY XUTTApwV €lvon T0 xpuotahhxd mupitio (Si),
AoYw TN ambdoone xon Tne avdoviag oe @uowd xoitdouata. Iapaxdtw, avaibovtor ot

cuvniEotepeg TEYVOLOYIEC TTOU YENOHIOTOLOUVTAL 0T PWTOBOATOIXY TovVeEN.

2.2.1 MovoxpuocTtaliixd nupitio

H yerion povoxpuotahhixol mupttiou amotelel TNy o tapadoctuxy) UEY0B0 XATAGKEVVIS Y-
ToBoAToixv maveh. To mdvek povoxpuotahhixol mupttiou apaxtreilovton and Tov Lhnié
Boduod amddoong, TNV avToy Y| TOUG X0k TOV UELWHEVO YWEo Tou xataaufdvouy. Eivar avory-
Vplolo and TS EYXOTES OTIC YWVIES TWY NALAXGY XUTTAR®Y Tou évek (§) xadodg xan ond
TO 0%0VP0 Ualpo yewua Touc. AdYw TNg UEYAANG TOUS amdBooNE Xol AVIOY NS, TO XOGTOG

elvon emtlong ueydro.

Figure 9: ®dwrtofohtoixo TAxcLO LOVOXEUGTUAALXOU TupLTioU

15



2.2.2 IToAuxpuoTtariixd Tupitio

To mhaioto amd TohuXELOTIAMXO TLE(TIO Efvor TLO EUXONO XL YETYOPO VO XUTUOXEVACTOUY
oo TOL AVTIGTOLY O LOVOXPUOTUAAXG, OTOTE %o TO XOOTOC TOUC Efval UixpoTepo. (261600, 1
amoB0O0T) TOUG Elvol YOUNAGTERY Xou eMneeedlovTon To ToAL and Tic udhniéc Vepuoxpaoctiec.
Eivar avaryveplowo, and 1o tetpdymvo oy v xUTtdeny (amoucior eyxondy) xot To

UTAE ypdua Toug ().

Figure 10: ®wtofoltoixo mialolo toAuxpuotalhixol tupttiou

2.2.3 Muoég xuélieg (half-cell technology)

Ynv teyvohoyla uoov xuperlmy, ywpillouue xdie x0TTop0 6Ta 2 T0 0Tolo EYEL 1S ATOTENECUA
TOV UTOBITAUCLIOUS TOU PEUUATOC %Al XUPERANG XoL GUVETKOC TNV UEIWOT TOV WUXOY
AMOAELDY, OTwe TpoxUTTeL and TNy oyéon P = I?R. Xdpn otn pelwon tov oamwiedy,
au&dveton 0 Podudg amddBooNC EVE QUEAVETOL XA 1) UNYAVLXT) OVTOYY| TWV XUTTARWY, xo®dS

1 empdvela Toug ebvor uxpdteen ().

16



Half-cell Full-cell

Figure 11: X0yxpion half cell xou full cell néver

2.2.4 Teyvoloyia PERC

Yo ouufotind ® /B mhaiota, ATOEEOPATAUL UOVOV UEQOS TNG TROOTUTTOUCHS NAMAXAC XTI
vofohiog emeldr| To muplTIo BEV aToPEOWH AN To XY XVUATOS AAA Xal ETELDT) BEV TEOOTT-
TOLY OAOL TAL PWTOVLA TV 0TO TupiTio. ()¢ amoTéheoya, uEpog Tne axTvoBohiog TpooTinTel
oty omlotio empdvela Tou TAonolou auddvovTag TNV Vepuoxpacia xaL TIC ATWAELES. LTd
mhaiowr PERC (passive emitter rear contact) tomoleteiton Sinhextoixd UAXG PETAED TNg
onioMog empdvetag Tou TAotolou xot Tou xpuo TaAAXoU Tupttiou. 'Etot, avaxddton uépog tng
oxtvoPollag, petdveton 1) Yeppoxpacio Tou Thatciou, amopeouTtal X VEOU, UEEOC TN OXTL-
vofohiog mou dev elye amoppogniel TEONYOUUEVKES Xal BEATIOVETHL 1) amOd0GT) TOL TANGiou

oe ouVIxES yaunhic nAtogdvetoc.(5)

17
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Passivated Emitter\
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= aluminium

Figure 12: X0yxpion cuyfotiod xou PERC miawciou

2.2.5 &/B nmiaicia it 6¢dewc (bifacial)

Yt oupPatind /B mhatoia, 1 oniotha empdvela eivon ablapovic xau emiTpénel oTo mhoi-
ol0 Vo amoppo®d. oxtvoBolia wévo and tny eunpbéota empdvela. Ta bifacial ®/B mhoiowo
Vol XATUOXEVOOUEVA -OLUVATWE- amd YUOAL xan 6TIC 800 OYEIC TOUS, UMOPEOPOVTAC OXTI-
vofBohia xon amd Tig 2 emipdveleg. H naporyouevn nhextow evépyeta, augdvetar and 5% éog
30%(5) evey Sev auEdveton xotd oA To x66T0¢ Xataoxeuhc. H adénomn tng anoppopoi-
UEVNC EVERYELS, EC0RTATOL OO TRy OVTES OIS Uhog amd To Edapog, AeuxduyeLa (albedo),

ToL OTtolaL VOAUVTOL GTNV GUVEYELXL.

Monofacial Bifacial

Figure 13: X0yxpton mhouoionv wovAg xou dimhig odng
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Monofacial PERC Bifacial PERC+

AlOy/SiNy
Aluminum

\ Reduced screen-print metallization

Figure 14: X0yxpion xuttdpwy govng xat SitArg 6gng

3 Avaiuvtixdtepa yia ta P /B nhaloio Sinhrc odng

3.1 Ilopdpetpotl twv /B dintAAg 6¢dng

O mo onuavTtéc TopdueTtpol mou yapoxtneilouv Ta bifacial PV eivor o1 mopaxdte:

o H ondédoon petatpomic (Maifacia) TOU Elvar 0 AOYOC NG TopayOUEVNG NAEXTEIXAC
oyboc Pm (W), npoc tnv mpoonintouca oy E (W/m?). O Moyoc autde petpdron

EexweLoTd Yo TNV euneociia xon omiotior 6 Tou TEVEA.

meront/rear
Efront/rear * A

O Bifaciality factor (®) o onoioc ouctactixd xadopilet Ty mpdodetn evépyelo tou Va
mapoy Vel and Ty tiow TAcupd Tou TAaciou. Trdeyouy Tohhol TpdToL Vo uTtohoyLoVel,
YENOWOTOLOVTOS TNV LoYY, TNV TUXVOTATA PEUUTOC, TNV TdoT xou Thyv anodoor. O
ouvniéotepog elvar o Adyog g toybog g omlothag empdvelag TEog TNV Loyl TNg
gunpootoc. (6)

Pmyear

(bpma:r -
meront

To bifacial gain (BG) to onolo pac Seiyvel to xépdog tou bifacial cuothuotog oe
oyéon e to x€pdog evog monofacial xdtw amd Tig Bieg cuvines. Exqpdleton we

TOCOGTO TOU TEOXUTTEL ANO TOV TUEUXYTW TUTO:

Yi actal — Ymono acia
BG(%) = el facial 100

Ymono facial
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3.2 Tlapdyovieg Yyedlaong Bifacial Yvotnudtwy

211 CLVEYELL, TOPOUGLALOVTOL OL GNUAVTIXOTEROL TPy OVTES Oy edlacuol Twy bifacial cuctn-

udtwyv ot omolol ennppedlouy dueca To bifacial gain.

3.2.1 Albedo

H albedo 7 Aeuxadyewa ebvar évag mohd onupoavtixdg mapdyoviag otny oyedlaor bifacial
POTOBOATUXGY UG TNUATWY xo®S EMNEEedlel ot onuavTixd Padud Ty TpooTinTouca ox-
TwvoPohio 670 Tow uépog Tewv TAactwy dpa xau To bifacial gain. e mpocwuoiwor ye mAdTog
mhouolou 2 pétpa, pitch 6 pétpa xar xhion miaciwy 30 yolpdy ot avipwon ool pétpou,

TEOXUTTOUY T TopodTe ypoupridarta:(7)

Relation of albedo and bifacial gain

Bifacial gain by Albedo
28.4

25

20

Gain (%)

0.1 0.2 03 0.4 0.5 06 07 0.8 09
Albedo

* LGE internal simulation result

Figure 15: A0&non bifacial gain oe oyéon e v avénon g albedo
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Relation of albedo and irradiation on backside

500
400
300
200

100

0.1 0.2 03 04 0s 0.6 0.7 (VR ] 09 1

Ground reflectance (R)
Figure 16: A0&non npoonintovcag axtivoforiog otnyv oniotio TAcupd

H onuavtiny emppon tng albedo oo bifacial gain onuoiver 61t mpenet va yivel unoloyio-
HOC aUTHG, oTNY TEptoy Y| evotapépovtog. T'evixd axoloudolvton 3 pédodol Tpocdloplouo

¢ ¢ albedo:

o Xprion mvixwy Yo ovapopds: Ol Tég oToug ivoxeg autols, TeoxOTTOUY omd TNV
emewpenon g Tornodeolag Tng eyxatdoTaong, Auuldvovtog unddny otovyeio 6K,
TO YPWUA, TO UAXO xou TO vy Augo Tou eddgoug. TEtolol Tivaxeg, TapéyovTar ToAAES
POPEC a6 MOYLOUIXA TTROCOUOWWCEWY, 6Twe To PVsyst. Tlopoxdte mapatideton évag

TETOLOC Tvaxoc:

21



Surface Albedo

Grass 015-0.25
Fresh snow 082

Wet snow 055-0.75
Dry asphalt 0.09-015
Concrete 0.25-0.35
Aluminum 0.85

MNew galvanized steel 035

Very dirty galvanized 0.08

* Source ;: Pfsyst

Figure 17: Ilivoxag tuwv albedo yio Sidpopeg emupdveteg

e Métpnon e albedo tne eyxatdotoaong ue ) yeron mupavopéteou (pyranometer).
To mupavéuetpo, meénel va totovetniel oe Oog TourdyioTov Uoo) Pétpou and To
€dapog, 6To %EVTpo TN Tomovesiog Tpog YeAETn. E¢’ 6cov culiéZouue Ta Sedouéva
oUTA, emavoho3Evoude Ty dladtxaoia Yo TOUAdYLoTOY dAAa S ornuela Tng Totovesiag,
€10l OOTE Vo EMTOYOUNE YeYoAUTERN oxplfBeta. 2oTé00 amouteiton mpocoyr, xodmg
oto onuela Tou Yo YENOUOTOL|COUUE TO TURAVOUETEO, BEV TRETEL VoL UTERYOLUY OXLEC
1 dhha gumodia. TTapodtey mapatideton exdva €vog mupavouetpou o QuToBoAToixY

eyxatdoToon:
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Figure 18: ITupavouetpo oe eyxatdoTtoon

Eivor onpovtind v avagepldel g 1) ypriorn TUpavoUETEou Elval 1) GUVLOTOUEVT péYodog

umohoylopol tng albedo plog eyxatdotaong.

Mérpnon pe tnv yeron monofacial PV mhawciou. Eyxohotolue to monofacial miai-
olou o€ BLapopETXES VETELS TNg cuoTolylug xan Talpvouue 600 UETEVOES oTNY xdle
Uéon. Lty mpdTn, To TAUCIO XOLTIEL TPOG TOV OUEUVO XOL TNV OEUTERY XOLTAEL
Tpog 1o €dagog. 'Etot yio xdie tonodeoio tou eyxatacTAcUUE TEOCWELVE TO TANIOLO,

Aopfdvouue 2 TWES, 15Ce,y %ot 15Cgound. H Tomxt| albedo mpoxinter and tnv mpdln:

ISC round
albedo = —9""%
Iscgpy,
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H albedo tn¢ eyxatdotaong npodopiletan Boloxovtag Tov Uéco 6po TwV BlapoEeY

TOTUXOY UETPHOEWY TNS.(7)

3.2.2 AvOdwon and To €dagog

Q¢ aviwon and 1o €dapog opilouye TNV ATOCTACT, TOU XATWTATOU OTUElou Tou TAdGiou
ano 1o €dgaoc. Tomodetdvrag ta TAolota o andotaon and To €dupog, e€acparilovye TNV
TEOOTTWON HEYAUADTERNE TOCHTNTAG axTLVOPBOALNC amtd TNV avéxAaoT) 0To £80pog, GTNY Tow
empdveta Tou bifacial mhawsiou, dpa xou pueyahitepo bifacial gain. Yougwva ye yerétn tng
LG o 6nwg qotveton oto yedgnua "figure 12", to bifacial gain auédveton cuveyng uéypet
xou avOwon TERITOU EVOS HETEOU, OTOU X0l TUEATNEELTOL XOPECUOC.

Bifacial gain by module elevation

250

20.0

200

150

£
E
]
0 100
5.0
o
10 3o ] 70 S0
Aldedo =)= 0.3 ={=05 Module elevation (cm)
* 1N system
* Fied tit structure

* 2 rows Landscape

Figure 19: Yyéon avidwong xau bifacial gain yio Swgpopetinéc Twwég albedo

H avidwon tou ndveh ennppedlel xat TNV opolopop®ior ToU avoxhOUEVOU QWTOS. XE
neplnTwon mou 1 avidoon elvar tixey, 1 TOGOTNTA TNS AVAXADUEVNS oxTvoBollag oTny
Tlow Yeptd Tou Tdvel, dapépet and onueto oe onueio, AOYw NG oxidg Tou (BLou TOU TavVEX.
To xOttopa ota uPnAdTepa onuela Tou TANGIOU, ATOPEOPOVY TEQLOGOTERD PKS OO TA
vnohownor xOtTape. o avddwon 8 exatooty, 1 vdnhotepn Ty e axtvoBoAiag mou
amopeo@dToL amd To XVTTHEA TOL Thanctou, elvan (o1 UE TEVTE YOREC TNV YOUNAOTERT T
‘Oco avgdvetar 1 avidhwor, 1660 Yewsvovton ol amoxhioelg. Autd ewvon onuavTnd, xodng

Ol ATOXAOELS AUTEC 0BNYOUV OE WAL XEPOOUG.
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Irradiance Distribution of Backside in Single Module

Front Side »

top

ol ] ] .
Rear Side » e
{Single Module)

bottom bottom

a) Elevation 8cm : 66 - 328W/m* b) Elevation 58cm : 360 - 390W/m?*
Stimes difference Within 10% difference

* Source : PV MODULE POVWER GAIMN DUE TO BIFACIAL DESIGN. PRELIMINARY EXPERIMENTAL AND SIMULATION DATA (2010 IEEE)
* Test condition : harizontal imadiation 1008W/m 2, Albeda 50%, Tilt angle 30deg

Figure 20: Xyéomn avidwone xau bifacial gain yio Swagpopetinéc twwée albedo

I1 08cm

bottom

c) Elevation 108cm : 400W/m?
uniform

Figure 21: Myéon avidwong xau bifacial gain yio Swagopetinéc Twwég albedo
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3.2.3 AZovuxy andotaocy (Pitch)

‘Evag oxéun mohd onuavtixde mapdyovtag yio Tnv oyediaorn bifacial PV eyxatactdocwy,
etvan 1 a&ovixt| anéotoon (pitch) yetald towv névek. To péyedoc autd eivan dueco ouvod-

€0eUEVo e Tov Adyo xdAudng eddpouc (ground coverage ratio-GCR).

ModuleArea
GroundArea

GCR =
Amé 7o figure 15 ebvon mpogavég 6Tt auidvovTag TNV alovixr) amdoTUOY), UELWVETOL O AO-
YO¢ xdhung Tou £64POUS, YEYOVOC TOU ETUTRETEL TNV ATOPROPNOT UEYAAITERNC TOCOTNTOC

oxtvoPollag and tnv ontotia 6 Twv TAuciny

% Tilt Angle:
| 30deg

Pitch

Elevation

Aldedo ¥

Figure 22: alovixt| andotao

‘Etot, vy pixpdtepo GCR éyoupe xou peyahitepo bifacial gain. (7)

Bifacial gain by GCR

Gain (%)

067 05 04 033 0.29 0.25

Aldedo =O=0.2 =0=03 =0=04 GCR

Figure 23: oyéon bifacial gain xou GCR vy dudpopeg Tiég albedo
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3.2.4 Emoxiaorn and tnv Bdon Ytrping

O Bdoeic othpieng tov @oTofolTtdiney mhaciwy, eunodiCouv PEEOC TOU oVUXAMUEVOU
PwTOHC amd TO Vo PTUoEL oTNY oW UeEd Twv mhauoinv xou €tol emnppedlel To bifacial

gain. ITio ouyxexpiuéva, ol mopdyovtes tov ennppedlouv To bifacial gain etvor (7):

e To ndyoc xou To mhdtog tne teyidac othene (mounting rail).

O opriude teydwy Tou otnpeiCouy Ta Thaioa.
e To oyfua xou o TpéTOC TOTOVETNONG TV TEYIBWY.

o H andotaon tov teyidwy and ta thaloa.

Mounting structure for bifacial (Rail on edge of module)

* Source : OPSUN bifscial Racking System.
Figure 24: aneixovion Bdong otadepric otripleng

Hopoxdtw, mapatidevian ypaphuoata mou aneixovi{ouyv Ta anoTteAéopata TN MEAETNG TNG
LG, névw otic Bdoeic otadepric oTARIENS, VLo DLopopeTinG optdud, Ty 0g Xalk avohoo TIXOTT
ToG TV TEYBWY oTHRENG %ol TUEOUCLALETOL XoU 1) ETLEEOT TWV TAUPAYOVIWY AUTOV GTO

bifacial gain.
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Mounting conditions

1 Rail 3 Rails

Figure 25: Siapopetindg aptiudg xar myog TeYdwy oThELENg

Shading loss by condition
30
24
18

12

Vertical Racking bar loss [%]

8cm 10cm

MNoRack - Bar =1

-BarlZ

- Bar 3

Figure 26: anwheieg emoxioong

Bifacial Gain by Mounting

Bifacial gain [%]

Rail size Rail reflectivity
Mo Rack 1 Rail 2 Rails 3 Rails

30 % 562 514 479
Bocm/315in

50 % 565 530 5.01

585

30 % 542 496 452
10 cm /394 in

30 % 553 516 478

Figure 27: enidpaon oto bifacial gain
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4 Movrehonoinon PwrtoBoATotxedv JLoTNUATWY

Ye authy TNy evotnTa, Yo yivel yovtehomoinon uiag eyxatdotaone 250 kWp. O ntpocwyot-
o0V 800 BLUPORETINEG UAOTIOLACELS TOU GUO THUNTOG, o e monofacial miolow otadepy
Bdoewv othptEng xau pio pe bifacial mhaiowo otadepnv Bdoewv othpiine. To miaiclo mou Va
yenowomoinlel otic 3 vhonowoelc etvan bifacial aAAd yia Tic avdyxes Tng mpoowUolkoNg
Tou monofacial cuctAuatoc Yo ayvoniel To bifaciality Tou péow tne oyetinric Aettouvpylac
Tou PVSyst. Ot undhoineg mapduetpot oyediaopod onwe ywvia thoctou, alipovdo, Udog

amd To €0upog xak aovixr) andc T, Vo Topopelvouy o Tadepd X OTIC TEELS TEPLTTOELS.

4.1 TonroYeocia Touv cucTALATOC

(2¢ tomoveoia yio To LUTOVETNO PWTOBOATAHIXG cUoTNUA, emAEYUnxe owodnedo 4.500 T.u.
oto yweld "Wpl" tou Peioxeton oto voud Kopwiiag otov 6¥uo Ltuugariag. O cuvtetay-
ueveg g tomodeoiog ebvon 37.8654°N xou 22.5269°E. H emhoyr €yive xadog 1 tonodeoio
€yeL xoho Nhox6 Suvaind, eved Beloxeton oe LPNAG Lhduetpo (802m) pe amotéleoya vo
UTIBOYEL EVTOVY YLOVOTITWOT| XUTA TOUS YEWERVOUE UNVEC TO 0Tolo ETNEEEALEL ONUAVTIXG TNV
albedo. 'Etot, emAéydnxe n duvatotnta oplopol enoywnfc albedo. Xtny moapondte exdva,
ebvon oL Tég mou oplotnxay Y tov xde urva. Iapattdevton, o mivaxog ye ta pnviaio
UETEWPOAOYWE oTolyElor TNE TEptoy e, and tnv Bdomn dedopévwy PVGIS TMY 5.2, 6nwg

ouTd e&dyovTon péow Tou PVSyst xon o mivoxag e tig tiwég tng enoywrc albedo.
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Global Horizontal Temperature  Wind Velocity

horizontal diffuse

irradiation irradiation

kihfm2fmth kb fm2fmth oC mfs
January 58.1 33.9 5.8 1.52
February r ? I-'IZI_ 1.47
March 2 | [z ] [Fz | [i=
April [7s1 ] [53 | [2s | [ues

May 208.2 50,2 16.5 1,56
June 253.2 59,1 1.84

1]
1]

1uly 243.4 616 25.3 1.76
August [fize | [0z 22 | [1=s
September F r r [1.24
October F F r |14
Movember T ? T 1.33
December r r 66— [1.41
Year 9 1727.8 616.3 14.6 15

Figure 28: Iivaxac petewporoyndv dedouévey, Wapl Kopivdiog (database: PVGIS TMY
5.2)

—Monthly ground albedo values

Jan. 0,200 May Sep.
Feb. June Oct.
Mar. July Now,
Apr. Aug. Dec.

| » Setall as January

g

Figure 29: Ilivoxag tiuwv enoyinric albedo eddgpoug
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4.2 Xyedlooudg TUOTAUATOS
4.2.1 Tevixég Ilapduetpolr Lvotnudtwy

To clotnua tou oyedidotnxe etvar Loy dog 250 KWp xaw cuvdedepgvo oto dixtuo. Emacydnxe
To mhaloo HD108N tng etanplog Jollywood. To mhaicio ebvon bifacial, povoxpuo toddixol
mupttiou xou Teyvohoylog half-cell xaw toyboc 415 Wp. ‘Onwe npooavagépdnxe, to (Blo mAol-
oto Ya ypnoomoinVel xou yio TNV Teocwuolwor tou monofacial cuoTAuaTog, emAéyovTaC
va aryvonetl to bifacial definition tou.(8)

Yy ouvéyela, €ytve emdoyr Tou inverter Huawei Sun2000-100KTL toyoc 100 KW.
Mo Tic avéryxeg Tou cuoTidatog, Yo Tonotdetnloly dVo inverters. Ta teyvixd yopauxtrelo-

Txd Tou inverter etvon tor €€¥c:(9)

Eioodoc (DC):
e Edpoc MPPT tdoewv : 600-1.500V

e Ovopaotxr téon : 1.080V

Méyiotn tédon : 1.500V

o Tdomn exxivnoneg : 650V

Aprduoc MPPT 1666wy : 6

Apude elo6dwy @ 12

Méyioto petua avd MPPT eicodo : 22A

Méyioto pedua Beoyuxixhwone avé MPPT elcodo : 33A
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'EZodoc (AC):

e Ovopootxr toyic : 100.000W

o Meéyiotn woylc : 105.000VA

e Meéyioto pedua : 80,2A

o Ovopootind pedpa @ 72,2A

e YuvteheoTrg toyvog @ £0,8

e Meéyiotog Paduodg andédoong : 98,8% Xwplc HETACYNUATIOTH ATOUOVLONC
o Méyiom appovixi napopdppwon @ <3%

Aownd Teyvind Xopaxtnetotind:

e Awoctdoelc : 1075x605x310mm

Bépog : T7kg

Boaduog mpootaciog : IP65

Edpoc Vepuoxpactav hettoupyiog : -250C éwe +600C

Me dedopévo 6T 1 amantoluevn Loy s Tou cuothuatog etvor 250KWp xan xde mhaioto

€yl oyl 415 Wp mpoxintel 6Tt 0 aprdude Twv mhatciwy mou yeetalouaocTe elval

250K Wp
~ 415Wp

O inverter 6€yeton tdom 1100V eved 1 péyiotn tdomn evog mhansiou oe ehdyiotn Jepuoxpacio

= 602.4 = 603

oyedloone T' = —10C etvon Voc = 41V dpa o péyiotog aprdude mhacionv oe oepd elvou

1100V
T v

Me 603 mhaiota xan oTorytouéva avd 26 oc oelpéc, 0 apdud TV CElP®Y elval

= 26.82 = 26

603
Nrm=—=23.19 =23
T %6 3.19

'Etot, o tehixdc aprdudc mhoncionv etvar Nod = 26X 23 = 598 mhaloio 0noTE 1) TEOYUATIX

Loy U¢ Tou cucThpaTtog elvan 598 x 415Wp = 248.17 KWp
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4.2.2 Tlopduetpor Monofacial Yuotruatog

o To monofacial cOotnuo oplooue TIC TUEUUETEOUS OIS avohDUNXAY TEONYOUUEVHS.
Hpdxeitan yioo cbotnuo pe mhaicta otodepol dlova omdte and to Orientation Tab Tou
PVsyst 1o clotnua oplotnxe w¢ Fixed Tilted Plane.

[o va utohoyloToly amd TO AOYIOUIXO Ol ETULGHLACELS TOU TEOXVUTTOLY oNO XOVTLVES
ATOCTYOCELS, XATUOKEVAOTNXE UE TO gpyalelo Tou PVsyst éva 3D Scene mou amewovilet tnyv

tono¥étnon Twv mhatcinv oto owxdnedo (figure 30).

Zenith East

'NQ(_th

West

- South

Figure 30: 3D Scene monofacial ®/B cuothuatog

To Oog twv tables and to €dagog oplotnre oto 1.5m %o Yo napaueivel otodepd xa oTiC
TEELC UAOTIOLACELG TOU GUOTAUATOS YLoL Vo Elvon TLo ax@iBAg 1 00YXELOT TGV ATOTEAEOUATOV.
H yovia tov mhaciov opiotnxe otig 30°xou Yo elvan o {Bto xou oty uhornoinon ue bifacial
mhaioto otadepol dova. To pitch emiéydnxe ota 6.0 pétpa (figure 31) xou otn cuvéyela
aVOAVETOL QUTY 1) ETLAOY.

O vunohoytopodg tou pitch mpoéxule and vy oyéon tou Biaypdupoatoc Monegon (fig-
ure32) to omofo elvor ol EUTELPIX CLUVEETNON YOl TNV ATOPUYY OXLACEWY PETOED TWV

TAaoiwV, GUVUPTACEL TOL YEOYEAUPIX0U TAdToUS TN Teptoyic.(10)
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—Selected zone parameters

Zone label IZone #1

Area 4476.29 m=2

‘ "‘ Field properties

Azimuth =
o o r
Tables spacing m
Align tables

Distance from ground 1.50 m

Automatic tilt
Automatic length
Create tracking fields

‘ (& Fill zone

00O

Figure 31: Iopduetpol 3D scene

Awaypoappa Monegon

[ T T
o 20 40

Fewypagiké NAdrog m°

Figure 32: Afoypayuo Monegon
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H oyéon and tnv onola npoxintel to didypappa Monegon etvon 1 e€hc:

L 0.0042 x ¢? — 0.1661 x © + 2.8652
(o

OTOL:
e ¢ elvar TO YEOYPUPIXO TAATOG
o o clvon 1 an6oTaon PETAC) TeV TPOBOAMY TKkV TAUGILY 6To €0upog

e U T0 Uog TG aveTEENG UG Tou Thanoiou amd To €dupog

O Swiotdoelg autée gaivovto xon 6To oyedidypopua (figure 33).

Figure 33: Myeddrypaupa dloaotdoswy table
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[ Tov unoloytoud tou o, 1 ywvia Tou table Yewpinxe 6T elvon 45°. Ernlong, »xdde

table amoteleltan and 10 mAalolo cTotytouéva OTwe gaiveton oTo figure 34.

By o
Reference PV modue
JW-HD108N-415-Black Module
Mockie width 1134m
Module length 1722m
Orientation
Nb. of modues in length 00 [
"] Nb. oF modhies in height (¥} [
Modules X spacing m
Modules Y spacing .02 |m
~Sensitive area
Height 228 |m
Length m
Table area 19.88 m’
Required area 1167.7 m
~Frame around
- | ettt "
tototen ]
orgn [Leftlower comer |

Figure 34: Yyedudypauua dlaotdoewy table

‘Apa 1 Sudotoon Y mou gatveton oto figure 33 Va elvon {on e 2 gopec To TAGTOC TOU

mhaotou. Ané to PVsyst, v = 2.29 dpoo v = v X sindd°® = 1.619.

I'voptlovtag To L xou Vétoviag ¢ = 37.8654° unoroyllouue and TNV oyéon Tou dloryPd-

uotog Monegon 6t o = 4.202.
To pitch ooy elvan P = o + v = 5.82. Adyw Tou apxetol eAéuiepou ydpou Tou

€)YOUUE OTO OLXOTIEDO UTOROUUE EUXOAA VAL XEVOUUE TNV ﬂso’opnon P =6.0m.
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4.2.3 TIMapduetpol oyediaorg Bifacial Yvctripatog otadepwy Bdoswy othipigng

o to bifacial cOotnuo otodepol dlova, dmwe mpoavapéolnxe yenowwotoloade To Bo
mhaloto oAAG auTH| TN popd opiCovtag To bifaciality Tou. Yuyxexpuéva, yenowonotfinxe to
wovtého "Unlimited Sheds 2D-model" xa ypnowonomooue Tic Tipég Tou enoyixol albedo
mou gaivovton oto figure 22. H ywvio twv mhaowdv oplotnxe otic 30°, to Udog and To
edapog oto 1.5 yetpo xou to Pitch ota 6 pétpa. e autrhv tnv ulornoinor, dev oplotnxe
xdmoto 3D scene xadwg yenowonoleltal and To AOYIOUIXO EVH ECWTERIXG UOVTEAO UTONO-

yiopoU emioxidocwy otav emiéyouue to "Unlimited Sheds 2D-model".

4.3 ATOTEAECUATA TEOCWUOLWOEWY CLUCTNUATLYV
4.3.1 IIpoowpoliwor Monofacial Yuoctrpatog Xtadepwv Bdoswyv

To xOpLa AMOTEAEGATO TNE TPOCWHOIWOTE TN LAOTOINoNE Tou cucThAuaTog ue monofacial
mhalolo o otadepeg Bdoelg, palvovton 0ToV TapaXdTe Tivoa (figure 35), eved axohoudolv

X0 OLOY QEUHOLTOL TTIOL TIORAYOVTOL UTO TNV TEOGOUOIWOT) TOU GUCTAUATOS P€ow Tou PV Syst.

—Main results

System Production 403 MWh/year Mormalized prod. 4.45 kWwhkwp/day
Spedific prod. 1625 kWhkWp/yr  Array losses 0.75 kWhfkwp/day
Performance Ratio 0.845 System losses 0.07 kwhkwp/day

Figure 35: Kipta amotehéoyata npocopoinong: monofacial fixed-tilt plane

Y7o figure 36 mopotiVeton yodgpnuo Tng punviaiog Topoywy g EVEQYELIS.
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Power [kWh]

80000

70000

60000

50000

40000

30000

20000

10000

Simul. variant: monofacial_final

| | | | | |
i - Available Energy at Inverter Output, 403272 kVWh

Jan Feb Mar Apr May Jun Jul Aug Sep

Figure 36: Mnwviaio mopaywyy|: monofacial fixed-tilt plane
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Yto Sudrypoppa (figure 37) napoucidlovton 1 TEOOTERTOUGN NALOXH EVERYELL OTA TIEVEA

AL 1) TOPOY OUEVT] EVEQYELXL VL UHVaL.

Simul. variant: monofacial_final

300 T T T T 300000
B Global incident in coll. plane, 1924 kWh/m?

| Available Energy at Inverter Output, 403272 kWh
250 — 250000

200 — 200000

150 |- — 150000

Irradiance [kWh/m?]

— 100000

— 50000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 37: Awdrypaupo unviciag Tpoomintoucos NALaxS EVEQYELNG-TUROYOUEVNS NAEXTEXNAS

evépyelac-monofacial fixed-tilt plane

Y10 Odypopua Tou figure 38 mapouctdleTon 1 XATAVOUY| TNG TORXYOUEVNS Loy VOC.
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System Output Power Distribution

16000 T T T T T T T T T T T T T T T T T T T T
| = “alues from 0:1/01 to 12/31

14000

12000 -

10000 |-

B000 |-

G000

Uaeful out gy stem mergy W {1 Bin)

4000

2000

0 | 1 1 1

0 50 100 150 200

Useful out system energy [KW]
System Output Power Distrib

Figure 38: Awdypappo Katovourc Ioyboc-monofacial fixed-tilt plane

Y10 Budrypapa Tou figure 39 mapouctdleTal 1 XAVOVIXOTONUEVY) TORUYWYT) oVE EYXAT-

eotnuevn kWp, avd urvo.
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Normalized productions (per installed kWp): Nominal power 248 kWp

10 T T T T T T T T
Le: Collection Loss (PV-array losses) 0.75 KWhikWp/day
3 Ls: System Loss (inverter, ...} 0.07 KWhikWpiday
. Produced useful energy (inverter output)  4.45 KWhikWp/day

Hormmalimd Foergy [kWhkWhdday]

Jan Feb Mar Apr WMay Jun Jul Aug Sep Oct Now Dec

|)ducﬁons (per installed kwp

Figure 39: Awdypoppa napaywyhc avé eyxateotnuévn kWp avd urjva-monofacial fixed-tilt

plane

1o dudrypopua Tou figure 40 nopoucidleton 1 amdB0GT TOU GUGTHUITOS AV UHVaL.

41



Efficiency [%]

0.20

Simul. variant: monofacial_final

I I I
- Effic. Eout system / rough area, 0.1795

Sep

Oct

Figure 40: Mnvwia anédoorn cuotruatoc-monofacial fixed-tilt plane
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Y10 Sudrypoupo Tou figure 41 mopouctdlovion GYESLYPUUHUATIXG Ol ETHOLES ATWAELES TOU

CUCTAMATOC.

Loss diagram for "monofacial_final" - year

1728 kWh/m? Global horizontal irradiation

+11.3% Global incident in coll. plane

-1.8% Far Shadings / Horizon
-1.1% Near Shadings: irradiance loss

-2.3% IAM factor on global

1825 kWh/m? * 1168 m? coll. Effective irradiation on collectors

efficiency at STC = 21.28% PV conversion

453496 kWh Array nominal energy (at STC effic.)

-0.6% PV loss due to irradiance level

-6.4% PV loss due to temperature

+0.4% Module quality loss

-2.0% Module array mismatch loss

Ohmic wiring loss

410189 kWh Array virtual energy at MPP

Inverter Loss during operation (efficiency)

N -0.2% Inverter Loss over nominal inv. power

\') 0.0% Inverter Loss due to max. input current

\) 0.0% Inverter Loss over nominal inv. voltage

g

\‘) 0.0% Inverter Loss due to power threshold

N 0.0% Inverter Loss due to voltage threshold
g

N 0.0% Night consumption

403272 kWh Available Energy at Inverter Output

403272 kWh Energy injected into grid

—

Figure 41: Etfolec andAeiec cuothuatoc-monofacial fixed-tilt plane
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Y10 ddrypauua Tou figure 42 mopoucidletar To performance ratio Tou cuoTAuaTOg AVd

unfvo, Onhodr 0 AOYOS TNG TEAIXMS ATOOLOOUEVNG EVERYELNC TEOGC TNV LOOVIXT| BUVITOTNTA

TOEOY WY Y|C.

Parformanee Eatio PE

Performance Ratio PR

1.0F
]
]

o7E
sk
n4F

03f

01f

0.0k

[ |
E Il e Performance Ratio (YF/vr) : 0.845

Jan Feb Mar Apr May Jun Jul Aug Sep

Figure 42: performance ratio-monofacial fixed-tilt plane

Téhog, mopatilevton BlaryeduuaTo NUEEYOLIC TORUYWYHC EVEQYELIS, Yiot XdUe WhvaL.
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Power [KWhiday]
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Simul. variant: monofacial_final

T T
- Available Ener

0
01/01

Figure 43

gy at Inverter Output, 594.1 kWh/day

01/06 01/11 01/16 01/21 01/26 01/3

: Huepriow mapaywyr Tavouapiou-monofacial fixed-tilt plane
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Power [KWh/day]

1800

Simul. variant: monofacial_final

1600

1400

1200

1000

800

600

400

200

T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 820.8 kWh/day

02/01 02/06 02/11 02/16 02/21 02/26

Figure 44: Hyepriow nopaywyy) PeBpovopiov-monofacial fixed-tilt plane

46




Power [KWh/day]

Simul. variant: monofacial_final

1800

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 846.4 kWh/day

1600 |-
1400
1200
1000
800
600
400

200

03/01 03/06 03/11 03/16 03/21 03/26 03/31

Figure 45: Hyeprjota nopaywyr) Maptiov-monofacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: monofacial_final

1800

T T T T T T T T T T T T T T T
y at Inverter Output, 1324 kWh/day

- Available Energ

1600
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1200
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800

600

400

200

0
04/01 04/06 04/11 04/16 04/21 04/26

Figure 46: Hyeprjola mopaywyr) Anpihlou-monofacial fixed-tilt plane
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Power [KWh/day]
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400

200

Simul. variant: monofacial_final

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 1384 kWh/day

0
05/01 05/06 05/11 05/16 05/21 05/26 05/3

Figure 47: Hyepriow nopaywyy) Motou-monofacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: monofacial_final

1800

T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 1617 kWh/day

1600
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1200

1000

800

600

400

200

0
06/01 06/06 06/11 06/16 06/21 06/26

Figure 48: Hyeprjota nopaywyr| louviouv-monofacial fixed-tilt plane

20



Power [KWh/day]
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0
07/01 07/06 07/11 07/16 07/21 07/26 07/3

Simul. variant: monofacial_final

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 1568 kWh/day

Figure 49: Hyuepiowo nopaywyy| IovAlov-monofacial fixed-tilt plane
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Power [KWh/day]
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08/01 08/06 08/11 08/16 08/21 08/26 08/3

Simul. variant: monofacial_final

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 1465 kWh/day

Figure 50: Hueproo nopaywyy) Avyolotou-monofacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: monofacial_final

1800

T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 1251 kWh/day

1600 |-
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1200

1000

800
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400

200

0
09/01 09/06 09/11 09/16 09/21 09/26

Figure 51: Hyeprjota nopaywyr| YenteyPelov-monofacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: monofacial_final

1800

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 881.5 kWh/day

1600 |-
1400
1200
1000
800
600

400

200

10/01 10/06 10/11 10/16 10/21 10/26 10/31

Figure 52: Hyuepriow nopaywyr) OxtwBplou-monofacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: monofacial_final

1800

T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 780.2 kWh/day

1600 |-
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200

0
11/01 11/06 1111 11/16 11721 11/26

Figure 53: Hyeptiow nopaywyr) NoeuPBplou-monofacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: monofacial_final

1800

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 716.9 kWh/day

1600 |-
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Figure 54: Hyeprota nopaywyr| Aexeufeiou-monofacial fixed-tilt plane
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4.3.2 Ilpoowpolwor Bifacial Yvotipatog Ytadepddv Bdoswy

To wbpLa amoTeEAEoPATO TS TPOCWHOIWOTE TNE VAOTONoNE Tou cucThAuaTog Ue monofacial
mhalowr o otaepég Bdoelg, paivovTal 6ToV TopoxdTw Tivaxol (figure 55), evéy axoloudoiv

X0 OLOY POUMOTOL TTIOL TOEAYOVTOL UTO TNV TEOGOUOIWOT) TOU GUOTAUATOS PEow Tou PV Syst.

—Main results

System Production 441 Mwh/fyear Mormalized prod. 4.87 kwh/fkwp/day
Spedific prod. 1779 kWhkWpfyr  Array losses 0.32 kwh/fkwp/day
Performance Ratio 0.924 System losses 0.08 kwh/fkwp/day
Bifadial perf. ratio 0.813

Figure 55: Kipto anoteréopata npocopoinong: bifacial fixed-tilt plane

Y7o figure 56 mopotiVeton yedgpnuo Tng unviaiog Topoywyhc EVEQYELIS.

Simul. variant: bifacial_final

60000 - - - -
I A siable Energy at Inverter Output, 441389 kWh

50000

40000

(kW]

30000

Power

20000

10000

Figure 56: Mnwviofo Hoporywyn: bifacial fixed-tilt plane

Y10 dudrypapa Tou figure 57 napoustdlovtan 1) TpooTinTOUGH NALUXT EVEQYELX OTA TTAVER
AL 1) TOEOY OUEVT] EVEQYELXL VL UrVaL.

Y10 duldrypopua Tou figure 58 mopouctdleTon 1 xUTAVOUY| TNG TOEAYOUEVNS Loy VOC.
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Simul. variant: bifacial_final

250 T T T T 250000
Global incident in coll. plane, 1924 kWhim?
Energy injected into grid, 441389 kWh
200 |- — 200000
150 |- — 150000
) -
H H
Z )
H :
?: [
100~ — 100000
50|+ — 50000
0 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 57: X0yxpton npoonintoucos evépyetac-topayouevne evépyetag: bifacial fixed-tilt

plane

Systemn Output Power Distribution

50000 T T T
Values from 01/01 to 12431
40000 - B
g
2 3o000| 4
g
H
El 20000 | -
E
10000 - B
0 I I ! I
0 50 100 150 200

Useful out system energy [kW]
System Qutput Power Distrib -

Figure 58: Kotavour| napayouevne woyboc: bifacial fixed-tilt plane
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Y10 dudrypaypa Tou figure 59 mapouctdleTal 1 XAVOVIXOTONUEVY) TORUYWYT) oVEL EYXAT-

eotnuévn kWp, avd prva.

Normalized prod (peri lled kWp): Nominal power 248 kWp
10 T T T T T T T T T
Lc: Collection Loss {PV-array losses) 0.32 KWhikWpiday
Ls: System Loss (inverter, ...) 0.08 kWh/kWp/day
Y. Produced useful energy (inverter output) 487 KWh/kWpiday
L
£
3
: °r
E
3
a
)
g 4 E
2
2
2k i

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Normalized productions (per .

Figure 59: Mnvioda toporywy?| avé eyxateotnuévny kWp: bifacial fixed-tilt plane
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Y10 Odypapua Tou figure 60 mapouoidleTon 1) ATOBOCT TOU GUOTAUATOS AveL VoL

Simul. variant: bifacial_final

I cric. Eout system / rough area, 0.1965

Efficiency [%]

Figure 60: Mnwaio anédoon: bifacial fixed-tilt plane

Y10 odrypauua Tou figure 61 tapouctdlovion GYEBIYPUUUATIXG Ol ETHOLES UTWAELES TOU

CUCTAUATOG.
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1728 kWh/m?

1833 kWh/m? * 1168 m? coll.

Loss diagram for "bifacial_final" - year

+11.3%

-1.8%
-1.2%
-2.3%

A +0.6%

+11.0%

efficiency at STC = 21.28%

505228 kWh

452924 kWh

441389 kWh
441389 kWh

-0.6%

-6.2%

0.0%
+0.4%

-2.0%

-1.0%

-1.2%

N 0.0%
N 0.0%
N 0.0%
N 0.0%
N 0.0%

—

Global inci

Global horizontal irradiation

Global incident in coll. plane

Far Shadings / Horizon
Near Shadings: irradiance loss
IAM factor on global

Ground reflection on front side

Bifacial

on ground

997 kWh/m? on 3007 m?

-70.1% (0.30 Gnd. albedo)
Ground reflection loss

-69.2% View Factor for rear side

Sky diffuse on the rear side
Beam effective on the rear side

Shadings loss on rear side

13.7% Global Irradiance on rear side (251 kWh/m?)

Figure 61: loss diagram:

61

irradiation on

PV conversion, Bifaciality factor = 0.80

Array nominal energy (at STC effic.)

PV loss due to irradiance level
PV loss due to temperature

Shadings: Electrical Loss , sheds3 strings in width

Module quality loss

Module array mismatch loss

Mismatch for back irradiance

Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Night consumption

Available Energy at Inverter Output
Energy injected into grid

bifacial fixed-tilt plane



Y10 ddrypauua Tou figure 62 mopoucidletar To performance ratio Tou cucTAuaTOg AVd
unfvo, Onhodr 0 AOYOS TNG TEAIXMS ATOOLOOUEVNG EVERYELNC TEOGC TNV LOOVIXT| BUVITOTNTA
TOEOY WY Y|C.

Simul. variant: bifacial_final

12 T T T
I Feomance Ratio, 0.9245

Figure 62: Mnvwofo Performance Ratio: bifacial fixed-tilt plane
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Téhog, mopouctdlovton Tor By PAUUTA NUEEYOLIS TRy WY NS TOU CUCTAUATOC Yia xdde

urvaL.

Simul. variant: bifacial_final

2000 —4rr o ——1m—m—//—1]— ™ ™ ™™ ™ ™™ ™ — ™ — 0
- Available Energy at Inverter Output, 716.2 kWh/day

1800 |- -

1600 |- 1

1400 |- .

1200

1000

Power [KWhiday]

800

600

400

200

0
01/01 01/06 01/11 01/16 01/21 01/26 01/3

Figure 63: Huepriow Hopoywyt| Iavouaplou-bifacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: bifacial_final

2000

T T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 951.1 kWh/day

1800 |-
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0
02/01 02/06 02/11 02/16 02/21 02/26

Figure 64: Hyeprjota Hopoywyr Pefoovaplou-bifacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: bifacial_final

2000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 922.2 kWh/day

1800 |-
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Figure 65: Huepriowo Hopoywyr Maptiou-bifacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: bifacial_final

2000

T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 1418 kWh/day
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Figure 66: Hyeprjota Hopoywyr Ampthiou-bifacial fixed-tilt plane
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Power [KWh/day]
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Simul. variant: bifacial_final

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 1508 kWh/day

Figure 67: Hyeprjota Hopoywyr Mofou-bifacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: bifacial_final

2000

T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 1767 kWh/day
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Figure 68: Hyepriota Hopoywyr Iouviou-bifacial fixed-tilt plane
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Power [KWh/day]
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Simul. variant: bifacial_final

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 1709 kWh/day

Figure 69: Hueptiowo Hopoywyt louhiou-bifacial fixed-tilt plane
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Power [KWh/day]
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Simul. variant: bifacial_final

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 1579 kWh/day

Figure 70: Hyueprowa Hopoywyh Avyolotou-bifacial fixed-tilt plane
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Power [KWh/day]
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Simul. variant: bifacial_final
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- Available Energy at Inverter Output, 1342 kWh/day

09/01 09/06 09/11 09/16 09/21 09/26

Figure 71: Hyepriota Hopoywyr XenteuPBplou-bifacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: bifacial_final

2000
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- Available Energy at Inverter Output, 947.5 kWh/day
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Figure 72: Hyuepriow Hopoywyr OxtePpeiou-bifacial fixed-tilt plane

72



Power [KWh/day]

Simul. variant: bifacial_final

2000

T T T T T T T T T T T T T T T T T
- Available Energy at Inverter Output, 836.4 kWh/day
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Figure 73: Hyepriow Hoapoywyr Noeyfpeiou-bifacial fixed-tilt plane
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Power [KWh/day]

Simul. variant: bifacial_final
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- Available Energy at Inverter Output, 806.8 kWh/day
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Figure 74: Hyeprowa Hoapoywyry Aexepfplou-bifacial fixed-tilt plane
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4.4 X0Y%pLON TWV CLUCTNUATWYV

Y10 xe@dhono autd Vo cUYXEIOUY ToL ATOTEAECUATO TV TEOCOUOLWOEWY TV U0 GUOTN-

udtwyv. Apywd mopotiVeton o mivoxag 4.1 ye tic xOplec mapauétpouc oyediaone Tou xdle

CUC THUATOG.

ivocag 4.1: Topduetpot oyedlaong cUCTNUATLY

monofacial bifacial
upog anéd To Edagog 1.5m 1.5m
xhlon mhonotwy (tilt) 30° 30°
altpovto 0° 0°
pitch 6m 6m
orientation model fixed-tilt plane unlimited sheds

Ou dudpopol mapduetpol oyedlacng €youv mapoueivel (Bleg, 6Tou

auTé ebvan eQIxTo, WoTE

vo. YiVel To eugavég To anotéleopa mou €yel To bifaciality otnv cuvohixr Aertovpyia Tou

CUC TAUATOG.

7 4 ’ Z 7 7’
Yrov mivaxa 4.2 Beloxovton to x0pta anoTEAEGUATA TV 500 TEOCOUOLICEWY YOl AXOAOU-

Yolv Slorypdupato oOyxplone T unviaiog mopaywyfc Tou xdie cUoTHUUTOS, Tou Unviaiou

performance ratio Twv cucTudTeY xou TEAOG Eva BLdypauua Tou unviadou bifacial gain.
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ivacag 4.2: Xoyxeion Kopiwv Aroteheopdtwy

monofacial bifacial
EtAow [apayouevn Evépyela 403 MWh 441 MWh
Etnow Hapayeyr avé kWp 1625 kWh /kWp 1779 kWh/kWp
Performance Ratio 0.845 0.924
Méon Mnviaio Anédoon 0.1795 0.1965

YNy ouveyelo axoloudel SLdypauUo UE TIC UNVIAEEG THIES TUPUYOUEVNG EVEQYELNG TMV

600 cuotnudtwy (figure 75).

Mnviaia Mapaywyn

60,000 I monofacial
I bitacial

50,000

40,000

30,000

output (Kih)

20,000

10.000

jan  feb mar apr may jun jul  aug sep oct nov dec

Hiveg

Figure 75: X0yxplon unviaioc moporywyhc EVEQYELIS

76



Hopoatnpeiton OTwe oy avaeVOUEVO 6TL To GOGTNUA UE Taveh BITAYG 6ng €uye ueyahiTepn
TOEAYWYT) OAOUG TOUC UNVES TOou €toug. XTov mivoxa 4.3 mopotidevton ol UEyloTee xau

ENAYIOTEC UNVIKLES TTOPAYWYES TWV U0 CUCTNUATOV.

ivoncag 4.3: Méyioteg xou EAdyioteg Mnvialeg moporywyeg

monofacial bifacial

EXdyotn  Mnvido  mopaywyr | 18415.7578 (Tavoudproq) 22201.8848 (Iovoudproc)
(kWh)
Méyiotn  Mnviodor  mopaywyr | 148593.0313 (IovAtog) 53007.6055 (IoGvioc)
(kWh)

Y1 ouvéyeta mopatidetar yedgnuo 6mou yiveton 1 cUYXELoT TOV UNViodomy TYOY Tou

performance ratio twv 600 cuvotnudtwy (figure 76).

Mnwviaiec ipég PR

1.10 I monofaci

B vitacial
1.05

1.00

0.95

Ferformance Ratio

0.9

=

0.8

on

jan  feb mar apr may jun jul aug sep oct nov  dec

0.8

=

prveg

Figure 76: X0yxpion unvialou PR
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Hapatneeiton 611 To bifacial clotrue ctadepwv Bdocwy Eyel yeyardtepo PR amd to

Monofacial xod’6An tnv didpxcior TG yeOVLAC.
Axoua, mapatideton Sidypauua Tou unvialou bifacial gain tou cuctAuatoc. To etroto
bifacial gain tou cucTAUNTOG AVERYETOL GTO 9.42% wotbdo0, 61K QolveTol OTO YRAPNUX

Tou figure 77, dev eivan atadepd Ghn v ypovid ahhd xupaiveton petall 7.09% tov ampihio

xou 20.55% tov lavoudpto.

Mnviaieg TipéC bifacial gain

25 I monofacial
20
= 15
E
[
(U]
T 10
o
0

jan  feb mar apr may Jjun jul aug sep oct nov dec

Hveg

Figure 77: twéc BF gain avéd toug urveg
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5 Owovouixny Meietn

Y10 xepdhato auto, Yo yiver ouxovouxr afloAdynon ya to cbotnuo ye ®/B mhalowa SitArc
odne. Tlopouoidlovtar tar oovouxd dedopéva Tou GUAREYUNCAY, 1) EICAYWYT) TOUG GTO
PVsyst xau umohoyiCovtan mapduetpot mou xpivouy TNy oxovouxy| Bloodtnta tng emév-

ouoTC.

5.1 Tlapoucioocrn Owxovouixwy Acdouevwy

To cVotnua anoteheiton aro 598 PV Modules Jollywood HD108N xou 2 Inverters Huawei
Sun2000-100KTL. Extég and ta €601 Tou eomhioyol, meénet va Angiel unodny xou 1o
%(00TO¢ EYXATACTUOTS.

To x6010¢ TV Tharstwy eivon 598 x 104.90 = 62730.20€ xar avaroyel tepinou 6To 36%
TOU GUVOAXOU XOGTOUC TOU oucw’wmog(l]). ‘Apa TO GUVOAIXO XOGTOG TOU CUGTAUATOC
uropel va tpooeyyiotel oto 62730.20 < 0.36 = 174250.56€.

To cuvolixd x66T0¢ TV AotV otolyelwy Tou custhdatog (balance of system, BOS),
ONAAOT TV XIAOOOCEWY, TV BACENMY GTARLENG, TV AVTIG TEOPENY AARS XL TWYV YPEWMCEWY
EYXATAC TAOTG, AVEQYETOL TIEPITOU OTO 28% tou xb6oTOUC TOL ouorﬁparog(l]). ‘Apa, BOS =
0.28 x 174250.56 = 48790.15€.

2ot600 Yvopilouue cuyxeXpEVE TO xOGTOC TwV inverters mou €youv yenouylonotniel
0TO OYEBIAOUO TOU CUOTAUATOS xou avépyeton ota 7390€ avd avtioTpoéa dpa cuVOALXd,
v 2 inverters: InvCost = 7390 x 2 = 14780€.

‘Etot, ta Aownd %60t e€omhouol xou eyxatdotacns vnoloyllovian we InstCost =
BOS — InvCost = 48790.15 — 14780 = 34010.15€

Enlong dewpRdnxe 6Tt n i) Tou owonédou avoroyel oto 7% e ofiag Tng emév-
duonc(11). Apa, SiteCost = 0.07 x 174250.20 = 12197.51€

Or mapamdve TOEdUETEOL TUEOUGLALOVTOL CUYXEVTEMOTIX OTOV Tivoxa 4.1:
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Hivaxag 5.1: Kéotog E€omhopol Yuothuatog
TOGOTN TN %00TOC  UOVABUS | GUVORXO xOGTOC
(@) (@)

[Maiow 598 104.90 62730

Inverters 2 7390 14780

Aownd xéo1n eyxatactoone | 1 34010.15 34010.15
Owomedo 1 1 12197.51
YUVOAIXS x6GTOC 111532.35

Extég amd to xbotn eyxatdo taong, undpyouy xat to eThoto hettoupyixd xootr (OPEX)
Ta omolo meénel va Angdouy umddny. Autd teprioufdvouy x60Tr cuvTenong, xouplouoU,

ETUOXEVMY AhAd o xOOTN AoQIMoNG xat popous. Autd Ta x60TH TopoucLdlovial GTOV

nivoxa 4.2.
Hivoxog 5.2: Etrioeg Aandveg Asttovpylag
EtAoo Kébotog Yuvtrienong | 2600 €
Ethowr Aandvn Acgdhione | 1500€
Etroloc Popog 6000€
Yuvohud ethowr OPEX 10100€

[t TV otcovouxy| UEAETY) TOU GUOTHUUTOS TRETEL VO OPLG TOUY UXOUO XUTOLEG OLXOVOULXES
nopdpeteot. Autéc eivar, o TAndwptoude (inflation rate) o onotog oplotnxe oo 2.26% /étoc(12),
o ouvteheatric mpoegdpinone (discount rate) o omoloc oplotnne oto 4.5%(13), o @bdpoc
eloodfuatoc (income tax) o omolog oplotnxe 010 22%, TO TPOCKTUING XEPYSNOLO TIOL YENOL-
womo{dnxe otny enévduon (own funds) mov oplotnxe ota 63717.86€, to ddveto (loan) tou
opiotnxe ota 60000€ xon to emtdxio tou Savelou (interest rate) mou oplotnxe oto 7.73%.

Ou napdpetpot avtol tapovaidlovton otov mivaxo 4.3.
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ITivoxac 5.3: Owovouwée Tapduetpot

inflation (%)
discount rate (%)
Income Tax (%)
own funds (€)
loan (€)

interest rate (%)

2.26

4.5

22
63717.86
60000
7.73
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5.2 Ewocaywyn Acsdopevwy Yto PvSyst

Yy ocuvéyewa ewofjydnooay To dedouéva Tou Topouctdotnxay oto PVsyst wote va yivel 1
owovouwt| ueréTN. Xto figure 78 gaivovtal To x60TH EYXATACTAONS, OTWS AUTA ELorydnoay
oto PVsyst.

-Installation costs

BE|(Av, / OTCHHO

Description Quantity Unit price Total
= PV modules 62730.20 EUR
V§-HD 108N-415-Black Modle 538.00 | 104.90] & | 62730.20| EUR
Supports for modules 598.00] | 0.00) | 0.00| EWR
=l Inverters 14780.00 EUR
SUUN2000-100KTL-M 1-480Vac 200 | 7000 8 | 14780.00| EUR
+ Other components 0.00 EUR
* studies and analysis 000  EUR
=l Installation 34010.15  EUR
Global installation cost per ... 538.00 | s.87] | 34010.15| EUR
Global installation cost per i... 2.00 | 0.00) | 0.00| EUR
Transport | 0.00] | 0.00] | 0.00| EUR
Settings | 0.00] | 0.00) | 0.00| EUR
Grid connection | 0.00] | 0.00] | 0.00| EUR
* Insurance 0.00 EUR
-l Land costs 12197.51 EUR
Land purchase | 100 | 19751 | 12197.51] EWR
Land preparation | 0.00] | 0.00) | 0.00| EUR
Land taxes (%) | 0.00% of 0.00 0.00  EUR
Loan bank charges | 0.00] | 0.00) | 0.00| EUR
. Taxes 0.00 EUR
Total installation cost 123717.86 EUR
Deprediable asset () 77510,20  EUR

Figure 78: PVsyst-Eicoywyy| damavov eyxatdotaong
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Axduo, €lodyoupe TIC ETAOIEG ASLTOURYIXES Bamdves, OTwe palveton oo figure 79

-Dperating costs (yearly)
AV D T CEHO

Description Yearly cost
* Maintenance 295600  EUR
Land rent | 0.00| ER
* Insurance 1500.00  EUR
Bank charges | 0.00| EUR
Administrative, accounti. | 0.00| EUR
* Taxes 000,00 EUR
Subsidies - 0.00| EUR
Operating costs (OPEX) 10456.00 EUR/year

Figure 79: PVsyst-Ewcayoyr etriolimv danavev hettoupyiog

‘Encita eiodyoupe oto PVsyst Tic GAAEC OIXOVOUIXES TUPUUETOOUC TTOU TIOROUCLACTNXALY,
omwe galveton oo figure 80 xou TNV YENUATOBOTNOT TOU CUCTAUNTOS OTWS QPALVETAUL GTO

figure 81.
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—Simulation period

Praject lifetime EI YEars Start year 2024

—Projected variations
Inflation %oyear Discount rate %oyear

Production variation (aaging)

@® Linear Yofyear O Aging tool results
—Income dependent expenses

Income tax %o/ year Dividends o year
Other income tax B fyear

—Tax depreciation

Asset Type Depreciation period Depreciable
- PV modules

IW-HD108M-4.  Straightdine 20 years 62730.20 EUR.
E Inverters

SUN2000-100K  Straightdine 20 years 14730.00 EUR.

Total redeemable 77510.20 EUR

Figure 80: PVsyst-Eiocaywyr| owovouixey napauétewy

—Financing
Investment 123717.86 EUR
Own funds ELUR
Subsidies ELR
Loans (4]
IRedeemabIe with fixed amortizatio \/I I EUUUU.UUI EUR I 10| years % X

Figure 81: PVsyst-Eicaywyr otovyelwy yenuoatoddtnong enévouong
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Téhog, ewodyeton 1 T nodinone KWh (Tarriff) n onota eivar 0.064 EUR/KWh(14),

onwe alveton oto figure 82.

Figure 82: PVsyst-Ewcoywyr Tiurc xihofatmpog

5.3 Amnoteiécupata Owuxovourxng MeAétng

Agot eworyinoay éha ta amopoltnTa SEB0UEVA, TO TEOOYEUUUA UToAOYILEL ueYEédn 6Twe To
wwootaduiopévo xdotoc evépyetoc (LCOE), tny xodopd mopotoa aiior (NPV), tov ypdvo
AmOTANEWUAS xou TNV emtateogr eni e enévovang (ROI).

To LCOE vnoloy(leton and tnv oyéon:

Z It+Mt+Tt
t=1

(144)n
LCOE = -

t—l (1+0)"

(15) Omnou

I; = 1o Toxoypecohlolo yio T0 €T0C ¢
M, = 7o €€oda cuvTipnong xan aopdAloNng Yo To €Tog t
T} = 7o €€oda AOYw eoplog yior To €To¢ ¢
E; = n napaydeloa evépyela yio To €tog ¢
¢ = elvan To Discount rate

n = 0 ypeovixdc opllovtag NG ETEVOUONC

Enuovtindg delxtne oe pla emévduon ebvon xan 1 xodopy| mapovoto olio ) NPV (net

present value). O doeixtng autodg uTohoylleTon amd Tov TUTO!
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—Pricing type her general parameters
® Fixed tariff Variable tariff Annual connection tax 0.000] EUR/year
Hou eak tariff Annual tariff variation 0.00] % fyear
Seasonal tar Duration of tariff warranty 30| years
Tariff from CSV file Import o Feed-in tariff decrease after warranty 0.0] =
—Feed-in tariff
Fixed feed-in tariff 0.06400| EURkWh



(16) 6mou

Cin = To xepdhono tou enevduth) (own funds)
P, = To xodopd x€pdn tng enévduorng to €tog ¢
1 = 1o Discount rate

n = 0 yeovix6c oplloviog Tng EMEVOUOTG

Egéoov o delxtne NPV elvan 9etinde, n emyceionon eivon xepdogodpa. Xe mplntworn mou
o Oeixtng elvon pndevixdg, Ta x€EOT XAAOTTOLY TO XOOTOC TNG EMEVOLOTS Ywpelg emmAéoy
OPENOG Yol TOV ETEVOUTY. e mepintwon nmou o deixtng NPV elvon apvntinde, 1 emévouon
xotahfyer oe {nulo.(16)

To LCOE ot o ypdvoc mAfpouc anomAnewuic Tne enévouoTg (oupnsptkapﬁuvopévou

Tou davelou) gaivetar oto figure 83.

—Financial summary

Installation costs 123717.86 EUR
Total yearly cost 17580.01 EUR /year
LCOE 0.0473 ELUR/kWh
Payback period 11.8 years

Figure 83: PVsyst: cOvon perétng
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O odelxtne NPV xaw to ROI tng enévduong, dnhadr To cuVolxd x€pdog TNg ETEVOUCTC

©¢ T0000TO el TNC apyixrc enéviuong, Topouctdlovto oto figure 84.

—Return on investment

Met present value (MPV) B4ATE5.47 EUR
Internal rate of return (IRR) 12.0:4 %%
Payback period 11.8years
Return on investment (ROI) 68.5 %o

Figure 84: PVsyst: emotpogy| enl tng enévouong

Ytov mivaxa Tou figure 85 mapouoidlovtan Tar TAYEY) OLxovVoULXd GToLyEl TNG EMEVOUOTIC

avd étoc.
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Detailed economic results (EUR)

Year Electricity Own Loan Loan Run. Deprec. Taxable Taxes
sale funds. principal interest costs allow. income

0 0 =) o o 0 0 0 0

1 28251 0 6000 4828 3878 281 2082
2 28384 0 6000 4174 3878 w22 an7
3 28477 0 6000 3710 3878 9958 21
4 28591 0 6000 3247 3878 10288 2263
5 28700 0 6000 2783 3878 10814 2335
[ 28801 0 6000 2319 3878 10534 2405
7 28530 ) 6000 1855 3870 11248 2475
8 29082 ) 6000 1381 3870 11558 2543
3 29188 ) 6000 w8 3870 11862 2610
] 29284 ) 000 484 2878 12180 2675
1 25402 ) ) [ 2878 12452 ams
12 29519 ] ] [ 3878 12274 210
13 20837 ] ] [ 3878 12000 2680
1 29758 ] ] [ 3878 11898 2618
15 25875 ] ] [ 2418 11702 2574
16 24 ] ] [ 2418 11458 20
7 20114 ] ] [ 370 11288 2483
® 0235 ] ] [ 370 11071 2428
19 30350 ] ] [ 3670 10848 2368
20 20477 ] ] [ 3670 a4 225
21 30599 ] ] [ ] 14250 3138
2 w0721 0 0 [ ] 14002 081
] 30844 0 0 [ ] 11748 s
2 30808 0 0 [ ] 13485 2967
25 21082 [ 0 [ ] 13214 2907
» 31218 0 0 [ ] 12534 2848
ar 31341 0 0 [ ] 12648 a2
28 31488 0 0 [ ] 12348 ant
29 31582 ) ) [ ] 12043 2048
3 31718 o o ] 0 17T 2580
Total 830571 63718 60000 25509 77510 353661 17805

Figure 85: Avohutixd owxovouxd otovyeio avd €tog
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Y10 ypdgnua tou figure 86 amotunmvovton To xaapd Ecoda TNg emévduorng Yo xdie
yeowid. To amdtouo dhua mou mopatneeital, OQetheTol GTNY OAOXAHPWST) TN ATOTANEWUNAS

Tou daveiou.

Yearly cashflow (kEUR)

2 —,————mr—or—1r—r—mr—r——rrrr—rr————1Yr—rr1r—rr

2023 2028 2033 2038 2043 2048 2053

Figure 86: Etrola €600a
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Téhog, oto figure 87 mopatiieton To SLdypoupo TOL ATEXOVICEL TNV GUVORIXT] OLXOVOULIXY
am6B0CT) TOU GUOTHUNTOS, OOV TUEATNEOVUE OTL 1) eMEVOUOT) YiveTon xepdopbpa oto 110

€T0¢ TNG.

Cumulative cashflow (kEUR)
B e s B B A

200

150

100

50

|
1]
=

oo S S I S EE S S R S |
2023 2028 2033 2038 2043 2048 2053

Figure 87: Yuvohixr owovouixy amddo0r GUCTHUATOS
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5.4 Owovouxr, ueA€trn monofacial cuctRpaTtog

Ye auThY TNV evOTNTA TopouctdlovTal To ATOTEAEGUOTA TNS OWOVOULXNG UEAETNS TOU
monofacial cuctuatoc. E¢’écov 1o mhaicto mou yenoylomotfdnxe Yyl Ty Tpocouoiwon
Tou monofacial cuoTAuaTog, dev LTdEYEL xaig elvor To (Blo Ye awtd Tou bifacial cuoTh-
wotog oAAG pe "avevepyn" v omlota 6¢m, ) Tyr) Tou TAaiciou opioTnxe oto 66 Evp avd
mhaloto. Auth 1 Tir etvor tpocéyylon mou €yive ue Bdorn oTaTiIo Tnd GTotyElor Yo TNV T

Ty mhatotwy avd eyxateatnuévy WP oty Evpdmn (17).

Ov untéAoineg TOPAUETEOL TIG OXOVOULXNG HEAETNG TOREUELVAY OTIWE TTUPOUCLAGTNXAY CTNY
owovopwt et Tou bifacial cuctApatog, ye Ty e€alpeot Tou TocoL Savelouoy To onoto
GANUEE aVTIOTOLY DS BOTE Var amoTeMéL To 48.5% Tng cuvolnic eméviuone, OTwe HTay Xat
oo bifacial clotnua.

Me Bdon o napamdve, utheday To xatdh anoTehéouaTo:

Apynd, oto figure 88 gaivetar to LCOE xou 0 ypdvog amominpwuhc tng EmEVOUOTS.

—Financial summary

Installation costs 100692.97 EUR
Total yearly cost 17126.26 EUR /year
LCOE 0.0483 ELR/kWh
Payback period 11.3 years

Figure 88: PVsyst: cOvodn uerétnc monofacial system
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Ytnv ouvéyea, oto figure 89 gaivetan o deixtng NPV xan 1o ROI tou cuothuatoc:

—Return on investment
Met present value (MPY) 72517.44 EUR
Internal rate of return (IRR) 12.90 %
Payback period 11.3 years
Return on investment (ROI) 720 %

Figure 89: PVsyst: emotpogn enl tng enévduong

‘Eneita, otov nivoxa tou figure 90 mopouctdalovton Ta avaAUTIXG OLXOVouIXd oTolyeio
NG emEVOUONG, avd £TOC.

Detailed economic results (EUR)

Year Eleotricity Own Loan Loan Run. Depreo. Taxable Taxes
sale funds. principal interest costs allow. income

[ 0 B1857 [ 0 [ 0 o 0

1 25811 [ s 3775 10458 2724 1948
2 25915 [ 79 3511 10852 2724 8887 1977
3 28018 [ 3563 fverd 10834 2724 9133 2009
4 8122 [ 4283 2920 11181 2724 257 2045
5 28237 [ 4553 2550 11438 2724 5478 2085
s [ 4355 285 11882 2724 2130
7 28437 [ 538 1852 11856 2724 905 2179
B 2543 [ 5750 1418 12227 2724 10153 2234
B 26049 [ 195 £ 12503 2724 10427 2294
0 26756 [ eete 516 12785 2724 10730 231
n 20063 [ ] ] 12074 2724 11084 2834
2 28970 [ ] ] 13370 2724 10878 20
3 27078 [ ] ] 12672 2724 10882 250
4 27188 [ ] ] 13881 2724 10481 2306
15 21295 [ ] ] 14287 2724 10274 250
. 27404 [ ] ] 14820 2724 10000 213
7 27514 [ ) ] 14851 2724 9639 2165
L] 2724 [ ) ] 15288 2724 £ 2114
13 2772 [ ) ] 15234 2724 k) 2063
20 27845 [ ) ] 15987 2724 9124 2009
21 27957 [ ) ] 18249 0 11808 2554
z 28069 [ ) ] 18718 0 1351 2487
2 28181 [ ) ] 17050 0 11085 2439
24 28254 [ ) ] 17482 0 10811 278
2 28407 [ 0 ] 17877 0 10529 2316
E 28520 [ 0 ] 18281 0 10239 2252
Ed 82 [ 0 ] 18095 0 9540 2187
E 28749 [ 0 ] 19117 0 £ 2119
) 28084 [ 0 ] 19549 0 915 2089
£l 28979 [ ] ] 19991 0 8989 1977
Total 51857 4883 23080 441891 54487 301541 66339

Figure 90: PVsyst: Avahutixd oxovouxd otovyeio avd €tog
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1o ypdpnua Tou figure 91 anotundvovton Ta xodapd Ecoda Tng emEvouong Yo xdie

YEOVLG.

Yearly cashflow (EUR)
T T T T

10000

-10000|

-20000

-30000)

-40000)

50000

L
2024 2029 2034 2039 2044 2048 2054

Figure 91: Etfjowa éc060 monofacial cucthuoatog

93



Téhog, oTo Yedgnua Tou figure 92 napatiVeton To HLdypouua TOL amexoVIEL TNV GuVO-

) OLXovVopXT| amdBOsCT, TOU GUC TAUATOG.

Cumulative cashflow (EUR)
T T T T

150000]

100000

50000

L L L L L
2024 2029 2034 2039 2044 2049 2054

Figure 92: Yuvohixy owovouixy andédoor monofacial cucstiuatog
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5.5 20Y%ELOY AMOTEAECUATWY OLXOVOULXNG LEAETNG

Ytov mivoxa 5.4 CUYXEVTPOVOVTOL TO ATOTEAECUOTA TOV OLXOVOUIXMY HEAETMY TWV 0600

CUCTNUATOV.
Hivaxog 5.4: ATOTEAEOUATO OLXOVOUXODY UERETEV
monofacial bifacial
Koéotog eyxatdotaong 100692.97 € 123727.86 €

LCOE

0.0483 €/kWh

0.0473 €/kWh

Xpbvog anomhnewunc enévouorg 11.3 ypovia 11.8 ypovia
NPV 72517.44 € 84785.47 €
ROI 72 % 68.5 %

Téco To monofacial 660 xou To bifacial cOotnua, anoteAoly PuUdoUIES ETEVBUCELS OTWS

paiveTon ambd TO YEYOVOS OTL Xou 0TS BVo TepnTioelg o deixtng NPV elvon detixde. To

monofacial cUotnua elvon invoTECD WS TPOC TNV EYXATdGTaoT Tou Ye x6cTog 100692.97

gupe évavtt 123717.86 cupw mou elvan To x6cT0¢ eYraTdoTaong Tou bifacial cuoTuaTog.

Qotéoo mopatnpolue 6Tt to LCOE tou monofacial ousthuatog etvar 0.0483 EUR/kWh

évavtt Tou LCOE tou bifacial cuotriuatog mou eivon 0.0473 EUR/kWh. H Siopopd etvan

uxer) wotéoo to LCOE elvan évag xohdg delxtng tng motdtntoag tou cucsthuatog. Iopo-

uolwe To NPV tou bifacial cuothAuatog elvar peyokitepo and to NPV tou monofacial

oLoTAUATOS To omolo onualvel 0T 1 emévduon ue to bifacial mAaiota efvon mo xepdopodpa.
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6 XUUNECACUATA XA TEOTACELS YL UEAETN

Ye auth| T OimAouaTixy €ytve yehétn Twv bifacial cuoTnudTeov. Apyd €yive eloorywy
07O evepyelaxd TEOPBANUA PE OXOTO Vo ToVoTel 1 avaryxandtnTa oTpogrc teog Tig AlIE.
‘Eywe avdhuon evog ex Twv UeVddmY eXUeTIAAEUONS TNG NALXC EVEQYELNS, TWV QPWTO-
BoATaiix®Y cLCTNUETLY, avahdOVTAC TIC XUPLEC TEYVOROYIEC TV PWTOBOATUXGY TAUGlwY

xou eoTidlovtog ot mhadoto BihAg odne.

LYo TNV 0V0 GUCTAUATA UE TAVOUOLOTUTIEG TTUPAUUETEOUS GYEDIUONC, TO TEMTO UE TNV
yenon ouvuPBatixédv ®/B mhawcionv xon to 8edtepo e Ty yerion mhaoiwy SitArc odng xau
oLy xelinxay ot TapaywYES Toug. ATo TNV 0UYXELOT TUEATNENOOUE TNV ALENUEVY TRy WY

Tou bifacial cucTuaTog, WLalTEPa XoTd TOUC YEWEPIVOUC URVES.

'Eyive owovouuxn uerétn twv 600 GUGTNUATOY xaL GLYXEIIMNXOY ToL ATOTEAEGUATO AUTWY,
omou dlamoTHINKE 6L, Topd To aUENUEVO xOGTOg EYXUTAcTAoNC, To bifacial chotnua ur-
eptepel Tou monofacial. 'Etot, gatvetar 611 1 teyvoroyia Twv bifacial cuotnudtwy, €yel

YWEO TNV oyoEd XaL £YEL TNV BUVATOTNTA VoL avTXaTao THoel Toe monofacial cucthuaTo.

To Chtnua emoéyetar Baditepng pehétng. Xto Tvelua auTtéd TEOTE(VOVTAL XATOLES LOEEC:
e 'Epeuva oto UAd mou Ya urmopodoay va HELoouy To x0oTtog Twv bifacial modules.

e Troloyloudg erdyiotou bifacial gain kote to bifacial chotnua vo onueidver pixpdTtepo

LCOE ané 1o avtiotoryo monofacial.

e Yuvduaoudg bifacial cuctnudtwy ye teyvoroyleg dmwe 1p xou 2p tracking

96



7 Avogopeg YuotTnudtwy and to PVsyst

Ye auth) TV evoTnTa TopatilevTar AUTOVUCLES Ol UVAPORES TWV TEOGOHUOLWOENY TWV 000

CUCTNUATOY, OTKWE AUTES OnuLoupyolvTaL antd To PVsyst.

7.1 Monofacial Y VocTnpa
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General parameters, PV Array Characteristics, System losses &
Horizon definition 4
Near shading definition - Iso-shadings diagram 5
Main results 6
Loss diagram 7
Predef. graphs 8
Single-line diagram 9
Cost of the system 10
Financial analysis 1"
CO2 Emission Balance 14
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PVsyst V7.4.8
VC3, Simulation date:
07/26/24 22:11

with V7.4.8

Project: bifacialThesis

Variant: monofacial_final

loannis Kyriakopoulos (Greece)

Grid-Connected System
PV Field Orientation

General parameters

Tables on a building

(Original PVsyst database)
Unit Nom. Power
Number of PV modules
Nominal (STC)
Modules
At operating cond. (50°C)
Pmpp
U mpp
I mpp

Total PV power
Nominal (STC)
Total

Module area

23 string x 26 In series

(Original PVsyst database)

415 Wp Unit Nom. Power
598 units Number of inverters
248 KWp Total power

Operating voltage
Max. power (=>40°C)

230 kWp Pnom ratio (DC:AC)
751V Power sharing within this inverter
306 A
Total inverter power
248 kWp Total power
598 modules Max. power
1168 m? Number of inverters
Pnom ratio

Orientation Sheds configuration Models used
Fixed plane Nb. of sheds 64 units Transposition Perez
Tilt/Azimuth 30/0° Sizes Diffuse Imported
Sheds spacing 6.00 m Circumsolar separate
Collector width 221 m
Ground Cov. Ratio (GCR) 36.9 %
Shading limit angle
Limit profile angle 15.2°
Horizon Near Shadings User's needs
Average Height 72° Linear shadings : Fast (table) Unlimited load (grid)
PV Array Characteristics
PV module Inverter
Manufacturer Generic Manufacturer Generic
Model JW-HD108N-415-Black Module Model SUN2000-100KTL-M1-480Vac

100 kWac
2 units
200 kWac

200-1000 V

110 kWac
1.24

200 kWac
220 kWac

2 units
1.24

Thermal Loss factor

Array losses

DC wiring losses

Module Quality Loss

Module temperature according to irradiance Global array res. 40 mQ Loss Fraction -0.4 %
Uc (const) 20.0 W/m?K Loss Fraction 1.5 % at STC
Uv (wind) 0.0 W/m*K/m/s
Module mismatch losses
Loss Fraction 2.0 % at MPP
IAM loss factor
Incidence effect (IAM): Fresnel smooth glass, n = 1.526
0° 30° 60° 70° 75° 80° 85° 90°
1.000 0.998 0.981 0.948 0.862 0.776 0.636 0.403 0.000
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Project: bifacialThesis

Variant: monofacial_final

PVsyst V7.4.8
VC3, Simulation date:
07/26/24 22:11

with V7.4.8

loannis Kyriakopoulos (Greece)

Horizon definition

Horizon from Meteonorm web service, lat=37.8654, lon=22.5269

Average Height 7.2° Albedo Factor 0.83
Diffuse Factor 0.97 Albedo Fraction 100 %

Horizon profile

Azimuth [°] | -180 74 -158 157 -136 -135 -131 -115 -114 -112 -107 -106 -103 -7

Height[] | 13.0 140 | 130 120 100 90 8.0 7.0 6.0 50 40 3.0 2.0 1.0
‘Azimuth ] | 70 | 58 43 | -42 -3 27 | 26 14 | 10 9 4 | 0o | a4 5
Height [°] 20 30 4.0 30 | 20 3.0 2.0 1.0 3.0 4.0 3.0 3.0 30 | 40
Azimuth [F] | 14 20 30 31 35 37 39 42 46 a7 52 59 61 75
Height [°] 4.0 20 4.0 4.0 6.0 7.0 7.0 5.7 57 57 5.7 59 7.9 7.9
Azimuth [ | 79 @ 84 9 | 93 | 94 | 120 126 131 | 139 142 157 | 174 176 179

Height [°] 11.0 10.6 14.5 15.0 15.0 13.0 12.0 12.0 10.0 9.0 9.0 12.0 13.0 13.0

Sun Paths (Height / Azimuth diagram)
Fixed plane, Tilts/azimuths: 30°/ 0°

90 — T r - — — — — —
‘ ! ' ' ! ' 1: 22 June
I 2: 22 May and 23 July |
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11h 14h
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7h 18h
15
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Project: bifacialThesis

nald
il

8 Variant: monofacial_final

PVsyst V7.4.8 loannis Kyriakopoulos (Greece)
VC3, Simulation date:

07/26/24 22:11

with V7.4.8

Near shadings parameter

Perspective of the PV-field and surrounding shading scene

- @

Iso-shadings diagram
Orientation #1
Fixed plane, Tilts/azimuths: 30°/ 0°

90
—T T T T T T T
| - Shading loss: 1% Attenuation for diffuse: 0.028 1: 22 June |
====Shading loss: 5% and albedo: 0.569 2: 22 May and 23 July
[ ———— Shading loss: 10% 12h 13h 3: 20 Apr and 23 Aug |
75|~ =ema= Shading loss: 20% 21 4: 20 Mar and 23 Sep]|
| —-— Shading loss: % F]/u 5: 21 Feb and 23 Oct
L 3 6: 19 Jan and 22 Nov J
60 - : 22 December
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E L
I 8h
30
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15
16h
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Project: bifacialThesis

e Variant: monofacial_final
PVsyst V7.4.8 loannis Kyriakopoulos (Greece)
VC3, Simulation date:

07/26/24 22:11

with V7.4.8

Main results

System Production

Produced Energy 403273 kWh/year Specific production 1625 kWh/kWplyear
Perf. Ratio PR 8447 %
Economic evaluation
Investment Yearly cost LCOE
Global 100692.97 EUR Annuities 7189.63 EUR/yr Energy cost 0.05 EUR/KWh
Specific 0.41 EUR/Wp Run. costs 14729.71 EUR/yr
Payback period 11.3 years
Normalized productions (per installed kWp) Performance Ratio PR
19 T T T T T T T T T T T 1= T T T T T T T T T T T
| L: Collection Loss (PV-array losses) 0.75 KWh/kWilday ] 11F [l Pr: Perormance Ratio (vf/ vr): 0845

_ Ls: System Loss (inverter, ...) 0.07 kWh/kWp/day 1.0
_jT 8- Yf: Produced useful ener utput) 4.45 kWh/kWp/day ]
é“ L
£ s
2 ]
3 4 &
: 2

0 X

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Balances and main results
GlobHor DiffHor T_Amb Globinc GlobEff EArray E_Grid PR
| KWwm: | KWwmE °C KWWm® | KWW KWh | kWh | o

January 58.1 33.94 5.85 84.0 78.8 18708 18416 0.883
February 78.2 3547 6.98 106.1 100.3 23344 22983 0.873
March 105.2 52.17 7.25 122.8 115.5 26658 26240 0.861
April 175.1 65.29 12.91 188.6 179.4 40341 39733 0.849
May 208.2 80.16 16.52 204.0 194.1 43554 42906 0.847
June 253.2 59.05 23.63 2371 226.2 49260 48514 0.824
July 248.4 61.61 25.34 238.7 227.7 49347 48593 0.820
August 212.6 60.33 24.43 223.2 2124 46110 45413 0.820
September 153.6 59.21 20.35 180.1 171.3 38077 37516 0.839
October 100.3 46.49 15.43 1291 122.2 27745 27328 0.853
November 71.9 33.47 10.14 107.8 101.7 23764 23407 0.875
December 62.9 29.11 6.64 102.0 95.4 22570 22224 0.878
Year 1727.8 616.29 14.66 1923.9 1825.0 409480 403273 0.845
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio

Globlnc Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings
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PVsyst V7.4.8
VC3, Simulation date:
07/26/24 22:11

Project: bifacialThesis

Variant: monofacial_final

loannis Kyriakopoulos (Greece)

with V7.4.8
Loss diagram
1728 kWh/m? Global horizontal irradiation
+11.3% Global incident in coll. plane
-1.83% Far Shadings / Horizon
-1.06% Near Shadings: irradiance loss
-2.33% IAM factor on global
1825 kWh/m?* 1168 m? coll. Effective irradiation on collectors
efficiency at STC = 21.28% PV conversion
453497 kWh Array nominal energy (at STC effic.)
-0.64% PV loss due to irradiance level
-6.39% PV loss due to temperature
+0.37% Module quality loss
-2.00% Module array mismatch loss
-1.14% Ohmic wiring loss
410189 kWh Array virtual energy at MPP
-1.51% Inverter Loss during operation (efficiency)
-0.18% Inverter Loss over nominal inv. power
K) 0.00% Inverter Loss due to max. input current
N 0.00% Inverter Loss over nominal inv. voltage
N 0.00% Inverter Loss due to power threshold
k) 0.00% Inverter Loss due to voltage threshold
N-0.01% Night consumption
403273 kWh Available Energy at Inverter Output
403273 kWh Energy injected into grid
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Project: bifacialThesis

Variant: monofacial_final

PVsyst V7.4.8 loannis Kyriakopoulos (Greece)
VC3, Simulation date:
07/26/24 22:11

with V7.4.8
Predef. graphs
Daily Input/Output diagram
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Single-line diagram

PVsyst V7.4.8
VC3, Simulation date:
07/26/24 22:11

with V7.4.8
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PVsyst V7.4.8
VC3, Simulation date:
07/26/24 22:11

with V7.4.8

Installation costs

Project: bifacialThesis

Variant: monofacial_final

loannis Kyriakopoulos (Greece)

Cost of the system

107

Item Quantity Cost Total
units EUR EUR
PV modules
JW-HD108N-415-Black Module 598 66.40 39707.20
Inverters
SUN2000-100KTL-M1-480Vac 2 7390.00 14780.00
Installation
Global installation cost per module 598 56.87 34008.26
Land costs
Land purchase 1 12197.51 12197.51
‘ Total 100692.97
| Depreciable asset 54487.20
Operating costs
Item Total
EUR/year
Maintenance
Salaries 2956.00
Insurance
Facilities insurance 1500.00
Taxes
Federal taxes 6000.00
Total (OPEX) 10456.00
Including inflation (2.26%) 14729.71
System summary
Total installation cost 100692.97 EUR
Operating costs (incl. inflation 2.26%/year) 14729.71 EUR/year
Produced Energy 403 MWh/year
Cost of produced energy (LCOE) 0.0483 EUR/kWh
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Project: bifacialThesis

[l
H Variant: monofacial_final

PVsyst V7.4.8 loannis Kyriakopoulos (Greece)
VC3, Simulation date:

07/26/24 22:11

with V7.4.8

Financial analysis

Simulation period
Project lifetime 30 years Start year 2025

Income variation over time

Inflation 2.26 %lyear
Production variation (aging) 0.40 %lyear
Discount rate 4.50 %lyear

Income dependent expenses

Income tax rate 22.00 %lyear
Other income tax 0.00 %/year
Dividends 0.00 %lyear

Depreciable assets

Asset Depreciation Depreciation Salvage Depreciable
method period value (EUR)
(years) (EUR)
PV modules |
JW-HD108N-415-Black Module Straight-line 20 0.00 39707.20
Inverters
SUN2000-100KTL-M1-480Vac Straight-line 20 0.00 14780.00
Total 0.00 54487.20
Financing
Own funds 51856.88 EUR
Loan - Redeemable with fixed annuity - 10 years 48836.09 EUR Interest rate: 7.73%/year
Electricity sale
Feed-in tariff 0.06400 EUR/kWh
Duration of tariff warranty 30 years
Annual connection tax 0.00 EUR/KkWh
Annual tariff variation 0.0 %/year
Feed-in tariff decrease after warranty 0.00 %

Return on investment

Payback period 11.3 years
Net present value (NPV) 72517.44 EUR
Internal rate of return (IRR) 12.90 %
Return on investment (ROI) 720 %
08/29/24 PVsyst Student License for loannis Kyriakopoulos (Greece) Page 11/14

108



PVsyst V7.4.8
VC3, Simulation date:
07/26/24 22:11

with V7.4.8

Project: bifacialThesis

Variant: monofacial_final

Financial analysis

loannis Kyriakopoulos (Greece)

Detailed economic results (EUR)

Year Electricity Own Loan Loan Run. Deprec. Taxable Taxes After-tax Cumul. %
sale funds principal interest costs allow. income profit profit amorti.

0 0 51857 0 0 0 0 0 0

1 25811 0 3415 3775 10456 2724 8856 1948
2 25915 0 3679 3511 10692 2724 8987 1977
3 26018 0 3963 3227 10934 2724 9133 2009
4 26122 0 4269 2920 11181 2724 9297 2045
5 26227 0 4599 2590 11434 2724 9478 2085
6 26332 0 4955 2235 11692 2724 9680 2130
7 26437 0 5338 1852 11956 2724 9905 2179
8 26543 0 5750 1439 12227 2724 10153 2234
9 26649 0 6195 995 12503 2724 10427 2294
10 26756 0 6674 516 12785 2724 10730 2361
11 26863 0 0 0 13074 2724 11064 2434
12 26970 0 0 0 13370 2724 10876 2393
13 27078 0 0 0 13672 2724 10682 2350
14 27186 0 0 0 13981 2724 10481 2306
15 27295 0 0 0 14297 2724 10274 2260
16 27404 0 0 0 14620 2724 10060 2213
17 27514 0 0 0 14951 2724 9839 2165
18 27624 0 0 0 15288 2724 9611 2114
19 27734 0 0 0 15634 2724 9376 2063
20 27845 0 0 0 15987 2724 9134 2009
21 27957 0 0 0 16349 0 11608 2554
22 28069 0 0 0 16718 0 11351 2497
23 28181 0 0 0 17096 0 11085 2439
24 28294 0 0 0 17482 0 10811 2378
25 28407 0 0 0 17877 0 10529 2316
26 28520 0 0 0 18281 0 10239 2253
27 28634 0 0 0 18695 0 9940 2187
28 28749 0 0 0 19117 [} 9632 2119
29 28864 0 0 0 19549 0 9315 2049
30 28979 0 0 0 19991 0 8989 1977
Total 820980 51857 48836 23060 441891 54487 301541 66339
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PVsyst V7.4.8
VC3, Simulation
07/26/24 22:11
with V7.4.8

Project: bifacialThesis

Variant: monofacial_final

loannis Kyriakopoulos (Greece)
date:

Financial analysis
Yearly net profit (EUR)
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Project: bifacialThesis

Variant: monofacial_final

PVsyst V7.4.8
VC3, Simulation date:
07/26/24 22:11

loannis Kyriakopoulos (Greece)

with V7.4.8
CO: Emission Balance
Total: 7104.3 tCO:2
Generated emissions Saved CO: Emission vs. Time
Total: 558.68 tCO2

Source: Detailed calculation from table below

Replaced Emissions 8000 ()
Total: 8831.7 tCO:2 7000
System production: 403.27 MWh/yr B
Grid Lifecycle Emissions: 730 gCO2/kWh 6000~
Source: IEA List _ 5000 -
Country: Greece 5 [ 1
- 3 Z 4000 -
Lifetime: 30 years 5 | |
Annual degradation: 1.0 % g 3000 -
= | |
= 20001 =
1000 |- .
0 /
ool L
0 5 10 15 20 25 30
Year

System Lifecycle Emissions Details

Item LCE Quantity Subtotal
[kgCO2]
Modules 1383 kgCO2/kWp 372 kWp 514090
Supports 4.87 kgCO2/kg 8960 kg 43627
Inverters 482 kgCO2/units 2.00 units 965
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PHOTOVOLTAIC SOFTWARE

PVsyst - Simulation report
Grid-Connected System

Project: bifacialThesis

Variant: bifacial_final
Unlimited sheds
System power: 248 kWp
Psari - Greece

Author
loannis Kyriakopoulos (Greece)
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Project: bifacialThesis

Variant: bifacial_final

PVsyst V7.4.8 loannis Kyriakopoulos (Greece)
VC7, Simulation date:
07/28/24 12:58

with V7.4.8
Project summary
Geographical Site Situation Project settings
Psari Latitude 37.87 °N Albedo 0.20
Greece Longitude 22.53 °E
Altitude 802 m
Time zone uTC+2
Weather data
Psari
PVGIS api TMY
System summary
Grid-Connected System Unlimited sheds
PV Field Orientation Near Shadings User's needs
Sheds Mutual shadings of sheds Unlimited load (grid)
Tilt 30° Electrical effect
Azimuth 0°

System information

PV Array Inverters

Nb. of modules 598 units Nb. of units 2 units

Pnom total 248 kWp Pnom total 200 kWac
Pnom ratio 1.241

Results summary
Produced Energy 441389 kWh/year Specific production 1779 kWh/kWplyear Perf. Ratio PR 92.45 %

Table of contents

Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
Horizon definition 5
Main results 6
Loss diagram 7
Predef. graphs 8
Single-line diagram 9
Cost of the system 10
Financial analysis 1"
CO2 Emission Balance 14
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PVsyst V7.4.8
VC7, Simulation date:
07/28/24 12:58

with V7.4.8

Project: bifacialThesis

Variant: bifacial_final

loannis Kyriakopoulos (Greece)

Grid-Connected System

PV Field Orientation
Orientation

General parameters

Unlimited sheds

Sheds configuration Models used

(Original PVsyst database)

(Original PVsyst database)

Sheds Nb. of sheds 5 units Transposition Perez
Tilt 30° Unlimited sheds Diffuse Imported
Azimuth 0° Sizes Circumsolar separate
Sheds spacing 6.00 m
Collector width 229 m
Ground Cov. Ratio (GCR) 38.2 %
Top inactive band 0.02m
Bottom inactive band 0.02m
Shading limit angle
Limit profile angle 16.1°
Shadings electrical effect
Cell size 15.6 cm
Strings in width 3 units
Horizon Near Shadings User's needs
Average Height 72° Mutual shadings of sheds Unlimited load (grid)
Electrical effect
Bifacial system
Model 2D Calculation
unlimited sheds
Bifacial model geometry Bifacial model definitions
Sheds spacing 6.00 m Ground albedo average 0.39
Sheds width 233 m Bifaciality factor 80 %
Limit profile angle 16.3 ° Rear shading factor 5.0 %
GCR 38.8 % Rear mismatch loss 10.0 %
Height above ground 1.50 m Shed transparent fraction 0.0 %
Monthly ground albedo values
Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Year
0.90 0.70 0.30 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.30 0.70 0.39
PV Array Characteristics
PV module Inverter
Manufacturer Generic Manufacturer Generic
Model JW-HD108N-415-Black Module Model SUN2000-100KTL-M1-480Vac

Unit Nom. Power 415 Wp Unit Nom. Power 100 kWac
Number of PV modules 598 units Number of inverters 2 units
Nominal (STC) 248 kWp Total power 200 kWac
Modules 23 string x 26 In series Operating voltage 200-1000 V
At operating cond. (50°C) Max. power (=>40°C) 110 kWac
Pmpp 230 kWp Pnom ratio (DC:AC) 1.24
U mpp 751V Power sharing within this inverter
| mpp 306 A
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Project: bifacialThesis

Variant: bifacial_final

PVsyst V7.4.8
VC7, Simulation date:
07/28/24 12:58

loannis Kyriakopoulos (Greece)

with V7.4.8
PV Array Characteristics
Total PV power Total inverter power
Nominal (STC) 248 kWp Total power 200 kWac
Total 598 modules Max. power 220 kWac
Module area 1168 m? Number of inverters 2 units
Pnom ratio 1.24
Array losses
Thermal Loss factor DC wiring losses Module Quality Loss
Module temperature according to irradiance Global array res. 40 mQ Loss Fraction -0.4 %
Uc (const) 20.0 W/m2K Loss Fraction 1.5 %atSTC
Uv (wind) 0.0 W/m?K/m/s

Module mismatch losses
Loss Fraction 2.0 % at MPP

IAM loss factor
Incidence effect (IAM): Fresnel smooth glass, n = 1.526

0° 30° 50° 60° 70° 75° 80° 85° 90°
1.000 0998  0.981 0.948 0862 0776 0.636 0403 | 0.000
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Project: bifacialThesis

Variant: bifacial_final

PVsyst V7.4.8
VC7, Simulation date:
07/28/24 12:58

with V7.4.8

loannis Kyriakopoulos (Greece)

Horizon definition

Horizon from Meteonorm web service, lat=37.8654, lon=22.5269

Average Height 7.2° Albedo Factor 0.83
Diffuse Factor 0.97 Albedo Fraction 100 %

Horizon profile

Azimuth [°] | -180 |74 -158 157 -136 -135 -131 -115 -114 -112 -107 -106 -103 -7

Height[] | 130 140 130 120 100 & 90 80 7.0 | 60 50 40 | 30 | 20 10
‘Azimuth ] | 70 | 58  -43 | -42 -3 27 26 14 | 10 9 4 | 0o | 4 5
Height[] 20 30 40 30 20 30 | 20 10 | 30 40 30 | 30 30 40
Azimuth '] | 14 20 30 31 35 37 39 42 46 47 52 59 61 75
Height[] = 40 20 40 40 60 | 70 70 57 | 57 57 57 59 | 79 79
Azimuth [ | 79 @ 84 9 | 93 | 94 | 120 126 131 | 139 142 157 | 174 176 179

Height [°] 11.0 10.6 14.5 15.0 15.0 13.0 12.0 12.0 10.0 9.0 9.0 12.0 13.0 13.0

Sun Paths (Height / Azimuth diagram)
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Project: bifacialThesis

Variant: bifacial_final

PVsyst V7.4.8 loannis Kyriakopoulos (Greece)
VC7, Simulation date:

07/28/24 12:58

with V7.4.8

Main results

System Production

Produced Energy 441389 kWh/year Specific production 1779 kWh/kWplyear
Perf. Ratio PR 9245 %
Economic evaluation
Investment Yearly cost LCOE
Global 123717.86 EUR Annuities 10638.00 EUR/yr Energy cost 0.05 EUR/KWh
Specific 0.50 EUR/Wp Run. costs 14729.71 EUR/yr
Payback period 11.8 years
Normalized productions (per installed kWp) Performance Ratio PR
10 T T T T T T T T T T T - T T T T T T
. Lc: Collection Loss (PV-array losses) 0.32 kWh/kWp/day 4 B PR: Performance Ratio (Yf/ Yr): 0.924
_ Ls: System Loss (inverter, ..) 0.08 KWh/kWp/day
—? 8 Yf: Produced useful ener utput) 4.87 kWh/kWp/day
£t
£ 6
R
é_ £
Z 2
0 X
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Balances and main results
GlobHor DiffHor T_Amb Globinc GlobEff EArray E_Grid PR
a4V W | AWhin® kWh/m? e kWh/m? KkWh/m#  kwh = kWh | rato
January 58.1 33.94 5.85 84.0 79.7 22552 22202 1.064
February 782 35.47 6.98 106.1 101.2 27056 26630 1.011
March 105.2 52.17 7.25 122.8 115.9 29044 28587 0.938
April 175.1 65.29 12.91 188.6 179.9 43211 42553 0.909
May 208.2 80.16 16.52 204.0 194.7 47461 46749 0.923
June 253.2 59.05 23.63 2371 2271 53826 53008 0.901
July 2484 61.61 25.34 238.7 228.5 53788 52965 0.894
August 2126 60.33 24.43 2232 2131 49705 48951 0.884
September 153.6 59.21 20.35 180.1 171.7 40876 40267 0.901
October 100.3 46.49 15.43 1291 122.5 20823 20373 0.916
November 71.9 33.47 10.14 107.8 102.1 25478 25093 0.938
December 62.9 29.11 6.64 102.0 96.2 25404 25012 0.988
Year 1727.8 616.29 14.66 1923.9 1832.6 448225 441389 0.924
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio

Globlnc Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings
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Ny
PVsyst V7.4.8

VC7, Simulation date:
07/28/24 12:58

Project: bifacialThesis

Variant: bifacial_final

loannis Kyriakopoulos (Greece)

with V7.4.8
Loss diagram
1728 kWh/m? Global horizontal irradiation
+11.3% Global incident in coll. plane
-1.83% Far Shadings / Horizon
-1.23% Near Shadings: irradiance loss
-2.32% IAM factor on global
A +0.57% Ground reflection on front side
Bifacial
Global inci on ground
997 kWh/m? on 3007 m?
-70.07% (0.30 Gnd. albedo)
Ground reflection loss
-69.23% View Factor for rear side
+11.02% Sky diffuse on the rear side
+0.54% Beam effective on the rear side
-5.00% Shadings loss on rear side
13.68% Global Irradiance on rear side (251 kWh/m?)
1833 kWh/m? * 1168 m? coll. Effective irradiation on collectors
efficiency at STC = 21.28% PV conversion, Bifaciality factor = 0.80
505228 kWh Array nominal energy (at STC effic.)
-0.58% PV loss due to irradiance level
-6.21% PV loss due to temperature
-0.04% Shadings: Electrical Loss , sheds3 strings in width
+0.37% Module quality loss
-2.00% Module array mismatch loss
-1.00% Mismatch for back irradiance
-1.24% Ohmic wiring loss
452924 kWh Array virtual energy at MPP
-1.50% Inverter Loss during operation (efficiency)
-1.05% Inverter Loss over nominal inv. power
N 0.00% Inverter Loss due to max. input current
N 0.00% Inverter Loss over nominal inv. voltage
N 0.00% Inverter Loss due to power threshold
N 0.00% Inverter Loss due to voltage threshold
N -0.01% Night consumption
441389 kWh Available Energy at Inverter Output
441389 kWh Energy injected into grid
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PVsyst V7.4.8
VC7, Simulation date:
07/28/24 12:58

Project: bifacialThesis

Variant: bifacial_final

loannis Kyriakopoulos (Greece)

with V7.4.8
Predef. graphs
Daily Input/Output diagram
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13

Single-line diagram

PVsyst V7.4.8

VC7, Simulation date:

07/28/24 12:58
with V7.4.8

kwh

[

26 x JW-HD108N-415-Black Module

Inverter (100 kVA)

11 Strings Injection point

[

26 x JW-HD108N-415-Black Module

Inverter (100 kVA)

13

12

11

10

w

=

12 Strings
PV module  JW-HD108N-415-Black Module
Inverter SUN2000-100KTL-M1-480Vac
String 26 x JW-HD108N-415-Black Module
bifacialThesis Ioannis Kyriakopou
los (Greece)
VC7 : bifacial_final 07/28/24
A B C D [ E F G [ H | L
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PVsyst V7.4.8
VC7, Simulation date:
07/28/24 12:58

with V7.4.8

Installation costs

Project: bifacialThesis

Variant: bifacial_final

loannis Kyriakopoulos (Greece)

Cost of the system

Item Quantity Cost Total
units EUR EUR
PV modules
JW-HD108N-415-Black Module 598 104.90 62730.20
Inverters
SUN2000-100KTL-M1-480Vac 2 7390.00 14780.00
Installation
Global installation cost per module 598 56.87 34010.15
Land costs
Land purchase 1 12197.51 12197.51
‘ Total 123717.86
| Depreciable asset 77510.20
Operating costs
Item Total
EUR/year
Maintenance
Provision for inverter replacement 2956.00
Insurance
Facilities insurance 1500.00
Taxes
Federal taxes \ 6000.00
Total (OPEX) 10456.00
Including inflation (2.26%) 14729.71
System summary
Total installation cost 123717.86 EUR
Operating costs (incl. inflation 2.26%/year) 14729.71 EUR/year
Produced Energy 441 MWhl/year
Cost of produced energy (LCOE) 0.0473 EUR/kWh
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PVsyst V7.4.8
VC7, Simulation date:
07/28/24 12:58

with V7.4.8

Project: bifacialThesis

Variant: bifacial_final

loannis Kyriakopoulos (Greece)

Simulation period

Project lifetime 30 years

Income variation over time
Inflation

Production variation (aging)
Discount rate

Income dependent expenses
Income tax rate

Other income tax

Dividends

Depreciable assets

Asset

Financial analysis

Start year 2024

2.26 %lyear
0.40 %lyear
4.50 %lyear

22.00 %lyear
0.00 %/year
0.00 %l/year

Depreciation Depreciation Salvage Depreciable
method period value (EUR)
(years) (EUR)
PV modules '
JW-HD108N-415-Black Module Straight-line 20 0.00 62730.20
Inverters
SUN2000-100KTL-M1-480Vac Straight-line 20 0.00 14780.00
Total 0.00 77510.20
Financing
Own funds 63717.86 EUR
Loan - Redeemable with fixed amortization - 10 years 60000.00 EUR Interest rate: 7.73%/year
Electricity sale
Feed-in tariff 0.06400 EUR/kWh
Duration of tariff warranty 30 years
Annual connection tax 0.00 EUR/KWh
Annual tariff variation 0.0 %/year
Feed-in tariff decrease after warranty 0.00 %
Return on investment
Payback period 11.8 years
Net present value (NPV) 84785.47 EUR
Internal rate of return (IRR) 12.04 %
Return on investment (ROI) 68.5 %
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Project: bifacialThesis

Variant: bifacial_final

PVsyst V7.4.8 loannis Kyriakopoulos (Greece)
VC7, Simulation date:
07/28/24 12:58

with V7.4.8
Financial analysis
Detailed economic results (EUR)
Year Electricity Own Loan Loan Run. Deprec. Taxable Taxes After-tax Cumul. %
sale funds principal interest costs allow. income profit profit amorti.

0 0 63718 0 0 0 0 0 0

1 28251 0 6000 4638 10456 3876 9281 2042
2 28364 0 6000 4174 10692 3876 9622 2117
3 28477 0 6000 3710 10934 3876 9958 2191
4 28591 0 6000 3247 11181 3876 10288 2263
5 28706 0 6000 2783 11434 3876 10614 2336
6 28821 0 6000 2319 11692 3876 10934 2405
7 28936 0 6000 1855 11956 3876 11249 2475
8 29052 0 6000 1391 12227 3876 11558 2543
9 29168 0 6000 928 12503 3876 11862 2610
10 29284 0 6000 464 12785 3876 12160 2675
11 29402 0 0 0 13074 3876 12452 2739
12 29519 0 0 0 13370 3876 12274 2700
13 29637 0 0 0 13672 3876 12090 2660
14 29756 0 0 0 13981 3876 11899 2618
15 29875 0 0 0 14297 3876 11702 2574
16 29994 0 0 0 14620 3876 11499 2530
17 30114 0 0 0 14951 3876 11288 2483
18 30235 0 0 0 15288 3876 11071 2436
19 30356 0 0 0 15634 3876 10846 2386
20 30477 0 0 0 15987 3876 10614 2335
21 30599 0 0 0 16349 0 14250 3135
22 30721 0 0 0 16718 0 14003 3081
23 30844 0 0 0 17096 0 13748 3025
24 30968 0 0 0 17482 0 13485 2967
25 31092 0 0 0 17877 0 13214 2907
26 31216 0 0 0 18281 0 12934 2846
27 31341 0 0 0 18695 0 12646 2782
28 31466 0 0 0 19117 0 12349 2717
29 31592 0 0 0 19549 0 12043 2649
30 31718 0 0 0 19991 0 11727 2580
Total 898571 63718 60000 25509 441891 77510 353661 77805
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Project: bifacialThesis

Variant: bifacial_final

PVsyst V7.4.8 loannis Kyriakopoulos (Greece)
VC7, Simulation date:
07/28/24 12:58

with V7.4.8
Financial analysis
Yearly net profit (kEUR)
-70 k
2023 2028 2033 2038 2043 2048 2053
Cumulative cashflow (KEUR)
250
200
150-—
100 |~
50 -
oL
-50
qoobl—oo
2023 2028 2033 2038 2043 2048 2053
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Project: bifacialThesis

Variant: bifacial_final

PVsyst V7.4.8
VC7, Simulation date:
07/28/24 12:58

loannis Kyriakopoulos (Greece)

with V7.4.8
CO: Emission Balance
Total: 7828.5 tCO2
Generated emissions Saved CO: Emission vs. Time
Total: 558.68 tCO:2
Source: Detailed calculation from table below
Replaced Emissions 8000 T T T T T T T T T T T
Total: 9666.4 tCO2 E
System production: 441.39 MWh/yr 6000 ]
Grid Lifecycle Emissions: 730 gCO2/kWh
Source: IEA List _ T
Country: Greece S 4000 -
Lifetime: 30 years j |
Annual degradation: 1.0 % g
= 2000 1
m
0
oopoblomm U
0 5 10 15 20 25 30
Year
System Lifecycle Emissions Details
Item LCE Quantity Subtotal
[kgCO2]
Modules 1383 kgCO2/kWp 372 kWp 514090
Supports 4.87 kgCO2/kg 8960 kg 43627
Inverters 482 kgCO2/units 2.00 units 965
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