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ABSTRACT

This dissertation presents the analysis and assessment of power losses of a
large-scale PV power plant. A mathematical equation was developed for estimating the
performance ratio of the PV power plant. The selected PV power plant was located in
Hua-Wa subdistrict, Si Maha Phot district, Prachin Buri, Thailand.

This study used the data from the assessment of the actual working condition
of the PV power plant, starting from the PV panels to the point of common coupling
(PCQ) for sale of the electricity to the utilities in order to find the components that
affected power losses in different installation positions of the system. The study results
showed that the losses incurred from the PV power plant consisted of the losses caused
by the PV panels, distances of the system cables to the combiner boxes, inverters,
transformers, switchgear, and high-voltage transmission system. The losses of the PV
power plant can be used to develop a mathematical equation as 0.0597X + 3.4908, with
the variance (R?) of 0.9463.

From the analysis results, the equation obtained can be applied for the
assessment of power losses of the PV power plant according to its actual operating

condition in the future.

Keywords: performance analysis, PV power plant, power losses of the system
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l,op ~(0.85-0.95)1_ (2.9)

druIsmamarauaudileansioad f3ondn “erflasunawes” (Fill Factor, FF) 34
mneds Austasaunmlganiiwad gldnnniaudnuasiuidvdenduldnssuay woy
usssu (V) vedlsaniiwadindiadosnioun Inefuinildainaunisd (2.10) Fedriladuma
WeTUBuYATUUUTAADU A19YTENINN 0.7 - 0.8 wazausamaAINIa b nueenmy

AN (2.11)

FF:M (2.10)
(Voc < Isc)
Fupr =Vipe * lupp = Voo - I FF (2.11)

(%
o

AsUsEaNS A nlwatsiwaatumilaann aunish (2.12)

n:w (2_12)

HavpININAFRUYetlrasiwaduuudaneu TureslUan1snud Useansamgsn
aaswaaianmnsasuld 1.5 AM fianUseuna 24 Wesidus Juszansammsldomud 10 -
14 Wosdus uslumamguinanliinauseansanuesunegatia 26 - 27 Wesidud

2.2.2 dnvazAnauUivalvansivanlunau)on

2.2.2.1 M3i0lgaSwaaiuANUIUNTULUUBUNTY hagyuu

nuanageuleansiead W onauauRvesleaisiwad wuinluleaisivad
UsgnausmeAanumuniuneluas 8n 2 Alawn Arrnasunuisewuuaunsy (Ry) way

ANAUATUNUTFBLUUTUI (Ry) falandluiasauyai 2.8
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Ip h RS Icell = ILoad
> L F»—o——

5UN 2.8 1asiisuifgdlaasiwad Nldauas

NaaNyazuR 2.8 Weuduaunisifieudesdnsaunisi (2.13)

_ ID _VLoad +RI cell Rs (2_13)

p

cell — ph

NANWUTNITINTAADU dInaliAnaNwULUIN1TABAIAMUATUNIULUUDYNTY

YU WALANYULNITADTINAUNIEUDNNZLAAAIAINUATUNIUNADN UYL aNLNAUNUILAZATUAA

e

a1 4 a a 1 Al | L3 | | a =3 . . = 1

Tu wardAruiuuniinaInseden liauysalsendneseesei 1Y (PN junction) A
v QA‘ a dy le) [ 1 £ o.'/ q; 1 yal o.'/ 1%
AMUANUNIUTLANTUT 22 T UATIANUATUNULUVTUIUTULDY F9azdnalninsewasqtvala
P39919802995 bAUVBIUSAULNALALIU1EILL 19T A1ANUATUNIUAINENIISAINARDAN

HanunpLnas T9Nav9AIANUAUNIUNeEesll vilriaslwinausenanadls

a

2.2.2.2 anygaydeniiadululeaisivad
nsldaulgaisiwaanldnuludagiu dnaredadendwalviusednsamveadleans
wadvaulaliwun Usznauaae AUGYLAIINNITALYOULAS AITUYDINAIDTAEY
AINNUNNTDIVBIIAUUMNLGASID T ATAITUATUNIUBUNTY UasUIUTANTY wazAIAY
A A a a o\ = | ' a A a = | P a
geyideniiinainnisinnanng eluisagatvesaiugaideiisigasiduniaznaiie lned
UALLDYAVDILFATAIU AIT
= ¢ s a & v A \ ~
- MygayidevadlearsivadiAnduainuaveiasasyioy Lasideaiiuanieluia
Toa15L9ad 150987217 e sUBasaz e suALasinnnsenuliyindu eiiinannis inmues
WAIDULAAANAVLA lldiauiy N1sUSULASIAS19UDIRILYAE NISIARRUAISAUALNOUNRY way
nsaaMsazvieusuivasgadanlanedeuste aunsaanauayideilla
- HaYRIAIANUEYFYTUARIINLAIINNTENUN LI ArAugadeiiingin

129N I19V0ILEID17RE (Wide spectrum) annsenulaansiwadlavindu avwalinlvneoud
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warulaiwindy Awdsuvesrinouiitssniuuusufiu (Band gap) 9 sxvililifingsanu
ludulsdinnseundeuild shiliuseduodlen fudidnaseu Witmnlrnoudndanuiify
yiadienunniuuudufiu SvgilnAsndsnuiielUldould mnmaunadiosidmaly
anansamaUsEansanvesleasivadla

- wansgnuilinanuslsandiwadliianysal iinn1ssmituliauysalvesuszqdies
Annnanuuiandvesdneadfidondatu viafaanuunnsestuniely ufnsgianmy

(Recombination) @samaiinilanusauilulaenisliianniianuuiansuinunldau nmu

9

= =

MBNTIINTERNNYIBUSINTEINVRTTAanNeUan tnefidesrdedanl Hadunames Fealdau
sl 1 Feannldrwindunguiasan lawn 0.85
- NIANAIVBIANTIAALNALWMBTINNAIAINAIUNIUBLUNTY kATVUIUTLAATY
] A aa v fa O dgy = Y a ' v
- mANNgdsiinannsldeunsalfiadlyd wu nsdentdinlalivingay mnld
v [

widaswiadnAanusuniuvesaliassiiaigs Jeamasuigyds u gail geluszu

wila faaunisa (2.14)

Eyoss = i Py xHxY (kW —h) (2.14)
0
e
Eloss A2 AAINgadsvanasnuliiisied
P, o ﬂ'wmmqaﬁamaawé’qmulw%ﬁLﬁmmﬂmmmﬁa

2 NUTILIEUsaNaaNaI UYL

o)

Ao Iuuulusaud ( 365 )

<

2.2.3 NAINTLAUVBILADNTING

nszualilnfifntuidndniidudaduiuiaaiimemseriind minfiasuniu
19ifiuiAssveslyadivad uaznswinadnvusveadulds asnuindulAaufstestunseiy
finnasoulalonnelu Fedusiusiuiu audnvauznduvesialon uaziloanuduvesuasaing

I Ve wae I Nenmulueag fagun 2.9
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4.00

—#&— 1000 W/m? 600 W/m?2

—@— 200 W/m?

3.50

3.00 1

g
o
=}

- Curgent [ {A]

o
o

o
o

a1
o

o
o
=}

0.00

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70

Voltage V [V]
5UN 2.9 dnwauzidulas 1V Auasadnunneneiy

2.2.4 NANSENUVRIQUNAY

ﬂmﬁwﬁmaaqmmﬁﬁmaiﬁﬁlﬁﬂmaw%nmiawia P-N fndseulunsindous
Mlinseuaanisasvesleansiwag Lﬁwﬁ?ummqmmqﬁimaﬁﬂ'mizmm 0.07%V,. Tafluafy
gaunilluiu A Vo anasuszanm 0.4 %/K

HANSENUTDIUNYI Uagnsszuiganuieudsisyinlilsednsanveswadsavuy

lneinansgnunaamgidmalimadliiianas 0.4 - 0.5 %/K wandlanagui 2.10

Solarzellen IU Kennlinien

—e— 25°C s 50°C —m— 75°C
4.00

3.50

3.00

2.50

2.00

Current | [A]

1.50

1.00

0.50

0.00 T T T T T

T T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 045 0.50 0.55 0.60 0.65 0.70

Voltage [V]

Ul 2.10 N9l 1V Aigaumndisings

Y
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Armaalnifingagn “Watt Peak” (W,) iR NNTANLaIINNT waggumiininin

Aun G9lunianssdudiuazanadla Jeau15annaoulyaIswaaiAINIAIFIUNAADY
(Standard Test Conditions,STC) fiaaduias 1000 W/m? gaumigil 25 °C uag AM 1.5

2.2.5 ayanantd wagsuusnadyvedaaniigas
AU N LAWY IAUTLENS ANN5YINUTe I lwaNS R kAR NUNAIAY A9TUNNT
YU AR iU MABAAUNITATUIUTEUU N3 DWHILAIDINNENABI LT L UNUN ADIANTI9D IR

a o

wUsil Bsusenoudne gamgl Anudiesuas Idd

- anuduvesnas anudndnlagnsstunisndaliin fegrau Wemanduves
uasgenszuailianleaniwadarasiu luunsiussiuliiivdovunuagliuyslumunnudy
yasuasntin muduvesuasildiadumnsgiu 1000 W/m? agldan AM 1.5 1uanasgu
Tun15¥nUssaNSAINTD LAY

- gumnfigeiwiliussiulnihanas udlifinadenisndnnszualn mafiudunn 1
ssrlagiads viliusaduliiianas 0.4-0.5% gumgiisnsguiilinaaeuussavsnmus suss
waaefingd 25 esraaidea wu muualiuniuaterindfusaiulniinfiaeesda (Open
Circuit Voltage,(V,) 7 21 V ﬁqmwgﬁ 25 samralded nuedussrulnirvusilddedu
msglwihfigumgdl 25 ssrwaidea dawintu 21 V mngamaiigand 25 esmisaidoa 1y
gaumnil 30 sarwailea e lviusenuluiveunsLasefinganas 2.5% (0.5% x 5 83
walded) TuRe WIIFUTDILHILAIDITAgT V.. asanas 21V x 2.5% = 0.525 V satu
wssdulrifinasdianiios 21V - 0.525V = 20475 V aguléin ilogumnigetu ussduluiineg

anad Failnavilimaslnihasanvosunaiatoindanadnig

2.3 @nesnmnsuanlniivesssuuleaisivas
Nnmsunndeyaiisatuauliiuueureaidsliinszuulvansiwadnuinniny
Liuduoudsnandwmansenusessuulniinlu 2 Ussifudsdl Usznaudisamninlussuy
gl wagn1sanelnanegramizan (Optimum load) d1msussuundnnseualiin
WUURELREUT s eazBend
2.3.1 paunwlussuudnmiigliih
sruulnfinusznoudieiinnvessyuu tun ndinduvedlii dsenaldunan

Ufnsemaail mswdsuwdadagldiniesinibe viewinseiinsiinanujnsenieies
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Mntuiainmsdsiundsnuliinlussgldenu fegluiiuivdlnannduiiinveamd sy
oty ilelinsdeinundsouliihivssansam suludosinuiissduusedu wasanud
1nsguvesszulluUszne dsifagiumsdeiundsnulningdldnsddasldszuuimiledse
Fesumulunsdeinondanuliidniszuudy

2.3.2 Msdelvianegamiay

Tvapyalui vienszmaluiivsnedgunsal vieindedldlnihiiviivhilaou
sl dundsnuluguiuusing o wWu wdsnuanuieu was @ 1dos violuguuuudy
Tumsmmdsnuulifulnanlifiivand dosdamdanuiimnzaudeomedanisaisliiu

Wnan Faguegiunginssunistdnuvesldlnannalniitues

Y

<

2.4 damnuanuuInsgIuIAINTIHYadlsdlwiinduuaeniing
wsruuasorfing Wgminldegunsvareluilgsu felugduuuresnisfadadio
Tdaues wuuldldlniainnasluii (Stand alone) wazuuuidensafuszuuvesnising
(Graid connect) szuuiifuszuuiififawuindn fasdnda 10 Alates aufsszuufiduun
Tngjunng Fau maaamwmﬁdﬁﬁmﬂszﬁw%quaqm Sududeddimnsluifiang
FrungluniseenuuuszuuiiteliiAnuszansnmuaslssluiingdign

A9 meertansluniseantuulsalnfnwduwasonfisndg Tuundaznaininig

[ '
Y =

DOALUURARISTUUNTIIUITI PIUMANIFINTITUAIERS IAINTTUanULTaUsEwnalne
Tlsalufindidnend wus Tsdlfimdenuuasefindd Wulssiniildlvandivad
WUUTduU1e Fauszneusie wusleansiwaduuuilduuns wasuuunansiudanou Tnefisess
Bunvesnseenwuuiidnw nsznausiey
2.4.1 SwaziBanisindseLwadatefinduuuiiduung
1) vuinangliiln ¥aeseninanquunslearsivad danquesans (PV String -

Junction Box) mmsamléﬁ’mﬂammsﬁ (2.15)

l,,=1.251, (2.15)

wHalgansiead Ju NA-E12505 IUIuLaeaganly 16 LHwioanse seugang
81gn 50 was ussiulitiidnssgean (v ) 955.2 Taad (nszuanse) nssualiinvms
42935 ( l.) 337 LOUWUS (NTTHEANTI) WIIAUAN (V,) 0.25% Anansewavasang i ( )

4.21 wounUs (nszuansy) aglnirnldawdu vila CV 0.6/1 Alaliad vum 4 a5 1edadiuns
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wnalgansigad Ju NA-E130L5 91U3U 16 UNIsDanTs Sv8ra188138n 50 LiAT
wserulniina99sasan (V. ) 966.4 Tad(NSewans9) Nseuatnindn9as ( . ) 341 WS
(NTLUANTY) LIIAUAN (V) 0.25% Anansehavasans il (1,)4.26 WOULUS (NTELENTI)
anglliAldenndu wie v 0.6/1 Alaliad 2w 4 psdadiuns

nsiuaeuUsnNd Wnswusmedudnvazsnsindauuinyuilasadng
ENINE R HER !

2) weangliiin Gaeseninengudeans feesisdden (Junction Box - Array
Box) anunsavildianaunisi (2.16)

|, =125, (2.16)

nsldunsloansioad Ju NAE125L5 nsdliln1sfinaaiauanaiduwuuiosiio

'
=

HDPE aneilsiiu S1uunqureansideuse 3 yaselunisensddon szornisgegalaitiu 250
wns wssiuliihvuzUneasgsgn (v,,) 955.2 had(nssuanss) nszualniiidnies (1)
10.11 wonwyUd (nszuanss) ussdumn (v ,) 1.25% Aidanszuavesaiglin (1 ) 12.64
wanuU$ (nszuanss) Tangluihuiia CV 0.6/1 Alaliad wuia 10 A5 daduns
unlgansioad Ju NA-E130L5 nadidnishadaiuansiduuuuiosie HOPE
aeilsitu Srnunguieaeidouse 3 yadeluvidozisdten srormagsaaliitiu 250 wns
)
10.23 wouuUs (nszuans) ussdunn (v ,) 1.25% Widanszuavesarsluii (1 ) 12.79

LLsaﬁ’uIWmezLﬂmq%qﬂqm (V__.) 966.4 1384 (nszwanss) nsewalnidna99s (|

0Cc2 SC2

wauwls (Nszuansa) Taelwivde CV 0.6/1 Alaliad vun 10 AN519TaALIAS
3) nslaanalni1 91netsiagUon Hedutiesines (Array Box - Inverter)

A58 b9NENNSA (2.17)

l,,=1.25, (2.17)

nsfarsainuadleansioad Ju NA-E12505 ldnshadadumeduuuuiestie
HDPE aneilsiu s1uiuanieiiidouse 12 yanoesist szoznisgagalailiy 300 s
)
121.32 UaukUs (NTLUANTY) LIIRUAN (V,,) 2.00% Anansehavasanyluii (1.,) 151.65

LLsaﬁ’uIWmezLﬂmwaqﬂqﬂ (Vocz) 955.2 11af (NSzuansd) Nsewallindnieas (|SC2

wauLkUS (NSeuanss) Tvaelwiudn CV 0.6/1 Alaliad u1n 95 A1519NaALUAS
wnslganiiead Ju NA-E130L5 Andaduaduwuuiosvie HDPE aneilafu

UINARSWILYBNRD 12 Ynsieaslse szayn1egedalaiiiy 300 wes ussiulninvueidniees
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gean (V) 966.4 13ad (Nsewansq) nszualnlingnans (1) 122.76 wauuwds (Nseuanse)

0OC2 SC2
wsesuAn (V,,) 2.00% AnAnsehavasanglni ( | ,) 153.45 waUWUS (NSewanss) Tvane i
8A CV 0.6/1 Alaliad vun 95 A5 1NAALUAS
1) msldanelnfiandunedines swdeulasiuih wildanaunisd (2.18)

1, =125 ,, (2.18)

unlgansioad Ju NA-E125L5 Andaiuaneiduuuuiossie HOPE aneilsdu
dnnuewisieuse 7 yaredunedines szugmsliiiu 30 was ussiulwivauedniees
gudn (v, ) 315 Tan (nseuaaau) nszwabiingnieas ( ly ) 1,008 wouwls (NSeuaaau)
w3aiuan (v_,) 1.50% nszuavesansldi (1 ) 1,260 uouuds Manslvhaila Cv 0.6/1 fila
1286 YU 3 x 300 A3 19TAALINT

unlgansioad Ju NA-E130L5 Aadaduaneiduuuuiossie HOPE aneilsdu
Fruezisdidonsde 7 yaseduedined srevmsliiAu 30 wes wsadulwihvazilansas
guan (V, . ) 315 Tan (nseuaadu) nszwalninanieas ( Iy ) 1,008 wouwls (NSeuaaau)
wseAuen (V,,) 1.50% nseuaveIa gl (1.,) 1,260 wouwds Toaeluiwila Cv 0.6/1 Ala
a6 uIn 3 x 300 MTNAGLUAT

5) mshaanglwisyrinmdsuvasiiia adeuienvifad (Transformer — drop

out fuse) @UN1SNLTIIU LNDTNAANTEIAVRIE dU15avlAAINaLN1TH (2.19)

l,o=1.251 . (2.19)

wilouvadlni 1A ld Ui A arae 1,250 kVA wsesuluina1idn 315 aan
wseruliiisueen 22 Alaliad nszualsliiiviesn (1) 32.80 ueuuUs vuIANTzUAYDS
anglniin (1) 41 weuuls msindavesansldas XLPE 4una 35 ans19dadiuns s1uau 3
L

6) Nslaanulniivesdae asedievidad ds aredeuludessuuludn Taane
SAC 971U 3 x 35 A1edaanuns huaiglueinie (OHGW)

7) vwnanetlou 24 Alaliad Tsslwimdsunasenfingdifne Snfoutas
Tliaildeu 1,250 Alaladuent $1uau 6 1p3es aeluilildidunuu SAC vun 3 x 95
As1ediadiuns nuaglueinid (OHGW)

8) analuivisseninegedeu - DS1 msiauaelnilgansuuy SAC aun 3

x 95 M519TadURT WWua1eluana (OHGW)
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9) anglwiin 910 DS1 - Fawugin RMU) awlylfinild XLPE vuia 3 x 95
M3eEAans HaRuseevio HDPE
10) anglwii1 910 Samugin (RMU) - DS2 anelvlhfild XLPE vun 3 x 95
M3eAalns Hefuseevie HDPE
11) aelwii 910 DS2-SF, aelndiild XLPE vu1a 3 x 95 msefidaluns i
Ausosvia HDPE
12) gunsailesiusyuuluiia
mstestunnszuaiusinuyidn mstestuiishdunedinosiueen wagiudh wile
wdaslyifih msidenld Sasmeia maiden DS ileldou wazmdenld Sk, Tvsnzautiules
dmresisnisdenldgunsaitiostudmivunsleadisadiu aunsamunldan

AN (2.21)

| =150, (2.20)

n1smaunsaldasiudmsudiuesnasisdden — AU Junc Box 31U 12 YA

anunsarunlagldanaunsi (2.22)

l,,=150l, (2.21)

nsmaUnsailfesiudmsuihdderdesiundowdadlni anunsadnaliainaunisi
(2.23)

l,=1.251, (2.22)

n1svigunsaldesiudnsu RMU nszualniln nowidn Sauugdn(RMU) 6 a3 a4

ANU150AUIN LAANNAUNITN (2.24)

l,=1, +5I, (2.23)

13) msiaanttvurnvrdandadtndlulssdwdwdssulaseieg N@nw dn1s
danvuinusakUadliiln Tnefan1undnvesdn1IaIng WauIsaAI U MIVUINVDINI BLUAY

Il e esannisi (2.2a)
T =1.25xPV

capcity (2'24)
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14) n1sUsaRusEUUNIaT vaslsalndnasulaee1fing @eniddesniuiiug
Luudentu 4 Tneissrinaunaa dssozvedeiinldau 60 wns

15) szvvaneiuildlulsslnihwdanunasoniing Tudwiusznoudsaeniu
YDITHUY kara8ALYRIUTANIMalNiN 9198wunsgidemnssuanuwiasenalne

16) wiouvasu3nis Wuneudasiifilidmsunisldnuuinmsnulasenis ves
Tsalfmdssunasonding Tngleviinisesnuuuldaulsi 50 Alaliadueut Frdaerilau
A 3 LoNuwUs asfuveantanladlni TWUausnowns au1a 35 A1519888LUAT NENAY
YUIA 5/8” ©17 2.6 W05 Aefuvesszuuildauldatglida THW aun 10 ms1edadiuns
NINAUIUIA 5/8” 817 2.4 LUAT

nfinanuuansiduianisdenvueas i dldlulsdihngsusaserfinguuy

a6 =

Hanuvrsn@dnw Mllaeslasun1ssusesarnimnsiviy Tusyavsgrelovadieing anu
ToiMMUATDIENTINANIAINTIY d@11150a3UlIRWI5199 2.1 uag m15199 2.2 Faluanuii
TglunsBnwimaranugadondsnuiiety vedssliimasuiaeiiing Hmdn 1 wang

TumN5199 2.1 hagANs199 2.2 ANUAIIU

M13199 2.1 dnuwaunseuavesaunsalnldanu wasnssuwavesgunsainisdesiu v 1

a1eiu 36N auns wienszua (A)  gunsallesiu (A)
unslgansioag |  =1.251,

1 NA-E125L5 15.17 15
NA-E130L5 15.35 15
weenevisdden —wuwdn | —15]

Junc Box 31U3U 12 9

2 NA-E125L5 e 121.32 A 181.98 200
NA-E130L5 —— 12276 A 184.14 200

3 BURIMBS s - 19521A399

q  Fhddsdlestuvsieudadluii I, =1251_ 41 40

5 ﬂimLﬁlWﬁwﬁ@wﬁ”} Seawy | =1, +5l, 205 200
19(RMU) 6 LAT04

6 NIV DS DS = RMU 205 200

7 SR, SF, = DS = RMU 205 200
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d. a a -dl 14 U %
197199 2.2 YUAYDIA1EAU LLﬁ%“UUﬂWI“U\‘i’m nINI1 1

aey RISt SERE! yilnvasgunsel YR (mm?)
1 weelganswad THW 6
2 1A5985195095UNIlwa5ad THW 16
3 muluiuestan (Combiner box) THW 16
4 ewsgUen (Array box) THW 16
L. GITRRA NN 35
5  2uIesmes (Inverter) . -
nanmu 5/8” x 2.4 m.
nilonuasluiin (Transformer) aSaule JAUISNDILA 35
6 6 U =
W@ Way Terminator kit NANAU 5/8” x 2.4 m.
R - TaUI5N09a 35
7 uUUYUR DS wag Terminator kit o
wanmu 5/8” x 2.4 m.
o VAR NN 35
8 sruulearuim o
wanmu 5/8” x 2.4 m.
9  SINAUAUVDITTUU JAUISNDILA 35

2,42 SeasSunnRnRTeTadaeTindLUURAnTINEanDY

1) vurpangliiln ¥aesendnenquunaleaisieaga danquesany (PV String -
Array Box) @unsasnldannaunisit (2.15) lunisiunamnansswaiuionty savu Tssloidin
wauLaseinguLuUnAnTmdaneu Mldundlvariiead su JAPG 72-310/388 Taglddou
unegeamily 21 unssleanss svevaneenign 300 wns wsewilnihilanesgean (v ) 954.45
Tad(nseuanss) nseuabiiianieas( |501) 8.85 hauwUs(nNseuansa) LLiaéTumﬂ(le) 1.30 %
nsguaveagliin (1 ) 11.06 wouuUs(nszuanss) anluliildeudu vfia v 0.6/1 Ala
Thad aun 10 a91siadiuns

2) yeanelnil 9eseninengusieans 898wesnes (Array Box - Inverter)
ansomldainannisi (2.17) lnefiunsloansioad su JAPG 72-310/3BB $1uau 11 ands
Apozlsd swuzawNgn 300 Wns wssiulnindansasgean (v ) 956.45 ad(nseuansy)
nseuabiinan99s( |SC3) 97.35 woauwUs(NSTLANTI) LLiw‘i’umﬂ(vm) 1.50 % NAANTLLEVDI
anglalil (1 ,) 121.69 wenuUi(nIzuanss) angliihiildenudu afia cv 0.6/1 Alaliad e

95 RN NHARLUNT

37



3) n1sldaneluiln a1nersiadden feduiesines (Inverter - Transformer)
aunsamleannaunisn (2.18) n1sRnAsannuaslyansiuad U JAP6 72-310/38B wiuaneilu
wuU5eevie HDPE aneilshiu 14 7 yasiaduniesinesuiledn ssavanglaiiiu 30 wes wssiulni

SC_inv)
1,008 hauLkUs LU@%L%uﬁLL§QﬁuMﬂ(VD4) 1.50 % Anansewavasanylui (1.,) 1,260 wauwls

vuzlnaRsgegavesduneiines (V, ) 315 lad(nszuaadu) nszualwihdasas(l

Tanalnada CV 0.6/1 Alalian vu1a 3 x 300 M519TaALUAT
4) mslgarslniiseninmdendadlnin afeuiovaiag (Transformer — drop

out fuse) @UNISNLTINU LNOMANANTLLAVBIE AL ITAUNTITN (2.19) WiBAIUIUTI AITUT

i akUadt i AAnAa9 1,250 kVA wsasululiinuign 315 Thad wsenulnidngusen 22 dla

Tad nseualwinvieean ( l o) 32.80 waNLUS vuIAnsruavesanglniln ( | ) a1 woUwUs N9

(%
a o

Anmsvesaneldals XLPE au1n 35 a199Nadlwns 91uIU 3 L&y

5) nslaaglninvesaig afeuieidiag 0 aredeuludessuulni 1dane
SAC 91U 3 x 35 as1elladaiuns iuaglueinia (OHGW)

6) vumaetou 24 Alalaad Tsdlniiangsunaserindfidnen Infeuvas
Toif9ild91u 1,250 Alaladuoud $1uiu 6 1p3e9 arelifiailddunuy SAC aum 3 x 95
As1ediadiuns nuagluainid (OHGW)

7) anglnihesseninsanetou — DS1 nmstauanalwililgansuuy SAC aun 3
x 95 pns1liaauns iuaelueinid (OHGW)

8) aglniln 910 DS1 - Saugda (RMU) anelaifihiild XLPE vurm 3 x 95
A519didalns ieAusouvie HDPE

9) gl 370 Feuuglla (RMU) - DS2 a4 XLPE au¢ 3 x 95
As1edidaluns feiusosvia HDPE

10) anel¥i#lh 990 DS2 — SF, a@elwiafild XLPE vua 3 x 95 msnsfidaiuns
HeRuseavie HDPE

gunsaidesiussuulnih

puUnsaltearuildvoslsluiimdsnunaeiing azdostuainnszuaiudmuundd

wlonviilostuiighdunesmesduoen wazdudn mstostumsioudadliin msidenléSau
giln 3iden DS el wagnsidenld Sk, Tvanzan

12) nilauvadliilulsdlndnasunasoning Tovurnndoudasluii

AMuIuvuInasewdadtiin lasaaunisy (2.25)

T, =1.25xPV, (2.25)

capcity
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13) n1stesiusguuiin aeelsalniindsulasefing 1aoniddeeiunun
Luudentu 4 Tneissrinaunaa dssozvedeiinldau 60 wns
10) szvvaneiuildlulssniihwdanunaening luduiuseneuseansiud
ARRIT9TY UL uazaeAuveIUsSasivnalnil Tneg1edamunnsg uvesimnssua n1uums
Uszwdlve Fausznousie
16) wioudasu3nis Wunieudasiiiilidmsunisldnuuimsnulasenis ves
Tsalnifndssuuasending Tnglavinsoenwuuldaulia 50 Alaladueut Frdadiilday
uA 3 waNwds aefuveanteuladlidn Tadauisnoans vuin 35 ans1eladuns Nanay
YUIA 5/8” ©17 2.6 AT d@efuvesszuuildauldateliia THW awm 10 ms1edadmns
NANAUIUIA 5/8” 817 2.4 LUAT
druvesnisidenldaunsailiosiuvedlsalnindsunasefinduuundnsindaneu N
wuiu annsoagdldfansed 23 way m1s1eil 2.4 Faduanuinldlunsfnwmeiniig
andendinuiiintu vedsdliiimdsnuasefind fant 2 Adnwthues
aunsiilfidengunsaliosiuundloaiiivad wagluusazdrulasldaunsiifetos lag

J519asLdyn M9l

M19199 2.3 dnwainszuavesgunsalildiu waznszuavesgunsainisUeiu wind 2

aeu 516019 aunIg nianszua (A gunsaldasiu (A)
1 wnslgansiwad | =15l, 13.27 15
JAP6 72-310/3BB
2 weenevisdden st 151 146.03 150
Junc Box 9113U 12 ¥ loy= 9735 A
3 Buesiines ) - fifnunfida3os
4 Thdasrtestuntenuaslifi 1,=1.251, 41 40
5 nszwaliiln nowdn Suuug =1, +51, 205 200
Un(RMU) 6 vA309
6 N33IUYBI DS DS = RMU 205 200
7 SF, SF, = DS = RMU 205 200

(%

e druvesdunedineinldnululsdiimduiaienfinduu mekaalafa

gunsal umeuiudBunesinesios dulu Tuuni Feldlanantludiud
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d. a a -dl 14 L% 4
197199 2.4 YUAYDIAEAU LLﬁ%“UUﬂWI“U\‘i’m IV 2

Gyl fumlsfndeansfu yipvesgunial  wuIA(mm?)
1 unslgansiwas THW 6
2 Tassasnesessuunsleansioad THW 16
3 AoulutuasUan (Combiner box) THW 16
i px138UDN (Array box) THW 16
5 BULD5D3 (Inverter) UAUNSNDILAY 35
Nanmu 5/8” x 2.4 m.
6 nilaulasliiln (Transformen) aSoUle19#nd  Jaunsvesuna 35
uag Terminator kit NANAY 5/8” x 2.4 m.
7 Juuugla DS wag Terminator kit Uaunineauns 35
nanmu 5/8” x 2.4 m.
8 sruutaaiuiin UAUNSNDILAY 35
Nanmu 5/8” x 2.4 m.
9 SINEYAUVITEUY UAUNSN0ILAY 35

a

2.5 mmyardagiugns

9

msasalsaliiwdssnaseing Tnefidunuuesnsamuiiitadoaundssgs vie
Srunuuithanltlunmsamuludinudigs wiesdlefiaztisatuayulitnamuiianudesiu
dadulalunisamu Welhiiuuumieiils vieszeznaivesnisiunuilszoznaiuinies
winls ufe AAuALAIYEINITAIMY NTETsEERIABIMIAUYY Asitiealiuayunieldy
faraelumadndulaadalssdnilmdinuuaseniing dsfitaelunisdadulalfiedesdiofivaeysd
Tudloamuluudriuarilonia vissvesnailumsiuuiviosufieds Headeaudesh
Tfugaamu in3esdlefitraula fio meUsziliulassnmsmenismyartlagtiugns visiSenin
NAMBULNLLUUEVETUeY Fmstagiinisdadayadmwesiumuianduniendes funves
ndnnisil drdsdsyaniveniuiiunldlimiouty degragu Fuludagduiyad
1,000,000.00 U f‘i’mﬂaﬂ'maaL'3m°1muﬁiuamﬂm%ﬁwﬁﬁﬁa‘gaﬁwmL'Eu‘i?ihiLﬁwﬁ’uﬁuLaﬂ
Frrsvyaeilaatuansil Saoiuiidiosdiisedetifundn Inelsdauviiusuiutuamu

Anfuaunsinettesiunenile ddlauwanaliluaunisn (2.26)
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i-(1+i)
(1+i)" -1

a= NPV - (2.26)

Tne
a A9 IUIURUNADIT 152 HDT

A a a

NPV fe uawmulagiugnd

v

. 2 X a v
j Ao dnsneniUetug
n Ao szevaamidlunisamu @)

aun1sit (2.27) Wusdaesdndulalunisamuneassdsdliindsnuiaseniing wie

1%

WINTENIUDU FIFUNTUITUININTEELIANUNILANNUIUNITNDES191ULD Y

9 9

2.6 szuudasnuienlulselndinwassuasaning
Lsalvimdnuuasenfingndnyy asegluiunlauduasdiuivuaninemwing deu

nstesiuinen Jududedidedinnudrfy aanndnvmuindnisidanundng ey 2 35

a

Us¥naunie 15U9auuadu unssady uazdsieosiansuuesiouilady (Early Streamer

v
add

Emmission, ESE) 119889354 azdivaunnaaluisassaiveanisvenu Ingniseueiuuaniiy
a P v Ao ! o & & P4 T a v &
wsapdY Avlsrugvasiaindundt Nellmadenldiuegivicnsoenwuululssluiiug Tu

nsenwilladnuiludinves seuu ESE meldunnsgiu NFC 17-102 Useinan3aiey

sUTl 2.1 vhaevluuy ESE [1]
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[
=

SANN15UINUYRIRIaN LU ESE J58auu89In1sUnIn uikAnN@Neany YUt UTUINUDY

Y

a O o a al'
33Ugﬂ'ﬁmfﬂmﬂaﬁﬂuﬁqﬂagL@EJ@LLZ‘Z{@\TVL}J‘IUG]']TNV] 2.5

M13199 2.5 SmilnnsUesiuvasinaedn auu1nsgIu NFC 17-102

FEAUAUGUEN seauiriinisdeaiu
Uosiiu (h, m) 1(D=20 m) 2 (D=45 m) 3 (D=60 m)
2 32 39 a3
3 48 59 65
4 64 78 86
5 79 971 107
10 79 99 109
15 80 101 111
20 80 102 113
a5 80 105 119
60 80 105 120

2.7 euAseilifeadas

2.5.1 Julius Tanesab kagamg [2] YIaUDN1IARNYINANTENUAINOANIAVDIR UGB
nsanausTnuzraaluga PV evinisfimsansansenureansinsslugiionniafiuansia
fluaesiiuilumneimasugu uaglundoutu Mifoadisussmrosansifouasiiosyis
131 @35 (Nusa Tenggara Timur, NTT) UssinAsulailids nnsAnwinansussiduaussous
wuisednsainves PV wansnsiulunugania Tudlsuiisnyss@nsnnvedluna PV 9ed
Ageanlutasiuggfouanasenafitudidnyfleduanggnia waranadudisuansgqluliidag
uazfsgageaniutasansgguun Tuvagil NTT UszdnBamvoduga PV fengeanlutisdugg
duanandntenliodugnngmauazanasegrannidedugngguds madenanmuasluga

anuatuaesiuiilasunansgnuanduuinninisliiansandadenladnetulu navesann

[
v 1

pilenAlulsaranuninnsiudmanieUsuna UL LN EUNUNLYAd LA TN BENS
WntanFeeaussaugiuanieiudainnsAnwiudlssauluntdadesuaninglionnia

Jundnlulafansandadeiuszuusazgunsalitieides
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2.5.2 Akash Kumar Shukla wazamz [3] Yiidoun1ssianissuuiiionsiagaundny
DululfvesszuuToawadlunsavaniuiiilevinisfiansanlunisins suuduniaiinlag
F15UTTUULUY Weoureatun3admsuaimsiieysadiuanudululs vesssuulndinleans
wasngrnuLasefinduutunaiitluanuiiinendeideslnuradssmeaduiolaenisly
TUsunsu Solargis PV Planner uwadesdiolunisieszivszansnmaastselnilearsivad
WAITULED TR UUNAIAIVUIN 110 KWp wagtUSsuiisuussdnsainusunaluladisas
Lasoine A upna1etulaef e nNaRE AN I IUT a0 LA SRS 1dIUUSEANE NG 916

6

figaliiudaniealevenduiiionasuluduazideielddmniunsdiasssyuulsans
IwadLaTInglgATNUIaA LA TIngLULTaNaURzaNa (Amorphous silicon, a-Si) diA
é’mwéfsuﬂiz?{m%quqqmLﬁaﬁfmmﬂ%uL'ﬁsmﬁ’uLLmLeziaét,l,mmﬁméﬁuﬁ@?iuﬂﬁgq 4 %ila P¥eu
ay 79.5 egnalsfunawaduasefingnnuiaanmnsondnlnildlusyduivmeladlefiarsun
Foulvauanimerniavaiou

2.5.3 Kamal Attari Uag Ay [4] diauensinsgrikardnaesaussaugszuulya
waduuUAnsIULndann wazidousaiiiuniediinisindsluussmalusenla doyafitan
Anreituldannistuiinlu 1 ¥ veed 2015 ve991A1355U18 D1AIIEESILAYaANTTIRN

91de AU 5 Aladns wuunlana viasusziluaensdulssdnsnmuazaAsneg itneTes

! a

W fAnsanlaezunsuidslniingayde (Diagram losses) iuduvinnsiansanluusasdiud
Usneuluseal Ussdnsamigaauasorfing Ussandnimszuu Ussdvsnmassdunesines
wazAdUszneUfinn Fsnnsieseildandesar 12,39 11.99 96.7 way 14.83 mud1su &
Anfildanunsatlulddusuamdunsysaiuanssougseuuldudfdddanunsofivzwandlu
suuvvanmsiite llFenldegredeg

2.5.4 Madhuchandrika Chattopadhyay tag R Rajavel [5] Wlauan1siUisutieua
SnI1duaNsIaug ( Performance ratio, PR) vad.aaduas®fing Wevnsdeunodiiuns
avasszuUlii vhnsindclu 3 Uil fidanuuansisUssneuluseluiiuililos Aufivuun
wazuilnduinamellomeia ThnsRansanuuains s araduaioindfiouin 10 kWp
Tnevinsidenwaduasenfinduiandnsanddneu(Poly-Si) wWefinnsannisiuntduwnalunisdie
16 Tnevhauuunadl 27 29 way 14 earauddy sznuinluudaziuilimainisuaai
wansefulpeiinistnssuiuilndusnameilmeaalien PR geludngauud Tusewiasou
funeu f9 unsian Turaedifuinsfessluondewazyuunlien PR gslutimdniou

Hu1Anvesl wagmnyNsRAanludnusgune 3 Nufinnueaduatofingaslian PR 719
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dovihnsfinsunlaesiuvesssuudae PR ssnuilufiufinishaddluassuunaggeniiidus
fiUszanns 81.9 Wosidus

2.5.5 Arjyadhara Pradhan &g Bhagbat Panda [6] Unl@uan1s3tas1ziAIauUs
AMeuaniidwmansznuneUszansnmussssuuwasLa1ing deUsznaulusie 10 dudsiag
aunsarauefLUsn it ssneUsEAnsamie Arusuiassdanudeu (rradiance) A1

9aunQil (Temperature) ANYUNTNLHITAARAIDTRE (Tilt Angle) AR U(Dus) N13gnNITUATY

o
a Y

(Shading) AMA3L5a3 (Wind Velocity) Araiusasiud (Colour Spectrum) §nugn1sAns

1%

(Mounting) su1nanel1(Cable Thickness) wagA1u% w(Humidity) Tnapasenanatuss

'
|

ansaswuntmduaiasniazAiiasundadle Aaunsadwmanssnulaensanazlnenieou
AONINTINTVDIUTZTANTAIMVOITTUULTAALAIDINRg Fea1nardadeasnanideonnlagdnig

N = ! 1 (3 a & 1 ! A I U A o =
Wasuwlawmsedwmanaaanasenindgeuludwmansenusednaily 10 Audsninaue @

'
A U

ansadlUldlunsieseiiioUsuussdsednsnmnisudsmaanulnihvesaduaseniing

16 fausfnsussifiudnduiide sinsandeyalunarsuuszneunsitasesidsiesenn
TunaUfus

2.5.6 Anu Singla, Kanwardeep Singh wag Vinod Kumar Yadav [7] dlausuanssnu
soigaduateniindainaninuindeuiivinisinsilngrnsiinngiisunaeaduasoring
A 310 Wp wlandnsinddaeu lnen1slalusunsy PVsyst Useiiuddguesindsaadely
unawaduateniing fade nsgadsainiu (Soiling losses) nsgaidsainnisladaiy
(Mismatch losses) N13g a8 NUUILAINNNTENY (Array Incidence loss) miL?{ammqmaa
LRI INWEY (Light Induced Degradation loss) NAT8IANNE U (Effect of humidity) Na1N1S
yhawlsioglugaidslniigsga (Maximum Power Point loss) msgaydeiilasnaingasionse
gl (Ohmic wiring loss) Msggyideainduliesines (Inverter loss) kagnINWAITUINTHI
nslfuunmed lunisvisuuuunaunauazinsgadoainnisudasliiud oUseq
(Regulation loss) Faazwuiriladesuanimgiennia anmuindey dmanszyuog1avanides

Lalanseandyayminenan wiludeulunisesnuuuiia nsidendudiugunsalimuizay

[V
v a

MsAnAsTignaes MstgsinwmuseuTinzau Az dunsfiuussans s

2.5.7 Anthony Dominguez wagAny [8] UaUsNaNITIATIERUT TN 190DUUDY
szuuleandwaduud uaafidnsunisadisauiuiuainudeu faensTanarnisadig
wuudiaes lumsianarnudeunaealasmdinuuenasiifiunlsandivaduasoniing (PV) Un
aguudlFdnidunislumuiielnuadvesids arnamdunsusannufouluiuiiennis

winlanansbiiuienmgimanlunanansiuneldesisdreunasaduasenfinddubundy
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Tindsangede 2.5k Tunisasrswuvuiaswldndainuseunandiviuimandainusouves

o w

nasaluanaviuanaseg uldsdAynielaonsisgveiursraataeing Tunainalsnu

o

a 1 1Y

ANMNAZATIVILLALINATUNETADISLII VDAL TAARAIRITNGILTUN IR UULTATILE A9

v
(% (3

Auantnsduatiures PV msdrassmuinndndiinnsiananaeaduatefingazananse
mshanuduas 5.9 Alatas - luwietd (130 38%) TrwanamATeAINANLToUULNAIA
wazthlugnmsdsendandanuld fansiesesidandnduldaularsngd uanssuzuagan
mMasiiihagdsluniavdiulsznaunsiatsanluwdvasnsiinlsed@nsningsaavedasanis
Femntunfiansansesfinnsandeulunsfunuiiduadld

2.5.8 M. Chegaar wazAniz [9] nauedninavesseiuanuduvesnisaieSadfiise
MRS veuradLaseinduiandnsinddneu vinn1siasannuanvazransv -V
vouwaduaseiindsnensindfigaumpieaazuvudrasslaglduvudiasswinlelonifon az
wuinszudliindnassnszualiiuas tadoeauafiiud udnvas dadunuanuduves
sgiumsnefeilurnsussiuliiuasussans nmvassandafiuuazsiiindudniios
dnfuanuidusiantuazanamiuerindinesnisae¥idfiadu Turnefianssuadusagd
mafiatuenadunien arufumusuusynsudindliiuasunlasuasamufuueuiuay
anaslunuuAdady dslunsiiasanaaussauzvessyuuieadiaseniingluma foavile
gnuazFoninmn eiuenluliasinseiriosilennaoufivwianiznis

2.5.9 Chin Kim Gan wagaug [10] dnauen1siuSeuieuseninalndussdnsam

¢ 44'

vounalulaglugaiwadiaionfing voswlandnsu@aneuiarilduuis Weninsanluleulunis

1% [
a o 3

AP NYAALEIDNNAE WUURARIULTUAIATNIVIDIANTHALUUNUAY  YINNSANBIAIUSLENTAN

Y9952 UUAENTUS U S UTULIVD NI UNINUANNAR LS YT1N19ILATIZRAPUNUNS 9

9

1
aa o

(Levelized Cost of Energy, LCOE) fausiinmanasnuadudszanivosgumginuaziinig
SxUrgINER AMINARRIULR uAULANISRnR9TsUUad LAt ind neldlAseins Feed-in
Taniff lugai@eun1sfndessuuaduaseninduuuiduursuudunaiadusslosinig
\iTwgnageaanIwuustiananTINBaNe U

2.5.10 Mohammadmehdi Seyedmahmoudian wagaug [11] UauslLuudass
ATILATITINITWIHNUNEIUYDUIARLAIDINAY AILUTATUENINLINA DUIALLANIEAITULTY
vosmsanededdinadosgniunfinnsandlelafmudindnisssansamuessruugiey i
Fedndudedliitnsatrauvuitassiinseunauuasidofieldlunmsnsaaeuisnsinmugalyl
gean mmzauﬁqmmﬂéﬁauimﬁLmﬂﬁhaﬁ’u audefmuamaniinsadisuusiansiag

Tsunsulaglusunsy MATLAB wazn1sdtaesssuuwanuaeindgaiuluinansenuvesnis
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WISV NEIUTITNAFBLEANATDITEUULATLAIR NS Han1sNAdeUNaatdsnuTeliovas
LU0 AR lUNITTIRDITN YL IANAT AL A111TOTIRBINGANTTUVDIY IR UDS
sruuwankaeingdld nlugavesaduasenindNgnusiiuulugagiiasiuurasluga
g s ludszgndldiuszuuifisruunnsgsaduaiai addruauunnlauaidsluifiaunisy
A v ) YRR o w N A A A v
Wetpsiuladesumdanydedusnneites

25.11 Renu Sharma wag Sonali Goel [12] Ynauan1sUse i uaussausInLsas

a 6 dl 1 v %) a dld a Qg.Jl % a =

wasO MRS UUIONADINAUNTATUIA 11.2 KWp insRnseuumnainlulsemnadulhenienia
nyiueen YNSAARWILNBEY 21 B9 TITUUUAATEID1ANTNIAINED 25 AT INTIATIEN
Joyasevitadeuiugieu U a.a2014 Gedanay U a.e. 2015 ¥n1sinsigiatdssdnsam
Yadluga AMAINIIHER AUsEaNSNNveBueTnesuarA1dnTdIuUsEENSAMYBITTUY
USRI ILA AR UTUYIIAIRInaIINY 14.960 MWh uazUseaniamuedluna
LHAALAIDINAY ATUTEANTAINUDIBUIBDSABSAZANDATIAIUUTLANT AN WUINTLAIINAU

13.42%, 89.83% uaz 0.78 mua sy lngnavesgumgiuazarmastninindalaaiunsowans

A

Junsuazadrsaunisidlurasiiadug lliinsiesgideassauniswansenuduiug
UYDIARE)

2.5.12 N. Ketjoy waz M. Konyu [13] 4auenisAnynan senuve|usautaiead
waverinddmsulsalwilnfievnanussgndlilunsimunaisaunmendamanssewineu
vuwsluganagnsanatveitaensuanvedselniihndinueaduatonfing lagyinisd@nw
waduatefindUsznausie 3 Ussianie Faneundnsan vuia 40 Wp, Faneundnifes aue
75 Wp waz@idnounalendn 125 Wp yinsvadeususesniuadenady susunsnfolugaiwad
waseindfivinanuazenudlaretiaesieluga waduasefindiliilshieuazein feya
YoIn1snadeuIzgnUuinduaat 5 ey 31nN193LATIZRA BRI ILUUTIaeIRUENITLS
nepdladanssenululugawaduateinduasnisanasvesnaanuliinantsdniead
wasorndiuuTunar uuuunslussdusnandsadanisanasosdinisuda uazamise
thiausuuudtasmndamanslinudoyafidafumudniuiuma sUiinaduiiazandlan
MsRnNsENUTeIUsTINMLaIeingInMsTarnslaeduRviiuss Gedslallfinauetiadudu
duiifertios 19U Havesgamgl LLazamwﬁuﬁﬂﬁﬂmiLﬁﬂ@uazaamzam

PnmsAnvuddeiiiertestunuit muisednilngldAnviieatunisiesed
Asinesane q fidwadeaussaurlunisndandsnulninveuvaduatending anwane
Jade erfitu Jadedunienans anmuandeu gana e sedsruiinsadiauuuiiaemig

adinranstuieUszanamdsuindnld vseudnsznnisiivdeyailiainssuuass uazain
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Uil 3.1 fawnmansfinwdtanugadevedssluimdnuuasering lnadnw
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Y a a a =

| Ao oA Yy a a a v Y]
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A sa= & = o 1 avw ° a ¢ ! = 9 a a
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WinvulusEUU

3.2 Tsslwfndsanunasondindiidnen
3.2.1 anudinalsslifindanuuaceding
3.2.1 Tssliftniidneil Wuwuuilduuns wasuuundndanousay Tnelsdluini
Anwnil feeguuiiuiishuaini suneaumilng Sminuniugs AfnRnduuasiign 13.95
peAunile a9efgn 101.50 asrnziueen fuwaitufivedsdrifmdusaseniing 10013
Tnefimsidouseduszuureansinihdiugiann evhnmsuelnihlsunisiudiluguuoy

VDTN TUE

UM 3.2 lsslifhmdanuuasenfindndny
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(V) ANTNYDILNILYAAWEIDINNIVINIANAN T UV UL AR LTS

(@) annNsradkasainglulsalningiagn

U9 3.3 an1nvaalssluiindsnunaseRngNanwn
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JUN 3.3 Mieanugutulanasiragaduaieniing lulvansiwadidnw deusenaulunie
WH9RINTIUIU 2 U USenaume U NA-E12505 uag NA-E130L5 1neilsneasiBunvadwiatand
1lulunnsneit 3.1 wazuraleasiead vo9 JA Solar Ju JAP6-72-310/3BB Hfifnnatdeanse

W97 310 98 Fakanal lunns1en 3.2

A51971 3.1 deyaveaunalsadiuad B Sharp wilaTldsune u NA-E125L5 uay NA-E130L5

. , UNILaALER17Ing
s1eaviden wiae
NA-125L5 NA-130L5

Maalnigedn (P w 125 130
wserulniihasanvasilniens (Vo) V 59.70 60.40
wseAulEeEn (Vs V 45.50 46.10
nszualiivzan 993 (1) A 3.37 3.41
nszualniingaan (. A 2.75 2.82
Uszavdnnvesunslaansigad (1) % 8.90 9.30
NanIENuveIganglisefdmanlui(yp,) %/°C -0.24 -0.24
YUIRYBILEIlTANSIwaa (W x L x h) mm 1001x1402x6.7 1001x1402x6.7
dvdnvesunslsansivas kg 24.00 24.00

A13197l 3.2 Toyavosundlsanilead Bvio JA Solar Ju JAP6-72-310/3B

. , \waaLEI09ng
FRHGETGHE g
JAP6-72-310/3B

iaalninasan (P, W 310
LLiaﬁuIWﬂwqqqmmmﬂmqm (Voo) V 455
w3eAulEeEn (Vs V 37
nszualninvarana9as () A 8.85
nzualniingaan (. A 8.38
Uszandnmuasundlaaisivad (1) % 15.99
nansenuresRamniisefamdn i (yp,) %/°C -0.41
VUATDIHIlTaTSad (W x L x h) mm 991x1956x45
dudnvasunslyansivad kg 26.00
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3.3 duL9sNes;

Sunesinesvhuinfiuasundsnulniinssuansedilaainleasisas Tndulvd
AszuaaaU fiszsunseulaiiiy 400 Thad anud 50 1B3e wislasnsadeusetusyuulih
voanslainduglimeiifiey Sunefwesilsdiilmdsuuasenfindildou Wudunedines

2710 USEN SUNGROW inverter Tuwaa SG1000TS AAANISI9098UNIBDSILADST LTINU AYU1A

'
a a s

1000 Alaind leedl duULIesWasIUIn 1000 AlaTnd JuUsENaUNIIIN DULIBILHDS LULAA

o w

SG500MX VUIARAANIAINAIUDIDUNDSABSALY TVUINVBINAANIAIN 500 Alatnd 91U 2

Yausznou Welnlamadslnihgegavesduesinessiuduianiniu 1000 Alaind Inglsdlih

' [
& = =

WA ULAIDIMRENANET T uasnaslun sasundsnulniinszuanss Tmdulud

AsewaaaU 31U 6 e/ L5kl asnandlusui 3.4

9 Y

. SG500MX
° Power Module AC AC
L N
DC Circuit Breaker O_E_l DC Switch Contactor ~ Switch
B o o — Ll
DC | S—
b —e emc| | AC ] A A o = L2
D — a la Filter /\/ Filter - Filter - & a — L3
L]
M AC SPD
ocp M - DC SPD PE
ower Distribution
P
46&1000 VDC (Opt.) E
> N,
»
PV Array . SG500MX 315 Grid
inputs ® Power Module AC AC
L -
DC Circuit Breaker DC Switch Contactor ~Switch
— DC N ac [ © = L1
D —@ EMC % AC - E o — L2
D —— | g nfm Filter /\/ Filter - Filter - A & a — L3
.
® AC SPD
M DC SPD PE
DC Power Distribution PE
(Opt)

5U# 3.4 lnosunsuduliesines vwniidamdweduiesnes 1000 Aladnd

JUN 3.4 Wudwadsslnimanunasenfindnfny dedunesmesilgaululsslnih
WAt ingffnendl Wunisdierdunesimesuwaiinaiias 500 Alatnd 41uu 2 yn

nbindmideiulaeuliihnssuansussiunldanuegsening 460 - 1000 Tiad
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A1319 3.3 Yoyadunesinesnldau

SvazldYn Vo3 ATNAIA
Foyatlavdinsyuanss
maalnifgege kw 1120
wsssulniihasanvedlaanfiead (V) V 1000
AusauinuEudu (V) 460
wsAUAYIUUNG (V) 460 - 1000
ynsulwiinssuanss (OC input) PCS 16/12
nszualningeanvedearsivad (., A 2240
Foyailwndnnssuaady
Anmnaalnidn kw 1000
Maslnihgsanimueen KVA 1100
nszuabiingsgaiueen A 2016
ANATINGIEAYDIT15UBITN (THD) % <3@Nominal power
ussnuluirung Vv 315
AT eNsBTEUY Vv 252-362
ANUATEBUNOSNOS Hz 50/60
FAUAT Hz 47-52/57-62
AvUsEnaumMadlilila >0.99

[%
v

5UN 3.5 nsinasBunesinesnldaululsdiihmdsnuaseindnfin
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UM 3.6 garuindentdanululsdimdsnusaseniing

JUN 3.6 wansliiutiaunnanisduminvasends deindudedlly dwiumegniduy

nsdllwlnd SuinnamenlidfeUszasd fornintuld Aslugedumdaddienudndusdesd

Diedaatumgsiingd Neraiagula

3.4 nsenuuUlselniandsnuuaseing

Tsslimdssunaseringfidnuni 1IN1599NUUUAINNINTFIUNTAIUIUAININTFIY
AmnssuanIuwiaUszimalng (3an.) wazansgiu IEC ddlunisesnwuulsslafmd ey
Lasenfindd fisaziBaueinsoenuuulsenoudig

3.3.1 nseenuuuaglnin

anelulihildanu annsofumenunnssudanssu 2an.[24-25] tnedesiilsiaTos
YousIduANTEWINsaeae Geanelniinildululsslnindsunaenfingd 1935
Tuusayae fall

1. vunanglniingin PV String to combiner box anunsaniléan aunsd (2.15) Tu
nsFanvunagliiildnludiud TsslwimdsnunasonindAdnwnd fnnslduns
Wadassgu Usenaunig Ju NAEL12505 wagsu NA-E130L5 lnedsnuasidenuosivad
wasefinglananslilunsnedt 3.1 wazmsned 3.2 Tnefisieazidenvesnisidenansluiafily

NuAlunsen 2.4
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A19199 3.4 eazegavesag I lseing waswaauase ing (PV String) f4 naosnaans

594 (Combiner box)

IYazLdYn JUNA-E125L5 U NA-E130L5 iveld
DRI TARC R r 16 16 WRS/E6139
szﬂzmaqaqmaqmiaﬂﬁy’a 50 50 m.
W5 UA2995g98A (V) 955.20 966.40 Voc
NTeuLaan9as (L) 3.37 3.41 A
Wasidususasuan (V,,) 0.25 0.25 %
wnanszuavasare Wi, 4.21 4.26 A

anellin s

CV 0.6/1 kV wire #4 CV 0.6/1 kV wire #4 mm?

e unizaseiulasiasenldanasung

M15199 3.4 wananisidenarelniln Alaunnungaduateningludaingudeans

vioreuluweilon Inelsdlwihdenfinanssuai 125 % nauunswaduasoingnldeu

2. aelii1sening Combiner box to Array box Wdenltatalnigiud Tdaun1sn

(2.16) TunisAmwanemiinanseualnin lneiaralnidafldszning Combiner box to Array

box Ineuuinguveslaaisiwaanidoanduansyu Ussnounis 31 NAE12505 waz3u NA-

F130L5 f951eaztdunvasnisiaanitaulanansldlunisieh 3.5

A15199 3.5 anglniildann naesseanesiu (Combiner box) fawisdden (Array box)

TeazdYn JUNA-E125L5 Ju NA-E130L5 ivetd
71U PV String 3 3 GIRN
3zazwwqqqqmaqmiam§’q 250 250 m.
W5 UA2995g98A (V) 955.20 966.40 Ve
NTeuLaan9as (L) 10.11 10.23 A
wWasdudusesunn (V) 1.25 1.25 %
Ananszuavasaelning,,) 12.64 12.79 A

anellin e

CV 0.6/1 kV wire #10

CV 0.6/1 kV wire #10  mm?

LG uaneSeeyvie HDPE Eedu
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3. a1eliisening Array box to Inverter i@anltaaluin Tneldaun1si (2.17) m

fifansgualilulsdviindsnusaseniing Tunguuedeaisiwad seninsdedgy Ussnausie

U NA-E125L5 uagsu NA-E130L5 Mgazidoavasmaidenldnulduandflunised 3.6

A1519% 3.6 agliiiildann exisdlen (Aray box) Hedunesines

T18aLLRUN JUNA-E125L5 U NA-E130L5 Vel
37U Array box 12 12 U
iwzmqqqmaqmiaméﬁq 300 300 m.
W5 UA2995g9gA (V) 955.20 966.40 Voc
NIELAaN935 (1) 121.32 122.76 A
Wasidudusasunn (Vys) 2.00 2.00 %
nnanszuavasae i) 151.65 153.45 A
el aild CV 0.6/1 kV wire #95 CV 0.6/1 kV wire #95  mm?

e uaeSeevie HDPE Hdu

4. awlni1sening Inverter to Transformer danldaneluiln lngldaunisi (2.18)
miinnseualiihlulssliimdsnusasonfiog Tulsdliindsnuaseniing lunquusdeans
wad senINeaeIgu Usenaumey U NA-E125L5 waggu NA-E130L5 s1easidenvainisiients

Nulewanslilunnsen 3.7

AN5199 3.7 @elnWinleain duneswes Deudandaslniin

TUazLdYn JUNA-E125L5 Ju NA-E130L5 ivetd
71U Array box 7 7 U
izazwqqqmaqmia@éjQ 30 30 m.
LIIAUVIDONDULIDTLADS 315 315 Vac
Vo in)
NILUANA93T (o ) 1008 1008 A
Wasidususasunn (V,,) 1.50 1.50 %
Nianszuavesag Wi, 1260 1260 A
angllufinild 3(CV 0.6/1 kV wire #300) 3(CV 0.6/1 KV wire #300) mm?

e LAnaeeeyvie HDPE Hefiu
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5. @1wlnWnsz1ing Transformer to Drop out fuse nsidentaanaluin Ingleaunns
7 (2.19) mAnansewalnd luls A ndsuwase1ing n1syatalwiinlgseninasowlas

Wi TUFnSauio1iing sreazdusvasnisidentdanulananiilunisai 3.8

A15199 3.8 aeluvhildann vdeuvadlwii SenseUd1vinag

PRRHGRL N AVeld
nauUadlni 1250 Alaladuoud
wssruvntmdiowdasii (v, ;) 315 Vac
wssRuvreenuiiowdatiii (V, o) 22 KV ac
nszuavepnusakladliii (... 32.80 A
Anansewavasaelning ) 41 A
anglluifiniild 3(XLPE wire #35) mm?

U9 uaeSeevie HDPE Ay

NAT1N 3.4 HI919199 3.8 wananIsaanttuaIa@glnidn a1nanfaa1esEnineg

q q

aAao = i aa'

sogn lneffitanisidenvuinvesanglnii axlififnd 125% vesnszuaiainuldusazqad
MASANY

6. @wlii19z1i13 Drop out fuse to aetau 24 Alalas are1nia (OHGW) 14
anglwihafingns SAC size 35 mm? /ila St dddanesiuaunaau 3 x SAC 35 mm?

7. wwnvesaatou 24 Alaliad desriieddivaunioudaslndi Aldlulselndi

fnnanie nalselidAdnyid 3 uIunedEu 6 AT arelninldarenia (OHGW) T4

v (%
v

anglaliteiinane SAC size 95 mm? Anla setuddddanesiuauiedy 3 x SAC 95 mm?

8. wunvesarglwiienn aretdeu 24 Alalaad G DS1 Tdarwoinae (OHGW) Taf
anglwihafingns SAC size 95 mm? /il fatusdldanesuaunedu 3 x SAC 95 mm?

9. auwnvesarslninain DS1 §s RMU Tdanglwiluiinany XLPE size 95 mm? /ina
Fousdanesuauiaay 3 x XLPE 95 mm?mstivanglniiiléisnistessie HOPE Hiu

10. vuwrnvesaeliiiain RMU s DS2 Taaelwiudingis 3 x XLPE 95 mm? 35013
gl lgi5n15508vie HDPE Hefu

11. aunvesangliiiain DS2 fie SF6 lvanulnafings 3 x XLPE 95 mm? 35013

wuanglndnlgISn155aevia HDPE flafy
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322 gunsailesiu

gunsaitiestu iugunsalvhmihidestuanudemefionafad udugnsnidldly
Tsslwihmdsnunaseniing Anw Tnefnsdesiulududdy dail

1. msdenldruinvesguniaiiesiuain Combiner box to Array box @11150%1
1§90 aunsfl (2.20) dadu TssludmdarunasendindAdnund Snrsldunasadassiu

Usgnouse su NA-E125L5 uaysu NA-E130L5 Seailiuanadanisnsil 3.9

M19199 3.9 Mstdenidaunsailesiu 91n Combiner box to Array box

eMIGETGRE JUNA-E125L5 Ju NA-E130L5 livetd
nszuaanuelwasivad (,,) 10.11 10.23
nszuagUnsaitosiu () 15.17 15.35
fifnvesgunsaidesiuildny 15 15 AT

2. msidenldrunvesgunsaldesiuain Aray box to Junction box ¥uuil 12

Yo @1sanlaan aunisi (2.21) tsslwihwdsnukasofingnd@nwiil enlduneadaosiu

Useneuse Ju NA-E12505 uaggu NA-E130L 5 dernfilfilansisnnsnadl 3.10

a A v 3 [y ¢ @ = v o &
$1979% 3.10 ﬂ?iLﬁ@ﬂi‘UQ‘UﬂiﬂJ‘ﬂ@\‘lﬂu 7N BELIYUBAN ON IWIYUUBN

TYaLLIYN JUNA-E125L5 U NA-E130L5 iveld
NILLEVDI99T (/) 115 |7 122.76
nszuagunsaitdesiiv () 181.98 184.14 A
AfnvesgUnsaitleatuitldm 200 200 AT

3. madenlduuinvesgunsnitfostuiiduedines luidunesinesiesty &
gunsaiflestuiadiudn uazduoon deiuddaiduiulunismeunsaitiostusnldludoud
4. mytestumsoutasliiin Mldanunsomgunsitesiunioudadlniiin s
usssugalaemnleann aunisil (2.22) azléen
l,,=1.251, =1.25(32.80)= 41 A

fatiu Nstesnunilawladlnindenlefidden (Fuse Link) AdAnansewaliiiu 40 A
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5. nszualdiinsud RMU mldannnssuasiuvessioutadluiinsiuiaun 6
1304 fatiy anunsavnfinanszuatlaswes RMU Aeruesnasiusenineiiansyuayesiindad
fu Aivmvemmseutasli mildain aunisi (2.23) aviien
l,,=1,+51, =41+5(32.80)=205 A
gunsaidasiu RMU fAfinanseuavuin 200 A
6. DS NnansuaUosny DS HAWAIAY lgyy Iﬁqﬂﬂiﬁﬂaqﬁuﬁﬁmﬁ AN
WA AB NSYWE /ps = 200 A

7. SF6 anfifianszuavesgunsailesiu SF6 SAWIAU lyy = Ips = 200 A

3.3.3 nlaudaslnii
msmftavesmioudasiniiniielddusuenseiuussiulninein 400 aad U
Ju 22,000 Taadt ielivinduszuuresmsluiia weldanunsadodossuu fisefunseiulng
dwearulddy malsslindsnunasenfindfidnu edenldvstoutasunn 1,250 Alalad
mstestuniioutasiniy anunsarwaldlagldfitnveaunamdsnuiindnldainlsslwigad

AWVINAU 1000 Aladna 91nANNISIRaRIvadeaIsias fatu NsuRnantewladldau Jan

9t
Tr=1.25PV, .
=1.25x1000 kW
=1250 kVA

neficnuadld 1sslwihiidne 3slamdenldnsdouvadiniin vuim 1,250 kVA

3.3.4 szuuteaiunimg
nmsfne Tssliindsnuuasenfingl Jmnsdosnuuuldddamunnsgiu
FenssuwisUsenalng lnedrinsyesnuuussuuriinisidenisnistesiuisnuunsainay
nae Bensesunisteatiu u ¢ Tneflsail vesnstesiuit 60 was
3.3.5 @UAUTDITLTUU
msdenldanefuvoslsslniimgsnuuasenfindd Samnslndi tulsansfuves
Tasanseenidu 2 syuu Usenausme aeAuvessyuulidi wavanefuvesusSuailiii Tng
9719890ULIATF IV IFINTINAD LU ImALVE Tnsusnasfuvesiasyia oandu fa

LAASIUAISIN 3.11 ©
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AN5199 3.11 nsaentdansfuvaassuulninlulselndndsnuwaseingndnw

PRRHIGRL wiAvodany vurpanglwin
aefuvesLNlgaivas THW 6 mm?
aefulassasnslgasivas THW 16 mm?
a18mu Combiner box THW 16 mm?
a18mU Array box THW 16 mm?
ANYAUTDIBUNDILADST

GRLL THW 95 mm?
ausenansu THW 95 mm?
NANAU - 5/8” Length 2.4 m.
drea uvedvd edas Drop out fuse and
Terminator Kit
aenu Bar copper 35 mm?
AeRONANAY Bar copper 35 mm?
NanAU - 5/8” Length 2.4 m.
aneAuvoIvionUas DS, RMU and Terminator Kit
aenu Bar copper 35 mm?
ausanansu Bar copper 35 mm?
nanAU z 5/8” Length 2.4 m.
ansfuszuuUosiuiiu
Aenu Bar copper 35 mm?
AeRaNaNAY Bar copper 35 mm?
nanmy - 5/8” Length 2.4 m.
IINEUAUVDITLUY Bar copper 35 mm?

3.3.6 MakUAIUIAIS

powUasusnstulsaluindsauwaseniedd TE nsuldlulsslndndsau

waseiind wielddmsuidusssuumuny naen 24 Falug Tulsalnindsnuuaseingndny

1l nifeuvasuinisgnesnuuulin 50 Alaladuewd
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6 alsg

AN5199 3.12 NsEenlYansfuYaavsianUatusnN1sUadlsa i ndsnuwasein g NEnw

1UazLDn YUN e
nilouUaslii 50 kVA
Fuse Link 3 A
ansfuvoIoLUag
aenu Bar copper 35 mm?
AurONaNAY Bar copper 35 mm?
nanmu - 5/8” Length 2.4 m.

3.4.1 ugrydondsnuliihiAnenianeunsaliilday

anugdendanuliiiiiiaangunsalnldlulssluimdsauuasendiing Tne
yhnsAnuilasgigunsaifiiendos loun wwsndalifimdsnunasorfingildau agluid
Hluusiaztng Sunesinesitlinu nasnsunieutadivin fuandlunmi 3.7

5 aleg

A15197 3.12 Msidenldansfuvestianladusnisvadlsalndindanunasefindn@nwd

PV CB Box INV. R Cable
E N System
e
Cable Cable a Export
Meter.

Kdlﬂ

sUN 3.7 loezunsuvadlsslnimasnuiaseindn@nw

laerunsuvoslsdludin Uszneusie druveunssdnndsauuasoning yadouse
Bunedves warniioutasliih Susiavdniiinud sdidenugydevesialsdlnfimdsay
uasefindios dadu mnwuanugydeiidlefiaunsaudlald WelviAnnsgadedesiignd
szdatululssliimdinuiaerindianwil {Ade3dvimnuavlefiazAnutigmeanuegng

Jugusssu sely
3.5 nMsfnwAAugydsvaslsaliimdsnulaseiing

e tnezunsulugun 3.7 nuindianugydsiauny Usenauaag

NANTENUINMNHINAINULAIDIARE NaaInaealantgauinna nssaneluiivaslseluinly
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uiazqaLilomainzadsiumisiineds visvuevenafadildny APugaydeiiin
9191 T0asB(COMBINER BOX) Aranugaydeiliinannvsiouvasiniin uasAnwinansenud
Annmsasturesgumnilassouvedsdlait uaziuamisnisudtym Titudadowmend 4
o9dnalinsviaueslssliiiimdanunasonding fuszdninmanas dananndsly

nuazLdun faly

3.6 3BMInTvinamasnulvin waznisivdoys

2 '
v Y A =3 v 1 [ I~

Wtell nanduneunisaiiun1snsaiaamdsuieiteyanlauiiasiesian

auagdsiiaululssiimdnunaserindidnv lngiiudeyannn1sinAmaaaud

v Y

Tsab AN uLae iR gRnR L LaId@Iunils kagyinsinanalunlsalidn lulavinnisfne
13 Faldun dauann wnwaduasenfingludegaseats uwazanyaseangludidunesines
S0 NITIALAWA WILBSHWes Faludlutlenananansaadinln wazisnisiaialilamn

'
a

nasuvasAazafigyidsinltlunsAuIn AN dsNAnTuveLsaz e

Run

Function

JUN 3.8 F0uanIAmMEINUYeRA3eInIndn wanwwalulsdlnihndenunaeinddnw
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b RN 12 05:26:44:426 D42 Elending Feull Noemal 1 Spmen

ey RTN 1205:26:44:120 3W4: Isaading Feult Noewal 1 2
- RTH :l 18:42:51:601 m:; uamgra:n Normal 1 = lz'AUQ'Zo 14:33
& ~ foperator Warlpicce &~ - P EE R 8B X Fow &6 % W e oE]

&+ [Crerot Wormsces o by V] . B

5 T

Produced Energy (MWh / kTHB)
SINCE COD
THIS YEAR
THIS MONTH
TODAY
Produced Status

POWER (kW) 290.1
PERFORMANCE RATIO (%) 81.8
PERCENT OF CAPACITY (%) 4.7

Weather Condition
IRRADIANCE (W/m2)
TEMPERATURE (°C)

WIND SPEED (m/s)

ki Hw2 Super sola - et overvw [N D & — N\ - I - | O
2% s 3]
CAPACITY{H) IRRADIANGE 1| Wim2 PV TEMP 1

= Lt o v, s rioes
F*-@)‘:‘mnhwd\\ihm‘:h\gf_m&m :

vz | pwiksa | oevs Peiisd | eva | Pwrhss PVE ParHss | Pvs

22VDISTRIBUTIONUNE.  cucnet [ rwm
S

VOLTAGE B SPRING CHARGE FAR

CURRENT 2100 EARTHSIMTCH

v
POWER FAGTOR ] POWER [ RANSEORMERS
LS hsdnn AR, — " P
CounraL — S OASER e = -
g / FOWER FACTH CBSCADA COMMAND ENABLE
= REACTIVE POWER oar CBGLOSE COMMAND

@ TR : 5 OPEN COMMAND
Pau1

5UN 3.10 lnezunsuninsaansivinuasuanmatlulsdliimdsnuiaionindffing aun 6
wnging
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dasa: e : | 12-Aug20

IRRADIANCE w2 PV TEM
IRRADIANCE 2

PLC POWTR SUBRIY.
Vs | Pwhss | PVe

Wi ToAY . 106 OVER OVRLCAD PROT 0 Wi TODAY mem ot O OV LOAD PROT
HTSNKOUTEMD  © SAMPLING et HTSINK OV TEMD
FANT W RVRS POLRPY % 4 o

[rp— r..wﬂ o0 sPAENORM e \ ; corusE N
Vocown| 27 | o G AL BC - |1 TS 0 (> v o 2 : corvs sae
e e o g une o1 [rery—
A OVER = L DC IECTION

FREQ UNDR CTR OV CTRL CAS TEM® REACTR OVTWP
REG OvEn ! 2 0 2 DC LEAX PRROT

CONMFAL
imoRCIR o woron o i o i ! p | - s
o

i3

UM 3.11 lpezunsuesewmsiainuasuananalulsdnihndsnuuwaeiing vwn 1 wneing

Dpenen

RTN 1205:26:44:425 IWV42

IRRADIANCE 1 —— =
IRRADIANGE 2 Wiz P TENP 2
& m‘_"\\ NS S ) N\ AAPOPRRINISEN SN 22— N b
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4.2 M3AAsziaANgydevaslsslniinasuuaaniing Wi 1

A1519% 4.1 Amdsnuldhalaainnisiiuiena ¥t 1 Usedndou unsiau w.A.2562

unI1AL Sum Max Min Mean Percent
PV (W) Power 67666.7358  2724.8086 058.2668 2182.7979
Loss 713.0228 28.6690 9.9882 23.0007 1.0537
Power 66953.7130  2696.1396 948.2786 2159.7972
Combiner (kW)
Loss 679.4012 27.3286 9.6201 21.9162 1.0147
Power 66274.3118 2668.8110 938.6585 2137.8810
Inverter (kW)
Loss 564.5120 22.6678 8.0725 18.2101  0.8518
Power 65709.7998 2646.1432 930.5860 2119.6710
Transformer (kW)
Loss 985.6470 39.6921 13.9588 31.7951 1.5 ***
Power 64724.1528 2606.4510 916.6272 2087.8759
Switch Gear (kW)
Loss 624.2386 28.0589 3.8318 20.1367 0.9645
Power 64099.9142  2578.3921 912.7954 2067.7392
VSPP (kW)
Loss 609.5168 24.4981 8.6627 19.6618 0.9509
PCC (kW) Power 63490.3974  2553.8940 904.1327 2048.0773
Total (kW) Loss 4176.3384 170.9146 54.1341 134.7206
MAPE 1.9714

* nuneeme IEC Std. Transformer Loss = 1.5 %
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The energy loss (UN31AU 2562)

» 6 7 8B
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14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

—a—Measurement loss —— Calculate loss

Day

sUN 4.2 nsANSIuUniAlaannsiiuiana Wndn 1 Usealiou Unsiau w.e.2562

Y

M15°99 4.2 Amdsnulnihaldannisifiuiang Wi 1 Usgdndou nua1ius w.e.2562

qumﬁué Sum Max Min Mean Percent
Power 57071.5783 2510.3617 1224.7001 2038.2707
PV (kW)
Loss 5945614 26.3307 12.6446 21.2343 1.0418
Power 56477.0169 2484.0309 1212.0554 2017.0363
Combiner (kW)
Loss 573.7041 25.1945 12.3767 20.4894  1.0158
Power 55903.3128 2458.8365 1199.6787 1996.5469
Inverter (kW)
Loss 475.2819 20.9331 10.1918 16.9744  0.8502
Transformer Power 55428.0309 2437.9034 1189.4870 1979.5725
(kW) Loss 831.4205 36.5686 17.8423 29.6936 1.5 ***
Switch Gear Power 54596.6104 2401.3349 1171.6447 1949.8789
(kW) Loss 502.9359 24.6823 3.8561 179620 0.9212
Power 54093.6745 2377.4240 1167.7886 1931.9169
VSPP (kW)
Loss 514.6127 22.6174 11.1097 18.3790 0.9513
PCC (kw) Power 53579.0618 2354.8066 1156.6789 1913.5379
Total (kW) Loss 3492.5165 156.3264 68.0212 124.7327
MAPE 2.1529

*uneLne IEC Std. Transformer Loss = 1.5 %

76




160

140

120

100

Power loss (kW)

&0

The energy loss (NUAUS 2562)

3 4 5 6 T 8B 10 11 12 13°14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

—a—Measurement Loss —e—Calculate loss Day

sUN 4.3 nsndsnulninlaannisiiuinmg Wnda 1 Uszanmau nunwus w.e.2562

Y 9

A1519% 4.3 AmasnulndalaannnisiAuiang Wi 1 Uszameu duneu w.a.2562

funAy Sum Max Min Mean Percent
Power 70718.6225 28522543  816.3284 2281.2459
PV (kW)
Loss 741.8304 30.0040 8.5736 23.9300 1.0490
Power 69976.7921 2822.2503 807.7548 2257.3159
Combiner (kW)
Loss 711.0702 28.6374 8.1953 229377 1.0162
Power 69265.7219  2793.6129  799.5595 2234.3781
Inverter (kW)
Loss 595.6191 23.8131 6.9834 19.2135 0.8599
Transformer Power 68670.1028 2769.7997 7925761 2215.1646
(kW) Loss 1030.0515 41.5470 11.8886 33.2275 1.5 ***
Switch Gear Power 67640.0512 2728.2527 780.6874 2181.9371
(kW) Loss 695.8279 30.5802 1.7072 22.4461 1.0287
Power 66944.2233  2697.9429  778.9802 2159.4911
VSPP (kW)
Loss 644.1791 25.9367 7.6445 20.7800 0.9623
PCC (kw) Power 66300.0443 2672.0062 771.3356 2138.7111
Total (kW) Loss 4418.5782 180.5184 44.9927 142.5348
MAPE 2.6854

** nuneeme IEC Std. Transformer Loss = 1.5 %
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200 The energy loss Funmu 2562)
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—a— Measurement loss —e— Calculate loss

Day
Ul 4.4 nswindsoulwihildannmsiiviana svin 1 Yseduieu Tunew n.a.2562
A15197 4.4 Adesulnihildainnautaaa i 1 Usesuiou wwneu w.a.2562
LUEYU Sum Max Min Mean Percent
Power 70983.7126 2697.8002 1811.9862 2366.1238
PV (kW)
Loss 758.5676 29.0826 19.5170 25.2856 1.0687
Power 70225.1450 2668.7176 1792.4692 2340.8382
Combiner (kW)
Loss 715.4649 27.1121 18.3032 23.8488 1.0188
Power 69509.6801 2641.6055 1774.1660 2316.9893
Inverter (kW)
Loss 598.1633 229734 15.0746 19.9388 0.8605
Transformer Power 68911.5167 2618.6321 1759.0913 2297.0506
(kwW) Loss 1033.6728 39.2795 26.3864 34.4558 1.5 ***
Switch Gear Power 67877.8440 2579.3527 1732.7050 2262.5948
(kW) Loss 678.0009 30.6456 9.3320 22.6000 0.9989
Power 67199.8431 2553.2530 1719.1903 2239.9948
VSPP (kW)
Loss 646.9012 24.5974 16.3918 21.5634 0.9627
PCC (kw) Power 66552.9419 2528.8240 1702.7985 2218.4314
Total (kW) Loss 4430.7707 173.6906 105.0051 147.6924
MAPE 2.6390

*uneLne IEC Std. Transformer Loss = 1.5 %
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The energy loss (weu 2562)

1 2 3 4 5 6 7T 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

—a— Measurement loss —e— Calculate loss Day

sUN 4.5 nsNSsnulninAlaannnisiAviana winin 1 Useanifou lwieu w.e.2562

Y

A15197 4.5 Awassulihilaannisiiuiera Fani 1 Usediiou wguniau w.m.2562

WE WAL Sum Max Min Mean Percent
Power 58043.7847 2586.2639 704.7932 1872.3802
PV (kW)
Loss 616.6805 27.2659 7.5035 19.8929 1.0624
Power 57427.1042 2558.9980 697.2897 1852.4872
Combiner (kW)
Loss 585.0318 26.0808 7.1066 18.8720 1.0187
Power 56842.0723 25329172 690.1830 1833.6152
Inverter (kW)
Loss 484.2837 21.7831 5.8735 15.6221 0.8520
Transformer Power 56357.7886 2511.1341 684.3096 1817.9932
(kW) Loss 845.3668 37.6670 10.2646 27.2699 1.5 ***
Switch Gear Power 555124218 2473.4671 674.0449 1790.7233
(kw) Loss 514.7788 26.5933 4.4958 16.6058 0.9273
Power 54997.6430 2448.7049 669.5491 1774.1175
VSPP (kW)
Loss 517.4945 22.9303 6.2947 16.6934 0.9409
PCC (kw) Power 54480.1486 2425.7746 663.2544 1757.4241
Total (kW) Loss 3563.6361 162.3204 41.5388 114.9560
MAPE 2.6289

*uneLne IEC Std. Transformer Loss = 1.5 %
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a0
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The energy loss (W5 wn1AU 2562)

1 2 3 4

5 6 7T 8 9 1011 1213 14

—a—Measurement loss ——Calculate loss

1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Day

sUN 4.6 nsndsnulninlaannsiAviana Wi 1 Uszanmou w

M157199 4.6 Amdsulniadildannisiiuiane i 1 Usgddieu dquieu w.a.2562

fun1AU W.A.2562

nuieu Sum Max Min Mean Percent
Power 54583.1561 2463.4800 564.0172 1819.4385
PV (kW)
Loss 581.9815 26.1842 5.9902 19.3994 1.0662
Power 54001.1746 2437.2958 558.0270 1800.0392
Combiner (kW)
Loss 552.3630 24.8033 5.7510 18.4121 1.0229
Power 53448.8116 2412.5357 5522760 1781.6271
Inverter (kW)
Loss 474.0872 22.0048 a4.7022 15.8029 0.8870
Transformer Power 52974.7243  2390.5309 5475738 1765.8241
(kw) Loss 794.6209 35.8580 8.2136 26.4874 1.5 ***
Switch Gear Power 52180.1035 23546729 539.3602 1739.3368
(kW) Loss 474.0190 26.8633 3.3122 15.8006 0.9084
Power 51706.0845 2329.3651 535.0400 1723.5361
VSPP (kW)
Loss 513.9009 23.2585 5.2683 17.1300 0.9939
PCC (kw) Power 51192.1835 2306.8720 529.7717 1706.4061
Total (kW) Loss 3390.9725 158.9720 33.2374 113.0324
MAPE 2.8116

* nuneeme IEC Std. Transformer Loss = 1.5 %
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180
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80

Power loss (kW)

60

a0

20

The energy loss (gu1gu 2562)

0 N
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
—a— Measurement loss —e—Calculate loss Day
U 4.7 nsmindsslwihiildanmsiiuinna shmin 1 Ussdudeu fquiou n.m.2562
a9 4.7 Amdsulihildannsifuiase Fand 1 Ussdufeu nsnnau w.A.2562
A3N51AL Sum Max Min Mean Percent
Power 57874.6648 24728113 930.4381 1866.9247
PV (kW)
Loss 612.4863 26.3387 9.8624 19.7576 1.0583
Power 57262.1785  2446.4727 920.5757 1847.1670
Combiner (kw)
Loss 584.1135 24.8188 9.3433 18.8424 1.0201
Power 56678.0651  2421.6539 911.2324 1828.3247
Inverter (kW)
Loss 480.5355 20.5729 7.8502 15.5011 0.8478
Power 56197.5296  2401.0810 903.3822 1812.8235
Transformer (kW)
Loss 842.9629 36.0162  13.5507 27.1924 1.5
Power 55354.5666  2365.0648 889.8315 1785.6312
Switch Gear (kW)
Loss 562.1279 30.4700 4.2440 18.1332 1.0155
Power 54792.4387  2341.5059 885.5875 1767.4980
VSPP (kW)
Loss 530.7433 224727 8.7359 17.1208 0.9686
PCC (kw) Power 54261.6954  2319.0332 876.8516 1750.3773
Total (kw) Loss 3612.9694 160.6893  53.5866 116.5474
MAPE 2.7961

*** nangme IEC Std. Transformer Loss = 1.5 %
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180 The energy loss (NSNYIAN 2562)
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—a— Measurement loss —e— Calculate loss Day

UM 4.8 nyminassulihiildannisiiuiana Wi 1 Uszdudiou nsngau w.m.2562

Y

A1519% 4.8 Amasnulnialaainnisiiuiana ¥l 1 Useddou 39mau w.A.2562

ARGl Sum Max Min Mean Percent
Power 56345.7270 2551.7050 5055627 1817.6041
PV (kW)
Loss 594.5600 26.9495 5.3089 19.1794 1.0552
Power 55751.1669 2524.7555 500.2538 1798.4247
Combiner (kW)
Loss 570.6500 25.7313 5.1322 18.4081 1.0236
Power 55180.5169 2499.0242 495.1216 1780.0167
Inverter (kW)
Loss 4725270 21.4099 4.2713 15.2428 0.8563
Transformer Power 54707.9899 2477.6143 490.8503 1764.7739
(kW) Loss 820.6198 37.1642 7.3628 26.4716 1.5 ***
Switch Gear Power 53887.3700 2440.4501 483.4876 1738.3023
(kW) Loss 450.2802 24.8049 1.3795 14.5252 0.8356
Power 53437.0899 2415.6452 482.1081 1723.7771
VSPP (kW)
Loss 521.0988 23.8537 4.7403 16.8096 0.9752
PCC (kW) Power 52915.9911 2391.7915 477.3678 1706.9675
Total (kW) Loss 3429.7359 159.9135 28.1949 110.6366
MAPE 2.8998

*uneLne IEC Std. Transformer Loss = 1.5 %
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Power loss (kW)

180
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The energy loss (Al 2562)

1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 2T 28 29 30 31
—a—Measurement loss —e—Calculate loss Day
U 4.9 nywindsnlnihildainnsiuiana snd 1 Uszdusiou Aamay n.m.2562
A1519% 4.9 AUl dilaanmsiiutana s 1 Usesieu fugneu w.A.2562
AUY8Y Sum Max Min Mean Percent
Power 58512.8977 2807.3369 889.2578 1950.4299
PV (kW)
Loss 608.4583 29.2567 9.1743 20.2819 1.0399
Power 57904.4394 2778.0802 880.0835 1930.1480
Combiner (kW)
Loss 590.5802 29.0091 8.9937 19.6860 1.0199
Power 57313.8592 2749.0711 871.0898 1910.4620
Inverter (kW)
Loss 491.9883 23.5485 7.4752 16.3996 0.8584
Power 56821.8710 27255226 863.6146 1894.0624
Transformer (kW)
Loss 852.3281 40.8828 12.9542 28.4109 1.5 ***
Power 55969.5429 2684.6398 850.6603 1865.6514
Switch Gear (kW)
Loss 518.8642 27.9860 5.5991 17.2955 0.9270
Power 55450.6787 2659.3289 845.0612 1848.3560
VSPP (kW)
Loss 522.2523 25.1714 7.9699 17.4084 0.9418
PCC (kW) Power 54928.4264 2634.1575 837.0913 1830.9475
Total (kW) Loss 3584.4713 175.8545 52.1665 119.4824
MAPE 1.9880

*uneLne IEC Std. Transformer Loss = 1.5 %
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The energy loss (fugneu 2562)

1

2 3 4 5 6 T 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

—i— Measurement loss —e—Calculate loss Day
Ui 4.10 nywindanulslihildannniniuiana fmd 1 szdusiou fugiou w2562
M54 4.10 Amdanuliihildanmaiuiana Famvi 1 Ussdudou sanau w.a.2562
AanAu Sum Max Min Mean Percent
Power 73882.8690 2886.5549 1911.9215 2383.3184
PV (kW)
Loss 780.5310 30.5941 19.9870 25.1784 1.0564
Power  73102.3380 2855.9607 1891.9345 2358.1399
Combiner (kW)
Loss 747.6763 2P 19.3673 24.1186 1.0228
Power  72354.6617  2826.6499 1872.5672 2334.0213
Inverter (kW)
Loss 658.9893 27.8547 16.5954 21.2577 0.9108
Power  71695.6724  2798.7951 1855.4657 2312.7636
Transformer (kW)
Loss 1075.4351 41.9819 27.8320 34.6915 1.5 ***
Power  70620.2373 2756.8132 1827.6337 2278.0722
Switch Gear (kW)
Loss 632.0783 25.7898 15.0914 20.3896 0.8950
Power 69988.1589 27325341 1811.0924 2257.6825
VSPP (kW)
Loss 660.3580 25.5263 16.9596 21.3019 0.9435
PCC (kw) Power 69327.8010  2707.0077 1794.1329 2236.3807
Total (kw) Loss 4555.0680 181.0578 115.8326  146.9377
MAPE 1.0303

e nangeme IEC Std. Transformer Loss = 1.5 %

84



200

180

160

140

120

100

Power loss (kW)

80

60

a0

20

The energy loss (nanAN 2562)

1 2 3 4 5 6

—a—Measurement loss —e—Calculate loss

7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Day

sUN 4.11 nsndsnulnirflaannnisiduinua md 1 Uszanmou nanau w.mA.2562

u

q

A1519% 4.11 Amdsnulaiialaannsiiuiana Fandt 1 Ussdiiou waednieu w.e.2562

Wqﬁamﬁlu Sum Max Min Mean Percent
Power 72341.2980 2794.9793 1102.7373 2411.3766
PV (kW)
Loss 753.0394 29.1279 11.4373 25.1013 1.0410
Power 71588.2586 2765.8514 1091.0888 2386.2753
Combiner (kW)
Loss 726.7681 28.0438 11.0888 24.2256 1.0152
Power 70861.4904 2737.8076 1080.0000 2362.0497
Inverter (kW)
Loss 609.7727 23.9123 9.1178 20.3258 0.8605
Transformer Power 70251.7177 2713.8953 1070.8822 2341.7239
(kW) Loss 1053.7758 40.7084 16.0632 35.1259 1.5 ***
Switch Gear Power 69197.9420 2673.1869 1054.8190 2306.5981
(kW) Loss 666.4313 27.6182 3.5590 22.2144 0.9631
Power 68531.5106 2646.7416 1045.8345 2284.3837
VSPP (kW)
Loss 643.2800 24.8276 9.8635 21.4427 0.9387
PCC (kW) Power 67888.2307 26219140 10359710 2262.9410
Total (kW) Loss 4453.0674  174.2383 61.1296 148.4356
MAPE 1.7659

e nangeme IEC Std. Transformer Loss = 1.5 %
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5 6 7T 8 9 10 11 12 13 14
—a—Measurement loss

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
—e— Calculate loss

Day

sUN 4.12 nsndsnulniaflaannnisiiuiaua W 1 Uszannou w

Y

AN W.A.2562

A151991 4.12 Amdsnulnihalaainnisifiudana Wndn 1 Usedmeu Sunau W.e.2562

5UINAY Sum Max Min Mean Percent
Power 75024.1956 2791.1251 1655.0322 2420.1353
PV (kW)
Loss 781.1433 29.3776 17.1413 25.1982 1.0412
Power 74243.0523 2762.3076 1637.8909 2394.9372
Combiner (kW)
Loss 757.3370 28.3443 16.8065 24.4302 1.0201
Power 73485.7153 2733.9634 1621.0843 2370.5069
Inverter (kW)
Loss 633.1265 23.5548 13.9667 20.4234 0.8616
Transformer Power 72852.5888 2710.4085 1607.1177 2350.0835
(kw) Loss 1092.7888 40.6561 24.1068 35.2513 1.5 ***
Switch Gear Power 71759.7999 2669.7524  1583.0109 2314.8323
(kW) Loss 707.9071 28.5143 12.5691 22.8357 0.9865
Power 71051.8928 2642.3497 1570.4418 2291.9965
VSPP (kW)
Loss 678.4969 25.3401 14.9735 21.8870 0.9549
PCC (kw) Power 70373.3959 2617.0682 1555.4682 2270.1095
Total (kW) Loss 4650.7997 175.7873 99.5640 150.0258
MAPE 1.6190

g IEC Std.

Transformer Loss = 1.5 %

86



200

180

160

140

120

100

Power loss (kw)

80

60

40

20

The energy loss (Fua1Al 2562)

1 2 3 4 5 6 7T 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

—ar—Measurement loss —e—Calculate loss Day
gﬂﬁ 4.13 nyndsnulnihdildannisiiutana $ami 1 Usssuieu Suney w2562
M31afl 4.13 Anedondanuliihgydeannsiuiana Fwh 1 Uszdd w2562
mmmqmlﬁmaﬁﬂﬂ 62 Sum Max Min Mean Percent
Power 773049.2420  2886.5549 505.5627 2117.9431
PV (kW)
Loss 8136.8625 30.5941 5.3089 22.2928 1.0526
Power 764912.3795 2855.9607 500.2538 2095.6504
Combiner (kW)
Loss 7794.1604 29.3109 5.1322 21.3539 1.0190
Power 757118.2191 2826.6499 495.1216 2074.2965
Inverter (kW)
Loss 6538.8866 27.8547 42713 17.9148 0.8637
Power 750579.3325 2798.7951 490.8503 2056.3817
Transformer (kW)
Loss 11258.6900 419819 71.3628 30.8457 1.5 ***
Power 739320.6425 2756.8132 483.4876 2025.5360
Switch Gear (kW)
Loss 7027.4902 30.6456 1.3795 19.2534 0.9505
Power 732293.1523 2732.5341 482.1081 2006.2826
VSPP (kW)
Loss 7002.8345 25.9367 4.7403 19.1858 0.9563
PCC (kw) Power 725290.3178 2707.0077 477.3678 1987.0968
Total (kW) Loss 47758.9242 186.3240 28.1949 130.8464
MAPE 2.2493

* nuneeme IEC Std. Transformer Loss = 1.5 %
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4.3 M3AATzvAIANgydevaslselninasuuaeiing Wi 2

A15199 4.14 Amdsnulndalaainnisiiuiang Wi 2 Usedieu unsiau w.a.2562

UNSIAY Sum Max Min Mean Percent
oV (W) Power  71593.7655 2913.8009 1250.4309 2309.4763
Loss 738.5667 30.1735 13.0455 23.8247 1.0316076
Power  70855.1988 2883.6273 1237.3854 2285.6516
Combiner (kW)
Loss 719.4465 29.2328 12.5595 23.2080 1.0153757
Power  70135.7523  2854.3945 1224.8259 2262.4436
Inverter (kW)
Loss 598.0584 24.0841 10.4275 19.2922 0.8527155
Transformer Power  69537.6939  2830.3104 1214.3984 2243.1514
(kwW) Loss 1043.0654 42.4547 18.2160 33,6473 1.5 **x
Switch Gear Power  68494.6285 2787.8558 1196.1824  2209.5041
(kwW) Loss 589.6395 26.9989 6.3807 19.0206 0.8608551
Power 679049890 2762.5210 1189.8017 2190.4835
VSPP (kW)
Loss 650.6169 26.5582 11.3004 20.9876 0.9581282
PCC (kw) Power 672543722 27359628 1178.5013 2169.4959
Total (kW) Loss 4339.3933 179.5022 71.9296 139.9804
MAPE 1.6156789
*** nngeme IEC Std. Transformer Loss = 1.5 %
200 The energy loss (Un351AU 2562)
180
160
140
120
g
& 100
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—a— Mesurment loss

—e—Calculate loss

Day
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SUN 4.14 ns1NSsnunirnlaann1siuineg Wnd 2 Uszameau unsiau w.A.2562

Y

M19199 4.15 Amdsuliihildannisifiuiaua Wi 2 Ussdndou nuanius w.e.2562

Power loss (kW)

Qumﬁuﬁ‘ Sum Max Min Mean Percent

Power 59427.2382 2562.7556 1729.4849 2122.4014
P Loss 617.7726 26.5439 18.1343 22.0633 1.039544
Combiner (kW) Power 58809.4656 2536.2116 1711.3506 2100.3381

Loss 597.2380 25.7560 17.3824 21.3299 1.015547
nverter (KW) Power 582122276 2510.4556 1693.9683 2079.0081

Loss 500.3862 21.4932 14.5639 17.8709  0.85959
Transformer Power 57711.8414 2488.9624 1679.4044 2061.1372
(kw) Loss 865.6776 37.3344 25.1911 309171 1.5 %
Switch Gear Power 56846.1637 2451.6280 1654.2133 2030.2201
(kW) Loss 535.6964 25.0987 11.3322 19.1320 0.942362
VSPP (kW) Power 56310.4673 2430.0000 1641.5664 2011.0881

Loss 538.5846 23.2489 15.4845 19.2352 0.956456
PCC (kw) Power 55771.8827 2406.7511 1626.0819 1991.8530
Total (kw) Loss 3655.3554  159.4752  102.0882  130.5484

MAPE  1.688839
*** nunebne IEC Std. Transformer Loss = 1.5 %

180 The energy loss (NuANTUS 2562)
160
140
120
100

80

&0

40

20

8 9% 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
—a—Measurement loss —s— Calculate loss

Day
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SUN 4.15 ns1nSsnulniflaannsiiuineg v 2 Uszaieau nunius w.e.2562

Y

9

A1519% 4.16 Amasnulndralaainnisiiuiana Wi 2 Usedndou Tuneu w.A.2562

Power loss (kW)

funeyl Sum Max Min Mean Percent

Power 74804.6680 3049.4406 1416.2651 2413.0538
P Loss 794.0150 32.1125 14.8995 25.6134 1.061451
Combiner (kW) Power 74010.6530 3017.3281 1401.3656 2387.4404

Loss 753.2881 30.6655 14.2642 24.2996 1.01781
nverter (W) Power 73257.3649 2986.6626 1387.1014 2363.1408

Loss 633.1922 258117 12.0877 20.4256 0.864339
Transformer Power 72624.1726 2961.0537 1375.0137 2342.7152
(kw) Loss 1089.3626 44.4158 20.6252 35.1407 1.5 %
Switch Gear Power 71534.8100 2916.6379 1354.3885 2307.5745
(kW) Loss 684.0416 30.1844 10.3176 22.0659 0.956236
VSPP (kW) Power 70850.7684 2891.0719 1341.6828 2285.5087

Loss 688.9727 28.1421 12.9259 22.2249 0.972428
PCC (kw) Power 70161.7957 2862.9299 1328.7568 2263.2837
Total (kw) Loss 4642.8723  191.3319 85.1202  149.7701

MAPE  2.139273
*** nuneene IEC Std. Transformer Loss = 1.5 %

200 The energy loss (HuAL 2562)
180
160
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1 2 3 4 5 6 7 8 9% 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
—a— Measurement loss —e—Calculate loss Day
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SUN 4.16 ns1NSIUNARlaann1sAUIRNE Wnd 2 Uszamau duiau w.A.2562

Y

A15199 4.17 Amdsnulndalaannnisiiuiang Wi 2 Usednfou Wesu w.A.2562

Power loss (kW)

LYY Sum Max Min Mean Percent

Power 76396.9894 2977.8271 1893.2588 2546.5663
P Loss 808.5628 31.7103 20.1630 26.9521  1.05837
Combiner (KW) Power 75588.4266 2946.1168 1873.0958 2519.6142

Loss 767.9422 29.9301 19.0291 25.5981 1.0159521
nverter (KW) Power 74820.4844 2916.1867 1854.0667 2494.0161

Loss 646.1038 25.1728 15.9699 21.5368 0.8635387
Transformer Power 74174.3806 2891.0682 1838.0968 2472.4794
(kw) Loss 1112.6157 43.3660 27.5715 37.0872 1.5 %
Switch Gear Power 73061.7649 2847.7022 1810.5253 2435.3922
(kW) Loss 710.1614 33.0492 13.0605 23.6720 0.9720014
VPP (kW) Power 72351.6035 2820.0830 1793.6927 2411.7201

Loss 695.6321 27.1643 17.3546 23.1877 0.9614605
PCC (kw) Power 716559715 27929187 1776.3381 2388.5324
Total (kw) Loss 4741.0180  190.3927  113.1485  158.0339

MAPE  2.5892931
*** nunebne IEC Std. Transformer Loss = 1.5 %

200 The energy loss (w18 2562)
180
160
140
120

100

80

60

40

20

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
—i— Measurement loss —e— Calculate loss

Day
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SUN 4.17 ns1ndsnulnirnlaannnisiiuineg wmd 2 Useanmeu wweu w.A.2562

Y

A15199 4.18 AmdsnulniiflaannisiiuTana Fand 2 Uszdifiou wgunia w.m.2562

Power loss (kW)

N WNIAU Sum Max Min Mean Percent
(W) Power 64623.2084 2883.6184 1275.1117 2084.6196
PV (kW
Loss 682.7792 30.4627 13.4939 22.0251 1.056554
Power 63940.4292 2853.1556 1261.6178 2062.5945
Combiner (kW)
Loss 649.3971 28.9670 12.8087 20.9483 1.015628
Power 63291.0322 2824.1887 1248.8091 2041.6462
Inverter (kW)
Loss 541.8208 23.8820 10.6854 17.4781 0.856078
Transformer Power 62749.2114 2800.3066 1238.0725 2024.1681
(kW) Loss 941.2382 42.0046 18.5711 30.3625 1.5 ***
Switch Gear Power 61807.9732 2758.3020 1219.5014 1993.8056
(kw) Loss 569.7370 29.5108 6.4817 18.3786 0.921786
Power 61238.2362 2729.5547 1211.0992 1975.4270
VSPP (kW)
Loss 582.1229 26.1004 11.6103 18.7782 0.950587
PCC (kw) Power 60656.1133 2703.4542 1199.4889 1956.6488
Total (kW) Loss 3967.0952 180.9276 73.6510 127.9708
MAPE 2.593341
*** nunebne IEC Std. Transformer Loss = 1.5 %
200

180

160

140

120

100

80

60

40

20

The energy loss (1auNAN 2562)

1 2 3 4 5 6

—a— Measurement loss —e—Calculate loss

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Day
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sUN 4.18 ns1ndsnulnirnlaannnisiiuinmg wmnd 2 Uszaumeau w

Y

fYnIAN N.A.2562

M15199 4.19 Amdsnuliihildannisinuiana vt 2 Ussddiou Squieu w.m.2562

g‘]g!mau Sum Max Min Mean Percent
W) Power 59847.8064 2682.7257 1200.9960 1994.9269
PV (kwW
Loss 634.5474 28.3628 12.7117 21.1516 1.0602685
Power 59213.2590 2654.3630 1188.2842 1973.7753
Combiner (kW)
Loss 605.0608 27.3006 12.0649 20.1687 1.0218334
Power 58608.1981 2627.3960 1176.2193 1953.6066
Inverter (kW)
Loss 506.0779 22.6304 10.1595 16.8693 0.8634934
Transformer Power 58102.1202 2604.7656 1166.0598 1936.7373
(kW) Loss 871.5318 39.0715 17.4909 29.0511 1.5 ***
Switch Gear Power 57230.5884 2565.6941 1148.5689 1907.6863
(kw) Loss 514.5366 27.4752 58774 17.1512 0.8990587
Power 56716.0518 2540.7059 1139.2904 1890.5351
VSPP (kW)
Loss 545.1144 24.4245 11.0210 18.1705 0.961129
PCC (kw) Power 56170.9374 2516.2814 1128.2694 1872.3646
Total (kW) Loss 3676.8690  169.2649 69.3255  122.5623
MAPE 2.8256226
*** nunebne IEC Std. Transformer Loss = 1.5 %
180 The energy loss (3igueu 2562)
160
140
120
E 100
_g‘ 80
60
40
20
0
1 2 3 a4 5 6 7T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
—i— Measurement loss e Calculate loss Day

93




SUN 4.19 ns1ndsnulnirnlaannnisiiuineg wmd 2 Uszameu Souieu w.A.2562

Y

q

A19197 4.20 Amdsnulnihaldainnisinuiane Wnin 2 Ussdsieu ningian w.a.2562

n3INHIAL Sum Max Min Mean Percent
Power 66070.2699 2679.7406 1091.4798 2131.2990
PV (kW)
Loss 687.5595 28.0371 11.3765 22.1793 1.040649
Power 65382.7104 2651.7035 1080.1033 2109.1197
Combiner (kW)
Loss 664.4866 26.9451 10.9783 21.4351 1.016303
Power 64718.2238 2624.7584 1069.1250 2087.6846
Inverter (kW)
Loss 558.4590 22.4503 9.2558 18.0148 0.862908
Transformer Power 64159.7648 2602.3081 1059.8693 2069.6698
(kW) Loss 962.3965 39.0346 15.8980 31.0450 1.5 ***
Switch Gear Power 63197.3683 2563.2735 10439712 2038.6248
(kw) Loss 613.4761 32.0184 8.2153 19.7896 0.97073
Power 62583.8922 2535.6383 1035.7560 2018.8352
VSPP (kW)
Loss 602.0194 24.4072 9.9189 19.4200 0.96194
PCC (kw) Power 61981.8728 2511.2311 1025.8371 1999.4153
Total (kW) Loss 4088.3972  172.8928 65.6427  131.8838
MAPE 2.874211

*** newmg) IEC Std. Transformer Loss = 1.5 %

Power loss (kw)
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—a—Measurement loos —e—Calculate loss
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SUN 4.20 nsNSInulniflaannsiiuinng Wnd 2 Uszaieau nan

Y

1A% N.A.2562

A1519% 4.21 Amdsnulndalaainnisiiuiang Wi 2 Usediou 29au w.A.2562

ARG Sum Max Min Mean Percent
Power 601525893 2628.1627 1152.7806 1940.4061
PV (kW)
Loss 631.1712 27.4054 12.1754 20.3604 1.049284
Power 59521.4181 2600.7573 1140.6052 1920.0457
Combiner (kW)
Loss 604.4267 26.4320 11.5765 19.4976 1.015478
Power 58916.9914 2574.3253 1129.0287 1900.5481
Inverter (kW)
Loss 505.4950 22.0480 9.6108 16.3063 0.857978
Transformer Power 58411.4963 25522774 1119.4179 1884.2418
(kW) Loss 876.1724 38.2842 16.7913 28.2636 1.5 ***
Switch Gear Power 57535.3239 2513.9932 1102.6267 1855.9782
(kw) Loss 521.0945 24.9967 6.2533 16.8095 0.905695
Power 57014.2294 2490.0804 1096.0218 1839.1687
VSPP (kW)
Loss 547.1814 239378 10.5714 17.6510 0.959728
PCC (kw) Power 56467.0480 2466.1427 1085.4504 1821.5177
Total (kW) Loss 3685.5412  163.1040 669787 118.8884
MAPE  2.631777

*** newmg) IEC Std. Transformer Loss = 1.5 %

Power loss (kW)
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The energy loss (BavA3 2562)
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—a— Measurement loss —e—Calculate loss

Day
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sUN 4.21 ns1NSsnulniflaannsiiuinng v 2 Uszaiau 393au w.e.2562

Y

A1519% 4.22 Amasnulndaleainnisiiuiang Wi 2 Usedeeu fueeu w.a.2562

Sum Max Min Mean Percent
W) Power 64320.2143 3141.0246 1176.1375 2144.0071
PV (kW
Loss 675.0679 33.2082 12.2988 225023 1.0495424
Power 63645.1464 3107.8164 1163.8387 2121.5049
Combiner (kW)
Loss 645.7653 31.3698 11.8191 21.5255 1.014634
Power 62999.3811 3076.4466 1152.0196 2099.9794
Inverter (kW)
Loss 544.0844 26.6228 9.9468 18.1361 0.8636344
Transformer Power 62455.2967 3049.8239 1142.0727 2081.8432
(kw) Loss 936.8295 45.7474 17.1311 31.2276 1.5 ***
Switch Gear Power 61518.4672 3004.0765 11249416 2050.6156
(kw) Loss 596.7376 33.8844 17677 19.8913 0.9700137
Power 60921.7297 2973.1536 1117.1739 2030.7243
VSPP (kW)
Loss 584.7203 28.7011 10.7732 19.4907 0.9597894
PCC (kW) Power 60337.0094 2944.4525 1106.4007 2011.2336
Total (kW) Loss 3983.2049  199.5336 69.7368  132.7735
MAPE  2.3079892
*** newmg) IEC Std. Transformer Loss = 1.5 %
250 The energy loss (ffugnay 2562)
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Y

M15199 4.23 Amdsnulihildannisiiuiana vt 2 Ussddiou aaiay w.m.2562

Power loss (kW)

BRI Sum Max Min Mean Percent
Power 82409.7193 3192.9399 1885.1579 2658.3780
PV (kW)
Loss 863.7131 33.5680 19.5809 27.8617 1.048072
Power 81546.0063 3159.3719 1865.5771 2630.5163
Combiner (kW)
Loss 834.7697 32.1586 18.9405 26.9281 1.023679
Power 80711.2366 3127.2133 1846.6366 2603.5883
Inverter (kW)
Loss 693.6101 26.6228 15.8333 223745 0.859372
Transformer Power 80017.6264 3100.5905 1830.8033 2581.2138
(kW) Loss 1200.2644 46.5089 27.4620 38.7182 1.5 ***
Switch Gear Power 78817.3620 3054.0816 1803.3412 2542.4955
(kw) Loss 723.1282 29.7329 8.8697 23.3267 0917473
Power 78094.2338 3033.6000 1794.4715 2519.1688
VSPP (kW)
Loss 754.0267 28.9466 17.2014 24.3234 (0.965534
PCC (kw) Power 77340.2070 3004.6534 1777.2702 2494.8454
Total (kW) Loss 5069.5123  197.5378 107.8878  163.5327
MAPE 1.880017
*** newmg) IEC Std. Transformer Loss = 1.5 %
250 The energy loss (AanAs 2562)
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q

A13199 4.24 AmdsnulniialaannisiiuTana Fand 2 Uszdifou weednieu w.e.2562

Wqﬂ%mau Sum Max Min Mean Percent
Power 78752.2543 3051.3799 1117.1876 2625.0751
PV (kW)
Loss 815.9561 31.6964 11.6428 27.1985 1.0361051
Power 77936.2982 3019.6836 1105.5448 2597.8766
Combiner (kW)
Loss 791.7217 30.6581 11.2209 26.3907 1.0158574
Power 771445765 2989.0255 1094.3239 2571.4859
Inverter (kW)
Loss 660.2261 25.9294 9.2982 22.0075 0.8558295
Transformer Power 76484.3504 2963.0961 1085.0257 2549.4783
(kW) Loss 1147.2653 a4.4464 16.2754 38.2422 1.5 *x*
Switch Gear Power 75337.0852 2918.6497 1068.7503 2511.2362
(kw) Loss 658.2320 28.2389 7.6803 219411 0.8737158
Power 74678.8531 2892.1690 1061.0700 2489.2951
VSPP (kW)
Loss 715.0708 27.9280 10.1522 23.8357 0.9575278
PCC (kW) Power 73963.7824 2864.2410 1050.9178 2465.4594
Total (kW) Loss 4788.4719  188.8971 66.2698  159.6157
MAPE 1.5538023

*** newmg) IEC Std. Transformer Loss = 1.5 %

Power loss (kW)
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5UNAY Sum Max Min Mean Percent
W) Power 80158.4855 2925.8743 1845.2951 2585.7576
PV (kW
Loss 835.5233 30.6789 18.8572 26.9524 1.042339
Power 79322.9622 2895.1954 1826.4379 2558.8052
Combiner (kW)
Loss 806.0086 29.4193 18.5984 26.0003 1.01611
Power 78516.9536 2865.7761 1807.8395 2532.8050
Inverter (kW)
Loss 676.8546 24.6413 15.6814 21.8340 0.862049
Transformer Power 77840.0990 2841.1348 1792.1580 2510.9709
(kW) Loss 1167.6015 42.6170 26.8824 37.6646 1.5 ***
Switch Gear Power 76672.4975 27985178 1765.2757 2473.3064
(kW) Loss 700.4264 30.9794 11.8131 22.5944  0.91353
Power 75972.0712 2772.8696 1753.4626 2450.7120
VSPP (kW)
Loss 734.0237 26.9835 16.9274 23.6782 0.966176
PCC (kW) Power 75238.0475 2745.8861 1736.5352 2427.0338
Total (kW) Loss 4920.4380 185.3194 108.7600 158.7238
MAPE 1.714569

< ungene) IEC Std. Transformer Loss = 1.5 %
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A519fl 4.26 Anadendanulifihgydeannsiiuiana Fwh 2 U w2562
Manugnydenasd 62 Sum Max Min Mean Percent
oV (W) Power  838557.2086 31929399 1091.4798 2297.4170
V (kW
Loss 8785.2349 33.5680 11.3765 24.0691 1.0477
Power  829771.9737 3159.3719 1080.1033 2273.3479
Combiner (kW)
Loss 8439.5514 32.1586 10.9783 23.1221 1.0171
Power — 821332.4223 3127.2133 1069.1250 2250.2258
Inverter (kW)
Loss 7064.3686 26.6228 9.2558 19.3544 0.8601
Transformer Power  814268.0537 3100.5905 1059.8693 2230.8714
(kw) Loss 12214.0208 46.5089 15.8980 33.4631 1.5%*
Switch Gear Power  802054.0329 3054.0816 1043.9712 2197.4083
(kW) Loss 7416.9073 33.8844 5.8774 20.3203 0.9247
Power  794637.1257 3033.6000 1035.7560 2177.0880
VSPP (kW)
Loss 7638.0859 28.9466 9.9189 20.9263 0.9612
PCC (kw) Power  786999.0398 3004.6534 1025.8371 2156.1618
Total (kw) Loss 51558.1688  201.6893 63.3049 141.2553
MAPE 2.2041
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Abstract—This paper presents a comparison, analysis and power assessment
of PV Roof Top System, [0 kWp single phase and 10 kWp three phase. The system
was installed at Samutprakarn Province, Thailand. The monitored data had been
collected for a month. This data was investigated and compared with a simulation
program, Homer. From the collected data which was on April 2015, the system could
produce energy from 06.00AM - 18.30PM. The total energy was 1,227kWh and
1,301kWh. From Homer simulation, the system results showed that the total
produced energies up 1,016 kWh and 1,117 kWh which is 8% difference from the
monitored data. The performance ratio (PR) is 72% and 73%, respectively.
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Absirsct

As Thailand is bocated in topical arsa with high solar penetration, tharfors there ars a
high member of P poanr plaxts bave besn constracted i the past fewr vears. This paper
pressots performancs anabysiz of tao mammfactursd Foby Cryshalline PV modules which
installed in a 5 MW PV powr plant in Saomt Songkbram Province, Cantral of Thailand
The power plant was meimg 320 'Wp Poly Cronhlline PV modules fom two diferant
mamfacturss with the siilar syvem design The wleced modules wars maialled by 2
B and 3 MW Som two manefscmrer producs respecitoaly. The models wers connecid
1o the same inverser with med cegacity of 1| MW for all 5 wmits. From accexmlating
informaticn record for coe ywer opeaiion result, we found very DEmesting information
that the £t raonfactem modnls prodeced 1,511,316 30 MWh and the second mednls
was 1466, (42 67 BWh Thens 2me senaral facions effectng this diffsoet soergy yield wech
z loss in sysiem and medntenemce Thos peper will investzaie and meveal all aspects to
amalyze the performance mibe Momower, the compariion of all detedls fom o
mamiacture P medulss will be fally dizmussed @ this paper

Keywords— Parforosmes: Anabysis, Pely Cosalln PV Modules, Comparison Analyis
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This pl.p-i.l:]:ln-.-a.n.l:.ﬂ:.n b azalbysis of | MW PV powear plant foms postton mwallxtion
o trams Sormer TR and izverter (04V). From the sslecsd 1MW PV powsr plazt, it kas besn

found that the tramsfomeer and invarter are msfalled vary closed to the road m PV power
plan o fo tha upmmmdmmmqmmTthaﬂnm loseas I the PV power

plant can be calonlyied from sach component of the rysters Insallxtion mch 2 loss oo
table meadstance betwesn the temsformer and inerter meieding combiner bomes. Cable
diameter 95 mm? had boeon wed i this PV power plant The calculatud loss from the
insfallation positicn of Tansfoomer and irvarter was 16 53 KWhywar The calcelied loss
by optimization techniqne for inding oot the low pinimivation for newr fansfmmer and
imverier installation position i the PV power plant was £ 85 kWhrysar. Using optiomme
techmiqne an redece energy losses for 52 18 « Tis optimivation fechniges cam save
szargy and intalaton cost approxmeatly 230,000THE. This sidy & wary mefnl to
dutermying the best poaiton of TR and NV for constrection the P power plant

Keywords— Clons amabyeis of PV power plant, position of transformer and inearter,
Oipiimization Technigos
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Abstract

As elactric powar consemption i Incmeaing rapidhy des to the world sconery growth
matio, therefore, the PV rooftop i promisimg the best wy of power compansation for
houssholds and indwstios. Thds papar pressnts performmncs anabysis of a large scale LMW
PV Rooftop in Mae Kloag, Thailand The selected 1MW PV roofiop was consimacted nsing
tane nvertars of 500 KTV and the sysee wos instlled on tare sides of mdnstiry s roof in
opposite tide accordingly to angls of the moed From one year operaton, it foend that &e
diffarwnce data recorded from power output of imesstar mo | and Tosetar mo 2 are different,
the inverier no. 1 wes 7446 267 MWh and the imeerter no 2 was §5%9 541 MWh The powsr
oubat is significantty effected by roof angle. As the onsatation of roof was not £if to e
azimmath angles, tharfoms this shudy will imrestigaie the naal implemestation daty to anahyris
the peformamcs of the PV rooftop system The paper will reveal all aspects and detazls
Momovar the comparison of powss cufput from different roof angles will be fulky
dusczibed in this paper

Keywords— Large Scals PV Eooftop, Parformance Amabras, Roof angle Effect on PV
roofiop
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An Investigation on the Total Power Loss Equation for a Large
Scale PV Power Plant

Rungphet Kongnok and Boonyang Plangklang”

Yoar

Abstract— This paper presents an investigation of the total power loss equation for a large scale PV power plant. The
relation of the actual power loss and the generated power is determined to be used as the total power loss equation in
this study. The actual measurement data were taken from a 6 MWp thin-film PV power plant. The determination of the
total power loss equation of the PV power plant was derived from a linear fitting curve between the actual power loss
and the generated power. The total power loss equation, i.e. y = 0.0597x + 3.4908, with a variance value of about
0.9463 was obtained. The comparison between the actual total loss and the calculated result of the total power loss by
using the investigated equation was conducted to validate the total power loss equation. By the measurement data, the
total power loss of the PV power plant was about 6.44% of the generated power. The total power loss taken from the
investigated equation was less than the actual total power loss by 0.06%. The comparison result confirms the validation
of the investigated equation. Therefore, the investigated total power loss equation can be used to verify the total power

loss of a large scale PV power plant.

Keywords— Large scale PV power plant, Total power loss, Total power loss equation.

1. INTRODUCTION

Nowadays, renewable energy is being used extensively
in the world. Examples of renewable energy are: PV,
wind, biomass, and biogas [1]. Renewable energy is a
valuable alternative energy source in the world because it
can reduce the level of carbon dioxide emissions from
traditional energy sources and has a low impact on the
environmental effect [2].

Many researchers have investigated the optimal
condition in the investment cost, energy management
control, how to find a high efficiency of the PV power
plant installation, and the effects of design and
installation problems [3, 4]. The impact of PV power
generation was delivered in many cases such as power
soiling loss, mismatch loss, array incident loss, light-
induced degradation loss, the effect of humility, aging of
long-term degradation, maximum power loss, inverter
loss, transformer loss, ohmic wiring loss, respectively [5,
6]. Therefore, a PV power plant needs to be designed in
optimal condition to reduce the loss of the system. Many
methodologies for reducing the loss of PV power plants
have presented using water spray on the surface of the
PV panel as a cooling technique to mprove the
performance ratio (PR). Still, the operational costs are
high [7-9]. The power loss data are a critical factor in
designing and estimating the performance ratio of the PV
power plant. However, conventionally, the system power
loss data are evaluated by a simulation program to find
and investigate the power loss equation of the PV power
plant. Even in the present, there is still no actual data

R. Kongnok and B. Plangklang are with Department of Electrical
engineering, Faculty of Engineering, Rajamangala University of
Technology Thunyaburi, Pathumthani, Thailand.

*Corresponding author: B. Plangklang; Phone: +66-2-549-3420; E-
mail: boonyang p@en mutt.ac.th

50

from an actual PV power plant [10]. In general, the real
power loss data of the PV power plants are difficult to
collect or determine the mathematical equation.
Therefore, this paper aims to investigate how to manage
the power loss and to investigate the total loss equation
for large scale PV power plant. Furthermore, actual
measurement data from a large-scale PV are collected to
determine the total power loss and to develop a
mathematical model.

This paper is organized as follows: Section 2 proposes
the PV power plant theory. The conceptual design of the
PV power plant is presented in Section 3. The PV power
plant installation and measurement data of the PV power
plant are shown in Section 4 and 5. Results and
discussion arc shown in Section 5. Finally, Section 6
presents the conclusion.

2. PV POWER PLANT THEORY

IEC 61724:1998 standard was used as a reference to
investigate characteristic parameters of the PV power
plant. The characteristic parameters consist of energy
efficiency, specific yield factor, and performance ratio
[11]. Therefore, the cquations used to analyze the
characteristic parameters of the PV power plant are as
follows [12].

2.1 The energy efficiency of PV power plant

The energy efficiency of PV power plant is related to the
clectrical energy generated by the PV power plant at a
certain point of time and solar energy to the position of
the surface of the PV panels. If we consider a monthly
energy cfficiency of the PV power plant (nM) is
computed by Equation (1):
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B
e = k:ly, (1)
SxZ(Gapt )i

where 7 represents the days of a month. Ep represents the
total of electrical energy generated from PV power plant
in the day (Wh). G, represents a total of global solar
energy falling during the day on a square meter of PV
modules (Wh/m?). § represents the total of surface area
of the PV array in PV power plant (m?).

2.2 PV plant-specific yield factor

The specific yield factor (¥}) is related to the electrical
energy generated by the PV power plant and the total PV
modules installed in the PV power plant. The PV power
plant specific yield can be computed by Equation (2).
P EAC,OIJI (2)

=
Pmax,STC

where E4cq. represents the electrical energy generated
by the PV power plant and transmitted to the power grid
(Wh). E,a s7c represents the total installed power of the
PV modules (Wp).

2.3 The performance ratio of PV power plant

The performance ratio of PV power plant (PR) is related
to the PV power plant specific yield factor (Y¢ ) of the
PV plant. The reference yield (Yr) can be calculated
with the following Equation (3).[13]

PR=-L 3)

where Y represents the specific yield factor. Yz is a
reference yield of the PV power plant.
Meanwhile, the PV power plant reference yield is
computed by using Equation (4) as follows:
2
G, (Wh/nm)

&7 1000 (W/mz)

@

where G, represents the total global solar energy falling
on PV modules per one square meter in the PV power
plant.

Generally, the PV power plant is related to the system
performance with total losses that result from
degradation, pollution, from environmental and
physicality of the system (wires, inverter, loss on
conductor and loss on transformer)

2.4 Mean absolute percentage error (MAPE)

The MAPE is adapted to solve the difference between
the investigated formula model and real measurement
data. The difference in real measurement data and the
investigation formula model is a problematic discussion
in the proposed methodology. The MAPE needs to be
minimal and close to zero so that it explains a little data
change or close to the real data estimation as Equation

G [14].
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MAPE(%)="1x >
n

t=1

4-F
4,

x100 3)

where, 4; represents the base case, F: represents the data
from the test case, and » represents the number of test
data.

3. CONCEPTUAL DESIGN OF PV POWER
PLANT

Design of the large-scale PV farm power plant needs to
find the capacity of PV sizing installation and all
components such as the PV type, the inverter type, the
power rating of step-up power transformer in the PV
power plant, and the location of the PV power plant.
Then, the pre-designed PV power plant is selected by
using the PVsyst program for simulation, as shown in
Fig. 1[15].

[ ]
e & ecthr e syston

Proliminery design

Fig. 1. The PV simulation software.

The details of the PVsyst software and the input menu
for the PV power plant design are shown in Fig.1. This
project was a design of the 6 MWp PV power plant with
six substations. Each substation consisted of one step-up
transformer and two inverters. The rated power of each
substation was approximately 1 MWp. An overhead
power cable and an XLPE high voltage underground
cable were used to transfer the generated power to the
main substation via a control unit using medium-sized
switchgear.

The simulation results via the PVsyst software are
illustrated in Fig. 1. The total generated energy of 9441.7
MWh/year was obtained from the simulation result. The
8927 MWh in March was the maximum generated
energy, while the 690.5 MWh in September was the
minimum generated electricity. The average yearly
performance ratio of the PV power plant is 0.845. Also,
the simulation results were used to investigate the
equation of the generated power of the installed PV
panels.
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Fig. 2. A data report from the PV simulation software.

4. PV POWER PLANT INSTALLATION

The 6 MWp thin-film type PV farm was considered as
the large-scale PV power plant in this study. The PV
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power plant was located at Hua Wa, Si Maha Phot
District, Prachin Buri province, Thailand. The location of
the PV power plant lay between latitude 13.9 N and
longitude 101.5 E with a tilt angle of 17 degrees, as
shown in Fig. 3. A single line diagram of the PV power
plant is illustrated in Fig. 4. Furthermore, the
specifications of the thin films PV module are illustrated
in Tables 1 and 2, and the specifications of the inverter
are shown in Table 3.

Six of 1,250 kVA, nominal voltage 22000 - 315/315
V, oil type step-up power transformers were used in this
PV power plant. The ventilating system of the power
transformer is ONAN, and the vector group of the power
transformer is Dy11y11, as shown in Table 4.

Fig. 3. Location of the PV power plant in Prachin Buri

province, central Thailand [20].

PEA
2%V
PCC

SF6 Load Break Switch (LBS)

A

HV 224V o

Dis connec ting Switch

®S) A
PQM  HV 22kV 4’_’____—_—_.

Switch Gear (SF6)

HV 2%V
Drop-Out Fuse DF)
Power Transformer

2AVABVAEY
Dyliyll

ACB -F ACB -F
Inverter |ac Inverter | ac,
S00kW DC S00KW DC

CB CB

6x PV Thin fim Panels

Fig.4. Single line diagram of the 6 MWp PV power plant.
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Table 5. shows the rated current of XLPE cable with
copper conductor, and the rated voltage at 0.6/1kV. The
maximum temperature of the conductor is 90 oC, and the
ambient temperature is 30 oC in the ground or direct
burial.

The 6 MWp of the PV power plant was divided into
six of sub-PV power plants with 1 MWp power rating.
Each sub-PV power plant consisted of two inverters 500
kWp connecting to a 1250 kVA power transformer and
connecting to the power distribution system of the
Provincial of Electricity Authority (PEA).

Table 1. Specifications of thin-film PV panel size 125 Wp

[16]
PV characteristics (STC) Value
The maximum power (Ppax) of PV
module at STC ke
Open circuit voltage (Vo) 597V
Short — circuit current (Is.) 337A
The voltage at the point of maximum 455V
power (Vi)
Current at point of maximum power 275 A
amPP)
Module efficiency 8.9 %

Table 2. Specifications of thin-film PV panel size 130 Wp

Table 3. Specifications of inverter S00MX [17] (cont’d)

Inverter characteristics Value

Maximum PV input current (4) 1220

Maximum DC short circuit current (A) 1460

AC output of inverter

550kVA @ 50 °C,
AC output power

500kVA @55 °C
Maximum AC output current 1008
®
Nominal voltage (V) 315

Nominal grid frequency/Grid

I 50/45-55, 60/55-65

THD (%) <3(at nominal
power)
DC current injection (%) <05
Power factor at nominal >0.99/0.8leading —
power/AdjusTable power factor | 0.8 lagging
Feed-in phases/Connection
3/3
phases
Maximum efficiency/Euro 99.0/98.7

efficiency (%)

[16] Table 4. Specifications of 1,250 kVA, Step-up Transformer
18

PV characteristics (STC) Value o
The maximum power (P} SfDW e Transformer characteristics Value
module at STC . Rated power (KVA) 1250(625/625)
Open circuit voltage (Vo) 60.4V Frequency of transformer 50
Short — circuit current (Ie) 3.41 A Hz)
The voltage at the point of maximum 461V Primary Voltage (V) ey
power (Vipp) : Secondary Voltage (V) 315/315V
Current at point of maximum power (Inpp) | 2.82 A Maximum short circuit rate —_—
Module efficiency 93 % kA '

Phase (¢#) 3¢

Table 3. Specifications of inverter S00MX [17] Tapping +2x2.5%
Inverter characteristics Value Vector group Dyllyll
DC input of inverter Noise level <59dB
Maximum voltage PV input (Vinax) 1000 K Teaiig (1)'2955011;\\}};&;?576523)
Minimum voltage PV input/Startup input
460 - 500
voltage (Vimin) T aiise 4.75 kW (base on
" 625k VA at 75°C)

MPP voltage range for nominal power 460 - 850
%) ) Transformer step 5
No. of independent for nominal power 1
PCs)
No. of DC input (PCS) 6-8
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Table 5. Specifications of XLPE high voltage cable [19]

2 conductors 3 conductors
Size Single or multi-core | Single or multi-core
(mm?)

6 54 (A) 47(A)

10 TI(A) 63(A)

35 150(A) 132(A)

95 271(A) 238(A)

150 355(A) 312(A)
300 543(A) 475(A)

ACTUAL DATA MEASURED EVERY 15
MINUTES ALL 4 TIME PER HOURS AT THE
PV POWER PLANT

In this study, the actual data at the PV power plant were
collected by using a digital power meter and real-time
monitoring of the PV power plant. The actual data were
collected from the combiner boxes, the inverters, and the
power quality measurement (PQM), respectively.

(b) Clamp meter

(a) Power meter

Fig. 5. The Measuring devices used at the PV power plant

(d) Common positive
and negative

\ Jd
(c) PV string combiner box

Fig. 6. The measurement position at the PV power plant

The measuring devices used to measure the actual data
are shown in Fig. 5, and the measurement position to
measure the actual data is shown in Fig. 6. The actual
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data were measured at the combiner box under the PV
panels - all combiner boxes were connected to the input
of inverter by using XLPE underground cables in
nonmetal conduits. The average distance between the
main combiner box to the step-up power transformer in
the powerhouse container was about 200 m. The wiring
cable distance from the PV panels to the sub-combiner
boxes was about 50 m. The length of high voltage cables
to the medium voltage switchgear was about 800 m, and
the distance from the medium voltage switchgear to the
point of the common coupling (PCC) was about 600 m.

6. RESULTS AND DISCUSSION

The data collected from the power meter and real-time
monitoring were analyzed in each part by computing
from the sub-combiner boxes backward to the PCC. The
characteristics of the generated power from the PV
power plant vary with the solar radiation time. The
complexity of the system and the limitation of the data
collection point from the measurement process affected
the accuracy rate of the proposed methodology. The
single line diagram of the PV power plant, as illustrated
in Fig. 2., can be used to find the indirect power loss as
shown Equation (6). Six parameters related to the total
power loss. Furthermore, the linear fitting curve of the
total generated power at the PCC is shown in Fig.8.
Thus, the total power loss equation is revealed in
Equation (7). The variation value of the power loss
equation is 0.94363.

Loss,,,,; = Loss,, + Loss ... + Loss,, + (6)
LossTram \" Lossbw:rchﬂear i LOSSVSPP

Loss,,, = 0.0597x+3.4908 M

R* =0.9463 ®

Equation (6) represents the total power loss in a PV
power plant (Lossz..) consist of PV panel loss (Losser),
combiner box connection 10ss (LosScombiner), INVerter loss
(Lossmy), transformer loss (Lossrams), switchgear loss
(LosSswichcear) and  VSPP  system loss (Losspsep),
respectively. R is the variance value.

The generated power from the PV panels was collected
at the combiner box and transferred through the
inverters, a step-up transformer, and a high voltage
power transmission line. The actual power loss in each
portion directly affected the reduction of the generated
power of the PV power plant.

The generated power from the PV panels through the
combiner boxes on the measurement period is shown in
Fig.7. As illustrated in Fig.7, the maximum generated
power of 5,432.25 kW was observed on 72% period.
Meanwhile, the total system power loss of the PV power
plant measure at the combiner box obtained the
maximum power loss of 314.57 kW at the same
measurement period of the maximum generated power.
However, as shown in Fig.7, the generated power and the
total system power loss show different values along at
different periods. The actual system power loss increased
with an increase in generated power.
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Fig.8. The linear fitting of the total generated power and the actual power loss of the PV power plant.
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Fig. 10. A Comparison of the actual power loss and the calculated power loss in percentage based on the generated power at

the combiner box

Fig.8 illustrates a linear trend of the relationship
between the actual system power loss and the generated
power can be observed. Direct fitting technique was
applied to determine the linear equation of the total
power loss and the generated power. The equation (7)
with the R-square of 0.9463 is the fitting result meaning
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that this equation can be accepted. Thus, this equation
can be used to estimate the power loss of a PV power
plant and also make it easier to find the generated power
loss too.

The comparison of the total actual system power loss
and the calculated power loss via the investigated
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equation is shown in Fig.9. As illustrated in Fig. 9, both
data seem reasonably close. Furthermore, by using
MAPE, the comparison of the analysis results from the
actual measurement data and the results using the
mathematical models in equations (7) was made. It was
found that the error was approximately 29.5559%.
However, the system power loss increased with an
increase in the generated power of the PV power plant,
but the total system power loss per generated power
remained at about 6.44%. It should be noted that the total
power loss of the PV power plant calculated from the
proposed methodology can apply to another case.

The comparison data between the actual power loss
and the estimated power loss in percentage based on the
generated power at the combiner boxes is shown in
Fig.10. During the start-up and the shutdown periods of
the PV power plant, the total power loss is higher than
the generated power because the generated power from
the PV panel is less than the total power loss of the step-
up transformer. The average actual power loss is 6.44 %,
while the calculated power loss is 6.38%. Therefore, the
average calculated system power loss is less than the
actual system power loss by 0.06%.

7. CONCLUSION

The results of this paper indicated a possible successful
investigation of the total power loss equation in the
large-scale PV power plant based on the actual
measurement data. The power loss equation is a linear
relationship between the generated power and the system
power loss of the PV power plant. The validation of the
investigated equation was done by comparing the actual
power loss and the estimated power loss from the
investigated equation. The investigated equation can be
used to calculate the total power loss in the large-scale
PV power plant. A comparison of the actual total power
loss and the estimated power loss showed a similar trend
with the generated power even though a difference in the
data could be observed. Finally, the comparison between
the actual system power loss and the calculated power
loss in percentage based on generated power at the
combiner boxes was made, and it was found that the
average estimated power loss was less than the actual
power loss by about 0.06 %.
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Jilm amd podverysialime PV power plants were studied. The smwlation reselis dhe dhree years actwal
ooliected dma were analyses owd compared. The PFoet program was wred &0 amulese the
performaence rane (PRI and energy prodivetion. Alse, the net present walve (NP was ailo woed @
analvres the economic efficiency. The sweuidriion reswlty showed thar oy the case af dun=fim PV
pemels, the energy production e de begreung vear was Aigher thae the acrel colfected datr. O
e ather fed, & e case of polvonestalioe P penels, S energy prodiction war lexs than the
acne collected dega By the long term eoonomic gfffcrency, the remits showed thar the effciencr
of podverysialime PF panels was better than thar of then<film PV pamels. Therefore, the obimined
resulis from fws work may be used as a guideline for decreon fo snest mobrey m de PF power
pilcrer e the fisteere.

Eeywords: Thm-film PV power plant, Polyeryaliine PV power plow, Performance ranio (PR)

Ner presers value
Nomenclatares 55T Solid st tramsformes
T Imerter time conoect to the grid of FEA
- Repayment cash Sow per year TGVI  Toal nl-mlmg.rmmmﬂ
ABS:  Alermatng smargy wources U Thormal less Esctor
":M ..I;m:r mhrﬂmf:{r: amal e PV comstamt alemant
O T :

CUF  Commulatve sty facjer A ,‘:‘:I;:f * “.““‘“’P:_;Twim
EVA  Etiylass vimyl acetane Vo Open circuit voliage of PV pans
Eur AL anerpy of PV pemarated " Tramst piln.-i-
Ere DT enargy of PV produced per capacity af PV b

imtallation
Eam AL soergy connecisd to FEA
Epv Enmwnfﬂ: gananted - L Imtroduction
Eur E;Huﬂ!:mim Lk ledml - The sclar anergy it known as 2 soures of clean anerey.
E. Enargy of PV gerncrate per mafaruncs vishd P teckmolegy is nsed to comvert solar epergy into electric

capacity of PV mstallaton anargy. Subiequently, it becomes widaly wed worldoide.
FEANWN Feed Forvard Argficial Weomal Wemaodk In Thailand the governmwent s sepported the wwe of solar
Gee  Imadiance in STC staadend condition sasrEy since 1852, Therw ars many PV mchnologics that
GLP 1Gross domastic product ke besn meed. including meosocrystalling silicen EW,
i Light anglo en P panal pelyorysaliing PV and thin-film PV The smdy foensed
n Mumhar of years cm the perfornmnce and sconoesy of tweo teckmo logies, the
NPV Net preceat vahw polyoystalling and the thiz-Elm PV, in § MW PV powrar
Fre Cabls powsr Loas plant Tho sidy predicied the imwstmont cost under
P PV module’s madeam pewar cozfract with Tha gowernment in 25 yeam. Theze ame
FEA  Provincial 'Wm?m‘?'-‘fw mamy ressarches, which have peblished and imvolved in
P Fomina] power loss late rane evaluatng the PV power plant performance in fhe past.
ﬁ f};ﬂﬂfmntmwhns Mamy ressarches considar related Sactors mch 2 installed
R P‘rq:lmm'h.u-nmnlt'"i.’_,-'l_,atﬂﬂ location, .u':l:mmnnm and P". technclogios. T]nnm
RE: Fanewable . =114 m-i:nfc-nﬂl-;s.}ﬂmnlhup for stamd-alone PV with
AN E\\tmn.n’.l.l:l:l.:imrmhi-:-ﬁn] a powsr wze of less than 1EW/day. The smdy result
g, Colar i fiarinn oz surfacs arsa of PV panal showed that it could bs nsed for fwo day: oo 2 single

chargs This desizn was suitebls for low ncome peopls

SFP Solar photovoltaic plant and remota area that canmed reach basic alectrical vystanss,
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Therufors, the wee of tatisies to store sosrgy could help
the system to gain the system refable [1]. Furthemmoze,
the gquality cootrel of selar powwr uwsing wolid state
tmnsformer (S5T) contibmies to the stability of the
alectrical system [3-4]. The PV syviems were also used o
ilbeminaty the roads to mintmivg the costs [5]. The soarmy
storps syvhems were wied to achiews good perfermmnce
of the P powrar systema [§]. The location affect of tha PV
powsr plant in a radial distoibeton sywem could reduce
total power loss by determuining the optimal positom
inst@alhtion of the V" power plant. The opticrem position
of the PV power plant was the langth of §7.25% frops the
sebstation. It conld decreass the optinal power loss of the
mid [7]. Most of the PV power plaxt installed oo the
mound 2nd roofiop with some PV powsr plant wem
installed above water [8-%]. The poteotial of the PV
fioating is difforent from the PV on-groend type [9] The
apargy produced depends on the emvircomental of PV
ficating powser plant A study of parformancs amabysis of
a 25 MW PV powsr plant in India from 3015 to 2017 was

sipvalated msing the PVnyst progmams compared to the
caleulatiom with Excal It was found that the solar power
plant had a similar decreass In perfnmmancs i the 74-B0%
range 2nd had a cumlatees utlity facter (CUF) of 16 -
4%, mespectively [10]). The pecformancs comparivon of
thin-film PV with that of monoorystalling PV panels. It
was foend that pufomance of thin-8lm PV was better
than monccrysialling PV pansl [11]. The effect of climate
and location has prevented the performancs of the difennt
PV pes. The degradation mse of thin-fitm PV panal was
]uwn'j.ﬂﬁmrlj'-l}]“i_l:-'utrlﬂ of polycrysialling panzl
was i the mange of -0467% to -0B3% [12] The
prslimmary amabysis showed that the parformancs of the
thin-flm PV pazmeli was highor than that of tho
pobyorysaliing P, Heoaever, it takes up etallation mom
tham the psemocrystalling and polycrpstalling solar panals.
I'nrm:-mn'pi]'-".- pansels using e ethrylene-vinyl acetate
(EVA) coating ox cells when considered in dry climades,
it found that the performance decrsased by 2.22% par
wear. hlsamwvhile, the PV monotyps rednced troken down
by 4.57% par year. The EVA coating wes beber to mse a
solar pane]l with EVA for better performances in dry
conditioms [13]. This solar panels teclmobogy approach
could make powsr plants more prodective with capacity
readingss index indicators fom less damaged pansls
increaing production cppormmities. In this smdy, the
proposed methed wa mwed to compam the pomer
genarating vahe fom the mal-tme measurement and the
prototype model from system adviser model (SAR)
analysis. The mesults showsd that the actml producton
valee was higher than the prototype medel svaluated
vabee. From e siody, it wes found that the mes
inflnsmcing facior was the sen’s mdiaton iveosity. The
e of the pvodel is saifable for thie inithl estication of the
prodnction capacity [14]. To amalyzs the parformancs of
the PV power plants, it is important to know the capacity
of the power plant to assess the pobential of the power

Caprright © 30T Frate Woriky Frize Srd AN rightr reserved

plaxt. There was 2 mssarch precented the Feed-Forward
Artificial Newral Netwerk (FFANN) with rapdd
forecasting methed was weed a5 the ponciple for the
parformancs prediction of the PV power plant. The big
data was nsed to analyws, whilst the remit of sinvelxtions
coveld predict the capacity of the PV power plamt [13].

Provicen ressarches kave condwcted most of tho
parformance shudies of the PV powsr planks in moany
conditions. They sudied ender differunt conditions such
as location, environmsntz] factors, delegation factor and
P panzl techmologes. The parforeance studies are based
o e simmlation prodection dafa and the power
pensaration actual production data.

Theredore, thers is stll a back of articles on Imsatnea
iz, break-ewen point and payback period for the large
wals PV powss plant. In this article, we interest these
topics. This article stedied and compared two PV power
plaxt technolomies: thiz-flm PV and the polyorysmlline
P The study meanlts wers described in the mext section.

I. Fundamental Theory of PV

i1.§ Performance of PF Power Plov Sysiem

The parformance of FY powsr plant refemnce follows
ICE stamdard code IEC §1724 [16]. This can be calcnlaed

by aquaticas (1) - {4):

'l:l-l
B Ny {1
L
F:--f; {2
Ey- (3
.D'l i
PR==iC @

“Ir

TWhare r- repressats the DO sosrgy of PV produced par
capacity of a PV installation (EWhEWP)L Frv reprecents
the sosrgy of PV pensrated (EWh), Erse :'qnmﬁﬂu
maripvemw capacity of a PV installation {kWp
Tepraaats the soergy of PV gemerate per refsence ]ul.d
capacity of a PV J.us-'l:ll.a'hen [l:'ﬂ.".h.'k":lr]::l. Fe Tuprecents
the solar Tradiation ca the warfacs amea of PV pansl
(kWiza®), (7o represents the iradiancs in STC standard
conditice (AM 1.5, 1 KW/ at 25 “C), Exr reprecents the
myﬂﬁpﬁrcapanﬁfﬂ&nﬂ'imﬁlhﬂm
(EWh'EWE) and Er repoessnts an AC emergy of PV
manaraied (KWE).

W12 Loss Effect in PV Poeer Pl
The wnsegy gemeration fom PV powse plant i divided
inte two parts oamrel effect and the PV system
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insmlbidon The mataral effects are the position of te w=n
conssts of a PV moduls, inverter, transSormer, cable and
insmlbton method. etc. The energy from the PV poanar
plamt ws commecied fo the: primoary g1id and caloalated oy
wiquation (). This ensrgy is the benedit of the powsr plant.

Eoo =V, T L&)
where Faer represants the AL szargy connected to the
main grid (KWh), V- reprecents the AC voltage at mmarter
aratput { V). {4~ repmusents the AC 2% inverter output (Aj,
and T represents the tims of invertsr connected to the madn
g (hour, b

T PV pomrar pilamt has moasy losses, which affect the
paneration of eoergy. They are the PV beat loss factor,
obmic lows, and the armay moidence lows. Tha loss effecs
are showm in equations (5) - (8).

The PV heat los: factor is the loss of PV amay
therpeal, 2q chewn in equattes (5]

Uall, +l (61

whare {F reprasants the tharmal loss Sctor (W mbk), 1l
mepreceats the PV comtant elament. and v repmseats the
wind speed (m'y)

The chmic loss factor is &e loss of cable Danllaton
in the PV powrer plant. The chestc loss s considered under
the standard condition at 1000 W/m' and temparatare 23
“Z. The proportion of the cable power loss is comsed oy
cable msistancs (F-c) with nopsmel power low late ram
{Fess). Tha loss is shoan in Bgs. {T) and (E).

Be=B I 5
P_-R_-L ®

where [« eemesents e short circuit coment of P panel
{4, B sy, repmasents Se total resistance of cable wsed{n ),
Fag Teprasants the voltage at mesdmnm power point of P
panal (V), and R..., repreceats the proportion of V!l
at STC {01).

T arrary incidenss loss (AIM) is the light affect from
the sem angls i=m a day. AIMY offect consists of sclar
imadiation transfeered, and reflectom betwssn o
transiuicant materials folloared a theory of Fremal's lawe.
The AIM can be compated by squation (¥).

1
cosdi)
where [ represaats the Lght angle oz the PV pamel &

Tepreseats the coating laver of the PV panal
In addition to the preceding, there are other lowees,

Fopm L—.l;-,.r -1'| )]
L &
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location, season, mumbar of darys, redning and loss Som the
Imoeaies, @b,

M3 Aty Method Theary

The anmuity method ic the bais of cash fow
calculations. This mxthod commenly nsed fwo fomn
comust of sktic mothed 2md dynamic methed The
dynamic azzmity methed caz show cash How mere than
the static anmoity method. The electrical system is
applying the azemity mwethod for calcelation azmmity cost
by seres mepayment. The remi datz of caloubbon is
matched with the avwrags of anouity cash fow.

ﬂ'—_iﬂ’]:"m {1
[Q+iy -1j

whears a reprecents the repanymeant cash fow per yuar, M

represents the mat present value, ! represents the interest,

and o reprasents the zumber of years.

I Methodology

Frvs topics in the methedology wers proasanted. There
are PV pomer pla=t locations, the information of
sgupment = PV poawr plaxt, single bne dagram, the
datail of PV poarar plant and ecomomics dam of PV pomar
plazt, respactvaly.

WA Loomon of PV Power Plars

The PV powsr plamt site was located at Hoa Wa
smbdistrict, Si Maka Phot District, Prachin Beri provinca,
tha cantal part of Thailand It is located on e LaStude
13 B9 and leogimde 101.45E The thin-Sle PV type
power plant and polyerystalline PV type power plant were
wved for cases stadied. Both types have the szmoe size of §
AMWp.

Fig. 1. PV powss plazt [17]

T2 Sindy an Epuipmens fnsteliston
The main eguipmsnt wed in the PV pomwr plamt
comuists of a cable, 125, 130, 310 Wp PV panals, tnvertar,
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and transformser. Tha device ks e following detadl, as TAHELE IV
shown in Table O-IV. Thess equipment details were used TRk ACTERETES (F POl Y CR vaTaLL e P Fasm. oe 110 We (3TC
for the: cost estimation of the PV power plant. 12

TAALE 1 Pelveryialline charscierisics deisi b Wl

CHARACTREBTICS 0 XLPE HiGH VLT 408 Camle | 18]

PV medule's maximam, poswer ¥ G
The oot e & The currerl mate of 3 i . , Pes) L
conduciors englend coedicion: singlc and Cipen skt vk of PV pesels (V) 4530V
Berfas Uil —coee |4 ol e JAL Short — crous cureni ol PV pand (1) HES A
e (e} i The woliage ut maasmaes poswer pd (Ve 20
= Clorrent wl maxirmuen posesr poisd (L) HEE A
_ Forweer elfoct cormpion with Loy ) 4]
Mo- & L 47 The cfEcency of medule PY (346 L% ]
B - 101 71 &3 FV panel dimession {1 2 Wz H, =) | 30enFl I &
Bar- X5 150 133 FV panel weigh (kgi F.
Bin- 95 27l i
B 155 355 E3 Tahle IV is the chamcteristc of 310 Wp polbvenntalline
P\ panals weed in the PV power plant.
n - WO 43 475 F

TABLEW

Tahils T sk he e and methed med in PV [ VERTER CHARACTERIT IS OF S00MD [21)

i i Tnwericr chercirmistcy dotail Wahse
I it
TAHLED Faated mazmmum vakegs (Vo 1030

CHARACTRRISTICN OF THEY — Pl PV Pasml oF 125 We (STCH]

Fmiz peration mpel volge (Vo) S50 - 500
Then iz cham=iormiizs desile Valer BT mnge of vollage operaton V) 2540 - RS5O
Tokel 1T tmpuad (PCE) L]
PV medule’s maxamum poswey (P . )
) ) . " ) 25 Wp et crsreni et mic (A i
e il V) T Shor croui curm | macisan mic A 1460
Shart — croui cermend of PV pand (L) 147 & AL sy I
. : VA @
The woliage s maxamams powsr pod [Vl AN il e 0 kYA 3 35T
R . Moo armro (A 1
Cormend ol maximun porwe poist (L Ee L Mpmrriaal e (¥ 118
:tﬂme -u:'m AT 124 Bl Sequoncy et Szquency (H sty
T P d [ 3 < i
- —l;—ﬂ:qru . -::-.rr; " aun o g s (THT 355 3Iur:ar=r-.
el Smemion (L2 W2 MR 00T el prswer Bt ket table power £ 40 Bt —
Y | weigh (k . St 6 g
panel weigh kgl iy A ) 'ml-mﬂe
T E Mo alicioncy shedasd Foropess ) 9907067
CHAR A CTRRISTICS OF THEN — Faa PV Pacmr o 130 We (T ) 149 TABLE VI
Thin-film chaacicrisics demils Ve CHAR & CTERIATES -:rhaiﬁlﬁﬁrmum WITH S17E o | 253
P madule e powst (Pow) 130 % Tramivrmer characieristics dois] Vales
Open cruit vialtage of PY el (¥l Ry Trasformer rude power (kWA 1250 (S8
Sheort — circasit perrent of PV pand (L) LATA Trunsfonmer frequency (Hal 50
Fn Vodiage (V) TG0 W
The o liage ui xS poser por (W 1Y - "
Secondery Veltage (W) 158315V
Commi o mmimm o i () IR A M shiorl cinoit e (ki) IR 18 kA
Frewer cliact puaicon with Loy [ " ] 534 Trunsfonma phas: (# 3
The elEcency of PV panc (%) 30 Trareformer Lgpng 2t lg
FV panel dissession {I. 2 W = H, =) T D0 ae T Viecior guep Tllyll
PV pan] wrigh (kg 4 o bl < 3 di
By bomad Booen (5 L2SORWA, 750 O kW
Table IT showrs the chamaciertics of 115 “'-]:I thin- Silm O hosd foen c-gufhv.q_‘ Ty FREI
P panzls, and Table I shoars the charactenstic of the _ .
130 Wp thin-flm PV panals meed in the P poarr plant. Trummefocsens sop
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Tahblo ¥ thoas the characteristic of imverter wize 500
EWp. Table V1 chows the charactarstc of the mansformar
sime 1250EVA

7.3 Simgle Line Dvagram
The single lizs diagreen shows the positiom of
squipment imatallafion in the P power plant The madn
squipment comsists of a PV pancl, imerter tramsdfnmmar,
and other squipmezt.  The PV powsr plant's anergy is
conzected to PEA at the point of copseeon comnpling (PRC).

Grid PEA 2T EY
. .

Lomd hreak
wirlich
Dese oLr=ong
siizh High woltsgs 2KV
o% ns
& = T st oesdiey & — Trambz-nner
1.2 kVA 1,250 BN A
12 - Imverier il 1 = B erter

KW

Than filrs Y copaciby
inrtpllad S 08 200 W

Fig_ 2. Singls dizgram of PV power plant

Paly erystal line 'Y capacaty
immiplleed 50 00 W

Two PV powsr plaxts vmdied wem boand = the same
ama. The irmadiation sverages was 17.80 Mym®. The thin-
film power plant wwed s 24,000 PV paxels, 125 Wp and
23,040 PV panals, 2=d 130 Wp. Tha totzl capacity of the
powar plantwae 5,955 20 Wp. The power plant arca nsed
56,083 m®. The pelycrystalline BV power plant msed was
12,5341 PV pansl, 310 Wp. The total capacity of the power
plent was 5596000 Wp. The power plant amea was
covared by the 34,491 ot

AT 4. Detan! af PV Power Plow

The mstalhfion cost is the fotal cost of the P poarer
plant. The detail of the installation cost i shown in Table
VIL
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TARLEWIT
DT sl AT Coa oF PV PoweR PLase
P P syt price (51 Lifetime
Tinfln  Poyoptalies 0
Land £, S 41175 %
Bicmd & wall 78, 1% 35 11 1%
Wire end fube I8, Th SR %
PV sinucioe B 34 5] & SRR 4RD 1%
:E:ﬂm E31,.T12 598454 10
dovsitiwighans 199 e 149, 485 01
EOCCNOTEEN
Wair T IR O0E 10
Liphizing profeciton 50,504 F TS 1%
CCTV sysiem 03,004 0,798 L]
Mbniiorng myxian v del | i k
Tnsslation cod FTeET 7,051 pLd
Ciperator & .
P s 002 206112 1
Sipre pard 5524 1%, 3 1
Toial coei TE LA EN RN

Tahle V1T showms the detad] of the incallation covt of the
P\ poarer plant. The thin-Glwm P powmr plant kas a votal
installation cost of 7.510,468 §; the palyoyshlline PV
powsr plant has a tofd instllation cost of 8032,077 §.
The total etallaton cost of 2 thin-film PV poarr plant is
letz than that of polyorysialling P power plaxnt, by about
411,610 %, on 3.131%.

TL.5 The Fronomvic Diwa of PV Power Pl

This stedy wwed the P power plant deta from the fr
year of &e PV powss plant opematon from 2016 1o 201E.
The data show the perforrmnce 2nd exargy degradation of
the PA" power plaxt. Tha price of soergy for sale to PEA is
Q1B & por | kWi the period for sales is X5 yoars.

IV. Resolts and Dizcossion

The soergy gansmtion fom PV powsr plants is shown
in Tabkls VIII from the year 2016 0 2016, The dxts wers
cozpared with the soergy geoeratico, which estmated
ming the Plsyst simmiation program [13].

TARLE NI
EXERGY CIESERATIR FRosd PV Posen FLasT
Srmuinbon (kEWe) Renl nergy (E'Whi
Thiz-Elrm Py Then-Jil= Foly
Smnce P cryatallize Y crptalline
] 1 TALETS DIAD, 153 ATIERT BORR T34
17 - - LRI ET0ITE
MR - - LT RATEIZT

Tabls VIII comapames the actzal total energy generation
mesults of the thin-files PV power plant 2nd polycrynalline

P power plant with the FVeyst simulaton prograzm
simubation reszlt The emeegy of the thin- flm PV
penaryticn in 2016 & 9718327 kWh. It v mom thas the
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anerEy from simmlxtion by 2.8 3. The soergy generation mspactivaly. Aleo, for the powsr pemaratiom of
of the ploy cysalline PV powss plant is 9,088,734 kKWh poelyoystalling PV powsr plants, the soergy gunsmation
in 2016 It iz lower than the anorgy from the sipelaticn by decreased by 2. 77%: amd 4.38% in 2017 and 201E,
L5 mespectivaly.

Moo, the comparison of the snergy for sach type The PV pownr plant installation cost was caloulated oy
of PV poweer plant in 2016 to 2018 is shoamn in Table VIIL sgmation {¥) for fnding the NPV of the powsr plamt.
For the thin-flm PV powwr plant, the sxargy gunsration TWhare it is equal to £% and the period i 25 yuam.
decreased by 1. 30% axmd 3.31% in 2017 and 21008,

TARLE [
Casie FLow Cotipas s OF THE TEs-FIL PV Poess LT BETwess PVSYST SD41LA TN WITH BT dl LA T PRETICTION
Than-Film P Pamal . Thin-Files PV Pana]
Fifcemey . Efficiancy
Yimr P o cond (o Iewtalniion cask Yoar . MWoywl cask flow Ineinllabion cash
o rece=ree (3] {Tarwr rocave (5 I:'.:I e (3] N peceres (3
il 105%% ] ] 13 RP 1421418 14635 (64
I AL 1580, 0} 1,445 547 14 P 1421418 1,463 064
2 AL 1580, 0 1,45 547 14 =i LAZ141% 14635 €4
L] 1 L5, 0rrd 1,645 547 15 R L 421418 1 4635 (64
5 AL 1580, 0} 1,445 547 (& P 1421418 1,463 064
5 AL 1580, 0 1 F45 547 (F 3 =18 LAZ141% 14635 €4
[ 1 L5, 0rrd 1 F45547 1% B L 421418 1 4635 (64
7 AL 1580, 0} 1448547 b ] R 1421418 1,463 064
] AL L5800} 1,645 547 | R LAZ141% 1,465 64
] A 1,580, [rir} 1545 57 ¥l Favsl L A3 418 1464 64
o AL 1580, 0 1,48 547 i3 =18 LAZ141% 14635 €4
] Birs LA 415 1,463 0Ea it} Rl L 421418 1 4635 (64
Ik Rirs LA31L40% 1,461 Ea ¢ L1 P LAZ1 418 14635 (64
TAELEX
e P i a1 O Tha Pl wis wirm il ) e Y Fosirs: PLawT Beremssd PV s sy S amics ST THST al L a0 PRETHCTICR
Efficiancy Bobperyatallime: P Panal 1 AL Polycrysialling FV Panal
Feur o] Pyl cach Morw Tnatsllabon cash Yiear {-I‘.ﬁ'i ° ¥yl cash o It bt camde
reocier (51 ferw remeies (55 = Y  —— ]
] [Le 1 1} il I3 B 1,536 055 L3131 861
I aFs 1 AT ATS I A5 01 1a Rifa 1515811 L %51 517
2 Dl 1,560 55T 1546 85T 15 EP 1,501 55 L 485374
(] Dl 1,544, 139 Taka 754 15 R (] LA TT.401
5 sl 1,636 060 1,652 TR1 17 R 1477 256 (e L]
5 Qs 1,633 236 JEA1E.EH 14 B 1465 01% Lasa 114
[ ars 1,411 5K% 1,900 2% 19 Bl 1452 770 | 440571
7 ars 1,590 340 1,506 3581 £} Bl 14401 537 LR ETY
] o 1,367 057 1,574 207 11 R 1,458 284 L4 AR
a s 1,575 454 1,562 1164 £ir) EF 1416.21% L4 711
81} QR 1,557 411 1,548 %00 15 R 14418 971 S ]
] QR 1,550,841 1,557 248 1a B 1,391,738 | ka0 424
Ik R 1,538 158 1,525 A 15 Bl 1,370 455 [ %
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Fig. 7shouws the PV performance of the thn- film P
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V. Conclozsion
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ion of 207,716,650 kWh and the polyoryutallin

ware 210E72270 kWh The thim-Slm PV
tes are less than the polycrystalline PV of
1962%. The comparative apalyuds baeed on mal data
showed that the szergy productica of the thin-Ble P
power plant kad 213,803,182 kWh and the polyorystalliins
PV oas 210,151 525kWh. From the mesults, it is evidenthy

Mamueript recetved ooy 20T, nestena! Sy X007

tha thin-Sle PV poweer plant cosrgy prodection wes mom
than the pelbycrysialline PV power plant of 1.708%.
Therafors, from the smdy and comparison of taeo FV
technologies based ca the actual data resaled that the
thin-flm 'V techmology is suifabls for slectizg to mstall
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Abstract: This article presents a five-year performance review of an early streamer emission (IST}) air
terminal lightning protection system for a large scale PV power plant in Thailand. The comparison
effect of a Franklin lightning protection system and the ESE lightning protection system was analyzed
for the PV power plant. The ESE lightning protection system was selected to be implemented
in the PV power plant. The capacity of the PV power plant studied was 8 MWp on an area of
150,000 square meters in the Nong Ya Plong district, Phetchaburi province, Western Thailand. A
Franklin lightning rod type was also designed to be implemented in this PV power plant. The
Franklin lightning rod type comprised 122 pieces but the I:SI lightning rod type consisted of only
11 pieces. The conceptual design of the Franklin rod type followed the standard of the Council of
Engineers, Thailand, and the ESE lightning rod type followed the NFC17102 standard of France. The
estimated cost of installation was a key comparison to select the lightning protection system; the total
installation cost of the Franklin lightning rod type was USI) 197,363.80 and the ESE lightning rod type
was USD 44,338.06. The lightning system was applied to the lightning arrester in the power plant to
provide good protection, in which the balance of the pole to the mounting position is required to
optimize the system performance. The result of the simulation also showed that the shading effects
of the Franklin rod type were greater than the ESE rod type. The installation cost of the Franklin
lightning rod type was 4.45 times more expensive than the ESE lightning rod type. Therefore, the
LSL lightning protection system was selected to be implemented in the PV power plant. I'rom the
recorded data of the five-year performance of the ESE lightning protection system (2016-2020), there
were three occurrences of a lightning strike on the PV power plant. The IiSE lightning protection
system effectively protected and prevented the lightning strike to the PV power plant. This study can
help and support with the selection of a lightning system for the protection of large scale PV power
plants in the future.

Keywords: Franklin lightning protection; ESE lightning protection; PV power plant

1. Introduction

A solar system is a system that converts energy from sunlight and is widely used today
because the cost per unit is reduced. Moreover, the technology makes the performance of
the device higher. However, the blocking of light to the solar panel reduces the efficiency
taken into account. Therefore, an installation design must avoid the incident light to
the solar panel installed. Currently, PV applications include ground-mounted and roof-
mounted installations. Building areas for solar panel installation have also been installed
in the sea or large water reservoirs for maximum benefit. One thing to consider when
installing a PV system is the prevention of lightning strikes on the solar panels, which
causc damage to the installed solar power system. Lightning protection is required for the
installed solar system of open spaces or high-rise rooves such as outdoor installations. A
lightning protection system will cause lightning to come down to the protection system

Symmetry 2021, 13, 2106. https:/ /doi.org/10.3390/sym13112106
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instead of cutting to the installed power system. It is necessary to design a lightning
protection system that is suitable for each application. Currently, the lightning protection
systems consist of the Franklin air terminal lightning protection system and the streamer
emission air terminal protection system. The difference between these two systems is the
radius of protection at the same height, in which the ESE system uses a smaller number
in the same area. Using this smaller number, the grounding system of the two systems
differs accordingly, resulting in the overall installation cost of the lightning arrester. The
protection level of the Franklin air terminal lightning protection system at a pole height
of 10 m has a protection radius of 21.4 m. An ESE system with a height of 10 m has a
protection radius of 109 m. This difference, if installed in the same area, will result in
a different grounding system. Lightning is a natural phenomenon that affects people,
property and the environment and causes enormous damage such as explosions, fire or
death. Therefore, there are various studies to protect against lightning effects. Generally, the
damage forms of the lightning strike can be divided into three parts comprising electrical,
thermal and mechanical damage. Many researchers have studied the effects of lightning,
from which the designs for photovoltaic (PV) power plants and property protection have
been proposed [1-6]. Research has been conducted to compare the installation cost of
PV power plants [7,8] where the studies included the two types of lightning protection
system [9]. There have been studies on the difference between two points of the lightning
effects on the PV rooftop [10]. One of the works used a vector modulation technique
of equivalence circuits for analyzing the transient generated from the lightning strikes
in a PV power plant [11]. There was a study on the structural effects of lightning [12]
where a grid ground protection system for supporting lightning strikes was implemented
but at a high cost of installation [13]. The effects of lightning have been studied on the
change in soil resistivity where lightning affected the reduction of the ground resistance
value [14]. The repeating impact of impulse voltage on the panel caused the panel power
to decrease accordingly [15]. A study on the risks of installing a PV rooftop system was to
ensure that the installation of this system was successful by assessing the risks of various
structural systems related to the type of installation on the roof [16]. In [17], the impact of
lightning-induced overvoltage on a hybrid solar system using Electro-Magnetic Transient
Program-Restructured Version (EMTP-RV) software was presented. This software was
developed by investigating the effect of lightning-induced overvoltage by using indirect
lightning strikes near to the system. It was found that the induced effects on the system
and on the impulse withstanding the voltage of DC and AC systems should be eliminated.

Due to the above information, this paper examines the effects of light obscuring and
the initial installation cost of both data systems to determine the installation cost of the
lightning protection system of the studied power plants.

2. Theoretical Background

Lightning is caused by transferring electric charges between clouds and the ground.
They are: (1) negative from the cloud to earth; (2) positive from the cloud to earth; (3)
negative from earth to the cloud; and (4) positive from earth to the cloud. The striking
distance or lightning return stroke is defined by the current magnitude of the lightning
strike with the rolling sphere as of Equation (1) [4] as follows:

o @) ¢

i(0,£) = 2 x —lt7exp<?> )
7 1(f) 2

where {g is the current magnitude of the lightning strike, #; is the front time of the lightning

strike, ¢ is the decay time of the lightning strike and 7 is the exponent value (2-10), which
can be expressed by Equation (2) [18]:
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The design concept of external lightning is defined by using two systems for a design
process related to the conventional and ESE system. Therefore, the lightning protection
design consists of an air termination system and separator distance. The down conductors,
earth termination and lightning equipotential bonding are not focused on in this design.

(A) The conventional system is defined by using IEC/EN 32305 for a design reference
related to three methods for protecting the PV power plant.

1. The protective angle method is defined by using the height level of the lightning rod
and the angle under shade concept. Therefore, the height level may impact the PV
power plant and needs to be defined as the separation distance clearance.

2. The rolling sphere method is a so-called electro-geometric model that is used to
exemplify by a radian from Equation (3) [19] to find the air terminator rod position
for installation and is applied by using the protective angle method for the PV power
plant protection. It has four lightning protection classes related by the calculation of
value r. Value r was also used to calculate the position of the lightning rod given in
Table 1.

r =10 x [0 3)

where r is the rolling sphere radian and ! is the current magnitude of the current strike.

Table 1. Calculation of the lightning radius protection.

Class of Lighting Protection Zone (LPS) Radius of the Rolling Sphere ()
i 20m
1I 30m
111 45 m
I\Y 60 m

3. The mesh method is used to design the lightning protection on the flat and complex
shape of the building or infrastructure. The mesh method is defined by the dimension
of the mesh, which is related to the lightning protection level.

(B) The ESE system is defined by using the French NFC17102 standard on the ESE rods.
This method is designed using the rolling sphere concept but is different from the
rolling sphere radius dimension that still uses a rolling sphere plus the upward
streamer. Therefore, the protection radius of the ESE is presented to the height relative
to the surface or area. It is shown in Table 2 that the protective zone is computed as
follows:

= 2rh — 2+ AQ2r + A) ;€Eh>5m.
Rp(h) _{ h x Ry(5)/5 ;€2m <h<5m @

where Ry () is the rolling sphere radian at a given height (%),  is the height of the
ESE over the protection zone, r is the radius of the rolling sphere (Table 2) and A
is the earlier upward streamer with a simple rod by the addition of AT that equals
A = AT x 106,
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Table 2. IEC/EN 32305 class of the protection level.

Lightning Radius Protection

Lightning Protection Level, h (m) ©-= 120 m) © =315 ) D 2‘20 i)

2 32 39 43

3 48 59 65

4 64 78 86

5 79 97 107
10 79 99 109
15 80 101 111
20 80 102 113
45 80 105 119
60 80 105 120

©

High

The separation distance of the lightning protection is computed using Equation (5) [19]
and is related to the distance between the lightning protection pole or rod and the PV
structure as shown in Figure 1. It can be expressed as follows:

kiXkC
=

8 o

! 5

where § is the separation distance, k; depends on the selected class of the lightning
protection zone (LPS), k. is the lightning current flowing through the down conductor,
ky, is the material of the electrical insulation and [ is the length along with the air
terminal system or the down conductor from the point of the separation distance.
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Figure 1. Separation distance of the lightning protection system [20].

(D) The lightning strike frequency (LSF) is used to determine the LPS. The LSF is com-

puted using the lightning flash density and the equivalent area for protection. It can
be expressed as follows [9]:

Nyj=Ng x A, x C; x 1078 (6)

where Ng the yearly average flash density in the region where the structure is located
or positioned to protect, as shown in Figure 2, and A, is the equivalent area of the
structure. It can be computed by the sizing of the structure in a wide (W), long (L)
and height level (H) by using Equation (7) [9]:

(LW + 6H(L + W) + 79H?). @)
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Figure 2. Yearly average flash density of the world [21].

(7 is the environmental coefficient.

The occurrence of lightning in the world is recorded as a statistic as shown in Figure 2.
Thailand has approximately 30 lightning strikes/square kilometer/year. Therefore, to
prevent the damage to the PV power plant, it is necessary to correctly design the effective
lightning protection systems.

3. The External Lightning Protection Design for the PV Power Plant

This paper needs to be presented by using the field installation that is related to the
economic and performance ratio (PR) of the PV power plant. The impact of the LPS is
related to the shading in the daytime. It is directly affected by the power generation of the
PV power plant. The number of lightning rods of the conventional type and ESE is needed
to be studied to evaluate the optimal conditions and capital costs. The location of the PV
power plant in this study is in the Nong Ya Plong district, Phetchaburi province, Thailand.
The area of the PV power plant is 150,000 square meters on a latitude of 13.108121° N and
a longitude of 99.700025°, as shown in Figure 3. The PV power plant lightning design used
the ESE lightning NFC17102 standard of France. The PV power plant lightning protection
was designed by a polling sphere method within the PV power plant area. The properties
around are 5 m tall so the highest pole of the lightning protection of the PV power plant
is 9 m for the general protection of the building and surrounding properties. Figure 4 is
the ESE lightning rod type. The radius of the lightning protection is 107 m, as shown in
Figure 5. Therefore, the performance ratio (PR) and the shading effect used by the PVsyst
program simulation were used for the analysis of the effect on power generation of the
PV power plant. Figure 5 also shows the position of the ESE lightning rod type in the PV
power plant. There are 11 ESE lightning rods in total for the PV power plant. Figure 6 is
the Franklin lightning rod type. Figure 7 shows the position of the Franklin lightning rod
type as installed in the PV power plant.
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Figure 3. Location of the implementation of the PV power plant [22].

ESE 1i ing rod
ghtning rod type
Galvanized ¢ 112"
Down to conductor 95 mm?
S e—r

Figure 4. ESE lightning protection rod type.

The ESE lightning protection rod type was used in the selected PV power plant. The
ESE lightning protection rod was designed according to the reference of the standard.
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Figure 5. Design of the ESE rod system in the PV power plant.

The positioning design of the ESE lightning protection rod type was used in the PV
power plant. The distance pole of the ESE lightning protection rod has a radius of lightning

protection is 107 m.

Franklin lightning rod >

Brass holder
Insulator -

Nut Top tube

d

Down c >

Figure 6. I'ranklin lightning rod type.
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Figure 6 is the Franklin lightning protection rod type, which was used for the simula-
tion in the PV power plant. The Franklin lightning protection rod was designed according
to the reference of the standard.

Figure 7. Design of the Franklin rod system in the PV power plant.

The positioning distance of the Franklin lightning protection rod type simulation was
designed for comparison to the ESE lightning protection rod.
Figure 8is the lightning counter for counting the lightning events at the PV power plant.

~

~ = Lightning counter
= 1 Down to ground

Figure 8. The lightning counter.
4. Results

A computer program simulation was used to simulate the effects of shading on the PV
power plants. In this study, the simulation was based on two types of lightning protection
in an 8 MWp PV power plant. The simulation consisted of the ESE lightning protection
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type and the Franklin lightning protection type. The ESE lightning protection simulation
used 11 rods with a height of 9 m. The design was based on level 3 for protection and
NFC17102 standard; the distance length of the ESE lightning type was about 107 m, as
shown in Figure 9. The Franklin lightning protection simulation used 122 rods with a
height of 10 m and the design was based on level 4 for protection of the standard of the
Council of Engineers, Thailand. The distance length of the ESE lightning type was about
21.4 m, as shown in Figure 10. The simulation result of the PVsyst program showed that
the shading of the PV power plant with the ESE lightning protection could produce energy
of 13,107,000 kWh /year. Therefore, the PR of the PV power plant was 78.9% and the effect
of shading on the PV power plant was 0.72%. The PV power plant with the Franklin
lightning protection could produce energy of 13,096,000 kWh/year. The PR of the PV
power plant was 78.8% and the effect of shading on the PV power plant was 0.80%. The
installation cost was the key issue for the investment cost to allow for the best payback
period. This section shows the investment cost comparison between the ESE lightning
protection and the Franklin lightning system, as shown in Tables 3 and 4. Table 3 shows
the installation cost, which revealed that the total cost of the ESE lightning was USD
41,500.00 and the total cost of the Franklin lightning was USD 79,363.10. The cost of the
ESE lightning system was lower than the Franklin lighting system by about 2.346 times.
Table 4 shows the installation cost, which found that the total cost of the ESE lightning
grounding system was USD 2838.06 and the total cost of the Franklin lightning grounding
system was USD 100,000.70. It was found that the ESE lightning system was lower than the
Franklin lighting system by 35.24 times. Table 5 shows the installation cost, which found
that the total cost of the ESE lightning was USD 44,338.06 and the total cost of the Franklin
lightning was USD 179,363.80. It was found that the total costs of the ESE lightning system
were lower than the Franklin lighting system by 4.451 times. The ESE lightning protection
was used because of the best result of the simulation and the lower installation costs. The
data record showed that there were only three occasions of a lightning strike on the PV
power plant in the previous five years, as shown in Table 6. From the Table 6 result in 2017
there were two lightning strikes at poles 4 and 5 and one in 2018 with lightning strikes at
pole 5. From the obtained results, the lightning strikes within the PV power plant and the
ESE lightning protection could protect from the lightning strikes effectively.

Near shadings parameter

Perspective of the PV field and surrounding shading scene

Zenith North

vvest

South

Figure 9. ESE lightning protection shading simulation [23].
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Figure 9 is the lightning simulation design by the PVsyst program following the
position distance of the ESE lightning poles in the PV power plant.

Near shadings parameter

Perspective of the PV field and surrounding shading scene

Zenith North

East

Figure 10. Franklin lightning protection shading simulation [23].

Figure 10 is the lightning simulation design by the PVsyst program following the
position distance of the Franklin lightning poles in the PV power plant.

Table 3. Comparison of the investment costs of the lightning system.

Details ESE Lightning System Franklin Lightning System
(USD) (USD)
Lightning rods 36,666.67 7393.64
Copper cable # 95 mm? 3333.33 36,363.36
Lightning counters 833.33 9242.42
Galvanized mast height 9 m 2333.33 25,878.78
Installation cost 1666.67 18,484,85
Total costs 44,833.33 78,878.20

Table 4. Comparison of the investment costs of the grounding system.

ESE Lightning System Franklin Lightning

Details Units (USD) System (USD)
Copper cable # 95 mm? 1m 1000.00 44,363.64
Copper rod 5/8” x 10 ft 1 set 1350.00 44,918.18
Installation accessories 1 set 235.00 897.88
Installation cost 1 work 253.06 9821.00
Total costs 2838.06 100,000.70

Table 5. Comparison of the total investment costs of the lightning protection system.

Details ESE Lightning System Franklin Lightning System
(USD) (UsSD)
Lightning rods 44,833.33 78,878.20
Ground systems 2838.06 100,000.70
Total costs 47,671.39 178,878.90
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Table 6. Lightning event at the PV power plant.

Year Lightning Protection Poles

1 2 g 4 5 6 7 8 9 10 11
2016 0 0 0 0 0 0 0 0 0 0 0
2017 0 0 0 1 1 0 0 0 0 0 0
2018 0 0 0 0 1 0 0 0 0 0 0
2019 0 0 0 0 0 0 0 0 0 0 0
2020 0 0 0 0 0 0 0 0 0 0 0

Figure 11 is the ESE lightning rod type installation at the PV power plant. The ESE
lightning pole was installed as the design in the PV power plant.

i

Figure 11. ESE lightning installed at the PV power plant.

Table 6 is the 5 years record of lightning events at the monitored PV power plant. In
the past 5 years, there have been 3 lightning incidents as follows: in 2017 on pole number
4,5 and in 2018 at pole 5. The ESE lightning protection system can protect the PV power
plant effectively.

5. Discussion and Conclusions

The article studied the comparison simulation and analysis result of the lightning
effects at a PV power plant. The simulation program showed that the shade effects of
the PV power generation as the simulation of the ESE lightning protection system was
about 0.72% [23] and the Franklin lightning protection system was about 0.80% [23]. We
designed and tested the lightning protection system to achieve the secure protection of
the coverage of the solar plant area. It was a small area that did not use a lot of protective
heads. The rod positions required a symmetrical installation to ensure effective lightning
protection at the solar power plants. The symmetrical lightning rod positioning allowed
for lightning protection across the entire solar power plant. The installation location of
both the ESE lightning rods and the Franklin lightning rods required a balanced position of
the lightning rod to optimize the performance of the lightning rod. However, the distance
of the shielding radius must be properly overlapped to effectively protect the solar power
plant. This depends on the maximum protection radius of the chosen lightning arrester.
For example, the protected distance must overlap in a balance, as shown in Figures 7 and 9.
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It can be seen that the radius of the two protection balance systems overlapped each other
to provide the maximum protection performance of the system. The installation costs of the
ESE lightning protection system were less than the Franklin lightning protection system by
4.45 times, in which the loss was lower than the shadow one. The installation costs of the
PV power plant were used in the application of the ESE lightning protection system. The
lightning in the study was measured over five years and found that lightning occurred at
poles 4 and 5 in 2017 and pole 5 in 2018. The ISI lightning system could prevent the damage
of the power plants and other electrical equipment. It can be concluded that choosing
an ESE can protect the lightning system and the installation costs were reduced as well.
The studies can help support a lightning arrester system chosen for property protection.
The lightning protection of the 8 MWp PV power plant area was 150,000 square meters
in the Nong Ya Plong district, Phetchaburi province. The lightning protection consisted
of 122 pieces with the Franklin rod type and 11 pieces with the ESE rod type. These
were simulated with the Franklin rod type following the Council of Engineers, Thailand,
standard and the ESE lightning rod type following the NFC17102 standard of France.
The estimated costs of installation were used for a comparison and found that the total
costs of the installed Franklin rod type used USD 178,878.90 and the ESE rod type used
USD 47,671.39. The information obtained from this study can be used by investors to make
decision for choosing a low-cost lightning protection system for PV power plants in the
future.
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