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ABSTRACT

This thesis presents a comparative analysis of the performance ratio between
the PV thin film and the PV poly crystalline silicon power plants with the simulation
program and real monitored data of 6 MW PV power plant. The performance would be
useful for investment consideration in selecting the type of PV modules.

The PVsyst simulation program and the results of real monitored data in 2016,
2017, and 2018 of PV thin film power plant and PV poly crystalline silicon power plant
were implemented and collected at Hua Wa subdistrict, Si Maha Phot district, Prachinburi
province, Thailand. All important parameters were collected through computer system
for the comparative analysis of performance (PR), net present value (NPV), and payback
period (PB).

It was found that the simulation result of the PV thin film power plant gave
84.50% of PR and that of the real monitored data was 83.67%, 83.37%, and 82.36%,
respectively; NPV was 172.88 MTHB, and payback period was 5 years and 6 months; while
the simulation result of the PV poly crystalline silicon power plant yielded 82.10% of PR
and that of the real monitored data was 78.24%, 76.81%, and 76.249%, respectively; NPV
was 170.88 MTHB, and payback period was 5 years and 8 months. In conclusion, the PV
thin film power plant had higher performance ratio and shorter payback period than the
PV poly crystalline silicon power plant in the analysis of both real monitored data and
PVsyst simulation program. Hence, the results of this study would be of great help in

considering the type of PV modules for installation of PV power plant.

Keywords: PV thin film, PV poly crystalline silicon, performance of PV power plants
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1,000 Sadonsnauns annsuueuasi Air Mass (AM) 1.5 LAZRNANATUNS NI
25 paFwaLTeE

unsgrundnildlunsusesnunmunasaduaseniing 1iun IEC 61215 dm¥uun
wadwlandn wag IEC 61646 dwmsusdaflauuis wazuinsgiuniesiuaulasnde laun

IEC 61730 dwmsuliaivaneila TUV Safety Class Il hag UL 1703
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uaeiing
i 4l

asgmalviih

uRILadLEeNTing

P
LENDIVInEIgN

JUN 2.21 leezunsunisnagdeuinaadnuaznszuatazisaiulng (-v Curve) [4]

uHalmadLAseindanunsaunufiessauya (Equivalent circuit) fagudl 2.22 3
Uszneaue unasnenszudliihseswiudulalon (seesefi-ow) lneivualiuraidnenssud
Hunvunszuansidauusifunuanudunasiinnnsgnuugad wazAiAnufumLeynsy
(Series resistance: RS) LiuAAruf UM uiintuainaadouse (wiring contact) szming

Fr WA A UL adnaI917ng  dIUAINUAIUNIUVUIY (Shunt resistance) LAaTULL 19

wsanulnirluanwauglusadoundulviulalen

by SReh VY

JUN 2.22 1995auyaveuNgaduatefing (4]

ngeuafzlifinszudliinlnadoundu uluanudussasiinssualnadounduly

'
[

SEAUM FawanalriuITiduniannseualidtanunsalraniuls FaunusmganufiIun UYL
FatlAganNdnANUAIUUBUNTUNIN INUUUTIEBIAIFUN 2.22 agldaunismvaindveead

LA IngFadiiug UL vl lwanammiland (Solid-state physic theory) flaaun1si 2.1

29



“IR, v
M} —1j— 2.1)

. ex
=11, p[ AT R

a 6

2.2.3.2 HaNTENUINNANUINTIENNindnazauunnd deanunsaasuieleniy

q U

N3 1V Curve Fauanen1sianuraeadiaeindianmwindausies fu a1ngui 2.23 (n)

a

nslauduSIdEeAindAsuAgun i uT Y InavinlAkseiuveugadkasoIinganas wi

nszualian199seliangelu wazaingui 2.23 (1) nsdlanuduuasiuduusigumilnnve

(% ' [
= =

VNSTUARRI9TANTY Ve us i Unnansgeuaniion

A i Iy
1=40.¢ 1.0Sun
T=20°C
0.50Sun
0.255un
5V Vv
(n) (v)

5UN 2.23 neminssuawazusaiulniniaumgivaauuwasenge [3]

2.2.3.3 Ya3gannaumadlninve wnaaduwaianing Usenaunig N1awad

wagn1alililn Feanansauanslanguin 2.24

Jadeivhliinansaanauiiasiiinfinanldannunsaduasaniing

NUES el
1.n158£90UVBININU (Reflection) ! Tovkin (OPmi0 M5TUMYD D EABUENS RSN
A . AMUATUNIUTRLIN mic
2.mM3NA1 (Shadowing) (Recombination)
3.11i5u5s8 (Not absorbed radiation)

Lanudumuiifinanlutuiagashedai 1.ddTnmas (Emitter region)

(SC material) . 2.d7usuUd (Base region)
2.ANuAUNIUNRINEUREYaITER (Contact 3.dauszwinesessia (Space charge region)
material)

UM 2.24 Tadpnisaaneumaslnihindnlannunaeaduaseniing
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nrsanneuntskasaiuisatvesnulanienisindeuaistesiunisasviou
(antireflection coating) AMUURINTNUDILAALAZN1TYIN Surface texturing mmg‘d‘ﬁ 2.25 U@y
Hostugonsiiansaniiamauaaaznistaalunisings

Asaanoun1slniin 1RnennsesnLuLarnIsHAnAs L@ Ting FeUsznausie
TovingafAnTuandrfagasfeithuasanudumuiinirdudasestanuinusosdenes
Tandthfuansiei vasfinissusivesenouansisiinintulududinmed wanay

SRUMADYDIANTNIAIUN

Surface texturing

5UN 2.25 dnuauzilavtveuwadiiiiun1sii Surface texturing [4]

2.2.4 Junction Box, Bypass Diode Wag Blocking Diode

A1UUTENDUVDILNILTAALEIDITNY UDNINITILTAALAID NI NANY) L9ad

o
a

thundeuseruud Safidiulsenoudug Jedids

2.2.4.1 Junction Box ¥iwinilidunasssiuane ndandewadilunnasad
szsaangliiinddeflasueniauinuazdaay

2.2.4.2 Bypass Diode viwihitlinszualnilnarudvaslunsdiia i
viensdlfwadideme uanslifaguil 2.26 waziidnwaizn13Ans Bypass Diode 15lu Junction
Box Hauandleidsgud 2.27

2.2.4.3 Blocking Diode vhunthiitlostunszualniirlnadoudansuas
dosfupudeymademnanenseudlvadon Weswnnisudaluiinveudazanislivinfu
usiatinnsfingis Blocking Diode agfinsgnydoussfunnaialalanuarszuuannauuiady
Fastumiainisfindavas Blocking Diode %ﬁméﬁy’w%nmﬂawmmamﬂam%q Fearfonfndly

Array Box
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a Q 7 cie 19 Qo0 G35 36

3Uﬁ 2.27 anwuzn15AAAY Bypass Diode [4]

2.4 ASTUIUNISHANLYAALEIDING
WwaaLka o1 MngNdeuld Ui U E1aLN AN UsEnNaunie NANAENTAAD U NANTIM

aa a a6 = [ | a IS a a ! LY = = a
FAADULATVUANAUUNY GZNL‘(JaaLL@@S‘UU@%S@Jﬂi%‘UUUﬂTﬁNaG\WLLG]ﬂG]'NﬂUlU PININYALLDYA

ADE
he

2.4.1 NsHARRALEIRIng YaNdnAEIgaAsU (Mono Crystalline Silicon) [2]
a v ° aa = o g v v A a £y
SusuaniiansBaneudsiunsinlilufeunianuuians Sesar 99.999 umasuazaielu
11 Induction Furnace Nguniigedia 1,500 seAnaalged Lilaasauiindninelvuinlvg
YuaEuUgugnans 6-8 1 wiauldans Boron WaUwieyilviin P-type wawihlvAnn1g
usnduiiudundnime Seed Feaganuanilvuianindalug walAes Aawviandniduain

wvasuigmalulagnisfawdn aglauindnerndusunsinszven auantfvesyad
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wasenfindaztuedivamninvedniies anduliuriskdnuidaliiduwiuuieg day
a1ARALNYS (Wire Cut) 158071 vias Faglawpunaniainunuiuszunad 300 tulasung
) a a & ° ~ Ao & o g va & . . X
wagdnAuEauresR Mntunagiluideasidndulunisyiliiisdu p-n junction Fuuu
wHuLes AagaN1s Diffusion Moaumngiisedu 1,000 asanaaded andutrluvingalnii
Usenaume Usiuiiuuaziduinay usuiianadutiuin ndaintuasyiiniswedsuial
a D ) v ° v & ~ ) ' It
Rantnfiedesdunisazviounas wazunluusenaundunnalaeiinssandasdunnulsad

Josiuanurunieddlaunazdite (Ethelele Vinyl Acetate)

niganou

h 4

vinonNl Aidluumananluly

h 4

aaldidluneunig

A

4

d a Jd
I¥RAUAIDINAE , .
uanseanleSa

NUNDIEI9DT <

A

a == ‘ﬂ‘ ana
BHANANIASIBANDU

JUN 2.28 nszuiunsHAnwaduate1ind vllandniaeataneu (Mono Crystalline Silicon)

2.4.2 Msudnaduate1ing slanansanganau (Poly Crystalline Silicon) agdl
ﬁﬂ%’ﬁhaﬁgﬂﬂdwmimamLszjaéLmeﬁmsf SaNANREITaReU NISRANSUGUIEISNSaeNENs
Faroulvazatendeutuldans Boron Weuuiieviiliin Ptype wdnasluwuufiun e
ansavanedaneundsiiagldifuuiedaney sdanansandannadnlindontu anduthlusa
WuuruduR ot uLuuRE R ea3aney d1unssuIsn1sHARLYadTInA 9 nE oufuAy
ASEUIUNISHARTAdUATTIng siananiAeITaneu Ussansnmussaduaseriing vinudn
59u38mau (Poly Crystalline) azl#uszandnmaininwaduaseniing siandnifedaneu

Uzl 2-3 % UoLaglunN1SNANTDLTAdRaEIDINNgNY 2 ¥l ALhANTNIIEmTauTY

WIPAADU

LadLaIaing
YRANANTINTAADU

A 4

yaauliduwisndnlng

A

AUNANB2925

A 4

falmdusiuung

A 4

A

wHansWoanass

JUN 2.29 nszviunsHAnwaduateindyilanansauddneu (Poly Crystalline Silicon)
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[
1Y

2.4.3 nMsuanwaduaeiing viaflduune fdunausneg Ussneude nsthAneidl
Faneunawet wu Awletau (Siliane Gas) MHsvegaanAnaznszdulneldiados Plasma
CVD (Chamical Vapor Deposition) tilevinlidaneukenianinfng Wrludusiuuugiusesd
0199z duuf aunuiaandonanafnivhnsiadeutusaiilusuadliuda Tnsldgumniuy
§1uTEUTEII 200-300 vrnwaifua JedaneuaziAinnisazaulueruesilaaneu vnidy
frafidansluseulutuneutaylfozueifladanou viafl uazmnldfefidasoaminagly
ozuoiila viadu feitnsdannsanivaunislvavesiafieadsliiindu pin Fady

1As9as19vawadLataing Fuduwaduwasonind slaiauuie vueliiiu 1 luaseu

2.5 USZANSATNLAZHUTTOUL

1%
v A

F13 907l duaniuszansanuaranssougvessruun1snaandsaulniiain
Wae1ing AUNINIFIU IEC 61724 [7] N13ATIERENITOULNIIMALATDISTUUNER LT
LWAALAIDI7NY 22NA1ININITITIDN1TIATIZUNAUNATALALDI9D99N IEA PVPS Task2
(International Energy Agency Photovoltaic Power System TASK 2 - Performance,

Reliability and Analysis of Photovoltaic Systems) %Qlﬁﬁ?%ﬂﬂiﬁﬁmﬁmiwﬁﬁ’sLL‘UW]'N"’]

Aasolull
2.5.1 wasnulnihfadnlaanunageauaseing (Array Yield) ilaainaunis
JUN Ea (2.2)
A P
o
Y, fe wisnulWihiwaduaseindwinldsiemaadians (kWh/kwp)
P, flo matliidAnssgeanvesunseaduaseing (Wp)
E, Ao nasnulwihiwaduasenfindudals (kwh)
2.5.2 wasulvihindalaanunsgaduasofingluniamgul (Reference Yield) 1
laanaunns
TG
STC

Ao ndsmilwiwaduaseinglasuneridsmandummnug Kwh/kwp)
= @ o o a oal & a 3 a ¢ 2
Ao NAsuANSEneing NennsvuiuR Iead uaeing (kwh/m?)

Gge  AD AIANULUNSIAMIDIANEN STC=1 kW/m?
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2.5.3 wasnulniilganuasaindnlaaintrasadnasaing (Final Yield) mlaann

dung

Yf — tot (24)

Y, Ao wawulwimldnussdindaldanaadueaeiing kWh/kwp)
Bt AD asmaneaduaseindngnldlasaszmalnii (wh)

Po  fie Masliidnnsgegavesunseaduaseiing (Wp)

2.5.0 WAMNUGL S ULUKALIATRAIDITING (Capture Losses) M1LARN&UNTS
Lo=Y.-Y, (2.5)

L. A9 wWeanuigeydeutusaanuaseiing (Wh/kwp)
Ao wasmilwihnweduasofindlaSunendsiandiummenss) KWh/Akwp)

Y, fo wasnuliAwaduaseindndnlanaida@nn (KWh/kwp)

2.5.5 wasnuaadslussuuiwaduasanding (System Losses) mlganauns
L = Y,-Y, (2.6)

Ly fie wasnungadelussuumaduasoriing (RWh/ikwp)
Y, e wasmbihiwaduaeindsdnliseridmans Rk

Yo e wasulnihldauasiindalaangaauaseniing (kWh/kWp)

2.5.6 @USIOULVBITLUUARLAID NS (Performance Ratio, PR) ylaangaunis

B A (2.7)

Y

r

A I

PR A9 ANEUSIOULUBISEUUAALE®NAE : Performance Ratio (%)
Y, fe wasmlwimldeuasdedalaannisaaueaseisd KWh/kwp)

Y, Ao wdsulwihnwaduasefindlasunanidsiasdumamgued (RWh/Kwp)
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2.5.7 Use@ndnnvaaliaadiaseiing (Array Efficiency) mlaaingunis

E. (2.8)
H.A,

M. =

UEAYS N NUDBENIAR LA RE

=

Q
o)
©

paUHN N e LaeAng Raale (KWh)

o))}
©

) o a oa & a I3 a ¢ 2
WA TUANNTIE AN WALV HNNTENUN U AL WRY (KWh/m?)

I
o)}
©

NUNLNLTARLAIDNAE (M?)

o))}
©

A

2.5.8 Us@nEnnvesssuuwaauaseying (Total Efficiency) milaainaunis

N = Bl (2.9)
tot HiAA

N, A0 UsgdvSamuesssuuivaduaseriing

Eot A0 Masudneaduasefindngnlilaenisenialuih (kwh)

H A9 1asuUans@maeisd nannsevuiuiwaawaeiad (kWh/m?)

A, Fie Nudusseaduaseing (m?)

2.5.9 wasnulwiNiwadunasonfadudnle mlaanaunis

Eq =V, X1, XTime (2.10)
E, Ao waanuliihiwaduasemndudala (kwh)
V,, Ao ussuluihnvives PV aray
I, A8 nswualwihfienean PV array

Time P9 29819879 PV array 918 V,, wag |y,

2.5.10 NAUAINSIANMNDINAGNANNTENUNURILTAAWEIDNRE

Hi:Gi xTime (2.11)

A [ v a

a e¢a & a I3 a ¢
H A9 #asuannisdneendind iennssnuiulimaauasenying (dWh/m2)
G, f® AIAUINSIER90TIRET PV array 1aSUass (KW/m2)

Time 79 S¥oelIa19 PV array LA5UAMUIINS@n919inda39
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Y [

PINANNITAI A1UT190U LRe LAt lantsdleein1ee Tadnlauaun1fiain

UsgavBnmuazausiausvasssuuranliihwaduaseniing daanslugun 2.30

G 57

@\‘4» ¥, = Hi (Reference vield)
[

HiXAA -~
"~ " PV Array
-~ AC
= rid | ac |
} DC [:]
E AC ) | |
Yy = = (Amayvyield) Ea Fac E
P, (Final yield) |y, = Zov
f PO
Le =Y, -F, (Capture losses) (System losses) [;. _ Ty-Yy
E. (PV array efficiency)
= . ) ; Y
a H, 4, (Performance Ratio) |pp = Y_f'
T
. _ EPV
(Total efficiency) |[Ta = o <A
i A
SUN 2.30 AITTRUSEANSNINLALENITOULVRITTUUNAR LT aawasefing [8]

U

2.6 MINATISANIGULATYAENS
MFlATIEINLATYgMansuesszuURAA e waduasefinduuuileusioidn
svuusmbeliiih [8-11] Usznousessil
2.6.1 tunerlumsasgimaasugmans
2.6.1.1 nmsviuneUImamdsinih (kwh) Aszuusdalndilésed (E,,)
2.6.1.2 MamAauyaselvesssuundnlninwaduasenindnasnyitengves
nslganu
2.6.1.3 mMyUszanasimalisenioeg
2.6.2 MyUsznusAElilfidoniiag Faa15aN91NNTAMUYBITTUURNNY Usiay
YA
2.6.2.1 MIasuBuuIn Usenaude finu $1 ouu sevuszue Tassadhs
FOssULNLaduaIeTing aelii viefopansluin Sunesiwes nassswaslnil nloulas
T szuusmiglnda szuuihi seuudlosiudliei ssuundeddnsiimiaeesda ssuuin
Sufinuwazuanana Fdndamierreasne dudu
2.6.2.2 M3aamulssnd Ysznausiy Aussnuninauujinaululsei

\aguasnw Yeuvngiuazaneslva
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2.6.3 MIIATEINUATEFANANTVOITTUURER I Lgaduaseing agldaunislu

ANSANUIEURIL

v

2.6.3.1 yaf1Uaqdugns (Net Present Value , NPV) Az yaA1dagduves

nszualiuan deduaildanmsinduannszuananeuunugrsnasnen glassnslyiiduyadi

dagtiu meesesiyariagtiugns fo mamartagtugndinnnimiewiniugud ileuans

Tlasinstianumanzadlunisamuidosnmaneuwny ewdsuidisuiuiagduuinniy
o

Aldane Tunanssiutuiunnyadagiuandfiatesningudtumnedadulasinsill

wingauiunMsawLiissninanausnutseniialding anlaainaunis

B -C
NPV =) >t (2.12)
o (L+1)
=) 1 LY a
npy AR dar1lagUugnd
B, Ao yarwanauwnilluln 1,2 ... n
C, Ao yarsuuvseAlddgluln 1,2 ... n
a o ¥
i Ao onsnentley

2 UvealAsanisAa 1,2 ... n

—t
o))}

n fe o1gvedlasins

2.6.3.2 9R5IMaNDULNUVBILATINIS (Internal Rate of Return , IRR) Aa &M
& a wva o v a o ¢ = ) ATy ¢ )
mamumamquﬂﬂ NPV 8@ INUAUE mmﬂammaﬂLUEJLaugmaﬂamumsmﬂquq
ﬂdwé’mmaﬂLﬁamauLmusuaaiﬂﬁqmiﬁﬁwmmlﬁﬁhjmm3amﬁ%amu1u1mqmiﬁqna'n el
) L a v v o @ & a o v @
mﬂammamwLaugﬁwuummmwammaﬂLUEJmamULmuImamwmmmlmamw,ﬂu

lasansimnegiun1samuiionIniinanauwnuif Feruialaainaunis

Z”:Bt—Ct 0 (2.13)
= @+r)

B, R uﬂamwamammﬂuﬂﬁ 1,2 ...n

C, Ao uﬂaméfuwuﬁaﬁﬂ%ﬁhaxluﬁﬁ 1,2 ...n

r A onsIAnan

t Ao UradlAsans A® 1,2 ... n

n Ao 918v03lATINNT
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2.6.3.3 se8elIa1AuNU (Payback Period)
JrUEAAUYY = Ruamulowy / nanauwnused (2.14)

Ruamulowu As Ruawmusel
nanauwnuTed Ae s1A1velniise kWh x §1uiu kWh @adu x 365

a

2.6.3.4 Annuity Method fie 33Andus1eladusietlngasfnduluuy

= o

AUNTUVRINITTTEnil Feaslimmseiunmsinaioureaduanaiolsyinl Fermuinlaein

Aunng
i-(L+i0)" 2.15
a=nNpy. @D (215

@+i"-1

a A dunutunivzdesiisssiey (Annuity)

NPV A8 ;ﬂamﬂﬁ]ﬁguuqm%muamu (Net Present Value)

i Ao dnsmeniley

n Ao 918v83lATINT

2.7 daudsznavvaslsslnianassunaseniing
drutsznevvedlsaliiimdsnunatonfing Uszneufiediueneg dsanunsauans
lﬁﬁqgﬂﬁ 2.31

Substation

DC

Solar PV module [:I]

i AC  Transformer
Inverter

Ui 2.31 drudsznevvedsdluihmdsaunasoriing [12]
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=

2.7.1 aonuiiinds nsfndusaduasorfindlilivssaninnasaniudedifeds
firnauagmIuenveskLadofing dwiulssmalneiunisiinegseviadued 7 8
20 aarile é’qﬁ?ugmsJﬂGuaaLmejaéLLaamﬁms?ma%agjswiw 7 f1 20 93 wiilosanyy
snvosuntioaiiuluasyiliuliaansavedrsimnuazeinduazessinuuundld daazvin

USZANBNNULAIANAINIDABIYINIANUNEZDIALNIUDETY RINFBINITAANANTEVNIUAINGID NS

[
o L2

AnAsgadiaseinddmiulseinalngd i shnfawneinyueny195enIne 15 0960 89 20 9967

(%
a o v

LALAAAILHATARWEIDNNATTARUAUNUN L UNWTALS  wazn15AneIRdluilluTIsening Ty

¥ '
IS a (% v

2.7.2 WHILYAALAIDINIAG AazIUALIUTLANTANADNUNFA1IAY AIUANSENTTRA

(% ! '
L S

WHLYAALAIRng Az TNanpvUIRvRIan I UNRnGd FeniludeuldiusgrsunsransUsenealne

= 1

gy 3 vaUTENaUAIY LRIAALAIDINASYLANANLASITAADU YUANANIINTAADULAY

Y

YRANANUN  TUTLANS AP andlumnsian 2.1

A1519% 2.1 WuvesumwaalneUszanudmsunaalnin 1 kwp [3]

anu ylawannae1ing Nuflwaduaseniinddmunanludi 1 kwp (5.0
1 | wBniilenddneu (Mono Crystalline Silicon) 7-9
2 | wdnsw@ameu (Poly Crystalline Silicon) 7.5-10
3 | Wenune (Thin film) 14-20

v v

2.7.3 gglni mnﬁan%ﬁmmaﬁuag UanwaEN1SAuENe ﬂ’]iLﬁ@ﬂ%U’]ﬂﬁ’]&J%ﬂ@@j
funseuaiilnariugean vasforiunadonditausifuresasiuogussiulian Tnsaly
MeguIBunesnesazidenatg i TidAfaus e 1,000 Thad iesannusaiuinainnng
fooynTIYRIUHITAdLAID TN furasunalellFussiugaiieanussiunnluagliiii uay
Tlawseruinauvesduesines dusvagliiimieniuviesnvesduiesinesiduluin
nszLadaUARLABNYINEY BUIRANLa INALSIAUlAINEaUAUNSTEUULRgIAY

2.7.4 Array Box / Combiner Box ud5iusisusaeaduasoriindusazania iiiods
poluddunasines

2.7.5 3uesimes [4] arunsouwtslandu 2 Usvian Useneume duiesinsuuuy
WWouraszuusIMUNY (Grid-connected or Grid tied inverter) Wazduliasinosuuudass
(Stand-alone inverter) 91n9WATREITUBUNESMESHUUELRBsSEUUS MUY AzLtiuiings
wazmadian1sniugy nanufmisulednammiinliinisairuedlugaiingsinga

[

Usgansnngs danudetioliuarsnangn Fedunesimesuuulensossuuimiedininngall
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2.7.5.1 wlawmdsnulndnszuansaindalaainuuagaduasorian g duludi
nszuaaduiingseuudmving

o w aa L4

2.7.5.2 ﬂ%’umiv‘hmumaﬁuna%maﬂﬁﬁwmﬁ@mmaqqaqmaqmama
2.7.5.3 anunsatuiinteyan1sinanuresduniasinesia
2.7.5.4 filsfduiostuisnulniinssuansauaylniinnss uaadu
2.7.6 wilowdasliliin it indaswssiulafhonnusesusndunssduliunans
esnnusssulihfindaldnunageduatenfinduazinunisudasusssulniinszuansadu
Iihnszuaadulasdunefinestuasfuussiudr Sadosrnisudasussiuligadumity
wseRusEUUTWngvesnsininduginig fim 22 kV uag 33 kv visenmsluiihuasvads fe 24
KV iierdeudessuusivuie Taeluniaudasiniifivunldenuiussuundnlifisad
wasofindradenlindiouvasiinussludnlsas
2.7.7 syuusviing Lesnszuunaslniiwaduasefinddeddfuilunsingann
vilrdeadiszuusmigliihaelufiuilassnisifiofusazdsnssudliindsussiuuunans

Whiussuudmevesnsinihaugliniansenisiniuaswans

'
L4 =

2.7.8 52uUdaai U6 NuNAavesssuuNas lWiwaduainindasdnunninway

e

a

Tasudaitefliinstanisdinnuidssiogfadii GegiliiAauswiugaiufidnfigunsal
nlihaz$ulduazardmaliigunsaidens suiatosiusunsofiazfnfuauiioguiinuiiui
arandes Geasnsadesiulddaenisfnseszuutiostuili nisiadsszuudesiuiiinides
firsandatedwieludusenoude

2.7.8.1 syvunanliiieaduaseriinddeslsifinauidsdunisgniienlsiiuds
Ugnasaslnaifes

2.7.8.2 tiimshesaszuutiostuiiivesarasegiouuddliineszuuiesiu
Trveanwaduateingifussuudasiuihnnay

2.7.8.3 thoesliissuudasiufinitegnou unswaduasenfindaziowiond
AunaziinisUszaudngdiminiu

2.7.8.4 fosfamgunsnilastunszuaiini (Surge arrester) flanifionsioany
(Junction Box) nasnulnfinnssuans

2.7.8.5 fosinmsgunsaitioatumafinussiuRumedilrifinssuaady

2.7.9 fmas dwmsuindsunamdsnulnirinanlandausawdnlussuusivnglnin
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2.8 mMsldaulusunss PVsyst

TUsunsu PVsyst Ao Tusunsudmsuooniuussuundnliiindsuuaseniing i

Hsntulunisidentgaunng 9 Feiignisldeu [13] dell

2.8.1 NN599ALUUNITAAAITEUUNAA LN Na s 1uLdse Aingal8lUsinsu PVsyst

BUAUAIENISENIUNNITBNLUUTEUUNGI9ULEIRIRY Project design Lagldansguui

ADIN1TOBNLUUMUTUT 2.32

" PUsyst V6.6 -

@ Files Preferences Language Licence Help

Choose a section Content

Preliminary design

Proje Adesian

project.
- Accurate system vield computed
using detailed hourly simulations,

performed and compared,

- Horizon shadings, and 3D tool for
near shadings effects study,

- Detailed losses analysis,

real component prices.

Ul 2.32 1uyedlusung PVsyst [13]

Full-featured study and analysis of a

- Different simulation variants can be

- Economic evaluation performed with

System

Grid-Connected

Stand alone

Pumping

e’ W' W'

2.8.2 lA9NNI199DNWUUSLUULIDUADTEUUNAR TN uLkasaAnd i ulasene

Grid-Connected #891n1UULABN Meteo database LaBnNU

WEIRndnugU 2.33 uazgun 2.34
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3
u

U

Py
7

Project Site Variant

Project's

Fiename [Makhon Pathom_Project. PR

Project’s name [FEA

Site File INakhun Fathom_MN71.5IT

Makhon Pathom_MN71.5IT

Meteo File [Makhon Pathom_MH71_STN MET

Meteonom 7.1 [1991-2010), Sat=16%

The orientation is not defined.

QF¥ Mx|@
Thailand Q&
Synthetic — Okm v - @

 Meteo database

£ Froject settings |

WCo New simulation wariant

@ Orientation

@ Horizon

@ Hear Shadings

@ Economic eval.

@ User's needs

Spstem
& Detailed lnsses

System overview

P Run Simulation

O Advanced Simul
o Distsiled resuits

3] Exit

Curient Geographical site: Hakhon Pathom_MHN71_51T

Makhon Pathom

Makhon Ratchasima MN71SIT Makhon Hatchasima  Thailand
Manchara Marncharg China
Marung Marang China

[ arming Flarming China
Mariping Marping China
Maritong Haritong LChina
Marvana Marwang LChiria
Mare Marz Jenen
Maze Haze Janan
Flermurn Flerara Janan
Mewe Delhi Mews Dielhi India
Michinan Michinan Jepen
Mishroomote Mishroamots Janan
Cibibiro Cibikire Jenen
btk Ohetsk Bussian Federabton
Nia Mia Janan

Search | |4z ~|

|Flename |To'.m |Euunxrp |D ata source

Fultar Fultan Pakistan Metealom 7.1 stafian
burnbai Mumbai India teteaMarm 7.1 station
buren Muren Monagola MeteaMom 7.1 statian
tduroran Furoran Japan MeteoMommn 7.1 stalion
bduroto tduroto Jenen Meteatiom 7.1 stabian
Haams Maaou India HeteoMomm 7.1 station
Manpur tanpu India teteablom 7.1 stafion
Maka Maha Japan Meteablam 7.1 station
[ ks e ard Maks W ard Janan MeteaMaom 7.1 stalian

teteatiom 7.1 stahion
eteaklom 7.1 stafion
teteallom 7.1 station
MeteaMamm 7.1 statian
MeteoMomm 7.7 stalion
Heteahiom 7.1 stabian
Heteatiom 7.1 stahion
teteobom 7.1 stafion
Heteallam 7.1 station
MeteaMom 7.1 station
MeteoMomn 7.7 station
MeteoMom 7.1 station
Heteahiom 7.1 stahion
tdeteoMom 7.1 stafion
tetenMam 7 1 statinn

= Satpavorites | [y Export | [ Maw | K Dalete | Onen I

(%
g

2.34 NSLANANLAUaNAIalATINIG [13]
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2.8.3 USuyuaem AN Baaunawanuaenfing (Plane Tilt) nmugu 2.35

o v T i

Field type [Fixed Tited Plane |

~Field Parameters

Flane Til |h5.El j["]
Azimuth IDD ::II["]

Tilt 15° Azimuth 0°

ast

West E:

South

Yearly meteo pield
[ Optimisation by respect to——— Tranzposzition Factor FT 1.03
* Yearly imadiation yield Lozs By Respect Ta Optimurn 0.0%
= Summer [Apr-Sep) Global on collector plane 1845 k'wh/m?

T Wwinter [Dct-tar]

% Showe Optimisation

XK Cancel 0K

5UN 2.35 finum Orientation YaawHa@adwat09ing [13]

|| | Global System i i rGlobal system summary
i :ll M i ah ar e Mb. of modules " Harinal PY Power w0 Kwip
Module area i i Maimum P Power s wlde
_?l 3 Singified Schema Mb. of inverters s Wominal AT Fawer e Kwac
| |
P Array |
~Sub-array name and Oris i ~Presizing Help
Mame |PV Array " Mo sizing Enter planned power ¢ (0.0 kwip
Tik 157 3
Oriert.  Fixed Tilted Plane Azlmullh o _'_}I or avallable arealmodules) [0 [

[ Select the PV module

Available Mow -

|sham | | Open
260Wn 26Y  Siool ND-RC 250 Since 2015 Manufaciurer 2006«
255Wp 26Y  Sinale ND-RC 255 Since 2015 Manufacturer 2015

[~ Use Optimizer 296D 23y Simono NO-R2564 Since 2016 Maruf. MeasulemenB
260Wp2BY  Simono NU-RD 260 Since 2015 Manufacturer 2015

~Select the inverter——| 250Wn 26V Si-paly ND-RJ2E0 Since 2016 Manufacturer 2015

260Wp26Y  Sipal ND-RC 260 Since 2015 Manufacturer 2015 [V 50 Hz

Awailable Mow :I' 2B5Wp 26Y  Sipol MD-F265 Since 2016 Manufacturer 2016 ¥ B0 Hz
280Wwp 27V Simono NU-RJ280 Since 2016 Manufacturer 2006~

BB -] T 7 | Open

Numberof invetters [T =] @ el Wilizs 300-600 Global Inverter's power O kwac

[ Use muli- MPPIF Secondary ised  Input maximum voltage: oY

[ Design the array

Number of modules and string Operating condiions Please define the desited power or avalable
sowgbe |21 2] Vimpp 0y e

. W oV

Hod i seres [T =4 I loetween e 0
=

ke sbings =] Planeinadisrnce  1000W/m? O Manindata = 5TC
[verloadloss 0% Sh ll Imgp 04 &%, operating power 0 K
Priom ratio 1.0 g_lﬂw sanof e lsz 04 (it e mad and S07C)
Hb. modules 0 Aea 01f Jsc [atSTC) 04 Auay nom. Power (STC) 0 Kl

& 0K

[ System overview | X Cancel

5U# 2.36 MvuagugUnsaivanvedlssliimdsnuuaseing [13]

U
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2.8.4 15053 UU (System) wazldvuraf Ui No A TUIMAISINENUDILNILYAR

3

UAIDNRgUIolANANAIAINANTOIUNITAALEIDIIRE (KWp) 9INUULADNNENANVDILAILYAE
LENDTINELAYIULIOTADS LAEBULIDIAOINAAAISININAINMAINEAVDILNILTAALEIDTINE
Useannl 25-30 % fUgUN 2.36

2.8.5 1A Run Simulation mugU#l 2.37

,

Skatus

Simulation ended sucessfully

ANERENEENERNNENNRNN NN NNNENEN]| 225ec

Attenuation factors for Diffuse Dizplay
L4 Shading |44*S hading " Hourly V shues
Diffuse 0.042 0.000 0.042 o Dely ez
Albedo 0198 0.000 0,195 ™ Manthly Values
Dizplay daily values Simulation 31/12/30

Metea: Global, Diffuse, Tamb 496, 1.96kWh/ré.day, 2767C, 1.6 m's
On coll: Glabal, Diffuse, Glob. eff. 580, 218, 0.02, 564 Kwhir day

== Continue
Spstem : EMax, ENet, EUze 96.4, 364, 32 BBkWh/day
Load: Eload, EUsed, EQver Unlimited , 0.0, 0.0 kiw'h/day " OK

[ Automatically close when simulation ends successfully

Uil 2.37 deganns Simlation

2.9 Adefifieadas

AsAnwIuIseiRadestulselniindseunaseniing feuideiiiedes
Uszneudiedseluil

oy iy uazaug [12] Yiin1siAsieaussausveswadiasofindvllanansiy
Fanounazilduutezuesiladanouiinndslulsvmalnedionisldlusunsusians wuinen
AnuduuaILazgumgiunaad uasefinddmalaonsasoaidlin Geman1singgi
AUTTOUTVRATAALATDITINENUI PR v0mad Lt indulandnsinddneu Sanadssevay
92.54 uazwadnatefindudafiduunsezuesiadanou fanadedosas 103.86 WowSouifieu
Yoyanivgnienineiulusunsudiass nuin Global iradiance YOIBAELAID NS0

yianlaanlusunsudnaes gandnaninlaasannanduiauimaluladndinuwaieing

(SOLARTEC) lutisiiounguaiauiiaseunsngiay wazgamniiusseiniaiialndifeaiy @l

a5



a IS

mdslihfildannnissrassselusunsy PVsyst dnsuwaduasonfinduianansindanouien
Inddeetuanfiinléasenin SOLARTEC Tnefimanuraiandeundedosay 4.22 uaziiAiaiy
Aaawndeuaiedosas 17.54 dmSuwaduasenfindviiafiduutesueiiladanou evinis
USU Correction factor lngfiasananaNUduRusunse Performance ratio (PR) Waanuing
AAuARIMAAeIRAY Saaz 10.60

Chin Kim Gan kagag [13] vnsiUseuiisvanssaugveslssliingaduaseniing
silandnsaudaneutvedeiiduuns melddeulamsindefinandreiy  Taeshnisanen
Tsslfuuudaduuiiufutasuuufnsuundsnnvonaaduasenfindusaseidn d9i1n1s
Wisugumumasivid Energy yield wag LCOE annnsanwnuinlssiniiwaaiasefing
wuuRaksuuiiuiu slinfiduunsagld Energy Yield geaanelidulssansoumgiidinaznis
femenai uisgrslsAnmuiilefiansanduimsvgmansnieldguuuy FIT Tuuseine
sadetiu Isslwihwaduamiiinduuuinduundn viaflduuisaslduanauunuiinnin

1510501 WS wazaug [14] innsAnwinnudululaveugaauaseniinduiin
Hauu1e Aedives dufsuunaden lagalus (CIGS) dwsuaarsyaiinendelulseinalng
TnensUssdunsldndsnuuazanududmaassgaanilunsamuinie CIGS Ll
ausnunasuluein1syn nMssaemuiilafings CIGS 1u1n 110 Taddonnsiauns
Uinaiuiivindsvesiosnuuadn suianasuazaialng fesldndsnuiesas 40 veq
wEsrniFenisliviun uardssornafuulsza 8 U

M5¥0l TWITTE wazAe [15] NNT15UTEEUANTIOULUAL A UANAIVBITEUUNER
TWinwaduaserinduuunaremeluladiidnsauundeailulssndlne lnofnfouaziiv
Tufindeyavensaduaterindvinnieg 41uau 6 win 1Wuszeziia 1 U Usznaudie wwas
Wase19my wida Amorphous Silicon Single-Junction (a-Si:H) %@ Amorphous
/Microcrystalline Silicon Double-Junction (a-Si:H/uc-Si:H) ¥ia Copper Indium Gallium
Selenide (CIGS) ¥#im Mono Crystalline Silicon (mono ¢-Si) ¥#ia Poly Crystalline Silicon
(poly c-Si) hagwiln Hetero-Junction with Intrinsic Thin Film (HIT) 910A157A80INUI152UY
wanlifiieaduaseiing viin a-SiH SAaussaus Yevay 82.2 Tagaiiga uazailn mono c-Si
fiAaussnusfian fovas 68.9 Lagfmuiunsradlaseiing vila poly-Si finanumanyay

wazAuAandmsuldulussuundalninwaduae1ind wuuRARIUETEIAT WaRINKAKEN

[ [
) = a U

Aofufin1sAndagudududuanssesain HIT vasfisuyulunisasmu poly-Si aanuas HIT

o =i

AUNUFAINEGR

9 Y 9
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= =)

ANAUSUNST ASULIDY HAZAME [16] YINN15 A1 USsUMEUUTEIUNATE UUNAR

3 U

(%
Y [ a

T nasunasefindfnnsuunasnt via 3 wa waz 1 wa lagyinisiiududinnaainnis
AnneaTennn 10 kwp ludminaynsusinis Wuszeznat 1 dou Paadfeuswiou w.a,
2558 Wnan ey Wisuiflsuniseenuuufunisiiassmadelusunsulaumes s
U UNANIAULATYFAER S WUTWADINNITOBNUUULAZANGITSS ALafY 40.88 kWh/day
way 43.37 kWh/day snuansu Tunasfinainnissrassdnelusunsuleuues 33.87 kwh/day
uay 37.23 KWh/day mnTesginisdnuasygmans annsinsiassisvognaifuyui
7.69 U uay 7.16 U auddu luvaginaannissaeselusunalenwesiufissoznandu
yuil 9.72 U uaz 8.63 1

Mustafa E. Basoglu wazamg [17] 1N193LATI8 AU IO ULVD YRR U ARTAY
yianelfnauuresiudl izmit Tulsemagsi Saldiinnginaannsindaeaduasoiing
593 3 win Usznoaunly ¥ila crystalline (c-Si) ¥3la multi crystalline (mc-Si) wagsiin
cadmium-telluride (Cd-Te) Ssfndauundsavesnasienssumans unine ds Kocaeli
FefaLAvtufindeusifiounatan 2013 aufiaiousuaian 2014 Fewudn mean array
efficiencies (MAEs) 484 Cd-Te gefign Tuvauzfien PR 989 c-Si wag mc-Si mndn Cd-Te #in
PR $ouay 83.8, 82.05 WAz 89.76 MUY Wag Cd-Te i capacity factors (CFs) gafigalu
uslazifion @9 Cd-Te afianuundedefigaluiiud Zmit

Md Faysal Nayam wagag [18] ¥innsitasieiiUseulie ulssansnmuoagasias
ofindndnddnouvindieg Infiansanmisfiwesifinauininaninuanden felusunsy
Matlab vaduniiwaduatefing siandniertaney viandnsindaneuwassiailduus 1ile
NIITUIMNEATUAIIULTULES U39 200-1,000 TAAFBAISINUAT WUILNLYAALEIDRE T
wEnAEIdanuILiUTTANS A Mgan YzTivdandnsiudanouaziiussansamdign (e
NATUIMNEIURUNYI ¥ 0-40 DIANVALTEA WUTUNUYAT KA TING VTaTAUUI99EE
Uszdnsnngagn yauriviandniieadanouagiussaniawinan waziefiansamieiiu

a1

9ounQil 939 40-80 A wALTEE NUTHATAAWANDITING FANANALITAADUILTUTEANT AN

)
g9an vauzil vilandansndaneuaziiustavsnimeng

Valeriu Bostan wagane [19] Y1MN153LAS18MUS8ULTIB UANS T OULYDILNILTAA
wasenfing wiaflduuns (CIS ) Aurlandnsindaaeu defiansansugumgll enuduuauas
MM5U99T NUMBRLTAaLEAWIANS YTaTlaNune (CIS) 3EADUAUBILALHARNSIULARNIINEN

FTARRUNTAUNTAMTLLAIUDILAY RN YULLALINUNTALAANTITUTNI W d
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wese17ing FlanaNTINTaRe U NARNaINUlAUSEN Suay 50 YadlNgadlating vila
Wawuns (CIS)

Eadem Elibol wagaay [20] INA15ILATIERANTTOULVDILNILIAA LEIBing ¥l
A199 Usznausie ¥iin Amorphous silicon a1 2.40 kW wila Poly Crystalline auin 2.64
kW tazailn Mono Crystalline 9u1m 2.35 kW TneRnduundivesminendeluussine
pafuazinududinua svezinar 1Y wudndlan PR Sesaz 73, 81 was 91 Mmua1du uaz
UsvAnsnmanaald $ovay 4.79, 11.36 uay 13.26 vneflguniasiu 1 osmivadea a

U s

MVUTEAVEAWIANTU Sopaz 0.029 uag 0.033 dnsulnswaauasoing sin Amorphous

'
=

silicon wagwila Poly Crystalline Soway 0.033 Tuvag#iviin Mono Crystalline HUsgaNsAMN
anad Sevay 0.084

Fatma Ahamadi kagamg [21] ¥11A15IATIERANTTOUL VDILHUGAAUEID19RY 2
wiln Usgnausie il Poly Crystalline wu1a 1.47 KW wagviin Amorphous 911 1.24 kW
Faindauundsamaniangfuanideddvesssmantids  Suhmstaussiufinuaszesia
2 8 wu unawaduaseniing dia Amorphous fldn PR gand1 fesay 80 naeavied Tunndl
WHawadKatIng wila Poly Crystalline 3iA1 PR ag5ewing Sewaz 76 - 80

4373 e wazAney [22] vinswssuiisundsnuliinasiesygmansvesssuy
nanlrfgaduateinduuuindeuundnuesenisiaogns suim 20 kW lneldunaead
waseriing ¥iaflduune ezuesiladinou Wisuoudulusunsy wuitAmSsuindald
Tn&iAeiu sedfisvoznafunu fvunsasiudonduulnihanmass 7 vim/mie nuh
syzaAunuvendanuliihindnlsnss 5 U 3 Weu varfisvesnaAuyuvemdsnuils
nlUsUNTY PVsyst flsgeziianauyu 5 U 5 ey

Madhuchandrika Chattopadhyay wazaaig [23] vinn1sAnwindIsuiievanssous
gasszuunanliieaduaieiindideusofunsainnssluendlor suunuaziuiiveives

84

Uy awn 10 kW Ingldunasaduasoing vlanansiuddnou Ansiginiglusunsy PVsyst

UUWBYDILNG 27 BIA1 29 B3P kag 14 B9A1 AINAINU NULAazNuNTlaussaue Teuay

78.3, 81.9 Wag 79.5 ANUAIAU
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uni 3

A5ANTUNI5IVY

(-]
3.1 unu
a v n:glj I o a 3 (% a L4 a a6
nuITsdidudiauenisimssianssaugvedlseliiinasnulaeing vliadldy
VN THANANTINTAADU LWUUAAAIUUNULAY AalUTUATH PVsyst LazNanIsRARIDSE 11U

[

6 WINZING YIUT1WALLDEARIL

g.ll o a a o
3.2 YUMBUALUUNITIVY
AMFIMVBINIANTUIATY amnsaasuiluduneusne ldnuunuglivansdunen

(Flow Chart) é?ial,l,ammsjazlﬁamlﬁﬁagﬂﬁ >

VUMIUITIUNTTH
Anw AuAIMgE NI Tes

}

Anwnsalnindsaukaaoing

!

Fusumazdniiudeyalsslnimdsnu

LEIDTIRERINAIUNTS

naealsalnvndsulase ing fae PVsyst

I

AAsemdseuiisuna

]

asunanareiunena

5UN 3.1 Tupeumsainiiun1sivy



3.3 doyavadlssluindsnuuaseiindildluniside

3.3.1 @0UNAg

¥
av AaAa o

15l ndsunase Andnloluanuddedisnuiu 2 159 Usenausie 1saludin

NAMULAIDTINE VAUV IANANSINTAADY Tadis1eazidunnadl

a s a

3.3.1.1 lsslfhmdanuuaseniing wlafiduuns anunasai 233 vy 5 f1ug

A
av Ao a

Wi dunersuvng SminusAuys fidands azfge 13.9 saamile asaiga 101.5 99

a

nziusen AnAseguuitui 100 5 AIUARIMINTUN 3.2 Uagguil 3.3

Y

a =<

2.3.1.2 159l nadanaae1fing sRaNANITINTAADY AD1UNAAYN 234
ny 5 Muariind sunersunlng Sminus1auys Ainenae azfgn 13.9 esrumile asdRgn
101.5 a9z iuean Anmseguuiiui 62 15 Awaninuun 3.4 wagsuil 3.5

159l A ndmaaaning AuT199UlNISIBUABIINAUSEUUIINUNI8UDINSbHN
1 a d' a a & = al' g.jl 1 U a d! =
druginiaieviglnidonded waslianunnuwieiulagyssunn 2 Alawns Faalousgly

UInaAgINULaTiaN1NwINADUA18UBN Lo UL

5UN 3.2 Tsdlwiihmdsnuueasoniing silafauuns
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5UN 3.4 Tsdliihmdsnuueasoniing silandnsiudanau
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5UN 3.5 anuazn1sAnAKAYaRLAIRTIng YllaNANTINTAADY

3.3.2 WRLYAAWEIDINING

i
a Y 3

2.3.2.1 Tsalalfndsanunasaning siaNduun AnfakNdeadLaiafing §ve

o |

SHARP 91171 2 $u Usenaundg U NA-E125L5 9u1a 125 06 99U3U 24,000 UHY Uaziu

NA-E130L5 9u1a 130 S8 §1u7u 23,088 wiiu Feldfuilianizindeunaeaduaseiing
66,083 A1S1UUAT T,msﬂ,zjimﬁuﬁsﬁaqdmwiwLLN@LLazqmmﬁws%U‘lﬂﬂﬁuﬂ aelulasenig
TnofisoaviBunnudn vy UoNITadIAIDITINg Aam13197 3.1

3322 Tsslilndsaunaonfing slandnsindaneou Andeuniisaduas

917ng 910 JASOLAR U JAP6 72-310/3BB wu1A 310 306 99U3U 19,341 wiu Feldiudiang

(%
U (3

AARILNOgadwate1fing 37,491 a1510uas Ingldsauiungednaseninauniuagy
a15sgulnedug anglulasans lnelisgasidennuanyE Y ULHATARLEIRTIREG A1UA1TIS
3.2
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M13199 3.1 AUANYUTYRILKITaALAIRTTIng viiaTlduune 8o SHARP[28]

518115 AVeld 3U NA-E125L5 34 NA-E130L5
maalnigedn (Pg) W 125 130
wsssiuliieesdn (V,,) v 59.70 60.40
wssiulntihgegn (V) % 45.50 46.10
nszualnianees (1) A 3.37 3.41
nswualihgegn (1)) A 2.75 2.82
USEANTANUBINS (77,,) % 8.90 9.30
wansynugumgisemdsii ()P,) %/ °C -0.24 -0.24
YUIALKL (L x W x D) mm. 1402x1001x6.7 1402x1001x6.7
drondnuns kg 24.00 24.00

M13197 3.2 AN WUEVDILNITAGHARINNE YHANGNTINTAADY B%T0 JASOLAR[29]

518115 AVeld 34 JAP6 72-310/3BB

maalnigedn (P,) w 310
wserulniasdn (V,,) % 45.45
ussiulntihgga (V) % 37.040
nszualningnaees (1) A 8.85
nszualnigegn ( 1, ) A 8.38
UsgAnSnmuesiug (77,,) % 15.99
wansynugumgiseidsini ()P, ) % / °C -0.41
YUK (L x W x D) mm. 1956x991x45
Yot kg 26.00

3.3.3 Buiines
Sunefines (301 uriaqudsiu (Central Inverter) Aldlunisidouseidn
Ausguudmiigveinisiniidiuginie Ingldduiesinesvendndae SUNGROW ju
SG1000TS WwAffA 1000 kW $1uau 6 gn/lss Fedunefinesiuiusznauinanduieines

a (% a

U SG500MX 313U 2 1Aedlinieny  Aananugui 3.4 Feallnaanuuzreduneiines

q

FALEAIRINAITINN 3.3
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IDC Power Distribution|
(Opt)

: DC Input

SG500MX

Power Module

AC

L4 DC+ Fuse Protector AC Switch  AC Output
DC Circuit Breaker | 5 DC Switch Fuse Protector
L | L = L
oc- = L2
Do = o o
3 13
L3
.
L]
DC SPD PE AC SPD
PE
460V-1000V fb

PV Array Inputs
IDC Power Distribution
(Opt)

.

° DC Input

. DC+ Fuse Protector

DC Circuit Breaker || DC Switch

1=

T

SG500MX

AC Switch  AC Output

AC Filter
C P Fuse Protector

=

AC SPD %@

JUN 3.6 laezunsuvesduniedines

A19197 3.3 AUANYAULYDIBUNBIINES

Input Side Data(DC) SG1000TS
Max. DC power (@ cos @ =1) 1120kw
Max. input voltage 1000V
Start voltage 500V
Min. working voltage 460V
Max. input current 2240A
MPPT voltage range 460~850V
Number of DC inputs 16/32
Output Side Data(AC) SG1000TS
Rated power 1000kW
Max. output AC power 1100kVA
Max. output current 2016A

Max. THD

Rated grid voltage
Grid voltage range
Rated grid frequency
Grid frequency range

Power factor at rated power

DC current injection

<3% (at nominal power)
315V
252~362V
50Hz/60Hz
47~52Hz/57~62Hz
>0.99

<0.5% of rated inverter output current
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(n)

()

JUN 3.7 msfinsaduiesives (n) lsalviihwdanuuaseniing sllafiduuns (@) Tsdluih

NAWULEIDTNE YRATALUN

3.4 n1seanuuUlsalnAnaseuLaseiing Aqalusunsy PVsyst
n5eenLuUls NS uLa®IegEY ARsinSANYITIYaZIBEARINY RanuEIU
Wislsgnounisanaulansuaniunisneadialssliiindinulaseiing wagn1sdnaninig

poNLUUAI8TUTINTL PVsyst Miludnduneuiadey Jedidunouil
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Y

Junaun 1 in1sUalUSLATU PVsyst kdasUsIngutnaemunm

PVsyst V6.81 - TRIAL - Photovoltaic Systems Software - [m] X

e Files Preferences Language Licence Help

Choose a section Content

Please choose an option.
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Sun paths diagram — O X
Close Print Export Format Change to Solar Time Change to Polar coord,
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PVsyst V6.81 - TRIAL - Photovoltaic Systems Software

@ Files Preferences Language Licence Help

Choose a section Content

System

Meteo and components databases .
management. Grid-Connected

Meteorological data

- Monthly and hourly files, synthetic

hourly data generation,

- Analysis and check of hourly data Stand alone
files,

- Import from many diverse sources.

Component database Pumping
- (PV modules, inverters, batteries,
pumps, controllers, gensets, etc. )

DC Grid

— s . .

5UN 3.12 miwenisesniuy

JUNDUN 6 L8N Grid-Connected ka1 1715793 81A59015 wiaulvian
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Project: Thin Film 6 MWp.PR) - o X
Project Site Variant
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Q Project setings
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Meteo data: Ban Nong Phai

PVSYST V6.81 18/06/19 Page 1/4
Grid-Connected System: Simulation parameters
Project : Thin Film 6 MWp
Geographical Site Ban Nong Phai Country Thailand
Situation Latitude 13.90°N Longitude 101.50° E
Time defined as Legal Time Time zone UT+7 Altitude 11 m
Albedo 0.20

Meteonorm 7.2 (1991-2010), Sat=46% - Synthetic

Simulation variant : New simulation variant

Simulation date

17/06/19 0024

Simulation parameters System type

No 3D scene defined, no shadings

Collector Plane Orientation Tilt 17° Azimuth 0°
Models used Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings No Shadings
User's needs : Unlimited load (grid)
PV Arrays Characteristics (6 kinds of array defined)
Sub-array "Sub-array #1" uCSi-aSi:H Model NA-E125L5

Original PVsyst database Manufacturer Sharp Corporation
Number of PV modules In series 16 modules In parallel 500 strings
Total number of PV modules Nb. modules 8000 Unit Nom. Power 125 Wp
Array global power Nominal (STC) 1000 kWp At operating cond. 938 kWp (50°C)
Array operating characteristics (50°C) Umpp 682V Impp 1375A
Sub-array "Sub-array #2" uCSi-aSi:H Model NA-E125L5

Original PVsyst database Manufacturer Sharp Corporation
Number of PV modules In series 16 modules In parallel 500 strings
Total number of PV modules Nb. modules 8000 Unit Nom. Power 125 Wp
Array global power Nominal (STC) 1000 kWp At operating cond. 938 kWp (50°C)
Array operating characteristics (50°C) Umpp 682V Impp 1375A
Sub-array "Sub-array #3" uCSi-aSi:H Model NA-E125L5

Original PVsyst database Manufacturer  Sharp Corporation
Number of PV modules In series 16 modules In parallel 500 strings
Total number of PV modules Nb. modules 8000 Unit Nom. Power 125 Wp
Array global power Nominal (STC) 1000 kWp At operating cond. 938 kWp (50°C)
Array operating characteristics (50°C) Umpp 682V Impp 1375A
Sub-array "Sub-array #4" uCSi-aSi:H Model NA-E130L5

Original PVsyst database Manufacturer Sharp Corporation
Number of PV modules In series 16 modules In parallel 481 strings
Total number of PV modules Nb. modules 7696 Unit Nom. Power 130 Wp
Array global power Nominal (§TC) 1000 kWp At operating cond. 939 kWp (50°C)
Array operating characteristics (50°C) Umpp 695V Impp 1352 A
Sub-array "Sub-array #5" uCSi-aSi:H Model NA-E130L5

Original PVsyst database Manufacturer Sharp Corporation
Number of PV modules In series 16 modules In parallel 481 strings
Total number of PV modules Nb. modules 7696 Unit Nom. Power 130 Wp
Array global power Nominal (§TC) 1000 kWp At operating cond. 939 KWp (50°C)
Array operating characteristics (50°C) Umpp 695V Impp 1352 A

PVsyst Evaluation mode

5U# 3.14 wan1s Simulation Yaslsslninwdanuunaseniing vlailduung
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PVSYST V6.81 18/06/19 Page 2/4

Grid-Connected System: Simulation parameters

Sub-array "Sub-array #6" uCSi-aSi:H Model NA-E130L5
Original PVsyst database Manufacturer Sharp Corporation
Number of PV modules In series 16 modules In parallel 481 strings
Total number of PV modules Nb. modules 7696 Unit Nom. Power 130 Wp
Array global power Nominal (STC) 1000 kWp At operating cond. 939 kWp (50°C)
Array operating characteristics (50°C) Umpp 695V I'mpp 1352 A
Total Arrays global power Nominal (STC) 6001 kWp Total 47088 modules
Module area 66083 nv?
Inverter Model SG500MX
Original PVsyst database Manufacturer Sungrow
Characteristics Operating Voltage 460-850 V Unit Nom. Power 500 kWac
Sub-array "Sub-array #1" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio  1.00
Sub-array "Sub-array #2" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio  1.00
Sub-array "Sub-array #3" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio  1.00
Sub-array "Sub-array #4" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio  1.00
Sub-array "Sub-array #5" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio  1.00
Sub-array "Sub-array #6" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio  1.00
Total Nb. of inverters 12 Total Power 6000 kWac
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 W/m?K Uv (wind) 0.0 W/m?K / m/s
Wiring Ohmic Loss Array#1 8.5 mOhm Loss Fraction 1.5 % atSTC
Array#2 8.5 mOhm Loss Fraction 1.5 % atSTC
Array#3 8.5 mOhm Loss Fraction 1.5 % atSTC
Array#4 8.7 mOhm Loss Fraction 1.5 % atSTC
Array#5 8.7 mOhm Loss Fraction 15 % atSTC
Array#6 8.7 mOhm Loss Fraction 1.5 % at STC
Global Loss Fraction 15 % atSTC
Module Quality Loss Loss Fraction -0.3 %
Module Mismatch Losses Loss Fraction 0.8 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect, ASHRAE parametrization IAM = 1-bo(1/cosi-1) bo Param. 0.05

PVsyst Evaluation mode

5U# 3.15 wan1s Simulation adlsslnindanuunaseniing vliailduuid
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PVSYST V6.81 18/06/19 Page 3/4

Grid-Connected System: Main results

Project : Thin Film 6 MWp

Simulation variant : New simulation variant

Main system parameters System type No 3D scene defined, no shadings

PV Field OCrientation tit 17° azimuth 0°

PV modules Model NA-E125L5 Pnom 125 Wp

PV modules Model NA-E130L5 Pnom 130 Wp

PV Array Nb. of modules 47088 Pnom total 6001 kWp
Inverter Model SG500MX Pnom 500 kW ac
Inverter pack Nb. of units  12.0 Pnom total 6000 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 9442 MWh/year Specific prod. 1573 kWh/kWp/year
Performance Ratio PR  84.52 %

Normalized productions (per installed KWp): Nominal power 6001 KWp Performance Ratio PR
7 T T T T T T T T T T T 10 - T T T T T T T T T T
3 Lc: Collection Loss (PV-array losses) 0.74 KWHINp/day PR : Performance Ratio (Y/Yr): 0.845
Ls: System Loss (inverter, .} 0.05 KWhikWpfday
P d useful energy (inverter output)  4.31 KWhiKWpfday

Energy  [KWhkwpiday]

Performance Ratio PR

Nonmalized

Jun Jul Aug Sep Oct Nov Dec

New simulation variant
Balances and main results

GlobHor DiffHor T_Amb GlobInc GlobEff EArray E_Grid PR
kWh/m?2 kwWh/m?2 e Kwh/m?2 kWh/m?2 MWh MWh
January 149.7 61.40 25.78 174.0 169.1 889.7 879.2 0.842
February 140.1 67.10 27.57 153.6 149.1 785.3 776.1 0.842
March 170.5 81.80 29.63 1772 172.0 903.3 892.7 0.839
April 170.6 88.30 30.37 166.9 161.5 850.7 840.3 0.839
May 165.7 84.70 30.09 153.6 147.9 786.6 777.0 0.843
June 155.2 84.80 29.26 142.0 136.7 731.6 722.4 0.848
July 156.5 87.50 28.98 144.5 139.3 745.7 735.9 0.849
August 142.6 86.10 28.55 136.9 1321 2113 701.9 0.854
September 133.6 76.90 27.39 134.6 130.1 699.6 690.5 0.855
October 139.1 76.60 27.78 147.7 143.3 763.5 753.5 0.850
November 138.9 59.20 26.61 157.9 153.6 810.2 799.9 0.844
December 145.6 52.70 25.86 172.6 168.0 882.8 872.2 0.842
Year 1808.1 907.10 28.16 1861.5 1802.6 9560.0 9441.7 0.845
Legends: GlobHor Horizontal global irradiation GlobEff Effective Global, corr. for IAM and shadings
DiffHor Horizontal diffuse irradiation EArray Effective energy at the output of the array
T_Amb Ambient Temperature E_Grid Energy injected into grid
GlobInc Global incident in coll. plane PR Performance Ratio

PVsyst Evaluation mode

5U# 3.16 #an1s Simulation Yaslselninwdanuunaseniing viailduuig
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PVSYST V6.81 18/06/19 Page 4/4
Grid-Connected System: Loss diagram

Project : Thin Film 6 MWp

Simulation variant : New simulation variant

Main system parameters

System type

PV Field Orientation tilt
PV modules Model
PV modules Model
PV Array Nb. of modules
Inverter Model
Inverter pack Nb. of units
User's needs Unlimited load (grid)

No 3D scene defined, no shadings

17° azimuth
NA-E125L5 Pnom
NA-E130L5 Pnom
47088 Pnom total
SG500MX Pnom
12.0 Pnom total

0°
125 Wp

130 Wp
6001 kWp
500 kW ac
6000 kW ac

1808 kWh/m?

1803 kWh/m? * 66083 m? coll.

Loss diagram over the whole year

efficiency at STC = 9.15%

Horizontal global irradiation
+3.0% Global incident in coll. plane

-3.2% |AM factor on global

Effective irradiation on collectors

PV conversion

10895 MWh

9560 MWh

9442 MWh
9442 MWh

Array nominal energy (at STC effic.)

-1.9% PVloss due to irradiance level

-9.5% PV loss due to temperature

+0.6% Spectral correction for amorphous

+0.2% Module quality loss

-0.9% Mismatch loss, modules and strings
-1.1% Ohmic wiring loss

Array virtual energy at MPP

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

Available Energy at Inverter Qutput

Energy injected into grid

PVsyst Evaluation mode

5U# 3.17 wan1s Simulation vadlsslnindenuunaseniing vliailduund
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PVSYST V6.81 18/06/19 Page 1/4
Grid-Connected System: Simulation parameters
Project : Poly Crystalline 6 MWp
Geographical Site Ban Nong Phai Country  Thailand
Situation Latitude 13.90°N Longitude 101.50° E
Time defined as Legal Time Time zone UT+7 Altitude 11 m
Albedo  0.20

Meteo data: Ban Nong Phai

Meteonorm 7.2 (1991-2010), Sat=46% - Synthetic

Simulation variant : New simulation variant

Simulation date

18/06/19 22h13

Simulation parameters System type

No 3D scene defined, no shadings

Collector Plane Orientation Tit 17° Azimuth  0°
Models used Transposition Perez Diffuse  Perez, Meteonorm
Horizon Free Horizon
Near Shadings No Shadings
User's needs : Unlimited load (grid)
PV Arrays Characteristics (6 kinds of array defined)
PV module Si-poly Model JAP6-72-310/3BB

Original PVsyst database Manufacturer JA Solar
Sub-array "Sub-array #1"
Number of PV modules In series 21 modules In parallel 154 strings
Total number of PV modules Nb. modules 3234 Unit Nom. Power 310 Wp
Array global power Nominal (STC) 1003 kWp At operating cond. 900 kWp (50°C)
Array operating characteristics (50°C) Umpp 696V Impp 1294 A
Sub-array "Sub-array #2"
Number of PV modules In series 21 modules In parallel 154 strings
Total number of PV modules Nb. modules 3234 Unit Nom. Power 310 Wp
Array global power Nominal (STC) 1003 kWWp At operating cond. 900 kKWWp (50°C)
Array operating characteristics (50°C) Umpp 696V Impp 1294 A
Sub-array "Sub-array #3"
Number of PV modules In series 21 modules In parallel 154 strings
Total number of PV modules Nb. modules 3234 Unit Nom. Power 310 Wp
Array global power Nominal (STC) 1003 kWWp At operating cond. 900 kWp (50°C)
Array operating characteristics (50°C) Umpp 696V Impp 1294 A
Sub-array "Sub-array #4"
Number of PV modules In series 21 modules In parallel 153 strings
Total number of PV modules Nb. modules 3213 Unit Nom. Power 310 Wp
Array global power Nominal (STC) 996 kWp At operating cond. 894 kWp (50°C)
Array operating characteristics (50°C) Umpp 696V Impp 1285A
Sub-array "Sub-array #5"
Number of PV modules In series 21 modules In parallel 153 strings
Total number of PV modules Nb. modules 3213 Unit Nom. Power 310 Wp
Array global power Nominal (STC) 996 kWp At operating cond. 894 KWp (50°C)
Array operating characteristics (50°C) Umpp 696V Impp 1285A
Sub-array "Sub-array #6"
Number of PV modules In series 21 modules In parallel 153 strings
Total number of PV modules Nb. modules 3213 Unit Nom. Power 310 Wp
Array global power Nominal (STC) 996 kWp At operating cond. 894 KWp (50°C)
Array operating characteristics (50°C) Umpp 696V Impp 1285A

PVsyst Evaluation mode

5U# 3.18 wan1s Simulation vaslsslnihndsnunaseniing vliandnsinddneu
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PVSYST V6.81

18/06/19 Page 2/4

Grid-Connected System: Simulation parameters

Total  Arrays global power Nominal (STC) 5996 kWp Total 19341 modules
Module area 37491 n¥ Cellarea 33889 m?
Inverter Model SG500MX
Original PVsyst database Manufacturer Sungrow
Characteristics Operating Voltage 460-850 V Unit Nom. Power 500 kWac
Sub-array "Sub-array #1" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio  1.00
Sub-array "Sub-array #2" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio 1.00
Sub-array "Sub-array #3" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio  1.00
Sub-array "Sub-array #4" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio  1.00
Sub-array "Sub-array #5" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio  1.00
Sub-array "Sub-array #6" Nb. of inverters 2 units Total Power 1000 kWac
Pnom ratio  1.00
Total Nb. of inverters 12 Total Power 6000 kWac
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 Wim?K Uv (wind) 0.0 W/m?K / m/s
Wiring Ohmic Loss Array#1 9.1 mOhm Loss Fraction 1.5 % at STC
Array#2 9.1 mOhm Loss Fraction 1.5 % atSTC
Array#3 9.1 mOhm Loss Fraction 1.5 % at STC
Array#4 9.2 mOhm Loss Fraction 1.5 % at STC
Array#5 9.2 mOhm Loss Fraction 1.5 % atSTC
Array#6 9.2 mOhm Loss Fraction 1.5 % atSTC
Global Loss Fraction 1.5 % at STC
Module Quality Loss Loss Fraction -0.8 %
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect, ASHRAE parametrization IAM = 1-bo(1/cosi-1) bo Param. 0.05

PVsyst Evaluation mode

U 3.19 wan1s Simulation vadlsslniimasnuuateriing slnudnsinddnou

64




User's needs

Unlimited load (grid)

PVSYST V6.81 18/06/19 Page 3/4
Grid-Connected System: Main results

Project : Poly Crystalline 6 MWp

Simulation variant : New simulation variant

Main system parameters System type No 3D scene defined, no shadings

PV Field OCrientation tit 17° azimuth 0°

PV modules Model JAP6-72-310/3BB Pnom 310Wp

PV Array Nb. of modules 19341 Pnom total 5996 kWp

Inverter Model SG500MX Pnom 500 kW ac

Inverter pack Nb. of units 12.0 Pnom total 6000 kW ac

Main simulation results
System Production

Produced Energy

9163 MWh/year Specific prod. 1528 kWh/kWp/year

Ls: System Loss (inverter,
i

)

0.05 KWhKWp/day

Performance Ratio PR  82.10 %
Normalized productions (per installed kWp): Nominal power 5996 kWp Performance Ratio PR
¥ T T T T T T T T T T T 1 T T T T T T T T T
o Le: Collection Loss (PV-array losses) 0.86 KWhKWp/day - PR Performance Ratio (Y/Yr): 0.821

d useful energy (inverter output)

4.19 KARKAWp/day

Energy  [KWhKWp/day]

Performance Ratio PR

Nommalized

Nov

New simulation variant
Balances and main results

GlobHor DiffHor T_Amb GlobInc GlobEff EArray E_Grid PR
kwh/m? KWh/m?2 °C Kwh/m?2 Kwh/m2 Mwh Mwh
January 149.7 61.43 25.78 174.1 169.1 872.9 862.8 0.827
February 140.1 11 27.57 153.6 149.1 763.2 754.3 0.819
March 170.5 81.84 29.63 177.2 171.9 870.0 859.9 0.809
April 170.6 88.27 30:37 166.9 l6l.5 818.7 808.9 0.809
May 165.7 84.68 30.09 153.5 147.9 760.3 7511 0.816
June 155.2 84.76 29.26 142.0 136.7 710.5 701.7 0.824
July 156.5 87.49 28.98 144.5 139.3 724.6 715.1 0.825
August 142.6 86.14 28.55 136.9 132.1 687.4 678.3 0.826
September 1336 76.94 27.39 134.6 130.1 677.6 668.8 0.829
October 139.1 76.61 27.78 147.7 143.3 739.0 7294 0.824
November 138.9 59.20 26.61 157.9 153.6 788.7 778.6 0.822
December 145.6 52.66 25.86 172.6 168.0 864.5 854.1 0.825
Year 1808.2 907.13 28.16 1861.5 1802.7 9277.4 9163.2 0.821
Legends: GlobHor Horizontal global irradiation GlobEff Effective Global, corr. for IAM and shadings
DiffHor Horizontal diffuse irradiation EArray Effective energy at the output of the array
T_Amb Ambient Temperature E_Grid Energy injected into grid
GlobInc Global incident in coll. plane PR Performance Ratio

PVsyst Evaluation mode

5U# 3.20 wan1s Simulation vaslsslnihndenunaseniing vlandnsiudaneou
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PVSYST V6.81 18/06/19 Page 4/4

Grid-Connected System: Loss diagram

Project : Poly Crystalline 6 MWp

Simulation variant : New simulation variant

Main system parameters System type No 3D scene defined, no shadings

PV Field Orientation tit 17° azimuth 0°

PV modules Model JAP6-72-310/3BB Pnom 310 Wp

PV Array Nb. of modules 19341 Pnom total 5996 kWp
Inverter Model SG500MX Pnom 500 kW ac
Inverter pack Nb. of units  12.0 Pnom total 6000 kW ac
User's needs Unlimited load (grid)

Loss diagram over the whole year

1808 kWh/m?

Horizontal global irradiation
+2.9% Global incident in coll. plane
-3.2% |AM factor on global

1803 kWh/m? * 37491 m? coll. Effective irradiation on collectors

efficiency at STC = 16.00% PV conversion

10814 MWh Array nominal energy (at STC effic.)

-0.5% PV loss due to irradiance level
-12.5% PV loss due to temperature

+0.7% Module quality loss

-1.1% Mismatch loss, modules and strings
Ohmic wiring loss

9277 MWh Array virtual energy at MPP
-1.2% Inverter Loss during operation (efficiency)
0.0% Inverter Loss over nominal inv. power
0.0% Inverter Loss due to max. input current
0.0% Inverter Loss over nominal inv. voltage
0.0% Inverter Loss due to power threshold
0.0% Inverter Loss due to voltage threshold

9163 MWh Available Energy at Inverter Qutput

9163 MWh

Energy injected into grid

PVsyst Evaluation mode

5U# 3.21 wan1s Simulation vaslselnihndsnunaseniing vlandnsiudaneou
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3.5 Myeanuuussuulniivaslsdluiiwasunasafing
nsoonuuUlsdliiindruiaefinduesidded Ussnoude nseenuuuszuy
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3.5.1 Mseonuuuszuulnihveslssiisadiasoniing staiduui
3.5.1.1 anolalilh amnsaduialdamunnsgiu 2an.[24-25) Fadeadaileds
svezTaLazussTunnluanal26] ansnsamlael
1) aunanglniln 929381319 PV String — Junction Box @11150A11IU
laanaunis
|, =1.251,
nsal  UNATAILAITING JU NA-E125L5
NMIAUAELUULAUADEINZTATIASIARN
AT 16 LNIRDEARNT
JEYLNFIEN 50 UM
WIUUA9T (Voe,) 9552 Taad (%)
NITUAanes (lge) 337 weuuwds
Sovazusiuan (Vg,)  0.25
nszuaneae (1,,)  4.21 woNLUs
@onangluin ;
¥ila CV 0.6/1 Alalas wwnaelwin 4 mssliediuns
nsal  UWHALaAUAsRITIRg Ju NA-E130L5
NIAUAISLUULAUADELN1ZLATIAT IS
LN 16 WNIRDENT
EELCAIRN NG (2 50 R
WIS (Voe,) 9664 1386 (AR)
NIsuadnaes (lg,) 341 ueuuwds
Sovazuswiumn (Vy,)  0.25
nsehadneane (1,,) 426  ueuuUs
@onanalwil -

¥h0n CV 0.6/1 Alalnad vuinaelnin 4 s1s1eladuns
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2) wunang vl 92958%319 Junction Box — Array Box
l,,=1.251,
nsal  UNUTAAUATDITING JU NA-E125L5
nsAuaBLUUSorYio HDPE Hafu
PV String 3 YARONADIENY
TEEENNIEIEN 250 LAS
WIPUUNAT (Voe,) 9552 Taad (%)
Nsenaanats (lee,) 1011 wouuys
Sovazuswunn (Vp,) 1.25
nsvhadinmane (1,,) 1264  weauuls
@onanelnil -
yila CV 0.6/1 Alalad aweanelvih 10 ssliadiung
nsal  UHATAAUASDITING JU NA-E130L5
nsiuaBuUUTosYio HDPE Hafu
PV String 3 YARBNABINDENY
eERAIaN NG (g 250 RS
WIwNI9T (Voe,) 9664 1386 (AR)
NTeuadnigms (ly,) 1023 wouuys
Sowazuswiunn (Vp,)  1.25
nsewaineane (1,,) 1279 ueuuUs
@onanelwil -
¥la CV 0.6/1 Alalad aweanglvin 10 esediadiuns
3) vumangluia 42958139 Array Box — Inverter
=125,
nsal  UHATAAUASDITING JU NA-E125L5
nsiuaBuuUSosyio HDPE Rafu
Junction Box 12 qum'aama

TYUYNEIER 300 RS
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w3 Un995 (Voe,) 9552 1aad (3%)
NI2LAan997 (1ge;) 12132 uouuwus
Sowazusiunn (Vp,)  2.00
nsehadinmane (1,,) 15165  uwouuls
@onanalwil -
wila CV 0.6/1 Alalad aweanglvin 95 esediadiuns
nsal  UNLYALAITING Ju NA-E130L5
nsiuaBLUUSorYio HDPE Rafu
Junction Box 12 qum'aamié
EERAIRNGNG () 300 LIRS
WIIRUUR9aT (Voe,)  966.4 1206 (A7)
NILAaN99T (1gey) 122.76  uouwUs
SovazuIuan (Vo)  2.00
nazwannaas (1)  153.45  wouuls
@onanglwil -
wiln CV 0.6/1 Alahas sueanslvin 95 aseliadiuns
4) guinans il 92955138 Inverter — Transformer
s =12515
nsal  UNAIATLATDITING JU NA-E125L5

ASLHUAILUUSEI® HDPE Hefu

Array Box 7 YAFDUIDINDST
TEULNIGIEN 30 LR
wseouvIeen (Vy ) 315 1786 (10%)

NILUAGANTT (Iy ) 1,008 womUUS
Sovazwswiuan (Vy,)  1.50

nyzwanneeas (1,) 1,260  wouuls
Fonanaluii :

i CV 0.6/1 kV 29U 1x300 s31daatuassotne
Fouazldans CV awa 3x300 asneiiadiuns

nsal  UNLTALADITING JU NA-E130L5
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ASLAUAELUUS8YID HDPE Hefu

Array Box 7 YAFDBULIBTADT
EEAURN NG () 30 LIRS
wsssuvneen (Vo ) 315 a6 (10%)

NIEUAA99T (g ) 1,008 UBuLUS
SouazuIiunn (Vp,)  1.50

nszuadnane (1 ,) 1,260  wouwus
donanalwi :

win CV 0.6/1 kV wu1m 1x300 s139diadunssalng
Fafuazldans CV awm 3x300 asnefiadiuns

5) aunag i 929551318 Transformer — Drop Out Fuse

I, =1.251_,

YUIARLBLUAY 1,250  Alaladuond
WS NLN 315 a9 (10%)
WSIAUUILBN 22 Alalias
nsziavieen (I ) 32.80  uanuUs

nyzuwannaeans (1)  41.00  wouuls
MMSANEBLUUSDeYa HDPE Hlefuy
donanaluin :
YR XLPE wu1a 35 Ansadlaaiunsaaing
Fatfuaylaans XLPE 9unn 3x35 ms1adlaans

6) vunaelWin 1295811319 Drop Out Fuse — anatlou 24 Alalan
a1881n7@ (OHGW) :
FUAE18 SAC IUIR 3x35 A1TNNARLUAT

7) vunangliia vesateteu 24 Alalad
vistouUat vue 1,250 Alaladueutd $1wIU 6 1A3eq
a1ea1n1a (OHGW) :
YUAANY SAC YUA 3x95 PTNAALUANT

8) vunaglnin 1eszning anateu 22 Alalan - DS1

g1891n1¢ (OHGW) :
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YUna8 SAC UM 3x95 ANF9LARLUAT
9) aumaslin 9a9sewing anetles DS1 - RMU
nsiAUENBLUUSoYYio HDPE Hefu
@18 XLPE U9 3x95 A9 198adung
10) vunanglnin 929531ine @edoy RMU - DS2
nsIAUENBLUUSoYYio HDPE Hefu
@18 XLPE U9 3x95 A9 198aaung
11) vuwnanglnin 929581ane DS2 - SF6
nsIAUENBLUUSoYYio HDPE Hefu
@18 XLPE U719 3x95 A9 198adung
3.5.1.2 gunsnidaiu
1) nstosfunszuaiudiuand Aray Box #411970 Junction Box
Senngunsaitiostunseuaiiu anmnsomldainauns deil
s =151,
nsal  uRATadwAeNTing Ju NA-E125L5
nszuaningunsailesiu (1) 1517  wouuys
wangunsaidesiu vue 15 LouUs
nsal  WHLYAdWANDNTINg U NA-E130L5
nszuaninagunsailesiu (1) 1535  uewuuys
wangunsaidasiu vue 15 LouUs
2) mstosiunsguaiuaAIuYIan Array Box 1131NNTEREAIUUINTN
11910 Junc Box wuiy 12 1 Ssvuingunsaitlestunszuaiiu
annsamldannaunisel
l,, =151,
nsal  uKLALADTIng Ju NA-E125L5
NIELAaN99T (1gey) 12132 uouuwus
nsvhannagunsailesiu (1,;)  181.98  uwauuUs
Wongunsaidesiu vuie 200 LoU3
nsal  WHIYRdRANDTTIRg U NA-E130L5

NIEAINI99T (1gcy) 122.76  uouuwUs
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nszuannngunsallesiu (1,,)  184.14  wouwys
Hengunsaldasiu vuie 200 LouUs
3) Bunefned axdgunsnitiostunsuaiueglusuaiasiafiu et
WagAUY108N

1) visfeutaslyliin 2dl Drop Out Fuse Wugunsaitlosiu dsflvunn

9
i

=¢

l, =1.251,, = 41 wonuUs
wonld Fuse Link 9110 40 wouwys
5) RMU fuasnldannnssuasiuvomsionasia 6 w3es
lg =1, +51, =205 uonuus
@only RMU w119 200 woutkus
6) DS Awalldannszuasuvemiioudasi 6 Le3eq
DS = RMU = 205 wouuus
@onlt DS vu1a 200 wonnus
7) SF6 Awnilgannssuasmvemiioudasii 6 Le3eq
SF6 = DS = RMU = 205 wouuus
@onld SF6 aum 200 wouuUs

3.5.1.3 valowladtniin  anunsaruuvuiansanladlasadl

YUV LU 1.25 x MAsAnAIgeEn

= 1.25 x 1,000
- 1,250 Alalanueud

(%
Yo A

3.5.1.4 seuulosiuimn a1ansaA1winunsgIu 1an.[27] losall

Fureaszuuleaiuiini Bondu 4
IR = SeiluomIInaNNa
Pidl = 60 LUAT
3.5.1.5 @ngiu Uszneume aeiuvasssuuliuasanefuvesusuming
SeanunsndummLIATgIL 2an.[24-26] Iidede Ul
1) @19AUVILNUTAALEIDTIAE LlHandy THW U1 6 1519

UAALUNS
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2) @uAUTBIlATIAT TR ULNITRALERNYAE [@ana1y THW au1a
16 115 190aALIAT
3) @189Auv8s Combiner Box t@anldans THW vu1n 16 #1919
Haauns

4) @eRAuTed Array Box taenldany THW U1 16 15 9iiaaiuns

5) @8AuUaY Inverter
a18au THW 3u19 95 a3nallaaiuns
a18ADNAaNAY THW 119 95 A5 19LaaLIAT
NaNAU 5/8” 8717 2.4 LUAT

6) envAuveIianUasliin, Drop Out Fuse uag Terminator Kit
a18Au Bare Copper U1A 35 AN 19NARLUAT
aunananAY Bare Copper UM 35 M1519888LINT
NanAu 5/8” 817 2.4 LUAT

7) @1eAurad RMU, DS wag Terminator Kit
@18nu Bare Copper UM 35 AN 1NNAALUNT
aesionanall Bare Copper U119 35 AT NUAALUAT
NANAU 5/8” &1 2.4 LUAT

8) avfuvasszuutasiunimn
@187 Bare Copper 9U1M 35 AN51UaRLUAT
aunananau Bare Copper U119 35 AT NUAALUAT
NanAU 5/8”7 817 2.4 LUAS

9) sIna8AU Bare Copper UM 35 A3I9aaIUANT

3.5.1.6 wlauUasuinig

1) U9 50 Alaliaduend

2) Fuse Link 3 wauwUs (Drop Out Fuse)

3) gefuvewmsonUadlniln wag Drop Out Fuse
a@18Au Bare Copper UM 35 AN 1NNAALUINT
ausiananal Bare Copper U119 35 AT NUARLUAT

PANAY 5/8” 817 2.0 LUHS
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4) eeRuresseuulni -
aesananau THW au1a 10 ans1eliadiung
NanNAU 5/8” 411 2.4 LUAT

3.5.2 mMyeenuuuszuulnihve s mdinunasoiing slanansindanou
3.5.2.1 argliiln awnsamuialdniuuinsgiu 1an.[24-25] Fedeq
Miladeszeznianazussiunnluans[26] arunsanildsed
1) aurnag Wi 92958139 PV String — Array Box @nunsaaiuiule
INAUNT
|, =125,

WHIRAUASDTING JU JAP6 72-310/3BB
NSAUAIBLUURAUADELNIZ L ATIAT RS
WNLEAA 21 WNIRDERT
JLUENNGIEA 300 LIRS
WIIRUTR99T (Voe,)  954.45 1704 (A7)
NILUaan995 (lge,) 8.85 wonLUs
Soazuswuan (Vg )  1.30
nyzuaiinans (1) 11.06  wouwUs
donanglii ;
¥ila CV 0.6/1 Alaliad vuim 10 eseladiuns

2) vunagliil 929589919 Array Box — Inverter

|, =1.251,

WHIRAUAsRTINg JU JAP6 72-310/3BB
nsIUENBLUUSoYio HDPE Hefu
PV String 11 YAFDOLLE
Srg¥neEsEn 300 LIRS
WIIRUUR99T (Voe,)  954.45 1704 (A7)
NITuaanaees (ly,)  97.35  wauuus
Sovazuswiuan (Vo)  1.50

nyzwannaans (1,)  121.69  wouuls

74



@onaglii :
wila CV 0.6/1 Alaliad vuia 95 M159ladiuns
3) vumanaluin ¥19581IN9 Inverter — Transformer
1, =1.2515
WHOLAGLAIRINE JU JAP6 72-310/3BB

ASLAUAELUUS8YID HDPE Hefu

Array Box 7 YnsDdUIDTNES
TLYLNIGIER 30 EXob
wssAuveen (Vo ) 315 1ad (1o%)

NILUAGn9T (1 ) 1,008 womUUS
Sosavusanunn (Vy,)  1.50
nsvwadnmane (1,,) 1,260  wauus
Wonanali :
¥l CV 0.6/1 Alalias vu1a 1 x 300 a1 edadlunsAoLe
Fahuazldane CV auia 3x300 Ms1eliadiuns
4) el 939581319 Transformer — Drop Out Fuse
I =125,
Yuavisawlad 1,250  Alalianuwauy

LIIAUYDN 315 Tas
LSIAUVIBEN i Alalan
nsziaviean(l,,) 32.80  wouuUs

nsehanneane (1,s)  41.00  uauuUs
nsIUENBLUUSoYio HDPE Hefu
donanglii ;
XLPE 2110 35 fn3aiiaatunsanaine
Fofuazldans XLPE vunm 3x35 mssiaduns
5) aunaeli 429521313 Drop Out Fuse — aedou 24 Alaliad
A3AUAI88INA (OHGW) : @18 SAC UM 3x35 Sg.mm.
6) wunans il vesaelou 24 Alalas

yipwlad UM 1,250 Alaliadwaud 31U 6 A584
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ASLAUA1IEDINTA (OHGW)
@18 SAC YUA 3x95 MITNLAALNAT
7) vuwnagliin 9reszning aneteu 22 Alalad- DS1
A3LAUEIEDINA (OHGW) :
@18 SAC YUIA 3x95 MITNLAALUAT
8) vunaglil ¥1e5¥1ing anetes DS1 - RMU
NSAUEBLUUSouYID HDPE HleAu
@18 XLPE 9119 3x95 AN519UaaLIAT
9) vunaglni ¥195¥1ine anetes RMU - DS2
nSAUEELUUIouYiD HDPE HleAu
@18 XLPE 2119 3x95 N5 19UaaLIAT
10) aunana i 92958119 DS2 - SF6
nSAUAIBLUUIouYiD HDPE HleAu
@18 XLPE 2179 3x95 N5 19UaaLIAT
3.5.2.2 gunsaidesiiu
1) nstesfunseuaiiudiuanda Array Box 911990 PV String 34
muwmqﬂﬂia}ﬁaQﬁuﬂisuaﬁhgaWMWiaﬁwuaaﬂﬁﬁhﬁ
|, =15,
nszuaninagunsailosiu (1)  13.27  uewuuys
wangunsaidasiu vue 15 LouUs
2) mstosiunsguaiuaAIuYIan Array Box 1131NNTEREAIUUINTN
11910 PV String uuifu 11 4 fevunngunsaitlestunszuaiiu
awnsanildannauniseil
l,, =151,
NIELAAN995 (14cy) 97.35  upwuUs
nsvwannmgunsadlesiu (1,;)  146.03  uwauuwUs
WongunsaiUesiu auin 150 waUUS
3) Bupdined wiigunsaiflostunszuaiuogluieiesied aud

LALANUVIDDN
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4

a) vsfautadlwiin 9zl Drop Out Fuse Wugunsnitlostu Gefivunn

?
i

=¢

ly =1.251,, = 41 wouuUs
@onld Fuse Link U119 40 wouwus
5) RMU fuasnldannnssuasiuvomsionasia 6 w3
lg = 13 +51, =205 uosuus
@onld RMU w19 200 Louwus
6) DS Awalldannssuasuvemiioudasii 6 1A3eq
DS = RMU = 205 wouuus
@onld DS au1A 200 Louwys
7) SF6 Awalldannszuasuvemiioudasii 6 LA3eq
SF6 = DS = RMU = 205 Wouuus
W@onld SF6 n 200 wauwUs

3.5.2.3 vaewladhilin aunsamuinvunandawladlaeadl

(%
Y

1.25 x MasPndsgegn
1.25 x 1,000

1,250 Alahanuoud

YUIANLBLUR

(%
Yo A

3.5.2.4 syvudlosiufiwn aunsaduiaunnsgu van.[27] lassil

FUVDITTUUUDIN UK \Bendu 4

otloaniu = SeilvomIInaunad
Sadl = 60 LUAS
3.5.2.5 anehu Usenaumie areiuvessyuulivinazaisfuvesussuainii
eenunsasummInsgIu 2am.[24-26] WWsoluil

1) @18AUYDILNLYaALAID NG W @and1y THW AU1m 6 A1519
Hadlung

2) @nefurelATIEs 19T ULRITAR LEAIIRY laandaty THW aun
16 M15NUAALUNT

3) @18Auved Array Box Waenldane THW auia 16 a1s1eladiuns

4) @uAUVDN Inverter

A8AU THW au1n 95 NS 1NNaaLUAT
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ANURBNANAY THW 9UI9 95 M15198a8LUNS
NaNAU 5/8”7 817 2.4 LUAT
5) gnefuvewsionUaslni, Drop Out Fuse uag Terminator Kit
@18Au Bare Copper UM 35 AN519UAALUAT
ausananau Bare Copper UM 35 M5 19UAALAT
NANAU 5/8” 8717 2.4 LUAT
6) @18AUVBY RMU, DS wag Terminator Kit
a18fAu Bare Copper UM 35 AN 19NAGLUAT
auRaNaNAY Bare Copper UM 35 M15198AEINT
NanAU 5/8”7 817 2.4 LUAT
7) aefuvesszuutasiuiing
@18nu Bare Copper UM 35 AN NNAALUNT
aeusananall Bare Copper U119 35 AT NUARLUAT
NaNAU 5/8” £717 2.4 LUAS
8) 51n@NeRU Bare Copper UM 35 ANS19NAAAT
3.5.2.6 NaUWUaIuINIg
1) YUA 50 Alaladueud
2) Fuse Link 3 wawUs (Drop Out Fuse)
3) auAuvesrilauUadliiin uag Drop Out Fuse
a18Au Bare Copper U1A 35 AN 19NAALUAT
aunanaNAY Bare Copper UM 35 15 19AELINT
NaNAU 5/8” 417 2.4 LUAT
4) gneauveszuUlni
aufananau THW au1a 10 a151eladiung
NanAu 5/8” 4717 2.4 LUA3
3.5.3 LuulnegunIudunen
3.5.3.1 Isslvinaseunaseniing afaflanuns @1uisauand Single Line
Diagram #ffagufl 3.22 - 5Uf 3.24
3.5.3.2 Isalinasaunaseniing sliauansindanou amsalans Single
Line Diagram léissgudl 3.25 - 5Ui 3.27
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INV.1 INY.1 INV. 1

. o . o .
ARO1 ZZXQS Sg.mm..C¥ in HDPE 4RO2 zu@ﬁ 5q.mm.,CV in HDPE ARQ3 10@5 Sg.mm,, GV in HDPE

l DS 1504 (L DS 1504 ‘L DS 1504
SPD ?OE; SPD % SPD %‘
] ] ]
&wm WEAé £ &15}: WSAﬁ £ ﬁ‘!EA 15Aé £
B0 e 1812 T O e JB12
o o 5 o o ¢ oY o 5 o o 5 oM oY 5 oY o s
oM of & oM o & oM e ¥ oY oY & ef of & of &f i
o] @ af @ e @ af] @ a] @ e @
| ! | | | | | ! | | | |
o} @[] o] @ ® ® @] ®[] o] @ @] ®f
@@ @ @ @@ a @ D e @ @@
INV. 1 INW.1 1NV, 1
~ v
ARO4 F—2x95 Sq.mm.,C¥ in HDPE AR5 $—2x85 Eq.mm.,CV in HDPE AROB 02x95 Sg.mm.,CY in HDPE
DS 150A DS 1504 jl DS 1504
éﬂEA 15Aé é &15}& 15Aé é &15A 15A§ g
JBOT oo o B2 JBO1 Y 1= 1 03 JAC1 e -

ONCHC)
OF——{TH g
@ ® 06
OG- <H <H <G
2x4 Sg.mm.,CV
® G 9
QLG
® & 0
OCF-—-{TH G
2x4 Sgmm.CV
[ONCINC)
Ora---LaCara
9 & Q
WLEG--—-{H<H 4
244 Sqmm.CV
@ & 6
OLF——1=H<H <
@ ® 06
OG- <H H <
2x4 Sg.mm.,CV
® G 9
o= 23ca
@ ® O
-1 =H 4
2x4 Sg.mm.CV
[ONCINC)
Or3---{aara
® @ 9
G- H 4
244 Sqmm..CV

)

INY.1

“RO7 zzms Sq.mm.,CV in HOPE
DS 1504
sPo

[%15/\ 154 &wsA WEA&

- JB10 BT oo JB12

I I 1

I I 1

I I 1

@ - @
REMARK : INV.2—6 same as [NV

5U# 3.23 WUy Single Line Diagram wadlstlinasnuuaseriing silafldauuns

2310 Sg.mm.,CV in HDPE

]

2x4 Sq.mm..CV
2x4 Sq.mm.CV

© © O]
® ® @
@ &) @ @

® ®

®

® ©

G B
‘ @ ® o
BLG—LH MG

2x4 Sq.mm, OV
8 ® O
] S W
@ ® @
oL~ LI LD
x4 Sq.mm. CV
@ e 9
SC-—TH =S

@ﬁ@
@
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INV.T INV.7 INV.7

" . n . .
ARO igx95 3g.mm..C¥ in HDPE ARO2 1&(95 Sg.mm.,C% in HDPE ARO3 1265 Sg.mm.,C% in HDPE

H DS 13048 ﬁ% DS 1504 ﬁ% DS 150A
&‘\fm | TSAé %" &15}\ | 15Aé %’: é‘mA | 15A& %j
‘ JBOT “B12 ‘ ¢ ‘ JBO1 — - ‘JE12 ‘ ® ‘ JBOT - JB12 _‘ N
3 3 3 ; 3 ;
oY o 2 o e o o 2 e oY o o 5 o o &
of @ ¥ oY e Fef o ¥ & o Fef of & aY o] &
o @ e @ o] @ aM o o] @ al o
of] o] of] o] o] of] o s e o] o] e
@ o @ @ e @ @ e @ @ @ @ - @ @ e @
INV.T INV.T INV.7

2 i 2 i i
1RO4 nggﬁ Sg.mm. C¥ in HDPE AROS 1A¢Q5 Sg.mm.,Cv in HDPE AROE XZXQS Sg.mm.,C¥ in HOPE

H% DS 15048 H% DS 1504 ﬁjj DS 150A
&15/« | ‘\SAé E &15;\ | 15Aé E éwsA | 15A& Eé
‘ JBOT “B12 ‘ ) ‘ JBOT — - ‘JE12 ‘ ¢ ‘ JBOT - JB12 _‘ N
of @ E @M @ ;, o @ g oM @ E oM @ E oM o E
oM @M & oM oM ieM oM ¥ e &M EFaeM eof ¥ oM oM I
oM @ e @ e @ aM ® e @ oM ®
o] o] o o ef e ef ef e[ of o] e
@ e @ @ - @ @ e @ @ - @ @ - @ @ e @
INW.7
7

P2 . E i
ARO7 %35 Sg.mm.C¥ in HDPE

=]
DS 150A

&15/\ WSAé &15#\ wsAé

- JBOT JBOB e JB0Y

2410 Sg.mm.CV in HDPE

@] @ g@ @) é@ @ Lé@ @) E
@ aM & o aM & @ aM ¥ ® @M 3
e @ oM @ e @ oM @

I ] I I I ] I I
o] o] o of e o e ef

@ e @ @ e @ @ @ @ @

REMARK : INV.8—-12 same as INV.7

5U# 3.24 wuu Single Line Diagram wadlssliindsauuaseriing sllafauuns
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I 1 1 I 1 I I 1 1 1
12k Lc : Collection Less (PV-array losses) 16.9 % n
’ Ls : System Loss (inverter, ...} 1%

*f: Produced useful energy (inverter output) 821 %
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1808 KWhim®

1803 kWhim® * 37481 m* coll.
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Horizontal global irradiation
Global incident in coll. plane

l&M factor on global

Effective irradiation on collectors

PV conversion

Array nominal energy (at STC effic.)

PV loss due to irradiance level

PV loss due to temperature
Spectral correction for amorphous
Module quality loss

Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output
Energy injected into grid

Horizontal global irradiation
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Effective irradiation on collectors
PV conversion
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Module quality loss
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Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output
Energy injected into grid

4

3]

'
= a

YINIYU

4.9 laszunsumasinihagydesiuvedsadniimdsnuaeing viafauus

‘L+2.9%

1-3.2%

ANAUUNS

4.10 laozunsumasinihgadssiuvaddsalnindnunaseniing vlandnsiudanou



4.3 A15IASITNANTTAULVDIA29819]5 A INAIULEIRINAE LUURANIUY

.&' a [ ¢ a ad a = aa
WUAY VUIA 6 LUNSINGA FUAWAUUIILATIYUANANTINYAADU

1 [ Y 1

U9189NN15M5I9 T NA08191THAINA I ULAD NG LWUURAFIUUNUAY VU9

Y

6 wneing vladuunakasedandnsiu@amneu U 2559 U2560 wazl 2561 dauslasadl

6

AN57199 4.1 nasnulnidazaussousvassalnidngaaukaseniing U 2559

. Irradiation FuARAUNU9 FUANANTINTAADY

e (kWh /m?) kWh PR (%) kWh PR (%)
uns1AY 157.79 766,782 80.98 762,603 80.60
nunus 172.26 805,803 80.73 803,828 80.60
A 177.32 769,559 72.32 794,557 74.73
gy 176.70 851,497 80.30 799,753 75.48
WowAAL 156.86 824,547 87.60 738,902 78.56
fiquneu 126.90 656,403 86.20 615,954 80.95
nsnIAL 153.14 729,039 79.33 677,212 73.75
EIVRGH 179.18 843,753 78.47 794,946 73.99
fugney 148.80 816,500 91.44 731,911 82.03
AaAL 160.27 866,831 90.13 772,287 80.36
woeAIneu 172.20 924,072 89.42 823,473 79.75
Funeu 165.23 863,501 87.09 773,308 78.06

524 1,946.65 9,718,327 83.67 9,088,734 78.24

nM1597 4.1 wulsalwihndssunaseiing sdefiduunsdidngnulniiuazen
ausauzganIlsabiimdsnuiatofing ylanansiuddneu
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ndsuildlndifssiuandsnuilsantsslning adendnsanddaeu esainaivs Down
Time luthadeuunsian Wunauu d1uiu 2 fu vagdideununiius Down Time 1iu
AU $119U 2 Tu war Down Time paeanaty 1wy 2 u luieuiiuiay 5 Down Time
ﬂzj";qe?uﬂ duu 7 Tu way Down Time Wunaiuu sawiu 1 Yu dmsudisfeuuwiey -
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Thin Film  —e—Poly —a—Irradiation
1,200,000 200.00
‘/‘—’A—W‘ S
1,000,000 150,00 E
— S
L L
3 3
- 800,00 100,00 =~
o c
(= (o]
v e
w' m
600,000 50.00 8
400,00(
2 il 5 o] T 8 10 12
Month
5UM 4.11 waa1nnsinns U 2559
AN51997 4.2 nasulnilazaussausvadlsalniiwdanunaseing U 2560
Irradiation FUANAUUIS YUANANTINTAADU
oy
(kWh/m?) kWh PR (%) kWh PR (%)
1N5IAY 169.57 814,319 80.02 762,505 74.99
UG 165.48 822,462 82.82 742,505 74.83
funmy 175.15 828,137 78.79 776,105 73.90
e 174.90 849,325 80.92 772,548 73.67
WoEAIAY 155.93 775,064 82.83 695,323 74.37
fiquieu 147.00 763,817 86.59 696,012 78.97
nsngIAN 129.58 667,112 85.79 615,418 79.21
Famay 155.93 759,652 81.18 724,060 77.44
fusneu 153.90 795313 86.11 718,007 77.81
RRGH 167.09 862,473 86.01 778,363 77.69
noPRNLY 148.80 765,590 85.74 689,514 77.28
e 177.01 888,850 83.68 866,215 81.61
593 1,920.34 9,592,114 83.37 8,836,575 76.81
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NA13199 4.2 wudilsabriimdanuiaseniing slaflduurdamaanuliiuagean
aussauzganItsslimdsnunatefing slandnsindaneunasniel wazaenndediua)

NAIUINTIAADITNE

—@— Thin Film —e—Poly —a— Irradiation

1,200,000 200.00
g
~ 1,000,000 150.00 =
g &
T 800,000 10000 &
© T
&
600,000 50.00 =
400,000

o
Y

g'ih‘/’i 4.12 waNNNISAAGY U 2560

3INFUN 4.12 nuduhsusuey Azl Down Time vodlssliindsaunasenfing

yiaduune Felvlaamdsnulndifestulsalndndanunasaiiing visndnsiudansu

4

AN5199% 4.3 nasnuliinazaussauzveslseluindaulaseniing U 2561

. Irradiation yiaauUI9 JUANANIINTAADY

s (KWh/m?) kWh PR (%) kWh PR (%)
unINAN 157.48 807,518 85.45 778,968 82.50
qmmﬁuﬁ 155.68 764,050 81.78 732,230 78.44
Juney 161.82 738,648 76.06 745,584 76.84
LHWIEUY 166.20 837,206 83.94 770,392 77.31
NEBNIAY 170.19 858,177 84.03 766,928 75.16
ﬁqm&m 157.50 746,684 79.00 676,850 71.67
AEAEARIGEY 131.44 621,744 78.82 542,324 68.81
danay 125.24 606,052 80.64 572,074 76.18
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AN5199% 4.3 nasnulninazaussausvesalniingaanunaseing U 2561 (sia)

. Irradiation yiaNauUI9 JianansIuTanou

i (kWh/m?) KWh PR (%) KWh PR (%)
AugI8U 159.90 789,029 82.23 714,282 74.50
GEMIGEY 184.14 923,527 83.58 838,565 75.95
‘Wi]ﬂ?ﬂﬂ’mu 164.10 850,867 86.40 775,688 78.83
SuNAY 164.61 853,295 86.38 776,642 78.69

334 1,898.30 9,396,797 82.36 8,690,527 76.24

1NA15199 4.3 WuIseliIndsunasefng stadduutstamdsulnflazan
aussauranlsebimdinuiasefing ylandnsiudanaunasnnil wazaennaesiuen
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4.4 N1SUTIUNBUATUANTTOULLAZAULATEFAIEATVDINAINTUITUNTY PVsyst
AUNAINNITANNID39N T3R8

4.4.1 MSUSYUMEUAIUALSIOUE @1U150U1AaUSTUZNLSINANARAFI3

Wisuiisuivanssausflaann1sanasmelusunsu PVsyst Feiiiauslanimisned 4.3

AN5199 4.4 ausTourvasalniingauLaseing

. yiaanus (%) yHaNANIINTAABUY (%)

ey PVsyst 2559 2560 2561 PVsyst 2559 2560 2561
EAPNIGH 84.20 80.98 80.02 85.45 82.74 80.60  74.99 82.50
qumﬁuﬁ‘ 84.13 80.73 82.82 81.78 81.84 80.60 74.83 78.44
Juneyl 83.89 72.32 78.79 76.06 80.88 74.73  73.90 76.84
ST 83.95 80.30 80.92 83.94 80.88 75.48 73.67 77.31
WEWAIAL 84.38 87.60 82.83 84.03 81.63 78.56 74.37 75.16
ﬁqmau 84.84 86.20 86.59 79.00 82.47 80.95 78.97 71.67
AREARIGEY 84.89 79.33 85.79 78.82 82.56 73.75 79.21 68.81
GNA 85.36 78.47 81.18 80.64 82.56 73.99 77.44 76.18
Aug8U 85.42 91.44 86.11 82.23 82.81 82.03 77.81 74.50
faAy 85.09 90.13 86.01 83.58 82.44 80.36 77.69 75.95
‘Wqﬂ%mau 84.47 89.42 85.74 86.40 82.29 79.75 77.28 78.83
SunAu 84.18 87.09 83.68 86.38 82.50 78.06 81.61 78.69

334 84.50 83.67 83.37 82.36 82.10 78.24 76.81 76.24

NA9199 4.4 NUTAUTIOULIINNANITTIAeRIeTUTWNTL PVsyst vaalsalildin
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wEsunaseindvinndnsiudaney waviTouisuanssauzvedsdniintaoswdalul
Lasnﬁ’ufmmamaa@&gqa%qé’qwudﬁamsiauzm’e)ﬂiﬂﬂ/\lﬁﬂﬂ/\lé’mmLLaamﬁmémﬁmWéuwgaﬂdﬁ
Tsslihndsnunasenfindedandnsiudanou Weenunemiaflduuinuliseuss @a1uise
pannasulaudasiiuauinwasySunauuastioy

4.4.2 MIUTHUMBUAUATYFAIERS

0.4.2.1 Myawuiduuan Usznaudae aldinesieg Wy el ouu $1 seuu

520910 1ATIa5195095UHY aaanaseing 1Wudy anuisadtauslamunisned 4.5
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A1519% 4.5 Alganglunisamuasausn

MR EHTEN uKINANTINTARBY @183l
ddi M3 (&ruum) @uum) @)
1 fifu 20.00 12.40 25
2 H 5.40 3.60 25
3 aUU 7.92 4.56 25
4 syuUsEUIEth 4.83 2.81 25
5 vio¥owanglviiwazanglvidi 15.00 12.00 25
6 1A5985195095 UL 15.00 10.80 25
7 uNgadLEIeing 99.00 142.56 25
8 naesTamaelin 4.80 3.00 10
9 dunesiwes 15.00 15.00 10
10 nilaulauazszuud gl 6.00 6.00 10
11 syuuloiuiie 1.05 0.75 25
12 syuuiha 1.20 0.90 10
13 syuUNaedlnIireasta 2.80 2.00 5
14 S2UUIR TuiinuasLanng 0.90 0.90 5
15 ANeasLaANTIUNT 30.00 24.00 25
FAANDIMNUATIRIN @MUV 228.90 241.28

NNA397 4.5 waninisnsaululsslnihifiedewnseaduateniing slandnsiu

dnpuain sl ninAunsaduaIind Yllalduue InganeALHITaaLaIRT RN

v

] = a a s = aa oA v v
andrfunnluvae s gdaflduuns Inrsamulunfugnii Wewindedldiunlunis

[
Y

ARUINNINSINANAR AR IR d kA9 YRANANSINTAADY

) e (=)

4.4.3.2 nMsamulsednU  Usenausig - Anbganslunsufofanlulsslaih
U ALTIAL ATAINLNG ATEANE) ArSnwIAInYaendY A1U59SNYY Saudernesivan

ludeddlunmsiudey wu vaealnih waidizangdhmsnaieuen [Wusu

o

A15199 4.6 ANl UTEANU

WKINANUNS  wnawAnsuddeeu  @1gn1sldenu

iy N3 (@ruum) (&uum) @
1 Operating & Maintenance 7.20 6.00 1
2 Spare Part 0.5 0.4 1
AUzt @uum) 7.70 6.40
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MNA1599 4.6 A1 Operating & Maintenace 999153 NS s uLaITing wlln

a 6 a = a

Aauureaziianlgarsasninlseludndsaunasenfing YiaNansuTFaADY LHBINNUNNNT

Y

(% ' '
a Y a1 a 1 1

1 [ a1 Y a [y = [
ANRININNIN VeUzAIAT Spare Part Aazda1ldarengeninguieiiuiiosainlsaluiingssu

Y

uasafing siinfiduuns fvdinaunasaduasorfingun fafudedanudsddunndenegs
N

4.4.3.3 gladusn ansamuinenanmsviglningendydlaiunsin
drugilann Tudns 5.66 Vi/mie Fuansseldidusoieunasn Y 2559 l8fwmnsai 4.7

1%

A15199 4.7 519lavusnvadlsalndindsnunaseingvisansviin

U WHINALUNS WHINANTINTAADU
PVsyst (u1) Actual (uan) PVsyst (u1) Actual (uan)

EAPNIGH 4,976,397 4,339,986 4,883,363 4,316,333
Qmmﬂ’ué 4,392,692 4,560,845 4,269,542 4,549,666
Jdurau 5,052,801 4,355,704 4,867,272 4,497,193
LHYNYU 4,756,206 4,819,473 4,578,606 4,526,602
WO BNIAL 4,397,775 4,666,936 4,251,028 4,182,185
ﬁqmau 4,088,909 3,715,241 3,971,350 3,486,300
A3N§1AY 4,165,217 4,126,361 4,047,721 3,833,020
GV ALH 3,972,709 4,775,642 3,839,325 4,499,394
AuL18U 3,908,072 4,621,390 3,785,578 4,142,616
AAAY 4,264,680 4,906,263 4,128,478 4,371,144
‘Wzm?amau 4,527,649 5,230,248 4,406,712 4,660,857
SunAu 4,936,777 4,887,642 4,834,472 4,376,923

RIREY 53,439,881 55,005,731 51,863,446 51,442,234

PMNANTT 4.7 wanssgldainnisvgliiinvsdssliimdsnunasefindiaaosuin
Faselddirunainuanissiaesnaluswnsy PVsyst vadlsdliimdsnunaseniing viaildy
vavzaandlsdlifimdnuiaseniing silandnsiuddnou vuzfisglafiduInenuanis
Ansanssadadlnihmdsnunasenfing slnfiduusdseldganilsdliimdsnuuasediad
YUANANTINTAADUTUALIAU

4434 msUszanusels naenszeznan 25 3 Jasefivhurldlunisiuie

lnenanideslila Useneume nsdennesyssdnsnmassurigaduatoniing lau1ainduas
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LHOYATLAIINY Feuanaiagun 4.14 Feanunsadiauenisussanaseld sieasidends

waRIlARIUA1SI9N 4.8

100%

Power Output

70%

90%

80%

—a—Thin Film

9 11 13 15

—e—Poly

Year

17 19 21

JUN 4.14 AFounesUssanSnImuaunegaduateing [24-25]

23 25

1NJUN 4.14 uneilduu1ediuseansaan Sevag 90 d1mTu 10 Tusn wavazing

\HouneeUssAnsnmaanie Sovar 80 dwsulinluauasuenansldnu 25 U vausiuanan

TUFAAU InTideunasUseansmmduldadu F9Uusn JUsEanSan Sesay 97 LazAdNED

Sowar 90 Tul 10 waraziinisi@eunosUseansnnaunas Saay 80 UM 25

AN5197 4.8 5191991NN1TUSTUIUNIT MaRASTaLIaT 25 U

w MUK FTTR WHNNANSIUTAADY
un Useansaw PVsyst Install. Useansnn PVsyst Install.
(%) (um) () (%) (um) (um)
1 90 48,095,892 49,505,158 97.00 50,307,548 49,898,967
2 90 48,095,892 49,505,158 96.29 49,939,318 49,533,728
3 90 48,095,892 49,505,158 95.58 49,571,087 49,168,488
4 90 48,095,892 49,505,158 94.88 49,208,043 48,808,392
5 90 48,095,892 49,505,158 94.17 48,839,812 48,443,152
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A1519% 4.8 5181Aa1nN1sUTENIINTS PaRATEELIaT 25 U (#19)

. WHAALUNS WHIKANSINTAADU
U Usgandnwm PVsyst Install. Usgandnn PVsyst Install.
(%) (um) (um) (%) (um) (um)
6 90 48,095,892 49,505,158 93.46 48,471,582 48,077,912
7 90 48,095,892 49,505,158 92.75 48,103,351 47,712,672
8 90 48,095,892 49,505,158 92.04 47,735,121 47,347,433
9 90 48,095,892 49,505,158 91.33 47,366,390 46,982,193
10 90 48,095,892 49,505,158 90.63 46,848,256 46,467,770
11 80 42,751,904 44,004,585 89.92 46,635,616 46,256,857
12 80 42,751,904 44,004,585 89.21 46,267,385 45,891,617
13 80 42,751,904 44,004,585 88.50 45,899,155 45,526,377
14 80 42,751,904 44,004,585 87.79 45,530,924 45,161,138
15 80 42,751,904 44,004,585 87.08 45,162,694 44,795,898
16 80 42,751,904 44,004,585 86.38 44,799,650 44,435,802
17 80 42,751,904 44,004,585 85.67 44,431,419 44,070,562
18 80 42,751,904 44,004,585 84.96 44,063,189 43,705,322
19 80 42,751,904 44,004,585 84.25 43,694,958 43,340,083
20 80 42,751,904 44,004,585 83.54 43,326,728 42,974,843
21 80 42,751,904 44,004,585 82.83 42,958,497 42,609,603
22 80 42,751,904 44,004,585 82.13 42,595,453 42,249,507
23 80 42,751,904 44,004,585 81.42 42,227,222 41,884,267
24 80 42,751,904 44,004,585 80.71 41,858,992 41,519,027
25 80 42,751,904 44,004,585 80.00 41,490,761 41,153,788
37U 1,122,237,491  1,155,120,347 1,147,333,650 1,138,015,399

9nA15797 4.8 s18lduTEIINIIIINNaNITTIaeeTUTKATY PVsyst wazseld
Uszanmumsnnuanisiansasldinanmsiamdsnuindeldludusnnaeaisduldlunis
Fnumensainasanan 25 Y lagdedauszansnmueswesinavadiaseniingnuiguan
spufulseiu Januiineldiuszanunisanuanisdiassfelusunsa PVsyst vaslsslud
wiuLasering vlaflduursnilssliimdsnuuasending viianansandaaeu 1oswn
UsyAvBnmmasumnufiguaniuuss fuluusiasdiaty snsfiseldssmmnmsanmsing

anensal 25 U nudrsglavedsduiindanuiaseniing slaflduuradnelasuagindd
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Lsalniindsnunatenfing vlianansiudanau WosNAuauTRRNISYRIUNATAALAIDTINE

s

YaTa UM UaUDIsBUSIMLaRY Wawn uasazviouldd adimauauetsiegumniigen

TARANILNL AR LA NN IRANANTINTAADU

4.4.3.5 yaA1d3930uans ( Net Present Value, NPV) @1115af 1340910

Aun159 2.12 Teediszeznailasanis 25 U wagnuunensinent

U auslnran1san 4.9 wagn1s19i 4.10

= v

uY 9

€

M19199 4.9 yarUagiuansvedsdlnihndsnuwaseniing vliailduuis

288y 8 YIAIWISD

, nszuaRuansu (B,) nssudiuange (1+i)" NPV
n
PVsyst (UW)  Install.(un) (CH i —8% PVsyst (U)  Install.(u)
0 0 0 228,900,000 1.0000 -228,900,000  -228,900,000
1 48,095,892 49,505,158 7,700,000 1.0800 37,403,604 38,708,479
2 48,095,892 49,505,158 7,700,000 1.1664 34,632,967 35,841,185
3 48,095,892 49,505,158 7,700,000 1.2597 32,067,867 33,186,598
a4 48,095,892 49,505,158 7,700,000 1.3605 29,691,946 30,727,790
5 48,095,892 49,505,158 7,700,000 1.4693 27,493,291 28,452,432
6 48,095,892 49,505,158 11,400,000 1.5869 23,124,263 24,012,324
7 48,095,892 49,505,158 7,700,000 1.7138 23,570,949 24,393,253
8 48,095,892 49,505,158 7,700,000 1.8509 21,825,000 22,586,395
9 48,095,892 49,505,158 7,700,000 1.9990 20,208,050 20,913,035
10 48,095,892 49,505,158 7,700,000 2.1589 18,711,331 19,364,101
11 42,751,904 44,004,585 38,400,000 2.3316 1,866,488 2,403,750
12 42,751,904 44,004,585 7,700,000 2.5182 13,919,428 14,416,879
13 42,751,904 44,004,585 7,700,000 2.7196 12,888,625 13,349,237
14 42,751,904 44,004,585 7,700,000 2.9372 11,933,782 12,360,270
15 42,751,904 44,004,585 7,700,000 3.1722 11,049,715 11,444,608
16 42,751,904 44,004,585 11,400,000 3.4259 9,151,436 9,517,086
17 42,751,904 44,004,585 7,700,000 3.7000 9,473,488 9,812,050
18 42,751,904 44,004,585 7,700,000 3.9960 8,771,748 9,085,231
19 42,751,904 44,004,585 7,700,000 4.3157 8,121,951 8,412,212
20 42,751,904 44,004,585 7,700,000 4.6610 7,520,254 7,789,012
21 42,751,904 44,004,585 38,400,000 5.0338 864,537 1,113,390
22 42,751,904 44,004,585 7,700,000 5.4365 6,447,513 6,677,933
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M13199 4.9 yarmUagtuansvedselnindsnuuateriing vlialduus (sie)

o nIzuaRuansu (B,) NITHARUANTY (1+1i) NPV
un PVsyst (Um) Install.(u1n) (C) i =8% PVsyst (u)  Install.(uan)
23 42,751,904 44,004,585 7,700,000 5.8715 5,969,838 6,183,187
24 42,751,904 44,004,585 7,700,000 6.3012 5,527,645 5,725,192
25 42,751,904 44,004,585 7,700,000 6.8485 5,118,187 5,301,100
yaAUagtiugns (NPV) 158,453,903 172,876,731
A5 4.9 wudwaandagiiugns (NPY) vedlsdlviimdsnunatending adaildy

U ANNTAARRSllyar1dagduans (NPV) gandiyaridagduans (NPY) Alaannnisinass

melusunsu PVsyst tlasainanasnuindalatutusndaduang s nugiugninamaniui

AlaannsTnassaglusuasy PVsyst

M13199 4.10 yardagtuansvassdlnihngsnunaseniing vliandnsiuddneu

o nIzuaRuansy (B,) NITUARUANTY (1+i) NPV
un PVsyst(U1n)  Install.(un) (e i =8% PVsyst(Uum)  Install.(u1n)
0 0 0 241,280,000 1.0000 -241,280,000  -241,280,000
1 50,307,548 49,898,967 6,400,000 1.0800 40,655,137 40,276,822
2 49,939,318 49,533,728 6,400,000 1.1664 37,327,947 36,980,219
3 49,571,087 49,168,488 6,400,000 1.2597 34,270,927 33,951,328
a4 49,208,043 48,808,392 6,400,000 1.3605 31,464,934 31,171,181
5 48,839,812 48,443,152 6,400,000 1.4693 28,884,375 28,614,410
6 48,471,582 48,077,912 9,300,000 1.5869 24,684,342 24,436,267
7 48,103,351 47,712,672 6,400,000 1.7138 24,333,850 24,105,889
8 47,735,121 47,347,433 6,400,000 1.8509 22,332,444 22,122,985
9 47,366,890 46,982,193 6,400,000 1.9990 20,493,692 20,301,247
10 46,848,256 46,467,770 6,400,000 2.1589 18,735,586 18,559,345
11 46,635,616 46,256,857 34,200,000 2.3316 5,333,512 5,171,066
12 46,267,385 45,891,617 6,400,000 2.5182 15,831,699 15,682,478
13 45,899,155 45,526,377 6,400,000 2.7196 14,523,884 14,386,813
14 45,530,924 45,161,138 6,400,000 2.9372 13,322,526 13,196,629
15 45,162,694 44,795,898 6,400,000 3.1722 12,219,499 12,103,870
16 44,799,650 44,435,802 9,300,000 3.4259 10,362,138 10,255,933
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M13199 4.10 yarUagtuansvedselniindsnuuaeiing vliandnTiuddneu (de)

o nIzuaRuansy (B,) NITUARUANTY (1+i) NPV
un PVsyst(unn) Install.(un) (C) i =8% PVsyst(um) Install.(un)
17 44,431,419 44,070,562 6,400,000 3.7000 10,278,762 10,181,233
18 44,063,189 43,705,322 6,400,000 3.9960 9,425,222 9,335,666
19 43,694,958 43,340,083 6,400,000 4.3157 8,641,694 8,559,465
20 43,326,728 42,974,843 6,400,000 4.6610 7,922,490 7,846,995
21 42,958,497 42,609,603 34,200,000 5.0338 1,739,937 1,670,627
22 42,595,453 42,249,507 6,400,000 5.4365 6,657,859 6,594,226
23 42,227,222 41,884,267 6,400,000 5.8715 6,101,886 6,043,476
24 41,858,992 41,519,027 6,400,000 6.3412 5,591,843 5,538,231
25 41,490,761 41,153,788 6,400,000 6.8485 5,123,861 5,074,657
yardaqUugns (NPV) 174,980,047 170,881,057

Y

NA1319% 4.10 nuyarrdagtugns (NPY) vedlsslnihmdsnuiaseniing vila

q

a

NANTINTAADU ANN1sARAISAlaAUagTuans (NPY) gendiyaddagduans (NPY) fldann

q

a

M3dnaeemelusunsy PVsyst iesanemasnuiindslalulusndadurwdanugiuandie

nasnumwnlaannstiaesswelusunsy PVsyst

4.4.3.6 53881a1AUNU ( Payback Period, PB) A9 szaziainiiseldazay

whiueldanenawulunmun Seausananalinmisied 4.11 kagansen 4.12

M19199 4.11 szeznafunuedsalnihwdsnuLaseing vliaiduuis

Ui nIzuaRUANgNS QERTEISVEILIREEH

PVsyst (U1n) Install. (u1n) PVsyst (Un) Install. (u1n)
0 228,900,000 -228,900,000 -228,900,000 -228,900,000
1 40,395,892 41,805,158 -188,504,108 -187,094,842
2 40,395,892 41,805,158 -148,108,215 -145,289,685
3 40,395,892 41,805,158 -107,712,323 -103,484,527
4 40,395,892 41,805,158 -67,316,430 -61,679,369
5 40,395,892 41,805,158 -26,920,538 -19,874,211
6 36,695,892 38,105,158 9,775,355 18,230,946
7 40,395,892 41,805,158 50,171,247 60,036,104
8 40,395,892 41,805,158 90,567,140 101,841,262
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M19197 4.11 sveznaAuuvadlsaliingsnusatofing vliaflduuns (o)

Uil nITUARUANgNS QEAIIG ISR RV EREGH
PVsyst (U1n) Install. (V) PVsyst (U1h) Install. (Un)
9 40,395,892 41,805,158 130,963,032 143,646,420
10 40,395,892 41,805,158 171,358,925 185,451,577
11 4,351,904 5,604,585 175,710,829 191,056,162
12 35,051,904 36,304,585 210,762,733 227,360,747
12 35,051,904 36,304,585 245,814,638 263,665,331
14 35,051,904 36,304,585 280,866,542 299,969,916
15 35,051,904 36,304,585 315,918,447 336,274,501
16 31,351,904 32,604,585 347,270,351 368,879,085
17 35,051,904 36,304,585 382,322,255 405,183,670
18 35,051,904 36,304,585 417,374,160 441,488,255
19 35,051,904 36,304,585 452,426,064 477,792,839
20 35,051,904 36,304,585 487,477,969 514,097,424
21 4,351,904 5,604,585 491,829,873 519,702,009
22 35,051,904 36,304,585 526,881,777 556,006,593
23 35,051,904 36,304,585 561,933,682 592,311,178
24 35,051,904 36,304,585 596,985,586 628,615,763
25 35,051,904 36,304,585 632,037,491 664,920,347
FTYLIAAUU 579 oy 59 6 pipu

31N915999 4.11 nuszegIaIAuuvedlsiliinndiuiasefing vliawduung

miﬁm’gmmﬂNamsa@é‘]’qﬂ‘%wzﬁiwzuaﬁunuﬁé’uﬂ’hmiﬁﬁmmmﬂmami INADIATNAIY

AelUsLATH PVsyst

M13199 4.12 szeznafunuvedsdnindinulaseiiing vlandnsiudineu

it NITUARUAAFNS QREIGISVEERVEREREY
PVsyst (U1n) Install. (un) PVsyst (uU1) Install. (uan)
0 -241,280,000 -241,280,000 -241,280,000 -241,280,000
1 43,907,548 43,498,967 -197,372,452 -197,781,033
2 43,539,318 43,133,728 -153,833,134 -154,647,305
3 43,171,087 42,768,488 -110,662,047 -111,878,817
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M19197 4.12 sveznanfuuvadlsaliiingsnusatofing vlianansiuddnau ()

Uil nITUARUANGNS QEAIIG ISR RV EREGH
PVsyst (Un) Install. () PVsyst (U1n) Install. (Un)
4 42,808,043 42,408,392 -67,854,004 -69,470,425
5 42,439,812 42,043,152 -25,414,192 -27,427,273
6 39,171,582 38,777,912 13,757,390 11,350,639
7 41,703,351 41,312,672 55,460,741 52,663,312
8 41,335,121 40,947,433 96,795,862 93,610,744
9 40,966,890 40,582,193 137,762,753 134,192,937
10 40,448,256 40,067,770 178,211,009 174,260,707
11 12,435,616 12,056,857 190,646,624 186,317,564
12 39,867,385 39,491,617 230,514,009 225,809,182
12 39,499,155 39,126,377 270,013,164 264,935,559
14 39,130,924 38,761,138 309,144,088 303,696,697
15 38,762,694 38,395,898 347,906,782 342,092,595
16 35,499,650 35,135,802 383,406,432 377,228,397
17 38,031,419 37,670,562 421,437,851 414,898,959
18 37,663,189 37,305,322 459,101,039 452,204,281
19 37,294,958 36,940,083 496,395,997 489,144,364
20 36,926,728 36,574,843 533,322,125 525,719,207
21 8,758,497 8,409,603 542,081,222 534,128,809
22 36,195,453 35,849,507 578,276,674 569,978,316
23 35,827,222 35,484,267 614,103,897 605,462,584
24 35,458,992 35,119,027 649,562,889 640,581,611
25 35,090,761 34,753,788 684,653,650 675,335,399
FEULIAAUNY 51 8 oy 59 8 ipipu

91NA15°99 4.12 WuINseezIaIAuuredlseliinasnulateing slandnsiy
FAABU NIAMUINNHANTAAAIRTREHTELEaAUNUTITUAUNSAUINAINEANTINRRY

ATNRIIUAELUSUATY PVsyst
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4.5 un&sy
A15AT1ERAUTTOULVDISINA NS 1ULEID 1R vTANAUUBALNANTINTAADU

YUR 6 LWngInR faelusinsuInans PVsyst Wisuiisuiunanisanssaselut 2559, 2560
WAz 2561 NA1UURIN1THAANS UL aussauzaslsslniuazduAsugaansas

Lsalnfhnfessunsgadiasnindiasssiln amnsadnaueunagUluidedaly
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uni 5

AjUnan13Ieuazvatauaue

5.1 unin
neninusileAnwuasinsiilssudisvaussaurveslsdliindsunaening

HaTlaNUILaENANTINTRADUY 1neyinNSIUTB U UTEINHAaAINIUTUATND 1889 PVsyst AU

Nan1SANAI93e U 2559, 2560 way 2561 vodlsslufindiegns autn 6 wneind Feaunsa

YLAUINAYDINTV NN TnuStanadl

5.2 #5UNan15IY

=2 a (4 (% a L4 a :’/ dy a
NSANYILALIATITNAUTTOULVDILSINAINGINULEID1TINE WUURARIUUNUAY

' 2
& aa v

YLK LAN LU AL LRNITUARNANTINTAADUY VLA 6 LUNLINA NAAGIUUSIUNUNLRGINY

[
Y

1ABUINa1NN15I809A 8 TUTIATY PVsyst IWSEUEURUNAAINNITANAIRSS U 2559, 2560
wag 2561 wulsslninassuuasefing staauune annan1sinaesnglusunsu PVsyst

a1

fie PR ¥oway 84.50 NPV 158.45 §1uuw szeziianmunu 5 U 9 oy uaznanlsaluding

(%
Y

ANRAIATe 16 PR Seway 83.67, 83.37, 82.36 Mua16U NPV 172.88 a1UUIm kavsveziianAu
nu 5 U 6 1oy vazilsslwiimdanunaseriing slandnsinddaeu 91nuanisianidie
LUsunsu PVsyst fif1 PR $ewag 82.10 NPV 174.98 &uun szghiaAunu 5 U 8 1hiou waz
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SHARP

NA-ExxxL5
Xxx = 140|135[130|125 W
Frameless thin film modules

Sharp is a pioneer in photovoltaics /This is Why Sharp solar
modules have set standards for over 50 years.

Innovations from a photovoltaic pioneer

As a solar specialist with more than 50 years’ experience in
photovoltaics (PV), Sharp makes significant contributions to
groundbreaking progress in solar technology. The NAE series
of thin-film photovoltaic modules consists of an amorphous
and a microcrystalline silicon layer. This microamorphous
tandem structure not only absorbs visible light but also the
invisible portion of the solar spectrum. This makes especially
efficient use of solar energy. All module types of the Sharp
NA Series offer optimum system integration, in terms of both
technology and economy, and are suitable for installations in
grid-connected PV systems.

Product features

+ Tandem structure with an amorphous and a
microcrystalline silicon layer offering a stabilised
module efficiency of up to 10%

* Two glass layers laminated with a high-performance
vapour barrier encapsulant

+ Attractive design allowing wide range of applications

* Low temperature coefficients enabling higher energy
yields per watt at high temperatures

* Less dirt accumulation due to frameless design

« Installation in landscape or portrait mode

+ One bypass diode integrated in the junction box

* No Cadmium — RoHS compliant

* Made in Italy

Product warranty and performance guarantee
Each product has been carefully manufactured and subjected to
operating tests during final inspection. Each product is backed
Up with a:
* 5-year product guarantee
+ 10-year performance guarantee on 90% of the
minimum power output
+ Up to 25-year performance guarantee on 80% of the
minimum power output

For more detailed information, please refer to the terms and
condition of the guarantee. End users are required to register
their modules in order for the product and power output
guarantee to be valid.

Certificates and approvals

All modules are tested and certified according to

 [EC/EN 61646 and IEC/EN 61730, Application class A

+ Safety class Il / CE, Class E in accordance with EN13501-1
+ [EC61701 ed2.0 severity 6 salt mist corrosion testing

The manufacturing facility is certified based on

+ [SO 9001:2008, ISO 14001:2004 and OHSAS18001:2007

As at: May 2014



ELECTRICAL DATA (AT STC)

Nominal values Initial values
NA-E140L5 NA-E135L5 NA-E130L5 NA-E125L5 NA-E140L5 NA-E135L5 NA-E130L5 NA-E125L5

Maximum power Prax 140 135 130 125 160.9 155.2 1495 1437 W,

P
Open-circuit voltage Voo 61.8 61.3 60.4 59.7 625 618 61.1 60.4 v
Shor t-circuit current lsc 345 34 341 337 353 351 347 343 A
Voltage at point of maximum power Vinpp 485 470 46.1 455 50.8 493 487 48.3 v
Current at point of maximum power I,-r|pp 289 288 282 275 37 315 307 298 A
Module efficiency m 10.0 96 93 8.9 %

STC = Standard Test Conditions: irradiance 1,000 Wim?, AM 1.5, cell temperature 25°C. Rated electrical characteristics of Isc and ¥ oc are within £10% of the indicated values and +7/-2% of Pay. The initial values
are approx. 15% higher than the nominal (stabilised) values and will decline within the first weeks of operation. Afterwards the power output will stabilize around the nominal value according to the seasonal changes.

ELECTRICAL DATA (AT NOCT)

NA-E140L5 NA-E135L5 NA-E130L5 NA-E125L5
Maximum power Pmax 106.7 1024 98.6 948 Wy
Open-circuit voltage Vot 57.2 56.8 559 85.3 v
Short-cirauit current lc 284 276 2.76 273 A
Voltage at point of maximum power Vmpp 6.0 440 432 426 v
Current at point of maximum power Impp 232 233 29 223 A
Nominal operating cell temperature NOCT 46 46 46 46 %

INOCT: Module operating temperature at 800 Wim? imadiance, air temperature of 20°C, wind speed of 1 m/s.

MECHANICAL DATA

Maximum system voltage 1,000V DC Length 1,402 mm Prmax -0.24%/°C
Owver-current protection 6A Width 1,001 mm Voc -0.30%/°C
Temperature range —40 to +90°C Depth {inchuding junction box = 23.3 mm) 6.7 mm ls¢ +0.07%/°C
Maximum mechanical load 2,400 N/m2 Weight kg

CHARACTERISTIC CURVES NA-E135L5

Characteristic curves: current/ power vs. voltage (cell temperature: 25 °C) 695

[ —
35 |1,000 twrma. 140
- T 120
Igmz(wm\x ,Q
g 25 T T
2 |sw(v«m'>75'7§‘ w £ B
5 3
5 15 fas 50 §
10 40
200 (W/m¥)
05 20
" s — Currentvs. voltage
0 10 20 30 40 50 60 — Power vs. voltage 140285
GENERAL DATA
Cells Tandem cell of amorphous (a-5i) and microcrystalline (pe-Si) silicon The content of this document is a short product

description and does not contain all important

Front glass | rear glass low iron non tempered glass | tempered glass information for the user. Please refer to the full

Connection box PPE/PPO resin, P65 rating, 1 bypass diode induded specification for each module, follow the instructions
on using thin-film PV modules to avoid white spots
Cable 2.5 mm?, length 950 mm and follow all instructions in the installation manual

{e.g. minus pole grounding, protection with blocking
diodes/fuses). Before installing the photovoltaic
modules, please make sure you have received all
documents,

SMK (Type CCT9901-2352F/2452F), P67 rating
Connector To extend the module connection leads, only use SMK connector under the same series
or MultiContactAG MC4 connector (PV-KSTIKBT4)

Modules per palette 40pcs
Sharp Energy Solutions Europe - a division of Sharp Hlectronics (Europe) Ltd. - Sonninstrasse 3, 20097 Hamburg, Germany - Tel: +49(0)40/2376-0 - Fax: +49(0)40/2376-2193

WWW.Sh p /Sola Local respongbility:
Benekux Solarinfo.seb@sharp.eu

France Solarinfo.fr@sharp.eu
Germany Solarlnfo.de@sharp.eu

Spain & Portugal Solarinfo.es@sharp.eu
United Kingdom Solarinfouk@sharp.eu

Other countries SolarInfo.Europe@sharp.eu
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The reference image on the front page shows a 340 kWp system in Eastern Germany. Note: Technical data is subject to change without prior notice. Before using Sharp products, please request the latest data sheets from Sharp. Sharp accepts no
responsibility for damage to devices which have been equipped with Sharp products on the basis of unverified information. The specifications may deviate slightly and are not guaranteed. This module should not be directly connected to a load.

SolarNAE_LS_E0514



JA Solar Holdings Co., Lid.

JA Solar Holdings Co., Ltd. is a world-leading
manufacturer of high-performance photovoltaic
products that convert sunlight into electricity for
residential, commercial, and utility-scale power
generation. The company was founded on May 18,
2005, and was publicly listed on NASDAQ on
February 7, 2007. JA Solar is one of the world’s
largest producers of solar cells and modules. Its
standard and high-efficiency product offerings
are among the most powerful and cost-sffective
in the industry.

Add: NO.36, Jiang Chang San Road, Zhabei,
Shanghai 200436, China

Tel: +86 21 6095 5888 / +86 21 6095 5999

Fax: +86 2160955858 / +86 21 6095 5959

Email: 2 com marl j com

Superior Warranty

* 10-year product warranty
= 25-year linear power output warranty

100%,

e I Added Value From Warmanty
3

90% |

www.jasolar.com

J/ASOLAR

JAPG

72/280-310/3BB

MONOCRYSTALLINE SILICON MODULE

Key Features

Multicrystalline modules designed for commercial and solar farm

grid-tied applications

High output, 15.48% highest conversion efficiency

Designed for UL 600V or ETL 1000V. |EC1000V applications

Anti-reflective and self-cleaning surface reduces power loss
from dirt and dust

QOutstanding performance in low-light iradiance environments

Excellent mechanical load resistance: Certified to withstand
high wind loads (2400Pa) and snow loads {(5400Pa)

High salt and ammonia resistance certified by TUV NORD

Reliable Quality

® Positive Power Tolerance: 0~+5W

® 100% EL double-inspection ensures modules are defects free

® Elaborated module current rating to improve system performance

® Potential-induced Degradation (PID) free

Comprehensive Certificates

IEC 61215, |[EC 61730, UL1703, CEC Listed, MCS and CE

SO 9001: 2008: Quality management system

I1SQO 14001: 2004: Standards for environmental management system

BS OHSAS 18001: 2007 International standards for occupational health and safety

Environmental policy: The first solar company in China to complete Intertek's carbon
footprint evaluation program and receive green leaf mark verification for our products

@0 R H POVBO © &2

Spacifications subject to technical changes and tests. JA Solar reserves the right of final interprotation
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JAPG 72/280-310/3BB JASOLAR

Engineering Drawings

\WLI 1
)
St S

- Py

snts: e finch
g o P
5
7.4) ‘ 145018
A L 1501 8
MECHANICAL PARAMETERS WORKING CONDITIONS
i Poly 1 i DC 1000V (TUV) / 600V
Cell (mm) oly 156x156 Maximum System Voltage oy 10009 E‘Q
Weight (kg) il b Operating Temp. -40°C~+85°C
Dimensions (LxWxH) (mm) 1956x991x45
Cable Cross Sectxon Size (mm2) 4 MEKrim SSrient:tes 15A
o S # £l o ‘ Max.static Load, Front (e.g., snow and wind) 5400Pa (112 Ib/ft®
No. of CeIIs and Connectlons 72 (6x12) Max static Load. Bark (eAg” Wi 2400Pﬁ E )
No.of Diodes 3or6 (2 in parallel)
------------------------------------------------------------------ NOCT 45+2°C
IC4 Compatible .
Packaging Configuration 22 Per Pallet Application Class Class A
I-V CURVE

6 Cursa (JAPS

A
st u\kn =3

o “a o P .” ©
Veltage ) etage

ELECTRICAL PARAMETERS

JAPG 72-280/3BB  JAPG 72-285/3BB  JAPE 72-290/3BB  JAP6 72-295/3BB  JAP6 72-300/3BB  JAP6 72-305/3BB  JAP6 72-310/3BB

Gurren:

Reted Maximum Power at STC (W) 280 285 290 295 300 305 310
Open ClrcultVoltage (Vo) 4 4538 w4 w72 458 4605 4620 4620
 Maximum Power Voltage (Ump) ¢ N %08 %3 ss0 e e | anod

VSVhOﬁ Clroult cu'"'em'("scm) - - 5.29 7 7 8.38 8,4é V i 8.487 8:53 7 8.60 V 8.69
| Maximum PowerCurent (mp/) 778 7e0 791 sos 815 825 a1
‘ModuleEffciency %] 1444 1470 t4ss 22 1648 1673 1699
”””””””””””””””””””””””””””””””””” omsw T
”””””””””””””””””””””””””””””””””””” woe%rc

Temperature Coefficient of Voo (BVoc) T e s

Temperature Coefficient of Pmax (yPmp) -0.450%/°C

sTC Irradiance 1000W/m?, Module Temperature 25°C, Air Mass 1.5

Electrical data in this catalog do not rsfer to a single moduls and they ars not part of the offer. They only serve for comparison among different module types.
JA Solar 08.2012
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SUNGROW

SG1000TS
Container Based Inverter Station
User Manual

SG1000TS-UEN-Ver11-2014012
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Station System Parameter

Input data (DC side)
Parameter Specification
Max. DC voltage 1000Vdc
Startup voltage 500V
MPPT voltage range under full load  460V~850V
Min. DC voltage 460V
Max. DC power 1120kW
Max. input current 2440A
Output data (Grid side)
Parameter Specification
Nominal output power 1000kwW
Max. output power 1100kW
Max. AC output current 2016A
Nominal grid voltage 315Vac
Grid voltage range (3-phase) 252Vac~362Vac
Nominal grid frequency 50Hz/60Hz

Grid frequency 47~52Hz/57 ~62Hz

THD <3% at nominal power

DC current injection <0.5% at nominal output current
Power factor 0.9 (lagging)~0.9 (leading)

Mechanical parameters

Parameter Specification
Dimensions(WxHxD) 299Tmmx259T mmx2438mm
Weight 5,500kg

System data
Parameter Specification

Max. efficiency

98.7% (without transformer)

Euro efficiency

98.5% (without transformer)

Protection degree

IP54 (outdoor)

Power consumption at night

<40W

Operating temperature

-35°C~ + 50°C (without power derating at 50°C)

Cooling method

Controlled force-air cooling

Relative humidity

0~ 95% (non-condensing)

Max. working altitude

6000m (operation with derating above 3000m)

Communication port/protocol

RS232/RS485, Ethernet/Modbus, IEC61850, DNP3.0, 101,
103, 104 etc; optional external  GPRS/CDMA
communication module
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Abstract

This paper presents the performance and economic analysis of
two PV power plants based on ground installation method that located
in Prachinburi province. The power generations of the PV power plant
were compared between Thin film type and Poly Crystalline type of the
PV panels with similar capacity 6 MW and the same location. The data
in 2016 from energy generale were used lo compare by PVsvsi
simulation program as well as economic analysis. The simulation
results showed that the Thin [ilm type had more efficiency than the Poly
Crystalline type and difference remain was about 4.6 %. Therefore, the

data analysis from a real power generation of the PV power plant were

related in the same direction that dilference remain was about 7.92 %.
Meanwhile, the net present value (NPV) analysis ol the power
generation revealed the Thin Film type can be made short time the

investment return cost within 1 year less than the Poly Crystalline type.
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The Study of the Value of Free Solar Rooftop Installed in the Field Office

for Compensating the Purchase of Electrical Energy from MEA of Mega Project Construction

qnEFa iy’ fisad fHauda' gnsan ety Juns neaven’ nazynds ddanare”

andvimnssn i anedranssumand wiinnadoma Tulads wusaatan]s

‘mndamnssy i aagdmnssumaniinzaanfaonssuman svininandoma TuTads1auanadeau unss1wam

Limail: ritthichai_r@mail.rmutt.ac.th, * boonyang.p@cn.rmutt.ac.th

uniage

unanwiniuguensAnma A wes Ty iy
Aadanmdsneadninamay dmiuTasamsoadionna
Tuainammunsdendaamlilusas Tihhdasmnms i
uasHana Fadninauauimslandaan i 164,311 kWi
Taofim1dsrendaan lldinn3aludas 1dihiani 68025
Mnmiae namsnnansaadasznnanlindnreiind
VHHAIFNTNOUTUIN VIR 40 KWp umwnsnaans ndaan
Thnnnsaldtlaz 57,090 kwh Tuvagiinasgumudhm Nev i
1 1,468,255 11 A1 IRR 22.85% Jiszazmatnunu 1 nidou
wiawnAu ey szndanmdsa il 1atlas 3ss.3ss 1Al

s o x 3 Ay @ ~ ¢ “
FTATY: l‘liﬂ'ﬁ'z’l’l, Fzinman [Irl'ﬂ'lYIﬂ!ﬂNllﬂﬁ]WlﬁlL FzozINUY

nu

Abstract

I'his paper presents a study of the value of free solar rooftop
installed in the field office of Mega project construction for
compensating the purchase of electrical energy at temporary electricity
rates from the Metropolitan Flectricity Authority (MEA), The field
officc has 164,311 kWh / yr of clectrical power consumed, with the
electricity charge Irom the grid at a temporary electricity rate ol 6.80235
baht / unit. According to the study of installing a solar rooftop on the
ficld office of a 40 kWp, it can reduce clectricity consumption from the
grid by 57090 kWh per year. While the invesiment showed that the
NPV value was 1,468,255 baht with an IRR of 22.85% with a payback
period of 3 years and 11 months. Aller returning the capital, it will save

388,355 balt per year of electricity / vear.

Keywords: solar rooflop, pv power plant, payback
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