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ABSTRACT

According to the Electricity Generating Development Plan, 2018 (Power
Development Plan; PDP 2018) in a meeting on 30 April, 2019, an opportunity on the
investment of new power plant construction (56,431 megawatts and above was
opened to cope with an increase is needs for electricity use within the year 2037).
Regarding renewable energy, there was a ten-year project in 100 megawatts solar
power. The design of solar power plant everywhere would have power loss in the
electricity generating system which included controllable and uncontrollable
systems. Solar panel arrangement could reduce power loss in a form of electricity
generating system. Manufacturer using the test data from solar panels of 30,800
panels. Loss from the resistance of the electric wires obtained from the calculation
use the detailed panel information such as the power produced, voltage, and
current. Use data from testing in Standard Test Conditions (STC) comparison solar
panel arrangement. Found that solar panel arrangement system having new power
loss is 1.298% (less than 1.300% from STC). When arranging the total voltage, average
current, and average power from the solar panel test data sorted by highest to
lowest value it is found that the total voltage arrangement causes the electrical loss
to be 1.297% (this is the only value is lower than the loss from the resistance of the
cable 0.001%). Arranging the panels using the average current and power There is a
loss from the resistance of the new cable is 1.300% (greater than 0.002% resistance

of the new cable specified).



However, the solar panel arrangement by total voltage having the
difference in voltage and current of the solar panels of the whole project was 2.22
voltages and 0.66 ampere, respectively. Resulted in the highly difference in each

string ring and power loss in the electricity generating system (1.28 increase).

Based on an economic analysis of the two types of solar power plants
based on NPV at 31% discount rate, it was found that both types had a positive NPV.
This denoted that it was worthwhile for the investment. For B/C ratio and internal
returns rate (IRR) it was found that the solar power type of arrangement had a bit
better worthiness (B/C ratio = 1.13 and 1.06; IRR= 3.86 and 3.38%, respectively). For
the sensitivity analysis of the investment costs (arrangement solar power panel, it

was more worthwhile in the investment).

Keywords :  solar power plant, arranging, solar panel, module mismatch, economic

analysis
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VIAABULHALTAAUASOTANET STC

2. lawumslunsdnitesunawaduiaseniing Ingldteya Flash test data 3NKKER
WHALTAT AR IR

Y L3

3. Wwwimedwlledleyalunisdniiesiivesunugaduateniing laglddaya Flash
Test Data NENAAWNILEATLAIRINEG FSesaduaAungalumaiosiign wiuniduaila
INNTOBNBUUAUTOLAVDIHABAAUADIANGN STC AN Py Vi M350 |y, ANlATIAINALH

f-:l v a o a o 1 oay v
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ToyavedLKugaakaIng? STC uwazldrananludndiuvinla WalleuivAilaainnis

v I3 A o
DONLUUMNTOLAVDIHATAAWAIMAEIN STC

4. TakuIn9luni1sandularinnisans swN Y adkaInINng tAgNNTUIIN NANIS
WsuisuUseansninveelninnae fing seninaniin sinE esuaaadnasaning wazlile
fInsdaseanaradiaiing lnglitoyavetfauivieu neua1au uazlquigy w.e.
2559 l49ns1druvesusz@nsain (Performance Ratio PR) MU28WSIUNHARNLA (MUQe

W kwh) tazandsnunsiiglanviieas 5.66 un
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Array Soiling Loss , Thermal loss, Module Quality Loss , module Mismatch Loss
(MML) wae Wiring Ohmic loss @afinsanuilunansuumailoanmsgaydedl

lunsfinuilldnisdnineguuuuveddsaliiuasonfingiuanslunmi 7

PEA grid (HV)
115kV switchyard

MV switchgear
6 X 1.75MVA
x6 0.36/22kV transformers

12 x SMA SC800CP
central inverters

[ ] [ ] [ ] DC main distribution
x21 x21 x21 DC string distribution

String
monitoring
unit

e D@D DE: e @i Dei D8

A7 7 JURUUNNBLRgvedlssulnhuateing

sMu| x21

PV-generator

PNAMT 7 wanen1sranliinnursaduateiing Tnstunugaduasenfingun
AL UUaUNINAY TTUNIEaaRAIRIARGTIUIN 25 WK Bonludiuiian String wanee String
sy Array WU Array W1luge Central Inverter viansudaslaiinnssuansadu
nszuaaduudnumiaulasiniudasuseruoenluldu 22 kv udulasussiuain 22 kv
Ju 115 kv Wouserumslifindugiinie

N9HEUUUDYN TN UVDIUNALAR LA TINGTILIU 25 Nt WA UUAZLIIY 79
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nseenuuuae i lulssliiuaserindduarsliiousoaynsuseninunaead
watofinduy dninagldagliindndiunaindeussine Jasenareliyiailiin Solar

Cable Asuandlumnsguiiandlunisen 1

a1s19fi 1 IEC 60228 2004-11, Table 2

IEC 60228 2004-11, Table 2, Class 2,

Stranded conductors for single-core and multicore cables

Copper
Cross Section Aluminium
Plain Metal coated

1.5 12.1 12.2 -
25 7.41 7.56 -

4 4.61 4.70 -

6 3.08 3.11 -
10 1.83 1.84 3.08
16 1.15 1.16 1.91
25 0.727 0.734 1.20
35 0.524 0.529 0.868
50 0.387 0.391 0.641
70 0.268 0.270 0.443
95 0.193 0.195 0.320
120 0.153 0.154 0.253
150 0.124 0.126 0.206
185 0.0991 0.100 0.164
240 0.0754 0.0762 0.125

300 0.0601 0.0607 0.100
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31nM15199 1 aelnvdadldiunisaeeynsusenitauniwaduaseinddiuuinas

(%
= o a o

ARalne i ulATIES 19T ULNIYaAILEITIngaUATU String waghnssluneuufunselanuly

3)

£9 Array Junction Box (AJB)

anglliinann AJB lUds Central Inverter tulduinsgiunazisnisindenuansly

A9 2

A1519% 2 EIT STANDARD 2001 - 56 (TABLE 5-27 TO 5-31)

XLPE or EPR / Thermosetting insulation , 90 C
2 loaded cables (1 Phase)

Source EIT STANDARD 2001 - 56,(TABLE 5-27 TO 5-31)
Diameter
Installation Method
Cu
CuU Al A2 B1 B2 C D1 D2 E F G
1.5 17 17 21 20 EIT5-28 25 33 21 - -
2.5 24 23 28 27  EIT5-28 33 43 29 - -
il 32 30 38 36 EIT528 43 55 38 - -
6 41 38 49 46  EIT5-28 54 70 49 - -
10 56 52 68 63 ET528 71 92 68 - -
16 74 69 91 83 EIT528 94 119 91 - -
25 96 90 121 108 EIT5-28 124 152 116 123 166
35 119 110 149 133 EIT5-28 150 184 144 154 206
50 144 132 180 159 EIT5-28 180 217 175 188 250
70 182 167 230 201 EIT5-28 223 266 224 244 321
95 219 200 278 241 EIT5-28 271 318 271 298 391

120 253 230 322 278 EIT5-28 313 362 315 349 455
150 289 264 358 304 EIT5-28 355 406 363 404 525
185 329 299 409 349 EIT5-28 406 459 415 464 602
240 386 351 480 418 EIT5-28 477 533 490 552 711
300 442 402 549 484 EIT5-28 543 601 565 640 821
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wenanfiferesinfladataduvesgunll lumsiensuuuassuasihuuiledu danandly

AN 3 WAy 4

mswﬁ 3 Temperature Correction Factor For Air

Temperature correction factor for Air
EIT STANDARD,2001-56 (Table5-43)
Cable in Air (normally 40 ¢)

Insulation
“la
PVC XLPE or EPR

10 1.34 1.23
15 1.34 1.23
20 1129 1.19
25 1.22 1.14
30 1}/4F5] 1.10
35 1.08 1.05
a0 1.00 1.00
a5 0.91 0.96
50 0.82 0.90
55 0.70 0.84
60 0.57 0.78
65 - 0.71
70 - 0.64
75 - 0.55
80 - 0.45
85 - -
90 - -

95 - -
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A9 4 Temperature Correction Factor For Ground

Temperature correction factor for Ground
EIT STANDARD ,2001-56 (Table5-44)
Cable in Ground (normally 30 ¢)

Insulation
°C
PVC XLPE or EPR

10 1.18 1.12
15 1.18 1.12
20 1.12 1.08
25 1.07 1.03
30 1.00 1.00
35 0.94 0.96
40 0.87 0.91
45 0.80 0.86
50 0.71 0.82
55 0.62 0.76
60 0.51 0.70
65 3 0.65
70 = 0.57
75 - 0.49
80 - 0.41

2.3 magayideTuszuundalniidendenuuasaniing

23.1 msgzuul,?imﬁmmnmsdachu (Incidence angle (IAM) losses)
mMsgayidensdsriudulsingmsaiinly esanmsasvieunduuaznnsdsriiuyes

Sdnseiingdediusznouunugaduateniing 31ne1nalldinszanvedung nszanves

unslugedu EVA $u VA luSawaduasonfing Unfinsasiiounduazegil 5% wazsimely

Usyansnnwesunsluan1iznsnaaaui STC (Standard Test Condition)
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TUsunsu PVsyst Tdiladdu 1AM SeSurenmsvinnavesnsasinu Jaduilsiduveayy
ANNSENU HINTUTITLANUBIAUSENDUVDIAILEL, NNTNTLAIYVDILES WALDATIEIUNST

azviou aglddudsenaudidglunnitems dandlunimd 8

Sun
ray First reflexion
main contribution to IAM loss
¥
/ Second reflexion

= 1% of the first reflexion

Air
s
Glass "
i 4
EVA "
NS S — —

AN 8 mizjzy,l,ﬁaLﬁmmﬂﬂ’ﬁﬁqmu%amaqmuumLezjaéLmeﬁmﬁ
17: PVsyst SA, 2019

2.3.2 msgiyLf?mLﬁaamﬂmsazamaaﬁaanﬂsn (Soiling losses)

nsazanvesdsanlindwmansznuieUszaninimvesssuunanlniinaniead
wasofind HummnsaifiRetuananuliuiueuiuegiuaninundenvosssuy Wy A
anUsnvesunsluggSounazggmunlasininnittugany Auiiiuiuegnasandudlolsaluii
ogflndlasnuyu Tsdluitmdsuuaseniindfeglndnssalnl viefufivuuniidaanssuma
mManuasTienasifanssufinelAnuanzanmsnlue Wudu

Tuan mernafiiluanUiunans 1wy nanselsy wazluwsiiegendes nsgaydsann
Msazavvesdaanysnaztiosnin 1%

yaun Wutlym$reussidesiiansan ilosansinlaigndrsednslufudu nanseny
Yosyauniiiosndn 2% 139 uinineguuwnadunaiuuevdnansznuiewsinaliiinga

§9U (Hot spot) Uulusle

2.3.3 msgeydeadnudusedonding (Iradiance losses)
91NNTMNGANTIUIENINUILANTA A UAUAINTNSIFDTINENANNTENUNAN LAY
¢ a ¢ w = & 1 a a S VI a ea
\waaLAITNg AslanslunIng 9 way 10 aziiuinAIUsEANSnManasllouTdeniinddl

'
' o

A9 drldnisagdennudusideniing (deiiisuiuaiudussdening® 1,000 W/m2)
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manunsgaydsiidunannanngfnssunissunaweunsgadiasending Fesuiemelung

Ialoniien (One-diode) faraluil

£
= 1

sunuulalenieifivsyd@nsamen Yuegiv 2 w1s1wes towa

1. WO ANTINNITUANKAIUY Ry dlomnudussdeniindanas Ry, sztiiniy
Ry AIHNNI109 STC fuw‘fﬂﬁlﬁmmchgl,?iamm%u’(,umzmumiﬁ seuUIeUsEANS NN
a9ty duandlunind o

2. AUATUNIY Rserieﬁﬂ'ﬂwhf'ﬁ"uﬁwé’qaawamisLLa?NLﬁaJ%umwﬁ’ﬁé’ﬂ (R = IPloss)
NN Ryerie 89 mingt,?m%qqrrjwﬁ STC nidenandndonilsdoUsvansnmazifiutuluss sy

[

Y v A a 5 o a
ANNALSIETIndM dauanslunIng 10

AIUUUNULATRARIAREN IR (Ryun 17, Recrie §9) F9TUsEANTAMARNGAN 816

ANITANUIUSIFDTNEAN (FUTDA 1M UAYBY STC)

Efficiency fllrradiance] for diff. Rshunt - Efficiency f{lrradiance) for diff. Rshunt - amorphous
173 i
&%
TE% mmmm e e TP TS s s S S S DT - o m
£
L R} L T TP epp ? o d oA A eEponentialhsma
= —Rsh=400, Rs h{0)=1600 chm 5
= 5 ?
E . ——Rsh=300, Rs h{0}=1200 ohm o L A ——Rsh=100, Rshi0}=1200 chm
- Recovery due ——Rsh=400, Fs h)j=<00 chm Rsh=50, Rsh{0j= 720 chm
to exponential Rsh=300, Rs h{0}=300 chm T emf e e . '
135 R ] ——Rsh=100, Rshj0}=100 chm
L A e
——Rsh=60, Rsh{0}=80 chm
12% T T T T T o T T T T T
a 200 400 800 200 1000 1200 ] 200 400 800 800 1000 1200
Irradiance [WinT] Imadiance [WWinf]
P 3 R
AN 9 NANTENUVDY Ryt
Efficiency f{lrradiance) for diff. Rseries Efficiency f{lrradiance) for diff. Rseries
17 173
8% 15%
R *I* loss
= 5% a1En
g -
k] [}
] B
& s & s
+ Sold Pmppat 5TC
B N — Good Rseie=0.2chm | _ 3% fod o mm oo = Good Rserie= 0.3 ochm
i Bad Rserie=0.5chm =—=Bad Rserie= 0.5 ohm
1% T T T T T 123 T
0 200 400 e00 200 1000 1200 o 200 A adian [wrmZ]Bm 1000 1200
Irradiance [V

AN 10 NANTENUUDY Rogric

fiun: PVsyst SA, 2019
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2.3.4 Mmsgeyideiiiasanaiuiau (Thermal losses)
n1saqdeiiiesninaiusou danansenuegraunnsenisndnliiianuraead

Waeing GD’]ﬂﬁNﬂﬂWﬁﬂﬂ?Ui%%’j’quWQﬁiﬂ83@‘ULLﬂSﬂ’J’]&I%@USUENLGUaa NMAAYULUBIIN

S9ENRNIRNNTENULNY Fanandluaun1si 3 wag 4
U.(Tce([ _Tamb):AlphO'GmC '(Z_E]jciC) A@UN1IN 3

T

cell

=T

1 o
i +;-(Alpho-GmC -(1—Effic) aunsi 4
dle T, #o gaunillagsau (K)
Ginc ﬁ 3

Alpha fie Adudszavsnisgaduressidorfindnnnsenuias whiu 0.9

Sy ndnnnsENULNG (W/m2.)

©

a

Effic Ao Uss@ndanunasaduaseniing (%)
U A WoAnsIuNIsgeydeadIuTeu (W/m2k) A1 U-value Arudailaann
U=U.+ U, v(@ie U fndedu wm2k, U, Sy W/m2k /m/s, v = a3usiay

1 [

Indradu m/s) uananddaiidadedundinananl U WU anuuenISAARILNILYaE

o

LR duNnaIAT vuituAY wseuun wWeliAdudssansiamuineonuilalndifesign

AIANDINIsanA AR UNg U A

2.3.5 Msgeyideiiiasainnisidaudninuasuad (Light Induced Degradation losses:
LID losses)
a & a X o ¢ a & P .

n1saideilinaduludiluusnveseaduase induuunansgdd (Crystalline
modules) Walasuuaie9ing orvdswansenuneaUszansnwluvaeiviinimagsu Flash
test 910159974 N5aAY LID TuNeidesiunnn nueIn1snanwnuesuaze19AINg
gauvde 1-3% vTeunnitlu uiAnsgadeiiosannisidenanimveuas arliuansanly
TgardenvoIuNIANgKan fadulunisivuaasuaululusunsy PVsyst asldainis

godeiluszann 2%
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2.3.6 nansenuaNMshasulasluaIuuy (Light soaking effect)
wuluwnsgaduaserfindvidafduuisildmalulad CIS/CIGS (Copper indium

gallium selenide) wunsEiTuYesUsEANS s N msdudatuuasenfinduanedalus

[HesnmsdniFesernenlmilulasiaisianveasadnelfevinnduas franuiesednai

NANSENULLAT 3-5% V89A1 STC L5UHUY

2.3.7 mu?iauqmmwmqu,ml,szjaél,l,aaa'lﬁmj‘ (Module quality losses)

Humsfimesfiuansuszavsamuesunaeaduacendfingaiwnadedmusnvesinan
WOANTINNITNIUITIVIMNBGAd LA inddanadondu lduduoulunisuszilu
Uszdnsnmaesssuunaaliihanndsnunaseind dwasiutaszesnainisiulseiu lag
swazBuadiflfnudemsu dxwolui

- ngwanlunnsnnaey Flash test aziiaunainiadeu +3% (entfunisnaaouly
VRNTRIEREPGIIRRIIGE)

- TusgnieTuusnvosnsvhnuvesunasaduaienfing enafinisgaydeidlesannnis

[y

Houanmvsuadlasdeogi 1-3% Juegiuamninnsuds
2.3.8 nMagandeiiasananalinssfuveunaeaduaie1iing (Mismatch losses)

annsodaldvanstiade Tnefswasdondeluil

- unsaSeazlilFda v finefudazdfiifunndl asdiauaainindouldntion
fiun91nlaseainenisluannnszuIunsaan 1e1ANATeILHI9INTssUEgnTAEBenY
W15 Timo$7inlnon1smaasu Flash test Usznoudusedundanuvesuns ag1slsinim
vdannaiuluvansiiliauussenasinsgadeiiosnmsdenanmysuas

- fhegnsldnuvesunsiifissozinansnn Guuseiuuns 25 U) Uszdnsamusiaz
wnaaglidanaslunuuiierfunioivifuiaue dsdiilugnisduduresnisga el
assfuvekIgaduasefinglutimaneUiifinasldau enadeddnismageunuusigeg wie
yAUsEAvB A mMAlMAeng B umienun

- muanUsnenaduamgnilswesnisiinnsgadeiosnnamilingstuvosuns
AR TING

usssuluusazanssiunneneiu arunsaiialdann

- Anmgmaeanisazuandsiudlodonmnusnssrinsaniimiatudnansmiaiie

Whgdunesines lnaanziussuuanaivg Bunedinesuuusiugug)
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- g ilunsazanvassruulanAeiy laglangsseuu g asadianuunneneves

'
a (BN

g ilunndelu (gumaiisageyviaveu)

Y

¥ 1 Y v A a L3 ! U 1 a =) aa
- WJEJiSUU?J‘U'W(ﬂiMQJ} AnUussdeindenananasiulilunrazusia wselunsdn

A

Tadanfauuatins) wiazdwansenululunduiinseldiurfnrelunidadiluslu

(%
a Al

A0UNNT0I939 welUswnsu PVsyst lilaawinnisgadeillussuy
- an3sluiianefiuanalleeusefiuduesinesiieiu wslinssualniniuangie
fuusiusaiulnialndifesiu (eniulunstingamiiunnsiaiuinn) szdwanon1sAuiu

msgaydaiiennanulinsiiuvesnseaduateringdidinies

2.3.9 N3gayHsNNITEA1EAVBUNL (Module degradation loss)
drulsznounanuesszuundslivhanunawadiaseniing laun
- LASLTAALLAIDNTING
- wummeslusruuiinisdseadnu (mswdsuuins saennisiauressyu)
- Bunesmeinisiinisdonueundedeln
- anelneinag wazgunsailesiufiong
MSEOUANINVDIUKATAR U TRE ﬂ'alﬁﬁmmagmLﬁaﬂizﬁm‘émwmmﬁuﬁaa6]
Fsanansnduundnunizves "Ydun15geidsnNNIsaa Ui v IUNg"

gnsnsaaneiivesnesulseiulaeieds agldanissulsyiuvesdnandudoya

Y

a

Y a a oA a s a ¢ a
91984n19geyidiiieeenuuussuundnliiiaingaduasefing dalasunfvgaide
UseAnSandseana 20% asanetensideu 25 U

e arunsadesiuldiiiAanisgeydedla ninssuundaluiildsunisgua
< 1 a 1 P v Y & a a <3 L4
JusgsfazdmalrdsausaldnulmdunaunutasUszavinmanasdniios

uonAntundwaauaseingiannnaz anaslusgnsifeaiu nndn1snszaesns
nsagydelagdsiasiliiinnsgadediuiudeinanuldessiuiudumnunainsly
u Tuldsunsu PVsyst mmamzqﬁ%aﬁaﬁwé’aaaa (Root mean square: RMS) ¥84n155aA
waatl wazlusunsuazyssiiiuanulinssiuinduilsidueguesszuy msanadaniunis
lngld35 Monte-Carlo (Hnn1suaNutUUEdNIILINNIN) Inedauufgiudssielull

- 9RIINTIUREAANB VOIS AL LENAITIADANANE UTINILIN

- AARNNIINTEE 9100 1IN 2 sigmas (95% U8IT1UIUTINUA) LTB991nAIM

uansnsgailinsagydeiiosannanulinssiugann dwanddunini 11
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Uses in simulation

Graph ] Mizmatch calculation] Module Wananty]
Iv Uses degradation in the simulation ?

LB B e B e
100 o, u

\ Use in simulation
- %

80 1

Parameters in simulation

Simulation for year no |10 j

Individual P modules: ,— .
Global degrad. factor 3.80 [

Mismatch degrad. factor |2.25 X%

Degradation [%)]

Model 80 — Basic degradation N
PY dule ageing par L With annual increasing mismatch
Awer. degradation factor (0040 W % fvear 70 Module \-.;arranty | | | |

ISC dispersion RMS .60 [ 3/vear 0 S 10 15 20 25 30

Wear
Yoo dispersion RMS (050 [ Zlvear
{+ Efficiencies
" Losses

a a A o ' Y] v a 9]
AN 11 ﬂ’]’i?ﬁjiy}LﬂEJLZJE]@J?D']&JI@JG]NHWU@QE%UUL?J’]M’]LﬂEJ’JGUEN
11: PVsyst SA, 2019

2.3.10 n1sgeyidearnanasunuvasaglWin (Ohmic wiring losses)
nMIsounwaduatofingaynsudcieiu saufudy Strings wazsiududu Arrays
U89 Inverter Ingldanglvil Geanglnihdaziinnudunmunalady [R) Tnefininisuusiu

AUTEEENN Uawtinnisagideneaidslnii (Power loss) fauansluaunisi 5
Pl = I°R aun1sa 5

nsgedevesanelniirludiutiasisenda DC Loss dslumseanuuuaziianimuall
LdliAu 1.3% veamaslnihifinns
nseenuuuagliiviludiuil

S A vy Y a I3 a i al I3 a
YUN 1 TLGUGUEJﬂ;IJa"i]']ﬂQNaG\LLNQL"UaaLLaQ@']VW]ETLUﬂ']imﬂa@‘Uﬁ']V] STC ll']lfuuf\!@lﬁllﬂqi

AU

a

U 2 YINTINTEELNIVBAALYN LagMVUAFIUNRARIREVTBRIAY

=) o w

o & o ° = = i | - b
Ui 3 inmsAuniasiienagliihimunsanluusasdiuielinsagdenias

o

Mabisulaiy 1.3%

U 4 Faseesnsgayidenieindalnilt (Power Loss) au Array figeydesunnlumn

o

Wou uarluusay Array tuyiNIALSes String Nlinsagdenieiaslnihanunnlundes

UL
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2.3.11 ﬂ'ligiymﬂl,ﬁﬂﬁﬂauﬂm (External transformer losses)

Tsalwimdsuuasenfinduunnivg (hdniswaninsdumewnsTns) nieulas
Iylindugunsalmeueniifendelnonsfuszuuaedsveansinindiuginig arwgyde
wénfiieadesiumsiouadluiin leun

- Iron losses fotfumsgaydefinsidesnnussiuanmsidouseruszuvaneds
Tusunsu PVsyst fvuaaisuduresnisgydedd 0.1% remdsnuiitmun

- msgaydemnuduny (Ohmic losses) wiansgapdevemasunsilusaainndn

a a IS

wagluvnainnAenll 019liAui U ANkaEN1TgaYFaE AnNANLFUTUS YR AT

RXI2 fatiunsagdeaziinunnTuariniinsgadeinisvegeu STC dniley
2.4 mMaUsauiigunsaaszikuamamskitetym

deyansdnsesnisgadeiadliiivientaunainmsiuing STC uagn15dnises

o
Y a o

LHITaAuAngnuTayaRHEn fakandlunisiei 5

Y

M13199 5 MITATEU0YAIINNTAILIULALNITIASLIKUTARLAIRTINE

Sorting

From Wiring ohmic
From Flash test data
loss calculation

Pioss (Max) Sum Vi, (Max) I (Min) Prop (Max)

Ploss (Min) Sum V., (Min) lmp (Max) Prpp (Min)

a
NE1N 5
° | a a Y] a a o a =~
« YINISUNUAT Vo, 59U NUINNFARY Poge NNAGA (370N15AUINTA STC) 1o
YAULIIPULNANN Faandlun1s19n 6
° | A Ay ~ 'Y = a o ~ ~
o NMTWNUAT |, RAETIURENANRU Plog UINTIAA (INNSAIUINN STC) Lilaan
Anseualnin 12 39naun1sN 5 fauandlunisen 7
° ' aA A ~ ) a ~ ° ~
. INNTUNUAT P, @EENNINTER (U P M007A (31NN15AMIUN STO)

ievaemasiiigande dandlunisan 8
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A13190 6 N1TUSEUMIBUTRYAINNITAIUINLAEN TR BRI aauate 1 indludu

wsanulain
Finding
Replace sorting
From Wiring ohmic loss New Power loss from  Compare with
from Flash test
calculation Wiring ohmic loss  existing Power loss
data
Pioss (Max) Sum Vi, (Max)
% %
Ploss (Min) Sum Vg (Min)

A5 7 nsiIeuiigudeyaannisAuInuazNsInTeIuNwad LA indludiu

AT ISR

Finding

From Wiring ohmic  Replace sorting from New Power loss from  Compare with

loss calculation Flash test data Wiring ohmic loss  existing Power loss
Ploss (Max) Sum gy (Min)
% %
Ploss (Min) Sum Iy (Max)

A1599 8 n1siUIpuisudeyannIsAILINLAENITINEILNERd LAt indlud
Aaalniia

Finding

From Wiring ohmic  Replace sorting from New Power loss from  Compare with

loss calculation Flash test data Wiring ohmic loss  existing Power loss
Pioss (Max) Sum Propp (Max)
% %
Ploss (Min) Sum Progp (Min)
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2.5 ans1dauUsEansn1wn1sHan Wi (Performance Ratio; PR) va9szuunantninain

NAIULEIDINATVDITEUUNAN INTHIINWAIIULEID1ARNE

9M51EIUUTLANTAIN AD 9RS1AIUVDINAINUNNAR LA AIUNS I URNER LA Ran1ne

STC wassufindaldfianiiz STC Aruanlaain GlobineXPnomPV Tae?l PnomPV 1Ju
WEIUNAARIDHIIUEN1IE STC (310 Name plate Y8IuER) @1315aAUINAIN

A4UNNSN 6

E _Grid o
PR = — gUN1IN 6
(Glob/nc X PnomPV)

9n31@UUTEANTA N MUUTINDS N1TAFENIEY 1Y N15Te (Shadings) Hu
(Soiling) NM3RLEBINBIFTY (NMIUUMINAINUVDILHT, NITLHBNANTNVBILKS, AMATNYDS
wad, Anuldnseiuvesssuy, msduangli) wagnisagidevesszuy (Uszaniamves

dueimeslunsieudeiuszuuvean1siii (Grid connect) wagn1sgaydslussuuwuy

a a

IaaLAe7 (Standalone)) na1ldeA1anstarulszansain luledusgdusdnvaswnayag

Y

wa1e19ad L3192t UlNILUURENLR 87 NTaNanTIN AzinisiUSsuisusns1diu
UsgAnsanannzussansanassunsviatug duafidwalaonseaziduaivesainas
0NN

9 Y

nslgEdRTIALUsEANS A WD UNITU T UNTHER

£%
Y [

dndrulszansam |JudiinndAglugnamnssunndnunseaduaseiiing 9

o

o Y & = ) [ o [y [ A a a [
inagldilutoulvdmsunissudssiumudyyidlofinmageussuunanliinainnd sy

o =

a ¢ A a2 W | a a . VoAl a &
WEID1NNINIBNNINTIFBUUTENT FaA1oms1auUseansamitiduanllansinasnnslas
A1 Globinc Tugnzassniiuseansninenaluwinduamunisaianisalveslusinsy PVSyst

vaualy

¥ A
N o N [y

wennidslimaiiudeyavedlssliiuaenfindaesuininasdiaiuiivuinnings
Anfapgaiu gunsalnanmileuiu snviunsiasewazlidaseuruleasigadlusening
nsfnsalssliimsaesusisilivinnsfinfsuaiasawazyinisuelnilid unasinidou

a S v A o a o &
QNJ‘I'W\ILN@L@@U uns1Aad 2559 LLagsﬂ@yjamu’]ﬂqwﬁﬂim']UULUu?J@\iL@@u bHEIYU WEWNAN
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wardiguien w.e. 2559 ¥n1siSeuliisu Performance (PR) waglavinn1silSeuiiiay
PUIINFIUNANEALS SUMIAINEIUNIAI AN A 5.66 UM ANUIINAI9IUYD

TsslwinAapaiiadl

2.6 ans1auUsEANS AN LgANENTWaINTALINaWA LY (Weather-corrected PR)

dusumsianenszuuluganandus (nMsvadeulnuAIosnilsdunv) aunsaly

=

3w "dnsdulsednsamaldaanineiniaiieunly” wiuld laeTngUssasnreli

v

M3nAnuiuLUsnugan1avesdnsdulseansandrulngaamgiionsdiuansneiu

AN MMEINANIANLUSUTINOUY WunesinUasnluss, Nesihilnasy, Sdunn, anuisay,

ANNANUINVDILEIALANAIAY 418 92 UL U T LLUINISTE ATA15RABN1TANNUA

¥ 1%
C - S o v Y

a s A = & 1 = o o [ & =
qmmmmlﬁmaaamwumLaa8mmwﬂmmammuwwmiuﬂuummau’muﬂmamama

€

1@NMNNTENU Globinc 31nTu TuPI9a1MABIN1SNAABY 81U UTLANTANALTAN

a

an weneiteniluazgninvualaeaunisn 7

E Grid
PR(corr) = -
Globinc
(PNomPV X 2,
GRef X (1 — muPmpp X (Tarroy y TArrOyAver) )
aunsn 7
We  Globlnc Ao ASannnTUlus1etlue (KWh/m?)
Gref Ao ANSIEN STC oy LIAMYNISNAdey
muPmpp Aa AFLUTEAVTOUNYT Pmpp YBILKS
TArray Ao gungiliwadvestilusiivageu
& a a ¢ & oy % ] |
TAIMay aver Ao gunnillafgvetonsdnasanslataiminlagan

2 Globinc X TArray
Globinc a1nauns TArray , .. = pous ( )
Zhows (Glob/nc)
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[ 1 [ !

Tunreadlarans MINATUIMNAT TAmayse A8T0LaREIY A18ns1d7Y
UsEansamalgaranimainieivawnn lus1edalswintusnsiaiulssansainsed

2.7 M1TIATIRANUNNNZENVILATINTIUATHFANENS

N193LATIENAUNUITANVRILATINTAULATEFA1An T IUAITAIUaTelsalni
n¥auLasofindiiaeauuy Ao wvudinsindsunuarliiinisdndommseinnsuan
yaAwausglevifinininazldsuanlassmsiisuiisuiuyadinmsamunasnszezinaily
nsALulagens (eusny, uuv) lnvazAnalugudsinanmaasugia Ae

yaA1aatiugns (net present value: NPV) Wunisi3euifisuyarinisaamuiv
naUselovifuasvgiafimainsistunaentisszesnanmssuiulasnis aeldsns
d1uan (discount rate) Lﬂugjaﬂ"]‘fjmﬁu (Ardalan, 2000: p.67)

FBilazduumuaisseniyacdagiuressanouunuiininiiagldsuluewian
ST mWansULUT U fiFesIuTefuyuiuuiUA U LR UEILIN aransafuald

INEUNIN 8

n
NPV =| Y S - |- aunsi 8
t=1 (1+71)

So NPV = yariaqliugyi

| = LGudwaamuﬂ%y’msn

G = nszhanuanlasuanslunsazain

t - U7 1 G n

n - Srununesende/suaul

r - Sasmonibe/snaranauLny (ausny, )

SNIIMANBULNUABAUIU (benefit-cost ratio: B/C ratio) uandliliufiadnsidiu
voyaa1lagtuvemauseleviivyaalagturesiuamulasinis Ingyindaunnimis

waneinlasin1saylinaneuuuiAuAIzamy asnsarwInlaInaunisn 9

B/C = wardagtuvewmauselevians

warnagtuvessuu
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"B

t

yis e LH)
" C

t

AuNISN 9

w0 (1+)'

e B = naUsgleviansilasuanmsasuludi t

sunulunsamuludn t

0n
1

DHIINANDULNUNIDONTIANAR

t = YvoelAasan1s 0, 1, 2, .., n

n = PUUUNINANSAN

wnasinsiaguladadula

B/C > 1 dadulansu flassnstividnsdmresmanouunuiagiuyusintunie
1t

B/C < 1 laiawu flasnsdlidnmdruvemansuunuuasdunuiosnivis (an
$ntl, 2549)

dasnanauumunglu (internal rate of return: IRR) A nsnduanivilyaci
Hagtuansredasimadaiiugus uaednsduiuandliiiuimansuunuiiaglésuan

nmsasuhiinansuwududesazvinle aunsafalannaunisi 10

n B iy @
RR =) —— =2 ——
t=0 (1+1)  t=0 (141)

Bt_ Ct

o IRR =), =0 aun1sfl 10

o (141)

Wa  r = DT INANDULNUNIBINIIANAR (A15F1I, 2549)

a ¢ v & aa I3 ] a
Naﬂ'ﬁ'}Lﬂ§731ﬁQ$LLa@ﬂI‘WLWU?WIUﬂimWﬂW?@QVJUL‘UUﬂ75@@‘1{]‘1«15383873“1!"031]?13“

Y ¢ al a £ A a & i Y % )~ Yy 1 A
EUE]QG]UVJULLagﬂJan%IEJEUU'VWSLﬂ@l“ﬂiﬂ,u@u’]ﬂ@ LﬂJ@ﬂ@LUuyjaﬂqﬂ"UﬂqUULLaszﬂgu mmvbgmmm%

a

amunIell mnyardagduansimunniauduansiinisamutuiimlsuagluninduiu

Y ada | 1

wnyar1dagiugnsiiadosninAUSLAAIIINITAUTUIANY (YIUENT kazAME, 2557)

q q
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wazuena il nan1sIATIERdnTInaneuLnun1sluTeINITAUITLAAlTNITR T
NanaULNUIINNITasusinaniiilsAnidudosazivinlavesiuamuianue Gaziduiiie
Tunsdrdulalunmsamuinasssamululasinsimdinsanvisly vsemniinindenlu
mMsamunanelasinis famuiasdnduladeniasansifidnsmaneuwnunielugeiian ns
Beszilasanisiunsiuluaselasuimanisinseieenduassdiu diuwsnidunis
a ¢ N o A ad g 4 da X a ) = &

AnTeinsaivanvsensaliiluaniun1sain1samuiiinduase uazdiuiassasilunis
Ansigiaugaulnivensiinanlunsalnsunulunisieaiiuwasaiguasnyiinig

WasuwlaanuIuLazanad
2.8 U8NPV

Yusufoglu U. A,, Min B., Pletzer T. M., van Molken J. I. and Kurz H. (2012) Anw
ANTIASBIRTasLEIeTing Falavdruninazdanudanusmalniin Wy P, lpp %Y
.. Tneluanmzuesmnuduveuastios lunsinwild Shunt uay Reflectance a5l
MITaSsIRITasLaeinds nadlormuduTeaios nTnEuRs AL Ting
Tneld Shunt azyilddauusmslnfirvesundlssdnsamiiutuds 0.1% uaz n1sld
Optical Reflectance 1 ndudnuslun1sdnmsesazannszwalainsaiuvoiwruead
wase1vingagla

Dzung N.Y and Brad L. (2008) Anwifieannaresuuskigaduaeiinglaenis
T¥n1saduiousiadu Solar Adaptive Bank fifadsiu PV Array n1saruRudululng
AADALIAT LAANNITNAADINGVDY PV System ag Resistance load

Massi P. A, Tessarolo A, Barbini N., Mellit A, and Lughi V. (2015) @ n 9 1
nansznuveInsldnsstuainnsndnunagaduasenindfiainainadeutundneitu
Foulvanwnsldauaie saannisinundu Tssliiuaseriinduuin 1 Mwp laglddoya

Flash Test data Nigwsaunile aniwldsruaseveslssiwdiioudu European Efficiency

1
1 = IS [

Standards wanINaNIENUTEINTInsITuveITSmAndeFuudsunlasegaditeddy
Juogifudoulvaninldauads

Barna S. and Fangnan W. (2008) 91nn15figauvgiinazainuiduuasiinaso
Maximum Power Point vadlseliiiuasenying dn151995 Maximum Power Point

Ing Adaptive Hill Climbing method  wanswaifieliaamanusadaduladivusge



26

Usgansninlagsiuvelseluilinasoriing An¥in15annNanIeNnUID UL LKLY
Waseing LasA1IABLUANEIILNIAY Array WARASNALUUAGDALIAN

David A. H. (1966) uana3sniseaniuugunsal welviaudulainaiuisadeiou

(%
a1

wdsnulih imnzaufigafunngmisiain Senisanslmidin « Adaptive” Tsdy
Solar Cell T#euii Maximum Power Point luanimuindeunsenudiuniumse
Anuasuwlamesduiiianudnvasveussunsenaliiy enzmslniianas «
Adaptive”  agyiMsKARNEIUanasewuudnluda Swnsdiuniuegly Solar array lag
TivliAnnnzdounniululasnissuniszanniduluil Battery

Kaushika N.D. and Anil K. R. (2007) aanmsfiunaisaduaseniing luanimnisines
wlindanutesnitiszylidudsililunis@nw neflunavaduasorindlniuazunasad
Latefindiin wudnissenuveunsuyili Fractional Power Loss anansaifiuduain
2% lpgldiuunawaduaseningin og19lsAniu Fractional Power Loss 81a3vanls 0.4
- 2.4% TaemsdnEuanagadLateing Mvangay

Kyaw K. H., Wint W. K., Than Z. H. amd Zeya O. (2016) Ainw1U5z@n5n1nues
Tselnlihuasenfindfnsauulsenuuazifuszuu On - Grid System Tuuszinemain Yiwa
foyauniinsizsiiient Maximum Output Power Tasmsudluymuazsumisvesunsivad
W@I9ine

Charles E. Chamberlin ,Peter L., James Z And Ghan P. (1995) ¥IMA1snaassLay
MsiasINavesNsnIENUYessgadeilinsefuly Photovoltaic array Taeldumaiwad
Lasefing 192 wia wAraudesuunafioanlaelssuiings Maximum Output
Power Ladedl 14% tesnitfisyy mamideauud 2.1% nsgadeilinsstuiides
WnkaifL 0.53% LTANUMANAI9SENINNITINEEILUUBYNTURAZ VLY

Sebastian S., Jan H, M., Dominik P., Ralf W. and Stefan H.(1012) a3 uv n ety
M3AARIY Maximum Power Point  Aen1siAsuntatesesindivesnnuduiaiaynis
SULOTUNAIUVDIUNITAALEIDIAE YT1N1TANYLAENIT T IUIULKILTAALAID IR T1UIU
tfow seeynsufuuazilensiordu Mobile Application AnmuANAvesTaLazdnsaslign
Wisuiflsuuazasuna fin1sld Bypass Concept Ing MOSFETS unufiagld Bypass Diodes
iiefwyilmAandsnugeaniuunaeaduasendfing Lasesilafinniu Maximum Power Point
lagnasielu VHDL wagld CMOS Technology ¥uw1a 150 mm. @11150%11 Maximum

Power Point 1a8n31 0.65 ms. lagldnaaanuiloenin 6.211 W
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Thomas S. W. and Markus B. . (2014) aziinelstwile PV Strings anABYUIUNUY
sedruusuRwansaiy Tunsdiues Strings AR uIuLAlIWNAY feenuuuszUvazdes
findulainazly Inverter U Multiple Maximum Power Point (MPP) tracker #1389 Module
Power Optimizer #38¥1l% Strings guauﬁaﬁwamaszuu nsanwiamadenivl szuud

ATULANATNNTBIAIILYNIVOT Strings TUNITABLULIUIUAY NIHAMNEIITINAUILIARAIM

[z pmd)}

Fedilaiviniusingt 1% mndl Strings wilsdunin Strings su mmquglﬁaﬁlﬂwhﬁ’uﬁﬂ
171 0.5% aziusuau Strings Aealdvinfuaiaassinld 19 Strings — MPP Inverter l8Tag
LﬁmquzgLﬁaﬁaaLLazé’aﬁﬁhmmmL?mﬁiziwhﬁ’uﬁaaﬂdwLLML%aéLLaamﬁméLwU
Crystalline Silicon

Daniel G.L., Simone P., Gabriele Z., Alberto D. R and Paolo T. (2012) @nw1 PV
arays funndsfuifiaasmidinisgyideiildnssfu nrsnaasailisly Standard
Condition (STC) waglu Dynamic Condition lagld Meteorological data angumiad
uansnsfuansiumaisnsiuan d T, wawansirfinisgadedlinseiudesuin
A1mMSUTIUIULHATARRAIRINGTIUIN 40 UKG ATediufiy miq@tﬁamﬁu UV AT
TIUIULNLTAALEDAS T 320 WS

Neha A. and Alok A. (2014) An¥1n155U HIUNIAIUNS DTN UATDIH LA S
uasoiing Anwinsgayideilinsstunieldanmeniavainvats uagisnisannisgyde
Ing3suuuitaemadamaninielianudunaiuazougfifisaiu Ussansanves
Photovoltaic String %uagjﬁu Maximum Power Point Tracking Iuﬁau%ﬂmiqmﬁﬂmﬁ
p3afiu veisnislunisannsgapdenilingstu lifssudannisgadeilinseiu udldids
Uszdnianuasainuidetevessyuy maﬁnmﬁlﬁaqﬂ%’%maﬁuﬂiumiaﬂmiqm?{aﬁlﬁ
m&ﬁ’uﬁﬁ‘]éfm WU Active Bypass, AC — Modules , Power Optimizes wa Distributed
Maximum Power Point

Roy C. P., Naick B. K. and Shankar G. (2013) wandnveslseliduaseiing lu
uiuoutusgfuanimwinden Wy gl eranduuas wazmaiow Judeslildfesdedd
Maximum Power Point Tracking 341A3UAL N13ANBILEUDTI5N1S Modified Three Point
Weight Comparison (MTWC) @eUfusidnfunisiuasuulamesnnizuagnisiudsuulas
VDIAILTULLES

Webberl J. and Riley E. (2013) Ainu1A1A31010 890U U0 IUH AR UAIDTIAE
Current - Voltage Curves dwalviinnisasydsly PV Arays ﬁﬂ%l,%'aﬂ'j'lﬂ'lﬁgagtﬁaﬁ

LS v a !

lidmsany (Mismatch loss , MML) ANSUSENBULKIGARLEID1NRgandnLsaan1y A

Y
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AUABIALARBUAINNTEY LSUT Flash Test Data URIWNUBAAKAIDINAE

a0

Polycrystalline fidnedodu wdaiinisdmIeslaeld Monte Carlo Techniques Lii®
fraeadu PV Amays ualng m3dadedey Imp Twansgvulunisan MML uniian
nsinsedlag Vmp lifinansynu nsdaseddaeg Pmp demansenuiunisan MML 079
fuunswaduaseriinduiluassde nsdinFowunuraduacoringlaslssnuguanid,
wileuazifismondmaasugmans nafiunisinSeusilsarfiwadsnadsldiyaduia

v v a 1

ymaasygmanidudnintios siliduegfudunuvesnmstaFeusuledfiwadvasduin

Jantharamin N. (2012) finwdadensidenlinafinnisinamgedilimganugaan
yoilstliluaseniing lnedladeloun sesiradenisld duyu arudilunisnsain uay
AU nuIdIunsnTIaiaussiuaziniinisnsiainnseua Wesaniadesmsanta

NTELANUUIA N LAZIIALNINT
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3. sonuwuuaigliihinszuansdulssliiuaseiing Ingldnsounisgaydsainainy
fumuvesanelii AliTeyaunsvaduasending auignannaaeunudii STC uagld
FEn1seeniuunNiInTgIu dundaEesnuaidalnindigydeainanudiuniues
anglnihanunlumidesluusag String

4. Anwinsdasesiiveusuleariivad lngldteya Flash Test Data 3nguanluga
LEAGRAIDIING UIHNTATEININAY Py Vi W8T |y IHeslUmunluusiay String

5. Wisuifisunsunuen P, Besdiduanniianlumidesiian unuiifuniseoniuud
STC fifinsgaydeatnanudiuniuresaslnih Besdduanniignlumiesfigaingudi
Vinp 482 Iy WilDATUIINSUMUANG BsdfUINnTigaluniosiian unuiidunisoenuuud
STC Pfinnsgaydearnausuniuvesangliin Sesdviusniigalumdesdian A P,
Vinp Y30 1, lafidanalvinisgayidearnanusiuniuvesanslwiinanasnndign weifie
fun1seanuuuil STC

6. Wisuiflsulszansnmueslililiuasenfind Ain1sdnSeunivaduateniing uay
Lilafinmsdassanulearsivad lnaldisdoyaveuiouiuweu ngun1ay Laglquigy w.e.
2516 laglddnsnaruvesuszansan (Performance Ratio PR) Miutendsudindele
ey kwh) uazAndsnufidwmingldiiviieay 5.66 um

7. ajUnanuideideanisesnuuunisannisgadeainainudiuniuyesansliily

159l waae199e Tne3TN199RL5 8w TAALAIDNRE
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3.1 NSNAADUTATINTISIEONINTNYDILHILTARLEIDTNY

ManageUsnTIMTdeNan MYsLNATadLaseindveslsslnimdsuuaseniing
YAMAINTHEN 8 MW guiiaganaaeudnEnanunid LIl 2 518 lagifmeg1adiuiu 1
unssiansRadunseaduatenfing vuiamdaniandn 1 Mw luviinismaaeud CES Solar
Cells Testing Center (CSSC) 491 3NgaemnAlulagnszaauind1ANNNITEUYT WNIYAE
La1e17ng U3 A Sidawdalnii (P 71 260 Sad Sasnsidenan nUusnd 3% waz
anasluldalududnsdudulas 0.7% duwandluniniii2 dranarfifadunisad
uasenindauiafuiiviinisnagey 1Y 10 1oy (1.83 ¥) uagwan1snaaausnsINIg

LADUANNVDILAILTAAWEIDNNNE WAAIIUAINA 13

High power output, guaranteed

Guaranteed solar panel performance
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TEST RESULTS:

DEVICES UMDER TEST: &0120FWD01 to 801 20FWI0E — totaling 8 modules
TEST ITEM: Performance at 5TC
DATE OF TEST: May 15, 2017

TESTIMNG EQUIPMENT:
1. Sodar sinulator: PulseBolar simuianor, Pasan i 1Cur I0: OP-TE-001)
3, Rederance cpll: PY Messuramenl 20 PYMELT (0w 10 CF-IM-024)

Calitrated in comlisnce with ISOEC 1 T025 20045 by VLS (NVLAP-Lak Code 20030240)
CONDITION FOR TESTING: Matile tempegature: 26 “C and Imadkanca: 1000 Wim'

RESLULTS:
TEST CODE | Pmax (W} | s (ANjaioc (i | ImmiiAl | ¥mp (01 | EM (%1 | FF. (%)

| E0IZOPVODY | 2504 8.88 T 6.33 0.1 152 Ta B
BOIZPVO0Z | 2528 B84 a6 B.38 0.2 153 760
BO120PVOCS | 2811 8.80 7.6 A.33 301 15.2 75.8
BONZOPVOOE | 2604 005 1.5 a3 30,1 15.2 75.4
ENZOPVODS | 261E 8,08 7.8 a.25 0.5 | 15.3 752

| emaoevoos | 2508 | .S 7 8.3 0.1 15.2 753
EDTZOPYOOT | 2624 8.68 7.8 azr N5 1 15.3 75.2
BOIZPVOS | A6 | A&Ta | a7 | A% 1| 181 Gl

"Ef. = Module sifcisrcy
LIMCERTAINTY: The measurement unceriainty tar all walies of power messurément is 2.24% wih

coverage factor 2.0
Famarks: 11 The W curs of (e edule printed out from fre lesting squprant B GRachad in appandi .
2] The cel efficiency can only Be approcimaiay calodaied by the moduls peicmancs measuement.
Tha cal area b meamrsd and essmabed by the rectangular shape.  The CEFC wanily only tha
measyresenl ol mockd i pelomance.

CES Solar Calla Tisibeg Cindes (5D Teing inbaeviory scrondng i BOAED | TGRS
g bongial' s | sssing of Technology Thisied [Baig Kae Thand TLAS mccrmdiiod iasting il iy, ADCTECE 0N hio : Teing 0041
45 Sod Thine Thekd 35, B Enun Thips. Cios Trasle Rosd,

Tha Frsxs, Bt Trims, Ranghak 10420 PEE 3HD

Ted, -2 )-T40, Fan (EES-2470-THE2

AT 13 HaNSNAEDUVDIUHNITAALEIDTIRGUSEN A

WHARARADNNE USEW B Hidawdalndln (P,,) 1 310 a6 dnsisideanny

=

wsNA 2.5% wazanadluldalidusnsidadudas 0.7% daanslunini 14 ¥19a1NRng
LELYARLEIDINRGAUDTUTYIINITNAdaU 1 U 9 ey (1.75 U) wasNan1snadausnsinig

LVEDUANTNYDILKITADLAIDINANE WAAILUNINA 15



Guarantsed Power Performance

Premium Performance Warranty

W New linear performance warranty

g;lfm}d Ad.:ﬁu% Standard parformance warranty
95 I valye
S0 Jinko Solaryg i
" iy,
B0
i 5 12 35 "
AT 14 SN EeNANNTBILHITAALAETInSUTEY B
TEST RESULTS:
DEVICES UNDER TEST: 60125PV001 to 60125PV008 - totaling 8 madules
TEST ITEM: Performance at STC
DATE OF TEST: May 17, 2017
TESTING EQUIPMENT:
1. Sclar simulator: Pulseolar simulator, Pasan llib {Cur |D: OP-TE-001)
2. Refererce cell: Py Measurement SIN: PYMBAT (Qur 10: GP-IN-D28}
Calibrated in compliance with ISONEC. 17025:2005 by YLSI (NVLAP-Lab Code 200502-0)
COMDITION FOR TESTING: Module temperature; 25 °C and Irradiance: 1000 wim®
RESULTS:
TEST CODE | Prax (W) | lsc (A | Moc (V) | Imp(A) | Vmp (V) | Eff. (%) | FF. (%)
B0125PVO01 We 888 452 832 6.5 15.7 75.8
BO125PV002 a01.4 8.86 45.1 8.37 3.0 15.5 75.4
60125PVOD3 289.1 .69 44.9 818 36.6 15.4 767
B0125PVOD4 2906 a6z 44.4 813 38.0 15,1 76.4
0125PVO05 296.7 a2 44.5 8.23 3.0 15.3 763
0126PVO06 012 aas 45.1 B.37 3.0 15.5 75.2
80125PV007 3018 8.89 45.0 837 30 15.6 75.4
B0125PV008 3034 8.87 45.1 8.31 35 15.6 75.8 &

*Eff. = Module efficiency
UNCERTAINTY: The measurement uncertainty for all values of power measurement is 2.24% with
coverage factor 2.0
Remarks: 1) Tha IV curve of the module printed out from the testing equipment is attachad in apdendix A,
2] The call eficiency can only be spproximately calculated by the module perlirmance measurament.
The cell area i= measured and estimated by the rectangular shape. The CSSC wenfy anly the

measurement of module performance.

CES Solar Celis Tasting Center (CS5C) Tosting labarstary according to ISOMES 170253005
King Mongiufs Lirisarsity of Tachnalogy Thonbur (Barg Khun Thian) TLAS aromdied tesing lberatory, Aceroditation ha.: Testing 0343
40501 Thian Thale 25, Bang Kiun Thisn Cha Thale foad,

The Kham, Benghhun Thian, Bangsok 10150 PAGE 312

Tel, (55)-2470.-Ta46, Fane [B8)-2470-7445

AT 15 HANISVIAEDUVBILAILYAA AR UTEN B

32



33

3.2 dayalasinslselndindenunaseiing
NuUITedEnwlATINsIsl N A nd I unae1find 2 wite Wulsaldaindeanu
waseninduuuyuTuLatAan d3vaerinasenineaeddasainis 770 wns dawandluzun 1 visaes

1salnifh Fadausnidalndidesiu Tunsdunn §Idetiednlasunaeindviniu dauans

Tunmi 16

|

5o
SUPHAN U
NAKHON PATI

AN 16 AU edlasIn1sissluinasuLas 1 Andninn1sIae

Taseanstsalnrndsausasoinguuuissane 1asan1stsalnindsuuasening
Insnanse 1 L“ﬂmwmwwu%’mmmﬁ Tsalnihuseinnauin@nunn (Very Small Power
Plant, VSPP) f;?ﬂE]EJE]OWLﬂE]UNLau FamTnuasugy AAneunLsAnge 14.147879°N
100.095348°F fdsnsuandnsa 8 Wnnying

TAsenslsalninasauuasorfinduuulaiBe e 1asanstsalninngsnuuaseing
Insnane 3 L“ﬂmwmwwu%’mmmﬁ Tsalndhuseianauin@ninn (Very Small Power
Plant, VSPP) f??aagjaﬁmamuau JaninuasUgy AAAFILAUIAARS 14.141328°N
100.088181°F f&an1swanfinga 8 8 Winnyind

gUnsaivdndmisurdalaiihvisaedassnmsilddvouasiuieatu Téun
1) UHIDAAUAIDRIWUU Poly crystalline AMAINISHARABLEY 255 T0A 91U 31,350 LKS

2) BuLesines vun 900 Alaind 31U 8 Y



3.3 mMygyideananuduniuvasaglnii

nsfoungadLaseindounsudwneiy Suduluanss wassuiuduensd T
gadunesiwes tngldaelni deangluihlazdanuduniunalndii (R) Inedidiniswdsiu

MINTEEEN kasiinnisgayidenisandelnii (Power loss) fanansluaunisi 11
Poss = I°R aunnsi 11

N19ABRUUBUNTUAUVBILNLTARUAIDIANGTIWIY 25 wrady Aaelniuay

w5 Ul Fakansluaunsi 12 wazaunisi 13
P = 1 X Vastring aUn1SN 12
Vstring =2V ﬁuﬂ’ﬁﬁ 13

nsgaytdenisendalniin (P, vatwdiu luniseenuuuazimuaalilailviiue

figaly ilelfnsadosmdulunuiidmun nsgadsludiuiaziiondt Ohmic Wiring
Loss adlumseeniuuagiiedwmualflalvifu 1.3% vestdsluiifidas

Tumsinwasilddeyanninanunavaduasofingdiio REC fu 260PE Addoyads

LAAILUAINA 17

Nominal Power-P,,..(Wp) 240 245 250 255 260 265
Watt Class Sorting-(W) 0/45  0/+5  0/+5  0/+5| 0/+5| 0/+5
Nominal Power Voltage-V,,..(V) 297 301 30.2 305 30.7 309
Nominal Power Current-|, . (A) 8.17 8.23 8.30 842 8.50 8.58
Open Circuit Voltage-V (V) 36.8 371 374 376 378 381
Short Circuit Current-1__(A) 8.75 8.80 8.86 895 9.01 S.08
Panel Efficiency (%) 14.5 14.8 15.2 15.5 15.8 16.1

Analysed data demanstrates that 99,7% of modules produced have current and valtage tolerance of £ 3% from nominal values.
Values at standard test conditions STC (zirmass AM 1.5, iradiance 1000 W/m?2, cell temperature 25°C),
At low irradiance of 200'W/m (AM 15 and cell temparature 25°C) at least 95.5% of the STC module efficiency will be achieved,

AW 17 Electrical Data at STC-REC260PE
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nseenkuvaglihlaglitayaangninundigadiaianiing

S A vy Y a I a A & a
YUN 1 IsﬁsﬂaﬂuaﬂqﬂQNaQLLNQL"ﬁaﬁLLﬁQ@’]VlG]EJ“LUﬂ']imﬂﬁ@Uﬂ']V] STC NWL‘U‘U‘Q@L?NﬂWi

v

fwans dananslunnd 17 (P 14 260 Sad, v 14 30.7 Thad, 1 14 8.5 wouwus)

A a

U 2 INTINTEeEn1NvedLiaryn LagiuadunRnfaeevseilsmiu

Qe

~ =) o w

N 3 nsewnsazdenagliihnmunsaslusdazdruielvinisgadeig

o

Qe

malnihsaulaiiiy 1.2%
U 4 Iseansagdenemadiin (P a1u Array Ngadeunlumies uwag
luwdag Aray duvinn15daises String Al sagdenisniasbiiiainuinlunides

UL

3.4 N15AALSYILNLYARLEIDITINE

¥ 2
a a U 3

159 N AN NA I UN AT ULAIDIARNTNVINSANBILTVUIANITNAN A AR ILNILTAR
WEID19IMg 8,008,000 T06 (8 LUNNLING) TULAILTARLAIDINNETVUIN 260 TRHI1WIU 30,800
WAL NNSYUALNIRARAIDINRTUNNLATINITINAIATINGL 1 LUNNZIAG NISANWINITIALIES

¢ A o9 vy & a ¢ o eal
LLNQL%@@LL&G@’WW]EJHEL‘?I“UE]HG Flash Test Data U99LNILYARALEIDINAYATIIAE 1 LUANSINEN

[

denlvinauiisedndeeanainiinusemadsnlus lnslunrasyaussydneivedunaueas
a L a o
WD MIngaddNuIU 25 UK
N153AMIEUTEYAN Flash Test Data tevinN15dnes lagtdeyaves V,,
ufuluusazussyiasnegld V., 59004 String e Wrdeya I, u15uiuwdanisiae
25 lae1ade |, ¥4 String Hu WUREITUAU Py, WI3N5I0AULEINNIAY 25 Agla
ANRAY Py, Y84 String WU AI9E1970ya Flash Test Data YDIWNIAYAAKAIBINANE 25 UHS

= v & o N
WUIUITINUN AaLEnIlUANTIN 9



ms’mﬁ 9 Flash Test Data
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Group Unit Id Serial Number lmp (A) Vimp (V) Prmp (W)
L1111930 ZKDP 2004183886 8.558490 30.49118 260.9585
L1111930 ZKDP 2004183887 8.571006 30.50823 261.4862
L1111930 ZKDP 2004183891 8.555356 30.51873 261.0986
L1111930 ZKDP 2004184219 8.559939 30.49058 260.9975
L1111930 ZKDP 2004184225 8.573764 30.53199 261.7740
L1111930 ZKDP 2004184232 8.558524 30.45755 260.6717
L1111930 ZKDP 2004184233 8.549439 30.51102 260.8521
L1111930 ZKDP 2004184234 8.556727 30.50679 261.0383
L1111930 ZKDP 2004184235 8.565077 30.51295 261.3458
L1111930 ZKDP 2004184237 8.550081 30.48588 260.6567
L1111930 ZKDP 2004184238 8.565266 30.45908 260.8901
L1111930 ZKDP 2004184240 8.551097 30.50457 260.8475
L1111930 ZKDP 2004184242 8.553556 30.52896 261.1312
L1111930 ZKDP 2004184321 8.558255 30.47386 260.8031
L1111930 ZKDP 2004184322 8.566946 30.47845 261.1072
L1111930 ZKDP 2004184323 8.559364 30.53477 261.3583
L1111930 ZKDP 2004184324 8.541759 30.54691 260.9244
L1111930 ZKDP 2004184325 8.552599 30.52897 261.1020
L1111930 ZKDP 2004184328 8.565083 30.50100 261.2436
L1111930 ZKDP 2004184329 8.551370 30.52892 261.0641
L1111930 ZKDP 2004184338 8.549748 30.57026 261.3680
L1111930 ZKDP 2004184340 8.547320 30.57016 261.2929
L1111930 ZKDP 2004184341 8.552943 30.47944 260.6889
L1111930 ZKDP 2004184343 8.546410 30.54180 261.0227
L1111930 ZKDP 2004184344 8.576200 30.42382 260.9208
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Wld Vi, 590 = 762.68587 1ad |, LaAE = 8.55745276 uouwUs P, 0@y =
261.065768 9

YAV, 52 Imp 1288 Wag P, 1de Tulsasynussafusivesunasaduasending
vhndaEes V., 13 Aannitgalunidesiian 1., was alfesdigalumuniian P, 1ade
Aanniigalumiiesiian

o w

o v v = & av v ° A v
u’]sﬂaﬂ,luaﬂrﬁﬂﬂLﬁENﬂ']i'sﬂﬁUyLﬁEJﬂ']aQVLW‘W']VN‘WVLﬂN']GDWﬂﬂqiﬂqujmw STC WagNITAALIYILN

Y a o

LgaRUaRNngnNToyaENEANYINNTNUAT

Y

° ' a P ) a a o a =~
® JINITUNUAT Vi, 59U NUINTEAAY Pgs NNNTIER (310N15AWIAT STC) Lile
YaewsIn Ul
° ' A Ay a ) a a ° a A
® JIMUNUAY |, WeAsesigniu P, ININTIdn (R1NN13AWINN STC) Lilean

ANnszualdn 12 9naunish 11

'
= o

® VIAITUNUAT Py, WRAETNINTIGA AU P MHINTEA (A1INANTAIUIUA STC) Lile

q

YaLremaslninnanyde

Wisuigunisgayideainaudiuniuvesangliiiaiildainnisaiuini STC Ay

Vmp 934 Imp /8y way Pmp \a8y 970 Flash Test Data

o MfmAninsvesnaTaduaindlagld Pmp 910 Flash Test Data sauudy
1,006,752 30 \leufuainniseuiad STC 1,001,000 306 (260 Sad x 3,850
uil) LivuSesay 0.57%

o msinSeaunuaduatefinglasnisuviudl Vmp 53w Aunilanrdu Ploss finnitgn
(@nmsiud STO) msgademsidalndi 1Ju 1.297% Weufuanmsiuim
7l STC 1.285% \fiwdusosas 0.879%

o msdnFeanaTadLafindlasnisunuen Imp laefitesiigaiu Ploss fiuniian
(@nmsiud STO) msgadensidalndi 1Ju 1.300% Weuiuanasiuim
7l STC 1.285% \fiwdusosay 1.169%

o msinFeuunugaduaseniindlanisunuel Pmp wasfunnilandy Ploss Aunniign
(@i STO) magademsmdaldi idu 1.300% Weufvanasiuim

i STC 1.285% \inTuSooay 1.120%
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M990 10 Teyayasiuanslniuaznisgadelunsalsingeg

YA .
VTUIU
angluidn a b C d e
String
RUYLAY
1 (DccB1) 20 1,065.35 1,082.33 1,088.12  1,077.71  1,079.66
2 (DccB2) 24 2,141.58 2,175.73 217259 217926  2,175.56
3 (DccB3) 24 2,812.76 2,857.62 2831.40 2,885.19  2,881.57
4 (DccB4) 24 1,757.74 1,785.77 1,788.37  1,784.42  1,786.24
5 (DccB5) 24 2,482.79 2,522.38 251582 253369  2,525.94
6 (DccB6) 24 1,750.87 1,778.79 1,782.76  1,773.88  1,774.84
7 (DccB7) 14 853.94 867.55 873.66 856.02 860.09
U 154 12,865.03 13,070.16  13,052.72 13,090.17 13,083.89
& mEnRnR (Inf) 1,001,000 1,006,752 1,006,752 1,006,752 1,006,752
msqmyl,ﬁsmwﬁﬂé'ﬂv\lﬁ’l %) 1.285% 1.298% 1.297% 1.300% 1.300%

Sovariasuulaniiofisuny
. Y 1.014% 0.879% 1.169% 1.120%
A15AUIN STC (%)

=] o

AAUALA a Ap NsaULEeNIemadtnin (3n8) TeenisAulIud STC

Y o

= J

b Ao Msgadeniamdsludia (ad) Taeld Pmp 1a8e 990 Flash Test
data

c fis n3gaidsInAINiunIuesaglwinildainnisduIni STC
WIHUIBUAUNITIALT SN ITAALAIDITNIAIUNATINVD Vmp A7
unigaluvntesiian

d Ao Msgayidainanudunuvesaglwinglidannisedmini ST
WU UAUNTIALT S SLANLYAA LA INEAIUNATINUDY Imp AN
fanlumidosiian

e e msgydsanauiuuvesaeliinlsainasdand STC
WU UAUNITIALS LAY AALEIITIAEAIUNATINYDY Pmp AN

P v ~
wngalumtosiian
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NAN158LazN15aAUS1ENE

4.1 maUsauiisuaagenaginiy (P,) Y89uRs

HanswWIguiiiguanademidalnin (P,,) vewnssiregeimilunaaeunagdnsinig

douan miENanlawdely dnuwnseaduateriing usEn A mdalndin 260 W wazuTem B

sl 310 W dulumumisned 11

a LY a Ay a Y Y Y o o (3 a § a o a o
f19191 11 E]G]’i’]ﬂ’ﬁLﬁE)iJaﬂ’]WV]E)lNa@vL@LL"\NVL'J FNNTULNULGAALAIDINALUITEN A UT¥YN B

RIINSEOUANINURIDAAUEDWIRGIUTEN A 260 W

=

Yusn (3%) 97.00% 252.20 W
Usiald (0.7%) 96.30% 250.43 W
Fuiineaou (1.83 ) 96.42% 250.73 W

RIINSEDUANINLALDAALEDINGUSEN B 310 W

Yusn (2.5%) 97.50% 302.25 W
Usiald (0.7%) 96.90% 300.13 W
Suiineaou (1.75 T) 96.98% 300.66 W

U A Te5ulseiudnsinisidonan nunamasuasenfindludusn wiafu 3% was
sasnisidenaninlulseluauds 25 T agjﬁ 0.70% asmalibudnsn 31nNITATUIE
aslndin 260 W azanaunde 252.20 W lulselumds 250.43 W uazluiudinaasu (1.83
U) wde 250.73 W

U3 B lesulsyiusnsnisifenannunasaduaeinglulusn winiu 2.5% was

[

gnsin1sidenaninlulseluauia 25 Y agh 0.70% dwmalvlulusn 31nn1sAIuIN

o w

Adsldin 310 W azanaunde 302.25 W Tudaeluwde 300.13 W waglufuiinaasu (1.75
U) 1@ 300.66 W
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M1319N 12 WATRYATDINIUTEN A UazuTem B fidiwmasdeu

Andavdng (W)

WHINADU — —

UM A 250.75 W U3 B 300.66 W

1 250.40 -0.33 303.90 3.24

2 252.80 2.07 301.40 0.74

3 251.10 0.37 299.10 -1.56

4 250.40 -0.33 292.60 -8.06

5 251.80 1.07 296.70 -3.96

6 250.80 0.07 301.20 0.54

7 252.40 1.67 301.80 1.14

8 248.60 213 303.40 2.74

Anadefdsliilh  250.95 - 301.3 -

Asam 248.60 213 292.60 8.06
Agean 252.80 2.07 303.90 3.24
NARTY z 4.20 - 11.30

A9 12 uansnanadeunieslfiinis lnsfegifidmaasy $1uau 8
Foene dmsuuem A waaslyiifiudn siunasiandouanin w dagtiude 250.73 W dmu
5 Wie B0 3 uHe Bleuneuet aeiaensuanlniinegsening 248.6-252.8 W dlauuaneing
4.2 W uaguTin B uandliiiudn dhunasiandeuanin a Jagtufe 300.66 W 4
5 whe 80 3 wHg Liswinaet 4aamdenisudnlniliegsening 292.60-303.90 W ilia3y
wANANeY 11.30 W

ynfiarsamansadeunFesuRTRns sziulddiunaanniie 2 USEh duinest
AOUTEN A Inausinnudnsnisidonanim windu 250.73 W Ladeld 250.95 W Aaiu 0.09%
U3 B Lnausimusnsnisidenann witiu 300.66 W Ladeld 301.30 W AeLdu 0.21% ag
WU Had LA inganuitv A Silesiduinslindanutiosniuniainuiev B wse

.

asUlainu3en B iunawinaziimainmndniigendt wWeganaAsesaviiiiguiuaniviang

VUARLUTEN AUTEM A gandd g 0.09% waivTem B gendndmung 0.21%
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NaNSUSEULIBU PR 31nn15AWadlngldensInsi@audn ny o dbkaas ka@saning
USEN A waz B ldA1n1snaaau PR NTalaasuilofnsandtasavealsaluidindsany

WEIDNANE AILEAIIUAITIN 13

o A

A15199 13 A15AUIUNANTIMNN8Y9AY PR 910 2 T59tnHnasanuwaseniag o Jud

G RIY)

UsEANSAN PR ioRnfakatasa valsalniindsnunasaning

. 83.49%
PluaaUsEn A

é’mm’lﬂﬁauamwmiﬂ (3%) 97.00% 80.99%
Sasnsidenanmdsely (0.7%) 96.30% 80.42%
Snsnsidenann  Jufinedeu (1.83 J) 96.42% 80.51%
Uszansnw PR lofndaudiadaves Isslvindinuuasening
e 81.20%
PlYwHaUSEev B

Sasmsideuanniusn (2.5%) 97.50% 79.17%
sasnsidenanmdsaly (0.7%) 96.90% 78.62%
ShsnNsideNan I  Jufineaeu (1.75 V) 96.98% 78.75%

a a

M157971 13 wansdanIsmAnd e vesUszansnnvedsslndia %qaza@ﬂum PR
Tawdn PR 1 aviinsiauazdunnudiefndadsslniiugdrase aiilddedud PR 989s8UY
Twihvedssliiindug udazlselriasiien PR #ldwiiu sﬁuﬁumilﬁaﬂqﬂﬂiﬁmm 7l
szuuNanliili navesnsianazAunlselniAldunsusen A SaUszansain PR veq
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ANUSEANSNIN PR w0els9lnHInasaunasaiing (%)

T59d 1 159 2

Afidn AU Afidn AU
Aade12558-2559 79.48 80.99 81.39 79.17
danAu 2559 82.97 80.94 A
fYueneu 2559 82.84 80.89 81.34 79.12
AAIAN 2559 82.61 80.84 81.09 79.08
WoeRN1EU 2559 83.86 80.80 81.50 79.03
SunAw 2559 82.60 80.75 79.98 78.99
UNSIAL 2560 82.94 80.70 80.39 78.94
AUAWUS 2560 77.53 80.65 76.17 78.89
flunAw 2560 78.92 80.61 77.44 78.85
w18 2560 78.36 80.56 77.30 78.80
WOBNIAL 2560 81.10 80.51 80.44 78.75
Aadeuiinaaeu™ 82.61 80.51 80.39 78.75

1 AdeUseAnsnimsieunIng Iy 2558-2559 uaviioudainau 2558-2559 U dmsulsedl 1 way 2 musau

21.83 U way 1.75 Y dwmsulsedl 1 way 2 sudnu
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2 Tsalwftwunasiussansamlumswanlniinildan PR 1usdsn uddszansnaw PR
yodlsalnifildunsuiem A Avindu 82.61% fierganinlsalwindldunsudom B fwiniu
80.39% Humsnedslsaliiindldunsusem A fUseansamunndt wiinavosunsanusey
A Siananfasindin o Yuiinageu st Andu 0.09% ANAEITIRIALA LALKSIINUSEN
B 49N NNMUTEY 0.21% UAYKANARDUWANTILIN 8 Uke vavs 2 Taslwdh Sendnedufumes
nsuanltiildlnalAeaiu AsuneusEn A J919619 4.20 W LaauSEm B J43919 11.30 W
ssfiulgindrusnstivinaiunnn Sedsualiuseavsnm PR vasszuuTselnihAldunauion B
fiensnindnlsslaliin esanunsvesuden B iAnnsgadsluaniigiifiausnadndly

seuuNag lfunnINszuuniaus1Enduae
4.2 nswiudeyavadisdlniuseanfindfsinnsdndewachidnGeunagaduasaniing
& v a ¢ | Aa o o &
nansiiuteyavedlsslniuasenindanaunaniinisdnisewaslidnisosunagad
waa019ng U 2558 wag 2559 wandnan15197 15 tagsianuielwidnlsalnidngivune windy

5.66 UI/9U3Y

M15190 15 Foyavadlsslniuasenfindaoun

U 2558 2559
¥inlselnin Jasoaune  lddmSeauns  dassauns lidaBeeung
srang i/
. 5.66 5.66 5.66 5.66
YUY (V)
UNINAY 1,172,951.00 1,130,075.00 1,001,582.50 1,018,327.80
qumﬁuﬁ 1,077,749.50 1,056,934.90 1,082,874.00 1,067,449.20
JurAu 1,164,330.40  1,167,285.00  1,204,289.10  1,200,392.60
bWYU 1,197,779.40 1,177,799.80 1,183,156.70 1,161,855.00
NE WAL 1,192,059.40 1,187,755.80 1,072,877.70 1,070,605.90
ﬁqmau 1,011,624.40 1,003,777.30 1,119,435.00 1,097,309.50
AINHIAL 1,090,542.00 1,063,578.90 1,018,309.00 995,547.20
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an519% 15 (o)

U 2558 2559

BRI INWRA IALYILNG  LUIASHILNG  IALSHIMAY  LUDALTHIES

A991AL 1,103,978.50 1,093,209.00 1,108,606.00 1,089,383.90
AUL8UY 1,047,377.70 1,036,006.80 1,119,691.10 1,121,886.00
fanAd 1,031,927.10 1,007,704.00 1,114,376.70 1,104,312.00
‘quﬁmau 1,066,448.80 1,053,130.60 992,043.00 971,947.30
SRRl 1,035,527.30 1,016,868.30 1,050,735.90 1,034,268.20
AsuantninA
. 13,192,295.50 12,994,125.40 13,067,976.70 12,933,284.60
(Bue)
1eleainnig
74,668,392.53 73546,749.76 73,964,748.12 73,202,390.84
SRR IRYA!

1wl 2558 way 2559 msudanbudvedlsalndnuudnEeaNg Windu 13,192,295.50
way 13,067,976.70 1U38/U hazwuuludntSoaurg 117U 12,994,125.40 wa

12,933,284.60 niie/d mudsu Andunisuaalwihilfiutuade 1.28%
4.3 anlganevaalselniuasaniing

4.3.1 anlganglusuadialsadniivaelselniwasaniing

Atganeluuasalsalifvelsslniiwaaeinddaaanianiinisinseazlidns e
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Yiavaslselniuasaniing AALUILLN Tiidni3aaung
AlranglusuauAy 33,408,000.00 38,304,000.00
Aldneluauds 4,567,500.00 4,677,500.00
AlIgluuseealii 115 kv 8,700,000.00 8,700,000.00
Arlddnelususzuudoans 160,000.00 160,000.00
Alaeluuasslselui 407,000,000.00 407,000,000.00
saalrangluuasislssiii 453,835,500.00 458,841,500.00

4.3.2 anlgangsrevvaelsaluinnasaniing

' v = a ¢ | Ao o T A I3
ﬁ’ﬂ?ﬁﬂiﬂiqEJU?J@QIiQVLWﬁ'WLLaQE]’WW]EJﬂ@QLLﬁQVIMﬂ']ﬁ"ﬂ@LiENLLangiJ"\]@LiﬁNLLNQLSUaa

WAIDNNRE LARILUANTIN 17

A1 17 algnesetvealseluilnasaniing

Ynvaelselniuasanfing VALY A3 amng
Altargluauguasnuilsalil (0&m)
3 R\ 3,600,000.00 3,600,000.00
doyeymn 2 U waziiinauludng 3%
Aldanelunisiinuded 4,640,000.00 5,320,000.00

duildausuiaisaed (1] 100% Aol 3%)  53,203,365.58

Ul gI18met 61,443,365.58

53,790,221.50
62,710,221.50

4.4 A15IAIIHLATINITAIUNTHUVDINTES19L S LW AINA LU aIingnsalnan

Poyanldlun1sinsegviyardagduansuasdnsnansuununigluvedasanisaing

159l wd UL fngn@e L uudal szeznanlun1saiulasanis 25 U Usenaumie

d11Y99AYIUNTOAUNUY LATHANBULNIUAINIATINAT



a6

4.4.1 Alga18laseanslselndAnasauunaseniing
Aldarevesdasinislssluinuuidons (15197 18) wazlasenistselndiwuuly
Foauns (1151991 19) Usznausie Adeaiianioiuayuisuusndwiinmsgsuians
wanun Tnganeadnslselnfianuuideeuns wiadu 453,835,000 U d@aunuvliiFeuns
Wiy 458,841,500 11 Anguadnwestsdliiivianauuy wihitu 3,600,000 used uag
wifintudenas 3 lunn 9 aesd Alddrelunsdiifuvedsddwiluvuideauns wihfy
4,640,000 Umsial uazhuuliiiSe N WU 5,320,000 v msel wagAnldAuRulsuIas
(Snsmonidetosas 3 fel) Wuszezan 10 U vedlsslnifiuuuBeuns Wiy 53,203,366

U9aU wazkuuluSeawag windu 53,790,221 vl

4.4.2 nauselewiiiilasuainiasanisiselnfndseuuaseniing

nauszlawifilesu feseldannnisuelnih TnslsslniwuuSeunsaznaningale
Sudiudl 13,192296 mihesed wasuuuliiFosunandnlninliSudui 12,994,125 wiresed
azidnisuanlniiedsddiansuuazisuanasiosay 1.5 detludi 3 [Wuduld 3
Tsslnliisassuuuuelwiitlusian 5.66 vmsentae vinlilssnuliisieasadisieldBudy
WU 74,668,392 Unsel waz 73,546,749 vmsed audiey fauandlunised 18 was
19

namsinsesiyadagtiuaninsdndn 1snnaAnanosay 3 wihiusnsmende
RunYesuIAT tseliindesusaserinduuuiigaunsiyadrdagdugns windu
60,537,138 UM N IHANBULNURBAUNUY WU 1.13 Wazdnsmanauunuaigly wiiu
Soway 3.86 drunuuliBesundiyarndagtugns winiu 26,777,082 U §RTWARBULNY
Aafuyu Wiy 1.06 wazdnsmanauununigly wiriu Sesas 3.38 Fuflefiarsanarnwa
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4.5 A153AS1LNAMUD U NIV ILATINITAIUNITHUVDINTTES 19 LS9 LW AIWA 99U

LEID1RE

mseneianusoulmvieaahidenaUdsundasaddassnsslududunu
uaznanauwnuiieliUszneunsinnsaimininsidsuwlasiunuvienanauuny vie
Fagunuuarkanouun lnsin1sdasianuduafiazasuegvielsl lnefinrsanaingan
Hagiuav’ Snsmansuuvureduny uarsnsmaneulumsluiuAsuuUasly (Ardalan,
2000)

<

a 6 ! b4 og.J/ a L4
nsRszranugaulmvedlasinmsadalselnivisasswuuiunsieseiaiy
goubnisinuiumnu lngauufniswdsuwlasvesiuyueendy 3 nsdl fie AunuaAtnead el
nswWaguuUas aunuAigiasnyinsiUisuwlas waensiaunuaAIneasuaAnLasnY
= a a ¢ ] | = ag vl a
finsdsundad Inglunisinssinnugeulmusaznsalazauudlyinisdsunlaanas

WALLALAUY SP8AY 3 5 Ay 7 ANUAIRU

ANS19N 20 NISIASIEvANUSRUlvelAsINIsLsalnin

. L INTNATUNAMBUUNY  DRTINANBULNY
yaA1Uagtugns (NPV)

R ) faAunu (B/C ratio) ety (RR)
FIENTIATZ - — - —
, 'Y aa fims  lifinns dnns laddinns
mwseubm | Lifinnsdmzes & oL o
LA TERNIIN ey daSes daBse dades
W
B N TN TN

nsdlRunuAtneasedinmsasuwUa

— AnaI3% 87,7167,267.62 54,307,571.90 1.20 1.12 4.28% 3.79%
— anas5% 105,920,687.62  72,661,231.90 1.25 1.17 4.57% 4.07%
— AARIT% 124,074,107.62  91,014,891.90 1.29 1.21 4.88% 4.37%
- L‘ﬂlu“ﬁufi% 33,307,007.62 -753,408.10 1.07 1.00 3.46% 2.99%
— Lﬁw‘ﬁuS% 15,153,587.62  -19,107,068.10 1.03 0.96 3.21% 2.74%
- Lﬁu%u?% -2,999,832.38 -37,460,728.10 0.99 0.92 2.96% 2.50%

ﬂiiﬁm@Ll,a%“ﬂmﬁmimﬁ'ﬂul,l,ﬂm
— anav3% 62,729,433.60 28,969,377.88 1.14 1.06 3.89% 3.41%
— anass% 64,190,964.26 30,430,908.54 1.14 1.07 3.91% 3.43%




a1519% 20 (@)

54

, .. IRTEIUNARNDULNY BRI INANDURNY
yar1Uagtugns (NPV) .

R ) sanunu (B/C ratio) nelu (IRR)

FIENTHATIER — — - —
, S fims  liflnns dns laidinng

mwgeubm | Liinsdmzes o o oL
NI T dases daSes daSes

WA
K K K WK
— AARIT% 65,652,494.91 31,892,439.19 1.14 1.07 3.93% 3.45%
- Lﬁlw?’j,US% 58,344,841.64 24,584,785.92 1.13 1.05 3.83% 3.35%
— L‘ﬂlwﬁ‘HS% 56,883,310.98 23,123,255.26 1.13 1.05 3.81% 3.33%
- Lﬂu‘ﬁu?% 55,421,780.33 21,661,724.61 1.12 1.05 3.79% 3.31%
nsdlenneaisuazAguasnwinisudeundas

— A8I3% 89,959,563.60 56,499,867.88 1.20 1.13 4.31% 3.82%
— anass% 109,574,514.26  76,315,058.54 1.25 1.18 4.62% 4.13%
— ana37% 129,189,464.91 96,130,249.19 1.31 1.23 4.95% 4.44%
— L‘ﬂlwﬁu3% 31,114,711.64 -2,945,704.08 1.07 0.99 3.43% 2.96%
- L‘ﬂlwﬁu5% 11,499,760.98 -22,760,894.74 1.02 0.95 3.16% 2.69%
— Lﬁ'wﬁu?% -8,115,189.67 -42,576,085.39 0.98 0.91 2.89% 2.43%

4.5.1 nmsanszianudaulInsalidunuAneaiedinisilasunlas

HANTAATIZNUTY MINATUIINYaATITUANT Snsmanauunusenunu uay
o A v ] Yy N P ]
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ABSTRACT

The latest targets for solar PV in Thailand are outlined
in the Alternative Energy Development Plan, 2015-
2036 (AEDP, 2015). There is a policy on the
promotion of electricity generating from the
renewable energy in which the solar energy is a policy
as set to be in 2036. Presently, the installation of the
solar cell system on the ground accounts for 2,735
MW and the rest (3,247 MW) will be installed later.
There are 2 concerned factors for effective electrical
energy generating: uncontrol factor — heat, light
intensity, wind speed, and control factor — design and

P

material choosing solar panels, inverter, mer,

L INTRODUCTION

The framework of Thai power development in the
period of 20 years in accordance with the Power
Development Plan: PDP (2015-1036) has estimated
future electrical power using. It is expected that the
demand for electricity using in 2036 will be at 57,467
MW from 37,617 MW at presenter an average growth
rate is 3 percent each year [1] The power conservation
plan aims to save and increase the efficiency in power
using. The Renewable and Alternative Energy
Development Plan (AEDP, 2015) has set a goal to
disperse fuel sources using which is friendly to the
envi more than before. That is, it is the

wire, etc. This study aims to Comparison of 1 MW
Solar Power Plants with "Arranging Solar Panels "and
"Without Arranging Solar Panels " Nakhon Pathom
province, Thailand by using the maximum power
point data (Pmp) of solar panels from the
manufacturer. Arranging arrays from large values to
small ones. The energy produced in April, May and
June 2016. This power plant with arranging solar
panels present increased efficiency in electricity 0.13,
0.05 and 0.08 MWh respectively.

Keywords: Solar panel, arranging, power plant,
module mismatch.

renewable energy at 20%. The status and goals of
electricity generating from renewable energy of each
fuel type is shown in Figure 1.

According to Figure 1, it can be seen that the
renewable energy from solar energy has the most
proportion (31%) comparing to all of the renewable
energy. This is followed by biomass energy which
accounts for 28 percent and big hydro power and wind
energy (15% each). This is because Thailand is a
country having potential in solar energy which the
total radial value of sun throughout the year and the
country is 18.0 MJ/m? per day. This is considered to
be rather high suitable for effective electricity
generating.

§ Community garbage

# Industrial garbage " Biogas (energy plants)
" Biomass % Wind energy

Biogas (wasted

water/wasted matters) W Solar energy
1 Small hydro power ¥ Big hydro power

Figure 1. Status and goals of electricity generating from renewable energy

The reduction of loss in the system of electricity
generating from solar energy is a thing which the

designer must realize and try to design the system to
have least loss of the energy. However, loss of the
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energy can be either controlled or uncontrolled. The
former is the selection of main equipment having high
efficiency and little loss i.e. solar cell panel, inverter,
and transformer. The latter is loss of energy due to
dirtiness in arrays (Array soiling loss), thermal loss,
wiring ohmic loss, module quality loss, and module
mismatch loss: MML.

The following are previous studies:

U. A. Yusufoglu et al. (2012) [2] studied
potential changes in operating parameters such as Jsc
and R. are integrated in the sorting step. It is a fact
that at low light intensities the impact of Ruum on
module performance is more critical compared to
standard test conditions (STC) where the actual
measurements are carried out. At low light intensities
conventional sorting approach can be extended with a
combination of R and other electrical parameters to
achieve higher module efficiencies up to 0.1 %
absolute.

N.D. Kaushika and Anil K. Rai (2007) [3]
presented the sensitivity of solar cell parameters in the
variation of available power from the array is
investigated. The parameters characteristic of aging
and fresh cells used in prototype field systems have
been used for computation of reduction in the
available power. It is found that in series string the
fractional power loss would increase from 2% to 12%
with aging of solar cells.

Daniel Go ‘mez Lorente et al. (2014) [4] presented the
two different PV arrays have been simulated in order
to quantify the electrical mismatch loss in each one of
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them. The simulations have been performed both in
the standard condition (STC) and in the dynamic
conditions which implement the meteorological data
from the two different locations. The electrical
mismatch loss in the modules is very small compared
to the ohmic loss in the cables (from 0.5% to 1.5%)
and in the inverters (from 5% to 10%).

This study used a number of solar cell panels, 1 MW.
Data on the solar cell panels at Standard Test
Condition: STC (Airmass 1.5, irradiance 1,000 W/m?*
and cell temperature 25° Celsius) was used for the
computation for finding size of the electrical wire
giving energy percentage which losses in the set
criterion. Flash Test data from the solar cell panel
producer were used for value sequencing and
preparing a highest average energy (Pny), a highest
average voltage (Vup) and a lowest average current
(Imp) of each array, from high to low value. Then, it
was substituted in the computation of loss in the
electrical wire, from low to high value of each array to
compensate loss in the electrical wire. Comparing
which value (Pmp, Vimp, and Imp) caused solar energy
electricity plants with the size of 1 MW during there
was the preparation of solar cell panels and not
preparation. Data on electrical energy generating in
April, May, and June, 2016 were used.

II. RELATED THEORIES
This study employed layout of the solar electricity
plant as shown in Figure 2.

B PEA grd (V)
=] 15KV switchyard
' MV swiichgear
& x6 & 3 rensfcrmers
12 x SMA SCBO0CP

r‘—m“ (i 21 [ —‘—|,mg... —|m

DC main distriution
DC siring disiribusion

i“l““ "Hi!"

Flgure 2. Monollﬂnc panem of the solar elecmcuy plant

Figure 2. shows electricity generating from solar cell
panels. That is, the solar cell panels were connected to
one another in the series form. In this Figure, 25 solar
cell panels called “String” was used and many strings
comprised “Array”. The array was parallel to the
central inverter to transform the direct current to be
the alternative current. Then, it transmitted through
the transformer to transform voltage to be 22 kV; and
from 22 kV to be 115 kV which connected to the
Provincial Electricity Authority.

ELECTRICAL ENERGY AND VOLTAGE
Regarding the series form of connection of the 25
solar cell panels, the computation of electrical energy
and voltage is shown in equation 1 and 2

Pout = lout X Vout (1)
Vout = SUMMARY(V) @)
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LOSS DUE TO RESISTANCE OF THE
ELECTRICAL WIRE
The connection of the solar cell panels in the series
form to be called as “String” and many string together
is called “Array” going to the inverter by using the
electrical wire. This electrical wire has electrical
resistance value (R) which there is variance in
accordance with the distance and power loss. The
determined value must not be more than 1.3 percent of
the installed electrical power. The computation is
based on the third equation:

Pl =PR (3)

COMPARISON OF EFFICIENCY OF THE TWO
SOLAR ENERGY ELECTRICITY PLANTS

Each of the plants is 1 MW in size. Data taken into
consideration were of April, May, and June, 2016. The
comparison was based on the energy unit which was
generated and performance ratio (PR) which could be
computed from the fourth equation:
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Figure 3. indicates that the solar cell panels having Pr,,
at 260 Watts, Vi, = 30.7 Volts, and I, = 8.5 Ampere.
The error value is +3%

Step 1. Data from the producer of solar cell
panels (REC, 260PE) were used for STC testing as the
starting point of the computation as shown in Figure
3.

Step 2. Measuring distance of each point and
determining the installation part (above or under the
ground).

Step 3. Computation and selection of an
appropriate electrical wire in each part to make
electrical power loss was not being more than 1.3%.

Step 4. Arraying electrical power loss in

accordance with the array having loss-from high to
low.
Comparing the substitution of Vi, Inp, and Py, from
Flash Test data to replace the value from the
computation based on STC to know how loss of
electrical power change.

AnnualNet ACelectricakenergyat RRRANIMGWEHE SOLAR CELL PANELS

PR= 5 5
(Annualinsolationin planeof array(kWh/sqmm)x InstalledCaghdiyat WpRtG e feles pathpanglspisgd in this study

“)
III. EXPERIMENTAL METHOD

ELECTRICAL WIRE DESIGNING

his study used data from the producer of solar cell

panels (REC, 260PE) and it is shown in Figure 3.
Figure 3. Electrical Data at STC-REC260PE

ELECTRICAL DATA @5STC

Nominal Pawes -P,,..(Wp)

REC240PE REC245PE REC250PE REC2SSPE REC260PE REC26SPE
240

Watt Class Sorting-{W) 045 045 045 0/+5

Nominal PowerVoltage-V,yx (V) 27 301 302 309

Norinal Power Current-1, ., (A) 87 823 830 858

OpenCircuit Voltage-V (V) 368 371 374 381

Short Circuit Current-L (A) 875 880 886 908

PanelEfficiency (%) us 48 152 161
{armass AMTS, 7 3o}

il temperature 25
¥C)etleest 95 5% ofthe STC.

was 3,850. Each package had 25 panels which to fit
well with the string. Vo, data were put together in each
package to obtain a total Vi, of a particular string.
Then, I, data were put together and divided b 25 and
an average value of In, of the string would be
obtained. Likewise, Pm, data were put together and
divided by 25 then an average value of Py, of the
string would be obtained. Sample Flash Test data
specimen of 25 solar cell panels is shown in Table 1.

Table 1. Group Unit Id L1111930 ZKDP Flash Test Data
No Serial Number Tup (A) Vap (V) Pup (W)
1 2004183886 8.558490 30.49118 260.9585
2 2004183887 8.571006 30.50823 261.4862
2004183891 8.555356 30.51873 261.0986
5} 0 o 0 [a}
25 2004184344 8.576200 30.42382 260.9208

According to Table 1. A total Vi, = 762.68587 Volt,
an average I, = 8.55745276 Amp, and average P, =
261.065768 Watt. These data were prepared to be 154

data series. Total Vi, an average I, and an average
Pup were rearranged from the highest to the lowest.

DATA COMPARISON
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Data from the arranging of loss of electrical power
both obtained from the computation at STC and
arranging of the solar cell panels based on data of the
producer were taken.

e Substituted the total Vi, which was highest
with P which was highest to compensate
loss of electrical voltage.

e  Substituted an average lowest I, with Piog
which was highest to reduce electrical
current value from the third equation 3.

e  Substituted an average highest Prp with Pioss
which was highest to compensate loss of
electrical power.

e Comparing energy unit which was generated
and performance ratio (PR) of the two solar
energy electricity plants.

IV. RESULTS OF THE EXPERIMENT

According to the design, it was found that the value of
loss from resistance of the electrical wire based on
data of the solar cell panels at STC was 12,865 Watt.
Compared with the 1,001,000 Watts solar cell panels
installed, loss from resistance of the electrical wire
was 1.285%, not more than 1.3 as fixed. Results of the
comparison of values obtained from STC and that of
Flash Test data are shown in Table 2.
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When an average value of Vo, Imp, and Pr,p from Flash
Test data were replaced from the computation, it was
found that the loss value from resistance of the new
electrical wire was 13,070 Watts or 1.298% which was
more than the value obtained from the computation at
STC for 1.014%

Arranging solar cell panel values, from the
highest to the lowest

According to Vi, result, it was found that
loss from the resistance of the new electrical wire was
13,053 Watts or 1.297% (0.879%).

According to Iy, result, it was found that loss
from the resistance of the new electrical wire was
13,090 Watts or 1.300% (1.169%).

According to Py, result, it was found that loss
from the resistance of the new electrical wire was
13,084 Watts or 1.300% (1.120%).

Regarding the comparison of efficiency of
the two solar energy electricity plants with the size of
1 MW, data taken into consideration were of April,
May, and June, 2016. It was compared with
performance ratio (PR) and generated power unit
(Table 3.)

Table 2. A comparison of an average value obtained from STC, the producer, and that of Flash Test data
Vup (average) (V) Imp (average) (A) Puyp (average) (W)

Data from STC 30.7 8.5 260
Flash Test Data 30.522 8.568 261.494
Different (%) -0.58% 0.80% 0.57%

Table 3. Results of the comparison of performance ratio (PR) and generated power unit

Performance Ratio: (PR) (%) Energy Produced (MWh)

Solar Power Plant April May June April May June
Arranging Solar Panel 82.48% 82.79% 87.24% 5.10 4.90 4.30
Without Arranging Solar Panel 79.46% 80.87% 83.99% 4.97 4.85 4.23
Different 3.02% 1.93% 3.25% 0.13 0.05 0.08

According to the comparison in Table 3, there was an
increase in the efficiency in electricity generating of
the solar energy electricity plant and arranging of solar
cell panels in April, May, and June, 2016 for 0.13,
0.05, and 0.08 MWh, respectively.

V. CONCLUSIONS

According to the solar cell panels had electrical values
and these values were arranged by using Vup, Inp, and
Pmp values from Flash Test data to replace in the
computation of electrical power loss at STC, it was
found that the arranging by Vo, gave least loss of
electrical power compared with the computation of
electrical power loss at STC. Results of the
comparison of the two solar energy electricity plants
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in which data of April, May, and June, 2016 were used
based on performance ratio (PR) and generated power
unit showed that the plants having arranging of solar
cell panels had more performance ratio and generated
power unit than that of having no arranging of the
solar cell panels.
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Abstract

An 8 MW solar energy plant needs to use not less than 26,000 panels for catching enerey from sunlight.
The number of panels depends on the degradation rate of each panel. Using many panels in a system of electricity
generating power size has an effect on the efficiency in the electricity generating system. This study presents a
comparison between two 8 MW solar energy plants. The solar cell panels have degradation rate at 3 and 2.5% in the
first year and 0.7% for both in the next year. On the examining day, it is found that the value of electricity generating
power computation of plant 1 is equivalent to 250.73 W, and that of plant 2 is 300.66 W. Results of the examining of
an average mean score of electricity generating power of plant 1 and 2 are 250.95 W, and 301.30 W, respectively (Both
pass the criterion, higher than the criterion of each plant for 0.09 and 0.21%, respectively). However, the range of
electricity generating power of the panels are 4.20 W and 11.30 W while the efficiency value of PR system are 82.61
and 80.39% which is not in the same direction of the electricity generating rate which is higher than the criterion of
each plant. This implies that the pathway of electricity generating power of the panels has an effect on an efficiency
of the plant system.
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