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ABSTRACT

This thesis proposes an estimate model for electricity generation from PV system
(Proposed Model) using the solar irradiance as an input. The estimated results will be in
voltage, current and power. Model 1D5P together with artificial neural networks (ANN)
were applied for accurate and fast analysis of the estimated data. The solar irradiance

considered is dividied into two ranges, which are low-irradiance (0-350W/m?) and high-

iradiance (>350-1,000 W/m?). The developed proposed model was validated with 2.07
kWp and 12 MWp PV systems. The results show that the estimation using the proposed
model is more accurate with the error of less than 1%. The test was performed daily,
monthly, seasonally, and yearly, the results show the error of less than 1% as well.
Therefore, the development results can be applied for the suitable design and
installation of solar cells of PV power with the demand and load. In addition, the
estimation of the proposed model can be used for the error inspection of PV power

system during operation.
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a.Vo)
lo = 1o [exp (G7) = 1]
d 0 [€XP n.kT

v, e ussulnihnenaseusesse (V)

n fg A1 Ideal factor (f1 Ideal factor WuBuegiumalulaglunisndnlaseaiig

YDUYARWAIDATLALARNISTINITINA 2.1)
lo Ao nsrwalusadummdaunduvadlalon (A)

s

9 YN IUNLTAAATRRE (Kevin)

—
o))}

q Ao UszgdianaseudAwindu 1.602x10™ C

k Ao A1A9NIUB9 Boltzmann dAwvniu 1.380x107° J/Kelvin

[=1Ipn—1Io [eXp (::?r) B 1]
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A15197 2.1 A1 Ideal factor[73]

YUAVBIIAALEIDNNNG Ideal factor
Mono C-Si 1.2
Poly C-Si 1.3
a-Si:H 1.8
a-Si:H double junction 33
a-Si:H triple junction 5
CdTe 1.5
cls 1.5
GaAs 1.3

2.4.2 wuus1aInIsUsEEINNNSIaduateIinguuuni dlaland auus (1D4P
Model)

ANILUTVOINUUT I 98 UTZNOURIBANT |, 1o, 1 UAE R, TABAEANSAA5ANAI M
Fruuaynsy R, iuamudunuilifetuuinagade udazuanmsRaIsandves Ry, iy
Aanuiumumeluainiulutuvessaduaseding fauandusuil 2.6

I

I, R
I

Ph Diode &
LOAD

Current Source _

5Uf 2.6 104P Model
& R, > 0 fetuusiduiinnaseusesde V, = V + LR,
_ q(V-LRy)
I = Iph — Iy [exp (W) — 1] (2.9)

2.4.3 wUUIIABIN15USTUIUNISIYAE a9 1 ng uuni 9lalaniinnauys (1D5P
Model)

TneluwuuINaesliazin1sNaITALUSNILR 5 MkUIA8NUY F998Usenaunie

A I, 1oy lo, Rs 48 Ry, kanslaniagui 2.7
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I

d Ry
I R
h
p Diodi_ sh +
0 LOAD
Current Source )
sUil 2.7 1D5P Model
. _ q(V-LRg) )] _ (V+LRy)
I=1§—F [exp (-1 e (2.10)

a o |

A1 Ly Aanuduiuslaewdsiunsaiunnaundussdniendiing uazammngil feaunisi (2.11)

Y

G
Iph = @ (Isc,ref + Hsc- (T = Tref)) (2.11)

de 1 Ao nssualwihiliAeannauidusidnasefing (A)
G Ao ANDNSIER9TRE (W/m?D)

Ger Ao AnuduSadngefingf STC (W/m?)

U Ao dulszAvivsgumnivesnsyualiii

X Ao gauullusTaRUAIR NG (Kelvin)

Ter P guVnTunsadiasefingil STC (Kelvin)

e o P18 N3zRAITYEEARIT STC (A)

lnefiangamngiazinansenusenideliiinnisuiesnve ugaduaiefing sulowain

AINTEUAINRTANTUSAUangl Inenieamglidilinansenusanseualudadudidounduras
lalon7iisuni1 Reverse saturation current of diode (1,) AsauN159 (2.12)

3
(e akg) (1 1
Io = Ioref (Tc'ref) exp [( n_k) (Tc'ref T)] (2.12)

mla Eg A9 ANY89319U0UNA 1 UVDIA15NIAIU (Energy band gap) wag I rer 3A09
AU (2.13)

(2.13)

Q(—Voc,ref))

IO,ref = Isc,ref exp( KT



13

le ef D N3zuAlWH1vUEaN93ST STC (A)
Voo rer AB U3ssulnnaausilnisasn STC (V)
Ter A0 QUNNNWNLIATRAIDNNEN STC (Kelvin)

= #® Band gap energy of semiconductor

AIAIUATUNIUIUIU (R,,) BAPIRIANNTTN (2.14)

Ry, = Vim+(Im ref.Rs) (2.14)
s q(Vm,ref"'Im,ref'RS_Voc,ref) 4(=Voc ref) Pm .
Iscref=Iscref] €xp NKT +Isc refj€Xp nRT “\Vinref
A
LB

A o

P fie Mmadliihgeaniiwadiaseriindndala (W)

= 19

Vo Ao uswiulriihgegafieaduasefingnaale (V)

a

I Ao nIsudlnigeanieaduaterindudnls (A)

2.5 NISHAILILUUINGRIN1sUSTININSAaensHan W1 nwadLdseding Ty

¥ 1
=l =
WunUszindlng
% \ & 3 NAABY
. . % . { d59lassdneusyam wuudnaesuuulval . )
#3N9UUUNABY H919LUUINABIAT BRI, wuudassuuulud
= wigum Iph ,l0uas | Proposed models [
1D5P Iph ,I0Wag Rsh Ll Proposed models
S

1%
v

5UN 2.8 Tunoum IRLLUUTIAeN

NIEUIUNITAS1WUVDI809N5UsENMNSNISRER N nwadLaseing Tneas1eain
’miﬁugmmaqLszjaa‘LLaqmﬁméﬁa Nﬁ]iaumummwﬁalmiam il suand el suandidana
wazthAnnfasavdnsensnanliliihvesunavaduasenfindildlunuusiassiine Arnay
ussEniseniing wargumgusuraduasoniing anduisiuuusiaesnmsudsliiionead
LeeTindTiadnaty L naeIadeuRAZAIWIN WBYhAMSWTsuLTlsuNanTSAuIARUAINNS
uanlniess Aldanadesiotnaswinsruunanlifianseduaseindinfinaunnsneiu
o8nsls FensldurvesmnuududwazmsandefianainArnisussananisiuaydetendenis
Wuwuuassilianuaziden aveundusetdadelunananu

2.5.1 @5191UUTNABINTITUTZUIUNTURITAAKEDTINE
N1SNAIUIUUIZATIMUUTI809AY nzualnilinas (1) Wuudnassan nszualninduss

goUNau (o) LAY LUUTIADIAT AITUAT1UNIUIUIY (R 281UsInsd Matlab / Simulink
Awannszualnih () weaslaauwssiulii (V) ngasdesasianuuinasiagun 2.9



(6]
Solar Irradiance (W/m#)

H Q
Module Temperature (C)

| [T_ref]
Reference Temperature (K)

[I1sc_ref]

Shart Circuit Current(A)

[G_ref]

Solar Irradiance at STC(W/mA2)

Photo Current(A)

Module Temperature (C) I——J
Y=
[T_ref] >+
Reference Temperature (C) LJ

Energy Band gap

[n]

Diode idealty Factar

b/ ]
[

20 |8 X

Short Circuit Current (A)

Fe-it—a@

Reverse Saturation Current (A)

[Rs]

Series Resistance (Ohm)

l [im_ref]

Maximum Current (A)

1,

| [Isc_ref]
Shart Circuit Current (A)

I [Voc_ref]
Open Circuit Voltage (V)

[Vm_ref]
Maximum Voltage(V)

| [Pm_ref]

Maximum Power(W)

|

Electric charge

i

+
Diode ideality Factor —|
x

-7
n "

Module Temperature (C)

XE—pls
- +
x

L -
+ L
xL -

Parallel Resistance (Ohm)

JUN 2.9 wuudnaesAmsilwedielunisussanaumussiuliiigaduaserindudnle

14
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2.5.2 @%319UU1a8952uUNIsUSTUIUNISHAR TN N adEIa1ingasa

dieasrauvudaesidummsfiwesfdfyvesmsuseananisudl antuagyiinisasng

° A & a I3 A ¢ a ° P & °
wuudasanduszuulssninndalidiannwaanase1ingase drunasraduwuuinass ng
AR UUNTADWHLYAAWEIDINNILALTEUUNARNINHINNL YA WEID1NNERSY TI9zWANANaY
vosusazlstlnin wnadradunuudiaesiagui 2.10

1 array —l+!

10 String. 1inverter

1array

Ipv 1
Vpv v | |
8string '

12inverters

UM 2.10 LUUTIRRITLUULLAE kA0 Ing

2.5.3 uuudnaedlaseinguszaiiiey

nasilassingUszamiisundanisduamanisUszananisiui ofisgvildszuunis
Uismmmiﬁmmi’mL%ﬁfu‘lma%%’mmjmfcjumiﬁwmuaaﬂL‘?;Ju{?u (layer) Faurazduazdainn
foyalfemaiilifondonanissonaruinntunoudu Snsindiduanufadounds
Tumsdnaulatiieidenteyaiiddydeusnfiansan msdnsasumnslnglnavesnisuszunans
Tasstnguszamiionaziduluinansadlnans Afin1suszaiateyaiigniaulagende
wannshauveslassteUszamaineuyed asliulaseiieysamiiounuuiidodiaou
(Supervised Learning) tlatisimuatevinaimvang (Output target) Wifulasstnguszam
Wiow wazaiusadlavaredu (Multi-Layer Feed Forward Neural Network) Taglassang
UssanniiisnazysgnausiowadUszannidien wiemiondudn e Afiduauinnideuderiu
Fsnadousotuduazuisoandungugos Fenndudesivantu 11 Tunie layer lnstuusn
wfuduihdoyaidh dadendn dusudeyaitdeudn (nput layen drudusadutuaaineas
Sonidudstoyaiidsonn (output layer) Instuiiegsemintstusudedoyatouduasduds
foyaseni3ondt Fuilkeuusls (hidden layer) Fstutiaziiunnnin 1 dufld fewmgidTaunsa
wUsUszianvaslassgnelszamiisunusiuuduveddaswisuuuniae q 16 2 wuuldud
Trseteuuutuien Gingle layer) waglasstnsnuunatetu (multi layer) Tnglasenauuudu
o ulassneUszamiion Afdfissduiuloyatouduastudsioyasenifivaviniu dq
Tnuludusudeyatoudrazshwiiisudoyadn (nput value) wdsteyaruduiidonlss
sre 9 T linunlududsdoyasen Tasamuduvesdyanu vieUimudeyaiitndglnusly
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fudsteyaseniziuegfuamiminfieguududelesivualufudstoyasen awthdeyaiild
suandalaeldfad funisadamansdisondn Hefdunisuuas (transfer function) 7
wangaututom wddmadwiildoonundudoyadsean wu lassdronuuduieauuy
IWOLEUATOUBE1991Y (simple perceptron)kazlasitnalauilan (hopfield networks)dnuwady
Tasstsnvutudien Tneflaswisuuunanedy Wulasaref dduseuudataus 1 duguly
Tnssrsuvunaneduarldlunsaidamianududou delasiwrsuuutwienliamise
uitlmld Safiudrunlunusiifinsdum vieduseuuddiiulassie uansis 5Uil 2.11

doyatowdn

v

Layer 1 Layer 2 Layer 3 Layer 4

&=
X 7N

g
12
(oo’ 9

dayadseen

{13 -—»‘
]

JUN 2.11 uuudneedasaisUsyamiileyssuuigadwaoing

2.5.4 AsEUAUMSEIMUUINaRINsUsZInanIsnsHantninanasauaefing

lo9grinsadatUUs 1ae i ufBIiNTENLU ULHUATHANSY 19ILUDI LU ADI Y
nsasauuudasdasuansds 3UR 2.12 dielinsesnuuuigathiliiinisiasnliuuy $1aes
AANENITALENANMTULEIDITIAY LazauIsananiAIN1sUsEanansuanliivouwad
wasenfingliognusiug inanuianaintesdian IzI3URUANI5EE19 Model the photo
current (In) , Model the reverse saturation current (Io) Wag Model the parallel resistance
(Ry) ien1sAmarmalniinuesssuulssiniimdsnunatonding waziduen Input Fiuaia
Furesmsuszaiunsidewenadasdusiusiy - anduadislunaniswanliinvedlsslndi
wdnunasefindluitufinaaey ionisUssinanisamdmanlnihanssvuwaduaioning
fomAnuufidnsefindrsnsdusszina 20 WeaSoudisuiuammasiniindnldase
MNSTUEAS LA RRdRuAINITUsEIAIN SR Ld I nuuus ettty 91nildisnnsi
thiaueyFuupeUsznunsmmaslitininaaldleeusulildrmnsussanunisiisianianain
tfougn Lilefnwfwavesnunduidmaofindifsoranuuiugweuuuiasdusseziia
2 ¥ wdrwinsmedeunisUszaianiswanliiivessyuulselimdsnuuasen indlud ud
naaouiuszozina 12 Weu Wisuumitinldass Tnsowinmiildnlasstneussamitouiy
aansniamanuiugweaewing ilasiiou ieumaruianainturiinldate



Model
Photo Current
(Iph)

Model of solar cells

systemsize of 12 MWp

in Thailand.

Model
Reverse saturation current
(1)

Model actual power output

From the annual system
(Pmy)

Model
Parallel Resistance
(Rqp)

Model simulation power output

from the annual system
(Psy)

Model of weight parameter at
the solar irradiance
of 0-350 W/m'’

Model of weight parameter at
the solar irradiance
of > 350-1,000 W/m’

The Proposed Model at the
(solar irradiance of 0-350 W/m>)

17

UM 2.12 nszuiumsaieiuuiasnsussanunsuanliihvessaduatening

The Proposed Model at the
(solar irradiance of>350- 1,000 W/mz)

The Proposed Model at the
(solar irradiance of 0- 1,000 W/mz)

Test
Model for 12 months
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2.5.5 n3zUun15UTUUTIANLL UE1va I UUTIAIN1TUTERIUN TR ER LT 1Y
WadwaIng NzUIUNITUTUUTIAIANLINEIYBILUUTIaB9A 8 Weight parameter
[n1ANUIN .]

wnatia Weight parameter 4 aifunszuaunisdiwaund ualduiuugeauusdugives
LuUdiass nszUrUMIUTUUTIAILIuE woaluUS1as Inevhnisduaidslnliings
I¥assanszuuwaduasenfindlufiuiiimunesed (Pry) War nan13draesniswinlniiein
spUuIwaduAIDfinds1ed (Py,) MnAranudusedniseding daus 0-1000 W/m? daawnisd
(2.15) uag (2.16) Muasiv

= 1 N
Pmy(G) = N—yzdil Pmd (2.15)

— 1 N
Psy (G) = N—y2d11 Psq (2.16)

Tae N, fio S1uauiulunilsd
Prg A8 ANMaalWinAndnl9a3e9nssuuiwaaiasoning s185u4 (kwh/d)
Py A9 NANNSIaRINIsHAR NN nSEUUAdLAI91RE 518U (KWh/d)

TnsdunaumauIIzasItaunIsannIsinalulioa 91nANdNRUSIENINAIANULTNTIE
ArendiuAIMaslniindnaseinssuvwaduaseinglunuiidmuneseld P, way
Han159aRINIsHAntNhanssuuadwasefinds 18T (Pg,) Avaun1sh (2.17) uagvinisadng

Weight parameter (Py) #12USUUFIAMUEN YD ULTABINIAUNTTN (2.18) [A1ANWIN U ]

Py (G), Pgy(G) = Intercept + A,G + A,G? + A3G3 (2.17)
Py =Py (G) = Py (G) (2.18)
Py = P, (G) + Py (2.19)

AUNT57 (2.19) LAAINTEUIUNITUTLUIUNITAIE NN 191N TEUU AR WAIDIN A E Aae
Weight parameter



unii 3
A5ANTUNITIFY

muATediiaueuuuiaensUszInansdmiunsnanvesssuulssluimdsan
wawonfing lagairsuuudiaesifinisuenisnmsussnanisarudunawasmsoiinglagling
USulgevesnisussananislunsiasyaeanuduiatainglaiwindy 39doauyanaaeans
Uszanaumaduaesniae iiensusuganmstssnunsliiimanuianantosas Tasddunon
nsfuiunifededeluil

3.1 duneumasnfiun1side

1. 1Avdeyaainszuulsslia 12 Mwp 1 aluFsuLfisufuuuUs1a091D5P Wy
LUUS1a091D3P 1D4P waz1D5P Wansnaaindeyasseiildainszuulssintihumni2 Mwp lag
wUsAauanaIdy 243wespaduuaseringfievis Lowsradiance (0 -350W/m?) nan1s
Fransfirndiinindeyaaia warsas High-imadiance (>350-1,000 W/m?) anisdiassiiangandy
SHGEER

2. afauvuiiasaiilevaivenanisdraedlulsazdisosnnadiiasening

3. MAAOULUUTIA 097 a5 19T U USHUULIEAE hadeing vuin 2.07TKWpresad1iineuy
Inemaniuazinaluladwiand iewinifiuteyaing seronisuiulslusunsuliusiugy
Tnensisuiisutoyaluse Tukaraediou Snisdsfinisanisesdusenouiunfianaiuasie
NsnoUAUBIYRITTULWAdLAIeTindse Teld qania anwsieaililuss wazanwiieadiniid
2N

4 Ahuuvaesiiaiiduliidieuidisusudeyannsruilasiwilisaduateniingaunn
mawnsuaaluil 12 MWp

5. WATINANITVARBIUAZUTEIANANITAN Y
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M990 3.1 BHUNISALLUNISIVY

(=]
=p.
—_
(=
=p.
N
(=
=b.
W
(=
=p.
D
(=]
=p.
(6]

AU ANSAIUNS

1 Anwuuudnassn1suszanunsuanlninues

Tseluidwdasnuwasanfing

A
v

2 | ivdeyainassanszuulsslii 12 Mwp
WU UAUNISUTEUIUNITAIELUUIIRBY 1D3P
1D3P ,1D4P uaz1D5P Toap

3 | @519k UUTNA L NDBALTENANITINADI I ULFAY

Y29UBIANULVUBEIDITINEY

4 | yeassluudiassludlaenisilseuiieunueas
=Y 4 I3 d = 2 I3
wasefindrwindn lnenisiuTeuiieudeyaiduy
S183ULALII8LADY DNVITINDITEUIDS
DIAUTENDUDUGTID1ANNARDN1IROVAUBIVDS NI g
spuuadate g laun gania aniw

79N IUSY hazdn WNBIN NN

5 |uvudnaesluilSsuiriguteya 12 Mwp lay
NrsauSeuiieuna Wusiedu shewiou way
57197 BNVININTUINAVDIANIILDINATLANGI T

AU

6 ATIBUNANITNAGDINALUTENIANANITANE

3.2 An¥ILUUINaaIn1sUsEIIaNISHAR TN LHIYaaLEIR1Ing
3.2.1 Wiguiisunisuszanunsmasan indnannunaeasudseindvaauuuinasd
fuAndidnase
AnwinisusrananiseanlninanuaasaduaseindiSouiisunua1inase lngldy

LUUINAB9™ 1D5P iiaNA@aunNIsUSEUIUNTT MILARLYI9ANULYULEIDARE



21

3.2.2 Wiudayavnszuulsalvidh 12 Mwp
Wisuiisunadeyaiinldaseiunailaainnisussanansaaiswuudiaes 1D03P, 1D4P
WAz 1D5P UnNi19INTeyadTeilaatnsruulselninauin 12 MWpnadaumIukAnewedgs

AU ULAIDINAY 1Y 2929U09ANULTULAIDITIngAD 429 Low-irradiance (0 -350W/m?)

WagyI9 High-irradiance (>350-1,000 W/m?)

33 afuuuasaiisvawenanissiaaslusiazdasvasanudunasending
wuusaesildifuausaldlumsinudadidmsiives 5 Adefudasusznouluse
L1 fe nszualwihflweduasorfingwdals (A)
2.1 Ao nasudlwihfAnananudusidniending (A)
3.0, #e nszualudadusadounduredlalen (A)
4. R, fie A1ARsIUNIUBYNIUTaead (Q)
5. Ry D AIAIUATUNINILIUYBIEaE ()
wanafaguil 3.3

Id \ ll\h R
I R

ph sh +

Diode
Xi LOAD

Current Source

;sﬂ‘i?i 3.1 2995auya 1D5P model

iy~ oferp (5282 - 1) - 28

dlo n fio A1 Ideal factor Diode (A Ideal factor Diode ﬁgu%uagjﬁ'uwmiuiamu
msnAnlasiad e Tasafndlauanafinsned 3.2)
T flo gounniuNAEaHLAIe17TINg (Kelvin)
Ao UszqBianasoudianiniu 1.602x10™" C
k fio ArmaTivas Boltzmann fiAwinfu 1.380x 102 J/Kelvin

3.3.1 @319uuudnanalasedneusyamiion Anseualninuegs (Photo current)
A" Photo current agldiunannuasiidosndueaduatoniing udwiliie ¢ Sidnnseu -
Toa Wadunszualiia saaunisi (3.2)
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G

Iph = @ (Isc,ref + e (T = Tref)) (3.2)

deo 1y Ao nsudlwihAAranaanuduSidnisending (A)
G Ao ANuLTNSIEnIeTing (W/m?)
Ger Ao Armdufednienfingd STC (W/m?)
U A dulszAvsmsgumnivesnszudlyiii
T Ao gaunIlLHITARILAIRTIRY (Kelvin)

Ter 7D QUNANWNLIATLAIDTNEN STC (Kelvin)
le ref D N3zualNTIvEdN19959 STC (A)

NUUIWIENNITA (3.2) inasihnsadiawuudiassen nssualiihifaanaudy
Sednvefing () Melusunsu Matlab/Simutink Ingdnlviegluguuuy lasadeuszamniiion
(Artificial Neural Networks) tian15Uszanansfisamsaiuuwanisagui 3.2 [73]

[G] Solar Irradiance (W/m?)

[T] Module Temperature(k) 6
[Tretl Reference Temperature (k) e @ @ Q Model
(Tpn)

Photo Current (A)
[Use] Temperature Coefficient of Isc

[Iscredl Short Circuit Current (A)

[Gretl Solar Irradiance at STC(W/m*)

3UN 3.2 wuudnaedlaseneuseaniigaues Photo current (Iph)

3.3.2 afwuudnaeslassviguszamiiendnszudlniiduideundu
nszualudadumifeunduvadlalondy duiusivgamgll dwwandluaunisi (3.3) [73]

3
o e q-Eg t 1
Io = Ioref (Tc,ref) €Xp [( n.k) (Tc,ref T) ] >

Lup Eg # A1909919aUNAIIUYRIETNIRNIUT (Energy band gap) way I rer 4ANNY
Aunsi (3.4)

q(—Voc,re
IO,ref = Isc,ref exp ((T.Tf)) (3.4)
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[T]Module Temperature ©
[Tws] Reference Temperature (k)
[q] Electric charge

[Eg] Energy band gap Model
ode

(Ip)

Reverse saturation current (A)

[n]Diode ideality Factor

[K]Boltzmann constant
[Voerer | Open circuit voltage (v)

(L et 1Short Circuit Current (A) @ \d

5UN 3.3 uuuiaedlaseingyUszaniieuvesdn Reverse Saturation Current (10)

We o Ao nszualudadumdounauvalalon (A)
lie e PB ASzUALNHIYUZARI9AST STC (A)
Voe res AB Wssnulnau2i0n2925% STC (V)

4 flo gaunAlLHITARLEID NG (Kelvin)

Teer  AD Qquﬁummaéuaqmﬁméﬁ STC (Kelvin)

n fip A1 Ideal factor Diode (A1 Ideal factor Diode ﬁgu%uagjﬁ'uwmiuiamu
MsnARlAsIESsTaNTaduATeNinSlLanfin151ad 3.2)

q Ao UszaBiannsaudiauiiiu 1.602x10™ C

k fio ArAaTivas Boltzmann fiAwinfu 1.380x 102 J/Kelvin

Eq 9 Band gap energy of semiconductor

PNTUIWIANNISN (3.3, 3.4) WIATIINITASLUUDII9B9AT Reverse Saturation
Current of diode lnglalusinsy Matlab/Simulink ~ Tidpeglusduuy lassinguszamiiiey
(Artificial Neural Networks) LLam@fﬂgU‘ﬁ 3.3

3.3.3 @919LUUT18091ATIU18USTAIMTBUAIAIUA TUNIUVUY (Parallel
Resistance)

AAUAUYNUIUIUABAIAIUATUNIUTDITOURDVIDAIAIIUA UM UA e UB L waa
wase17ind Tnsuansiaeaunisi (3.5)

Vm+(Imref-Rs)

Ren = (3.5)
I i ox q(Vm,ref+Im,ref-RS_Voc,ref) 4 ex A(-Vocref)) [ Pm
scref~Iscref)€XpP nKT scref) S XP— 1 Vi ref

We Ry fe AAwuduueynINvenYad (Q)

Ry AB A1Ausumueuiueeeas (Q)
le ref 7D N3zuAlNHIIEER9959 STC (A)
Voo rer AB W9UINAN0u21 029259 STC (V)

& a

P fio Masliihgeaafiwaduasenfingudinld (W)
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Vo fie wssdulnlihasaniwaduaseniindudnla (v)

ln  fe nezudliihgeaniiwaduasenfindudala (A)

n fio A1 Ideal factor Diode (A1 Ideal factor Diode ﬁ?u%uagjﬁumﬂiuiamu
msnanlasiadeuTasuaeindliuanadimsnad 3.1)

T k) qmwgﬁﬁiaaﬁiammzﬁ’m’mmaqmaé (Kevin)
Ao UszqBiannsoudianiiiu 1.602x10™" C

k fio AAaTivas Boltzmann fA1winfu 1.380x 102 J/Kevin

PNUUIIIFUNITN (3.5) UNFS19YINNTAS 19 UUTIADIANAIUA IUN UV U UV DILTAR
aaglusunsy Matlab/Simutink Inednlvaglusuwuu Artificial Neural Networksieanassgua
3.4 [73]

[R,]Series resistance (Ohm)

[I,]Maximum current (A)

[Ise_rer] Short circuit current(A)

[Voe rer] Open circuit voltage (V)
[Vm]Maximum voltage (V)

Model

O Ry)
Parallel Resistance (Ohm)

[Pn]Maximum power (W)
[q] Electron charge

/>
[n ]Diode ideality Factor
AR

[KIBoltzmann constant

[T]Module Temperature (k)

sUN 3.4 WUUIaBIlATIIEUSTaMELUeaAn Parallel Resistance (Rsh)

U

3.3.4 @519UUUINE0IMENYIIAULTULEIR1AE
FupeulsradrauuusasadentinvoinisansddieaseniingiugnAnsaiesediiy
#849A1: Low-irradiance (0-350/m?) wag High-iradiance (>350-1,000 W/m?saelusinsy
Matlab/Simulink wansfasuil 3.5
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Solar Irradiance (W/m?) [G] Low-irradiance(O-SSOW/mz)

> Model
[0-1000 W/m~]

Select Type
of Solar
Irradiance

[G]High -Irradiance (>350-1000 W/m?)

[TIModule Temperature(c)

[Usc] Temperature Coefficient of Isc Model

[TreflReference Temperature (k) ——————————————— (Tpn)
Photo C t

[Isciefl Short Circuit Current (A) oto Lurren

[GrerlSolar Irradiance at STC(W/m?)

[TIModule Temperature(c)
Model

[Us] Temperature Coefficient of Isc

L - (Iph)
Photo Current (A)
Photo Current | High-irradiance (>350-1000 W/m?)

[TreflReference Temperature (k)
[Isc;el Short Circuit Current (A)
[G rell Solar Irradiance at STC(W/m? ).

U 3.5 WUUAIADIUENTIANUTULAD NG

3.3.5 @319UudaesnnIadliiniinanlaasainwasuasaing tauuienninig

nagay 318U (Pmy)u,auwumaamamswam‘lﬂﬁqmmsuaauaqmmmaswﬂ (Pgy)

wuuraesdasasuiiodunuuiinaaeuldfuviumasaduasoifinduay ssuunanlih
Mnaduasorfinglae lasduseunsnagmaaeuiuunasaduaeiing uasilaldualdduug,
flandsims nadeuiussuusruundnliihaneaduasefiag Tutunausely 7 lnslddeya
ogstfer 1 T iilearsuuudnans anaunslaguanssaunisi (3.6)uaz(3.7)

— 1 N
Pmy(G) = N—yzdil i, (3.6)

£ 2Ny,

Psy(G) & N—y2d=1 Psq (3.7)
INUUTNNAUNTTN (3.6)482(3.7)11@319N1 585 NMUUTIRBIUUUTIaBIA MATLNTNT

anliasnwaduasefind Lmuneliinn1maaeus el (Ppy) WazHan1591aean15uan

IylihannieaduaseniindeliPy,) felusunsa Matlab/Simulink uanafaguis.6 uaggui 3.7

Photo Current (A)
Low-irradiance (0-350 W/m?)

Pmd Model Psd Model
Actual Simulation
power output > power output >
N Pmy(G N Psy(G
y from the Yo y from the v©)
annual annual
system. system.

3UN 3.6 wuudnaesamadlniingaliasannwaduaseniing wWvanefivhnisneaey s1ed

(P pyueg wuvdraomanisuanlwihanwaduaseniindset (Pg,,)
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3.3.6 @319UUUI1a99 Weight parameter (P,,)

Usuugsmanudusidnionfindiuamalniindnasanneaduasanfingidmune i

—~ —~

nsnaaeusel (Py,) AU nan1sdrassmswdnlnihaneaduatenfingsed (Pg,) lngasis
aunsindluidlea deaunisi (3.8)

Emy(G); iy(G) = Intercept + A;G + Asz + A3G3 (3.8)

T uEIN1TasIaunis Weight parameter (P,) Ingasd 2aun157 ¥23a273 4%
Waseng Low-irradiance (0-350/m?) wag High-irradiance (350-1,000 W/m?)Lannigaunis
1 (3.9)u8(3.10)

) A (Solar Irradiance 0 — 350 mLZ) = ?my(G) — ?Sy(G) (3.9)

B, (Solar Irradiance 5350 — 1,000-%-) = Pyy(G) — Pry (G) (3.10)

PNTUUINAITATIUU U0 Weight parameter P, (Solar irradiance 0-350 W/m?)uag
Weight parameter P, (Solar irradiance 350-1,000W/m?) Immamé’wgﬂﬁ (3.9)

=
o Pmy(G)—
Pmy(G)—
Model
Model Pw 4 ‘Weight parameter Pw
Weight parameter (Solar Irradiance >350 -1,000W/m’ (Solar Irradiance 0-350 W/m?) (Solar Irradiance 0-350 W/m? )

= (Solar Irradiance >350 -1,000W/m® ) Psy(G)—
Psy(G)—

g‘dﬁ 3.7 Luudael Py, (Solar irradiance 0-350 W/m2uag P, (Solar irradiance >350-1,000W/m?)

3.3.7 @5794UU31889 Proposed models (P,)

¥11N1983519a1n15 Proposed models (P lagasdl 2 aunsnyi9a 13 duasanfing Low-
irradiance (0-350/m?) wagHigh-irradiance (350-1,000W/m?) wansn18@un159 (3.11) uay
(3.12)

w
m2

P, (Solar Irradiance 0 — 350 ) = ?Sy(G) +P, (Solar Irradiance 0 — 350 %) (3.11)

w
2

w
m 2

m

) (3.12)

B, (Solar Irradiance>350 — 1,000-4-) = P, (G) +P, (Solar Irradiance>350 — 1,000

JupeuselUazinisasisiuuinass P, (Solar irradiance 0-350 W/m?uag P, (Solar

a

irradiance 350-1,000W/m?) lnguananlglgui (3.10)
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Pw —
(Solar Irradiance 0-350 W/m?)

Proposed Model —Pp
o (Solar Trradiance 0-350 W/m? ) (Solar Irradiance 0-350 W/m? )
Psy(G)
Pw

(Solar Irradiance >350 -1,000W/m? )

Proposed Model Pp
2 2
(Solar Irradiance >350 -1,000W/m" ) (Solar Irradiance >350 ~1,000W/m? )

Psy(G)

Ul 3.8 wuusasd Pp (Solar iradiance 0 -W/mdua Pp (Solar irradiance >350-1,000W/m?)

Y

mﬂﬁuﬁwmia%ﬁmmﬁ Proposed models (Pp) Solar irradiance 0-1,000 W/m? Fadu
15328 fuvaiP(Solarirradiance0-350W/mAFUP, (Solar irradiance >350-1,000W/m?) Lo
AnsUsulssasdumiuiuguazannsaasiansimsussnumsaiidudunssieidosas
ANuLAse Angld wanseaunT (3.13)

P, =P

=B, (Solar Irradiance 0 — 350 mLZ) 1R (Solar Irradiance >350 — 1,000 mLZ) (3.13)

=

NTULYIINTATNUUUTIN Py(Solar irradiance 0-1,000 W/m?laguanasiagui (3.9)

(Solar radiance 0-350 W/m-)

Proposed Model

(Solarirmdisnce 01,0000 ) (Solar Iradiance 0 -1,000W/m? )
PP |
(Solar Irradiance =350 -1,000W/'m?)

gﬂﬁ 3. 9 WUUT1804 Pp (Solar irradiance 0-1,000 W/m?

3.3.8 @5794UUIa09lATUUSTAMLIBY Proposed models (Pp)
nntuneulunisasiuuudnaswidngUiuulasiasaussamiiisuion1simuing

Uszanansallnsinsivu
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Input Out put
Layer Layerl Layer2 Layer3 Layerd Layer

P,
{Solar Ircadiance 0 -1,000W/m’ )

r -
(S olar Irradiance 350 -1,000W/m”)

gﬂﬁ 3. 10 wuudasslassiieUsezamiiien Proposed models (Pp)

3.4 MAadILuUINaasnuulnd Proposed models (Pp) lngnadaunuszuu™
yunidansuan 12 Mwp weldfidudeyalunisuszuaunisiidanisnanves
Tssludwaauaseniing (5193u)

Tngnrsvaaouwsnazlalusunsuiuuitasdlng Proposed models (Pp) LanAIMULTLLEAS
ofindeeniduanarag A Low-iradiance(0-350/m?) Wag High-irradiance (>350-1,000W/m?)
drunismedaundsfiaoazldlusunsuuuusiasslug Proposed models (Pp) finauida
wa9@19me Solar irradiance( 0-1,000 W/m?)

3.5 WuuudiasslunadaunussuurvwIanIanisuan 2.07 kwp laglddaya
Y L = QJ
gauvas 1U (31831)

3.5.1 @3790UU91a941A599718UT T MTENTZUUTIUIANIAINISHAR 2.07 KWp

Mnsasnuudiasdlassnglszaiisuwuudiasssruulssinigaduaseing
1A8TEULIARLEIIRINULIN 2.07 KWp UTenaumisunilgaauasofingaun 230 Wp 314y
9 Wi 18039 Usenoumeleaduasanfing aynsuiy 9 uua siavuiuiu 1 yn waell Buesnes

1 1A3949 — A0S
Input ayer ayer

Layer ‘ ‘ Out put
‘ Layer 1 Layer 2 Layer

[r]

\
v 3 Module

(series) (Paralle) 1 Inverter

3UN 3.11 lAsadnguszaviiieuuedssuu JUInfEInIsHEan 2.07kWp

3.6 NSNAFBULUUSIaReNIsUsTInanIsHanlWiauanweniAvasuias Ui
fianTWeINAATILANANIAUYBISTULIVUIARAINISHER 2.07 KWp

FUsuisuainisuszsnansildanuuusiassnisussinansaindstiiiainssuu
Tssllihwaduasenindtuandiialaass meldannzeinaiiuandreiu toud fosihlusa(Clear
Sky)uagiiuaann(Cloudy)
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3.7 mswﬂaa‘uLLU‘U«’(]"lamnﬁiﬂizuﬂmnﬂiwamlvMﬂmuqgnﬁiﬂmﬁau%miwwl
YUINAIFINTIINER 2.07 KWp

FSeudisusnisuszananmsiildanwuusiassnsuszananiswdalnieinssuy
Tsslniwaduasorfingtuandisnliasely

093U Fu1Ay, WYEU Larngun1AL)

Y29naru @quigy, nTnAY, #NAY, TUIBY Lag AATAN)

F29ANUNT (WeAANIEY, SUIAY, UNTIAY Uag NUATLS)

3.8 AdBULUUIIaBINIsUSEuunIsHaa AN WS s usunuANIntaasesnad

YDITLUUATUIANIANITNER 2.07 kWp
YN svadeuNaveInIsUssananisranlniienn szuulssluiieadiaseindiisedlu

Y
[

Uszinalnefiuunaiain1suan2.07kWp  s1etilioudisuiuamaslniiindalaess Wuszes
a1 1Y

3.9 Wnuudraatlunndaunussuuaauinniaen1snanliia 12 Mwp Tagld
174 }72 %4 =] %
Yayagauuas 2U (3187u)

3.9.1 a@519uuud1aeslasstigUsEamTigN STUUAVUIAAIGINITNER 12 MWpP

MnsasnuudasslassnsUssamiisnnuvdtassszuulsdlniisaduatonfing 1ag
SZTUULAALAIRIARG T VIR 1 2MWp UTZNoUN 18 LHILsaa LI ngIUIn 245 Wp 91U
49,536 WWe YAL0 @M39 WU 7 015159, A 8 AnTe 1w 2015458 lawlu 1 anse
Usgneusheisaduasending sunsufy 2 uws avaunudu 24 4a uasil Suiesines 12 1des

Layer3 Layer 4
Input 4 4

Layer ‘ ‘ Out put
‘ Layer 1 Layer 2 Layer
11 ' '

vl

10 gtnn;5

2 Module

. 12 Inverter
(series)

(Paralle)

8 String 2 Array

5UM 3.12 Insadnguszanmilenves seuuuuIniaanisuin 12 Mwp

3.10 A1SNAFULUUIIaRIN1SUSTUIUNSHAR WA IAINEN TNEINAYRILAAY
uiifianmeInmATILANAAUYDITTUUIVUNAREINITHER 12 MWp

FUTeuiieua1n1sUssananis i anuuusiasenisusyananisudaliiiiannssuy
Tssliilwaduasorfingtueniisalaass meldaninzeinaiiunndieiu toud fosihlusa(Clear
Sky)uagiiuaann(Cloudy)
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3.11 N1SNAAIULUUTIAINITUSEIINNITHARTHH1AIUgAN15I18L1R UV

FTUUIVUIANTIAINITHER 12 MWp
FSeudisumnisuszananmsildanuuusiasnsussananisdalnieinssuy
Tsslniwaduasoringtuandisnlsasely
093U (Fu1Ay, WwEU Larngun1aL)
Y2999y (Hguiey, nsNHIAY, AWNAY, MUEIBU LazRaIAL)
FROANUN (WeAANIBY, SUIAY, UNTIAY UAY NUAITG)

3.12 VadaUUUIIaaInIsUszanamskaaliiUSsuiisuiuaiinldasesed
Tu Uar.2016 wazlar.201 799952 UUNVUINAIAINITNERN 12MWp

yhmsvagouRavesnTUssnmmenanihonssuulsdifeaduasofindfdsogly
UsewalvefivunaidainisnanioMwp - s1etidieudisutuamasindiindsliase Hussey
a1 2 ¥
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NaAN1INAaN

4.1 wawiudeyavadlsdlninwaduasaniing 12 Mwp
4.1.1 waiudeyavaslsslnfwaduasaniing 12 MWp wWisuifisun1suseanans,
A28uUUINae9 1D3P, 1D4P uag1D5P

14.00

12.00 =§—Actual Data MW

10.00
1D3P Model MW

8.00

6.00

Power (MW)

4.00

2.00

200 400 600 800 1000 |

Solar Irradiance (W/m?) Error % = 28.13

3UN 4.1 nsmuananisuszananisalagluuinaeelD3PIUTUMEURUATIRAS

14.00

12.00 - —+—Actual Data MW
10.00
i === 1D4P Model MW
8.00
6.00

4.00

Power (MW)

2.00 -

0.00 : T : s :
0 200 400 600 800 1000
-2.00 -

Solar Irradiance (W/m?) Error % = 20,01

3UN 4.2 nsmluansAinisuszananisilagiuuinasslDAPIUTUEURUATIRAT
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14.00

12.00 - —— Actual Data MW

10.00 - ~—#— 1D5P Model MW
8.00

6.00 -

Power (MW)

4.00
2.00

B

0 200 400 600 800 1000

0.00

-2.00
Solar Irradiance (W/m?) Error % = 14.48

sUN 4.3 n51wanIA1NsUsEUN1SlAsLU U889l D5PWSsuLguRUA TIN5

Y

91M15199 4.1 WUIIANNISYUTTUTUNNTIVOILUUSIaS 1D5P § ArpruRanaia(Error
%)Ao 14.88 % 6?{@Lf]uﬂ"lﬁaaqmLﬁaLﬁsmﬁ’umamsﬂﬁxmmmsmaqLLUUfS’laaq1D4P uwaz1D3P
Judenuuudians 1D5P wvhasnadey lngazfeailunageuifudewiisvesrianuduas
F9979A U URES 0-350 W/m? 1Ay 419a210LE Lkads >350-1000 w/m? 1 oUsuaInIs
Ussanaunisiilaanuuiugiu

f157197 4.1 AANURANAIAVDILUUIIABINISUSTUIUNISNSHARNS bW veelselndin

NAIULEIDAAE
Models Error %
1D3P 28.13
1D4p 20.01

1D5P 14.88
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A15197 4.2 wansSeuiisunisussunansiaInsuan biinveswuuinaes1D5PAU

AIND39

Solar irradiance Actual Data 1D5P E o
(W/m?) (MW) Model(MW) rrore
100 0.99 0.77 21.88
200 2.14 2.05 4.08
300 3.33 3.25 1.20
400 433 4.60 6.25
500 5.30 5.86 10.67
600 6.25 7.12 13.97
700 7.04 8.37 18.85
800 8.01 9.62 20.11
900 8.85 10.86 22.73
1000 9.64 12.10 25.53

AINNANTVIAABINUI VLT aean1sUsruainsanliliveuraduasefindfiasnetu
INUUUTIa09 1D5P AN3NTOLAAINOANTINUDUTAA KA LA og g nodlaeaziinis
Wasuwasmmadlaihiindnannmdsdansnanteslugndnnn sumnuituuaseiing 7
WA 0 Wim? §91,000 W/m? Iagnuinluszezinan2diineaaeuasiingadauesnsivinig
Uszanamsfunswitldaneinedeignsinfiamiduuesuaseniing350 W/m? fadugadivinlor
WavaRanatalunTUITUIUNT

Hafilianans1ed 4.2 SaAanaiavesuuudiassnisussanansnuitlugasanudy
Was817ne Low-irradiance (0-350W/m?) azia1uszanaunisveauuudnass1D5P Tnalassiu
Adildannn1sTaase wilugasauduuasending High-irradiance (>350 -1,000 W/m2)aziien
299N15UTTUIUAITVDIUUUINADILDEP 1%19910A1TR954 Taenin vin1susuaIUszaIunig
Tug29 Low-iradiance Tififialndifsatua1inass asvilwa1uszunanislugaa High-
iradiance axvsanAIaasaiinty waglumenduiuileusuannisussananisailugag High-
iradiance TitlAlndlAseiuingse ArUseanunslutae Low-iradiance Aagn1aannAinass
i

Jevihmsneassasrsuuiasddasulsrienudunaseindidu 2 919 dasusnlutag
AT ULEI01TiE Low-iradiance (0 - 350W/m?) wd3viin1siuseuiiisuiuafifnass
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1NUY YINN15NAAIY N E09 ADYIIAINULTULAIANY  High-iradiance  (>350-1,000
W/m2)watnus guiisunua1inase s ernanvaseluni1susen NSl Ut 39A210L Y

WEIRTINENLANATY UaRIAIIUN 4.4 uag3uN 4.5

4.00 -

3.50 ‘ —o—Actual Data
3.00 W —#—1D5P Model
2.50
2.00
1.50
1.00 1
0.50 -
0.00
| -0.50
| -1.00 -

Power (MW)

100 150 200

v

(0 - 350W/m2) WIguig uiuainas

1400
12.00 - —+—Actual Data
| —a—1D5P Model
| 3
L €
=
5
o
!
NN200 5
0 e L2 S H- AR A

250

Solar Irradiance (W/m?) ~ Error%=-12.90

—

300 350

SUN 4.4 A5 mLansAINIsUTENISNNEINTS LU AN 7IRE Low-irradiance

350 400 450 500 550 600 650 700 750 800 850 900 950 1000

Solar Irradiance (W/m?)

Error % =16.23

U

(>350-1,000 W/m?) 1Sgumigufiua1inase

SUT 4.5 n9MLEAIAINITUTZUIINTAIEIN T TU9ATLLEAID YIRS High-irradiance

JUN 4.4 waz3UM 4.5 Lananan15UsERIn1TINY A dNLASDTINg 2999 wudtluag
Tugrafinnutunasefing Low-irradiance (0 - 350 W/m?)asdvafiananalad e 12.90%uay

TursnmuusasoingHigh-iradiance (>350-1,000 W/m?) fidaianainiade 16.23% Loy
AMALRANAALRATBIER ATl A I Tud Aot RanaalnalAE et
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4.2 NANANADIAS19ULUUDIIADINDVALBENANISUTZUIUNTTTULAAZY29AULTY

a 4 o @ a
LEIDINAGUUINNIAINITNEAR 12 MWp
Tunisusuvaetiuazyinn1susu Wi order anaunisaziiulainiin1susu order Wiindu
ANENAAI9ELANNINTY hagfIkUstuN1TA U A NALTUAIEUNISN(E. 1-4.4)

order 2 y = axA2 + bex + C (4.1)
order 3 y = asx\3 + bex2 + cox + d (4.2)
order 4 y = asxN + DexA3 + CoxN2 + dex + € (4.3)
order 5 y = asX\5 + bexMNd + CoxA3 + dexA2 + esx + ¢ (4.4)

4.2.1 Wan15USLUIUNISTIIULTI9AMUTUEID19RE Low-irradiance (0- 350 W/m?)
A28 UU1a89 Proposed Model figun1sinalutiivasainainigeg
TFaunisinalurisaiiionn AUFUNUSSEMI A ldAnaalsa1nszuulsaludia

NAINUAD LA ARG T UAIANULTNTIEA9879R8 taalUSeufisu A1ann1sInaseiu Afle
INWUUINADINISUTLIIUAT FIUUTIA9LIUTERNANISUIZNIUNTT A8 aUNTINEA LuLile

a08LAes 2 09 4 uAAIAIgUTN 4.6

| =@-=Actual Data (kW)

=f=1D5P Model 1D5P
Proposed Model Order 2

—=—Proposed Model Order 3

—&—Proposed Model Order 4

Power (MW)

ad Solar Irradiance (W/m?)

UM 4.6 navaeUuT1AR Proposed Model Allunisuszananisusuussrnuinnaialy
2
YNAVUTULEIRTIRE Low-irradiance (0-350W/m )

NaN1TUIZTNIUNITINIALUUTI88Y Proposed Model Tugsarnudunasoring Low-
iradiance (0-350W/m?)  WU31 A1AIIURANAIAINLUUTIa8Y 1D5P dAUseane 12.90%
wazdlevnisussananmsiiiovaenadse Proposed Model gaLAesTl 2 uay 3 NUTIAIAIY
Aawarmadedan 0.47% uay 0.43% audsu Tngasnuiinailliannisuszananis 3
Tndfeatuaase uidlevhnmsusumeanesifusewmesi 4 asnuiuultuvesnsmideauy
senanai e lneflmuiananndiiaduis 8.55% JudonldProposed Model Order 3
TunIsnAdeu fan15199 4.3
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A197997 4.3 AIAINUAANAIATDILUVTIABI11D5P 7 lasun1susuysalngldsUuuulag
Proposed Model Tutisnaduiaseing Low-irradiance (0-350W/m?)

Models Error %
1D5P 12.90
Proposed Model Order 2 0.47
Proposed Model Order 3 0.43
Proposed Model Order 4 8.55

4.2.2 Wan15UTENIUATIIUY9ANNTULESR17nE High-irradiance (>350-1,000
W/m?) @78 Proposed Model #iaunisinaluilisasainasangg

14
«@=Actual Data (kW)
| «~f-1D5P Model 1D5P
{.~Proposed Model Order 2

12

—=—Proposed Model Order 3

5N
o

—&—Proposed Model Order 4

00

Power (MW)

0 ———— - - = -

300 400 500 600 700 800 900 1000

Solar Irradiance (W/m?2)

SUN 4.7 naveuuIaes Proposed Model 114 lun15useananisusuusaIauianain

Tua9mudNLasN9ing High-irradiance (>350-1,000 W/m?)

Tuaa9 High-iradiance fufy avldaumslnaludoaiioususmvernisuszananis
Mnuuudaesiliiviiiuinass laonsususeaunisinaludlvaseines 2 fa 4 uanadagui 4.8
Feman1sUszananisy luraennuduuaseniing Hish-radiance (>350-1,000W/m2)  wuin
AALAANAIAINWUUSIA0Y 1D5P TAUseana 16.23% wazkilovhnisussanansyaena
MMsUTZIUNISEIBKUUS1a03 Proposed Model aa1na$7 2 waz 3 fiAnamuRanainadedinn
0.48% uaz 0.44% mua1su Tngasnuinnadildainnsuszaianis delndidesiuaase us
dlevhnsusureawnedidueanesi 4 agnuiuunltuvesnsmibesuusenainafiingss tne
ApuRanaaiiatuda 29.14 % FadenldProposed Model Order 3 Tuntsmageu fam1sns

0
faa
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A197997 4.4 AIAIUAANAIATDILUVIIBI11D5P 7 lasun1susudsalngldsUuuulag

Proposed Model Tutispasduiaseniing High-iradiance (>350-1,000 W/m?)

Models Error %
1D5P 16.23
Proposed Model Order 2 0.48
Proposed Model Order 3 0.44
Proposed Model Order 4 29.14

4.2.3 HaNAdaUNISUTTUIUNISAIUYIIANUT UREIDITIAg (0-1,000 W/m?) f28

LUUINADY Proposed Model
14

—O—Actual data
12 ©—1D5P Model 0O
—<+—Proposed Model o
’Yy
10 1 -1
,L‘J”‘ : ’A"ag"‘c?u
—~ 8 HDC'" AT
:h: 6 V(ch",“}g—
; [;IJJ'P
(=] \r-fv—
o 44 e
2 69.31“
-2 T ' T ¥ T v T v T T
0 200 400 600 800 1000

Solar Irradiance (W/m?)

3UN 4.8 HavaaLuuTa0 Proposed Model #ldlunsuszanain1susuusarauianain
Tugeanuidaueaso1iing (0-1,000 W/m?)

A19197 4.5 A1ANURANAINVDILUUTIa8911D5P 1 Lasun1susulselaeldsUnuulag
Proposed Model Tugispsnduuaseiag (0-1,000 W/m?)

Models Error %
1D5P Model 14.48
Proposed Model 0.44

\ield Proposed Model Uszanun1slutiennuidaiaseding (0-1,000 W/m?) wanss
JUN 4.8 nansuszananis tnglduuuinass Proposed Model flukuud1aes 1D5P WU
ANURANAINIINLUUTIABY 1D5P dANUseannd 14.48 % Uaziileviinsusuugennnuuiuginie
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Proposed Model ArpuAnnaIatadsLies 0.44 % F3ltProposed Model Tun1snagoudiu
syuumsuanliwaduasoingluussmalneiiounidinisuan2.07 KWp Lilefiagnndau
fussuudndsazmanaentsnaaeulunsuszaunig

o/

4.3 HANAABINAGBULUUINABINITUSSUNNTRUSEUBUNUAININRSS Ane 1A

A1aNATIANIALYBITEUUIVLIAMAINISHER 2.07 kWp
4.3.1 Sufifiwgunn (Cloudy)uadszuumsIuuInfdn1suan 2.07 kWp
donTudmsunisuszananmsinin anUe.a.2017 Turiaaan 6.00 w.- 17.00 U. lnglden
Fufiannaaen TuL1Y N TAgeU WeNAEBUAIILLILEITEILUUSIALATNTIUNAAIY
wANFsIEnINeIMATLANAISTuazdrasa g lunsUsT N SN Teeiiesla

- 2/10/17

1.60
1.40
1.20
1.00 +-
0.80 |
0.60
0.40
0.20 -
0.00

Power (kW)

=@=Actual Data —a— Proposed Model Error % = 0.64

(%

sUN 4.9 Wisusumdelnininanlaasatu Han15UseRInsy kU UIIaesTuniluawin)
Twun 2/10/2017

2

A15197 4.6 ANAINUAANAIAVDINITUSEUIUNISYBILUUTIABY (FUT 1 Luun) TuTun
2/10/2017

Measured Simulate Error (%)
Energy (kW) 4.66 4.69 0.64

NHANTNAaadlusTEEIaNN 6.00 w.B1Ia117.00u 8 TuluTA.A.2017 TneTudidiue
11N WUIAINSUsEINANsTanuUUsaesnisUstananisasiialnalasetua Ml
nARlFA39INIEULT SRAnuRananiies 0.64% annsmazmuladinsinazBuns iy
sedaniildanowmilousuiufionnialusda uivaaeuldiuuudiassnisuszananisafiaay
wiiugh nsmduunldilndfestuamitialsasanssuulssniieaduasoniing

4.3.2 FUNNaINIUSYe (Clear Sky) ¥8952UUTIIUIANIAINTITHAR 2.07 KWp
MnsUszanunIswanlwi15187uaInTsUULLed LaIe N g R 8L UUT1a09 Proposed
Model Tugaa3a1 6.00 u.- 17.00 u. Ineideniunianuduwasonfingainasniy Tuiviosih
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TUssliflg vSe Juniwadey tnenedaunuiu Tu Ue.d. 2017 WionaaaumUwiug1 v
wUUIIaadlunsERdaNUdukaI1in g bl in1siUasuwladns o s gninn1siUa s ukUadwuUy
705U TneaziUseuiisunuamaandn liiinanlaasaannseuulssbiiwaanasefing

25/11/17

2.00
1.80 -
1.60 -
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00 -

Power (kW)

6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

—®—Actual Data —=— Proposed Model
Error % 0.15

JUN 4.10 Wisuioumasliih inanlaasinssuuwaduafingiu nan1sussaiunis
PnuuuTaeiunvioilusy, weles) Tutui 25/11/2017

[

A15197 4.6 ANANURANAIAVBINITUTTUIUNISIVBILUUIIABITUNT BN UT Y, twatae)ly
JuN 25/11/2017

Actual Data | Proposed Model | Error (%)
Energy (KW) 13.08 13.10 0.15

NHANITNAABILUTYELLIAN6.00 U.D98117.001.9897UluTA./.2017 wuIramaalndn
Ananlaainszuulssbiiwaduase1indasin1sasumuANU T ka1 Ang N INGY 979
a ) ' < o a Ay v A & o o oA v °
WigaTu wastiudu Aagun 4.10 nsaunlaasdilugusedandn Ingafilaainwuudnaednis
Uszanaunisazialndiaseduaimasliianndsalaaseanszuulselidiwadwasanfing Fadian
AMURANANLINES 0.15%

Y a

4.4 wanaadIuLUUIIRBInIsUsERIMNIT IS BUTsUAUANT TaldaTe Tudas
nan1a vasszuuIlulsEmalnevuInnanIwan 2.07 kWp
TuvszmAlnedusTununiafouiggmasenidu 3 g9
aadou 713 ey Bududifou funeu wwisuLaznguaIAY
gadu 1 5 ey Budweiieu figuneu nangie, Aanen fugeuuazaaia
gavunn 34 Weu Budiudifon wgadneu, furau unsAuwagnu LS

¥
@

AITUNWITHUIWUINITRTUINAVBILUUTIADIINITLUIYIGANIEAINET?
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4.4.1 msuszanumMsdaegeieuvasszuulsemAlnelivuinmdinsugdn 2.07 kWp

nsuszanunsiaalnih seweuluinggiou anlsdliihiwaduaseniindae

WuUdIaes Proposed Model Tua.f.2017 Turaaan 6.00 u.- 17.00 w.

D.

10.00
8.00
6.00
4.00
2.00
0.00

Power (kW)

Total =280.54 kW

Mar

14.00
12.00 |

|
—

d 3 S \A\9| 11/18 A5.17 19 21 2357 29 31

—@—Actual Data ~—=— Proposed Mode

Error % = 0.68

14.00
12.00
“0.00
8.00
6.00 |
4.00
2.00 |

Power (kW)

0,00 == A/AUALY
1

Total =295.74kW

3, (GO LI RSoma Pl 71 19 247 P3M25%27 29
=—@=—=Actual Data —=—Proposed Mode

Error % =0.45

14.00

12.00

10.00
8.00
6.00
4.00 |
2.00
0.00

Power (kW)

Total =280.93kW

1 3 5

7 9 11 13 15 17 19 21 23 25 27 29 31
—@®—Actual Data —=—Proposed Mode

Error % =0.33

sUN 4.11 Wisuilsumdsliihfindalaasedu nansuszanunismasliiiannwuudiaes
Mula.e.2017 vasszuusvwIn 2.07 kWp

1

(30U
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A15199 4.7 AIANURANAIAVBILUUTIADI 19U (9T8U) VDITLUUIVWIAMAINITNER
2.07 kWp

Months | Measured (kW) | Simulate (kW) | Error (%)
Mar/2017 280.54 282.45 0.68
Apr/2017 295.74 297.07 0.45
May2017 280.93 281.90 0.33
Avg. 285.74 287.14 0.48

namsnasmuitnsmiitluvesnsihduluanuuuaieady sxdinisi uaweans
Wasuwlasdonmsiurauduuneiu dewnainnisiudsuivamesrnudusdneniing e
fuavidenseansuilwemnvieiilunn mmdslwiihinasldasmnssuuwaduasenfindiu
ArnsusEanansiegldanias Samsmaasutivdoyadimdsluiinfiudnainszuuivad
waaefiaduunn 2,07 kWp %aagg¥eu aguiuldinanunsandnlniiiededeifeulszana 285.74
KW LagHaaInn1sussnanIsngluunassnIsuTesaansInaswuUdnass Proposed Model
annsasansmswanlvinedusoou 287.14 kw afildainuuusiassnisudaliihainszuy

WwadwaaendzlanlndlAsanaswuliifedfuiuainasbiilnnndnlaas

TngnavasuunasamsUszananisamasinincdnldanssuugaduatoing  Tuge
Sou dMmAnuinwanfafesafey 0.48 % WAAIRIRNTIN 4.7

4.4.2 M3USTUIUNITYNNANUVDITZUUIVUIANIAINIHER 2.07 KWp
yisUsEuainIsmasnantnilisedeuainszuulse i neadwasefindniewuuinasd

a

Proposed Model lngvngaulurisgauu@nuiey,nsnginu, dmiay, fugieunasnainm) Tugis

q

No A ¢ v & A

il wddunddunn waziuniiwaun Fansiuniu iasuiuasunnuisiunasivieainluse
W9 eY LIBIRINABINISNAADUAINNBLUGIVBILUUTIABINT INTAUTUS A9 ARG TNNS

WagukUaawuulisiviu newSsuisuiuammasliiinndnlaasaainssuuiwadwasanfing
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Jun
14.00

Toatal =278.93 kW

1200 |
10.00 1
800 |
6.00 ‘\

12.00

14.00
10.00 '

Jul Toatal =285.92 kW

~@=—Actual Data —=—Proposed Mode

Error%=0.06

g 2 800
S 400 ‘ S 400
2.00 ‘ 2.00
0.00 0.00
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
—@—Actual Data —=—Proposed Mode —@®—Actual Data —=—Proposed Mode
Error%=0.30 Error%=0.11
Aug Toatal =281.16 kW Sep Toatal =305.94kW
14.00 14.00
12.00 12.00
|
= > = 10.00
$ 10.00 5
< 800 < 800 -y
§ 600 2 600 B
o S [
& 4.00 a  4.00 D .
2.00 2.00 | s
0.00 0.00 = - % —
1 3 5 7.9.11.13 15 17 19 21 23 25 27 29 31 1.3 .5 7 9 11131517 19 21 23 25 27 29

~@—Actual Data —=—Proposed Mode

Error%=0.15

0.000 —— - - - - - -
13 5 7 9 1113 15 17 19 21 23 25 27 29 31

Toatal =283.37kW

~—@—Actual Data ~—=— Proposed Mode

Error%=0.18

UM 4.12 Wiguisundalnfniundnlaas«iv nansuszanumsiasliiianuuudiasy
(@10 wlule.A.201 799955 VUNIT VUIAAIGINITHER 2.07KWp

M13197 4.8 A1AURANAIAVEIUUTIRRST TIelReY TUYnINUYBITEUUNTTIVUIAAIEINTS

Nam 2.07 kWp

Months | Measured(kW) | Simulate(kW) | Error (%)
Jun/2017 27893 279.78 0.30
Jul/2017 285.92 286.24 0.11
Aug/2017 281.16 281.33 0.06
Sep/2017 305.94 306.28 0.15
Oct/2017 283.37 283.90 0.18

Avg. 287.06 287.50 0.16

lugaelu Fallszeziianis 5i6ou F9a1nRan1sMeaeInudi nsndadivuiliuvesnsv
Wulumukufeadu 19 5 wWou 1neasiinnsiuaives  nsvuasuwlad Lie9u131nns
WasULUaIwBIANULTNSIEN9 TR T aanndeunnnuInaAIiae IifnanlaasaaInsEuu




43

waduasefindannsonanlalii lAsdeifeuseann 287 37kWiazHaInnsUsEanMNsie
wuusans Proposed Model anansadnassmsuanluifinadoseiiiou 287.50 kW Fauansin
wuuiaesasnsafazyszanaAInsUsEInunsldegusiugy lihasdutisgiiviesiiiluss
W39Y0 Y Tiunann

Tngnavasuuudasinsussanansamdslinisasldanssuuwaduaseniing lugg
A SiAneuiananadesoliion 0.16 % uansiansei 4.8

4.4.3 N1TUTTIIUNTVNOANUIIVIITZUVIVUIAMAINTIIHER 2.07 kWp

nsUszanansaalii s1ebieu 919991nun fekuudIae Proposed Model Tudl
A.7A.2017 Tuan 6.00 W~ 17.00 wwsssyuunswanliiwedsslviwaduasenfindluszina
Inefiflvunmasnisuan 2.07 kWp

Nov Total = 268.00kW

14.00
12.00 |
10.00
8.00
6.00 -
400 F—— , — - -
200 +— - - - —— - — _— = - - —- —_
000 — —— ——- e - - - -
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Power (KW)

—@®—Actual Data = —=—Proposed Mode
Error% = 0.15

Dec Total = 285.97kW

Power (KW)

0.00 . —— L& s A —h— 4 J —_ — —_—
1 4B 55074 SNLWM3 WTE/A 10821 723 25 232y 31,

—@®=—Actual Data —=— Proposed Mode
Error% = 0.33

UM 4.13 Wiguiflsuidlnifindalaase dAunanisussananisidlnianuuudiass
(aevrur)luda.A.201798338UUNTY WM 2.07 KWp

A15199 4.9 A1AUAANAINVBIUUUTIABIY TIUHBU(RANUIIVBITLUUNITIVUIAMAINIT
Nam 2.07 KWp

Months Measured(kW) | Simulate(kW) | Error (%)
Nov/2017 258.00 258.39 0.15
Dec/2017 285.97 286.90 0.33

Ave. 271.985 272.645 0.24
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PnransneasInuIAddlniniindaldaainssuuwaduaieriingfuainisusyane
M591nuUUsIaes Proposed Model fluwaltuveansihdulumununiontu Sasiinsiuas
vosnsmideyaniofinsidsunlamiensdumuiiesannnsidsuulamesnnuituisdnng
017ing efluatmienaeneiuiliueann Aidsiifnanldasnssuuwaduasenind iy
ArnsUszaunsagldanias dansmaasuidudeyarmasluininanainszvuivad
LaIeindYuIn 2.07 KWp 92999vu1 nudtaunsandalifiad odeidoudszaia
271.985kW WazNaaInnN1TUseanunIsmeluUTaninIsuzaun1sIssuuUdnasiProposed
Model @nansasrassnisndnlniinadeseoiion 272,645 kW Tnenudn naaNwuUUsIaeInIs
Uszanainsuanliiannssuuieaduatenfindiinlndidswazuusldudefusuaidslndii
nAnlaassnszuulsdliiingaduasefindfidudrinass

TngnanisdaesAidsluifindalsnnszuumaduaenfingiasggmun wuinde
AAALAADUIRRLRELFU 0.20 % WAAIRINIT9T 4.8

4.5 HANAABILUUTIABIN1TUSTINAINIT IS aUTiBuR AT Taldase 318T 209
FTUUNTIVUIANIAINTITHER 2.07 KWp
nnsuszutanisnasnantiin 180 aanlselnd ead uaseind areuuudnass
Proposed Model Tula.f.2017
4.5.1 vinrsuszanamsanmasindndusied Tula.a.2017 vesszuunisaludssine
Inefaurninasnise@n 2.07 kWp
300.00

250.00
150.00
100.00
50.
0.00
b M Oct Nov  Dec

Jan Fel

350.00

N
8
o
o

Power (MW)

8

o

ar Apr May Jun Jul Aug Sep

W Actual Data ®Proposed Model Error % = 0.33

JUN 4.14 Wipuiisumasinihindnldaseiunanisussanunismasinianiuudiass (5169)
Tl A.A.2017 90955 UUY IUINASINTWER 2.07 KWp

<@ ¥ o a 13 a 3
Hansnegeulunsiiuteyanismasnsaaaliihainssuulsalriieaduasonfinduunn
2.07 kWp aaenszeziial 12 iheunuitaiuisadinnmasnisuanlidiadeseiiion Ussunu
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280.03kW LaglhuuInanImInn1sadnacbii1annszuuieaa uadso1ingaae Wuudnand
Proposed Model anansasnasiniswanliiiiadesedou 280.94kwW Tnenuimanisuszana
M3EELUUSIa3 Proposed Model fuwnldnfeafutumidslnihfindnldasminssuuivad
wase1fing
dlavhniswseuifisunanisuszsananisidmdalninainssuuead wasonfingain
WuUs1aes Proposed Model nuifiauRanainwdssewiou 0.33% fuandlunsei 4.10

a ' a ° = | a
M191991 4.10 AIANUAANAIAVBILUUTIAI Seiou Turiggluvesszuunswanlniives
Tssliaduas orfindludszmalveiiauiamainisudn 2.07 kWp

Month Actual Proposed Error %
Data(kw) Model(kw)

Jan/2017 252.93 254.37 0.57
Feb/2017 270.89 272.72 0.68
Mar/2017 280.54 282.45 0.68
Apr/2017 295.74 297.07 0.45
May/2017 280.93 281.90 0.35
Jun/2017 278.93 279.78 0.30
Jul/2017 285.92 286.24 0.11
Aug/2017 281.16 281.33 0.06
Sep/2017 305.94 306.28 0.11
Oct/2017 283.37 283.90 0.18
Nov/2017 258.00 258.39 0.15
Dec/2017 285.97 286.90 0.33

Avg 280.03 280.94 0.33

4.6 NANNABINAADULUUINADINITUIZUIUNITY WS ULNEUNUAINHNAN LA
MYlAEN1IZaINIANUANAINALYDITTUUNITIVUIANIAINISHER 12 MWD

4.6.1 Sufiviesinluse (Clear Sky) Ya452UUI VUIAMMEINIKER 12 MWp

FnsUsEInaNsIdasLuUsIaes Proposed Model Taeideniuiifiannuduuas o1iing
gemaondy Juiviesilusslifiue viie Yuiitiuenios Tnevaaouiuiu Tu Jam. 2016 way Ju
Tuda.a 2017 lur99981 6.00 W- 17.00 4. iienagauauuiugewuusaedy nsdl
fiferudunas orfindldinsdsundamdefiisenin1sua sundasuusiviu Tneas
Wisuiieufumidmanlnihiindnldaswinssuulssiiiiwaduaeoniing



46

06/04/16
12.00
10.00
8.00 -

6.00

POWER MW

4.00
2.00

0.00
6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

=@—Actual Data —a—Proposed Model Error %=0.36

[

UM 4.15 Wiguisumasluiiindnlaaseiu mansuszananisnuuudnass (Junviesi
U5, waloe)lwiugo6/04/2016 syUUNTIVUINNIEINITHAR 12 MWp

(% v

A15799 4.11 A1AURANAIAVRINISUSTUIUNITVBIMUUINaRITuNTaeln U, wados)lud
A.7.2016 YDITZUUNITIVUIAASINITHER 12 MWp

Actual Data | Proposed Model | Error (%)
Energy(MW) 75.02 75.29 0.36

INNANTNAABIIUTLEELIA16.00 W.H9a117.00u. w89 TuluTA.A.2016 WuAfaalnia
Ananlaannszuulsalninwaduaee fingazinisiuasun1uanu Ul LaIe Ang Nt 9gn 199
a o ' < o a v v A & o ° oAy v °
Wieelu wagtindu fAagun 4.17 ilaasiiidugusedeain legdildainuuudnasnis
Useanaunisaziianlnamesduainiasliinfneanlaass a1nszuulsebuileasawasofing dan
ANNNANAIR 0.36%

20/4/17

12.00 ©N a4
10.00 ‘
8.00 +
6.00
4.00
2.00

POWER (MW)

0.00

6:00 700 800 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

=@-Actual Data —s—Proposed Model Error%=0.33

JUN 4.16 Wisuiisumaslihindnlaess du nan1sussananismasiuihanuuuinaes
(Fuivieeiluss, wates) Twiun 20/4/201790952UUMUUINNAINITHER 12 MWp
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o oy

A157199 4.12 AAIURANAIAVDINITUSEUIUNTVILUUINaBITUNTaeln U, wados)lud
A.71.201798455UUNTIVUAMAINITHER 12 MWp

Measured | Simulate Error (%)
Energy (MW) 75.70 75.94 0.33

nuansnnaeddudiiz fe a.A.2017 Tnsnaaosluszeziia16.00 w.i2a117.00u. WU
Ardslniiiindnldainszuulssniiieaduaenfinddinadasu auanuduuaeiing 91n
P20t Frafleetu uavdiadu fgud 4.16 nsmiildidugusedaadn wileudunsmvesd2ote
Tnaadilaannuuudiasinisuszananisesdalndidessuamdslniindalaase 2nszuy
15alsiiaduasending darauRanain 0.33%

4.6.2 Jufiiuaunn (Cloudy) VaIsEULATUIARIEINISNER 12 MWp

AonSudmiunisuszanansiiin anee.2016 waslia.a.2017 TaadenTudidiuaunn
AAATULIYININAAEU L EVIAAEUAINL LU LEIVEILUUTIABINALNTIUNARIIULANAI VD
anmoImATiuanesiuszdstaren g lunsUssInansinn e iioda

6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

=@-=Actual Data —a— Proposed Model Error =0.79%

Uﬁ 4.17 W3sugumaaiininanlaasanu nanisussaiunismasbiinainkuusnass
(Fuiifinmsnn)lutufio1/08/16vasszun muaf &M anan 12 MWp

(9

A15797 4.13 A1ANURANAINVBINISUTTRIUAISVB LU UT 9T uNTweunn)lula.A.20 1604
FTUUTIIUAMAINITHER 12 MWp

Measured | Simulate Error (%)
Energy (MWh) |  51.13 51.53 0.79

NHANITNAABIUSEELLIA19N 6.00 U.D13Ia117.00U.v895uluTA.A.2016 TaeTundlius
1170 NUINAINISUSEUIUNIST R NBUUINEBINISUTEUIUNNTIERA L NALAEIAUAN A WA
nanleassanszuulsaliiwaanasafing darpnuRanaiafies 0.79 % winduannnsinay
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Wilginfinswasuudasdensiumuresidinsuanlnidnvazvesnsmazduns iy
szdandil ldansmieuduiuiienniallssla wanaaeulddiwuusiassnisuszuiunisa
maalnifidiaueanuse Ussananisidegiudugr nsmiluululndifesiuaitalaas
nseuulssniwaauasoniing

02/9/17

POWER MW

0.00

6:00 7:00 8:00 9:00 10:00 -~ 11:00 12:00 13:00 14:00 15:00 16:00 17:00

—@—Actual Data —s— Proposed Model Error%=0.75

4.18 \WSyuiigumaaliiindnlaaseiu wanisussuiunisiasbninainuuudiass
(Tundimannn) Twiun02/9/2017 szuUmUUIAAIAINITHES 12 MWp

sUM

v

(%

A15197 4.14 A1AIURANAINYINITUTEUIUNTVBIL UL e oI(TunTiwain)lule.@.201 79849
FYUUNITITUIANGINITHER 12 MWp

Measured | Simulate Error (%)
Energy (MW) 51.03 51.41 0.75

Wuieatunantsvinaedluliiz fe A.a2017 Tnenaaedduszesinas.00 wieiail7.00u.
ArfildarnuuusianinsUssananisaiasianlnginsstuatmaslifinanlaass anssuy
Isaladuaseniing arauEanain 0.75% annsnlutaeuigoraasinunniuannnyiili
asmtdnEalnivesdsalviind e uuase fingda1nnasain 8 MW asnds 2 MW Saendile
nLUUTIaeINsUsEINNsMdwmanlif gadwaserfingaunsaUszunanislagnsies
walugn

4.7 NANAABILUUIIAINISUTLUIUNISA LUSSUMEUNUAINRAALARSSY U729

HANIAVIITTUUNITIVUIANIGINITHER 12 MWp TulA.A.2016
IuﬂizLWﬁiﬂﬂé’T’qLwﬂmmmaﬁamLLﬂqqg}maaamﬁu 399
apdou i1 3 Weu Budwdifiou funeu wwisunarnguniay
aadu 1 5 ey Budwdiiou fiquieu,nangieu denau fuensuuazaaia
gaviu1d 1 4 Loy SuRausifou WEAINILU,FUINANUNTIAULAZNUNTRUS

1%
[y

AT HTWUINITRTUINAVBILUUTIADIINITLUIY G ANIAAINET?
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4.7.1 A13USENIINITYINGQ DU VBITTUUIVUIANIAINISHER 12 MWp TuT ..
2016

nsUszanamseanlii sedesutisgaseunvedlsdliiigaduasenindluuseme
Ineflauinmainsuds 12 MWpaigikuudiass Proposed Model Tutla.a.2016

Mar Total = 1964.34MW

123456 7 8 910111213141516171819202122232425262728293031

=@®—Actual Data —=— Proposed Model Error%=0.30

Apr Total = 1929.39MW

80.00 - e — s — = - - — —-

70.00
60.00 |

50.00

4000 — — —— —- - ——— - - —

Power (MW)

3000 —— — - - - - - - - —
2000) 28 4y A2 LA LA LN foocopaopl R

|
10.00

0.00

123456 7 8 9101112131415161718192021222324252627282930

=@ Actual Data —as— Proposed Model
Error%=0.03

May Total = 1913.69MW

10.00 |

0.00 - - -
1234567 8 910111213141516171819202122232425262728293031

—@®—Actual Data —a— Proposed Model Error%=0.30

U 4.19 WSsusumdalnidfudnlaasestu nani1suszununisiasbililnannwuuiiass

3
(Y959 Feululn.A.2016983T8UUIVUINMAINITHER 12 MWp
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M15197 4.15 ANATURANAIATDIUUUTIRNDI TI8L0U TUAI90ToUVBITLUUNTIVUIANIER
MsuaR 12 MWplula.a.2016

Months Measured(MW) | Simulate(MW) | Error (%)
Mar/2016 1964.34 1970.33 0.30
Apr/2016 1929.39 1929.89 0.03
May/2016 1913.69 1919.40 0.30

Avg. 1935.81 1939.87 0.21

luggfeunnuanimaaesnuin nsmiuwlduvesnsvhiulumunuaientu agfinsiu
amesnsvldsundamdensiuinuduunsiu Fsmsveaeuiiudoyariidsliinindnan
FLUUWAAKAIENIRGTUIN 12 MWp 993ga5eu szeziian 3 e aziiuldinaunsondaluin
lABselfauUTEINY 1935.81 MWh LAZNATINANFUSEINAINSAIBLUT 0115 UTE &S
nanlvinanszuuadLaseingAIBuUUINaes Proposed Model @unsadnaesniswan i
\AusaLiiaw 1939.87 MWh Anilsanuanisszaiun1sidiniswanliianszuuisad
waerfindagsiamlndifsauazwnlinfetuiudid sl inanlsoss

lngnavasuudaeensuszanumsamasinihinanliainssuuwaduateniing lugg
JaurrafeulrIANURANG 1A lAgRaLeu 0.21 % WARIAINITINN 4.15

4.7.2 N15UTLAIUNTTVUOANUVBITEVUNITIVUIAMEINITHEN 12 MWpluTa.a.
2016

MmsUssannsiawdalnihsefeunnszuulsaliiieaduaterindreuuuinae
Proposed Model Ingmageulugisgaau@auisy,nsng1nu,dawney,fugiguiaznainy) lugis
Qi seiiuiitiunn uasYuifiusann Ssdinsiusnu iwWasuulasnnuisiufagiiviosiiluss
wanfen vilindsnuiiinldlundayiufidiesninaiidalalugg feunaglugguuiinanis
naaeuansléfaguil 4.20
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80.00

40.00

Power (MW)

30.00
20.00
10.00

0.00

Jun

Total = 1847.55MW

70.00
60.00
50.00

12345678 9101112131415161718192021222324252627282930

—&—Actual Data —=— Proposed Model Error%=0.31

8000 |
70.00 I
60.00

= 50.00

E 40.00

g 30.00
20.00
10.00
0.00

1234567 8910111213141516171819202122232425262728293031

~@—Actual Data

Jul Total = 1653.02MW

—a—Proposed Model

Error%=0.16

80.00

Aug

Total = 1756.35MW

70.00
60.00
50.00 — A
40.00

Sep

Total =1610.55 MW

1234567 8 910111213141516171819202122232425262728293031
=&—Actual Data —a— Proposed Model

Error%=0.39

u
1

(@aauululn.A 201698958 UUIVUINNAINITHER 12 MWp

= = 5000
H =
= T 4000 |
H H
£ 30.00 et —— & 30.00 ‘

20.00 20.00

10.00 —_ — 10.00

0.00 0.00

12345678 910111213141516171819202122232425262728293031 1234567 8 9101112131415161718192021222324252627282930
—&—Actual Data —a— proposed Model —&—Actual Data —a— proposed Model
Error%= Error%=0.24
rror%=0.32
Oct =
Total = 1637.756MW

80.00

70.00

60.00
= 50.00
< 40.00
H
5 3000

20.00

10.00 — — —

0.00 _— -———

sUf 4.20 LUSyuiaunidalni1indnlaasaiu nan1suseuInIsiIadnHI9InkUUTIaD9

M13197 4.16 AanuiianaInveuuTIaes Madeu Tutsgnurnamdnissan 12 MWp

Tulm./.2016

Months Measured(MW) | Simulate(MW) | Error (%)
Jun/2016 1847.55 1853.26 0.31
Jul/2016 1653.02 1655.61 0.16
Aug/2016 1756.35 1761.88 0.32
Sep/2016 1610.55 1614.39 0.24
Oct/2016 1637.75 1644.15 0.39

Avg. 1701.04 1705.86 0.28

gaufouluggru nan1snaaenud nsmdnsdivuliivesnsmilulunuuuiifesiy
3 5 weu wuinAmmadiinindalaaseainssuuwaduatofindaunsandalniedudaiou

Uszana 1701.04 MW LagnaaInn1susenanisniguuudiassnsussanumamanlviiain
STUUwARLEND1IngAIELUUIaaIProposed Model @unsadnassnsuanlnindedetiou
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1705.86 MW #auansinuuuiiassansnsaiazUszanaainsussananismasadnlifiives
Tsalwihndanuuasoriindlesgnausiugn lidaziduramgiviesinluse vierrageuu e
1N Telumn

IngnaveauuuiaesnsUszanamsamdslniningnldanssuuwaduaseniinglugguu
Pafeu fAmuianain ladsdeiieu 0.28 % uansiamssi 4.16

4.7.3 AM5USEUIUNITYNAVNUIIVBISZUUNTIRVUIAMAINTITHER 12 MWpluTa.a.
2016

nsUszRIunIsnsanlii s1ewiiau Yasgerunnlssiiwaduasenfindeae
WuUIIaBs Proposed Model Tutn.a.2016U835zvunsHaalH el sslniwaduasoniingly
Useialneflauamasnsuds 12 MWp

Nov /16

Total = 1631.12MW Dec /16 [ 1qia) = 1551.14MW

80.00

70.00
60.00 60.00

= 5000 50.00

£

5 4000 40.00

30.00

Power (MW)

20.00
10.00

0.00

12345678 9101112131415161718192021222324252627282930 1234567 8910111213141516171819202122232425262728293031

—&—Actual Data —a— proposed Model —®—Actual Data —e— Proposed Model

Error%=0.36 Error%=0.03

Jan/17 | 1ot = 1621.46MW Feb /17 | 1101 = 1648.63MW

80.00 - -_— — 80.00 - - o o |

70.00 70.00

60.00

E 50.00

< 40.00

60.00

g 3000 |

= 40.00
5

& 3000 s 30.00

20.00 20.00

10.00 10.00

0.00 0.00
1.3 5 799ya11la3fisf17 19727 ¢23025 27029 31 1 B G5 AL

9 11 13 15 a7 19 21 23 25 27

—&—Actual Data —e— Proposed Mode! - \gSip! Data FRRo==d P4

Error%=0.59

Error%=0.87

sUN 4.21 Wiguiiiumdsliiniandalaasedu uanisussanansigluiainuuudiass

(¥9nvunaflula.A.201 790452UUIIAMAININER 12 MWp

M15197 4.17 A1ATIURANAIAVDUVUTIRD9T S 8LA U Turaggruvesssuunsuaalil
vodlssliwaduaserfindlulssmalnefvuiniianiswdn 12 MWplule.a.2016

Months Measured(MW) | Simulate(MW) | Error (%)

Nov/2016 1631.12 1636.95 0.36
Dec/2016 1551.14 1551.64 0.03
Jan/2017 1621.46 1622.60 0.59
Feb/2017 1648.63 1662.91 0.87

Avg. 1613.09 1618.53 0.46
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nansnaaeaiudeyarimdaluinfindnainssuuivaduasoriindvuin 12 MWp &
wwaltimeensdulumusuaniiondty Jamuiiwhihlunegeusvauaiidenisudaliiives
Tsdlwihndenuuasenfingilnaiu wuusraes Proposed Modelfagiinisuszunainisiiusiug
Faszozinan 3 1oy TuA399 MU1IVBITEUUNTIVUIAAIFIN1IHER 12 MWp Tuln.r.2016
WuI@LsananbiH1eE ue L ouUsEIA 1613.09MW BATNAIINNITUIZUIMNITAIEY
LUUTIaeINIsUsTINAINSIIELUUSaeIProposed Model anunsasnasinisnanlnilniadess
Wou 1618.53 MW Tagnud maannkuudiassn1suszananisadalnalAssuasuullouiennu
Fuarmaslnihfindalsasanssuulssiniwaduasoriingidunnas

Tngnamssiassaridsliinindsldannssuuwadiaeniindsangmunn veassuunis
naalviveslseluiwasuaseringlulszwalvedauiniiainiswdn 12 MWp Tule.f.2016
wulemuaaInAden wassaRau 0.46 % LARRINITIT 4.17

oo 1

4.8 NaNAARILUUIIARINITUSEINAM WisusuiuAIalaase Yaegan1aves
STUUIILINNIANISHAR 12 MWp TuTla.f.2017
4.8.1 M3UsAI0UN1TN TBUVBITTUUIVUIAAIGNIIHER 12 MWplua.A.2017
MnsUszananIsnIsEaalin S1eweuYgoudiviay WwisukarnguaIAN) 210
vodlssluingaduasoindglulssinalnedauinniadsnisuds 12 MWpA1gLuu1aos
Proposed Model Tuila.@.2017

Mar Total = 1884.65MW Apr Total = 1789.51MW

90,00 === o a 80.00

80.00 70.00

70.00 60.00

— 60.00 =
= s0.00
€ 40.00 |

S
e 30.00

50.00
= 40.00
@

wer (MW|

£ 30.00

P

20.00

20.00
10.00

10.00
0.00

0.00 . B B N7h N1 o 3 £ 55— 9 11 13 19 179401 23 25 27 29
i1 @ 3 o 9 11 13 §5 17JARELBI N 27480 31

=@ Actual Data —=&— Proposed Model
—®—Actual Data ~ —=— Proposed Model  Error%=0.69 Error%=0.25

May Total = 1618.86MW

Power (MW)

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

—@—Actual Data —=—Proposed Model
Error%=0.35

sUN 4.22 Wisuisumaslniiadalaaseiunanisuseuiunisiasliiianuuudiaes
(¥90gvufluTA.A.201 799952 UUINAFINTHER 12 MWp
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A15197 4.18 AnAuAANAIATEILUUTIEee ek TurnggSeuvessruunsndnlniives
Isdlnihimaduaserindlulszmalnedouinfiiainiswdn 12 MwWpluda.a.2017

Months | Measured(MW) | Simulate(MW) | Error (%)
Mar/2017 1884.65 1897.68 0.69
Apr/2017 1789.51 1793.94 0.25
May/2017 1618.86 1624.54 0.35

Avg. 1764.34 1772.05 0.43

Tnwanisnaassunlfuveinsmiduluauuunior fusziinistuaswasnsiiduuiatu
dofwatwdonaontsiufliumnn vielunn Ssnsveaeuifiuteyarfdsinihidnain
FLUUGASKAIENIRGTUIN 12 MWp 993ga5eu szeziian 3 weu asmuldinanusondalih
wagneliaudsyana 1764.38 MW 4aznaaInn1sUseinanIseionuusasansssananis
mMawanliin9nsruvwaalase1indfsuuudIand Propod Model @1315091894015WAR
Inlihiededeiey 1772.05 MW asiulsinlugisggseutsiimmamanangaiigaiiosaniiiu
fiviesilusswazdaninsanantndilaun Sawadilanuanisuszanaunisidenisuanli
MNsTULAs KA ingInwuUsIassasdafilnaipsaiaziwaldui s uiuaiigslning
ARIIGRER

Taoravesuuudiasinisuszanaumsmidsinihindnldanszuuisaduasending lugg
ou fimufinnana WwaLRLeY 0.43% LaAIIn1519Tl 4.18

4.8.2 N13Us2UNI5UINQANUVBITTUUIVUIANIAINITNER 12 MWpluTa.A.2017

mnsusenansaaan i seweuainszuulssbiiwaauasenfindmeiuudnany
Proposed Model lngnagoulugasgaau@guieu,ninginy, danau,ueieuiaznaia) T
Qo asdfuiiiluan uagTuiitiuemin
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3
(

Jun Total = 1738.27MW Jul ' Total = 1651.97MW
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60.00 — 60.00 ‘
= 5000 | g 50.00 I
5 40.00 | ‘ﬂ:; 40.00 I
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1 3 S 7 4 9 11 13 15 17 19 21 23 25 27 29
—@—Actual Data —a=— Proposed Model ActualiData Proposed Model o
Error%=0.37 Ermor%=0.37
Aug Total = 1704.12MW Sep Total = 1667.53MW
80.00 80.00
70.00 70.00
= 60.00 = 60.00
E 50.00 — — § 50.00 |
T 40.00 — T 40.00
@ @
2 30.00 = = 2 3000 = ———
o
S 20.00 — = & 20.00
10.00 o & A W 10.00
0.00 - — - S AL W WA TR A 0.00 ‘-
1 3 5 7 9 11 1315 17 19 21 23 25 27 29 31 1 3.5 7 9 11 13 15 17 19 21 23 25 27 29
—@—Actual Data —=— Proposed Model —@—Actual Data —a— Proposed Model
Error%=0.39 Error%=0.87
Oct Total = 1659.87MW
80.00 = M AT QL
70.00 —
<6000 |
S 50.00
= 40.00
o
23000 [\ f— - @ —————
& 2000 1 _——mm——m W o8 Oy Vi
10.00
0.00 - -
1. 8B #5017 }9(11 43113 7 19, 2 23 2552732803
=@®—Actual Data —=— Proposed Model
Error%=0.71
' |
= a =l i [ =) a Y a LY o [ o
U9 4.23 Wisuiiisumadliiinudnlaadenu san1suszununisaissiniianuuuiiass

fagarwlule..201 798358 UUIVAMAINTHER 12 MWp

A15°97 4.19 AruRanaIATeILUUTIae T1elieu lurisgaruvessyuuniswdnlniives
Tssliaduaseninglulsemalvedivuipnidanisudn 12 MWplule.A.2017

Months | Measured(MW) | Simulate(MW) | Error (%)
Jun/2017 1738.27 1744.72 0.37
Jul/2017 1651.97 1658.10 0.37
Aug/2017 1704.12 1710.76 0.39
Sep/2017 1667.53 1683.34 0.87
Oct/2017 1659.87 1671.62 0.71

Avs. 1684.35 1693.71 0.54

nsldamaiinulduveanidulusmununAeIiu 919 5 weau nuldnenadninuasle
39NTTUUwRALAIDNInga1usandn b eds R auUT TN 1684.35 MW WagRaanAg
UIEUIUNITABBLUUINADINSUTEUNUANSINAA LNA 191N TLUULAA AR AR A8 WU UT1aD4
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Proposed Model a1315a51a09n1swanliinadesewion 1693.71 MW Suwansitwuusiaes
anunsofiagdszanaainsussananismdmdaliiiveddsdiiimdnusatefingldagng
wiud liiasdurisggiviesinluss viievsnguu fwesnn fHiusn

Tngravesuuudassnsuszanansamdslniniadslsonssuiwaduasending lugg
Hugaadteuiirnanufinnain wasseiiou 0.54% wanaan1sieil 4.19

4.8.3 ¥299VU1IVBITEUUIHVUIAMAIANITNER 12 MWplula.A.2017

n1sUsEaIUNIsNIsHAALITN S1eideu ¥39991nuNd FEwuuTIass Proposed Model
Tude.e.201 799358 vUnsHan i weslsslniligaduaseiinglulssmalnedauinmiasng
Na® 12 MWp

Nov Total =1575.24 MW

0.00 -
1 35 7 9 11 13 15 17 19 21 23 25 27 29

—@— Actual Data —=— Proposed Model
Error%=0.15

Dec Total =1692.82 MW

8000 — ——
70.00
— 60.00
£ 50.00
T 40.00
Z 30.00
& 20.00 - — —
10.00 - - = — —
000 S—t e
1 3.5 7 9 11 13 15 17 19 21 23 25 27 29 31

—@-—Actual Data —=—Proposed Model
R Error%=0.74

sUN 4.24 Wiguilsumadwihandalaesedu nanisuszanmnisigalnitanuuudiaes
(¥29991u1lulA.#.201 7U8358UUIVUIAIRINTHES 12 MWp

a ' a o 2 ' a
A15199 4.20 AIAMUAANAINYBILUUTIRNDI T1ekiou TuyInaruIIeessuUnIsHan LN
vodlssliwaduaserfinglulszmealnefvuiniainisndn 12 MWplule.a.2017

Months | Measured(MW) | Simulate(MW) | Error (%)

Nov/2017 1575.24 1577.65 0.15

Dec/2017 1692.82 1705.30 0.74
Avg. 1634.03 1641.48 0.45

Turggrunle.a.2017 aududisieaihlusssideRanainveanisussnamsiesfian
Wies 0.11 % lnvannsandnliiadesiaiioudsyann 1634.03MW LagnaanNITUsERInnIg
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ABLUUTIA9IN15UTENIUNI TR UUTIaProposed Model @1u1sad1aeen1snanluin
\Aesiaiien 1641.48MWh Tnewudn naannuuusiaein1sussanainskasluiin aanseuuiad
wasonfindfialndiAssazuuiliudeatusuaidslnifingalaas winssuulsdninead
watefing L duaninass
Taguamssiassaridsliinindaldanssuueadiaeinddaengmuunn veaszuunis
naalviveslseliwaduaseniinglulszwmalnediauiniainiswds 12 Mwp Tule.f.2017

PUINTAIANUAAIALARDU LRAUFBLADU 0.05% WAAIAIAISI9N 4.19

4.9 WNANAABILUUINADINITUSTUIUNITNUSaULaUNUAINIALARTY S18LR U

YBITTUUMTIVUIANTIFINITNER 12 MWp
nsuszanunsnsuan i sneLeeu faeuuudnass Proposed Model Tuln.a.2016

waza.@.201 79035z uuUn1sNan i veslselidwaduaseningludsemalneivunninganig
NER 12 MWp

4.9.1 vin1suszananisafasini i dusiefoun Feazuszanainisassaslneniu
Tula.A.2016 waz Ua.A.2017 VOITZUUAUIANIAINITHEN 12 MWp

2500.00
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1500.00
1000.00
500.00
0.00
Feb M. Oct Nov Dec

ar Apr May Jun Jul Aug Sep

Power (MW)

Jan

u Actual Data m Proposed Model Error%=0.30

sUf 4.25 wUSguiisuniaaldiiindnlaaseiu nanisussuiainismastniiannuuudnass

v

(5esmeu)lula.M.20 1 6VBTTUUIVUINAISINITHARN 12 MWp

NAN1TMAABILUUT1ABY Proposed Model titeifudoyamdsnisuanlwiinanszuuivad
waefindung 12 MWp Wuszezian 12 Weunuiddalihdiannsendalviedese o
Uszanad 1742.86MW tazliuudnassnisuszanunismasiniiainssvuaduasoingaag
Proposed Model anunsasiassniswdslviinadedediou 1748.06MW Tnenuiinanissiass
Proposed Model a1u15aUszanainisuanbniinanszuurdmdnlniinfindnldaswinszuy
waduaseniing liegnauduslnefidefananfisuaiedaifiou 0.30 % fanseil 4.21



A15197 4.21 As1aUSeuiisunasdninindnlaaseiu nan1suseuanisiasbniienn

wuuUd1aed (Tetnowlule.A.2016 V9IITUUNVUIAMRINITHEN 12 MWp

Month Actual Data(MW) Proposed Model(MW) | Error %
Jan/2016 1735.03 1745.32 0.59
Feb/2016 1684.42 1693.87 0.56
Mar/2016 1964.34 1970.33 0.30
Apr/2016 1929.39 1929.89 0.03
May/2016 1913.69 1919.40 0.30
Jun/2016 1847.55 1853.26 0.31
Jul/2016 1653.02 1655.61 0.16
Aug/2016 1756.35 1761.88 0.32
Sep/2016 1610.55 1614.39 0.24
Oct/2016 1637.75 1644.15 0.39
Nov/2016 1631.12 1636.95 0.36
Dec/2016 155%.14 : 1551.64 ” 0.03

[ e B Faesd T |\ L )238eel 3 |0

Power (MW)
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W Actual Data
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W Proposed Mode!l
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Error%=0.53

58

sUR 4.26 WSgusumadlilininanlaasaiu nan1suseuiain1sniaaliilnannwuuianass

v

($enow)luda.A.201790955UUMVUINMAINITHER 12 MWp
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A15199 4.22 asraUSeuisumasninfndalaaseiu nan1suseunanisnaaluinein
WUUTaee (1eowlule.A.2017 U945EUUITUINAIRINITHER 12 MWp

Month Actual Data(MW) | Proposed Model(MW) Error %
Jan/2017 1614.01 1623.60 0.59
Feb/2017 1648.63 1662.91 0.87
Mar/2017 1884.65 1897.68 0.69
Apr/2017 1789.51 1793.94 0.25
May/2017 1618.86 1624.54 0.35
Jun/2017 1738.27 1744.72 0.37
Jul/2017 1651.97 1658.10 0.37
Aug/2017 1704.12 1710.76 0.39
Sep/2017 1667.89 1682.34 0.87
Oct/2017 1659.87 1671.62 0.71
Nov/2017 1575.24 1577.65 0.15
Dec/2017 1692.82 1705.30 0.74

Aveg 1687.15 1696.10 0.53

NANINARBILUUTIABY Proposed Model Tulia.f.2017 iteiiudeyaridanisuanlui
INTTULaALaDTinduuIn 12 MWp Huszezian 12 Weunuiidslnfidiansande
T iadesoouussana 1687.15MW kaziuusaeenisUszanain1siadalninanssuuiead
LaveIARg a1 Proposed Model a@mnsasiassnisuantniiniad saeiiou 1696.10MW Ty
WU WANI391884 Proposed Model aninsauszanansnisnanlninainssuuid waalndiii
HAlFASRINsTULIadLatend Ifedramiuglnefidefinnaininiesiaifioudios 0.53 % &
AT 422

4.9.2 vimsUszananisarmasininlussesiian 2 U lngazuszanmunis 2 U
183z yNIsNAgauLUUIIaeIn1sUsEIMATIIaanIsHan 19 1nsyuUIwas
wae1finduunn 12 MWp Wuseeznaidediesiu 2 Uifleneasumieiananlunisussana
msiileasUsznanislussosnanfinnau
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Year 2016-2017
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2016 2017

M Actual Data @ Proposed Model

UM 4.27 Wivuiilsuiaslniiaindalaaseiu manisuszanamsmgaslniannwuudiaes (2U)
YDITEUUIVUINAAINITHES 12 MWp

A15199 4.23 ansralSeuvisumasinianudnasslalula.m.2016 - Ua.A.2017 AU wan1s
Uszanansndalwiiainiuudiasy (3787) 9945200 UUINNIAINITHER 12 MWp

Year 2016 2017
Actual Data
19363.2 20245.85
(MW)
Proposed
19425.1 20353.15
Model( MW)
w 3 =N 7o ; >y 44
. Emorse | 032 | cos3

NNANTSNARBILUUFI8Y Proposed Model satiladluiin.d.2016 uazludsduide.a.
2017 LﬁaLﬁm’J’ayjaﬁwé’aﬂ’ﬁwésﬂw%mﬂiwuLézjaéuaamﬁmému’m 12 MWp (Juszegiian 29
wuidsliinfianunsondalufinedssnele.m2016 SAuvafu 19363.2 MW uazuuusiaes
MsUszInunsAasiiinansyuuweaLaefingnae Proposed Model @1115091894015HEAR
Il adureweu 19425 1MW Saufianatnifiss 0.32 % wasidsliifiaunsandnlndi
WwaesealA.A.2017 SAWidy 20245.85 MW wazuuusiaain1sussanansimaslnihanssuy
\wASUATTingdne Proposed Model @nansasnasanisudnlniiiadesawiou 20353.15 MWwh
fANuRanaInLiies 0.53 %
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A15915alkazanUsgNa

mAfethiausuvuinemssznansudaliihanssuueadiasoiing lneUsulse
surunsiiiendludefianainlunisuszananisvesuusiass 105P ldflaAananatouas na
mM3UszanansvesuudastussazdiwatlUUisufisutiundsnuiindsls iefiansanm
AnuinUndvesszuundaliiiewaduateniing vilvitemuiianainvesszuualaegng
5957 §ewauiuuudiandlaeniswennisuszaaniseandy 409929n1uAT LYes
u@s9ingAe Low-irradiance (0 -350/m?) wag High-irradiance (>350-1,000W/m?) 31nNanN13
yanouaI IRl deRanarntioadld TnsilswazBoadwioluil

- INNANTINARBILANS LA UNISUTTAI AT AaHERveITEUUls el 1 ndaay
wase17ing lmedsn1sasnauuudiassg Matlab / Simulink 57uAUASIATIZYIAE7D Artificial
Neural Networks (ANN) Inemd3euifiaufiunuusnass 1D5P fifeauiana1n14.88% sty
MnHaNsIARBILUUSaesitueiideRanantenin1%e

- YINISNAFDURUUINNBINUTTUULTAA WEIDIT ngAUIR 2.07 KWp lasn1snageu
Wibusuwuuseu saluanmiuiivestiniiuse waes uagfuiiiuasan ssilrpnuianane
faena 1%  wansiansad Sudseuiisuliudigania Snse (gavun,goiougas)

adau Sudusifeu Jutay wwisukarwguatay anansondaliliadedeiiou
285.74 kW LazNaaInnIsUTZaIanIsa8nuud1aed Proposed Model @11150497809015HER
TWilhadesewou 287.14 kw id Error 0.48%

nanuy Sudauideu Hu1EU,NINYNIAYL,FMIAY, TUYIBULAZRATAY ansnsawdnliiadey
AOLAD 287.06kWiazHaa1nA1TUTENIN1TAI8LUUT1809 Proposed Model @m1sa91a89
msudnliiinadusawiiou 287.50 kW SenError 0.16%

VUL Bukausiiou WOATNILU,FUIIAL,UNTIANUATNUA NS anunsananliliinade
AOLADU 271.98KW UwagNaaInn1TUIZIIUNITAIBLUUINaIProposed Model @1115091809
mswdalniedusewiou 272,64 kKW SArError 0.24 %

Fanadilda1nuuusiastardn1siUa sunlasyud safuiu nan1sTnaInssuLLsad
wasoindlaediARnnainteanin 1% Lunu

- MNITNAAULUUTA0NUTTUUAALASDIRgULIN 12MWp laensnageutlsauliiay
wuuseiu Neluaniwiuniesiluse wand waziuniwaunn azdinianuianainiosnin 1%
nansiasan SadSeuidisuluinggnia 8nde (gouun,ggieugeru)

993U SuAwAfoN duAlluwigukarngunian @usandaliiadvdeiiau
1764.34 MW LaznaaINN13UTea18n15A98WUUT1a04 Proposed Model @1115091989013
wanlinadesieidou 1772.05 MW il Error 0.43%
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ANy Sudaudiiou fquigu,nsngau,Auneu, fugneulagnatay ansondnliiiiade
Aol oU 1684.35 MW LazHad1nn15UTENIMNIIA18LUUT1a84 Proposed Model @131150
Sraesmsuanliiiedeseiiou 1693.71 MW ie Error 0.5 %

HAUUI7 Sudauiou WOATNIEU,FUIAL,UNTIANKAL NUA NS anunsandnlnliinage
AoLfiou 1634.03MW LazNaaINn1sUTENNaNISAELUUTIaRIProposed Model @1115031804
mswdnliiadesaiiou 1642.48 MW a0 Error 0.45%

Fanadilaarnuuusiassazdnisid sunland uieafuiu nan1sTaainssuuLYad
wasefindlaeiiAianaintosnin 1% wunu

- nansnaasuLuuIassiulssliiwaduaserfindfidauiamainisuan12 MWp Tud
A.7.2017 AsRAANEIULATT 1687 15MW/faw w3e 5a.42MW/Tu 1dnads TKWp avudn
wdsuldTuay 4.53 kW Saaidsliihiildainuuusiassasndandsnuls 1696.10 MW/
Wou wie 54.7IMW/Su d1Rnds 1KWp 9zranndsinuld Tuas 4.55 kw aziiuldandan
Hananauiles 0.44%

feduisanansoirdoyatvhniseonuuudens unswaduasefindld ileirldoanuuy
UM UYD I LN AR LA R g T asRndsliuiraufuauRBsnsAe nnszload Al
ulaegnurigay wagdiguisadinanisusenansveswuuIaeslunsiadeunuRaUng
vosszuuNAnlinsemaauasefing vzt
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Prediction of the Generation Capacity of Solar Power Plants in Thailand
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Abstract - As electricity production from solar energy in Thailand has increased dramatically during the past few years, prediction of
electricity production from solar power can be applied for power generation optimization. This paper proposes prediction techniques
of such power generation in Thailand over a one-year period. The solar intensity, temperature, electric voltage, electric current and
power output from a PhotoVoltaic, PV, system were applied for this estimation. For the least error, Matlab/Simulink was used to
create a real-time PV power forecasting to calculate electric current and voltage of the solar power system. In addition, an artificial
neural networks (ANNs) was applied to analyze the structure and adjust the power generation prediction of the 12 MWp PV-grid
connected system located in Thailand. By applying this proposed model with the analysis and dividing the solar intensity into two
ranges, the estimation error was decreased. The two solar intensities are low-irradiance at 0-350 W/m2 and high- irradiance at 350-
1,000W/m2 in order to get the most accuracy that leads to predictions 1-3 days.

Keywords — PV estimation Model, Proposed Model, Prediction Model, Solar power plant system Model.

I. INTRODUCTION I
The solar power systems for the electricity production in Idl N
Thailand was increased because Thailand is a member of 3 l’
the International Energy Agency (IEA) and PVPS Ph Diode R e
(International Energy Agency Photovoltaic Power Systems ( T XZ LOAD

Program),the government-sponsored policies and activities
in promoting industrial use and production of solar power
have helped to drive the growth of the solar power in various
areas .These include the assessment of the efficiency of
photovoltaic systems in Thailand [1-3].The system used for
performance analysis and energy prediction by modeling is
therefore an important point in research[4].

A circuit that behaves like solar cell the most is the diode
equivalent circuit. The parameters considered in this diode

Crrent Souws?] )

Figure 1. Photovoltaic equivalent circuit of 1D5P model.

This research aims to develop a model for predicting the
production of electricity from PV systems using Matlab/
Simulink. Equivalent to 1D5P diodes was developed to a

equivalent circuit to simulate the solar cell are solar
radiation, wavelength of the sun, the spectrum of unequal
light for each irradiation and uncertain weather [5-20].

Presently, one diode five-parameter (1D5P) model is used
to simulate the behavior of equivalent circuit of solar cells
[21-38].

Therefore, the model's error in predicting the electricity
production of each area may be large. As a result, it is
necessary to adjust the model for higher accuracy for the
electricity production estimation [39-53].

Model accuracy has been improved by adding of
parameters that add complexity to the models of PV Power
Output, which have been widely studied are such as 1D3P,
1D4P, 1D5P and 2D5P [5,6,18,20 and53-55].

DOI 10.5013/1JSSST.a.20.03.18 18.1

proposed model. The proposed model was then validated with
one-year solar power production at two solar intensities.
These two solar intensities are low-irradiance at 0-350 W/m?
and high-irradiance at 350-1,000 W/m?The output can
measure its accuracy through the calculation using root mean
square error (RMSE).

This research aims to develop a model for predicting the
production of electricity from PV systems that equivalent to
1D5P diodes with Matlab and Simulink for the calculation of
the electric current (I) as written in Equation 1.

1 _ 9-Vo\ _ ]
l—Iph Iy {exp(n_k_,r) 1 o
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In the calculation of electric current, additional models
were added to enhance the accuracy through the modeling
by Ipn is the photocurrent (A), Io is the diode saturation
current(A),Voc is the PV module voltage (V), n is the diode

factor (14» nsd 2), k is the Boltzmann constant (1.381x10723
J/K),T is the actual cell temperature(K)and q is the electron
charge (1.602 x 107? C).

II. APSEUDO-CODE FOR ELECTRICITY GENERATION ESTIMATION.

Model
Photo Current

(Iph)

Model of solar cell
systemsize of 12 MWp

in Thailand.

Model
Reverse saturation current

(1)

Model actual power output
From the annual system

(Pmy)

Model

Parallel Resistance

ST

Model simulation power
output
from the arnual system

(Psy)

DOI 10.5013/1JSSST.a.20.03.18

Model of weight parameter
at the solar irradiance
of 0-350 W/m’

Model of weight parameter
at the solarirradiance
of 350-1,000 W/m®

The Proposed Model at the

(solar irradiance of 0-350 W/m®)

The Proposed Model at the
(solar irradiance of 350- 1,000 W/m®)

The Proposed Model at the
(solar irradiance of 0- 1,000 W/m?)

Test

Model for 12 months

18.2

Figure2. A pseudo-code to estimation electricity generation.
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This estimation algorithm started from the creation of the
photo current model (I), reverse saturation current model
(Io) and parallel resistance model (Rs).These three models
were used for the calculation of electric values of the solar
power systems and as an input for the correlated estimation.
Finally, the electricity production model from a solar power
system in a test area was proposed. This proposed model
was used to estimate the electricity production as a function
of solar intensity for two years. The actual electricity
production was compared with the estimated value from the
model. The outcome from the comparison was used to adjust
the proposed model of the electricity production to have the
least error. The influence of the solar intensity on the
proposed model accuracy was investigated for the one- month
period. Then the proposed model was used to estimate the
electricity production of the solar power system in the test area
for 12 months, which was compared with the actual electricity
production.

A. Electricity Production Modelling.
Model accuracy has been improved by adding of terms

that increase the accuracy to the models of PV Power
Output.The R which is the series resistance (€2) and the Rg,

[G1 Solar Irradiance (W/m®)

[T] Module Temperature(k)

[Tre]l Reference Temperature (k)
[Usc] Temperature Coefficient of Isc

[Iser.d Short Circuit Current (A)

[Gred Solar Irradiance at STC(W/n>)

(5 (10) (1) (1)

which is the shunt resistance (Q), were added to the
equivalent circuit 1D5SP model.These Ry and Rsh assisted
in sensing the effects of the actual use and increase the
accuracy.The more accurate equivalent circuits model can
be written as Equation 2 and 3.

q(V +1.R5) 1 (V+1.R;)
n.k.T _)l_ Rgp 2)

1=ty = [exn

G

Il:h = m(lsu.\'el' + e (T = Tnzr)) 3)

Figure.3 shows a model of the photo current (I;),where
Iph is the electricity generated by the solar irradiance(A).Six
variables influenced the Iph are as follows: G is the solar
radiation intensity (W/m?), G is the solar irradiance at
Standard Test Conditions (STC) at air mass 1.5 (W/m?), s
is the temperature coefficient of the current, T is the solar
panel temperature(K),Twr is the solar panel temperature at
STC (K) and Iy s is the short circuit current at STC (A).The
Equation 3 was applied to the model value in Figure3,which
used to model the main variables that affect the photo current
(Ipn). For this model, main parameters are solar irradiance (G)
and temperature of solar panel (T).

Model

Photo Current (A)

Figure 3. Network Architecture of the photo current (Ipn).

o =losey (TT_w) & [(TE_L;) (Tr.:: & %)] 4)

q _Vm.'. €
Toref = lscrer €xXp (%)

(5)
The Equation 4 and 5 are applied to model the reverse
saturation current (Io) as shown in Figure.4.The reverse

saturation current (Ip) model, Where I, is the reverse
saturation current (A) consists of parameters as follows.
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Isc_eris the short circuit current at STC (A), Vocreris the open
circuit voltage at STC (V),T is the solar panel temperature
(K), Tereris the solar panel temperature at STC (K),n is the
diode ideality factor, q is the electron charge , which is 1.602
x 10'° C, k is the Boltzmann constant which is 1.380 x 10"
(J/K) and Eg the energy band gap of semiconductor.
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[TIModule Temperature ©

[ Tf] Reference Temperature (k)
[q] Electric charge

[Eg] Energy band gap

[n]Diode ideality Factor
[K]Boltzmann constant

Model
®

Reverse saturation current (A)

Figure 4. Network Architecture of the reverse saturation current (o).

The parallel resistance (Rs) is as written in Equation 7,
which model the value of the parallel resistance (Rw) as shown
in Figure 5.Where Rs is the series resistance of a solar cell
(Q), Ra is the parallel resistance (€2), lwcreris the short circuit
current at STC (A), Ve rer 1S the open circuit voltage at
STC(V), Pp is the maximum power produced by

solar cells(W),Vmis the maximum voltage that solar cells
produced (V), Iy is the maximum current that solar cells
produce (A).n is the diode ideality factor, T is the temperature
at which the cell junctions (K),q is the electron charge, which
is 1.602 x 10"C and k is the Boltzmann constant, which
is 1.380 x 1023 J/K.

Vo T ('rm..ve,f- R;}

¥,

a(

Lt ~Lereg {m-p

nk.T

[R.]Series resistance (Ohm)
[Lu]Maximum current (A)
[Lc_ger] Short circuit current(A)

huref = ngeps B = Voeret )| Q(Veeref)) [ B
|]”*-’”-'[""” )

@)

Model

0
[Voe,=z] Open dmrcuitvoltage (V) %"@
[Vm]Maximum voltage (V) @ .

Pl

[PyMaximum power (W)
[q] Electron charge

[n [Diode ideality Factor
[K]Boltzmann constant
[TIModule Temperature (k)

Parallel Resistance (Ohm)

Figure 5. Network Architecture of the parallel resistance (R).

B. Model Creation the model was created for the solar
cell systems of the target area.

Figure 6 shows a model creation of the proposed model,
which lead to the creation of the solar system model size of
12 MWp. The PV system consists of 49,536

Layer 3
Input Y
Layer ’

layerl Layer2

[1]

v

24 Maodule 1 String

8 String
Figure 6. Network Architecture of the Model solar cell system in Thailand
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panels of 245 Wp,1 inverters, 10 strings, 7 arrays, 8 strings,
2 arrays in 1 string, and a series of 24 parallel panels.
The results of the power estimation from the model and the
actual value measured from photovoltaic system were
compared.

Layer 4

¥
()

Qut put

2 Array
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C. Model Improvement.

Artificial neural networks is a mathematical model
used in data processing. It was developed based on the

Input
layer  layerl

\ A 4

Layer 2 Layer 3

Py
(Solar Irradiance 350 -1,000W/m? )
Figure 7. Network Architecture of the Proposed Model at the solar irradiance 0-1,000 W/m?

neural networks function in human. In this article, the
supervised learning artificial neural networks was used to
specify the output target. The multi-layer feed forward
neural network was chosen.

Layer 6

Out put
Layer

(Solar Irradiance 0 -1,000W/m? )

PP
(Solar Irradiance 350 -1,000W/m? )

Figure 7 shows a model creation of the simulated PV power output from the developed model (P,).The accuracy was
improved with proposed at parameter at the solar irradiance of 0-1000 W/m? as written in Equation 8-14.

Ny Ny
_ j 5 = b Y A < t ) =P ~P..(C
Py (G) = N—ydE:led ®) P = Fyd; Py, 9 B (Solm Irradiance 0 350m2 = Py (G) = P, (G (10)

Ny

B, (501ar Irradiance 5350 — 1,000 mi) = Py (G) — Py (6)

B, (.S'OEa'r Irradiance 0 — 350

W

an
. ) w
) = Py (G) + B, (Solar Irradiance 0 — 350m2 ) (12)
_ Wy , W
B, (So!ar Irradiance 350 — 1,0007) =P,(G)+E, (SOEO‘.T Irradiance 350 — 1,000 T)
’ me Y m: / (13)

Rl (Solar Irradiance 0 — 350

The model was used to calculate the actual power output
of the solar cell system in the annual target area (Pmy) and
simulate the results of power output of the annual solar PV
system (s46Py, ) at the solar irradiance of 350-1000
W/m?.Where, Nyis the number of days in a year, Pmais the
actual power produced by the daily solar system (kWh/d)
and Psis the simulation result of the daily solar cell (kWh/d).

The model creation of a weight parameter (Pw) at the
solar irradiance of 0-350 W/m? and 4£2350-1000 W/m* to
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W

g w
— ) +5 (Soia‘r Irradiance 350 — 1,000 F) (14)

improve the model accuracy are written in Equation 10 and
11, respectively.

For the model creation of the simulated PV power
output from the developed model (Pp) to improve the model
accuracy with proposed parameter at the solar irradiance of
0-350W/m?and 4»350-1000 W/m? by adjusting the order are
written in Equation 12 and 13, respectively.
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III. RESULT AND DISCUSSION

A. The simulation results of ID5P model in comparison
with the actual data at the solar irradiance of 0 - 1000
Win.

14

=— Actual Data
o= 1D5F Model

12 -

10

-2 T v T v T - T v T r T
0 200 400 600 800 1000

Solar Irradiance (Wim?)
Figure 8. Comparison of simulation results of 1D5P model at the solar
irradiance of 0-1000 W/m?.

Figure.8 at the point of intersection, the actual data and
the simulation from 1DS5P models are equal .Considering at
the solar irradiance of 350 W/m?to 0 W/m?, the difference of
power values increase as the solar irradiance decreases and
reaches the maximum difference at the solar irradiance of O
W/ m2.This could be implied that there is prediction error for
the predicted value from the 1D5P model. When considering
the solar irradiance from the intersection of both graphs at
350 W/ m? to 1,000 W/m?, the difference of power values
increase as the solar irradiance increases. The maximum
difference of power was at the solar irradiance of 1000
W/m? According to Tablel, the average error of the estimated
value of the 1D5P model is 13.97 4»Thus the 1D5P model
was chosen for testing because it has the best estimation
values. As mentioned, the test was separated into two ranges
of the solar irradiance: 0-350 W/ m?and 350- 1000 W/m?
for accurate estimation. From Table I, the minimum error of
4.15% was at the solar irradiance of 250 W/m? and the
maximum error of 25.56% was at the solar irradiance as
1000 W/m?.

TABLE I. COMPARISON OF ACTUAL DATA WITH SIMULATION
RESULTS OF THE 1D5P MODEL AT VARIOUS SOLA IRRADIANCES
Solar irradiance Actual Data 1D5P

(W/m?) (MW) Model(MW) Errone
200 2.14 2.05 Min 4.15
400 4.33 4.60 6.13

600 6.25 7.12 13.91

800 8.01 9.62 20.12

1000 9.64 12.10 Max  25.56

Avg 13.97
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B. Simulation Results of the Proposed Model Compared
with Actual Data at the Solar Irradiance of 0 — 350 W/m>.

=0 Actual Data
54 —<—1D5P Model
—<— Proposed model@order2
——Proposed model@order3
=<r=Proposed model@orderd

0 / 100 . 200 ' 300
Solar Irradiance (W/m?)

Figure 9. The improved accuracy through the simulation results of the
proposed model at the solar irradiance of 0-350 W/m?.

Figure 9 shows the power as the function of the solar
irradiance at 0 W/m?to the 350 W/m? The actual power
values matched with the predicted values of the 1D5P model.
There were significant differences between the measured and
predicted values of the model. The most different power
value is at the solar irradiance of 0 MW. Therefore, the
Proposed Model adjusted the forecasts the solar energy
production from PV system to be more accurate by using
the Proposed Model at 2, 3 and 4" orders. The graphs obtained
from 2™ and 3" order of the Proposed Model was
approximated to the actual data while the 4™ order of the
Proposed Model was deviated from the actual data line. This
could be implied that the4th order of the adjusted Proposed
Model was overestimated. Therefore, the Proposed Model
was adjusted by choosing the most accurate order for the
forecast at the ranges of the irradiance.
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C. Simulation Results of the Proposed Model in
Comparison with the Actual Data at the Solar Irradiance of
350- 1000 W/m?

D. Simulation Results of the Proposed Model Compared
with the Actual Data and the 1D5P Model at the Solar
Irradiance of 0 -1000W/m?

13 14
Actns Do —o—Actual data
A —c—1D5P Model
i —/—Proposed model@order2 12 __Z;?:p ":::odel
~=Proposed model@order3 pos
1+ —o—Proposed modei@orderd ”
10 4
8 4
g 9 ! g
L 8- g &
% 7 o 44
o
6 2
54
n -
4
2 T z T 5 T x T ¥ T g T
Sy e ¥ 0 200 400 600 800 1000
300 400 500 600 700 800 800 1000 Solar Iradiance (W/m?)

Solar Irradiance {(W/m’)

Figure 10. The improved accuracy through the simulation results of the
proposed model at the solar irradiance of 350-1000 W/ m?.

Figure.10 shows that at the solar irradiance of 350 W/m?
to 1,000 W/m?, the power values differed from the lowest to
the highest of the solar irradiance. The most significant
difference was at the actual measured value of 12.10 MW.
The predicted value for the 1DSP model of 9.64 MW. The
error was equal tol4.404n. Therefore, the proposed
methodology for this model in the 2™ and 3™ order can be
used as an accurate predictor for the measured value. The
4™ order of the Proposed Model cannot be used as an accurate
predictor as the predicted line was deviated from the actual
data line. As a result, the Proposed Model was adjusted by
choosing the most accurate order for the forecast at the
range of the irradiance as shown in the FigurelO. The
predicted value obtained from the proposed model has high
accuracy with an error of 0.48 4.

Figure 11. The improved accuracy through the simulation results of the
proposed Model at the solar irradiance of 0-1000 W/m’.

Figure.11 and Table II show the power at various solar
irradiance at 200, 400, 600, 800 and 1000 W/m’ The
comparison of the predicted results of the Proposed Model
with the 1D5P model showed that the error was extremely
low in the range of the solar irradiance considered. The
predicted values obtained from the Proposed Model has high
accuracy with the minimum error maximum error and
average error of 0.0242, 2.41 4 and 0.55 /4, respectively.

TABLEII. COMPARISON OF THE SIMULATION RESULTS OF
POWER FOR THE PROPOSED MODEL AT VARIOUS SOLAR

DOI 10.5013/1JSSST.a.20.03.18

IRRADIANCES
Solar irradian ce Actual Data Proposed Model Error %
(Wim?) (MW) (MW)

200 214 2.09 Max 241
400 4.33 4.34 020
600 6.25 6.25 Min 0.02
800 8.01 8.01 0.05
1000 9.64 9.65 0.07

Avg 0.55

18.7
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E. Comparisons of Actual Data the Simulated PV Power-Output of 1D5P Model and the Proposed Model for 12 Months of
Measured Data.

Energy (MWh/Month)
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Figure 12. The simulated and measured data of monthly PV power-output.

Figure.12 shows the power output for 12 months that was
predicted using the adjusted Proposed Model method and
compared with the prediction of 1D5P model and the actual
data. The predicted value obtained from the Proposed Model
is more accurate than the estimated values from the 1D5P
model.

TABLE III. COMPARISON OF ACTUALDATA WITH THE
PROPOSED MODEL AND 1D5PMODEL.

Months Actual Data Proposed Model 1D5P Model
Energy (MWh)  Energy (MWh) Ermor%  Energy (MWh) Error%
Jan 164632 164579 Min 0.03 1684.89 234
Feb 1560.73 160239 267 1680.55 7.68
Mar 174892 1791.90 246 1869.35 6.89
Apr 1866.68 1881.24 0.78 200273 729
May 1861.53 1898.04 Max 1.96 2007.68 7.85
Jun 174437 1734.48 0.57 179542 293
Jul 172453 169995 143 173440 057
Aug 1805.40 1788.25 0.95 1858.39 2.54
Sep 175057 1736.14 0.82 1801.07 288
Oct 1585.16 1577.69 0.47 1596.05 0.69
Nov 154263 1553.60 0.71 1587.18 2.89
Dec 171232 1709.70 0.15 175968 277
Avg. 171243 171826 0.34 1781.45 397

Table III shows that the error of power projection in one
year of the Proposed Model is 0.344).When it compared
from the prediction with the 1D5P model the error reached
3.97%.Thailand is characterized to have tropical climate in
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Southeast Asia. Table III shows the minimum error of 0.03
A which is in January when the weather is cool and pleasant
with comparatively little or no rain. However, the Southwest
Monsoon Season has a “wet phase” (May - October) .During
this wet phase, continuous moderate to heavy rainfall in the
afternoons and early evenings is generally observed. This
may lead to the maximum error of

1.96 4 in May.

IV. CONCLUSION.

The results show the power generation estimation of PV
systems using Matlab/Simulink and analysis using Artificial
Neural Networks (ANNSs). The electric power output from
the proposed model was compared with the actual value and
the non-improved 1D5P model. It was found that the
proposed model has lower estimation error, easy to use and
can estimate the electricity production at the target area. The
error of the electricity generation from PV systems to the
solar intensity was reduced from 13.97% to as low as 0.55%.
The error of the power generation estimation of the tested
solar power plants during 12 months period was also
decreased from 3.97% to as low as 0.34%.

Our research is leading to the development of models
that can predict the production of electricity from solar power
plants that are accurate to the tropical climate like Thailand
which can predict 1 to 3 days in advance with accuracy of not
less than 80%.
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Abstract—This papers shows the results of testing the power
output of the solar PV system using silicon crystals used in the
test. Then simulate the power output in the form of third-
generation model. The first generation model (1D5SP) at a second
series Weight Function Model and form a third model has been
developed. The test system with 28 kWp The results show that
the first form (1D5P) error of 14.40%. models the second error of
5.02% in the third form a models that has developed error of
1.05%

Keywords— PV Module, PV Power Output , Model

L

At present renewable energy is vital to energy source from
the fossil fuels . Energy from solar energy is a clean and
sustainable way to produce energy. In Thailand the government
focused on the installation of renewable energy power plant
because of promoted by the DEDE (Department of Alternative
Energy Development and Efficiency) and Royal Thai
Government. It supports the creation of a system of large
farms and cell technology has been choosing as a crystal.
Important After installing photovoltaic systems It should be

INTRODUCTION

checked and maintained properly. Therefore tested pv module
were needed , PV system using the estimated energy
production of the PV system, which is very useful in
monitoring the system and it is important tool for service
providers to manage the energy. To estimate the energy
production of the PV system, usually it start from modeling
PV.

There are several research groups have paid attention to the
effects of solar radiation. [1] using a model single diode
equivalent circuit models which are often used in PV [2-4] are
currently being developed model to improve the estimates to
better starting 1D3P, 1D4P, 1D5P and 2D5P by two diode
equivalent circuit. [5-7]

From the above results of measuring power output and
results of the Simulation. by testing the Irradiance 0 - 1000 (w
/ mz) showed that the value has error 14.40. %. this Simulation
Model research was designed in order to reduce the error.
During the Simulation Model test, the less divided into two
sessions is low irradiance 0-350 (w / mz) and high irradiance
350 - 1000 (w/m’).To study increas the Accuracy. The
Simulation of The increased efficiency. In order to be develop
ed in estimate PV System to test next.

216

Model is the first to test Single diode five parameters
(1D5P) model is a second Weight Function Model is the third
Resolve Function Model. [8]

II. PROCEDURE OF PROPOSED MODEL

A.  Development of a model.

From the first to the second parameter is the solar
Irradiance and temperature module to calculate. By separating
the calculator into two solar irradiance is during low irradiance
0-350 (w/m”) and high irradiance 350 - 1000 (w / m’).
Temperature 25 4C temperature module . The two parameters
are used to calculate the PV Voltage and PV Current. the PV
Output is calculated by multiplying the PV Voltage multiply
with PV Current .To improve the Resolve Function Model it
separates simulation solar irradiance. And PV system power
output were simulated. As shown in Figure.1.

Temperature | —
— Voltage
» Module Qur System
Power | P Development* Power
Solar Current Simulated Hodel Simited
lrradian&»

Fig.1 Structure of PV power output simulation

B. Accuracy of proposed model

The RMSE (Root Mean Square Error) Used in the
calculation to increase the accuracy of the model which
proposed by the previous researchers.[9]

I1I.

The simulation results demonstrate the PV Power Output
comparison of the measured value of Module. The actual power
output and Simulation Results of 3 model simulation of the
actual power output.

SIMULATION RESULTS
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. . . . 2
A. I Diode 5 Parameter (1D5P) model with measurement C. simulation irradiance 350 -1000 (w/m’)

The results of the test simulation irradiance 350-1000
(w/m?) shows that the two graph lines have an error of
14.404:. The value of the PV Power Output from the
actual measurements .It is less than a line graph from the
simulation .As shown in Fig.4.

The results of simulation by Single diode five parameters
(1D5P) Model and the Power Output. The actual measurements
found that the graphs of the two values are closed to the
error of 14.40 4 by intersecting lines that solar irrandiance at
350 (W/mz). The PV Power Output 3824.309 kW makes a
point of interest in tuning error less as shown in Fig.2.

Power Output (kw)

TS simulation (KW)_error — 14000.00 ® Measurement (kW)
Measurement (kW 12000.00
1000 R ﬁl ® Simulation (kW)_error = 14.40 % ‘.Q‘
T simulation_weight 5T &S 10000.00

function_v1.0
10000 (kW)_error = 5.02 25
Simdlation__

8000.00 “:::g oo®
6000.00 '....'.“

400000 @®®

2000.00

20005555 0.00

Power (KW)
]
8
0

350 450 550 650 750 850 950 1050

Irradiance (w/m?
Fig.2 Comparison of model to measured data in each solar irradiance

B. simmulation irradiance 0-350 (w/mz)
The results of the test in Article 1 Diode 5 Parameter
(1D5P) model with measurement find the intersection of the D. simulation irradiance 0 -1000 (w/m®) of 3 model

lines, so test simulation irradiance 0-350 (w/m?) .The results
showed that the two graph lines are error of 14.40%. The

Fig.4 Com})arison of the model to measured data in solar irradiance 350-
1000(w/m”)

value of the PV Power Output from simulation. It is less than
a line graph of the actual measurement. As shown in Fig.3. Simulation (kW)_error =
——
Power Output (kw) 14000 14.40 %
4500 — s Measurement (kW)
12000
4000 Measurement (kW) —o— Simulation_weight
function_v1.0
3500 Simulation (kW) _error = 14.40 % 10000 (S'?n‘/:/al_zi:;?‘”-‘»-OZ%
3000 w._v2.0_low Irradia 1
8000
2500 8 :
2000 W o600
8
1500 4000
1000
500 ®e 2000 P57
0

0 100 200 300 400 500 600 700 800 900 1000 1100

Fig.3 Comparison of model to measured data in solar irradiance0-350(w/m?)
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Fig.5 Comparison of the model to measured data in solar irradiance 0-
1000(w/m?) of 3 model.

Testing of the three models. In comparison, the three
models can be seen that models that has developed with
precision. An error has less values close to the real
measurements. The results show that the error models that is
developed third error 1.05%.

TABLEI

Comparison of the PV Power Output actually measured 3 Model with
Solar Irrandiance .

PV power out put (kWh)
Irradiance o P

) . . weig esolve
(w/m’) Measured Slrilglglgon function Function
model Model

1000 9642.10 11550.50 9485.50 | 9784.50
800 8010.75 9107.80 7896.00 | 8049.60
600 6249.39 6778.61 6239.21 | 6294.61
400 433295 4382.30 4305.70 | 4338.90
350 3824.31 3773.13 3776.11 | 3819.01
100 987.86 808.72 970.32 1010.64
50 460.52 174.35 316.68 465.62

IV. CONCLUSIONS

Develop model used to test the PV Power Output. The
must improve model have a even more accurate. The article
presents the results of simulation of 3 model which is the
simulation model, of a Weight Function Model and
Development of a model. The results show that Development
of a model error of 1.0542. So The precision of this model can
be used to test PV systems in the next step.
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Abstract—This paper proposed the new simulation model
for estimate PV Power Output of power plant in
Thailand. Our development model were used the solar
irradiance and module temperature as input of model. The
model has develop by using one year measured data of
focus area and verified by comparison with measured data.
The results shown high accuracy and error about
1.11 %.
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L.

Simulation models of the PV Power Output has been
studied prevalent such as 1D3P, 1D4P, 1D5P and 2D5P [1-7].
The accuracy of model were improved by increasing the
number of parameters where increase the complex of model as
shown in Fig.1

INTRODUCTION

"
Iph D1 AD 1D3P
Iph Ol 1D4P
I
e
L
ph D1 | Rsh O.IA 1D5P
ol 2D5P

Fig.1 PV equivalent circuit (1D3P, 1D4P, 1D5P and 2D5P )

In this study we develop the new model that high accuracy.
Our model develop by MATLAB SIMULINK software and

218

use data of PV power plant in THAILAND for verified the
model.

1. PROCEDURE OF PROPOSED MODEL

A. Development of a model

By the development new models to split the monitoring of
the program into two parts. . The first part will review the
Irradiance 0-350 (w / m?). The second part will be checked
during the Irradiance 350-1000 (w / m?).shown in figure 2.

irradiance

Development

PO
of model

Fig.2 Development of a model

B. Accuracy of proposed model

For to increase the precision and accuracy has bringing the
RMSE (Error Root Mean Square) used to calculate the
accuracy of the model proposed by previous researchers [8].

III.

The result of the model has been developed to be used in
comparison with the results from the measured.

SIMULATION RESULTS

A.  Results of power output as measured each month.

The graph of the power output of solar power plants in the
period of one year. In January, the power output is equal to
209.12 MWh and the power output will drop to 203.34 MWh
in February which is a month rain. Then in July have power
output is the most 212.49MWh. The power output at average
of 209.15 MWh are shown in figure 3.
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Fig.3 Power output as measured

B. Final Yield (kWh /kWp).

(YF ) capability to supply power output to the
Load efficiency each day. During the months of
January to the Final Yield 17.5 kWh / kWp. In
February, have Final Yield 16.57 kWh / kWp, which is the
lowest possible. This. the Final Yield is the highest in the
month of July have 17.32 kWh /kWp, as shown in Fig.4.
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Fig.4 Final Yield

C. Comparison of PV power output

The graph in Figure 5 shows that the value of Measured
and model development. During the recording of the first year.
In the period from January to December. The result is
accurate. The average for the 209.15 MW, as well as the value
of the development model and 209.50 MW to the value of the
Measured.

219

L o o o e LA B L B S e
Our development model
Measured g S
250 1 z g 4
200 PN 7 AR NN J

150 B

100 B

Our development model (MVWh)

w
=1
1

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

Fig.5 Comparison of model to measured data and Development of a model

D. Comparison for the error simulation of the value that has
measured.
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Fig.6 Comparison error simmulation of the value that Measured

The graph compares the actual measurement with the
simulation results. According to the graph it showed an error
the Minimum error can be seen in January which has a 0.005%.
The results of this trial will be extremely useful for the
agencies to assess the production and installation of solar power
plants. As shown in Fig.6.
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TABLEI
Comparison error simmulation of the value that Measurement
Month Real MW | Sim MW | Error
Jan 209.13 209.12 0.005
Feb 203.35 201.11 1.103
Mar 205.74 205.46 0.135
Apr 207.46 204.40 1.475
May 208.04 210.35 1.109
Jun 209.90 210.39 0.234
Jul 212.50 215.09 1.222
Aug 211.68 213.18 0.708
Sep 212.07 205.43 3.132
Oct 211.24 210.39 0.402
Nov 211.09 215.01 1.859
Dec 207.60 211.71 1.979
Avg 209.15 209.30 1.114

IV. CONCLUSIONS

The value of the simulation using Development of a model
is very precise and accurate. The display can be used to
evaluate the production of electric power plants each season.
for one year, It has a minimum average error of 1.114 4>,
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Abstract—This paper proposed the novel concept model for
forecasting the PV power output. The model was used two
meteorology to input model which are solar irradiance and
module temperature. This model was improve the accuracy of
model from simplified model is 1DSP by using the weight
function. The proposed model was verified by comparison with
measured data. The results showed that the model has high
accuracy. The RMSE ranges from 0.02 to 0.07 and average
RMSE is 0.04.

Keywords—PV, Weight function, RMSE

L. INTRODUCTION

Renewable energy reserves energy which is very
important in the future. Because it is not a harmful product
and clean energy. However, it has major limitation of the
instability of the energy produced by changing with the solar
radiation. The energy storage can be improve the stability of
PV system until low solar irradiance. Now it well know that
the storage is still expensive so we should be get the most out
of it. Energy management system (EMS) is compatible with
the energy storage that can be used to improve efficiency and
stability of the PV system. The once part of EMS is PV
forecasting model. Many researchers has studied the PV
model. The single-diode equivalent circuits (1D) are used
commonly to study the model. One diode four parameters
(1D4P) [1-3] is the first model for studied. Lather that this
model were developed to one diode five parameters (1D5P)
for better curve-fitting and accuracy. These models consist is
Diode saturation current (Ip), photo current (Iph), diode factor
(n), Series resistance (Rs) and Shunt resistance (Rqp). [4-5]

The PV power plant in Thailand were used in this
studied. Type of PV modules is crystalline Si solar cells. The
module is 245 Wp/module.

This paper proposed a novel concept model which used
the 1D5P model for developed. The model were used to
develop in proposed model which is very simplified and
uncomplicated. The error of 1D5P is about 10 %. That model
were improved the accuracy by using the weight function.
Weight function is a novel technique to improved accuracy
of PV forecasting model. It was found that the model has
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higher accuracy [6]. The proposed model has verified by
comparing with measured data.

1. MATHEMATICAL MODEL

A. I Diode 5 Parameter (1D5P) model

The 1D5P model were used in this studied was consist is
To, Iph, n, Rs and Ry, It is used to calculate PV system power
output. As shown in Fig.1.

Idl
I R,

ph

<T> Dimiz LOAD

Fig.1 PV equivalent circuit (ID5P)

Fig.2 shown PV equivalent circuit (1D5P) is initial
models in this study. All parameters were effect to the
performance of the PV system and were used to calculate in
the model and the ideal factor is chosen in Table 1 according
to technology of the PV.

TABLE II
The ideal factor is dependence on PV technology [7]
List Data

Si-mono 1
Si-poly 1
a-Si:H 1
a-Si:H tandem 3
a-Si:H Tripple 5
CdTe 1
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B. Weight function model

The weight function is new technique for improving
accuracy of PV forecasting model which use in this study.
This model was developed by using real data of focus area.
One year data of that area were used to calculate in the
model.

C. Performance of proposed model

The RMSE (Root Mean Square Error) technique is used
to calculate in this study. This equation is commonly used
widely for indicate the accreted of model [8].

II. SIMULATION RESULTS

The simulation results shown the daily power output
comparison with measured data in case of sunny day and
cloudy day show that the proposed model are accurate in all
weather conditions.

A. Daily simulation

1) In the case of sunny day

The results shown that the power output curve was
matching well with measured data. The comparison of
simulated and measured data shown as Fig.3.

1200717 7T T T T T T T T T T T
—— Measured

—— Proposed model
10000 - b

8000 4
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Power (kW)

4000 - E

2000 | 4

o —t—r—rr-—T-—rT—r—rT—T—
S & P PP e ® S O O P
PP PSP P S PSS
Qq}. QA\. Qﬁ' Qp‘.. 8ONT @ \&. '\cg. & \»\. K3

Time (Hour)
Fig.3 Simulation result compared with measured data (sunny day)

Fig.3 shown comparison of actual power output and
simulated result. It was found that simulation results are
very high accuracy and were changing according to solar
irradiance. Actual PV power output is 64.07 MWh and
simulated power output is 69.98 MWh. The RMSE value is
about 0.08.

2) In case of cloudy day
The comparison of simulated result and measured data
shown as Fig.4.
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Fig.4 Simulation result compared with measured data (cloudy day)

In case of cloudy day, many fluctuations have occurred
due to the solar irradiance and it can be effect to the PV
power output. Due to that, it can be show that our model is
accreted because the power curve of the proposed model
was matching well with actual curve. From the results shown
that PV power output was changing according to solar
irradiance. Actual PV power output is 39.25 MWh and
simulated power output is 43.94 MWh. The RMSE value is
about 0.10.

B. Comparison of simulated and measured data

Fig.5 shown the comparison of simulated result with
actual energy production of system in each months.

o A e Yy

Measured

2801 5558 ] Proposed model

260 -

240

“X] 208.70 MWh

220 ~

77720915 MWh

200 +

180 +

160 ~

Energy Production (MWh)

140

120

100

¢ P & & & ‘pq’ o2 o & F@s

Months

Fig.5 Comparison of PV power output in each months
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TABLE 1
Comparisons of proposed model with measured data
Months PV power out put (MWh) RMSE
Measured Proposed

Jan 209.13 208.51 0.05
Feb 203.35 200.51 0.07
Mar 205.74 204.85 0.06
Apr 207.46 203.80 0.06
May 208.04 209.75 0.05
Jun 209.90 209.79 0.03
Jul 212.50 214.49 0.03
Aug 211.68 212.58 0.02
Sep 212.07 204.82 0.05
Oct 211.24 209.79 0.03
Nov 211.09 214.41 0.05
Dec 207.60 211.11 0.04
Avg. 209.15 208.70 0.04

The average annual energy production of system is about
209.15 MWh and simulated results is about 208.70 MWh as
shown in Table I. The RMSE ranges from 0.02 in august to
0.07 in February. Average RMSE is 0.04.

III. CONCLUSIONS

This paper proposed the new concept PV forecasting
model. The model is used meteorology data such as solar
irradiance and module temperature for calculation. Model
was verified by comparing with the measured data. It was
found that the proposed model obtained high accuracy. The
RMSE ranges from 0.02 to 0.07 and average RMSE is 0.04
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Abstract—This paper describes a comparison results of
proposed model with measured of PV power output from power
plant in Cambodia. The model was implemented on
MATLAB/Simulink software by using meteorology parameters
for simulation. The parameters which affected to PV power
output as irradiance and module temperature were used for
simulation in this model. Weight function model were used to
improve accuracy of single diode five parameters (1D5P). The
parameter was use to comparison is PV power output. It was
found that the model has high accuracy and closest to the
measured data.

Keywords— PV, Solar irradiance, Module temperature

L

Cambodia has high solar energy potential area, the average
solar radiations are 5.4 kWh/m*day, which are good
conditions. As shown in Fig.1. The ambient temperature and
the module temperature are in the range 23-37 °C and 25-70
°C, respectively, as normally seen in the ASEAN area.
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Fig.1 Solar Insolation Map for Cambodia [1]
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PV subsystem installed in Kampong Thom Province,
Cambodia that has 28 kWp were used in this study [2]. Used
technology type is multi crystalline Si solar cells. The system
consist 112 modules, each module is 250 Wp/module Shown in
Fig.2.

Fig.2 PV system installed in Kampong Thom Province, Cambodia

PV forecasting models are widely too studied. Almost
will be used as a simplified model such as single diode four
parameters (1D4P), single diode five parameters (1D5P), two
diodes and three diodes [3-7]. The accuracy of model were
improved along with the complexity of the model. The weight
function model were used to improve the accuracy of 1D5P
model due to it is simplified model and not complexity. But it
has high accuracy.

In this paper we described the simulation resulted from our
developed model. It verified by comparing with actual PV
power output in Cambodia country. The parameters were used
to verify model is PV power output.



II. SYSTEM DESCRIPTION

The system is installed in Kampong Thom Province,
Cambodia (12°53°04.4” north latitude and 105°04°05.4” east
longitude). It is full monitoring systems to assess the systems
data for use in this studied. All parameters are recorded every
5 minutes. The subsystem consist of 112 modules, each
module has 250 Wp/module as shown in Fig.3.
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Fig.3 Schematic diagram of PV system

III. MATHEMATICAL MODEL

A. I Diode 5 Parameter (1D5P) model with Weight function
model

The single diode five parameters (1D5P), simplified model
were used to calculate PV power output. Lather that use the
Weight function to improve accuracy of the model and
developed by one year measured data of that area. From the
studies, it helps to improve the accuracy.

B. Procedure of proposed model

The proposed model is use two actual meteorology
parameters those are solar irradiance and module temperature
to calculate the system power output. Lather that the model are
improve the accuracy by using weight function. Weight
function are develop by using one year data of focus area.
Finally the PV system power output were simulated. As shown
in Fig.4.

Module
Temperature
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I
-

Module Power || Cptimize System Power PV power output
| Simulated Model Simulated simulted

Current

Solar Irradiance
—

Fig.4 Structure of PV power output simulation

C. Accuracy of proposed model

The RMSE (Root Mean Square Error) were used to
calculate the accuracy of proposed model [8].

Iv.

213

92

SIMULATION RESULTS

The simulation results shown the comparison of PV power
output simulated with actual power output.

A. Accuracy of model in each solar irradiance

It is well known that the PV power output are varied with
solar irradiance. Due to solar irradiance are input of proposed
model. We’ll studied the effect of solar irradiance to accuracy
of proposed model as shown in Fig.5.
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Fig.5 Comparison of model to measured data in each solar irradiance

From the results, It was found that in range of low solar
irradiance (<350 W/m?) the accuracy are fluctuate in range of
-0.08 to 0.19. In the other range (>350 W/m?) the accuracy
quite stable in range of -0.01 to 0.00. It due to the proposed
model were developed on 1D5P model which there is an error
in the low irradiance is high.

B. Comparison of PV power output

To verified the model by comparing simulation results
with measurement data and PVWATTS model. One year data
of the system in Cambodia were used in this studied. As
shown in Fig.6.

e I B I R S S S B B SN S B B
Measured
4.0 4 | PVWATTS -
| [25d] Proposed model
354 = os
A A o e

aod [| sl B i

X303

2.0 H

1.5 4 -

1.0 o B

Energy production (MWh)
&
1
T
L ]

0.5 o —

0.0 T T T f T T T T T T T T T

P @ S P o &
Months

Fig.6 Comparison of proposed models to measured data and PVWATTS



The actual PV power output from the system is the lowest
in July that has a value of 2.58 MWh and highest in March
which is 3.63 MWh. The average annual energy production is
3.08 MWh.

From the above results, it was shown that the annual energy
production of PV system is 3.08 MWh, the simulation results
from PVWATTS model shown is 3.18 MWh and the proposed
model shown is 3.03 MWh, respectively.
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Fig.7 RMSE of proposed model and PVWATTS

The proposed model were evaluated by using RMSE
technique as shown in Fig.7. From the results shown that, the
RMSE values of PVWATTS model range from 0.03 to 0.12
and average RMSE is 0.08 and the RMSE values of proposed
model ranges from 0.03 to 0.05 and average RMSE is 0.04.

The proposed model shown low values of RMSE. The low
value of the RMSE indicates that the RMSE achieved very
high accuracy.

V. CONCLUSIONS

This paper describes comparison simulated results of
proposed model to measured data and PVWATTS model, case
studied in Cambodia. It was found that the proposed model has
high accuracy that has an average RMSE of 0.04.
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ABSTRACT

Evaluated some special operation conditions

of the PV power plants, the performance ratio (PR)
will be used in this demonstration. The analysis
isexercised within 2-year time. Furthermore,
theimpact of some extreme environmental in
thesouthern and central of Thailand will be
analyzedand discussed. In this work the operation
results oftwo large a-Si thin film PV power plants
areanalyzed by technical criterions. To analyze
theefficiency of energy production of the PV
powerplant in selected operation conditions, the
database of monitoring systems were utilized. The
first investigated a-Si thin film PV power plant
with1.948MWppower is installed in Prajuabkiri
kan province, Thailand.The BSP a-Si thin film
modules is constructed to be fixed and tilted to
south with an inclination angel of 14° degrees. This
module is applied with Leonics central inverter
systems with a maximum power output of 250
kW ,ambient-and module-temperature measurement
systems. The second a-Si thin film PV power
plantwith capacity of 2.225 MWp is located in
Lopburiprovince,Thailand. Finally, the technical
data ofboth PV power plants are used to confirm
theactual reliability of the output power.

1. INTRODUCTION
enerating  electricity ~with  photovoltaic

cells (PVs) is widely used as an alternate source of

clean energy to praise the stability of tl? power
system .Photovoltaic cell has been used for 30 years

in most of the entire countries those consume huge
amount of electricity. In this experiment, a study of
environmental factors, crucial affect with operating
system, is proposed.

The analysis of PV system output characteris
tics will be organised in two different locations

Fig.1 (Prajuabkirikan province) 1.948 MWp a-Si
thin film PV power plants, and 2.225 MWp a-Si
thin film PV power plants installed in central part

1267

of the annual produc tivity of the located
environment Thailand (Lopburi province Fig. 2).
The output characteristics of those PV plants are
analyzed to evaluate the performance of the annual
productivity of the located environment.

Fig. 1. 1.948 MWp a-Si thin film PV power
plants installed in south part of Thailand
(Prajuabkirikan province).

Fig. 2. 2.225 MWp a-Si thin film PV power
plants installed in central part of Thailand (Lopburi
province)

2. Reference Yield

Comparing Yr (Reference Yield) of two dif
ferrent places with different climate con ditions,
the experimental results have been acquired for 2
years. The result shown that an average Yr of two

95



places is identical, 4.92 Kwh /kWp referring to
Fig 3

According to reference Yield curves in Fig. 3,
solar radiation will vary according to season of the
year. For example, from February to May, with
clear weather, the Reference Yield at Prajubkirikun
and Lopburi are 6 Kwh/kWp and 5.5 Kwh/kWp,
respectively. However, these values will be
changed to 4 Kwh/kWp and 4.5 Kwh/kWp in rainy
season. The Reference Yield in Prajubkirikun will
be drastically decreased due to heavy rain in the
southern of Thailand. In the winter, November to
January, these values will rise again according to
Reference Yield shown in Fig. 3.
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Fig.3 Reference Yield

3. Final Yield

In an aspect of Final Yield (Yf), according to
Fig. 4., the average of Final Yield in Lopburi
province is greater than that in Prajubkirikun, 4.15
kWh/kWp and 3.14 kWh/kWp respectively.
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In an aspect of Final Yield (Yf), according to
Fig. 4., the average of Final Yield in Lopburi
province is greater than that in Prajubkirikun, 4.15
kWh/kWpand 3.14 kWh/kWprespectively.
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From December to March, the Final Yield of
these two locations are equal; nevertheless, these
figures will be changed from April to November.
To illustrate this, those values are 4Kwh/kWp in
Lopburi, and 3.2Kwh/kWp in Prajubkirikun.

4. Performance Ratio (%)

According to Performance ratio, on 2-year
duration, the average Performance ratio of Lopburi
is grater than that in Pralubkirikun. These values
are 84.37% and 74.04% as shown in Fig. 5.
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Figure 5. Performance Ratio (%)
5. Conclusion

This research studies the parameters of

electricity generation from PV in two location,
southern and central of Thailand with in two years.
Concerning Yr, Yr will be varied with clear sky
condition that will be change according to season
of year. In summer, the Yr of the southern is grater
than that of in central. Meanwhile, in rainy season,
this value of central is greater in southern.

The Performance Ratio (%) in Lopburi is
greater than Prajubkirikun due to differences in
climate, humidity and temperature.
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