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ABSTRACT

PV generator is the main electric generator of the microgrid
system at School of Renewable Energy Technology (SERT), Naresuan
University that has the significant role in the operation of the
microgrid. Evaluation the performance of the PV generator is an
important activity. By measuring the important parameters such
as solar irradiance, PV array voltage, PV array current, and
system AC electrical power, these data were collected for 6
months from November 2008 - April 2009. The evaluation result of the
PV generator is presented follow this. The average final yield (Y;) is
4.12 KWh/kW, day, the average system efficiency () is 10.57 %,
and the average performance ratio (PR) is 74.64 %. When
consider the system efficiency of the PV generator at various solar
irradiance, we found that it has the lowest efficiency when the solar
irradiance at 0 - 0.10 kW/m2, it's efficiency increase quickly when
the solar irradiance at 0.10 - 0.35 kW/mZ, it has the highest
efficiency when the solar irradiance at 0.35 - 0.65 kW/mz, and it's
efficiency decrease slowly when the solar irradiance at 0.65 -
1.30 kW/m2' The total loss of the PV generator is about 25.36 %
that come from capture losses (L) 16.62 % and system losses (L)

that are the loss in PV inverter, electric cable, and other 8.74 %.

Keyword; Performance / PV generator / Photovoltaic / Microgrid /

Inverter
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YA= EA/PO (1)
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Yf = Epy/Po 3)
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(KWh/kWp)
A o & a ed

En A0 wasnunnmasusanindignldlasniszmalin

(KWh)
Epv = EL/(1 + Egu/Ea) 4)
E, Aa wasnu Wi nldasslasaiszmalwia (kwh)
By A8 WasNunraaldannzuunasnmasy lunsdiida o

(KWh)

WAINUFYRUBLHITASURIANTIAE (Capture losses) 1w

1dnaunis
Lc=Yr—Ya (5)
A o A a & a €
Le fi9 WASNUNFQLEIUULHITATURIDTAT (KWh/kWp)

wasugEsluszuuadusia1iiag (System losses) w1

Ieanaums
Le=Ya—YF )
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FUTTOULVDITLULLTARUEID A (Performance ratio) w0

ldanauns
PR = Yf/Yr 7)

UseEnTawuaIunilTadLaIanfiag (Array efficiency) w1 ler
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npv = PP\/ /iAA (8)
Na = EAHAA (9)
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Na fAa dsdnSmwassunairasugianiag

Poy A0 Had I i Aumamaduasaindniale (kW)
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Ax A0 NBNLNILTRALRIDINGL (M)

UseintarwaTasudainsaalWidn (PV inverter efficiency)
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MNiv = Pinv Pey (10)
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o

MmNt afiale
W.8. 51 5.@. 51 N.A. 52 n.N. 52 i.a. 52 L8, 52 W@aae
Solar irradiance (W/m?) 0-1308 0-1266 25-1291 0-1013 0-1243 0-1324
Average solar irradiance (W/m?) 634 575 550 510 525 651 57417
Vomax v) 280-408 280-365 280-370 280-358 280-357 280-351
AverageV___ (V) 332 335 336 326 326 325 330.00
omax (A) 4-187 4-179 6-162 4-150 2-188 2-198
Averagel . (A) 91 83 80 75 92 95 86.00
P... (kW) 2-124 2-123 4-117 2-97 1-115 1-126
Average P__ (kW) 62 56 55 51 61 63 58.00
Total PV inverter output (kW) 0.46-118 | 0.26-115 | 0.61-108 0.23-89 | 0.12-104 0.1-118
Average total PV inverter output (kW) 55 52 50 45 55 57 52.33
Ninve = Epv/En (11) LLadmﬁmﬁI@uﬁagamswﬁmai“‘ﬁw Fydng gftlariinisiauaz

o & o o
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mnmﬁLﬂﬁ:ﬁ“ﬁayjammﬁm p9TIFAI AT
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3.2.2 WHILHARLEIDNTIAE

anmstienzddayanszua Wiy ussawlui uaziaalwily
PNuRaLTasLgIaiad v myiaussiuiina mevihninaseu
mmmagﬂ"lﬁﬁmam"li’lumﬁaﬁ 3 Lﬁ'aﬁmimﬁagammuﬁu
1a379Fanfiad (G) ﬁuﬁagaﬁwé’ﬂﬂﬁwﬁumLﬁnaﬁuaamﬁmﬁwam
16 (Pre) %dgﬂﬁ%ﬂunﬂﬂuamlugﬂﬁ 3 RWAUNTANUFNAUT
lasas ﬁaﬁ?u’?iammmﬁwmmé’uﬁuﬁmaﬁagammﬁma%a
Wuguinsldde P, = 96.007G + 1.8148 lag G Anaeiiln
KW/M? WAE Pog, Anuatdu kw uaﬂmnﬁ?mﬁaﬁmsmﬁaya
anuduesiFafiad (G) ﬁuiagaﬂ%x%n%mw%mmwaau,m
LaangIaIfiag (1, %agnﬁ%ﬂunswﬂuamlugﬂﬁ 4 =Wyl
ANMNFUNBENWLT U ﬁafuﬁammsnﬁwmwé’uﬁufmm“ﬁaQa
mantansadusnmslada 1, = 280.176° - 1211.4G6° +
2036.7G" - 1666.3G" + 670.7G" - 115.39G + 17.128 lay G &

AN39N 2 mmswﬁmai‘ﬁ"l,ﬁmn’imﬁ:ﬁ“ﬁa%lammLﬁmaa%ﬁmﬁmﬁ

wmdinas miale
W.8. 51 5.A. 51 N.A. 52 n.N. 52 .0. 52 L3.8. 52 Lﬂalil
Daily solar radiation (kWh/m? day) 4.48-6.83 | 1.63-6.41 | 4.12-6.31 | 3.27-6.34 | 2.29-6.69 | 2.71-6.81
Average daily solar radiation (kWh/m? day) 5.93 5.34 5.67 5.05 5.40 5.72 5.52
Daily PV energy input (MWh/day) 3.79-5.78 | 1.38-543 | 3.49-5.34 | 2.77-5.37 | 1.94-5.66 | 2.30-5.76
Average daily PV energy input (MWh/day) 5.02 4.52 4.80 4.27 4.57 4.84 4.67
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a ' a ey o a ¢
AN 3 mwwmmmasﬂammmmw

ayadayanszua Wiy unsdulwih uaziaslnihanunssaduasanfiad
wmndeas afiale
W.g. 51 5.A@. 51 3.Aa. 52 n.N. 52 3.a. 52 L3.8). 52 Lﬂsﬂ
PV energy generation (kWh/day) 428-679 | 155-644 | 426-635 | 332-629 | 230-677 | 272-675
Average PV energy generation (kWh/day) 589 534 573 507 545 563 552
Daily array yield (kWh/kW_day) 3.57-5.65 | 1.29-5.37 | 3.54-5.29 | 2.77-5.24 | 1.91-5.64 | 2.27-5.63
Average daily array yield (kWh/kW_ day) 4.91 4.45 478 4.22 4.54 4.69 4.60
Daily reference yield (kWh/kW_day) 4.48-6.83 | 1.63-6.41 | 4.12-6.31 | 3.27-6.34 | 2.29-6.69 | 2.71-6.81
Average daily reference yield (kWh/kWp day) 5.93 5.34 5.67 5.05 5.40 5.72 5.52
Capture losses (kWh/kW_day) 0.80-1.18 | 0.34-1.07 | 0.58-1.07 | 0.50-1.10 | 0.36-1.13 | 0.45-1.29
Average capture losses (kWh/kW_day) 1.02 0.89 0.89 0.82 0.86 1.03 0.92
Instantaneous PV efficiency (%) 5.4-45.8 9.5-50.0 9.3-17.4 9.6-60.4 9.9-17.6 | 10.5-17.8
Daily PV efficiency (%) 11.1-11.9 | 11.3-12.1 | 11.7-12.2 | 11.5-121 | 11.6-12.4 | 11.3-12.0
Average daily PV efficiency (%) 11.7 11.8 12.0 11.9 11.9 11.6 11.82
130 18 %
g}fg _ ot 2 16 %
100 A 14

y=95.994x + T84T |

R?= 09928

coB88833388

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14
AMANNIDNToY AN WA INAY (KWim)

ias Wi nRYIBARLAI DT R

o madldihannuw PV —Linear (madldihainui PY)

3UN 3 AALEAIANVFNNUTVEI G DU Py

wihodu kwime uaz 1, azaglugl % dmiundsruliieds
Neiuilunsmasussefiadmansondeledvindiy 552 kWhiday i
array yield s Turty 4.60 kWh/kW, day @1 reference
yield afgesuriny 5.52 kWh/kW, day @1 capture losses
WABTE WAL 0.92 KWHKW, day uasFiadpiszdniaw
uRALTRALEIa ARSI TIoIUTINNY 11.82 %

y=280.47x" - 121145 + 2036.7¢" - 1666.3x° + 6707 - 115.39x + 17.128

R:=0.71219

Usans Mt sadtasonnad (%)

00 01 02 03 04 05 !}.B 0.7 08 09 10 11 1.2 13 14
AT TAM W MAL (KWim?)

== z = == 2 =
+ USEANGMNUHIBARLAIDINAY —Poly. []J‘i‘éﬂﬂﬁﬂ”lﬂ!!ilul‘iiﬂﬂ!!ﬂdi]”lﬂﬂﬂ}

gﬂﬁ 4 PWLFEAIANNFUNUTVEI G NU um

3.2.3 ia5asudasnszalnila
a & v o o o A v o A
nnmaanzidayaiatWinizusasfidwlvnueias
wilaanszuaiiuasiad i nssuasauiesasudasnszua i
NﬁmvlﬁﬁﬁwmﬁﬂLm:ﬁuﬁﬂmm:ﬁﬂmimaaummma@ﬂ"lﬁﬁa
waay Hluannaf 4 WeRnandayaiaslwinzusasiesi
PwlitueTasudanszuglwiln Pey AuiasWinnszuaasun

797 4 dwnfiieeinldnniensidayaiasinihnszusassndelinueTesudasnszualwiuasias Winszusadufiedes

wdaanszusniwdale

wmdinas amiiale
W.a. 51 5.Aa. 51 3.A. 52 n.N. 52 #.a. 52 L3.8). 52 Lﬂﬁlﬂ
Daily PV inverter generation (kWh/day) 382-614 | 122-583 | 375-573 | 286-567 | 189-610 | 228-607
Average daily PV inverter generation (kWh/day) 530 480 517 452 486 500 494
Instantaneous PV inverter Efficiency (%) 15.6-95.2 | 12.3-96.2 | 16.6-92.9 | 10.8-94.8 9.9-95.0 7.2-98.7
Daily PV inverter Efficiency (%) 87.1-90.6 | 78.7-91.0 | 88.2-90.8 | 85.9-89.9 | 82.0-90.2 | 83.8-89.9
Average daily PV inverter Efficiency (%) 90.0 89.2 90.1 89.1 88.7 88.6 89.3
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a ' a g o a 4 a 9 4 a ¢
AN 5 ﬂ"IW’Wi’]ﬂJL@laSVIVL@]%Wﬂ’JLﬂiﬁz‘ﬁﬂ?Wi’lSJiziJ‘]JNﬂ@lVLWWW%WﬂLLN&L"]IEIRLLNGBWVIWJ

wnAaas miale
W.g. 51 5.A@. 51 3.Aa. 52 n.N. 52 3.4. 52 L3.8). 52 Lﬁé&l
Daily final yield (kWh/ kW, day) 3.18-5.12 | 1.02-4.86 | 3.12-4.78 | 2.38-4.69 | 1.57-5.08 1.90-5.06
Average daily final yield (kWh/ kW day) 4.42 4.00 4.31 3.77 4.05 416 412
Daily system losses (kWh/ kW day) 0.38-0.59 | 0.27-0.51 | 0.39-0.51 | 0.39-0.55 | 0.33-0.57 0.37-0.69
Average daily system losses (kWh/ kW day) 0.49 0.45 0.47 0.46 0.49 0.53 0.48
Daily performance ratio (%) 70.4-76.0 | 62.5-76.2 | 74.3-78.2 | 72.2-76.5 | 67.5-76.9 70.0-74.5
Average daily performance ratio (%) 74.5 74.3 76.1 74.6 74.6 727 74.5
Instantaneous system efficiency (%) 3.0-11.1 2.1-11.2 29115 3.2-111 1.6-11.2 1.2111.0
Daily system efficiency (%) 10-10.8 8.9-10.8 | 10.5-11.1 | 10.2-10.8 9.6-10.9 9.9-10.6
Average daily system efficiency (%) 10.6 10.5 10.8 10.6 10.6 10.3 10.6
120 = 12
110 en
~ 100 E 10
2 9 i 9
c
‘5 80 o 8
iz 70 g7
£ 60 Z 6
3 50 £ s
£ 40 | 3 4
£ 30 § 3
= fg y = 0.9568x - 3.4958 £ 2
e 1 3 1
E 0 Lo R=0.9991 g 0 R?=(.9802
oC g
i
0 10 20 30 40 S50 60 70 80 90 100 110 120 130 = 00 01 02 03 04 05 06 07 08 09 1.0 1.1 1.2 1.3 14
maslithnTz@anss (kW) AnuLNInITARNANAL (KWim?)
o mMaslihnyzuaaay  —Linear (iaollihnszuaan) o UssAnsmmimasasnasoinag —Poly. (szansnnuusigasuasanat)

gﬂﬁ 5 NINLEAIANUIFNANUTVRS Ppy U P,

idasutaanszusWindale P, sfiagﬂﬁ%ﬂumwmmmhgﬂﬁ 5
senuiflenusuiutlsass soiussmansninanuduiuives
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