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Anucha Phowan 2011: Performance Analysis of Polycrystalline Silicon and Thin Film
Amorphous Silicon Solar Cells Installed in Thailand by Using Simulation Software.
Master of Engineering (Electrical Engineering), Major Field: Electrical Engineering,
Department of Electrical Engineering. Thesis Advisor: Assistant Professor

Patamaporn Sripadungtham, Ph.D. 79 pages.

This paper presented performance analysis of solar cells from experiment data and
from PVSYST 5.31 simulation software of polycrystalline silicon and thin film amorphous

silicon solar cells under Thailand meteorological conditions.

The results indicated that performance result based on IEC 61724 standards
(Photovoltaic System Performance Monitoring-Guidelines for Measurement, Data Exchange
and Analysis) found in 2008 from 7:00 a.m. — 5 p.m. the average net energy from array (E, 1)
was 11.23 kWh/day. The array yield (Y,) was 4.36 h/d and the performance ratio (PR) was
92.54% for poly-Si solar cells. And the average net energy from array was 4.22 kWh/day. The

array yield was 4.65 h/d and the performance ratio was 105% for a-Si solar cells.

When compared the simulated and measured values of the electrical power, the
percentage error were 4.22% and 17.54% for polycrystalline silicon and thin film amorphous
silicon solar cells, respectively. As for the thin film amorphous silicon solar cells, the correction

factor was applied and the error value was reduced to 10.60%.
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mldnamaguiiiigega aunsodaldvazidenisemalihnliswmunzausmils uaziile
=)

a ' 1 A dy A A N 9 A A
Worsaluaiuveans vl IV Curve A1 P, Av WuNdiasun1ald IV Curve AAMWINNGA U

AUMTAIUIUAIAUNITN 7
P =V, xI_ (7)

3.4 Fill Factor (FF)

. I % ~AqQ Y A =] vAa a a
Fill Factor (FF) 1HluaautlsnlyeFuredsnaaniiavesnisdssansninves

q

A9

Jd a o v dy A A A o '
radudazyia Tasmndandiuvesiundmasuiuivesnswiannn I, du v, do
dy ~ A [ ~ @ 1 o o s
wunvensianan 1, 7 v, awudaslunimi 15 Taena a1 FE dwmsviwaa

a Jd a 2K aa v 19 & 4 a Jd a ad
LL’(?N@'I‘I/W]ﬂ%uﬂwaﬂcﬁaﬂ@uﬂgﬂgﬂigﬂ'lm 0.75-0.85 umuﬂuwaaumam@ﬂ%uﬂWaumwz



18

F 9 P4
[

U aa o o v A =< 1
6gﬂizmm 0.5 - 0.7 (UBUUN, 2552) MNUIVUDY

[

Y
fudszansawveuyaduaazriiaiiueg

Usznouiiu Feeusamuia laasannisn 8

P, =1, xV, )/ (I xV,) )

Cell with High Fill Factor

Imp x Vmp
F=Tscxvoc
Area A
Area B

current, power

voltage Voc

M 15 31uaan3¥a1veq Fill Factor (FF)
#3: PV Education (2010)

4. m3lFamusaduaseninadlulszmelne

Uszmalne @i uiins 1dausaduaseriadiied w2519 Taswiiea
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Tuaneilveausuianng aiiud 6 (.. 2530-2534) Taod nsusiammazduas INE1NY N5
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aavgaauasonadiieldnululszmalne wea. 2548 3
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o [ [ [ 4 a 4 y a 3
Uszme i lidadrums lgndsnu Iiihonneaduasennaddsunilasly Tasnisdadals
I a qgj 9 dy A ] A A = d'
uTagunn wflumsaaasldauluiuniviednag wu anfidulszquuanes szuudods
A ~ [ 4 [ 4 1 g} 9 [
WiodninIudynIuveeans Insaniuvalszmalne  szuuguihalendeau
a 4 v 9 d‘ 1 [ 1 d' A a 5 = =
uaseiiad szuy iy duinvielna ez daduimaeszdadslulsuSoudlszondnun
Y
gy uaz Idyana Iinsznsu wenaniu ms Irlihhewda (nvlw.) deliauansanis
[ =Y 4 1 LY 1Y 4 ] [ g} (%
Tdmdanunaseiadnauna Ui uwas g Unuudu wu waeuii wasavan uaz e
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msan 1 M3 ldwaduasenadluilszmealne

ooy Wanaild xw)

1. ASURAILNATIUNALNULAZ YT NN 2,487.616
2. nsu o515 (1AY) 543.637
3. ms Wihdugiina 18,147.990
4. m3 ihurandanrissemeane 797.164
5.m3 ihuasvadg 463.050
6. gUITOIAZANOUTUNAINUNAIDINAT UMNINTTD UISAIT 12.913
7. guénsanyniaInalnenuy 16.800
8. ATUATVUEIN LIS BT 4.160

9. unImenaema TuTagnszaomnaisuys 56.100
10. §11NUITLUATHAIUINTENT1NAT 11N 3.700
11. dndinanuianninemanasiazima 1 1adunamna (@Ine) 1.640
12. AgATIMNI s szIme Ing 42.000
13. 94An13 Insnsuralszma’lne 1,142.022
14. A0UIAINTTUNSINU NINNGBNEATANANT 2.700
15. AAEININANT WNINISBINH 0.300
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M5199N 1 (919)

e unly UFananla (kW)

U 23,721.792

N301: WeFANA (2549)

] Y
Fn5uTasamsaundsnuLaIemadnlszmealne deuatl w.e. 2526-2553
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szuunaa i luitufiTassnssuidtoannnnsgass 77 | 326.666
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o o Y 9 [ a J o 33 1=
dmsumslFaudundsnuuasoiadues Uszma Inotiuauail w.a. 2526-
E4 9
2553 wu Andasaunsludiuvesniads anfumsAnywazionyu ldauiunsiags
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szuuwan Iiihdremaduaseriag szuuguihdioaduasoriag saudeszunnsdoats
9 4 Aa J d3 o =2 a v o v o 1 a J
A AU INASIT UTIUIUDT 40,568.833 N TaTad (dnTnWaUINGINULAI0INAY NI

WANWATUNALNULAZ YT N WA, 2553)
5. MTUATIZHANTIOULVDITLUVITASUEAIDNATIA TEC 61724 Standard

MIANIIZHANTTOULVDITLUUMNY TEC 61724 Standard (IEC, 1998) ﬁJummgm

A a =KX an [V a 4 a J a
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wan Iihdraaduasenad luAUNEII1Ee Y ARV UHEIVDIAI9DINAS U IUITI
o o 4 [ 4 a J [ y 4
fraglwihnlasvanumasaduaserind - wasou ldihnldlunsdszyszvunuames
waanu Iihndazesnainszuy aa4 e ldlumsisziivaussaus Tags1mveasz
Aa 4 A oA [ a 09.:} I y 091‘ Aa
wan Iihdreaduasernadn ldsumsaaduilunGeudesuds MaszuunDVd ATy (Stand-

A 1 1 ' " o Y A Y I 1
Alone) tagtUUFDUABDA1E (Grid-Connected) Tﬂﬂmmmummmammﬂmu"lmﬂu 2 @7

nanao As91nMIATIIA LazdulsnMIAILIN

v 9
Tu IEC 61724 Standard lasmuadanilsfvzdssiinizasiaiadiuu 6 nguuan

[ a a [ § A [ 4 a 4
Usznoudle auilsn1egatloningl (Meteorology) AauilsiiNeafuumasaduaioInag

o
@ Y <

(Photovoltaic array) A uls NAeINUTZUN DAL AUNEIY (Energy storage) dautlsh

AUz iih (Load) dwsinerduszuudmihevesms Inih (Utlity Grid) tay

9

A5 NNeINUITVUNAANGIIUE1509 (Back-up sources) MHITUIFBUNINITATIVIALAL

a d Y 1 @ a a @ A A o 4
InTznvoyaludiuues Aaulliniegaioningr (Meteorology) AatsNinNeINUURAULAA
=
N

a J [
U9 INAY (Photovoltaic array) ANAI1T NN 3
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Parameter Symbol Unit
Meteorology
Total irradiance, in the plane of array G, W/m’
Ambient air temperature in a radiation shield am °’C
Wind speed S, m.s'
Photovoltaic array
Output voltage v, v
Output current I,
Output power P, kW
Module temperature T °’C
Tracker tilt angle ¢T Degrees
Tracker azimuth angle (1) A Degrees

31: IEC 61724 (1998)
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a [ J a J
ANNAINT0 TUNTHAANEINUYBITLUULEAAUAID1NAT (Array yield) A AN
[ H a 1 LY 1 a o o w a g 4 a J
wasnu Iihnwaa 18 luugaz Ju do noand 1w lumsfadevesssuuaduasonag
o Y d'
NI 1A NANNTN 10

Y,=E, xP =Tx(XZ,P)/P, (10)

dayP A

e E,  feowdwmTWihgnT «Whiday)
P, feomalwihianzinasgiv kw)
p, e masllihivieen kw)
A i w
> Ao NATINNIHNANADATU (Hours)

a 4 4 a Jdq Y s I 1
AT AATIZHANTTONINYDIBAALAIDINAE 1A Performance ratio (PR) 11lua
] dyd 4 a a 9 9 ) Y]
19FDIAUITONINVBHIASLAY 01n0d lag liAanavnanuuuae Tannnisimdaany

10ONMTAIENEINUMETA STC (Topic, 2006)

Y =HxG (11)
Y =ExPg, (12)
PR=Y _xY. (13)
e Y, e Yield 91999

H Ao anudunaaniald

G Ao Anudunaed1edalianilu 1,000 w/m’

Y, 0 Yield voeluga

A o w
E A9 N1AIV190N (Watt)
P Ao Maamialdnanin sTC

1 @ { < [ !
AmasnuIdaewnae (Average photon energy, APE) Hudvtinlyvenns

N3LeUDIANAT LAY (Otani, 2008)
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APE=hc.q/ A, (14)
A A A Y 34
1o h f1® Plank’s constant UAUNINU 6.626x10 " J.s)
c A A5 Ta sy 3x10° m/s
q fip drannIoind13a Baumiy 1.602x10™ Coulomb

9 ]
wa  AD MIBIHINANNEIAAULES

6. MyvonuuuIzuunan Ilhdresaduasenad lasldlUsunsy PVSYST 5.31

]
~

av = Y
U2 UIYNINYIUDN

a 9 4 a L4 asn o
MIvonuuuIzuuran Wihdr1eaduasenad uonanIsvosnmismiululas
a [ a, { o a o
Unaud §asnausadiuteanuazatnlunmssonuuuaenis ldaeuiiawmes 11sunsy
] $ v ]
$aolunsesnuuudeluiliniuniivanvate Tdsunsuldidenls i5u PVSYST, ASHLING

5.0, INSEL 4.8, PVS, SOME 3.1 1tai TRANSYS 14.2 Tudu (Shaari, 1998)

a o 3 3 % % [ a ]
AouNIR0s 151y PvSYST AdluTisunsuninge s uanutieussraninly
a v s A ¢ &2 a <o P} A A P 3 A
mMivonuuuszuunaa liihdrowaduasornad FeidansunslFanunmsundsuilun
[ [ 1 9 =~ =\ = 9 o
8o UNUBYIININNUIN (Spanos, 2003) 111 1998 UnisAnuINs 1% 1Usunsus1aveszuy

Y
a o

raauade1nad TUNTIATIEHEAUTTOULVDUTAUETIDINAS 1HOAARUTAdITID N1
1 a Qaj 4 a 4
aavilsznevvese1ns (Building integrated Photovoltaic: BiPV) TagAnAaLNIEaRLaIDINAY
a [ dy A A o a oa.l} A [ dy A 9
VTNUNFINIVD991A1T NUANMINTAAAIADIUAsU NV s IMATINgY tazwund 1%
o a a J
TdsunsulumsdaesanimgiionmalunmsiniizialeTlsunsuaolszmauuades vuia
4 a P o a g o v .
HHIFATUAIDINAINTINTAAAINVUIA 2.75 KWp H13yH 25 0IAIALLUITE U (Shaari, 1998)

a & s A o o !
5']8@%l?)flﬂﬂ'li@]ﬂ@]\?l,m\ﬂ"]fﬁﬂl!ﬁ\‘lﬂ']ﬂ@]Elﬁ']iJ'liﬂllﬁﬂﬂvl@s{ﬂ\iﬂ'lWﬁ 17
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P abaryd Alabamy? A abaray '

Y

d' ) 4 A Jdaa o A 9 Av A [
MNN 17 l,l,'lJﬂﬂTa@ﬁﬁZUUl%aﬁl!ﬁﬁﬂ’]ﬂ@]EJ‘VW]@W]Qﬂi%iuQTHJﬂﬂﬂﬂiglﬂﬁ@\?ﬂﬂH
a .

NH1: Shaari (1998)

~ K =1 aov d' a 4 a J 9
13l 2002 H h ua‘”ﬂmwumi’mmwaﬂs“muammuwmaaumam@stEﬂ,m

a = % o 4 a J
ammgiioimeavestlszmenaie Tasldlilsunsudraesszuumaauasornad PVSYST lu

v
s A o a o

msmanzlSnateninai i ldnnssuuwaduaseniing ileiimsAndusaduaeniing
MeldanimgiioniAvesilszimauaiBed 1952 DU Grid-connected A1DUNANITIIADI
Tulsunsudie AmegationIne uazdoyavedsadai01indsian1997o Mono-crystalline,
Polycrystalline, Amorphous silicon t481¢ Cadmium telluride WU iyadaaeInadsia Poly-Si

Trtawdsnu Iihuaz 19Suamunniige dawsaduaserfindyiia a-si Idamasaru i

[
o A

uaz193uasnuiiga (Hasimah, 2002)

a 4 4
1u1l 2006 Jong Hun SoazAmiinIsANYINATICHANTTOULVYOULDT
a Jd a {
uaaefindmeldanmglonsveslszmein1man Field Demonstration Test Center (FDTC)
{ 4 a Jdo ) o !
NAPA2832 VD Grid-connected YU1A 3 kW yarasiato1iadiinisfmuayuiuLulsgun
o a {3 . ' J a Jd
18 03 Iae 1991715 31A124179 Component perspective 13U Lradiiaso1iing, diudszulana
. ] a a Y] A 9
(CPU) 1a¥ Global perspective 11 Uszansamvesszuy, wasanu lihaldvnszuy ms
a d o Y o U 4 d‘ Y [y 4 a 4 Y a a =
Aannzrild laerhateminan lavninms Iamaduaseiiadniglaanimg o niaese ey
@ J 4 Ay ¥ 9! o s a J A '
AuAtemMyai lda1nms 14 Tlsunsusiaessz umaduaIMad PVSYST Wudiliae1iwa

1 @ I 1 :;I a 3 J a J (% {
l,mﬂmiﬂmﬂﬁmaﬂﬁ}aﬂmmu ﬂ'li@]ﬂ@]\?i‘]fﬂﬁl!ﬁ\‘lﬂ']ﬂ@EJLLET@N@Qﬂ'I‘Wﬁ 18 (Jong Hun So, 2006)
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An: Jong Hun So (2006)

[

NCARRTRL

o9 FDTC

ﬂ'lila’ﬂﬂ1%11]5LLﬂiiJﬂEliJﬁ’JL@lﬂgﬁ”lﬂgﬂﬂﬂﬂ!HJiJiZ‘lJ‘UWEGIIIWﬂWQ]}’JEIL“Baé’

9 [ H
uasfiadiiundsnizinsanilasFunslsauveslusunsunlF AT Hss Fuasounqulu

naqau iiedsy Temilumsiszgnd 159 1dgaga (Shaari, 1998) mafSeueuilasdums

IF e Tisunsuasuiimes 1msveonuuuszuunan Iihdeaduaseonaduaas’ld

A9915199 4

a ~ ~a & v A Po  w a
Ms5190 4 15euieuanryuns 1gauved llsunsuasuNIABT 1M USDNUUVTZUUNAA

ihdeaduasoiad

ASHLING | INSEL SOMES | TRNSYS
Parameter 5.0 4.8 PVS PVSYST 3.1 14.2
simulation basis time-step | systems | time-step | time-step | time-step | systems
operating system Windows DOS Windows | Windows DOS Windows
IBM compatible yes yes yes yes yes yes
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M5199 4 (19)

ASHLING | INSEL SOMES | TRNSYS

Parameter 5.0 4.8 PVS PVSYST 3.1 14.2
Validated - yes - yes yes yes
direct, stand-alone yes yes yes yes yes yes
hybrid, stand-

alone S yes yes yes yes yes
grid-connected yes yes yes yes yes yes
BIPV S > = yes - -
shading factor - - yes yes 3 -
library yes x yes yes limited -
met data library yes yes yes yes yes yes
met generator yes yes yes yes yes yes
graphics yes yes - yes S yes
measured data - - 3 yes yes -
energy analysis - - yes yes yes yes
comparisons . - - yes - -
economics - - - yes yes yes
on screen results yes yes yes yes yes yes
ASCII output - yes limited yes yes yes

1301: Shaari (1998)

4 < ol tw g 4 4
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uaneanu TasduaeulumsmamsaidSunandsanunwaa ldnszuunaa Wi drewad
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HEDINAY 1D UTUADUNEININNMHUASNHAUZYDINITINUHI LAZTDIUNTINT VOO NI

a < 3
Tasisunnmsiaenmseenuuutiuiuy Project Design ttaziaonseuuiiy Grid connected
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1. pouNInes
2. Tasunsu Microsoft office 2007

3. T1sunsu PVSYST 5.31
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avye UUIIN New Energy and Industrial Technology Development Organization (NEDO)
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1.1 @aumsindugailonine

1.2 drumidaana i av curve)

1.3 aunmsiaalnasuunas

~ @ Qaj 1 A a 4 A A
Iﬂ‘c’lﬂﬂ'lii]ﬂ‘]/li 3 mmznmwwmmaimwuaﬂﬂumww 22

Meteorology I Characteristics Spectrum
Module Module Module
® Harizantal Irradiation * oacpm ® CSpectral Response
® Tilted Irradiation * |sCpm * Navelength
* Wind Temperature * Pmax
® Wind Speed * FF

* Wind Direction

* Relative Humidity

d‘ 4 1 d' 9 [ a Aa 4 a 4
MNAN 22 99alsenou 3 muﬂﬂmzuumi’mﬂizﬁmmwummaaumamm

1.1 daumsiadiugailonIng (Meteorology)

El
[ o J a J o
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Date | Time | Global Irradiance | Tilted Irradiance | Wind Direction | Wind Speed | Temperature | Humidity |
18/5/2007 10:11:00 7926 7255 255 9 323 571
18/5/2007 10:12:00 7999 7329 325 3 324 558
18/5/2007 10:13:00 7951 T28.3 2721 3 325 56.9
18/5/2007 10:14:00 798.9 731.9 2594 1 327 56
18/5/2007 10:15:00 783.3 T17.6 282 1.9 32.8 552
18/5/2007 10:16:00 799.6 7333 260 1.1 32.8 25
18/5/2007 10:17:00 811.9 7446 271 14 327 539
18/8/2007 10:18:00 813.8 T46.7 273 1.8 327 559
18/5/2007 10:19:00 795.6 733 253 9 327 555
18/5/2007 10:20:00 7942 7293 220 9 328 543
18/5/2007 10:21:00 800.7 736.3 250 1 33 536
18/5/2007 10:22:00 821 754 292 1.8 33 544
18/5/2007 10:23:00 516.4 7505 285 1.8 32.9 531
18/5/2007 10:24:00 837.7 770.5 269 31 32.8 837
18/8/2007 10:25:00 8215 756.2 2911 18 327 533
18/5/2007 10:26:00 826.7 7609 293 1.1 324 538
18/5/2007 10:27:00 827.2 T61.7 298 9 324 545
18/5/2007 10:25:00 525.4 7631 293 1.8 325 543
18/5/2007 10:29:00 530.9 765.9 3121 11 326 542
18/5/2007 10:30:00 827.2 763.1 270 1.2 327 55

d' o L] 9 a a
AN 23 AIBYNVDYANNYAUIUINGD

) v 3 s A . . . Y
L1.T U2yanduiuinea uU9luNSINY NUUITTUIY (Horizental irradiance) N1
= . . . £ 2 A A v A [ a 3 J a J
HUINNIDYY 14 947 (Tilted irradiance) G]NL‘LI‘I!HN‘V]L?JEN?%@]UL@ﬂ?ﬂﬂﬂhﬁﬂ@ﬂlcﬁﬁﬁuﬁ\‘]ﬂ1ﬂﬁﬂ

{ < 3 ¢ o 3
anuduuasinudeyaniimiedu wim® 1dqinsal Ms-802-E ludunudoya

Y ] < o = ] I a
1.1.2 voyaan uiuilu A21u59 (Wind speed) Unuilu m/s tagnanigay
. . . = ] I A g A a A < a A g
(Wind Direction) 1281110381 15uAUN 0 03 Tunamioryuauanuwmuauuuan
3 9 9y L4 A @ < v o 9 Aa aa
IUATY 360 0371 INVTOYAA891NTal USA-1 1n503iannustanluiadanii Teilnaiuia

(% [

@ a @ J 3 @
1¥Taquiinoudnmes dudisudyn

9y A Y = ] Id =
1.1.3 U9yaguuuNan1IctINaol (Temperature) Invetluesrmsaised tag

Y
Yoyan1wuluussenet (Relative Humidity) Hvviaoilu RE Taoldgilnsel MT-062-30
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PV Device : CH(1)
Site Name : NSTDA

—-——Measurement--—-

PV Device Temp. [deg.c] :
Solar Irradiance [kW/m~2]
§.000 - 00,000 Short t Current (Isc) [RE]

Open Circuit Voltage (Voc) [v1
Maximum Power (Pm) [wl
] Maximum Power Current(Ipm) [E]
Maximum Power Voltage (Vpm) (vl
Fill Factor (FF)
Conversion Efficiency (Eta) e
= 4000 — 200.000 _
- Z  ___5TC Conversion---
; ; PV Device Temp. [deg.c] : 25.0
8 < Solar Irradiance [kW/m~2]: 1.000
Short cuit current (Isc) [R]
Open Circuit Voltage (Voc) [v]
Maximum Power (Pm) W]
2.000 — 100.000 Maximum Power Current (Ipm) (2]
Maximum Power Voltage (Vpm) vl

Fill Factor (FF)
Conversion Efficiency (Eta)

MW 24 Midadseansmnunaas
1.3 @aumsdanasuds (Spectrum irradiance)

<3| [ @ [ 4 : 1 lel o [
Wumsianasnuanasuueas a ﬂ’JmElnﬂﬁuwﬁﬂmnqnmﬂlmzuu NINIIIA

v A

o & o 4 @ o { ] '
doyan09Unsal MS 701 Fuiluniesiasedan)nasunasinimeurudieaial (Visible

Y A o 3 9 A o U Y Ao & A
light) Iﬂﬂu@@]i']ﬂ']ilﬂﬂeuau‘]anﬂc] 1 UIN ADYNVOUANIADULAAIATUNTINN 25

U

Measured data : merged data

o NV T WANWN'Y

400

Wauszngthlnm]
Measurement time 2007/06/01 12:00:00, Exposure time[msec]: 500, Temperature[deg.C]: 0

MW 25 druvesmidaalnaiuvesuasenad
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2. mamguteyanazmuanNnuFiusludeyaudazaiu

9 A Yo Y o =S Y] a J [
Joyai lasunnaatiuiauima TuTagndanuaee1iind (SOLARTEC), aIny. o
Tugdunugmdoyaueelysunsy access Taslidoyaiiiog 2 drufe JoyaniagationIng,

(Meteorology) ttazdioya IV 0gludiuved table grudoya asaaslunini 26

@ \ [ [, B R , i NECTEC : Database (Access 2007} - Microsoft Access
| Home | Create  ExemalData  Database Tools
: [g}/i . 'ij & - ~-{ll = IE Ty [ vew  Zvotais | 3] | P Vrse
o - 23 || [k E| = %E| — | = B sae & speliing || % ] Ac
Wi Pasti A ||| Refresh Filts
Y o Al |<§) T g Izﬂ fmr[ej K Delete -~ EMore - || %5 T T
views | ciipbosra 5| ret || ¥ Sort & Fi
All Access Objects gJ «
BH v

EH Metearolo ay

MW 26 Yoyaanan1iu SOLARTEC j1udoya 2 daufe gailonineazdoya IV

:/’ o 9 :/l yq ¥ a o
nndutinsnsesdoyalasTisunsy access 1M 1A 1FUMY Query Tun153ve

a X g a a
den1HHu¥aALAI91MAS Channel 6 1182 Channel 9 FaduiyadiaI0IMAdriia Poly-Si uay

v 9 ]
a-Si mMu1AY Yoyan 1¥oglumsil 2008 Fr9a1Aaua 6:00-18:00 u. Aaaaslunini 27



All Access Objects @ « Date 1V
Tables S h/2/2008 £
Hwv 1/2/2008
i Meteorology E:i?iga:
j Spectral | le/ZDDB
Ldirics AN | 1/272008
B Add Wind CHOL 1/2/2008
@ Irr Temp VS Pmax 1/2/2008
2 v and Temp [Cho1) 1/2/2008
= 1vand Temp (Ch02) 1;2?993
1/2/2008
B v and Temp (ChO3) S
2 v and Temp (Cho4) 1/2/2008
2 v and Temp (ChOS) 1/2/2008
B IV and Temp (ChO6) 1/2/2008
2 v and Temp (ChaT) 1;252003
2/2008
2 v and Temp (ChoE) -
B 1V and Temp (Ch09) 1/2/2008
25 1vand Temp (Chi0) 1/2/2008
2 sensitivity 1/2/2008
B test 1/2/2008
ﬁ amiwiy Wind Speed/Direct 1/2/2008
1/2/2008
1/2{2008
1/2/2008

Time ~t| Channel -7 Er - T1 - Voc -
8:10:00 CH{06) [050712 30.4425 2455182
8:20:00 CH{06) 080199 30.5375 25.38828
8:30:00 CH(06) 063248 30.6 24.87838
8:40:00 CH{06) .07037 30.7225 25.16545
8:50:00 CH(06) [093732 30.33 25.57994
9:00:00 CH{06) J05584 29.6675 24.81368
9:10:00 CH{06) J098575 28.9875 25.78862
9:20:00 CH{06) 057123 28.9975 25.10854
9:30:00 CH{06) 049288 29.4 24.89688
9:40:00 CH(06) 185185 29.63 26.60485
9:50:00 CH{06) 127365 29.18 26.19225

10:00:00 CH{06) 141595 28.72 26.23559
10:20:00 CH(06) 219658 27.925 26.22853
10:30:00 CH{06) 283761 27.61 26.40053
10:40:00 CH{06) 22906 27.34 25.50641
10:50:00 CH{06) 871225 27.12] 27.29851
11:00:00 CH{06) 851425 27.1 26.33368
11:10:00 CH{06) .392165 27.13 25.467
11:20:00 CH{06) 943732 27.3825 26.30711
11:30:00 CH{06) 91567 27.4225 25.82396
11:40:00 CH{06) 363818 27.3875 25.01481
11:50:00 CH{06) 1.030057 27.2675 26.70679
12:00:00 CH(06) A55271 27.2175 25.02059
12:10:00 CH{06) 379772 27.11 26.0671
12:30:00 CH{06) 882336 26.9775 26.16629
12:40:00 CH{06) 442593 26.9 26.1226

a ) ¢ A ¢ a . A ) a g v
NINN 27 mﬂyjal“ﬁaﬁl!ﬁﬁﬂ]ﬂﬁﬂ%uﬂ POly-Sl g a-Si ﬂﬂiawayjmﬁﬂmaﬂum

Isc =
.399125
682318
.510333
610032
833158

.52939
799529
470525
447243

1.546481
1.068951
1.194274
1.745048
2.340586
1.8383591
7.514803
7.184156
3.616864
7.993157
7.789118
3.048442
8.805046
3.279082
3.171745
6.090291
4.138154
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a <Y 1 - = [ 1 o 9 A' ]
ﬂ153lﬂ51$ﬂﬂl@3§laﬁ1u1iﬂ1’i1ﬂ1maﬂﬂiﬁlWﬁi’JiJ"UE]W]’JL!‘]JiLLGIﬂZGI’Jllﬂ iedeluns

a ¢ A ' Yo 2 3 v A g D]
’)Lﬂ51$1’iﬂ1§Lﬂaﬂullﬂa\i"ﬂ’é}\‘lﬂﬁﬂ'l\‘ihh/\lﬁ119]“]5@@1!EN“UH ﬂ15ﬂimmaymmgmimaﬂmayja%

Handu Simple Query Wizard

Mew Query = 2

Crosstab Query Wizard
Find Duplicates Query Wizard
Find Unmatched Query Wizard

This wizard creates a select query

from the fields you pick.

[ Ok J[ Cance ]

Smple OueryWizard

~ A g o Y o dw .
NINN 28 miﬂimu,azﬂ15maﬂmayjamﬂﬂmumm\laﬂ%u Query Wizard
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9 [
vinmiuihimsadiaSou vl luUsunsutinis summary, average Yoya tuus1oTy, 519

A A Y A A . A 1 =
na1 vsesaneuld lagaoni summary option (AdNLUUANATIN (Sum), AURNAY(Avg) LAY

enmsswdoyauuUsIe Ty, 518181 Hi03 1o UANNTNA 29 1Az 30

Summary Options

What summary values would you like calaulated?

Field Sum Awg Min Max
wavelength ] 2
APE [ B B |

[ Count records in
Spectral

A A y
NN 29 NI51ADN summary VOYALUY Avg

Simple Query Wizard

How would you like to group dates in your guery?

-

S .
1 s wan ann FGE0 ), ik tite flme
2y vy umy 980 i

@ Da
F muw v o OS2 O _\"
2 e nnn mn OO O Month
& qux wa e (1995 i

() Quarter

@) Year

[ Cancel J I « Back ” Next = l | Finish

A A y v Y
HNN 30 NIT1ADN summary maga“lmﬂmmuﬂmu

Ay = o a Y ~
IOHIN Query i]\1’ﬁ'lll'liﬂu'liJ'l’JLﬂi'l%‘l"iwlﬂG]'liJﬂ'IWT] 31



D)= - ™ = TW_CHO6_Day - Microsoft Access
= = | Home Create External Data Database Tools
# Calibri e EEY - o] ﬁ X Totals &1 W7 Selection - &
o = By |||B oz o= = e =8 & spelting || %1 2 V= Advanced -
e Paste 7 A= "|@, | = [22e| Ri:lr‘evsh Dl e e ’ Filter 7
Views | [Clipboard Fant E) Rich Text Records Sort & Filter
All Access Objects. ~ |« Date By Day  ~ | Channel - Avg OFEr  ~ AvgOfTL  =| AvgOfVoc =
Tables a 1nsngia 2007 CH{06) .352862093258988 28.2597720406272 25.9971708817915
B w 1n3nQIAN 2008  CH{06) .230704454535788 29.0349993272261 25.6642710945823
=~ [ — 1 fusnsu 2007 CH({06) .486752177503976 25.9877267317338  25.612118807706 .
e = 1 ﬁ‘umuyu 2008 CH{06) .467404820024967 28.7579539905895 25.7826695875688
B51 . Chivs Aranze 1 nan1viud 2007 CH(OS) .543252907016061 27.6840901808305  25.990400834517 -
s 1 nun7vius 2008 CH{06) .378930362788114 28.1704538518732  25.235932263461
R 1 @aiau 2007 CH{06) .417534363879399 26.2631810205633  25.639876278964
B v_CHOS_Menth 1 @aiau 2008 CH{06) .268104087561369 29.0515901392156  25.271254333718
B 1v_cHos_Time 1 fuan@u 2008 CH{06) .551437542519786  29.6252264543013  26.691822052002 .
P51 v_cHO9_Analyze 1waaSnnau 2007 CH{06) .312198997898535 25.8206813118675 25.3796482086182
B ko 1waainiau 2008  CH{06) .506241818381981  28.759090423584  26.057839827104 .
i |1wawniew 2007 CH{06) .128418699838221 27.6437492370605 25.0860628128052
& w_cros_Time 1WO®AIAY 2008 CH{OG) .334809452633966 27.1522719643333 25.8797687183727
1uns@u 2007 CH{06) .506000001728535 26.8569999694824 25.8660003662109 .
1 fiauiau 2007 CH{06) .563273725861853 28.2895448858088 25.5821463844993 .
1figuinu 2008 CH({06) .395441633056511  29.767954046076 25.7264156341553
1 fiuvau 2007 CH({06) .411305355416103 27.7799994728782| 25.7433542771773
1 #iuiau 2008 CH{06) .464439084160734 28.8149954936856 25.7623714100231
1 w2007 CH({06) .511901001361283 28.0079543373801 25.5695256319913 .
1 wimnau 2008 CH{06) .512095180424777 28.7222721793435 25.7556943026456 -
1 &9%au 2007 CH{06) .622364723256656 27.7267848423549 25.7451716831752
1 &owiAu 2008 CH{06) .234149092300372 28.3845447193493 25.9462103410201
10 AsAgI@s 2007 CH{06) .47378909079866 28.3897720683705 25.6407479372892 .
10 NINQIAN 2008 CH{06) .203496542505242 28.7949992092173 25.7105099071156

MW 31 AURGe Query Toya IV LUV 10U
a d GO
3. msamnzHmanismamsaimmaliihainlisunsu PVSYST 5.31
wan1saansainn1e i 180 Tusunsu PvsysT 5.31 Tanlndezginiu134

C:\Program Files\PVsyst5.31\Data\Userdata cdmﬂumﬂmiumaqa csv usalyTsunsy

Microsoft office Lﬂﬂllél} AN INN 32

ff:?,, H9- -3+ MECTEC_Project - Micrasoft Excel
Home Insert Page Layout Formulas Data Review View
E i Tahoma | ;»|A‘AA'| = ==|®-] \é’i General n n'n y %‘ | F%
aste | i v - - = ad -~ - 0 onditiona orn
o |B I U &~ A= - (B oa o |50 a0 Earating T
Clipboard = Font = Alignment &) Humber £ Styles
| A7 - £
| A B C p | E | F | @ H I
20—
8 Simulation:;Hourly values; from 01/01/90; to 31/12/90
9 Simulation run;15/01/11 12:55
10

11 :date;G\obHor;T Amb;EArray;1Array;UArray;PR
12 W/m2;0CW;AY;

14 01/01/90 00:00;0;25.8:0:0:0:1

15 01/01/90 01:00;0,25.1;0:0:0:1

16 |01/01/90 02:00;0:24.4:0;0;0;1

17 101/01/90 03:00;0;24.1;0;0;0;1

18 01/01/90 04:00:0:23.7:0:0,0;1

19 01/01/90 05:00;0:23.5:0;0;0;1

20 |01/01/90 06:00;0.9948;23.4;0;0;0;0

21 |01/01/90 07:00;113;24.5;18.37;0.9255;0;0.5922
22 01/01/90 08:00;312;26.2;50.5;2.489;0;0.7239
23 01/01/90 09:00;578;28.2;91.33;4.599;0;0.7386
24 01/01/90 10:00;670;29.9;101.4;5.191;0;0.734
25 01/01/90 11:00;756:31.2:112.3;5.847;0;0.7259
26 01/01/90 12:00;767;32.2;112.3;5.879;0,0.7209
27 |01/01/90 13:00;686;32.7;100.2;5.208;0;0.7226
28 |01/01/90 14:00;532;32.8;76.56;3.925;0;0.7208

M 32 Joyai IdanmsaaniseialeTsunsy PVSYST 5.31
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1y Filter YoyadildvnTusunsy PVsYST 5.31 Taodald 1 gadoyaiilu 1

v oo ~ Y =X
ADANY AINTINN 33 LA

]

Y ~

Uiveyan

Tauiinmsianeriae 'l

Ho-m- )= MECTEC Project - Microsoft Excel - & x
Home Insert Page Layout Farmulas Data Review View @ - = x
= == = = + =) | G=hset~ | E -
5 Tahoma bl AR |A Al ‘* = E\lﬁl |E]‘ General . 2 i_:fll ﬁ g i !E' ﬂ lﬁ
e 0 2w o-Ad = || | S S | - | - 7228 R
Clipboard = Font &) Alignment ] Number = Styles Cells Editing
| A13 -@ f | date
s B e e o G e T s T i I L | m | N
|date LTime GlobHor T Amb  Earray  Iamay PR
101/01)  00:00 0 25.8 0 0 1
|01/01)  01:00 0 251 0 0 1
01/01; 02:00 0 244 0 0 1
01/01/ 03:00 0 24.1 0 0 1
101/01/  04:00 1] 23.7 0 0 1
01/01; 05:00 0 2315 0 0 1
01/01/ 06:00 0 23:4 0 0 0
1 01/01, 07:00 113 24.5 18.37 09255  0.5922
|01/01/  08:00 312 26.2 50.5 2.489 0.7239
|01/01  09:00 578 28.2 91.33 4.599  0.7386
t01/01)  10:00 670 29.9 101.5 5.191 0.734
) |01/01  11:00 756 31.2 112.3 5.847 0.7259
(01/01)  12:00 767 32.2 112.3 5.879  0.7209
01/01; 13:00 686 32.7 100.2 5.208  0.7226
101/01)  14:00 532 32.8 76.56 3.925 0.7208
|01/01/  15:00 321 32.2 44.19 2.251 0.7003
01/01; 16:00 165 31.2 22.14 1146  0.6271
101/01)  17:00 20 30 0 0 0
|01/01/  18:00 1] 29.4 0 0 1
101/01;  19:00 0 28.8 0 0 1
01/01; 20:00 0 28.1 0 0 1
0i/01) 21:00 0 27.5 0 0 1
|01/01)  22:00 0 26.9 0 0 1
44 b | NECTEC_Project ¥ 4 TR R—— ——
Ready |
= y Ay v v v o y D,
HMNN 33 fuaag,aw"lﬂmnmmmmsmmaiﬂmmu PVSYST 5.31 viadaagavayasial
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Relation between power vs global irradiance
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Relation between power vs global irradiance
for Poly-3i solar cells
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Relation between power vs global irradiance
for a-5i solar cells in 2008
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Relation between power vs global irradiance
for a-Si solar cells
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4 Relation between power v ambient temperature A
for Poly-5i solar cells
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Relation between power vs ambient temperature
for a-5i solar cells
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Relation between power vs cell temperature
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4 Relation between power vs cell temperature N
for Poly-5i solar cells in 2008
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Relation between power vs cell temperature
for a-Si solar cells
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Relation between average power vs cell temperature due to the effective of
cell temperature for Poly-5Si solar cells in summer
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Relation between average power vs cell temperature due to the effective of
cell temperature for Poly-Si solar cells in rains
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Relation between average power vs cell temperature due to the
effective of cell temperature for Poly-Si solar cells in winter
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Relation between average power vs cell temperature due to the effective of cell
temperature for a-Si solar cells in summer
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Relation between average power vs cell temperature due to the effective of
cell temperature for a-Si solar cells in rains
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Relation between average power vs cell temperature due to the effective of cell
temperature for a-Si solar cells in winter
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Relation between % PR Vs APE for a-Si solar cells
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Compare ambient temperature between measured values

and simulated values for Poly-Si solar cells
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T Model library

Sl | XK Cancel
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“;ﬁ Grid system definition , Variant "New simulation variant”

ok

| Global System configuration | Global system summary

N ﬁ Niamberiof Kiniof ab-fekis Wb, of modules 1 Nominal P Pamer 02 kKwp
todule area 1 mau Mawimurm PY Power 02 kwde
| 2] 3 Simpliied Schema Nb. of inverters 1 Mominal AC Power 02 Kwaz

Homogeneous System ]

~Presizing Help
Mo Sizing Enter planmed power |02 ki,
Select the PY module

Sort modules * Power — (7 Technology " Manufacturer

... of avalable area O |1 meil ;{J

1AI\ modules -

I 167 Wo 20V Sipaly KEC170GT Kyocera

Sizing voltages :  Ympp [E0gC) 19.7 ¥
Woc [-10sC] 324V

Select the inverter

Manutacturer 200_= | Open

Design the amay
Mumber of modules and strings

9 1 Operating conditions
shadbe | Vmppls0sD) 20V
tlod. in series |1 ,.:_J ¥ orily possibility 1 Wropp [20sC] 2
Yoo [-105C) @2y

Nbre strings |1 :JJ
Oveloadloss 0.0 % = Irnpp [STC]
Ha 0.93 e showadna| 2| ety 814

Hb. modules 1 Area 1 mew Isc[at STC)

n v B0 Hz
Sortinverters by & Poer — " Woltage [max] ~ Manufacturer J inverters Tl W B0Hz
[oigkw  17-32v  BOBOHz  DMI250/22 Dorfmuller | Open
Nb. of inverters 1 ﬁ [~ Dperating Voltage: 17-32 v Global Inverer's power 0.2 kwac
Input magimum voltage: 50 v

Plane inadiance 1000 W/mae Max indata * 5TC
T3 A Max operating pawer 0.2 ki

at 1000 % dmeu and S05C)

204 Amay nom. Power [STC) 0.2kWp

<1 User's needs Detailed losses I x Cancel
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U

’zﬁ Simulation, Variant "New simulation variant” Q@ -
Simulation parameters
Y ariant |New simulation variant
Praject Grid-Connected Project at Kab P module KCATOGT Irverter DI 250722
Site Bangkolk Linit power 167 Wp Linit power 0.2 ks
Horizan Fiee Horizon Nb. modules 1 Nb. inverers 1
System Grid-Connected Array Power 017 kwp Prom AC 018 kwac
Preliminary definitions Simulation dates
Optional further definitions, For ﬂ
refined data analysis only. 5 from | 1/ 171990 «| ¥ Meteo begi
Hourly data storage ‘ upto [12/3171990 »| ¥ Meteoend
%E Special graphs ‘
Output File ‘
= Back to paramz n./ Simulation exults i

d' Y ) A a 4
MUNHUINN U8 nAEAINIsNson lumMsIsu IR L Hves 1Usunsy

4 ) < [ 4 @ {
9. 310 VUMUIUATVVLUFAAINTIIA Information YUMIAINIWHUINT V9

Statusz
Simulation ended sucessiully

-~

' aAtenuation 4 Information play
! . Haowrly % alues
‘!1) File "Bangkok_Project,CSY™ created with success ! Daily W alues

Diffuze
Albedn Manthly % alues

|

Dizplay daily

|
Meteo; Global, Diffusze, Tamb 465, 1.78kWh/mes.day, 27.35C, 2.6 m/s

On call: Global, Diffuze, Glob. eff. 528, 1.87, 0.01, 513 Kwh/mey. day

== Continue
Syztemn : EMax, EMet, Ellze 0.68, 062, 0.E2kWhiday
Load: Eload, Ellzed, EQwver Unlirmited , 0.6, 0.0 k\whiday \/ 0K

a Y LA v oA o o a ¢ o &
NMNAUHINN V9 YUY Information °|/]lﬁ]\?lﬁ]@uwa\jIﬂﬁllﬁﬂjJT]’]ﬂ’lﬁ’)Lﬂi’lgﬁlﬁiﬂﬁu
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"4 Results, variant VCO "New simulation variant” E]@

Simulation parameters

Project Grid-Connected Project at K.abul

St Bangkok PY modules KC 170GT Inverter DMl 250/22

System type Grid-Connected Nominal Power 017 Kw/p Iy, urit power 02 kw

Simulation  01/01 to 341z MPP Valtage H Nb. of ifw. 1
[Generic meteo data) MPP Current 0.0&

Main results

Swstemn Production 209 Ewhiur MNormalized prod. 3.42 Ewh/ldwpday
Specific prod. 1249 kwhiNpdor Aray losses 1.14 Ewhikwpday
Perfarmance R atio 0.696 System loszes 0.35 Ewhikwpiday

[ Detailed results

i Daily Input/Qutput diagram
I o Valesfrom01011e 3112 o Report ‘ Tatles ‘
E 0.8 —
g L ﬁ Predef. graphs ‘ % Haurly graphs ‘
z osf 4
E L @ E conomic evaluation
B
2 0 i
£
£ L
s i ;
a e s Fritit ‘ vad I
pol—2 1 I I 1 I 1 I
2 3 7 c 5 P 2 3
0 Gigbal incidZnt in col plane ﬂ:u\-’h-‘m‘éay} 4 = <1 Back ‘ Save l
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