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internal resistant variation under operating condition

ANsEIYEINN
1. wwilnug \nndey fain meduwdanunauny
2. Mwansiy Asduniusid - daia Inendenanunauny
3. BRIV WIA3 dafin Anenaev@snunaunu
4. Wnoaigl MEALIN NN INMNABNEInUALNY
5. UNUHFA nevey daim I rdendanumauny

avvayulaedinauamenIsn1TIWUTIR

UszanUauuseunns 2556



A v o = o U o 4
Folasanng ﬂ']‘iﬂ'i'NlLUU?]’]ﬁiN'ﬂ'Nﬂmﬂﬂﬁﬂﬂ%ﬁ'}'ﬂiUW}N’iUﬂ'ﬁ&UﬁﬂuuﬂﬂQ

aumununglurolnisaduaefingan1aemsiiase

Totidn weiivus  inadey
wwdnst  Aduniuging
wwnags WAl
WeaiFIl LN
WA navay
whenuiidain MNFUHATTUNAUNY IVINSTRULTAIS

n.fivnglan-uAsenssa eadies v.flvalan 65000
Insdvii/nsens 055-963391
laSunugapumsidon  dninnuanignssunmsidowiand (21.)

Il 297,800 VW 153wl @AY 2555 — dua 2557
unfnge

AT auonansinvnsaduuusassneadinaansdnivriulgnts
Wisuwasenusumuniolusesmagadigeiinganvasléassisldunavaduaeing 5
wiin Toun unaaduateniindsiinedugudanau (Amomphous Silicon Solar Cell, aSi) uraisae
uasendslinnantandanau (Poly Crystalline Silicon Solar Cell; p-Si) Wrngaauatondslinnan
raUraAU3aNeY (Hybrid Crystalline Silicon Solar Cell; HIT) unnsaaueemnduiinlulnsginou
(Amorphous  silicon/micro. crystalline  silicon;uc-SiH)  uazuHawaduasindsiianaUes
Sutitoailawstalusi(Copper Indium DiselenideSolar Cell; CIs)innkaldamisywingli25as - 2556
el TSR VNS BUSS SaransAnuLsesnitiu 2 dausil

Al 1nmsimumaiiansnsiatarinsgimansiudsunlaradiumiy
muludsdemalasdonisanassesanuannsolumsadandsnuliiwesussaduaseniing
muldannznsldnuesdaodunsneidodiunfiunniasnsnsAnvinanssnuueans
Wasuwasrnudumunsluwsagaduaionindiidianenisuaniiliivedsslifiiead
wasfindunalnginuitdunsnsasuwasarasunumeluiildnnsieeet et
fmnamasdisuiivuiummmasmumeluiildanmmeasasis fidamuemandoutioy
10 Famamuimmunoluiiléihiiiaulndifsstuianuiumunislusiwesunagad

a v 3 v a A4 a v 2 a
wawoiindunniraumsildanngud wWeenniimsinseideyasnannznisldnuadly



anmgilenavealssinelng Feeunsmbaunsildinussgnaldlumsduaadirminm
meluiidsuwvamenagaduaeingluannensldnuaisld

Al 2 msaanuuiasweadamanidmiunsinnensivasuwdasnnuiuniy
melusragaduaseriindluannznisldaues wuhaumisildnnnsaianuusiasans
adineansdmsunisinnenswasuuairuiuniunigluannsainnuieainny
fumumeluseusngaduasoriindiudsumatlunasaengmslénuveaunigaduaoiding
simduld Tnoflunawaduasenfind asSi pSi HIT pc-SiH wag CIS fidanufumusynsuiild
PMINNSYNNEAAAABUIINAIAT UMY Saay 1.11 1,88 0.87 0.97 way 0.97 Mua1y
fneudmuTudRldeInasmeaardeuIInAAIR N IuTS YaBar 0.07 0.09 0.09

0.05 1ag 0.05 AaIny



Title Mathematical model development for prediction of photovoltaic
module internal resistant variation under operating condition
Researcher Mr.Nipon Ketjoy
Mr.Chatchai  Sirisampanwong
Mr.Kanerit Mansiri
Mr.Nattawut  Khaosaad
Mr.Maruphong Konyu
Organization School of Renewable Energy Technology (SERT)
Naresuan University, Phitsanulok 65000, Thailand
Tel/Fax 055-963391

Sponsor National Research Council of Thailand (NRCT)
Budget 297,800 Bath, October 2012 - March 2014
Abstract

This research presents the study result of Mathematical model development for
prediction of photovoltaic (PV) module internal resistant variation under operating
condition. 5 PV technologies that are Amorphous Silicon Solar Cell (a-Si), Poly Crystalline
Silicon Solar Cell (p-Si), Hybrid Crystalline Silicon Solar Cell (HIT), Amorphous
silicon/micro crystalline silicon (uc-Si:H) and Copper Indium DiselenideSolar Cell (CIS) are
in study scope. The PV systems that using these PV technologies have been installed at
School of Renewable Energy Technology (SERT) Naresuan University. The data that
collected during 2005-2013 is used in this resuarch. The results of this research can be
divided into two sections:

For the first section, the internal resistance changing measurement and analysis
technique is developed to investigate the energy production decreasing effect of PV
module under operating condition. The measurement and analysis technique is
developed beased on “Study on Internal resistant changing effect of photovoltaic
module in large scale solar power plant generation”. The result of this section, the
developed chaning PV intemal resistance equation can be calculated the internal
resistance value easier with no significant error from basic equation (Fy). The
conclusion of this section, the new equations can be applied to measure the PV

modules internal resistance value in the actual operating condition.



For the second section, the mathematical model that developed in the first
section is used to predict the changing PV internal resistance value of the 5 PV
technologies for their life time warranty. The result of this section indicates that the new
equation (Eney) can be predicted the changing PV internal resistance value for 25 years
with low error from from basic equation (Ey,qc). The series resistance of the Eqe,, is higher
than Eg.g about 1.11 %, 1.88 %, 0.87 %, 0.97 %, and 0.97 % for a-Si, p-Si, HIT, pc-Si:H,
and CIS respectively. The shunt resistance of the Eqe,, is higher than Epasc about 0.07 9,

0.09 9%, 0.09%, 0.05%, and 0.05% for a-Si, p-Si, HIT, uc-Si:H, and CIS respectively.
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NN,
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JUN 8 21995UBIMNIIUNIUDYNSUYDILHAITAA AR TRY

o = VeThR) (2.16)
beo
- bo o) (2.17)
Vo
in pﬂ_p(lﬁ'!iRs) (2.18)
1 o Av (2.19)
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msznalilh

I, Ao Anssuabivhagesganisaduaseninddrgeanurlusmsiiil

mp

el

R, D AIAUMIUNIUBUATUVDATAANIDTING
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2422 LﬁﬂmnmiLﬁama»ﬂansmﬁuﬁa@iwi'}ﬁaadaﬁtﬁu (p-n junction)
Wiliranusumududanas aufumududiinannsiiafesssiuliiiihiveuveasad
waseiind wiaiinainanailiauysaivesndn Jansanasvesnmuiunududeziinaril
wseulvlihitvaluwaduaseniindanasdenalidussiuliiiivaduaseniindannsonanle
anas Tawitddslviihusaunawadussonfindannsaifowiiy aunsiasid

Current
—

Shunt
T _'_ Resistance (R,;) Voltage

5UT 9 2vsvasenuiunududueaunasaduaoiing

Pm = Prrp(lmp_“L) (220)
Voo™ Rar
= p(1— Vé ) (2.21)
R,
vk 1 A (2.22)
o L X Rs,
R, = % (2.23)

U L 4 u :; L} I U
. Ao aeudnmvdudveslansraufiogseninsouseiiiou
=4 ' o y ¢ o JF a v
v fis awssnuliihiwaduaseiindanunsondnle

Al fi AIANULANANTRNTAALEI WIndaNsananla

2.50TUNIUTT TN I
David L. King, et al [2] ldvihns@nuianaunisuazdsegndldiunsmaussnugess
wragaduaserfinduninnndt 12 U Tneldfuusineg wu ddalvihgamgll vazarmidued

21908 nNANYITRILINIUINaNNTTHENUNI AT IERALSTaUEUDITEUUITaauasenind la
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AchitponSaSitharanuwata, et al[3] laviimsAnwuazvadausyuvdariindalvliin
NTTUAARUMILITAaLAITINGUUIN LOKW,a! INBNEENAIIUNAWNY UMINDIUULSAITNAIDN
fasaldamduseozinan 11 Wou annsinymud seuvsannsardandsanulusiale
windu 14,124 kWh uazUseansnmuoiunganiesanfinduuu a-Si p-Si way HIT daAwiiu
6.26% 10.48% war13.78% WAYANTINULUBITHUY WU 0.57 - 0.79

KritwiputPhaokeaw, et al [4] lavihmsfnviSouiivuaussausvaanagaduaonfing
WU aSi pSi was HIT aelfaameomasertuanmsiinumuin a-si annsoudandsny
Tvivhlsiunnnda p-Siwaz HIT

Ay 1asen Lazane(s) imsinymdanulifhilusaduasefindudnldanels
anngnsldnuasalasyinisfnyideyaveunuvadiuaemnd 3 viln Ao Faneuadugu
(Amorphous Silicon Solar Cell; a-Si) #@anuaudanau (Poly Crystalline Silicon Solar Cell; p-Si)
wazlouSadaneu (Hybrid Solar cell; HIT) vasssuvandaamie@alylvinszuaaduanigad
waseIinduun 10 Alatad neluing1dunasnunauny aiInedous s NS IATISEN
wdslifhiunasaduaefinghe 3 wiin annsardnlitu Tideyaddidaunanm v,
2508 QuilaReusina wa. 2551 diewSsuisuamidamuliihiluawadudseiindananyn
ranldusel wanrsdnumuiamdanulyling uiageduasefinduiin aSi p-Si uaz HIT
annsaednld Tt 2548 fiauvindu 885739 war798kwh/kwp Tud 2549 fiawvianu
1,8911,676 uaz1,779kWh/kWpluil 2550 fidwvindvu 1,7611,604 was1,703kwh/kWptazluil
2551 SR 1,6701,496 Wax1,583kWh/KWp niuadu

NiponKetjoy, et al [6]ldvnisAnumdanulyihflunasaduasoniindantnsondnlduay
INSINSANBITDENTIAUEUHITAAL@DindTlia a-Si pSi uar HIT vesssuvamilnaalyivh
NSNS U BIRR LA ARG YU 10KWPH Inendondaumawy aminerdeuseas fanaald
sl 2548 Sufls 2553 wamsinemuimdseiliiiuesaduaeniingiin asi p-Si was
HIT annsondnlavindu 4.86 h/d 436 h/d way 4.60 h/d mudiay Lazdilansinsanases
ANTINUBTBHATAG LA indulin a-Si Wi 0.92% HIT Wity 0.87% wasiiosilan Ae p-Si
WAy 0.83%

Peter Hacke, et al [14] "lﬁﬁﬁmiﬁnmﬁ;mmiLﬁauanTwuam'ié’qﬂuqtut?iwmu.r-N
waduae ing Aildinnsiinsed daganisnserinnussiuesssuy waduaweniinduisdiy
ﬁﬁ’ﬂmﬁwumsgnﬁwmmwaaumummgw ualigIvodMIUNTUTELEINEIAIIIMUNIY
sonasadldluszosaningldiunansenuanussiuliiingaq snuszaunsallulssliiieiaq
161 wssdulsihgas) wﬁﬁ‘lﬂfjmiLﬁauﬁmwﬂmumuﬂaﬁmnmmwmnnmﬂwmna‘ln VDULYNUDA
wssiusenisdenanmasilonilesiu Leakage current vise Coulombs Futur@nnssudues

2N o ' ‘ ¢ < 13 v
wad dulufmununaznszanlignsmanlsuveanagad fannsadmuanisnaasild egilsd
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a v - ar 1 a Y ' ' o ot
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4 - i w - <
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d v L7 or 13 1 s
asidevanm Wavszanansaumumulitihanslu (R) vesheduneutasndanngsu PID
Winnsaaauuasiiudunaudnw PID
LelePenget al[16] lavimsfnuisnisluidmivnisimunaadnume 1V wag PV
a o v = ¢ 5 K] Y} P
vouganuaoiing lngldnstinnsilywinmiveudaau nswl 1V wag P-V vadluganiaany
donnanaiuILgMiNANIMIAEETUUTIAD watalmissgminauslagldilaidulambert
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S. Kaplanis and E. Kaplani. [17] laviamsfAinuissandnvvewdinuuaznng
douamuwes 3 BP PV moduleswiin BP 1233 ssuziainsduiunisiinnii 20 U lu
msfinvuazIsuiioutoyavesidsliihaesn via 3 Tugaveasaduaseriindgnansanatsuds
Tuminndendanunaeniing (Solar Campus) uazsiiiumsifodssviilunaenssozioan
Anfiuns lagysimaannisguanionisuigainu fauddunugaduaiorfindosiianimmia
mMenmwaguanmaminuaaaindustwdeiiies nadeuaniegnsliugnussinums
AnanilunIvaass Anseud uag wswiulilihasldanngaivnn nsirsginismeans
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M. Fuentes et al. (18] lavimisAnwinisvinnensadandsnulihiumagad
o = v v [ a v s a8 & .
ugsondennsondalanelaanmezaslinuesa nemsdeyavesnuvaduaieriinduiln m-Si
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E.E. van Dyk , E.L. Meyer [19] TavianasfAnwinisd@nnseuvas Parasitic resistances %1

o ' a a a - a v oo =
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v @ ¢ 0 = = '
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2 o = = L
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fumudud 29 % veauns CulnSevliiinnsgaydevdanulyiiiis 6 % 9nmsinuiluass
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anaanlludin wazinsmeanuiununisluveawnasaduasonfinglasialu 919389
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Iiivsndmiiazunavindu fonndfumaveduateniindiinnseldendusyuuaslannse
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s a-Si p-Si HIT pe-SiH as
frdalifhgagaw) 54 80 180 100 140
Amssmulifimanda (v 85 213 45.5 71.0 109.0
Anszualiiideas () 114 5.16 5.49 2.25 2.10
Amssiulsithaagn (V) 62.0 17.1 36.5 535 77.0
AnssLaigEn () 0.87 4.68 4.93 1.87 1.82
InuEATAALA A 68 a5 16 10 10
wuna (mm.) 920x920x40  1,200x530x35  1,443x812x35 1,210 x1,008 x40 1,255x977 x35
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Performance degradation of amorphous silicon/micro crystalline silicon

(a-Si/pC) effect to large scale solar power plant
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Abstract
This article presents the performance degradation of amorphous silicon/micro crystalline silicon
(a-Si:pC) effect to large scale solar power plant. The data are used for analysis during 2009 - 2011.
After that, the electricity energy prediction from the analysis data is based on the large scale solar
power plant. The PVSYST software Vision 5.21 uses for the electricity energy prediction. And the
electricity energy prediction compares between actual conditions and manufacturer's warranty.
Results of this research are found that. The performance degradation of a-Si:uC is 0.38 % and the

electricity energy prediction of actual conditions is higher than manufacturer's warranty is 5.96 %.

Keywords: Degradation rate, Performance, PV module, Amorphous silicon/micro crystalline silicon,

Large scale solar power plant.
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Performance degradation of amorphous silicon/micro crystalline silicon

(a-Si/uC) effect to large scale solar power plant
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Abstract
This article presents the performance degradation of amorphous silicon/micro crystalline silicon
(a-Si.pC) effect to large scale solar power plant. The data are used for analysis during 2009 - 2011.
After that, the electricity energy prediction from the analysis data is based on the large scale solar
power plant. The PVSYST software Vision 5.21 uses for the electricity energy prediction. And the
electricity energy prediction compares between actual conditions and manufacturer's warranty.
Results of this research are found that. The performance degradation of a-Si:puC is 0.38 % and the

electricity energy prediction of actual conditions is higher than manufacturer's warranty is 5.96 %.

Keywords: Degradation rate, Performance, PV module, Amorphous silicon/micro crystalline silicon,

Large scale solar power plant.
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