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Abstract

This research presents the study of changing insulation resistant on photovoltaic
power plants size 1 MW after operation one year. The PV system consisted 3 type grounding
were Negative ground, Positive ground, and Floating ground for investigation insulation
resistant in addition measurment leakage current and checking in the topic Wet leakage
current test, The insulation value that over than 40 MQm’ indicated pass base on IEC 61265.
The result of negative eround showed leakage curment and wet leakage current less than positive and
floating ground, moreover the negative pole of PV string showed insulation resistant value lower than
positive pole of each system. In this research was used multicrystalline type for experiment that
caused of reduction insulation value in active layer or negative pole of PV string and module. The
result of floating ground showed insulation resistant and wet leakage current values lower than all
system that caused loss of electric charge by electic field which operation at high voltage in PV string
about 800 Vdc,, found that the average leakage current on positive pole of PV string showed
50.2, 53.9, and 62.3 pA, while on negative pole of PV string showed 50.9, 54.7, and 66.4 pA
respectively. In addition the wet leakage current test at positive pole of PV module showed
the average insulation resistant value of PV module were 175, 165, and 141 MQ.mz, while at
negative pole of PV module showed the insulation resistant average value of PV module
were 173, 163, and 132 MQ.m” respectively. The PV system was used negative ground can be

reduction insulation resistant of PV module under Thailand climate conditions.
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Groups Unit Current capacity Targets in 2021
Electricity
1.Wind MW 7.28 1,200
2.Solar MW 150 2,000
3.Hydro MW 86.39 1,608
4. Biomass power MW W1 3,630
5.Biogass power MW 13458 600
6.MSW MwW 13.45 160
7.New power energy MW - 3
Thermal
1.Solar ktoe 1.98 100
2.Biomass ktoe 3,285.97 8,200
3.Biogass ktoe 378.66 1,000
4.MSW ktoe 1.26 35
Bio-fuel
1.Ethanol ML/Day 1.30 9.0
2.Bio-diesel ML/Day 1.62 5097
3.New fuel replace diesel ML/Day - 25.0
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Use 8. D Open-circuit voltage of the PV module (V)

Rs Ao Series insulation resistance of the PV module (Q)
Rp A Parallel insulation resistance of the PV module (Q)
Rico Ao PV array insulation resistance (Q)

Ciekm  AD Leakage capacitance of the PV module (MJF)

M fio Number of strings in the array

N flo Number of PV module that series connected in string
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Abstract

This paper presents the investigated variable insulation resistant of mulli photovoltaic
(PV) system consisted amorphous silicon (a=5i), Mulli aystalline Siticon (MC-S1) and Hybrid solar
cell (HIT) consisted-3.66 kW, 3.67 kW and 2.88 KW respectively. The 10 kW multi-PV cell stand-
alone/erid connected system. that supports the encrgy demand of the Testing Building at the
Energy Park of Naresuan University. This system is operating during July 2005 to present. After a
long time for system operation under Thailand climate conditions as high temperature and high
humidity, it is found that each systemn is work effectively. The decreasing of insulation resistant

in amorphous silicon (a-8i) array, Multi-crystalline Siticon (MC-51) ammay and Hybrid solar cell (HIT)
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amay that affected to fill factor (F.F) on PV system. Found that amorphous silicon, Multi-
crystalline Silicon and Hybrid solar cell decreased -27.4%, -21.9% and -6.2% respectively.
Keywords: PV system; fill factor (F.F); Insulation resistant.
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] - . = o o
U 1 sruuadalidnesdusenfindiil

winlulatiunnisiu 3 viin

- -~ 4 Ed LT ") i | -
lnsudazetinfivuavesidyiadlnaifiuaiy
ol - oy e " - =
Wi wazsaiulalidinin 10 kw la@ndauda
wivluiRouiiguion 2549 Taussuumsdenimed
- s -~ o w
ssuurdnlifvineaduasmiind Usenoulusae
JE o - ol
suunbifinsdedavanuintaavve usad
-~ o o o - .
WHIDAHAaINT128 MIDMIBATITEVY no
: - 3 o o
grounding 39 Floating eround 38uun@e
Vo ll-'t - "
Ao fuiIaues Aeadnds 1 indnion
-, . a ol
VBN VY negative ground WASIZUUNAD
£ v oo & ¢ - S Y |
ATTIEAUTIUINT B ARAd LA IR IndnI N
o < -4
Guniiguu positive ground Aandnaluzun 2
dwmiuanddsatvindunsdunanmsnlaoumlag
04 insulation resistant YIMHASRALTIDIMRG

Tussduama Miduskun foating ground

goned pasion b alrng

'_a;ﬂﬁ 2 Potential in a string, different
grounding schames PV+/PV- and floaling
potential) [2]
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2. vinui

2.1 n13aA Insulation resistant Twszuu PV

Tuszuu PV system aziinridnunaead
utsprfiediidunuunynmuazuuusuiy deld
sl uaznssualdihainins oy
gannaanuinioanlanszugldfmsaiu
Assudlifady (inverter) dwm$vAtn1aniaa
insulation resistant tm-:ummﬁéuﬂuni‘mﬁ\?\x
amnnbuinsansimiiad 13] Fwaadugli

o o
3, waguanmlanaaunin (1) uas (2)

lown Ligm Loy g
e, | * %) + 1
¥/ T |
B ¥y LE |
i
(ko K L ¥ Ckkn ‘p;, [
1
" |
P RO Liem
. } 1 1 nil L P13 i
¥ =
R ks be
ik oy Ll m (i CiAn

A LS ~ 5
gﬂn 3 'Nm‘ﬂm‘gﬂn insulation resistant YLK

¥ ~ ¢
Wwadudamanuuivait medule

R, +R,
108 —W (1)
1 1 1 1
== ; @)
R, Ry+R, Ry+R, Sl

!
+10)

U.... = Open-circuit voltage of the PV

17 - 19 fgwntn 2558

madule (V)

R; = Series insulation resistance of the PV
maodule (Q)

Ry = Parallel insulation resistance of the
PV module (Q)

R.. PV amay insulation resistance (QQ)

Cierm = keakage capacitance of the PV

modute (MF)
M Number of strings in the array
N Nummber of PV module that series

connected in string

3. AMIATIEBUAN insulation resistant Tu
U PV system

VIARANTIATIVIAAT insulation resistant
waduaanindlurzduania (Sting) veasiin
MC-Si, a-5i wag HIT Taminnsdnsswingdaay
U3 string AU eround frame lLﬁE{?’HI'HH}ﬂQ
string A ground frame IwU'(\tljiﬂ"i*inﬁﬂﬁ{'ilnﬂ‘h
Megaohmmeter @il wn 990 wiadu il
756U 1000 Volt saildvtuananiivimio MQ

v 4
pauanslumTein 1 - 2

AT y - ik
AN 1A insulation resistant s¥n13%28U

() M ground frame huidnudiguiou 2549

theinsulation resistant of PV string (M Q)

lype a-Si MC-5i HIl
Sting 1 () 238 93 192
String 2 (=) 230 90 194
String 3 (=) 232 92 g
String 4 (<) 230 o .

AnanSWANGATE s TR 1M TiviT A v Sy
Ui AN TIARAT ITINEaIA IR
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The insulation resistant of PV string (4 Q)

lype a-5i MC-Si HIT
String 5 (9) 236 * ¥
String 6 (-) 234 = -
String 7 (<) 238 x X

A T : . . da
#1719 2 P insulation resistant 7302090

(1) fu ground frame hudoutiguinu 2549

The insulation resistant of PV string (M Q)

17 - 19 g 2558

o . i T .
WInYIn15I869 insulation resistant 'luﬂvqt‘fu
v e oe ) ) a4 o An &
wuTimasawmnbsnlFouiouduizuunidnng
v - . -
udnaivludouiiguion 2549 Fwaasluntinai
w » o
3 - 4 vInREANaIRINga I WeYInIRIIviny
o e e
AINIRED PV analyzer wnnwadimalulating 3
simdaznnuluann a-Si, MC-Si uaz HIT Tanyia
w A < » o - o
nTienas stiine wuiinsnlivunlasuea HF 9
. v o
wan® 1IN dauim slugreen 5 - 6
| . . . oo
713190 4 A1 insulation resistant TEWI1399U20

(+) Av eround frame Tutlvotiv
4 \

Type a-5i MC-5i HIT
String 1 (+) 237 91 188
String 2 (1) 232 99 190
Strine 3(+) 231 97 ¥
Strine 4 (1) 238 ;i y
String 5 (1) 230 ) .
String 6 (1) 235 . '
String 7.(1) 230 2 1

The insulation resistant of PV string (M Q)

e . " e
A15190 3 A1 insulation resistant 789713972800

(4 i ground frame Tutlogiiy

lype a-5i MC-5i HIT
Strine 1 (1) /38 18.5 205
String 2 (1) 0.5 b2 3.2
String 3 (1) 63.2 16.1 .
String 4 (+) 5:3 . I
Stingb (1) 487 - r
Strine 6 (1) 69.8 . 2
Strine 7 () 1.1 : .

The insulation resistant of PV string (M Q)

Type 2O, SMCSTT £ MR
String 1 (-) 7.9 15 24.4
String 2 (-) 69.3 8.3 44
String 3 (-) 68.3 15.1 Yy
String 4 (<) /4.0 - .
String 5 () q7.7 ) i
Stiing 6 (<) 10.3 . »
String 7 (=) 12.5 . .

= . = . -
@151 5 7 fill factor voa PV striine luiideu
sty 2549

[he Fill Factor (FE)of PV strine

Iype a~5i ME-Si HIT
String 1 0.70 0.78 0.80
Stning 2 0.69 0.80 0.79
String 3 0.69 0.79 B
String 4 0.68 N e
String 5 0.70 * s
String 6 0.72 5 B
String 7 0.71 . "

ARSI RS Tan invmdewaluTatnis senndoung
' uieAs I AT I Indtnana

- 511 -

b



E-NETT 2015 Energy Sustainability

. - . kg
miizgrimmaaisturdrnuwinbi:malve a1

11# Canference on Energy Network of Thailand
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d ~n g e ' 5 . e
DR vt;zm'mﬂmnuwnﬂnmmnﬂ nuaa
-l = » .
wilsnasamussizneuluaaaml Voo, lsc uay
) ) - . ol . —
FF Inedudsimiulaviudaiigefods I §ae
I e I ) ) ¢
WuAusMuUIEnanT Vimax uad linax 583%ad
-~ §5 o e 2 [

uttaeiing laevien FE dinaaguadasiussgu
¢ -t Y o s - o o
A1 nunaaR e visuultang galuding
i o=
Flwavoaszudldnintu

Aranall 6 61 fill factor ¥9a PV strine Tud) 2014

The Fill Factor of PV strine

lype a-5i MC-Si HIl
String 1 0.54 0.63 o7
String 2 0.53 0.65 0.75
String 3 0.53 0.64 P
String 4 0.52 " -
String 5 0.54 " y
String 6 0.56 ' '
Strine 7 0.55 4 2

s A Ada X ow i o A f W i
Ugmninifatunussasadud o iadvd on
n v - a e
AR algruaiailuma doifianrinandau
= E . o |
(delamination) sEvaamasny FVA HuSiwm
- w . o ’ o e
Aiiuuaa (41 Sanmsodanamiuld ivion
s ' Ty
wu active layer 19 IMHNGATUI 10N 18U
vivandunialal (erid tine) d2laneTdauas
" s ¥ & ;
(1C0) virlwpnasuinatsuona et s
e A o amfin -
uarifinduld wazililgmana hot spot mafin

- o W [} Y T )
snail tail im\r'l.t]1.&1'&1?'10'1!?111["1“

17 - 19 fgantu 2558
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-4 1 . 2§
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waata W 3 melulatl
e e v A e e 1 ) 1
Taotledusinag wandiivialwidnnadauanmlu
waaudpIned iund Potential induced

| ST (PID) [5] s isnd. 1o L
degradation (PID) [5] sandunalavinizuun
n & ; ) ad & ] )
Ardaiuaal 9 9 Guiluaimguilavesnis
fra39n3 insulation resistant n1aanauna

- l' -
nnidouanam (degradation) uinslasaai 4
4. g
9l S IEE ) N ~ y
luszvumaalfhonsadudanaiad s
vure 10 kW Slsmelulatinandtaiy 3 oiin fo
wilnnd nRis (MC-Si) mﬁm)i‘fuig'm (a2-Si) wazaiin
v v £
pitupd1u (N Inalvszun Noating eround
WULIRTTANaIY0 nsulation resistant 1l
e " . % A .

AudIuSH e n i delamination Nufia
-~ (9 ¥ i
HIVUIYe JuRaean dudludimavenis
demadation tussuvsarnvinaa sdand dann
ADNTTaRE DY Mmax uay Imax luazuu dann
Tavanprsanaues F1 vowdasunds wuinead
wianWindsiinndugiu anng -27.4% stianin
HANanaL -21.9% uasviauduniaiuiings
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