umdNeNasnAsuNu
SRIPATUM UNIVERSITY

SIE9UN5IDY

A
1303

HanNIENUNUSNUMIANRIveIszUUNaamad Il hdenasofing
d'd \ Y d a d Y o |
nigetunmihdmesuazgaumnlnihvesszuvdming

IMPACTS OF PV-SYSTEM INSTALLATION ZONES ON SHUNT

CAPACITOR AND POWER QUALITY IN A DISTRIBUTION SYSTEM

F¥VINT 19IATEIY

NUIdeil 1a5unugaryumsIdanInumInenasasiy

Q Q

Umsanu 2555



a1

o

a v dy a Y a [ =) Yo
Tasanmisaseinavnmsaivayuldynainsmeluuminerdeai gy 185

1 o

nuganyuuITelsznuinIdegulng iendananuIdenlgunnuaznennsoong

Q

& 4

& 4 ) Yt o 9 ¢ a Vo A
MYUDN NIU W@iﬁﬂﬂ!ﬁ]"lifﬂﬂllﬂ1ﬁwwu1ﬂ31uglla$ﬂ5$ﬁ‘]Jﬂ15i1!1/|”|\1'3ﬂﬂﬂ"|5i’)8']\1ﬂf’]!14@\1

v
a

@ I a a e a o o
IﬂENWH’Ji]EJf!L‘LIUﬂTiﬁﬂHTNﬁﬂi3ﬂﬂ%?ﬂﬂiliﬂlﬂ?i@]ﬂ@]\iﬂl@ﬁigﬂﬂNﬁ@]ﬂTﬁ\i]lT\l%l\hﬁl'JfJ

a1 W o

a '~ a 4 Y o !
LLﬁ\‘l’ﬂTVIﬁfJVIiJ@’E)G]f‘LW]ﬂT]J1"]5!,{5]’ﬂillﬁ$ﬂmﬂ1wllww1ﬂlﬂﬁﬁzﬂﬂﬁﬂﬂ1!18

o [ [

9 < A a 2 3 o @ a 9
AR ﬂﬁjﬁﬂlu@fﬂ\?ﬂq,}'ﬁ']ﬂ\ﬂu') Elufﬂglﬂu‘ﬂigIﬂ%usluﬂ']'iwwu']\i']ug%']ﬂ']iﬂ'll‘lﬂ'li

[ @ a J J
Tdnasnumyuiou Tagmuiznasnunnuaeiad saudwransznusuganin luiaiee

A~ 7 o ' Y Ay A yn o Y vy
‘ﬂll@]@@l]ﬂimllﬁ$i$ﬂﬂﬂ1ﬂu1617\lw1 Llﬁ$ﬂ1ﬂNﬂJ®WﬂWﬁ1ﬂﬂ‘i$ﬂ151ﬂ2{)%8@6\ﬁ166ﬂ81’3 !

v 9 1
Wiime nazgduateusumuuzii odsulsaud luae'll

WIIBFING LEIAT 5%

Y o
Iy

A1y 2557



=\ =)
AnAnssndszma

YA o

I a @ = [] ~ vq Y o g’z
AR ﬂﬂl@ﬂl@ﬂﬂmh‘ﬁﬁﬂﬂEﬂaEJﬁi‘IJ‘VpJE)EIN’q\‘]‘V]Vlﬂﬁl‘ﬁﬂﬁﬁu‘ﬂﬁuu\‘lﬂﬂigu1m‘ﬂ\‘lﬁuﬂ

Y o aw dy v W % v Y A
lm%Ul@ﬁﬁl')a11uﬂ15ﬂ11ﬂ3\1ﬂ133ﬁ]ﬂu HASUDUBUAM WA.AT.TIVHY LATTDUUA HNIINWUIAN

Pinmauise Aldaaznarldmuusihlunsud lvilfulsenasansduivaunaznig

Y

AIUTIPNUIVY

e =)



a a g’/ a o o 9 Y a S
U9 . waﬂizwmmmwmmimmmmﬁwwaﬂmm"lWmeummma Uano

Fuinhdmesuazaaan Ivihvesszuudmiie

9 o a A W
ARk : UIYIBBINT LIIATDIYV

1 a a Y a 4 a v A
UUIYIU ﬂ1ﬂ’3‘]ﬂ’3ﬁ’3ﬂiiﬂul°l/\h/\h AUSIAINTIVAITNT MWW’JVIEI'IQEI?TTJJ‘VPJ
A a 4
YW © WA 2558

Ao A = a a ] a o w Y9
Iﬂi\?ﬂ’li'J%EJuHJHﬂWﬁﬁﬂ‘H'lWﬁﬂﬁgcﬂ'ﬂFi]'lﬂUﬁlﬂﬂlﬁﬂﬁQi%ﬂﬂWﬁ@lﬂ’]ﬁﬂulww'lﬂ'Jﬂ

Y 14

A JAA a J 9 ° ! Y [ o w
U 1NAY “VIlI@]fJ“b’u“V]ﬂﬂh“]ﬂ@]@3L!a$ﬂmﬂ1wqu1mﬂﬂizﬂﬂﬂ1ﬁu18 Tua s Masau

= a dy o 4 a < 1 o w a a d
FUITY HLAZAITNAALNYULIIAUTITUDUN %Q?ﬂfﬂﬁ\?\ﬂu%1ﬂi$ﬂﬂwa§]ﬁ}ﬁﬂllﬁ\1@1°ﬂ agn
o 9 an an 9 a a 14 L 1 1 a 4 a Y
ATUIUAIYITNNADA I@Elﬁl%'!,‘ﬂﬂUﬂil’é]uﬂﬂ131'ﬁ’JsluﬂWifj'iJﬂulﬁ\?@Tﬂﬁﬂ UM JUILINADY

Q

[

uazdSumTvan vindoyaudwazguuginia’la vamsnaaeunuszuusIMIIBYUIA 33
o @ Y 3 v Y = = ~ a X o
uauag 51 ud LlﬁﬂﬁiﬁmuWﬁﬂi%ﬂﬂﬂTuﬂmﬂTWthWT FIAINNANUFTYHIINDIUNAVUN D
o 14 a 14 a a 3}1 a o w Y Y A daa A 1 [
Funm1snos mﬂmnmmﬁmmszuuwammaﬂﬂﬂwmmmmmsmma@u‘lmmnmmu

t& a 1 Y o o o Y 14 a a an
cmmmsmmiww“lﬂmﬂmﬁmmmms"lﬁmmmmllwwmazawimuﬂmam

o o w a o w Y 9 a J o a o s
ALY : 58‘]J°]JNa@ﬂTaQ]lWWWQ’JfJLLﬁ’EﬂVIG]ﬂ MsasINeuaAns lad



Research Title :  Impacts of PV-System Installation Zone on Shunt Capacitor and
Power Quality in a Distribution System

Name of Researcher : Mr. Vichakorn Hengsritawat

Name of Institution :  Department of Electrical Engineering, School of Engineering,
Sripatum University

Year of Publication . B.E. 2558

ABSTRACT

This research studies an impact of PV-system installation zones on shunt capacitor and
power quality in a distribution system (i.e., voltage profile, system losses and total harmonic
voltage distortion, THDv). A probabilistic approach is proposed to obtain the power generated
from PV-system. Monte Carlo simulation is applied to predict the solar radiation, ambient
temperature and load demands from the measured data. Results with the 33-bus and 51-bus test
system demonstrate that the different PV-system installation zones may affected the power
quality and shunt capacitor failure. This is accomplished with a probabilistic harmonic power

flow calculation.

Keywords: PV system, Monte Carlo simulation
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Electrical Characteristic

Open-circuit voltage (Vo) 213V
Short-circuit current (1) 531 A
Voltage at max power (V) 171V
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Maximum power Pm) 80 W
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(54 PV-modules)

6-Transformer

-

PV-product : 210 Wp PV-module (Kyocera / KD210GH-2P)
Inverter-product : 11 kW grid-connected
(Sunny Mini Central / SMC-11000TL)

PV-capacity/Tr = 90 arrays x 11.34 kWp =1.02 MWp
Inverter-capacity/Tr = 90 units x 11 kW = 0.99 MW

Total PV-capacity = 6.12 MWp (29,160 PV-modules)
Total Inverter-capacity = 5.94 MW (540 units)
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H NT a6 | [aP
= (3.9)
J L|aviv]T|aQ
Tau
H, = -VV,(G, sin@, B coso ;) j=i (3.10)
H, =V, >V,(G,sing~B, cosd, | (3.11)
jei,j#i
N, =-VV,(G, cosd, +Bsind, | j#i (3.12)
N, ==V, D, Vj(Gij cos® ;+B; sin@ij)—ZViZG" (3.13)

jei,j=i



28

Jy =VV,(Gycos0, +B sing ) i (3.14)

Ji ==V, DV,(G; cosg +B;sin@, ) (3.15)
jei,j=i

Ly =-VV,(Gysin0 ~B,cosg ;) j=i (3.16)

Li =V, X V,(G,sin6,~B; coso, )+ 2v2B, (3.17)
jd j=i
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1, if brance j is directed away from node i
A = —1, if brance j is directed towards node i
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----------------------------------------------- LAYER 1
A N .. LAYER 2
---------------------------------------------- LAYER 3
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. 3 Harmonic current in
Rectifier system pulse number .
. Harmonic percent of fundamental
Harmonic )
frequency
6 12 18 24 Theoretical Typical

5 X 300 20.00 19.20

7 X 420 14.20 13.20

11 X 660 9.09 7.30

13 X 780 7.69 5.70

17 X 1020 5.88 3.50

19 X 1140 5.26 2.70

23 X X 1380 436 2.00

25 X X 1500 4.00 1.60

29 X 1740 345 1.40

31 X 1860 323 1.20

35 X X 2100 2.86 1.10

37 X X 2220 2.70 1.00
NOTE—The theoretical values are given for a 6-pulse converter with ideal characteristics (ie.
square cutrent waves with 120° conduction). The last column gives typical values based on a com-
mutating impedance of 0.12 pu and a firing angle of 30° and infinite dc reactor (IEEE Std 519-1992.
Table 13.1). These values are on the basis of one 6-pulse converter or all converters, assuming that
the harmonics are additive Since some harmonics will be canceled, but not entirely, a small percent-
age value may be assumed, as explained earlier in this subclause. Note that 1f the de reactor 1s not

large, some of the harmonics can be greater than typical (or theoretical) and some smaller
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n.1 VaYAUNIZVRITZTUUNAADVVINA 33 el

Branch Line impedance (ohm) Load demand at bus-j
i-] R X PL (MW) Q. (MVar)
1-2 0.0922 0.047 0.25 0.15
2-3 0.493 0.2511 0.225 0.1
3-4 0.366 0.1864 0.3 0.2
4-5 0.3811 0.1941 0.15 0.075
5-6 0.819 0.707 0.15 0.05
6-7 0.1872 0.6188 0.5 0.25
7-8 0.7114 0.2351 0.5 0.25
8-9 1.03 0.74 0.15 0.05

9-10 1.044 0.74 0.15 0.05
10-11 0.1966 0.065 0.1125 0.075
11-12 0.3744 0.1238 0.15 0.0875
12-13 1.468 1.155 0.15 0.0875
13-14 0.5416 0.7129 0.3 0.2
14-15 0.591 0.526 0.15 0.025
15-16 0.7463 0.545 0.15 0.05
16 - 17 1.289 1.721 0.15 0.05
17-18 0.732 0.574 0.225 0.1
2-19 0.164 0.1565 0.225 0.1
19-20 1.5042 1.3554 0.225 0.1
20-21 0.4095 0.4784 0.225 0.1
21-22 0.7089 0.9373 0.225 0.1
3-23 0.4512 0.3083 0.225 0.125
23-24 0.898 0.7091 1.05 0.5
24-25 0.896 0.7011 1.05 0.5
6-26 0.203 0.1034 0.15 0.0625

26 - 27 0.2842 0.1447 0.15 0.0625

27-28 1.059 0.9337 0.15 0.05

28 -29 0.8042 0.7006 0.3 0.175

29-30 0.5075 0.2585 0.5 15

30-31 0.9744 0.963 0.375 0.175

31-32 0.3105 0.3619 0.525 0.25

32-33 0.341 0.5302 0.15 0.1

Note. 900 kVar Shunt Capacitor Bank Installed at Bus-12

65



n.2 VBYAIUNIZVRITZTUUNAADVVINA 51 Uar

Branch Line impedance (ohm) Load demand at bus-j
i-] R X PL (kW) Q. (kvar)
1-2 0.4214 0.7334 0 0
2-3 0.4214 0.7334 36.45 20.175
3-4 0.2107 0.3667 0 0
4-5 0.4214 0.7334 0 0
5-6 0.2107 0.3667 0 0
6-7 0.2107 0.3667 36.45 20.175
7-8 0.4214 0.7334 0 0
8-9 0.4214 0.7334 0 0
9-10 0.3996 0.67215 145.825 80.675
10-11 0.5328 0.8962 0 0
11-12 0.2664 0.4481 0 0
12-13 0.7992 1.3443 50 375
13-14 0.5328 0.8962 0 0
14-15 1.66675 1.102 0 0
15-16 2.0001 1.3224 0 0
16-17 0.6667 0.4408 72.925 40.35
17-18 1.3334 0.8816 182.3 100.85
18-19 0.6667 0.4408 50 375
3-20 5.3336 3.5264 364.175 201.725
4-21 1.3334 0.8816 157.2 83.325
5-22 3.3335 2.204 36.45 20.175
22-23 2.6668 1.7632 236.975 131.125
23-24 0.6667 0.4408 36.45 20.175
24-25 6.667 4.408 0 0
25-26 1.3334 0.8816 36.45 20.175
26-27 2.0001 1.3224 87.5 48.4
23-28 5.3336 3.5264 72.925 40.35
24-29 1.3334 0.8816 72.925 40.35
7-30 5.00025 3.306 229.7 127.075
30-31 0.6667 0.4408 214.75 92.075
31-32 1.3334 0.8816 72.925 40.35
32-33 1.3334 0.8816 36.45 20.175
33-34 1.00005 0.6612 109.375 60.525
34-35 1.3334 0.8816 109.375 60.525
35-36 2.33345 1.5428 0 0
36-37 1.3334 0.8816 364.575 201.725
37-38 1.00005 0.6612 229.7 127.075
30-39 2.0001 1.3224 72.925 40.35
35-40 1.3334 0.8816 145.825 80.675
8-41 1.00005 0.6612 36.45 20.175
9-42 1.3334 0.8816 72.925 40.35
10-43 4.0002 2.6448 72.925 40.35
11-44 1.3334 0.8816 72.925 40.35
12-45 4.6669 3.0856 371.875 205.75
14-46 0.6667 0.4408 72.925 40.35
46-47 2.0001 1.3224 0 0
47-48 2.0001 1.3224 72.925 40.35
46-49 0.13334 0.08816 145.825 80.675
15-50 4.6669 3.0856 109.375 60.525
17-51 2.6668 1.7632 291.675 161.375

Note. 900 kVar Shunt Capacitor Bank Installed at Bus-13 and 600 kVar at Bus-30
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