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Planning Study of a Solar Photovoltaic Generation
System in Distribution Feeder

Cheng-Ting Hsu, Tsun-Jen Cheng*, Shu-Wen Cheng
Department of Electrical Engineering, Southern Taiwan University of Science and Technology

Abstract

This paper presents the design and cost benefit analysis of a large-scale solar photovoltaic generation plant
(PVGP). The operating characteristics of the PV module and PV inverter were first investigated. After that, a
Taipower feeder at Pingtung was selected for the study. We conducted the maximum installation capacity analysis
for PVGP without causing the voltage variation to exceed limits. A new PVGP with a capacity of 499 kWp was
installed at the end terminal of the feeder. The best PV array angle of tilt, and the ideal series and parallel
connections for PV modules were designed according to the installation site and the selected PV inverter. The cost
analysis of the designed PVGP was executed for various parameters, such as wholesale price, installation cost,
loan payment, loan interest and tariff. The payback year of the PVGP project was derived. Finally, the sensitivity
analysis of various cost parameters on the payback year and net present value is also presented.
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41 22 (AUO)PM240 H-e4n B 33
THRES B g
FEE EcoDuo PM240P00
HHEDIZ(W) 240
B ARTHHE R Vmp(V) 29.7
B ARTHHE R Imp(A) 8.1
BHRER B Voc(V) 37.4
FOESEER 1sc(A) 8.62
(%) 149
Voc i FE A E(%/K) -0.32
Isc i EARE(%/K) 0.04
Pmp JEFE (S E(%/K) -0.44
RSF(EXEx 5, mm) 1639x983x40

Q.00
8.10
720
5.30
5.40
4.50
3.60
270
1.80
0,90
0.00

—— U-I-Characteristic Cirve 0°C
—— U-I-Characteristic Curve 50°C

25.0 30.0 35.0 40,0

—— U-I-Characteristic Curve 25°C
I-I-Characteristic Curve 757C

W2 P REETA1I000W/Mm°FF > % FiERA2Z V-3¢ M



BB CE HEEH LRSI 3 F55 L 2018 4£3 /7 117

300
270
240
210
150
150
120

S0

&0

30

o

— P-U-‘haracteristic Curve 0°C
— P-U-haracteristic Curve 50°C

P-UCharacteristic Curve 25°C
P-U-Characteristic Curve T46°C

W3 PRATNI000W /M > 7 FHEEERZ P-VERY R

9.00
8.10
7.20
6,30
5.40
4.50
360
270
180
0.50
0.00

5.0 10.0

— U-I-Characteristic Curve 100 W/m?

— U-I-Characteristic Curve 400 W/m?
— [-I-Characteristic Curve 800 W/m*

260
240
220
200
120
160
140
120
100
80
&0
40
20

® 4

I-I-Characteristic Curve 200 ¥/m?
I-I-Characteristic Curve 600 ¥/m?
I-I-Characteristic Curve 1000 ¥/m?

BR¥W2CHE 2 RpPRAEZ V-I#FEd R

U-I-Characteristic Curve 100 ¥/m?

U-1-Characteristic Curve 400 W/m?
I-I-Characteristic Curve 800 W/m?

¥ 5

I-1-Characteristic Curve 200 ¥/m?
I-1-Characteristic Curve 600 W/m?
I-1-Characteristic Curve 1000 ¥/m?

BRMWDCE > 2P RAZ PV R



BerE R EEE TEFIEE 3 EE L A 2018 4£3 /117 5
= g

PV Inverter J2/K R[5 48 A it~ EUR BEEHARAOR B Bl i B e 4G & - Mhmit ] 705
AR ORISR R = A S AR 2R W T L1 2 BRI X 1 RSy st s H o] R el — = B Y > 5 EOR
R N e R (> RN Ry PR BRAUREASS » K2 7 fy R BRANEA SR - HATKPSLEAREE B
W RS - ERRAARME > REFERH =M= Inverter 4558 BRE3AY > 40[E 6 A - N ASRE
B v < B - EE R R — TR MR N » RIB AR RERS B Airasat < Inverter Hi AFHHTZE
REBLRPSRE M M HP U A VT - A sE e KIGEM 2 i K Th - HE K E MR Z K5
BT~ RS R2EE » KNlIE Inverter WVEPEZE KI5 BEAMRF PR B L E 3 5% > 38 2 Ky Satcon A E|#LE 2
100kW PV Inverter #1#%[8] -

PV
module Len

T Ddl Dd3 e D 1 D D
a Dgs | Ddr Ty s 5 Ly
J d N N J J J M+
Tas Ts Ts rﬂ J—g E é AC
N grid
C

delgi* )

Co L

\
R
]

DC/DC PWM
converter inverter

W6 rEdgE=An g

%2 R4RBFRE

Inverter ZU5# Satcon Technology Corporation PowerGate Plus 100KW-480V
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#3 BRPBHTIRS I ATRPHF
Bus Vwith-pv Vwio-pv AV(%) Bus Vwith-pv Vwio-pv AV(O/O)
1 1.0000 1.0000 0.00 16 1.0097 0.9947 1.51
2 1.0033 0.9978 0.55 17 1.0110 0.9944 1.67
3 1.0044 0.9972 0.72 18 1.0095 0.9946 1.50
4 1.0063 0.9961 1.02 19 1.0098 0.9945 1.54
5 1.0080 0.9953 1.28 20 1.0095 0.9946 1.49
6 1.0099 0.9943 1.57 21 1.0098 0.9945 1.54
7 1.0110 0.9938 1.73 22 1.0095 0.9948 1.48
8 1.0122 0.9935 1.88 23 1.0097 0.9947 1.51
9 1.0130 0.9934 1.98 24 1.0097 0.9947 1.51
10 1.0154 0.9932 2.24 25 1.0110 0.9944 1.67
11 1.0032 0.9977 0.55 26 1.0094 0.9938 1.57
12 1.0031 0.9976 0.55 27 1.0106 0.9935 1.72
13 1.0062 0.9960 1.03 28 1.0119 0.9932 1.88
14 1.0090 0.9949 1.42 29 1.0129 0.9932 1.98
15 1.0095 0.9948 1.48 30 1.0178 0.9931 2.49
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W1l *Bat&RFTRE2FREN
% 4 MPPT #/&7 ki R ik 1%

MPPT Trackers MPPT1/MPPT2
B I/ B mdk 13/16
R E(C) Vmp(V) Voc(V) Imp(A) Isc(A)
0 431.6 526.5 131.08 136.96
5 423.8 520 130.55 136.96
10 418.6 510.9 129.19 136.96
15 414.7 503.1 127.19 136.96
20 403 495.3 126.48 137.76
25 396.5 487.5 125.90 137.76
40 373.1 465.4 123.76 138.56
50 356.2 449.8 121.46 139.36
60 343.2 434.2 119.40 140.16
70 328.9 418.6 117.46 140.16
75 318.5 410.8 116.90 140.80

%5 *AHARFITHREARI:2EK

INV %% INVZE(KW) Heerdk PVEEZEW) PVHEE & PVHEELEEW)

1 100 MPPT1:13516P 240 416 99.84
MPPT2:13516P

2 100 MPPT1:13516P 240 416 99.84
MPPT2:13516P

3 100 MPPT1:13516P 240 416 99.84
MPPT2:13516P

4 100 MPPT1:13516P 240 416 99.84
MPPT2:13516P

5 100 MPPT1:13516P 240 416 99.84

MPPT2:13516P
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17 Fiom R KBt fRes B B4R 1] DC B AC #4 R Hh4fE » 2 H-F9 DC 4585 F 6,559kWh » 7 H
Hil By 11478 KWh » —4E4E 585 &3 110,109 KWh o 534k » £8F PV Inverter [i#if > 2 A1 AC S4B 8 5
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ax 8000
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4000
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DC# AC "
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B 17 xRk gTHeds|DC ACH* 3§

18 Firm Ry Rt R 3 B s H H ERAE 28 - EE/7* 293,111 kWh ~ 527,801 kWh i » [R5
SEIRFF BRI R H I8 Fy 5,034,199 kWh - [ 19 From AR F e R s H 38 & - /)% 31,000 kWh
~54,485 kWh 7] » 42588 87 T 521,673 KWh o lAE RIS LR EEA 5 {[E 99.84 kWp HYfHEFI » PRI
PR Inverter (VERES-RIEISARIE - S EIETIFHER A NE S -

600000 I 60000
550000 « & 55000 P
500000 50000 =
é; 450000 } / ' ‘a\’ﬁL % éé 45000 / ‘\\‘b-_*
< 40000 o — < 000 _“‘./,a""-" )
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22 300000 %\',/"' } w2 3000
B 250000 -E g s 25000
F‘\L zmuuu-I ] f\‘# 20000
:; 150000 i | o 15000
" 100000 i A 10000
50000 % f 5000
0+ 1 0 T T T T T T T T T T
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L~ 2B RRETRERRE L7

AEBEEHER A S BT R - CENA - SRS EREAR ~ fia ~ BEHTERERT - TR
EEIRAE 20 FE PRI IHRAEIRE © 5980 » SCPIRE TR ERR ~ B A B S SRR E B 2 UL Y
Uil

* 6 RILEPINVSEHREMER - B 20 RFHREMS - HEFTHIE RS S 11 FEEIEA - I
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26 ERENEZR
HE EBE  —xH E‘Zﬁ N G T B % ﬂ%{%}% fite HEE  BHe PR
& LKU_\ ﬁ%f Z%%fx ﬂ? %@_E (1) %ik é%_ﬁ ﬁi;’ﬁ_ﬁ ﬁ%_ﬁ (657)
(#x) (Em) (Ejn) (Bon)  (Bn) (BDo) (E7t) (#m) (Foo)  (Foo)
B4 -499 31182  -2495 2145 -81.44  -2264  -113 -2433 -2151.4 -305.91 -305.91 -2738.9
524 0 308.7 0 -2090.07 -76.01 21522 -10.76  -2223.92 20446 714 23451 -2458.43
¥ 3F 0 305.59 -203.65 -70.58 21754  -10.88 -2020.27 206.66 7359 -160.92 -2181.19
B ALE 0 302.47 0 19822 -65.15 21985 -10.99  -1822.06  208.86 7579 8513 -1907.19
5554 0 299.35 0 192,79 5972 22216 <1111 -1629.27  211.05 7798  -7.15  -1636.42
64 0 296.23 0 -187.36 5429 22447 -1122  -1441.91 21313 80.18 73.03 -1368.88
B4 0 293.12 0 -181.93 -48.86 22679 -11.34  -1250.98 21545 82.38 15541 -1104.57
55 8 4F 0 290 0 1765 4343 2291  -11.46  -108348  217.64 8457 23998  -8435
94 0 286.88 0 -171.07  -38 23141 1157 91241 21984 86.77 32675 -585.66
HI0E 0 283.76 0 -165.64 -3257 23372 1169  -746.77 22203 8896 41571  -338.96
HILE 0 280.65 0 -160.21 -27.15 23603  -11.8 -586.56 22423 9117 506.88  -79.68
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