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(Optimal Capacitor Placement and Operation for Loss Minimization and improvement of
Voltage Profile in Distribution Systems)
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Abstract

This paper presents an optimization method which determines locations and size of capacitors
simultaneously while minimizing power losses and improving voltage profile in radial distribution systems.
Especially, the cost function associated with capacitor placement is considered as step function due to banks
of standard discrete capacities. Genetic algorithms(GA) are used to obtain efficiently the solution of the cost
function associated with capacitors which is non-continuous and non-differentiable function. The strings in
GA consist of the node number index and size of capacitors to be installed. The length mutation operator,
which is able to change the length of strings in each generation, is used

The proposed method which determines locations and size of capacitors simultaneously can reduce power
losses and improve voltage profile with capacitors of minimum size. Its efficiency is proved through the
application in radial distribution systems.
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Table 1. Data of 9-section feeder (3 phase)

Send node load | A€ impedance of
send end section
node node
¢ PKW) Q(SA R(ohm) | X(ohm)
2 3 1640 200 | 53434 3.0264
3 4 930 130 | 4.7953 2.7160
4 5 1150 60 2.0552 1.1640
5 6 780 110 | 0.9053 0.7886
6 7 1610 600 1.9831 1.7276
7 8 1598 1840 | 0.6984 0.6084
8 9 1790 446 | 0.7463 1.2050
9 10 930 340 | 0.0140 0.6051
10 1(SS)| 1840 460 | 0.1233 0.4127
g . Folue 2 2XISAIZE
Table 2. Load level and load duration curve
Load level(%) 110 90 70

Time interval(hours) 1000 6760 1000
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% GollA AsfAE Y] HIEE $36,2802 EF AAT,
ARAEZE AAD AA s} FUE Fo] t=A 2F
71 Wl AA -] Apol7t A Rojoh
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Table 3. Total cost in each case

Case

A B C D E F G

A8 g 015 | 055 | 065 | 085 | 090 | 0% | 0%

L
EWo)8E| 003 | 0075 | 0095 | 0050 | 0060 | 0055 | 0085

AHAE

36750 | 35280 | 38220 | 36750 | 35280 | 35280 | 35.280
H 8($)

AN v]-4($) | 513216 | 506,522 | 512,918 | 508,449 | 511,465 | 506,947 | 5025501
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Table 4. Capacitor placement location and size

AALE & F(KVAR)
A %) 9) %) Case G
(=%) Load level(%)
110% 90% 70%
1,800 600 900
5 3,000 1,800 0
7 2,400 2,400 0

H 5. HMAIE HXIA - £0 ¥AFT
Table 5. Pre- and post- voltage magnitude of
capacitor placement

A= pu) - Case G

AR e HAA ARNY HAF

Load Level Load Level

110% | 90% | 70% | 110% | 90% | 70%

0.8109 | 0.8587 | 0.8938 | 0.9000 } 0.9010) 0.9122
0.8361 | 0.8773 | 0.9076 | 0.9128 | 0.9157 | 0.9212
0.8719] 0.9039 1 0.9275| 0.9364 | 0.9385) 0.9368
0.8934| 0.9199 (0.9395 | 0.9522 | 0.9527 | 0.9470
0.9052 | 0.9287 [0.9462 1 0.9563 {0.9579 | 0.9524

S e W N

&4

1.1059 | 0.6272 ) 0.3585 | 0.9550 | 0.5636 |0.34752
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