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A Global Optimization Technique for the Capacitor Placement
In Distribution Systems

FHE-© EW -F /R
(Sang-Bong Rhee : Kyu-Ho Kim + Sang-Keun Lee)

Abstract - The general capacitor placement problem is a combinatorial optimization problem having an objective function
composed of power losses and capacitor installation costs subject to bus voltage constraints. In this paper, a global
optimization technique, which employing the chaos search algorithm, is applied to solve optimal capacitor placement
problem with reducing computational effort and enhancing global optimality of the solution. Chaos method in optimization
problem searches the global optimal solution on the regularity of chaotic motions and easily escapes from local or near
optimal solution than stochastic optimization algorithms. The chaos optimization method is tested on 9 buses and 69
buses system to illustrate the effectiveness of the proposed method.
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Table 1 System Structure

B{JJ] | IS} | IR[J] Buses Beyond Branch JJ N[JJ]
1 1 2 2,3,4,7, 8 5,10, 9, 12, 6, 11 11
2 2 3 3, 4, 5,10, 6, 11 6
3 3 4 4, 5, 10, 6, 11 5
4 4 5 5, 6 2
5 5 6 6 1
6 2 7 7, 8,9, 12 4
7 7 8 8 9, 12 3
8 8 9 9 1
9 4 10 10, 11 2
10 10 11 11 1
11 8 12 12 1

B[J]] : Branch No. IS[JI1 : Sending-End Bus, IR[IJ] : Receiving-End
Bus, N[JJ] : Total No. of Buses Beyond Branch B[J]J]
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Fig. 2 Chaos Plot of Non-liner Problem
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Table 2 The Result of Eq. (11) by initial Value

To

N 0.1 0.1001 0.100001

1 0.36 0.36032 0.360003
2 0.9216 0.921958 0.921604
3 0.289014 0.287806 0.289002
4 0.821939 0.819895 0.821919
5 0.585421 0.590669 0.585473
6 0.970813 0.967116 0.970777
7 0.113339 0.12721 0.113475
8 0.401974 0.444109 0.402392
9 0.961563 0.987505 0.961891
10 0.147837 0.0493563 0.146627
11 0.503924 0.187681 0.50051
12 0.999938 0.609828 0.999999
13 0.000246305 0.951752 4.16748¢-006
14 0.000984976 0.183682 1.66698¢-005
15 0.00393603 0.599772 6.66783¢-005
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Table 3 9 Bus Line and Load Data

Br. From-To P [kW] Q kW] Rig) X%}

1 5/8-1 1840 460 G 1233 4127
2 1-2 Q80 340 0.0140 4.605%
3 2-3 1706 446 0. 7463 1.2050
4 3-4 1558 1844} 0 6084 06084
5 ) 161¢ &G0 1.9831 1.7276
6 5-6 780 110 0.9053 0. 7886
7 6-7 1156 60 20552 1.1640
8 7-8 280 130 4 7053 2.7160
o 8-¢ 1640 200 53434 3.0264

S/S : Sub-station

E 4 AEHS

Table 4 |.oad Duration for Test Cases

25 X[& A2

Load Level 1 2 3
Load [p.u] 0.3 0.6 1.1
Duration[hours] 1000 6760 1000
= 5 A A 2MU|E

Table 5 Capacitor Operating Cost

Fixed Cost [$Unit] 1000
Variable Cost [$/Change) 3
Energy Cost [$kW] 0.06
Multiple Size [KVAR] 30
6954 AZF

692 AFL 19 68 2 ATAYE 1266[kV], &
Fady Fate 247 3802.19(kW], 2694.60(kVAR]e| o,

AE 2 73 dolyg d& 4L FAEF [BIE AHE
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Fig. 6 69 Bus test system
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Table 6 Result of 9 Bus System

B Installed Voltagelp.ul in Load Level 3
- Capacitor Uncompensated Compensated
|
S/S 1.0500 1.0500
1 1.0426 1.0444
2 1850 1.0368 1.0413
3 1.0117 1.0177
4 0.9956 1.0023
5 0.9633 0.9722
6 550 0.9528 0.9627
7 0.9338 0.9438
8 0.9021 0.9126
9 0.8799 0.9006
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Fig. 7 Voltage Profile (69-Bus, Load Level 3)
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kT 7 DoAY A1t
Table 7 Result of Test System
r

[

9-Bus System 69-Bus System

Probable Capacitor

Locations 1, 2,5, 6 16, 20, 50, 53, 61

Selected Location 2, 6 16, 50

Installed Capacitor

VAR 1850, 550 150, 450

Energy Loss

(pre—installed) [Wh/yr] 2428841.63 807135.56

Energy Loss

(post-installed) [Wh/yr] 2307457.36 601328.81

Total Cost

(pre-installed) [$/yr] 145730.50 48428.14

Total Cost

(post-installed) [$yr] 140560.44 38109.73

Min. Voltage

(pre-instatled) [p.u] 0.8799 0.8992

Min. Voltage

(post-installed) [p.u] 0.9006 0.9076

Savings [$/yeat] 5145 10318
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