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A StUdy on Capacitor Placement Using ESGA Hybrid Approach
in Unbalanced Distribution Systems

S EW - HEME -FEHRET-B G A
(Kyu-Ho Kim - Yu-Jeong Lee - Sang-Bong Rhee - Seok-Ku You)

Abstract - This paper applied Elite-based Simplex-GA hybrid approach combined with Muptipop-GA (ESGA) to
determining the location, size and number of capacitors to improve voltage profile and minimize power losses in
unbalanced distribution systems. One of the main obstacles in applying GA to complex problems has been the high
computational cost due to their slow convergence rate. To alleviate this difficulty, ESGA approach was developed that
combines Elite-based Simplex—-GA hybrid approach with Muptipop-GA. The objective function formulated consists of two
terms: cost for energy losses and cost related to capacitor purchase and capacitor installation. The cost function
associated with capacitor placement is considered as a step function due to banks of standard discrete capacities. Its
efficiency was proved through the application in IEEE 13 bus and 34 bus test systems and was compared with several

methods using GA.
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Table 1 End Bus Load Data

Send| End | Ph-1| Ph-1 | Ph-2 | Ph-2 | Ph-3 | Ph-3 |Length| Conf
Bus { Bus | kW |kVAR| kW |kVAR| kW [kVAR/{ (ft) | Code
632 {645 | 0 0 (170 | 125 | 0 0 500 | 603
632 1633 | 0 0 0 0 0 0 500 | 602
633 1634 | 160 | 116 | 120 | 87 | 120 | 87 0 | XFM
645 | 646 | 0O 0 | 230 | 132 | o 0 300 | 603
650 | 632 | 0O 0 ] ] 0 0 | 2000 | 601
684 | 652 | 128 | 86 0 0 0 0 800 | 607
671 | 684 | 0O 0 0 0 0 0 300 | 604
671 680 | 0 0 ] 0 0 0 | 1000 | 601
632 | 671 | 385 | 220 | 385 | 220 | 38 | 220 | 2000 | 601
671 | 692 | 0 0 0 0 | 170 | 131 0 |[switch
684 | 611 | 0O 0 0 6 | 170 | 8 | 300 | 605
692 | 675 | 485 | 190 | 68 | 60 | 290 | 212 | 500 | 606
Total Load| 1,158 | 612 | 973 | 624 {1,135 750
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Table 2 Load Level and Load Duration Time

Load level(%) 100 60 40

Time interval(hours) 5,000 33,800
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Table 3 Number of Runs and Best Generation found

Optimum in Each Approach

Sensitivity~- | Multipop- | Simple-
ESGA GAlS] | GAll2) | GA[6]
N““ggfiini‘;g“d/ el 173324 | 165824 | 124/324 | 61/324
0,
Total run number (53%) (51%) (38%) (19%)
Best gen. found 6 1 % 35
the optimum .
Energy loss cost $107,574.075
Capacitor cost $9,300
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Fig. 10 Variation of eneray loss and capacitor costs
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Table 4 Optimal Capacitor Placement Location and Size

Optimal Control Setting [kVAR] Optimal
Location 1002 602% 40% Size [KVAR]
671 1200 600 200 -
684 600 0 0 600
692 300 0 o 0

E 5% AANANEHE HAsHr] A Fof F ulE, &4u 8
R AGArIE Buy A2 ARANEE X7 W A
298] F v &2 $137,601.186 o|A L AMAEHE M F
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Table 5 Comparison of the Results Between Without and
With Capacitor Placement

Without capacitor With capacitor
Total cost $137,601.186 $116,874.075
Total losses cost $137,601.186 $107,574.075
Total cap. cost $0.0 $9,300
Total margin $20,727.111
V i 0.8884 0.9516
lLoad level- Vve 0.9388 0.9809
100% Ve 0.9650 0.9977
Losses [kW]| 1350 (4.15%) 94.96 (2.9%)
Vi 0.9370 0.9524
Load level- Vove 0.9650 0.9761
60% Y as 09791 0.9933
Losses [kW]| 45.01 (2.29%) 36.56 (1.86%)
V.. 0.9561 0.9668
mn
Load level - Ve 09772 0.9827
40% Ve 0.9861 0.9926
Losses [kW]| 19.35 (1.48%) 16.45 (1.25%)
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Fig. 11 IEEE 34 bus test systems
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Table 6 Number of Runs and Best Generation found

Optimum in Each Approach

Sensitivity~ [ Multipop- | Simple-
E
SGA 1 Gas) | can2) | Ganel
N“’g;er f°/”',’1? ::le 137/324 | 116/324 | 37324 | 5324
optimum /7 10 (429%) 35%) | 16%) | (2%
run number
Best Gen.. found 1 27 3 69
the optimum
Energy loss cost $49,029.152
Capacitor cost $3,840
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Table 7 Optimal Capacitor Placement Location and Size

Optimal Control Setting [kVAR] Optimal
Location 100% 60% 40% Size [kVAR]
820 100 0 0 100
822 100 20 20 100
838 80 20 20 30

X 8 FWAlEle| Mx|Mzl Mx|Fo Ha dv|@
Table 8 Comparison of the Resuits Between Without and
With Capacitor Placement

Without capacitor With capacitor
Total cost $56,672.877 $52,869.152
Total losses cost $56,672.877 $49,029.152
Total cap. cost $0.0 $3,84
Total margin $3,134.725
Vosin 0.8451 0.9209
Load level - Ve 0.9325 0.9466
100% V e 0.9992 0.9987
Losses (kW] 57.29 (10.11%) 4751 (8.39%)
Voin 0.9140 0.9262
Load level - Ve 0.9614 0.9635
60% Y ar 0.9995 0.9995
Losses [kW] 18.32 (5.39%) 16.17 (4.76%)
V in 0.9445 0.9567
Load level - Vove 0.9748 0.9769
40% Ve 0.9997 0.9996
Losses [kW] 7.75 (3.42%) 6.59 (2.91%)
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