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Abstract
In distribution systems, capacitor placement is optimized to reduce energy loss and
improve voltage profile. In this article, two types of capacitor placement are implemented
and compared. Fixed Location Variable Reactive Power (FLVQ) and Variable Location
Fixed Reactive Power (VLFQ) approaches are carried out. Optimal locations are obtained
from sensitivity analysis in FLVQ method. The FLVQ technique uses the Bat Algorithm
(BA) to determine the best capacitor size. Direct Search Algorithm is used to obtain
Optimal locations in the VLFQ method. The outcomes are compared and contrasted. In
Engineering Optimization, the Bat Algorithm (BA), which is based on the echolocation
behavior of bats, was proposed by Xin-She-Xang. This thesis explains the notion of Bat
Algorithm as well as the mathematical formulation of the algorithm. Several simulations
have been performed on various test systems in order to evaluate the efficiency of the
VLFQ and FLVQ approaches. The aim function is intended to minimize the overall cost
and, as a result, to raise the net savings each year throughout the course of the year. The
suggested technique is being evaluated on radial distribution systems of 34 and 85 buses,
respectively.
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I.
INTRODUCTION
It serves as a conduit for high voltage transmission to reach the end user's home or place of
business. Distribution systems have a substantially higher power loss than high voltage
transmission systems because of lower voltages and higher currents. I2R losses on the distribution
level account for up to 13% of the total power generated. As a result of these losses, reactive
currents are to blame for some of the problem. The overall efficiency of electricity supply can be
improved by reducing the total loss in distribution networks. It has become necessary for the
power utilities to reduce distribution losses because of low power delivery efficiency [1].
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Planning a distribution system reduces power and energy losses, lowers capital expenses, and
improves end-user supply quality. New modelling tools, optimization and programming
methodologies have been developed to find the ideal position and connectivity between
substations [2]. These systems use shunt capacitors to reduce losses and adjust for reactive
power.
Methods to reduce distribution system losses have been published over the years. For
calculating power loss, energy loss, and the decrease of energy loss by appropriate capacitor
placement, generalized formulae have been provided in the literature Reactive power
compensation can be used on a basic line feeder with evenly distributed load, according to
previous studies and publications. It's possible that none of these is a viable method of
dissemination [3]. The primary and secondary distribution systems account for 70% of the total
system losses, whereas transmission and sub-transmission lines account for just 30% of the total
losses. Losses must therefore be kept to a minimum in the primary and secondary distribution
networks.
Goswami and Basu [4] proposed a straightforward technique for handling radial and mesh
distribution networks. Kersting and Mendive used ladder network theory to solve radial
distribution networks [5]. Johnson et al. advocated a longer empirical study. Combinatorial issues
were studied using simulated annealing [6]. Their design issue is that each node has just two
incoming branches. Jasmon and Lee developed a new radial distribution load flow mechanism. A
single line can solve a distribution network load flow problem [7].
For distribution automation, Abul Wafa et al employed a graphical approach to create load
flow equations in matrix form [8]. Kennedy J, Eberhart came up with a new method for solving
nonlinear functions called a particle swarm. For poorly meshed distribution and transmission
networks, Shi Mohammadi et al. have proposed a compensation-based power flow approach [9].
Tang et al. developed the genetic algorithm (GA) as an innovative signal processing optimization
algorithm [10]. Applied to the travelling salesman problem by Dorigo et al [11] is a distributed
method called as ant colony system (ACS). For radial and mesh distribution networks, Goswami
has developed a direct method for solving them [12].
Das et al. proposed a radial distribution network power flow method. It works well for radial
distribution networks. Passino created foraging theory-based models of E. coli and M. Xanthus
bacterium behavior. Genetic Algorithm (GA) results were published by Karaboga D for
optimizing multivariable functions using the ABC algorithm [13]. The shuffled frog-leaping
algorithm (SFLA) created by [14] is used to address combinatorial optimization issues.
II.

IMPLEMENTATION OF FLVQ &VLFQ APPROACHES FOR OPTIMAL
CAPACITOR PLACEMENT
In this section, two types of capacitor placement are implemented and compared. Fixed
Location Variable Reactive Power (FLVQ) and Variable Location Fixed Reactive Power
(VLFQ) approaches are carried out. Optimal locations are obtained from sensitivity analysis in
FLVQ method. Bat Algorithm (BA) is implemented for optimal sizing of capacitors in FLVQ
approach. Direct Search Algorithm is used to obtain Optimal locations in the VLFQ method.
28
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The results are compared. Optimal Location for placement of capacitor in the second method,
is obtained by power loss index method. For 15 Bus, 33 Bus, and 69 Bus Systems, the Bat
Algorithm is used to determine the optimal size of capacitors. Appendix 5 has a sample
programmed. Flow data for 15 Bus, 33 Bus, and 69 Bus Systems may be found in Appendices 1
through 4.

Objective Function
All real power losses in a given Radial Distribution System are to be minimized by
determining the optimal location of capacitors. We can derive the Objective function as follows:
𝑀𝑖𝑛 𝑃𝑙𝑜𝑠𝑠 = 𝑅[𝑘] [

𝑃[𝑘]2 +𝑄[𝑘]2
𝑉[𝑛]2

]

(1)

Where,
P[k], Q[k] =Real and reactive power in the Branch k
V[n] =Voltage at node n
R[k] =Resistance of the branch k

Power loss index is obtained by the following formula for obtaining the optimal locations.
𝑃𝐿𝐼 (n) =

Loss reduction(n) – Loss reductionmin
Loss reductionmax – Loss reductionmin

(2)

BAT Algorithm (BA)
Heuristic and meta-heuristic algorithms developed from nature's biological and/or physical
processes are the most common type of algorithm. The Bat Algorithm (BA) was devised by XinShe-Xang for engineering optimization based on the echo locating behavior of bats. Different
Bat Algorithms can be devised by idealizing the echolocation features of micro bats.
Implementation of Bat Algorithm
How to use the Bat Algorithm the Bat Algorithm is used to address the optimal capacitor
placement problem in radial distribution networks.
Step 1: Problem definition and algorithm parameters Initialize parameters like population size
(POP), issue dimension (Dimension), and maximum iterations (Intermix). A number of factors
must be put up in order to gain a good image of the issue.
Step 2: Locations and capacitor sizes are generated at random using a computer programmed.
Step 3: The assessment of a person's physical condition. The annual network savings for any
initial solution can be calculated by running through the load flow. Take note of the most
effective strategy.
Step 4: Start the Bat Algorithm's evolution procedure by pressing the Start button. Randomly
assign a frequency to each of the Bats.
Each bat should be assigned a frequency at random.
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𝑓𝑖 = 𝑓𝑚𝑖𝑛 + 𝛽 ∗ (𝑓𝑚𝑎𝑥 − 𝑓𝑚𝑖𝑛 )
Step 5: Positions of the Bats are generated at random (locations and sizes of capacitors)
for t=1:50
X(t,1)= X(t,1)+rand()*(pbest(1)-X(t,1)) +rand()*(X(p,1)-X(t,1));
X(t,2)= X(t,2)+rand()*(pbest(2)-X(t,2)) +rand()*(X(p,2)-X(t,2));
X(t,3)= X(t,3)+rand()*(pbest(3)-X(t,3)) +rand()*(X(p,3)-X(t,3));
end
Step 6: The assessment of a person's physical condition (Objective function) Calculate the
system's genuine power loss and the annual network savings for each new solution.
Step 7: If you can't discover a better answer for a bat than the one you already have, you can try a
new one.
Step 8: A criterion for halting the process. The computation is halted if the maximum number of
iterations is reached. Steps 4 to 7 are repeated if necessary. It is possible to summaries the Bat
Algorithm (BA) pseudo code as follows:
Optimal Capacitor placement using VLFQ approach
Direct Search Algorithm is used for this purpose. The Objective of DSA is to compensate
reactive power by capacitors.
Flow chart for the implementation of Direct Search Algorithm for capacitors is shown in
Figure 2

30
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Start

Read Data, Tolerance index, Run Base case load flow.
Determine the Ploss.

Compensate Q at all buses by 100% and run the load
flow. Determine the Ploss.

Make ‘m’ number of group of capacitors, whose
total is equal to Qtotal

Set option count k=1
Keep the first capacitor at all locations
in-turn identify the min loss location and
place it there

k=k+1

Check if all capacitors
have been considered

No
M(k)=m(k)+1
Check if Ploss < ε

No

Yes
Stop and Print the locations and
sizes of capacitors.

Stop

Figure 2. Flow chart for Direct Search Algorithm for placement of capacitors
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Optimal Capacitor placement using VLFQ approach on 85 Bus System
Total Q in the system

: 2622.2 KVAR.

Ploss without compensation : 316.11 Kw.
If total Q =0, the loss obtained is = 141.02 Kw.
Using DSA, Pmin loss = 141.01 kW.
Option 1 : Selection of capacitors – larger first and slowly decrease.
S. No.

Q kVAr
compensated

1

450

36

247.24

2

300

69

212.31

3

150

30

188.52

4

150

80

178.05

5

150

66

168.91

6

150

61

161.80

7

150

14

155.96

8

150

26

151.68

9

150

57

148.68

10

150

8

146.83

11

150

20

145.30

12

150

6

144.62

13

150

18

144.17

14

150

17

144.01

Total Q

Min
Magnitude
Loss
of Ploss
Location
after
placing the
capacitors.
( kw)

2550

32
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Option 2 : Q compensated starts from 900, 450, 300 150…
S. No.

Q kVAr
compensated

Min Loss
Location

Magnitude of
Ploss after
placing the
capacitors.

1

900

33

210.70

2

450

72

174.96

3

300

80

161.11

4

150

69

156.16

5

150

57

153.12

6

150

8

151.23

7

150

20

149.69

8

150

18

149.00

Total Q

2400

.

Option 3 : Q compensated starts from 1200, 450, 150…

©JHE 2022

S. No.

Q
kVAr
compe
nsated

Min Loss Magnitude of
Location Ploss
after
placing
the
capacitors.

1

1200

30

198.34

2

450

72

169.48

3

150

80

163.56

4

150

69

159.59

5

150

14

156.93

6

150

20

155.38

7

150

57

154.65

8

150

28

154.17

Total Q

2400
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Optimal Capacitor placement using VLFQ approach on 69 Bus System
Total Qload in the system

: 2694 kVAr

Ploss with out compensation

: 225 kW

If total Q is compensated, Ploss

: 143.52 kW

Option 1 : Selection of capacitors –Starting from 900 kVAr, 450,450,450, 150. This option
gives better result.
S. No.

1

900

62

Magnitude of
Ploss after
placing the
capacitors. (
kw)
159.42

2

450

16

151.92

3

450

61

147.00

Total Q

Q KVAR
Min Loss
compensated Location

1800 KVAR.

Best ever
result. If you
add more Q,
loss increases.

Option 2 : Selection of capacitors –Starting from 900 kvar, 900, 150,150, , 150.
S.
No.

1

900

62

Magnitude of
Ploss after
placing the
capacitors. (
kw)
159.42

2

900

12

151.32

3

150

65

148.37

4

150

60

147.54

5
Total
Q

Q KVAR
Min
compensated Loss
Location

150
22
1800 KVAR.

147.01
Best result. If
you add more
Q, loss
increases.

34

©JHE 2022

Journal of Harvesting Energy (I) I 2022: 27-38
III.

RESULTS OBTAINED FROM FIXED LOCATION VARIABLE REACTIVE POWER
(FLVQ) METHOD
Analysis on 15 Bus Organization
The power loss index approach was used to identify three best places on the 15 Bus system.
Buses No. 6, 11, and 15 are among them. The Bat method was used to find the ideal dimensions.
Table 1 shows the values of capacitors. Without compensation, the 15-bus system loses 61.80
kW, but the active power loss is only 31.26 kW. Figure 1 depicts the 15 Bus system's single-line
diagram. Voltages before and after adjustment are depicted in Figure 2 (right).
Table 1: Capacitor placement and size are critical to the 15 Bus system's performance.
Optimal Location
(Bus No.)

Optimal Size

6
11
15

422
374
338

Figure 1: 15 Bus system
1.05
1
0.95
0.9
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 2: 15 Bus voltage profile before and after capacitor placement
Investigation on 33 Bus Scheme
Using the power loss index approach, three ideal locations were found on the 33 Bus system.
Buses No. 32, 30, and 14 are among them. The Bat method was used to find the ideal
dimensions. Table 2 shows the values of capacitors. Without compensation, the 33 Bus system
loses 210.74 kW. And the active power loss is 157.7 kW, after adjustment. Table 3 shows the
voltage before and after the procedure. Before and after adjustment are shown in Fig. 3.
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Table 2: Capacitor placement and size optimization on the 33 Bus system
Optimal
Location
(Bus No.)

Optimal Size
(kVAr)

32
30

110
189

14

1373

1.1
1
0.9
0.8
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Figure 3: Before and after voltage profiles on the 33 Bus system
Investigation On 69 Bus Organization
The power loss index approach was used to identify three best sites on the 69 Bus system. Buses
61 and 21 are on the list. The Bat method was used to find the ideal dimensions. Table 3 shows
the capacitance values of several devices. Active power loss is reduced from 225 kW to 151.65%
after correction is applied to 69 Bus's system. Table 6 shows a comparison of the voltage before
and after. Fig. 4 depicts the 69 Bus system's single-line diagram. Before and after adjustment are
shown in Fig. 5.
Table 3: Capacitor placement and size are critical to the 69 Bus system's performance.
Optimal
Location
(Bus No.)

Optimal Size
(kVAr)

60

972

61

334

21

362

36
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Figure 4: Single line diagram 69 Bus system
1.05
1
0.95

0.9
0.85
1 6 11 16 21 26 31 36 41 46 51 56 61 66

Figure 5: Before and after the installation of a capacitor on the 69 Bus system
IV.
CONCLUSIONS
In this paper, two types of capacitor placement is implemented and compared. Fixed
Location Variable Reactive Power (FLVQ) and Variable Location Fixed Reactive Power
(VLFQ) approaches are carried out. The FLVQ technique uses the Bat Algorithm (BA) to
determine the best capacitor size. The VLFQ method's optimal locations are found using the
Direct Search Algorithm. There is a comparison of the data. Bat echolocation is the basis of the
Bat Algorithm (BA). Simulations on the 15, 34, 69, and 85 Bus test systems have been used to
evaluate the effectiveness of the VLFQ and FLVQ approaches. The goal is to minimize the
overall loss of active power. Radial distribution systems are used to test the two methods. Two
separate approaches are utilized to verify the efficiency of the two different approaches to
minimize losses and total cost as well as to boost voltage profile and net savings for various
distribution systems by using data from this study.
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