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Abstract—Due to the important role that distribution 

systems play in quality of power delivered to the customers, there 

has always been a great deal of interest in investigating different 

methods of efficiency enhancement for these networks. Two of 

these methods are Feeder Reconfiguration (FR) and Capacitor 

Allocation (CA); both have been widely employed to reduce 

losses and improve several other operational characteristics in 

electrical power distribution systems. As in FR process the 

topology of the network changes, it is necessary to change some 

previous settings; for instance: the capacity of capacitor banks in 

service in each bus, after each reconfiguration process. This is 

due to the fact that the new topology may require another 

arrangement of capacitors in service to address an optimized 

operation of the system. In this paper, a method is proposed in 

order to perform both FR and CA simultaneously. Among the 

advantages of this method, we should mention less computational 

time and more accuracy in finding the optimal solution. To verify 

the proposed method, simulations are performed on the IEEE 33-

bus distribution test system. Furthermore, to investigate the 

efficiency of the proposed method, four scenarios are defined. 

And, two operational indices are introduced. The resultant 

system power losses and the computed indices clearly 

demonstrate the superiority of the proposed method.  

Index Terms— reconfiguration; capacitor switching; particle 

swarm optimization; loss reduction. 

I. INTRODUCTION 

A simple feeder reconfiguration which changes network 
topology may turn the previous optimal capacitor kvars into 
suboptimal ones. Hence, it is better to change the kvar outputs 
of capacitor banks after any reconfiguration process to achieve 
the desired objectives. This necessitates the simultaneous 
implementation of these two strategies.  

To begin with a brief review on the studies related to 
distribution system reconfiguration in the literature, the related 
studies are categorized into two main groups; namely, single-
objective reconfiguration and multi-objective reconfiguration. 
The studies of the former group, address the problem of 
reconfiguration based on an objective function, which aims at 
optimizing only one aspect of distribution system operation. In 
[1], the authors have investigated reconfiguration as a means of 
network topology alteration in order to balance the load of 
network by transferring loads from the heavily loaded feeders 

into lightly loaded ones. Also the authors of [2] have exploited 
differential evolution algorithm to find the optimal 
configuration of the network from a power-quality view point 
in order to mitigate disturbances. [3] Has proposed an optimal 
configuration for a 69-bus test network to obtain maximum 
level of voltage stability. Furthermore, most of the previous 
literature on reconfiguration has focused on loss reduction [4-
8]. The major difference between these papers is on the 
optimization method which has been utilized. [4] Has made use 
of an adaptive ant colony optimization; [5,7] have utilized 
harmony search algorithm, and [6, 8] have both employed 
particle swarm optimization (PSO) algorithm to address the 
problem of reconfiguration. 

The studies of the latter group are about to optimize two or 
more aspects of power system operation by employing 
reconfiguration. [9] Has studied reconfiguration in a 
distribution system with penetration of DGs so as to minimize 
active power losses and improve balance factor. [10] Has 
implemented genetic algorithm with sequential encoding for 
network reconfiguration in order to mitigate losses, with the 
minimum number of switching. The study in [11] is dedicated 
to loss mitigation and reliability improvement in a real 
distribution network and another standard test case through 
implementing reconfiguration method. It has raised a trade-off 
between losses and reliability indices and optimization has 
been performed by a micro-genetic algorithm. A similar 
objective has been optimized in [12], while taking sub-
transmission losses into consideration. Furthermore, [13] has 
proposed a comprehensive objective-function, including 
different factors as total electrical energy losses, the cost of 
electrical energy, the amount of released emissions and the bus 
voltage deviations. This objective-function has been optimized 
by an adaptive PSO algorithm. In [14], an effort has been made 
to optimize a multi-objective function, which consists of three 
parts, mainly operational issues, that are, total active loss, 
voltage deviations and total costs. This study has also 
considered the effect of wind power DGs, whose active power 
generation is uncertain. 

Some other studies have investigated the impact of utilizing 
both reconfiguration and capacitor allocation, along with each 
other. [15] Has studied the effect of implementation of 
reconfiguration and capacitor placement on loss reduction by 
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employing ant colony search algorithm. In [16] an 
approximately similar work is presented in which the goal is to 
reduce power losses through reconfiguration and capacitor 
switching by using an adaptive genetic algorithm. 

In this paper, a novel technique is presented to perform 
both reconfiguration and capacitor switching simultaneously in 
order to reduce the amount of power losses. Less computation 
time and more accuracy in finding the optimal solution are the 
most important advantages of this technique. The performance 
of this technique is evaluated on the IEEE 33-bus distribution 
test system. In addition to the significant reduction in power 
losses, the simulation results show a considerable amount of 
improvement in voltage profile and stability of the network. 

The rest of the paper organizes as follows: the proposed 
method is explained in section II. Furthermore, some 
operational indices are introduced in this section in order to 
conduct a better investigation of the operational condition of 
the grid. Then, the case study and results will be discussed in 
section III. Finally, the paper concludes in section IV. 

II.  PROBLEM DEFINITION  

In this section, first the reconfiguration method which has 
been utilized in this paper is elaborated upon this section. 
Moreover, the proposed method for simultaneous 
reconfiguration and capacitor switching which is a modified 
version of the aforementioned reconfiguration method will be 
explained in details. Afterwards, in order to have a better 
evaluation of operational conditions of the grid, two 
operational indices are introduced. 

A) Employed reconfiguration method: 

As mentioned previously in this paper, proper switching of 
tie and sectionalizing switches of the network, typically known 
as reconfiguration, may result in a significant loss reduction in 
the network. The method which is employed in this paper for 
simultaneous feeder reconfiguration and capacitor switching is 
the modified version of one of the most effective methods for 
distribution feeder reconfiguration which is proposed in [17]. 
This method consists of 3 steps as follows:  

1) Measuring the voltage differences across two sides of 
all open switches and closing the switch with the 
biggest voltage difference if the difference is greater 
than a predetermined value. By closing this switch, a 
loop will be formed which should be removed by 
opening another switch in that loop. 
 

2) Beginning from that side of the switch which has the 
lower voltage value, switches of the loop should be 
opened and closed, one after another. After opening 
each switch, power losses should be evaluated and this 
procedure should be continued while the amount of 
active power loss is being reduced.  
 

3) After determining the switch that is to be opened for 
removing the loop, the algorithm will continue by 
starting again from the first step.  

The efficiency of this method has been demonstrated by 
comparing its results with the results of its peers. 

B) The proposed method 

In this paper, PSO algorithm has been put into practice in 
order to determine the optimum output kvar of the capacitor 
banks. Furthermore, the reconfiguration method which is 
explained in previous part of this section is utilized so as to 
determine the optimal topology of the network. Meanwhile, 
what is of high importance is the simultaneous manipulation of 
these two techniques. In other words, sequential 
implementation of these techniques may lead to suboptimal 
solution. Hence, what this paper proposes is parallel utilization 
of these two methods as follows: 

1) The optimum output kvar of each bank should be 
determined. 
 

2) The first step of reconfiguration method which was 
previously mentioned in part A should be performed. 

 

3) After opening each switch in the second step of the 
reconfiguration method in part A, PSO algorithm 
should be performed before measuring power losses. In 
other words, before each voltage or power loss 
measurement, the optimum capacitor output kvars 
should be determined. 

 

4) Third step of previous part should be performed. 
 

5) The flowchart which is presented in Fig. 1 clearly 
illustrates the proposed method. 

C) Operational indices: 

In order to have a proper investigation of operational 
condition of the grid, two operational indices are introduced as 
follows: 

C.1)  Voltage stability index (VSI): 

This index has been proposed to represent voltage stability 
in radial power distribution systems [18, 19]. According to Fig. 
2, for each individual bus, except first bus, of distribution 
system, this index can be calculated as shown below: 

𝑉𝑆𝐼𝑛2 =  𝑉𝑛1 
4 − 4 ×  𝑃𝐿,𝑛2 × 𝑥𝑛1,𝑛2 − 𝑄𝐿,𝑛2 × 𝑟𝑛1,𝑛2 

2
− 4 ×  𝑃𝐿,𝑛2 ×

 𝑟𝑛1,𝑛2 + 𝑄𝐿,𝑛2 × 𝑥𝑛1,𝑛2 
2 ×  𝑉𝑛1 

2 (1) 

where n1 and n2 denote the number of two adjacent buses. 
xn1,n2 and rn1,n2 are respectively resistance and reactance of 

the branch between buses n1 and n2. Furthermore, PL,n2  and 

QL,n2 represents the active and reactive power of load fed by 

bus number n2. 

A higher VSI for a node implies a more stable condition of 
that node from voltage stability point of view. In order to 
evaluate the voltage stability of the entire radial distribution 
system, the TVSI has been proposed by [18, 19] as the 
summation of VSIs for all buses of the network: 

𝑇𝑉𝑆𝐼 =  𝑉𝑆𝐼𝑛
𝑁
𝑛=2                                           (2) 

where N refers to the number of busses and n is an index 
indicating bus numbers. 



Start Start 

Determine the optimum output of capacitor banks 
using PSO algorithm in order to minimize losses

Determine the optimum output of capacitor banks 
using PSO algorithm in order to minimize losses

Determine open switch which has the 
maximum voltage across its contacts (Vmax)

Determine open switch which has the 
maximum voltage across its contacts (Vmax)

Close the switch Close the switch 

Vmax > ε Vmax > ε 

yes

Open the first tie switch in the loop from that side of 
the closed tie switch which has the less voltage

Open the first tie switch in the loop from that side of 
the closed tie switch which has the less voltage

Determine the optimum output of capacitor banks 
using PSO algorithm in order to minimize losses

Determine the optimum output of capacitor banks 
using PSO algorithm in order to minimize losses

Is power losses reuced?Is power losses reuced?

Close the last switch and keep the previous one openedClose the last switch and keep the previous one opened

No

Determine the optimum output of capacitor banks 
using PSO algorithm in order to minimize losses

Determine the optimum output of capacitor banks 
using PSO algorithm in order to minimize losses

Calculate power lossesCalculate power losses

Open the next tie switchOpen the next tie switch

Yes

endendNo

 

Fig. 1: Flowchart of the proposed algorithm 

 

 

 

 

 

Fig. 2: A representative branch of a radial distribution system 

C.2)  Voltage profile index (VPI): 

This index is designed so as to indicate the total deviation 
of bus voltages from their rated amount (1 p.u.). Thus, it can be 
defined as follows [18, 19]: 

𝑇𝑉𝑃𝐼 =   𝑉𝑟𝑎𝑡𝑒𝑑 − 𝑉𝑛  
𝑁𝐵𝑈𝑆
𝑛=1                             (3) 

in which, n indicates bus numbers and NBUS  is the total number 
of buses. Vn  Also stands for the voltage of nth bus. 

III.   CASE STUDY AND RESULTS 

In this paper, simulations have been performed by 
MATLAB on the IEEE 33-bus distribution test network. The  
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Fig. 3: IEEE 33-bus distribution test system 

standard configuration of this network and the location of tie 
and sectionalizing switches are shown in Fig. 3 and its data is 
available in table I. It is assumed that two capacitor banks, each 
of which consists of ten 100 kvar steps are installed on the 
buses number 17 and 24. 

In order to obtain the optimal configuration and output kvar 
of capacitor banks, the proposed algorithm is carried out and 
the results shown in table II were attained. 

After applying the results of the proposed method to the 
system under study, the modification of this network is 
obtained which is shown in Fig. 4. Furthermore, table III 
besides the amount of power losses, the values of operational 
indices which were introduced in section II are presented for 
both the standard and modified networks. 

In order to evaluate the performance of the proposed 
method, four scenarios have been defined as presented below: 

A) First Scenario 

The first scenario just aims to reconfigure the network 
without considering the capacitor banks. According to the 
results obtained from simulations for this scenario, switches 
which are installed on lines 9 and 28 should be opened and 
lines 35 and 37 should be closed. 

B) Second Scenario 

The second scenario keeps the standard topology of the 
network unchanged, and tries to reduce the amount of power 
losses by only switching the 100 kvar steps of the 1MVAr 
capacitor banks, whose places are assumed to be fixed at buses 
17 and 24. By performing the optimization using PSO 
algorithm, capacitor banks on buses 17 and 24 should take the 
value of 500 kvar and 800 kvar respectively. 

C) Third Scenario 

In this scenario, both reconfiguration and capacitor switching 
are considered. However, these two techniques are not 
performed simultaneously. In other words, first the optimal 
topology of the grid is determined and then the optimal output 
kvar of capacitor banks are specified. Simulation results for 
this scenario indicates that the optimal amounts of capacitor 
banks located on buses 17 and 24 are 300 kvar and 1000 kvar 
respectively. Furthermore, like the first scenario, switches 
which are installed on lines 9 and 28 should be opened and 
lines 35 and 37 should be closed. 

 𝑉𝑛1 ∡𝛿𝑛1  𝑉𝑛2 ∡𝛿𝑛2 

𝑟𝑛1,𝑛2 + 𝑗𝑥𝑛1,𝑛2 

𝑃𝐿,𝑛2 + 𝑗𝑄𝐿,𝑛2 
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Fig. 4: Topolgy of the network ater applying the proposed method 

TABLE I.          DATA OF THE IEEE 33-BUS DISTRIBUTION TEST SYSTEM 

Line 

Num 

Send 

bus 

Receive 

bus 

R 

(𝛀) 

X 

(𝛀) 

P 

(KW) 

Q 

(Kvar) 

1 1 2 0.0922 0.0477 100 60 

2 2 3 0.4930 0.2511 90 40 

3 3 4 0.3660 0.1864 120 80 

4 4 5 0.3811 0.1941 60 30 

5 5 6 0.8190 0.7070 60 20 

6 6 7 0.1872 0.6188 200 100 

7 7 8 1.7114 1.2351 200 100 

8 8 9 1.0300 0.7400 60 20 

9 9 10 1.0400 0.7400 60 20 

10 10 11 0.1966 0.0650 45 30 

11 11 12 0.3744 0.1238 60 35 

12 12 13 1.4680 1.1550 60 35 

13 13 14 0.5416 0.7129 120 80 

14 14 15 0.5910 0.5260 60 10 

15 15 16 0.7463 0.5450 60 20 

16 16 17 1.2890 1.7210 60 20 

17 17 18 0.7320 0.5740 90 40 

18 2 19 0.1640 0.1565 90 40 

19 19 20 1.5042 1.3554 90 40 

20 20 21 0.4095 0.4784 90 40 

21 21 22 0.7089 0.9373 90 40 

22 3 23 0.4512 0.3083 90 50 

23 23 24 0.8980 0.7091 420 200 

24 24 25 0.8960 0.7011 420 200 

25 6 26 0.2030 0.1034 60 25 

26 26 27 0.2842 0.1447 60 25 

27 27 28 1.0590 0.9337 60 20 

28 28 29 0.8042 0.7006 120 70 

29 29 30 0.5075 0.2585 200 600 

30 30 31 0.9744 0.9630 150 70 

31 31 32 0.3105 0.3619 210 100 

32 32 33 0.3410 0.5302 60 40 

33 21 8 2.000 2.000 - - 

34 9 14 2.000 2.000 - - 

35 12 22 2.000 2.000 - - 

36 18 33 0.500 0.500 - - 

37 25 29 0.500 0.500 - - 
 

 

D) Fourth Scenario 

In this scenario, unlike the third scenario, first the optimal 
output kvar of capacitor banks are specified and then the 
optimal topology of the grid is determined. In this scenario, in 
order to have the minimum amount of power losses capacitor 
banks on buses 17 and 24 should take the value of 500 kvar 

and 800 kvar respectively. Furthermore, switches installed on 
buses 8, 16 and 28 should be opened and instead switches on 
lines 35, 36 and 37 should be closed. 

Table IV presents the values of the operational indices and 
the amount of power losses for scenarios 1 to 4. As it can be 
observed in results of this table, the same as the proposed 
method, for all scenarios, all indices and the amount of power 
losses have been improved in comparison with the standard 
network. Based on the result of this table, without considering 
the proposed method, the best scenario from minimum active 
losses point of view is the fourth one. This scenario, in 
comparison with the proposed method, has more active losses 
and worse VPI, but, it has the second place in voltage stability 
among all defined scenarios and the proposed method. 
Although the third scenario demonstrates the best VPI and 
VSI, it possesses the third place in loss mitigation. 
Furthermore, it is noteworthy to mention that although 
implementing the second scenario results in improving all the 
operational indices and power losses in comparison with the 
standard network, these enhancements are the least among all 
of the scenarios, which have been applied in this paper. 
Additionally, from the active power losses, VPI, and VSI 
points of views the first scenario is placed in fourth, fourth and 
third positions respectively. 

Finally, in order to give a better illustration of the effects of 
applying each method on the voltage profile of the network, 
figures 5 and 6 have been plotted. In figure 5, voltage profile of 
the network for standard network and proposed method is 
compared with that of the first and second scenarios. 
Furthermore, figure 6 shows this comparison for third and 
fourth scenarios with the standard network and the proposed 
method. 

As it can be seen, the proposed method and the third 
scenario provide a distinctly more favorable voltage profile 
comparing to the others. 

IV. SUMMARY AND CONCLUSION 

In this paper, a method for simultaneous implementation of 
reconfiguration and capacitor  switching  is  proposed.  The  

TABLE II.         RESULTS OBTAINED FROM THE PROPOSED ALGORITHM  

Switches to be closed 35, 36, 37 

Switches to be opened 8, 16, 28 

Output of capacitor bank on bus 17 (Kvar) 500 

Output of capacitor bank on bus 24  (Kvar) 1000 

TABLE III.          VALUE OF THE OPERATIONAL INDICES AND POWER LOSSES 

FOR BOTH STANDARD AND MODIFIED NETWORKS 

 Power loss VPI VSI 

Proposed method 0.1183 0.0367 28.9225 

Standard Network 0.3780 0.3875 25.9669 

TABLE IV.          VALUE OF OPERATIONAL INDICES AND AMOUNT OF LOSSES 

IN FIRST AND SECOND SCENARIOS 

 Power loss VPI VSI 

First scenario 0.1545 0.0557 29.4578 

Second scenario 0.3167 0.2472 27.0012 

Third scenario 0.1220 0.0344 29.9678 

Fourth scenario 0.1193 0.0383 29.8181 



 

Fig. 5: Diagram of voltage profiles, after applying the proposed method, first 

and second scenarios in comparison with the standard network 

 

Fig. 6: Diagram of voltage profiles, after applying the proposed method, third 

and fourth scenarios in comparison with the standard network 

performance of this method is demonstrated by comparing its 
results with four defined scenarios. The first scenario just 
considered reconfiguration and the second one only 
concentrated on capacitor switching, without considering the 
effect of reconfiguration. The third scenario began with 
reconfiguration and ended with capacitor bank switching. The 
last one first determined the optimum output kvar of capacitor 
banks and then reconfigured the related power grid. 
Furthermore, in order to have a better evaluation of the 
simulation results, two operational indices were introduced: the 
voltage stability index and the voltage profile index. The 
results of simulations demonstrated that the proposed method 
leads to a more efficient operational condition when they are 
tested over these four defined scenarios and under the standard 
condition of the grid in terms of power losses, voltage stability 
and voltage profile. In other words, after implementing the 
proposed method, power losses, voltage stability and voltage 
profile indices improved by 70%, 90% and 11%, respectively, 
when compared with the standard network condition. 
Furthermore, as results of simulations imply, despite the fact 
that all scenarios result in improvement of operational issues of 
the grid, single implementation of FR and CA or sequential 
implementation of these two techniques may lead to sub 
optimal solutions. However, the proposed method mitigates the 
power losses and improves the introduced operational indices 
with highest amount among all scenarios by simultaneous 
implementing these two techniques.   
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