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ABSTRACT: One of the most important methods in loss reduction and controlling the voltages of distribution systems 

is the utilization of the fixed and switched capacitors. To do this, real modelling of the system in actual operational 

conditions including unbalanced or balanced loading and for actual feeder structure, ie, radial/meshed configuration, 

are required. In this paper, a new technique for finding the optimal values of the fixed and switched capacitors in the 

distribution networks with above properties based on the differential evolution algorithm is presented. For this purpose, 

the modelling of the loads at different load levels are simulated with low voltage and medium voltage capacitors that 

are available on the market. Regarding the above factors in addition to the various parameters in the optimization 

problem, DE Algorithm is used to find the best and real optimal network with the best rate for the capacitors. 
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I.INTRODUCTION 

One of the most effective and useful methods in re-ducing the power losses of distribution networks is uti-lization of 

optimal capacitor placement. By using shunt capacitors, the reactive power needed for loads is pro-vided so that 

besides the reduction of losses the voltage profile of nodes is also improved. There are, of course, nu-merous 

difficulties in optimal placement of capacitors in the purpose of reducing losses. These problems include: 

 

a) non-clarity of the behavior of feeders’ loads, particularly domestic loads, 

 b) complexity of distribution net-works,  

c) uncertainty of electric distribution companies in returning the initial capital expenditure used for capaci-tor 

placement and  

d) variety of the type of network loads. With due regard to these difficulties, in many researches made so far, some 

assumptions in capacitor placements have been considered to solve the problem in a more simple method [1–18], which 

have not been appealing to distribution companies, so that the losses are still high in the network. Most of the 

consumption loads in distribution net-works are single phase domestic loads which are unbalanced. Therefore, it is 

useful to investigate the capacitor placement for unbalanced distribution networks [1–3]. However, it has not been 

regarded in most of the previous works [4–18]. On the other hand, in the methods presented in [6–15, 17] the loss 

reduction has been accomplished only by using the fixed capacitors. Moreover, in many previous methods, the medium 

voltage capacitors which are more expensive than low voltage ones are used[2, 3, 5–18].One of the important issues in 

the placement of capacitors is considering the load variations of the network. In some methods of load variation has 

been considered at several different levels, and in some other methods [1, 6–14, 18], it has not been considered at all, 

and the load has been presented in a fixed form. More-over, capacitor placement is also advised to be done with the 

daily real value in the market, so that the distribution companies may be assured of its productivity. This has been taken 

into consideration but only in references[3, 6, 16].In the previous works presented by researchers, capacitor placement 

has been done on the basis of different techniques including: integer programming method [2], non-linear programming 

method [1, 3], method of sensitivity analysis [12, 16], method of optimization of the equal area criterion for selecting 

the sites of fixed capacitors [13], dynamic programming method [8], and some methods based on the experimental 

criteria. In these methods, in order to solve the capacitor placement problem, some assumptions have been considered 

on the type of the objective function and also on the type and number of problem restrictions.  
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There is also the difficulty of trapping the answer of the problem in a local optimal solution. Moreover, since the 

capacitor banks contain discontinuous values, solving the problem in a continuous domain and then approximating the 

results leads to a large error in optimal solution. With due regard to the above problems, the genetic algorithm is a very  

tool in solving the optimization problems. Fuzzy  based  solution  methods  use  fuzzy membership  functions  to  

model  the  actual  systems. Identification  of  proper  membership  function  is  the most  challenging  task  in  the  

development  of  fuzzy based solution techniques.  Node voltage  measures and power loss in the  network branches  

have been utilized as indicators for deciding the location and also the size of  the  capacitors  in  fuzzy  based  capacitor  

placement methods. he global optimization method is most useful in obtaining the optimal capacitor sizes 

corresponding to maximum annual savings. In that sense, DE is one of the popular meta-heuristic methods in all the 

engineering fields. In the second stage, DEA is proposed to find the sizes of the capacitors. The capacitor placement 

problem is modeled with the objective function, which maximizes the annual savings. The proposed method is tested 

on 15-bus, 34-bus, and 69-bus test systems and the results are presented. 

 

II.NEED FOR CAPACITOR PLACEMENT 

 

Distribution systems are the networks that transport the electric energy from bulk substation to many services or loads, 

thus causes more power and energy losses. Hence there is a need to reduce the system losses. By minimizing the power 

losses, the system may acquire longer life span and has greater reliability. 

 

Loss minimization in distribution systems has assumed greater significance recently since the trend towards distribution 

automation will require the most efficient operating scenario for economic viability. Studies have indicated that as 

much as 13% of total power generated is consumed I
2
R as losses at the distribution level. Reactive currents account for 

a portion of these losses. However, the losses produced by reactive currents can be reduced by the installation of shunt 

capacitors. Effective capacitor installation can also release additional KVAR capacity from distribution apparatus and 

improve the system voltage profile. Reactive power compensation plays an important role in the planning of an 

electrical system. 

 

     As Distribution Systems are growing large and being stretched too far, leading to higher system losses and 

poor voltage regulation, the need for an efficient and effective distribution system has therefore become more urgent 

and important. In this regard, Capacitor banks are added on Radial Distribution system for Power Factor Correction, 

Loss Reduction and Voltage profile improvement. The amount of compensation provided is very much linked to the 

placement of capacitors in the distribution system, which is essentially determination of the location, size, number and 

type of capacitors to be placed in the system. 

 

III.IDENTIFICATION OF OPTIMAL CAPACITOR LOCATIONS USING FUZZY APPROACH 

 

This paper presents a fuzzy approach to determine suitable locations for capacitor placement. Two objectives are 

considered while designing a fuzzy logic for identifying the optimal capacitor locations. The two  objectives are: (i) to 

minimize the real power loss and (ii) to maintain the voltage within the permissible limits. Voltages and power loss 

indices of distribution system nodes are modeled by fuzzy membership functions. A fuzzy infe rence system (FIS) 

containing a set of rules is then used to determine the capacitor placement suitability of each node in the distribution 

system. Capacitors can be placed on the nodes with the highest suitability.  For the capacitor placement problem, 

approximate reasoning is employed in the following manner: when losses and voltage levels of a distribution system 

are studied, an experienced planning engineer can choose locations for capacitor installations, which are probably 

highly suitable. For example, it is intuitive that a section in a distribution system with high losses and low voltage is 

highly ideal for placement of capacitors. Whereas a low loss section with good voltage is not ideal for capacitor 

placement. A set of fuzzy rules has been used to determine suitable capacitor locations in a distribution system.  In the 

first step, load flow solution for the original system is require d to obtain the real and reactive power losses. Again, load 

flow solutions are required to obtain the power loss reduction by compensating the total reactive load at every node of 

the distribution system. The loss reductions are then, linearly normalized in to a [0, 1] range with the largest loss 

reduction having a value of 1 and the smallest one having a value of 0. Power Loss Index value for nth node can be 

obtained using equation 4. 

These power loss reduction indices along with the p.u. nodal voltages are the inputs to the Fuzzy Inference System 

(FIS), which determines the node more suitable for capacitor installation.   
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In this paper, two input and one output variables are selected. Input variable-1 is power loss index (PLI) and Input 

variable-2 is the per unit nodal voltage (V). Output variable is capacitor suitability index (CSI). Power Loss Index 

range varies from 0 to 1, P.U. nodal voltage range varies from 0.9 to 1.1 and Capacitor suitability index range varies 

from 0 to 1.Five membership functions are selected for PLI. They are L, LM, M, HM and H. All the five membership 

functions are triangular as shown in Figure 1. Five membership functions are selected for Voltage. They are  L, LN, N, 

HN and H . These membership functions are trapezoidal and triangular as shown in Figure 2. Five membership 

functions are selected for CSI. They are L, LM, M, HM and H. These five membership functions are also triangular as 

shown in Figure 3. 

 
Figure 1. Membership function plot for P.L.I. 

 
Figure 2. Membership function plot for p.u. nodal voltage. 

 
 

Figure 3. Membership function plot for C.S.I 

For the capacitor allocation problem, rules are defined to determine the suitability of a node for capacitor installation. 

Such rules are expressed in the following form:  

 

IF premise (antecedent), THEN conclusion (consequent).   

 For determining the suitability of capacitor placement at a particular node, a set of multiple-antecedent fuzzy rules has 

been established. The inputs to the rules are the voltage and power loss indices and the output is the suitability of 

capacitor placement. The rules are summarized in the fuzzy decision matrix in Table I. The consequents of the rules are 

in the shaded part of the matrix.   

http://www.ijareeie.com/


 

    

   ISSN (Print)   : 2320 – 3765 

   ISSN (Online): 2278 – 8875 

International Journal of Advanced Research in  Electrical, 

Electronics and Instrumentation Engineering 

(An ISO 3297: 2007 Certified Organization) 

Vol. 3, Issue 8, August 2014 
 

                                10.15662/ijareeie.2014.0308032 

Copyright to IJAREEIE                                                                       www.ijareeie.com                                                                11213 

Sending 

End 

Receiving 

End Vk 
Vk+

1 

V0 Vn 

Yk1 Yk2 

Pk + 

jQk 

rk + 

jxk 

'
kk jQP   

1k1k jQP    
nn jQP   

11   LkLk jQP  

 
Table I. Decision matrix for determining the optimal capacitor locations 

 

IV.CAPACITOR PLACEMENT PROBLEM 

 

Capacitor placement in the distribution system is to minimize loss of the system, subjected to certain operating 

constraints and load pattern. For simplicity, the operation and maintenance cost of the capacitor placed in the 

distribution system is not taken into consideration. The three-phase system is considered as balanced and loads are 

assumed as time invariant. 

 

Mathematically, the objective function of the problem is described as: 

            )min(     ,LossTPfMinimize                       

maxmin      to VVVSubjected i                                        

   
max,ii II                                                            

   

Where PT, Loss is the total real power loss of the system; 

           |Vi|    voltage magnitude of bus i ;  

           
maxmin ,VV Are bus minimum and maximum voltage limits; 

            Ii, Ii, max current magnitude and maximum current limit of branch i ;      

 

 

 

 

 

 

 

 

 

 

 

Fig.4.Single-line diagram of a main feeder 

 

V.DIFFERENTIAL EVOLUTION ALGORITHM 

 

DE introduced by Storn and Price[11], is a branch of evolutionary algorithms for optimization problems over 

continuous domains. In DE, each variable’s value in the chromosome is represented by a real number. DE can be 

categorized into a class of floating-point encoded evolutionary algorithms.  

 

The theoretical framework of DE is Int J Adv Manuf Technol very simple and DE is computationally inexpensive in 

terms of memory requirements and CPU times. Thus, nowadays DE has gained much attention and wide application in 

a variety of fields. DE starts with the random initialization of a population of individuals in the search space and works 

on the cooperative behaviors of the individuals in the population. It finds the global optima by utilizing the distance and 
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direction information according to the differentiations among the population. However, the searching behavior of each 

individual is adjusted by dynamically altering the differentiation’s direction and step length. At each generation, the 

mutation and crossover operators are applied to individuals to generate a new population. Then, selection takes place 

and the population is updated. 

 

Implementation of DE 
The basic procedure of DE is summarized as follows. 

Step 1: Randomly initialize the population of individual for DE. 

Step 2: Evaluate the objective values of all individuals, and determine the best individual best it which has the best 

objective value. 

Step 3: Perform mutation operation for each individual according to Eq. 4.3 in order to obtain each individual’s 

corresponding mutant vector. 

Step 4: Perform crossover operation between each individual and its corresponding mutant vector according to Eq.4.4 

in order to obtain each individual’s trial vector. 

Step 5: Evaluate the objective values of the trial vectors. 

Step 6: Perform selection operation between each individual and its corresponding trial vector according to Eq.4.5 so as 

to generate the new individual for the next generation. 

Step 7: Determine the best individual of the current new population with the best objective value. If the objective value 

of the current best individual is be perturbed, the num better than that of best it, then update best it and its objective 

value. 

Step 8: If a stopping criterion is met, then output bests it and its objective value; Otherwise go back to step 3. 

 

 
 

Fig: 5 Flow chart for capacitor placement using DE algorithm 
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V.SIMULATION RESULTS 

 

69-Bus Radial Distribution System 
 

Table.1. Optimal candidate locations corresponding to capacitor sizes 

 

Table 2.Simulation results of 69-bus system 

 

 

 

 

 

 

 

 

Table 3. Comparison of GA and DE for 69-bus radial distribution system 

 
 

 

 

 

 

 

 

 

 

85-Bus Radial Distribution System 
Table 4: Simulation results of 85 bus system 

 

 

 

 

 

 

 

Table.5:Optimal candidate locations corresponding to capacitor sizes 

 

 
 

 

 

 

 

 

 

 

 

No. 
 

Bus No. 

Before Capacitor      

Placement 

After Capacitor Placement 

Voltage(p.u) Angle(deg) Voltage(p.u) Angle(deg) Q-Cap 

(kVAr) 

1 18 0.9577 0.4633 0.967594 -0.8221 371.174 

2 62 0.9127 1.1170 0.933244 -1.54433 1200 

 

Items 

          

Uncompensated 

                   

Compensated 

Total losses (Kw). 224.0783 146.7111 

Minimum Voltage(p.u) 0.9096 0.9302 

Total kVAr placed - 1571.174 

Items uncompensated compensated 

GA Proposed DE 

Total losses(kW) 224.0783 152.5 146.7111 

Minimum Voltage(p.u) 0.9096 0.9291 0.9302 

Total kVAr - 1985 1571.17 

 

Items 

          

Uncompensated 

                   

Compensated 

Total losses (Kw). 287.2198 112.9067 

Minimum Voltage(p.u) 0.8724 0.9300 

Total kVAr placed - 2455.695 

 

No. 
 

Bus No. 

Before Capacitor      

Placement 

      After Capacitor Placement 

Voltage(pu) Angle(deg) Voltage(pu) Angle(deg) Q-Cap 

(kVAr) 

1 10     0.9094 1.9014     0.955377 -1.86030 964.063 

2 30     0.8869 2.8895 0.9434186 -2.63024 1200 

3 69     0.8959 2.5073     0.942729 -1.575984 291.632 

http://www.ijareeie.com/


 

    

   ISSN (Print)   : 2320 – 3765 

   ISSN (Online): 2278 – 8875 

International Journal of Advanced Research in  Electrical, 

Electronics and Instrumentation Engineering 

(An ISO 3297: 2007 Certified Organization) 

Vol. 3, Issue 8, August 2014 
 

                                10.15662/ijareeie.2014.0308032 

Copyright to IJAREEIE                                                                       www.ijareeie.com                                                                11216 

Table 6: Comparison of GA and DE for 85 bus radial distribution system. 

 

 

 

 

 
 

 

 

 

 
 

VI.CONCLUSIONS 

 

DE Algorithm is a new and efficient method for the optimization of power distribution systems. A capacitor placement 

method that employs sensitivity factors and DE as well as simplified power flow formulations to reduce power losses 

and enhance voltage profile for primary distribution system is presented. The method seeks the most effective buses to 

install compensation capacitors so that maximum   voltage profile to be improved. The sensitivity factors to the buses 

are effective in reducing the total number of alternatives examined for finding the optimal solution. This method is 

useful for large distribution system applications. 

 

         In this project, the applicability of DE algorithm for solving the capacitor placement problem in large scale 

distribution system is demonstrated. The results obtained for the example systems considered in this project, indicate 

that highly near optimum solutions can be achieved when compared to GA method. The DE method places capacitors 

at less number of locations with optimum sizes and offers much saving in initial investment.    The simulation results 

based on a 169 bus systems and a 85-bus system have produced the best solutions that have been found using a number 

of approaches available in the technical literature.  
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