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Abstract- This paper proposes a Particle Swarm Optimization 

method for optimal placement of capacitors in radial 

distribution system. Because of simple design and low cost 

radial distribution systems are more popular. But in 

distribution system, when buses moved away from the 

substation, the voltage drop increases and losses are also high. 

Lack of reactive power is the reason for voltage drops and high 

losses. It is necessary to solve this voltage problem for supply 

of good quality of power. In this paper series capacitors are 

used as reactive power compensators. By optimal location and 

sizing of capacitors voltage can be maintained in permissible 

limits and also losses can be reduced. In this work, a case study 

of 6-bus system is considered and comparison of PSO method 

is made with conventional calculations. 

 

Key Words- Distribution system, Particle Swarm 

Optimization, Voltage Control, Series Capacitors. 

 

I. Introduction 

Now-a-days there is vast increase in the loads which are more 

sensitive to poor quality of power supply. Hence it is necessary 

to provide good power quality by power utilities. Power system 

can be divided into 3 subsystems, namely generation, 

transmission and distribution systems. Among these distribution 

is the system which acts as barrier between bulk power 

generating systems and consumers. Hence distribution system 

must be maintained problem less.  

Distribution system is mainly of two types, radial type and mesh 

/interconnected type. Radial distribution system is the simplest 

and the lower cost, hence these types of feeders are more 

preferable. But the voltage will decrease out towards the end of 

the feeder, because it is tapped by laterals and sub-laterals. As 

the voltage reduces, the current drawn by the feeders will 

increase and hence losses also increase, since losses are 

proportional to square of current. To avoid the voltage problem 

and maintain the voltage in permissible limits, voltage must be 

controlled, means increase the node voltage when it is low and 

to reduce it when it is too high. Voltage control can be done by 

controlling the reactive power. To maintain the voltage and to 

control the reactive power many voltage controlling devices can 

be installed in distribution system. Some of the devices are 

voltage regulators, tap changing transformers, capacitors [1]. 

In early 1910’s, capacitors are used to improve quality of electric 

power. Still today they are used to correct power factor in order 

to lower feeder losses, to raise power transfer capabilities, and to 

improve a feeder’s voltage profile [2]. In the proposed work 

series capacitors are applied to distribution feeders to maintain 

the voltage profile almost constant. Series capacitors provide 

negative reactance (capacitive) in series with the circuit’s 

positive reactance (inductive), which compensates the part of it 

or all. To enhance the advantages, location and size of series 

capacitors must be determined.  Above mentioned parameters 

can be determined by dynamic programming and fuzzy set 

theory [8]. 

In the proposed work PSO method has been applied for 

determining the location and size of series capacitors. Recently 

PSO got many applications in different areas of power system, 

such as solving economic dispatch problems considering 

generator constraints and non smooth cost function,[6,9] reactive 

power and voltage control considering voltage security 

assessment,[4]. A modification of PSO also has been introduced 

for distribution state estimation [5]. 

 

II. Effect of Series Capacitor 

Primarily the voltage drop caused by the inductive reactance is 

suppressed or minimized by series capacitor. As capacitor is 

connected in series, voltage drop across the capacitor is 

proportional to the current through it and power factor. Hence 

the voltage control is automatic and instantaneous as the load 

grows. From above discussion capacitor can also be considered 

as voltage boosters. A series capacitor produced more net 

voltage rise than a shunt capacitor at lower power factor. Low 

power factor means, more inductive reactance and thus when 

series capacitors connected they provide reactive power to 

compensate inductive reactance. 

Distribution line can be represented as R (resistance) and X 

(reactance). Voltage drop through feeder can be expressed as 

V.D=I.R COSФ + I.XL SINФ 

After adding capacitance reduction in voltage drop can be 

expressed as  

V.D=I.R COSФ + I (XL-Xc) SINФ 

By adding capacitor power factor can also be increased and 

thereby power losses can be reduced since losses are inversely 

proportional to power factor. 
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III. Formulation for Finding the Voltages and 

Power Losses at Each Node 

The presented method involves only the evaluation of simple 

algebraic expression of receiving end voltages [ 3]. 

 A constant voltage has been assumed at each node initially and 

load currents are calculated by:  

IL(j)=S(j)/V(j);  j=1,2,3,….N 

Expression for finding branch currents is: 

I(i)=  

Actual voltages at each node are calculated from: 

V(j+1)=V(j)-I(i)Z(i) 

Where, j=node number; i= Branch number 

            I(i)=branch current; Z(i)=branch impedance 

Real and reactive power losses of branch i are given by  

P(i)=I(i)
2
R 

Q(i)=I(i)
2
X 

 

IV. Conventional Calculations For Placement of 

Capacitors 

Many researches were made on optimal site selection for 

placement of compensating devices in power system by 

considering different criteria. In deregulated electricity market, 

best location, and appropriate sizing of compensating devices is 

important. Investment of these devices includes high cost on the 

other hand location and setting of these devices have 

discriminatory and direct impact on the consumers and utilities. 

Therefore the location and setting of these devices require 

critical consideration. 

The setting of series capacitor at appropriate location is to 

maintain voltage at nominal value or to be not less than 

allowable limit [11]. The calculated voltage at the previous load 

point is, considered as the sending voltage of the next section on 

the main feeder. By the flow chart illustrated below in Fig.1, size 

of series capacitor and corresponding voltage at each load point 

can be determined analytically. Obviously, there is no need to 

insert a series capacitor, if the voltage at any load point is within 

the allowable limit. 
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ḉ = ((S(I)*L(I)*R*COS(PHI)+S(I)*L(I)*X*SIN(PHI))*X)-(∆V* Vref*2) 

S(I)*L(I)*X*SIN(PHI)
 

 

Fig(1) Flow chart for finding the size of capacitors by using analytical method

V. Overview of PSO method 

PSO method is first introduced by Kennedy and Eberhart in 

1995.PSO is similar to the fish schooling and bird flocking. 

The behavior of such organisms in finding their resting places, 

food sources or other habitat can be, considered as optimization 

procedure [10]. During flight each particle adjusts its position 

according to its own experience, and the experience of 

neighboring particles, making use of the best position 

encountered by itself and its neighbors. The swarm direction of 

a particle is defined by the set of particles neighboring the 

particle and its history experience [6].  

Each member is called as particle. Each particle is treated as 

volume less particle in d-dimensional search space. Each 

particle knows its best value so far known as Particle 

best(Pbest) and also knows the best value in the group among 

the Pbest which is called as global best (Gbest) [7]. According 

to PSO concept, velocity of particle changes towards its Pbest 

and Gbest locations. Acceleration is weighted by random term, 

and separate random numbers are generated for acceleration 

towards Pbest and Gbest locations. The flow chart for PSO 

method is given in fig(2). 

For example consider, 

 i
th

 particle is represented by d-dimensional vector and 

described as Xi = [xi1, xi2,……,xid].   

 Population is the set of n particle in the swarm and given 

as pop = [X1, X2… Xn]. 

 Particle best of each particle is the best previous position 

of particle and represented in D-dimension as  

 PBi= [ pbi1, pbi2 …,pbid]. 

 Global best is the best position among all of the particle 

best position achieved so far  and described as GB= [gb1, 

gb2, ….., gbd]. 

 The rate of  change of position for each particle is called 

particle velocity and described as Vi = [vi1, vi2,…, vid ]. 

 The velocity for d-dimension of i-particle at iteration k is 

updated by equation 

 Vid
k+1 

=wv
k

id +c1r1(pbid
k
-xid

k
) +c2r2 (gbd

k
-xid

k
) 

where w is the inertia weight, c1 & c2 are acceleration 

constants ans r1& r2 are two random values in range [0,1]. 

 The position of i-particle is updated by xid
k+1

= xid
k
+ Vid

k+1
 

 Flow chart for PSO method: 

 
 

Fig(2) Flow chart for PSO method 

 

PSO Technique for the problem considered to calculate the 

size of the capacitors is used as follows: 

 C

onsidering load points as n, the population of n particles  is 

represented by pop= [X1, X2,… ,Xi,….,Xn], 

       Where, Xi at any iteration is manipulated as the capacitor        

       size 

 All particles are represented in D-dimensional,  where D 

represents the candidate buses 

 The particle best, global best and the particle velocity are 

represented also in D-dimensions. 

 The objective function is the power loss for each particle 

and the constraints are the voltage limit. 

 

VI. Case Study 

A real distribution system includes a radial line to transmit a 

power at 22KV. The power demand at load points and 

distances are shown in fig (3) The total length of the line is 

 Initial searching point of each agent is 

generated 

START 

Reach maximum 

iteration? 

Searching point of each agent is evaluated 

 Each searching point is modified by state 

equations 

STOP 
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77Km (O.H.L.240/40 mm
2
). The line resistance and reactance 

are 0.1329 and 0.32Ω/Km, respectively. The power factor of 

loads is assumed to be 0.8 lag. 

In this case study the PSO will be used to calculate the optimal 

size of the series capacitors to be located at each node point. 

The simulation results using PSO are compared with the results 

obtained by using conventional calculation.  

Initially, voltages at each node are calculated by formulation 

given in section –III and also power losses are also found.  

 

Next to this, node voltages are calculated by analytical method, 

the voltages at nodes 2,4,5,6 are lower than the upper limit 

hence the suitable capacitors has placed by the flowchart 

mentioned in section-IV. Results by analytical method are 

shown in Table-1 

In PSO method voltages resulted in section-III are considered 

as the node voltages. These voltage values are less than the best 

value hence capacitors are placed at all nodes by PSO method. 

Voltage and capacitor values are given in the Table-2. The 

comparison of voltages at each by each method are shown in 

the fig(4).  

 

                       22KV                      4       4 4  13             30   22 

                         Sending  

               End substation        MVA 1         1.5        0.5                         2.5                                               1                   5.4  

Fig(3) 6-node bus system 

 

 

 

 

 

 

 

 

 

 

 

 

 Table 1- Results with analytical method            Table 2- Results with PSO method

       
 

Fig(4)- comparison of voltages by each method 

 

 

 

Node 

No. 

Voltage 

Without 

Cap.s 

KV 

Cap.s 

Size (Xc) 

Ω/Km 

Voltage 

with 

Cap.s 

KV 

1 21.25 0 21.25 

2 20.623 3.886 21.680 

3 21.179 0 21.179 

4 17.658 8.7486 21.680 

5 18.925 14.9914 21.680 

6 10.911 10.8312 21.680 

Node 

No. 

Voltage 

Without 

Cap.s 

KV 

Cap.s 

Size 

(Xc) 

Ω/Km 

Voltage 

with Cap 

KV 

1 21.25 1.995 22.0 

2 20.05 1.972 21.998 

3 19.971 1.991 22.0 

4 18.149 6.717 21.986 

5 15.125 14.82 22.0 

6 13.254 10.91 21.992 
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Loss Reduction by each Method 

The reduction in total power losses by different methods are given in the Table 3 

Type of Method Power loss in MVA 

Without capacitors 3.0749 

With capacitors by analytical calculations 2.388 

With capacitors by PSO method 2.3184 

Table 3- power losses by different methods 

 

Also the total power loss with and without compensation are 

determined for each solution method. The power losses by each 

method are represented in the Table-3.  

 

VII. Conclusions 

 

A new algorithm has been proposed in the work for better 

management of voltages at the different nodes of lateral radial 

distribution feeder. It is based on particle Swarm Optimization 

technique using series capacitors. A real case-study on 6-bus 

system has been introduced. a comparison of PSO method with 

analytical calculations has been done. From the results obtained 

and comparisons made it is clearly observed that the solution 

using PSO has better power loss reduction and low degree of 

compensation than conventional calculations. This indicates the 

applicability of& effectiveness of PSO algorithm to manage the 

voltage in distribution networks in addition to reduction power 

loss.  

 

References 

 

i. T.GONEN, “Electric power distribution system 

engineering”       McGraw-Hill Inc., 1986. 

ii. Hong-Tuan Nguyen Vu, “Voltage control with Shunt 

Capacitance on Radial Distribution line with high R/X ratio” 

Electrical Engineering, Polytechnic University of HCMC,1993. 

iii. S.Ghosh and D.Das, “Method for load-flow solution of 

radial distribution networks”, IEE Proc.-Gener.Transm.Distrib... Vol. 

146, No. 6,November 1999 

iv. H.Yoshida, K.Kawata, et al, “A particle swarm Optimization 

for reactive power and voltage control considering voltage security 

assessment” IEEE Trans.Power Delivery, vol. 15, pp.1232-1239, 

Nov.2000. 

v. Sh. Naka, T. Genji, T. Yura, and Y. Fukuyama, “A Hybrid 

Particle           Swarm Optimization for Distribution State Estimation,” 

IEEE            Trans. Power System, vol. 18, no. 1, pp. 60-68, Feb. 2003.  

vi. Z. L. Gaing, “Particle Swarm Optimization to Solving the 

Economic Dispatch Considering the Generator Constraints,” IEEE 

Trans. Power System, vol. 18, no.3,pp. 1187-1195, Aug. 2003. 

vii. Z. L. Gaing, “A Particle Swarm Optimization Approach for 

Optimum Design of PID Controller in AVR System,” IEEE Trans. 

Energy Conversion, vol.19, no. 2, pp. 1187-1195, June. 

2004.T.M.Khalil, 

viii.  Sallam, A.A.; Kalas, A.E.; Canal, G.M.O “Fuzzy control of 

series        capacitors to voltage profile enhancement for distribution       

networks,” Power Engineering, 2004. LESCOPE-04. 2004 Large        

Engineering systems Conference on. Volume, Issue, 28-30 July 2004 

Page(s): 156 – 160 

ix. J. B. Park, K. S. Lee, J. R. Shin, and K. Y. Lee, “A Particle 

Swarm Optimization for Economic Dispatch With Nonsmooth Cost 

Functions,” IEEE Trans. Power System, vol. 20, no. 1, pp. 34-42, Feb. 

2005 

x. C. M. Huang, C. J. Huang, and M. Li Wang, “A Particle 

Swarm Optimization to Identifying the ARMAX Model for Short-Term 

Load Forecasting,” IEEE Trans. Power System, vol. 20, no. 2, 

pp.1126-1133, May. 2005. 

xi. G.M.Omar and A.A.Sallam,” Power losses minimization and 

voltage profile enhancement for distribution feeders using PSO” IEEE 

Trans.Power Delivery, vol.23, pp.1456-1461, Oct.2007.  

. 

 

 

 

 

 

 

 

 

 

 


