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Abstract— This paper presents a new approach in order to determine the optimal placement of capacitor in radial distribution system. The power 
loss is significantly high in distribution systems because of lower voltages and higher currents. Optimal capacitor placement results in system loss 
reduction, power factor correction, voltage profile improvement and additional feeder capacity can be released. The capacitor placement is done by 
considering parameters like Loss sensitivity factor and better Voltage profile. Particle Swarm Optimization (PSO) algorithm is used for determination 
of the location system capacitor placement. In the proposed algorithm depending upon loss sensitivity factor, number of iteration required for deriv-
ing better volage profile is possible to reduce.For, 25-bus three phase unbalanced and balanced system is considered for capacitive compensation. 
Three phase load flow solution is obtained by using topology based load flow program in MATLAB environment and time required, accuracy has 
been found satisfying. 
 
Index Terms— particle swarm optimization algorithm (PSO), Radial Distribution Power Flow (RDPF), Optimal Capacitors Placement, unbalanced 
radial distribution system (URDS),Optimization, Loss sensitivity factor, Harmonics. 

——————————      —————————— 

1 INTRODUCTION                                                                     

t is well known fact that major portion of power system 
losses occur at the distribution level only. In distribution 
systems the reactive requirement will increase the losses in 

active power flow and poor voltage profile and decreases sys-
tem stability. Some of these losses can be eliminated by proper 
selection of shunt capacitors on primary feeders via power 
factor correction. Capacitors have been most commonly used, 
to provide reactive power compensation in distribution sys-
tems. These are provided to minimize power and energy 
losses, maintain good voltage profile for load buses and im-
prove system security. The amount of compensation provided 
is very much linked to the placement of capacitors in the dis-
tribution system which is essential in determining the location, 
size, number and type of capacitors to be placed in the system 
[2]. A large variety of research work has been done on capaci-
tor placement problem in the past [4], [6]. All the approaches 
differ from each other by the way of their problem formulation 
and the problem solution method employed.  

Some of the early works have not considered capacitor cost 
in the formulation. In some approaches the objective function 
considered is to control the voltage. In some techniques, only 
fixed capacitors are considered and load changes which are 
very important in capacitor placement have not been consi-
dered. Other techniques have considered load changes only in 
three different levels. In addition, with the application of 
loads, the voltage profile tends to drop along distribution 
feeders below acceptable operating limits. Along with power 
losses and voltage drops, the increasing growth in electricity 
demand requires upgrading the infrastructure of distribution 
systems [3]. Shunt capacitors can be of great help in enhancing 

the performance of distribution systems. Distribution systems 
are inherently unbalanced for several reasons. First, distribu-
tion systems supply single and three-phase loads through dis-
tribution transformers. Second, the phases of transmission 
lines are unequally loaded. Third, overhead lines in distribu-
tion systems are not transposed [3]. 

Due to the widespread use of harmonic producing equip-
ment in distribution systems, harmonics are propagated 
throughout those systems. Harmonics are undesirable and 
cause equipment overheating due to the excessive losses and 
potential malfunctioning of electric equipment. Inclusion of 
shunt capacitors without considering the presence of harmon-
ic sources in the system may lead to an increase in harmonic 
distortion levels due to resonance between capacitors and the 
various inductive elements in the system. Different types of 
problem solution methods have been employed to solve the 
capacitor placement problem, such as, heuristic algorithm, 
hybrid differential evolution algorithm, genetic algorithms for 
optimisation and dynamic programs [5]. Although these tech-
niques have solved the problem, most of early works used 
analytical methods with some kind of heuristics [1]. The prob-
lem formulation was oversimplified with certain assumptions, 
which lacked generality. There is also the problem of local 
minimal in some of these methods. Further more, since the 
capacitor banks are non continuous variables, taking them as 
continuous compensation, by some authors, can cause very 
high inaccuracy with the obtained results. Partical Swarm Op-
timization Algorithms (PSO) has been applied in various 
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power system problems [6]. PSO is a very well known and 
capable method for optimization problems. It is capable of 
determining near global solution with lesser computational 
burden. In this respect, it is very suitable to solve the capacitor 
placement problem.  In the present work PSO is applied to 
determine the optimal capacitors location for distribution 
network. Load model of different levels and load flow study 
are also considered in the system simulation. 

2 PROBLEM METHODOLOGY 
2.1 Review Stage 
The method to carry out the load flow for distribution sys-
tem under balanced operating condition  employing  con-
stant  power  load  model  can  be  under  stood  through  
the following points: 
1. Equivalent current injection, 2. Formulation of bibc matrix  
and 3. Formulation of bcbv matrix. 
For distribution systems, the models which are based on the 
equivalent current injection are more convenient to use.  At 
each bus the complex power, is specified by  
 
 
And the corresponding equivalent current injection at the kth 

iteration of the solution is 
 
 
Vik    is  the node voltage at the kth iteration  
Iik is the equivalent current injection at the kth  iteration  
Iir, Iii are the real and imaginary parts of the equivalent current 
injection at the kth iteration respectively. 
The BIBC matrix is responsible for the relations between the 
bus current injections and branch currents.  The BCBV matrix 
is responsible for the relations between the branch currents 
and bus voltages.  
 
 
 
 
The algorithm steps for load flow solution of distribution sys-
tem is given below: 
Step1:  Read the distribution system line data and load data. 
Step 2:  Form  the  bibc  matrix  by  using  steps. The relation-
ship can be expressed as [b] = [bibc] [i] 
Step 3:  Form the bcbv matrix by  using  steps.The  relation-
ship can be expressed as [∆v] = [bcbv] [b] 
Step 4: From the DLF matrix by using the eq. (iii). The rela-
tionship will be [dlf] = [bcbv][bibc][∆v] = [dlf][i] 
Step 5: Set iteration k = 0. 
Step 6: Iteration k = k + 1. 
Step 7: Update voltages by using equation as  
 
 
 

 
 
 
Step 8:  If   max ((|iik+1 |-| iik |) > tolerance) goto step 6. 
Step 9: Calculate line flows, and losses from final bus voltages. 
Step 10: Print bus voltages, line flows and losses. 
Step 11:  Stop 

 
 
Fig1. Flowchart for load flow solution for radial distribution 
system 
Sensitivity analysis: 
Loss sensitivity factors are calculated for determining the can-
didate nodes for placement of capacitors. Estimation of these 
sensitive nodes helps in reducing the search space.  
 
 
 
Loss sensitivity factors, are calculated using load flow and 
values are arranged in descending order for all the buses. The 
proposed ‘loss sensitive coefficient’ factors become very po-
werful and useful in capacitor allocation or placement. Nor-
malized voltage magnitudes are calculated for all the buses.  
 
 
Buses, whose normalized values are less than 1.02, are consi-
dered as candidate nodes requiring compensation. Loss Sensi-
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tivity factors decide the sequence of in which buses are to be 
considered for capacitor placement and the normalized values 
of voltages decide, whether a particular bus needs compensa-
tion or not. 
The objective function is to minimize the total power loss.  
The objective function is given by  

    (vi) 
   (vii) 

The fundamental component of the total real power loss is 
calculated using a three phase power flow algorithm. In this 
paper network topology based load flow is used to obtain vol-
tages at each bus, branch currents. Note that the harmonic 
component of the total real power loss is small compared with 
the fundamental one. However, this portion of the total real 
power loss increases as harmonic-producing loads continue to 
increase in RDS. Consequently, the undesirable presence of 
harmonics will cause more equipment overheating, stress on 
equipment insulation and equipment failure. Not to mention 
of course the interference with communication networks. It 
should be pointed out that the cost of the real power loss per 
unit is fixed. However, the cost of the reactive power injection 
per unit varies from one capacitor to another. Generally, the 
larger the capacitor size is, the cheaper it becomes.  
 
3. Solution Technique 
Particle Swarm Optimization (PSO) is a meta heuristic paral-
lel search technique.  PSO is derived from simulation of a sim-
plified social model of swarms (e.g. bird flocks or fish schools). 
The interaction of particles in swarm, using common evolu-
tionary computation algorithm, guides the direction of swarm 
towards the optimal regions of search space. The main merits 
of PSO are computationally efficient, simplicity in concept and 
implementation, less computation time, and inexpensive 
memory for computer resource. In, PSO is employed to de-
termine the optimal solution of capacitor placement problem 
with two objective functions. The first one is power loss mini-
mization and the second objective function is cost minimiza-
tion in a specified period of time. The former is employed as a 
global optimizer to optimally locate and rate shunt capacitors, 
while the latter is utilized to minimize the bus current mis-
match equations (i.e., the power flow equations). The devel-
oped PSO algorithm starts with generating a swarm particles 
randomly in the feasible region of the search space. The feasi-
ble swarm is passed to the RDPF subroutine as initial guess to 
minimize bus current injection mismatch equations. Each par-
ticle recalls its best position records the best position achieved 
by the entire swarm. 
using the following information: 
• The current positions (x, y), 
• The current velocities ( ), 
• The distance between the current position and  
• The distance between the current position and. 

Using the global best and individual best, the 1st particle veloc-
ity in kth dimension is updated according to the following eq-
uation. 
V[i][j]=k*(w*v[i][j]+c1*rand1*(pbestX[i][j]-
X[i][j]+c2*rand2*(gbestX[j]-X[i][j]))             (viii) 
Where ,   K  -- constriction factor,    0.7259 
               C1, C2  -- weight factors      2, 2 
               w -- Inertia weight parameter 1.2 
                i  -- particle number   
                j  --  control variable 

rand1,  rand2 -- random numbers between 0 and 1 

 Pibest is Pibest of particle i, and  
Gbest is best of the group. 
The following weighting function is usually utilized  
w= wmax – ((wmax-wmin)/itermax)x iter            (ix) 

Where wmax is initial weight, wmin is final weight, itermax is max-
imum iteration number, and iter is current iteration number. 
The RHS of equation (i) consists of three terms (vectors). The 
first term is the previous velocity of the agent. The second and 
third terms are utilized to change the velocity of the agent. 
Without the second and third terms, the agent will keep on 
“flying” in the same direction until it hits the boundary. 
Namely, it tries to explore new areas and, therefore, the first 
term corresponds with diversification in the search procedure. 
On the other hand, without the first term, the velocity of the 
“flying” agent is only determined by using its current position 
and its best positions in history. Namely, the agents will try to 
converge to the their Pbests and/or Gbest and, therefore, the terms 
correspond with intensification in the search procedure.  
The current position (searching point in the solution space) 
can be modified by the following equation: 
                            Sit+1 = Sit + vit+1                            (x) 
Harmonics: To include the presence of harmonics, harmonics 
are considered at various buses and integrated with PSO. The 
proposed (PSO) based approach is tested on the (25-bus-rds) 
25 bus test system. 
In this project the non linear currents magnitudes are assumed 
that the loads are diode rectifiers only, however the non linear 
load currents can be different for other loads. These can be 
included by considering the fundamental component based on 
their formulae.                                             
Assuming the load resistance of suitable value fundamental 
rms current is calculated from above equation  and 5th, 7th and 
11th harmonics are included   remaining higher order harmon-
ics are neglected.  
After considering the harmonics total actual current calculated 
these harmonics are assumed to be included at bus numbers 
19, 20, 21, 25, 26, 27, 40, 41, and 42. The voltages harmonics are 
assumed to be zero. The values of voltages, currents, powers 
and losses at various buses are calculated using the equations 
of conventional load flow. 
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4.  Result and Analysis 
Description of distribution network  
The two algorithms in this work, namely, RDPF, and PSO, 
were implemented in matlab computing environment. The 
developed algorithms were tested on unbalanced-25-bus radi-
al distribution system (URDS) whose single line diagram. 

 
Fig2. Single line diagram of 25 bus URDS 

The unbalanced-25-bus-RDS consists of different types of 
three phase lines and loads respectively. The system load is 
assumed as constant power load. The only supply source in 
the system is the substation at bus 1. Bus 1 is treated as a slack 
bus with a constant voltage on each phase of  its three phases. 
The other buses (2-25) are modeled as pq constant buses. The 
loads at different buses is shown in table the lines are of three 
types and their impedances are: 
Type1=[ 0.3686 + j*0.6852 0.0169 + j*0.1515 0.0155 + j*0.1098 

0.0169 + j*0.1515  0.3757 + j*0.715  0.0188 + j*0.2072 
0.0155 + j*0.1098  0.0188 + j*0.2072  0.3723 + j*0.6782]; 

 
Type2= [ 0.9775 + j*0.8717 0.0167 + j*0.1697  0.0152 + j*0.1264 
                0.0167 + j*0.1697 0.9844 + j*0.8654 0.0186 + j*0.2275 
               0.0152 + j*0.1264  0.0186 + j*0.2275  0.9810 + j*0.8648]; 
 
Type3 = [ 1.9280 + j*1.4194 0.0161 + j*0.1183 0.0161 + j*0.1183 
               0.0161 + j*0.1183  1.9308 + j*1.4215  0.0161 + j*0.1183 
               0.0161 + j*0.1183  0.0161 + j*0.1183 1.9337 + j*1.4236]; 
 
The loadings at different buses are listed in table: 

Table1: Loading at different buses 

 
The MVA base value is 30 and the line base voltage is the same as 
the feeder nominal voltage 4.16KV. The bus voltage are to kept with-
in 10% of the nominal voltages  throughout the optimization 
process. 
The simulation is done for two different cases: it has suggested 
9 locations For case1 and 23 locations for case 2 
Case1: loss sensitive factors at each bus  are evaluated  without  con-
sidering harmonics. The sequence of capacitances is given as  
14b, 11b, 11c, 15c, 15a, 11a, 12b, 12c, 12a. 
Case2: loss sensitive factors at each bus evaluated with considering 
harmonics. The sequence of capacitances is given as  
13c, 17c, 13b, 17b, 17a, 10b, 14b, 10c, 14c, 14a, 10a, 16c, 11b, 16a, 
11c, 15b, 15c, 15a, 16b, 11a, 12b, 12c, 12a.         

Table2 loss sensitive factor at different buses for cases 1, 2 
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Table3 Capacitor injections at different locations without harmonics 

 
Total reactive power injection  

without harmonics=1012.868 kvar 
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Table 4 capacitor injections at different locations with harmonics 

 
Total reactive power injection 

without harmonics=3214.57kvar 
Table 5 voltage at different buses for case 1 to4 

 IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 12, December-2016                                                                                        708 
ISSN 2229-5518 
 

IJSER © 2016 
http://www.ijser.org 

 

 
The below figures shows Voltage versus bus number or different 
phases of 25 bus URDS for considering harmonics and compensa-
tion of various combinations. 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
0.95

0.955

0.96

0.965

0.97

0.975

0.98

0.985

0.99

0.995

1

Bus number

vo
lta

ge
 in

 (p
u)

 

 
without harmonics before compensation
without harmonics after compensation
with harmonics before compensation
with harmonics after compensation

 
Fig.3 voltage at phase a of 25bus URDS 
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Fig.4 voltage at phase b of 25bus URDS 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
0.95

0.955

0.96

0.965

0.97

0.975

0.98

0.985

0.99

0.995

1

Bus number

vo
lta

ge
 in

 (p
u)

 

 
without harmonics before compensation
without harmonics after compensation
with harmonics before compensation
with harmonics after compensation

 
Fig.5 voltage at phase c of 25bus URDS 
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   Losses 

 
 

Conclusion: 
In this paper, the PSO based algorithm was tested on an 25-
bus system to find the optimal locations of shunt capacitors 
taking harmonics into account. The objective function was to 
minimize the total real power losses of the system. PSO gives 
active power losses with lesser value of capacitive compensa-
tion. PSO method gives better reduction in power loss when 
compared with other compensation techniques. 
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