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Abstract 

The electrical power distribution system is said to be well designed if it delivers good 

quality of power to each and every consumer especially remote end consumer in the 

system.  The quality of power is always referred with respect to voltage profile.  Voltage at 

various locations in the system is mainly depends on the reactive power flow in the system.  

The voltage can be maintained closed to rated voltage by connecting shunt capacitor banks 

in the system.   Voltage profile of the system can also be improved by the concept of 

reconfiguration of the system in which topological structure of the system is changed by 

opening/closing the sectionalizing/tie switches.  Inclusion of shunt capacitors along with 

the optimal network reconfiguration also reduces the losses in addition to the voltage 

profile improvement.  Inclusion of shunt capacitors with distribution system provides the 

reactive power support for inductive loads and reconfiguration alters the power flow 

patterns such that voltage profile of the system improves and reduces the power losses. In 

this work an algorithm based on modified particle swarm optimization is proposed to find 

the optimal sizes of the capacitors and modified discrete particle swarm optimization is 

used for optimal network reconfiguration.  The optimal locations of the capacitors are 

obtained by conducting the sensitivity analysis.  The proposed algorithm is tested on IEEE-

33 bus radial distribution systems and results are presented.  

 

Keywords: Distribution Systems, Shunt Capacitors, Network Reconfiguration, Modified 

Particle Swarm Optimization. 

 

 

Introduction: 

 Delivery of electrical power from 

substation to the consumers‟ end always 

associated variation of voltages which causes in 

certain power losses.  In general, the losses in the 

system can be reduced by providing reactive 

support by including the shunt capacitor banks 

into the distribution systems.  Inclusion of shunt 

capacitors with distribution system improves the 

voltage profile of the system and hence reduces 

the losses.  Power losses can also be reduced by 

another usual and simple technique called 

“Network Reconfiguration”.  

In general, any distribution network 

consisting of two types of switches, viz., 

sectionalizing switches which are normally in 

closed position and tie-switches which are 

generally be kept in open.  Tie-switches are 

generally operated under maintenance and repair 

conditions in order to continuously feed the 

electrical power to all the loads without 

disturbance.   Network reconfiguration is the 

process of changing the on/off statuses of tie-

switches and sectionalizing switches that alters the 

power flow patterns reduces the power losses and 

also improves the voltage profile.  Carrying 

separately optimal capacitor placement and 

network reconfiguration is easy tasks for the 

system engineers.  But simultaneous allocation of 

shunt capacitor bank sitting and sizing along with 

network reconfiguration is challenge for 

researchers and practicing engineers.   

Reactive power compensation is the 

challenging and important aspect of distribution 

system design to achieve the maximum loss 

reduction, system capacity release and acceptable 

voltage profile.  There are many alternatives for 

reducing the losses that the engineers follow: 

distributed generators (DG), load balancing and 

introduction of higher voltage levels.  This work 
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mainly focuses on the optimal capacitor and 

network reconfiguration on the radial distribution 

system network.   

Over the past few years, several researches 

are carried out to find the optimal locations and 

optimal sizes of capacitors when they are required 

to installed in the distribution systems using 

several optimization techniques such as classical 

methods [1-3], mixed integer linear programming 

[4], hybrid simulated annealing [5], particle 

swarm optimization [6], genetic algorithms (GA) 

[7,8], and biogeography based optimization 

(BBO) [9]. 

In recent years, the demand for electrical 

power is keeping on increasing sharply due to 

economical and environmental issues.  At the 

same time with the advent of deregulation in the 

power industry, there is a great focus on managing 

network assets efficiently rather than reinforcing 

the networks‟ capacity.  Process of network 

reconfigurations would allow the transfer of load 

from heavily loaded portion of the network to 

relatively lightly loaded portions of the system.  

Therefore, reconfiguration and capacitor 

allocation procedures are attractive alternatives for 

loss reduction [10, 11]. 

Several researchers addressed the concept 

of network reconfigurations in their work. 

Franscisco et al. [12] used mixed integer linear 

programming (MILP) for calculating the active 

power loss of balanced large scale distribution 

system.  Franco et al. [13] reported MILP model 

of reconfiguration of distribution systems 

considering the presence of distributed generators. 

  Pfitscher et al. [14] reported a procedure 

to determine the best sequences of switching of 

distribution network for reconfiguration of the 

network.  Milani et al. [15] performed an optimal 

reconfiguration in order to reduce the total cost of 

operation, including the cost of switching and 

benefit of loss reduction. 

Lopez et al. suggested an efficient online 

evaluation technique [16] for solving distribution 

feeder reconfiguration problem. Khodr et al. used 

optimal power flow (OPF) based on benders 

decomposition approach [17] for loss reduction as 

well as the load balancing among the feeder. 

Oliveira et al. reported mixed integer non linear 

programming (MINLP) [18] for reconfiguration 

under the presence of capacitor allocation to 

minimize energy losses on radial electrical 

networks considering different load levels. The 

Lagrange multipliers were used to evaluate 

sensitivity index for distribution reconfiguration. 

SENSITIVITY ANALYSIS: 

Sensitivity analysis [19, 20] is a powerful 

and simple technique that can be used to find the 

sensitive nodes or buses to place the devices like 

Distributed generators, shunt capacitors and 

voltage regulators.  Thus sensitivity analysis gives 

the list of candidate locations for placing shunt 

capacitors. Estimation of these candidate locations 

helps in reduction of the search space 

considerably for any optimization procedure.  

First of all, load flow based on forward 

and backward load flow algorithm is carried out 

and next loss sensitive factors are to be 

determined and arranged in descending order. 

Consider a branch ''b  of distribution 

system with 
bb jXR  as impedance and is 

connected between buses „ 1m ‟ and ''m  as 

shown in fig. 1. 

 
Fig. 1:  Branch of a radial distribution 

system 

Real power loss in the thb  branch 

connected between ‘m-1’ and ‘m’ can be observed 

as 
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Where 
eqLmP ,

 is total real power dispatched 

ahead of bus ‘m’ 

           eqLmQ ,
is the total reactive power 

dispatched ahead of bus ‘m’ 

The loss sensitive factor (variation of real 

power loss with respect to reactive power QLm,eq) 

of bus „m‟ can be calculated with the equation  
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Using the above equation, loss sensitive 

factors are evaluated for all the buses from the 
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load flow and these values are arranged in 

descending order. The buses at the top of this list 

are more sensitive with respect to reactive power 

losses and hence these buses can be chosen to 

install shunt capacitor units to minimize the real 

power loss. 

LOAD MODELLING: 

 In this work, the problem of optimal 

capacitor placement and network reconfiguration 

is carried out by considering four load models.  

The four load models considered here are 

1. Constant power load model 

2. Constant current load model 

3. Constant impedance load model 

4. Composite load model 

 The mathematical equations for active and 

reactive power loads for the above load models 

can be written as 

 2

3210 )()()()( nVcnVccnPLnPL 
                                    

…(3)
 

 2

3210 )()()()( nVdnVddnQLnQL 
                                    

…(4)
 

 In the above equations, ),( 11 dc , ),( 22 dc  and 

),( 33 dc  are the compositions of constant power, 

constant current and constant impedance loads 

respectively.  

 For constant power loads 111  dc  and

03322  dcdc ; 

 For constant current loads 122  dc  and

03311  dcdc ; 

 For constant power loads 133  dc  and

02211  dcdc ; and 

 For composite loads 4.011  dc  and 

 3.022  dc and 3.033  dc  
Modified Particle Swarm Optimization 

(MPSO): 

In conventional PSO, the velocity of a 

particle in any iteration at any situation can be 

updated by using the equation (5).
 

𝑣𝑖𝑑
𝑘+1 =  𝜔𝑣𝑖𝑑

𝑘 +  𝑐1𝑟𝑎𝑛𝑑 ∗  𝑃𝑏𝑒𝑠𝑡𝑖𝑑 − 𝑠𝑖𝑑
𝑘  +

 𝑐2𝑟𝑎𝑛𝑑 ∗ (𝑔𝑏𝑒𝑠𝑡𝑖𝑑 − 𝑠𝑖𝑑
𝑘 )             … (5) 

But in modified PSO in addition to the 

particles with best solution, particles with worst 

solution are also considered and the velocity 

update equation can be modified as 
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         … (6)
 

Where,  

C1 and C3 are the cognitive acceleration 

coefficients, C2 and C4 are the social acceleration 

coefficients, Gbest is the global best of the entire 

swarm,  Gworst is the global worst of the 

entire swarm, k is the previous iteration number, 

 k+1 is the current iteration number, 

]4,3,2,1[ kkkkK   is switch matrix and its value is 

]0,0,1,1[ for best particles and ]1,1,0,0[ for worst 

particles,  Pbest is the particle‟s best, Pworst is 

the particle‟s worst, and r1, r2, r3 and r4 are the 

random numbers between 0 to 1, k

idS  
is the position 

of thi particle, k

idV  
is the velocity of thi particle 

The position of any element in (k+1)
th

 iteration 

can be modified according to equation (1.6) and 

weight function used is given in equation (7). 

 

             𝜔𝑖 =  𝜔𝑚𝑎𝑥 −
𝜔𝑚𝑎𝑥 −𝜔𝑚𝑖𝑛

𝑘𝑚𝑎𝑥
. 𝑘                                      

                 … (7) 

 

Modified Discrete Particle Swarm 

Optimization (MDPSO): 

In basic particle swarm optimization, the 

values of parameters 
idbestP ,

, 
idbestG ,

 and k

idS  may 

have any real values in equation (6), but in 

reconfiguration problem the particle consists of 

status values of tie switches and sectionalizing 

switches that may be either 0 or 1 („0‟ represents 

open and „1‟ represent the close).  Therefore it is 

required to consider these values of 
idbestP ,

, 
idbestG ,

, 

k

idS  and k

idV  either „0‟ or „1‟.  The values of 

updated values of )( ,

k

ididbest SP   and )( ,

k

ididbest SG   will 

takes a values of [-1, 0 or 1].  In order to achieve 

this, a sigmoid logical transformation  k

idVSig.  
is 

used.  Therefore the resulting change in position is 

then defined by the rule: 
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 Each particle of a swarm is randomly 

initiated in values „0‟ or „1‟ and then objective 

function is determined according to this initial 

guess.  Next, for each iteration, Pbest,id is 

calculated according to the results obtained for 

each particle, and Gbest,id is found based on all the 

previous iterations.  Then in the next iteration, two 

partial probability values (Pbest,id - Sid
k
 ) are 

added to or subtracted from the previous state of 

each element.   

 

In this work, the optimal locations of shunt 

capacitor banks are obtained by sensitivity 

analysis in which loss sensitive factors that 

represent the variation of real power loss with 

respect to reactive power flow are found for each 

bus in the system by forward backward sweep 

distribution load flow.  The optimal sizes of these 

shunt capacitor banks are obtained by modified 

particle swarm optimization in which the 

experience of -bad particles are also taken into 

account while updating the velocity of each 

particle.  The modified discrete particle swarm 

(MDPSO) is used to obtain the optimal 

configuration of the network to minimize the loss 

subjected to a set of practical constraints 

 

PROBLEM FORMULATION AND 

OBJECTIVE FUNCTION 

Problem Formulation 

In this work, the main problem studied is 

to find optimal locations and optimal sizes of 

capacitor in radial distribution system along with 

the optimal reconfiguration of the network that 

will gives the minimization of real power loss 

subjected to a set of constraints.   

First of all it is required to find the loss 

sensitive factors (LSFs) according to equation (2), 

for all the nodes/buses and arrange these LSFs of 

all the buses in descending order from that we can 

choose top three buses to place the shunt capacitor 

units. The optimal size of the capacitor units 

(reactive power rating) can be obtained by 

Modified PSO and the optimal network 

reconfiguration is obtained by using Modified 

Discrete PSO. 

Objective Function: 

 Reconfiguration of distribution system 

along with optimal capacitor placement is 

considered with the objective of minimization of 

real power loss.  The real power loss of the system 

is obtained as [21] 
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… (10) 

 Where Rm,n 
is the resistance of the 

distribution line section connected between m
th

 

and n
th

 bus, Vm is the bus voltage at m
th

 bus and Vn 

is the bus voltage at n
th

 bus; NB is the total number 

of buses in the distribution system, Pm, Qm are the 

net active and reactive powers at m
th

 bus and 
m , 

n  are the angles of voltages at m
th

 bus and n
th

 

bus. 

Constraints: 

 The above objective function is minimized 

subjected to a set of practical constraints as: 

(i) Voltage magnitude constraint: 

Voltage magnitude at each bus should be 

within the specified limits even after placing a 

capacitor and reconfiguration i.e., it should be 

greater than 
minV  and less than

maxV  and is 

represented as 

                                                                                       

maxmin VVV j 
                                                         

…(11)
 

(ii) Feeder capacity constraint: 

The magnitude of the current through all 

the line sections should be within the tolerable 

limits of the respective section i.e. 

                                                                                       
 lkII kk ......3,2,1,max                                            

…(12)
 

Where 

 
max

kI   is maximum current capability of branch k 

(iii) Power balance constraint  

                                                                                          

nmmmm IVQjP ,.                                              

…(13) 

(iv) Capacitor bank constraint:   
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 The size of the capacitor should be within 

the ratings of the shunt capacitors banks 

                                                                                          
C

m

C

m

C

m QQQ max,min,                                                

…(14) 

 Where C

mQ min,
 and C

mQ max,
 are the minimum 

and maximum allowable reactive powers of the 

m
th

 capacitor.  

(v) Radial nature of the network constraint: 

This constraint is checked by the following 

way 

                                                                      

Det [A] =1 or -1 for radial system                             

… (15) 

                                                                      

Det [A] = 0 not a radial system                                 

… (16) 

And the system should satisfy 

isotl NNN                                                     … (17)
 

SubNiso                                                       … (18)
 

Where  

Nl is the number of connected lines, Nt is the 

number of nodes or terminals, Niso is the number 

of isolated areas and is generally equal to number 

of substations ‘Sub’ 

 

MPSO and MDPSO 

 

In this section the algorithm to create a set of 

population in modified particle swarm 

optimization and modified discrete particle swarm 

optimization is presented.  The particle of a swarm 

actually consisting of size of the capacitor banks, 

tie switches and sectionalizing switches. 

In this work, following four cases are 

considered: 

Case-1: Original system without capacitors 

and network reconfiguration. 

Case-2: Optimal capacitor placement without 

reconfiguration 

Case-3: Optimal network reconfiguration 

without capacitors. 

Case-4: Simultaneous optimal placement of 

capacitor along with network 

reconfiguration 

Generation of a particle: 

 In this section an algorithm to generate the 

particles for different cases are presented.  The 

particles for different cases are defined here as: 

For case-2  
)...,.........,( 21 CCNCC QQQ
                                                    

… (19) 

For case-3 
),........,,........,( 2,121 nn SSSSSSTSTSTS

                                   
… (20)

 

For case-4 


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
CCNCC

nn

QQQ
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X
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,,........,,........,

21

2,121

                                 

… (21)

 

Where 

 

TSi is the i
th

 tie switch, n is the number of switches 

and SSi is the sectionalizing switch of any 

randomly selected line from the group of lines that 

forms the loop by closing i
th 

 tie switch 

 
Initialization:  Following algorithm is used to 

generate a particle consisting of optimal size of 

the shunt capacitor banks, status of tie-switches 

and sectionalizing switches. 

Step 1: Set i=1 

Step 2: Select the reactive power rating of 

first capacitor bank within its 

reactive power rating. 

Step 3: Repeat step 2 for all shunt 

capacitor banks. 

Step 4: Select the next element 

representing the status of first tie 

switch, and fix this value either 0 

or 1 („0‟ represents open and „1‟ 

represents closing) 

Step 5: Repeat step 4 for all tie switches  

Step 6: Select the next element by 

considering the status of first tie 

switch, if its value is „1‟, then 

select any one of sectionalizing 

switch from a list of switches that 

forms a loop with first tie switch to 

open otherwise its value is zero by 

considering the radial nature 

constraint. 

Step 7: Repeat step 6 for all tie switches 

Step 8: increment the particle number i.e.,   

i=i+1 
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Step 9: If all particles are generated stop 

the initialization process otherwise 

go to step 2. 

 The individual particle as created above is 

taken as list the initial optimal sizes of capacitors, 

set of sectionalizing and tie switches. 

For case-4 all the steps are to be used 

where as for case-2 steps 4 to 7 can be excluded, 

for case-3 steps 2 to 4 are excluded. 

 

Algorithm of MPSO and MDPSO for optimal 

sizing of capacitor units and optimal 

reconfiguration: 

The algorithm to find the optimal sizes of shunt 

capacitors and optimal reconfiguration is:  

Step 1: Read the line and load data of the 

system and DG units data 

Step 2: Calculate the power loss using the 

distribution load flow based on 

backward and forward sweep 

algorithm for the original  network 

Step 3: Initialize the particles according to 

the algorithm given above 

Step 4: For each particle find the objective 

function  

Step 5: If the objective function of each 

particle is better than the previous 

experience, then update its Pbest 

Step 6: Find the Gbest by considering the 

objective function value of all the 

particles 

Step 7: Find the velocity of each particle  

Step 8: Update the velocity and position  

Step 9: If the iteration number reaches the 

maximum limit print the results,   

Step 10: Otherwise set increase iteration 

count by one and go back to step 4. 

Finally the optimal size (reactive power 

outputs) of capacitors and optimal configuration 

of the network can be observed from final Gbest 

 

Results & Analysis: 

 

The proposed optimal capacitor placement 

and optimal network reconfiguration of 

distribution system by MPSO and MDPSO is 

tested on IEEE 33 bus systems and results are 

presented.   

The proposed algorithm has been 

implemented in MATLAB 7.0 version on Pentium 

IV, 2.4 GHZ Personnel Computer with 4 GB 

RAM. The optimal locations of  are selected by 

determining the sensitive nodes according to 

sensitivity analysis and is found that for an IEEE-

33 bus system buses 30 and 24 are chosen to place 

capacitor units. 

 At each test system, 50 trails were 

performed using the proposed method to observe 

the solution quality, convergence characteristic, 

and execution time.  

An IEEE-33 bus radial distribution system 

[22] shown in fig. 2 consisting of 33 buses or 

nodes, 32 lines, 32 sectionalizing switches and 5 

tie switches is considered here as test system. 

The proposed algorithm has tested for four 

cases as 

Case-1: Original system without capacitors 

and network reconfiguration. 

Case-2: Optimal capacitor placement without 

reconfiguration 

Case-3: Optimal network reconfiguration 

without capacitors. 

Case-4: Simultaneous optimal placement of 

capacitor along with network 

reconfiguration 

Case-1: Original configuration of the system: 

 The results of distribution load flow for the 

original system without capacitor placement and 

reconfiguration is given in Table 1 

 

Table 1:  Simulation results of IEEE-33 bus 

system for case-1 for different types of loads 

S. 

N

o. 

Aspect 

For 

const

ant 

Powe

r type 

loads 

For  

const

ant 

Curre

nt 

type 

load 

For 

constan

t 

impeda

nce 

type 

load 

For 

compo

site 

type 

load 

1 

Switche

s to be 

opened 

33, 34, 35, 36, 37 

2 

Real 

power 

Loss(k

210.9

9 

182.1

7 
160.72 184.19 
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W) 

3 

Minimu

m 

voltage(

p.u) 

0.903

8 

0.911

6 
0.9176 0.9103 

 

 
Fig.2: IEEE-33 bus radial distribution 

system 

  

From the simulation results it is observed 

that for original configuration of the system i.e., 

before placing the capacitor and without 

reconfiguration of the system, the real power loss 

for IEEE-33 bus system for constant power, 

constant current, constant impedance and 

composite loads are observed to be 210.99 kW, 

182.17 kW, 160.72 kW and 184.19 kW. 

 

Case-2: Optimal capacitor placement without 

reconfiguration  
By conducting sensitivity analysis, for 

case-2 the loss sensitive factors  eqLnloss QP ,  

for all buses are evaluated and are arranged in 

descending order given in Table 4.3, from this list 

buses 30 and 24 are selected to install capacitor 

units.  Variation of these LSFs for all the buses is 

given in fig 3. 

 

 
Fig. 3: Loss sensitive factors of IEEE-33 bus 

system 

 

Table 2 gives the simulation results of 

MPSO for  IEEE-33 bus system for case-2.  From 

this results it is observed that the losses for 

constant power, constant current, constant 

impedance and composite type of loads are 

reduced from 210.99 kW, 182.17 kW, 160.72 kW 

and 184.19 kW to 152.1145 kW, 136.24 kW, 

122.35 kW and 137.61 kW respectively.  The 

voltage profile of the system has also been 

improved.  The convergence characteristics of 

MPSO algorithm for IEEE-33 bus system for load 

multiplication factor of 1.0 for case-2 for different 

load types are given fig. 4. 

 

 
Fig. 4: Convergence characteristics of MPSO 

for IEEE-33 bus system for case-2 for different 

loads  

 

Table 2: Simulation results of IEEE-33 bus 

system for case-2 for different types of loads  

S. 

No. 

Type of 

load 
Aspect 

Proposed 

MPSO 

algorithm 

1 

Constant 

Power type 

loads 

Switches to be 

opened 

33, 34, 35, 

36, 37 

Real power 152.1145 
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Loss(kW) 

Min. 

voltage(p.u) 
0.9241 

Opt. location 

of capacitors 
30 and 24 

Size of 

capacitors 

69.21 and 

44.36 kVAr 

2 

Constant 

Current 

type load 

Switches to be 

opened 

33, 34, 35, 

36, 37 

Real power 

Loss(kW) 
136.2489 

Min. 

voltage(p.u) 
0.9284 

Opt. location 

of capacitors 
30 and 24 

Size of 

capacitors 

71.36 and 

51.36 kVAr 

3 

Constant 

impedance 

type load 

Switches to be 

opened 

33, 34, 35, 

36, 37 

Real power 

Loss(kW) 
122.3580 

Min. 

voltage(p.u) 
0.9368 

Opt. location 

of capacitors 
30 and 24 

Size of 

capacitors 

55.32 and 

49.37 kVAr 

4 
Composite 

type load 

Switches to be 

opened 

33, 34, 35, 

36, 37 

Real power 

Loss(kW) 
137.3691 

Min. 

voltage(p.u) 
0.9329 

Opt. location 

of capacitors 
30 and 24 

Size of 

capacitors 

49.32 and 

47.278 kVAr 

 

Case-3: Optimal network reconfiguration 

without using shunt capacitors: 
In this case, an algorithm based on 

modified discrete particle swarm optimization 

(MDPSO) is used to obtain the optimal 

reconfiguration of the network without installing 

shunt capacitor banks.  The simulation results for 

this case is given in Table 3, from this simulation 

results it is observed that, by having network 

reconfiguration, the losses of the system has been 

reduced from 210.99 kW, 182.17 kW, 160.72 kW 

and 184.19 kW to 114.33 kW, 116.37 kW, 119.32 

kW and 116.25 kW for constant power, constant 

current, constant impedance and composite type 

of loads respectively.  The convergence 

characteristics of MPSO algorithm for IEEE-33 

bus system for case-3 for different load types are 

given fig. 5. 

 

 
Fig. 5: Convergence characteristics of MPSO 

for IEEE-33 bus system for case-3 for different 

loads  

Table 3: Simulation results of IEEE-33 bus 

system for case-3 for different types of loads  

S. 

No. 

Type of 

load 
Aspect 

Proposed 

MPSO 

algorithm 

1 

Constant 

Power type 

loads 

Switches to 

be opened 

7, 9, 14, 30, 

37 

Real power 

Loss(kW) 
114.3287 

Min. 

voltage(p.u) 
0.9511 

2 

Constant 

Current type 

load 

Switches to 

be opened 

7, 10, 14, 32, 

37 

Real power 

Loss(kW) 
116.3744 

Min. 

voltage(p.u) 
0.9547 

3 

Constant 

impedance 

type load 

Switches to 

be opened 

6, 9, 14, 32, 

37 

Real power 

Loss(kW) 
119.3211 

Min. 

voltage(p.u) 
0.9501 

4 
Composite 

type load 

Switches to 

be opened 

6, 10, 14, 30, 

37 

Real power 

Loss(kW) 
116.2498 

Min. 0.9511 
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voltage(p.u) 

 

Case-4: Simultaneous network reconfiguration 

and optimal capacitors placement: 

In this case, proposed algorithm based on 

modified discrete particle swarm optimization 

(MDPSO) and modified particle swarm 

optimization is used to obtain the simultaneous 

reconfiguration of the network along with optimal 

capacitor placement.  Table 4 gives the simulation 

results for case-4.  From this simulation results it 

is observed that the losses are further reduced to 

113.45 kW, 97.21 kW, 104.99 kW and 107.36 kW 

for constant power, constant current, constant 

impedance and composite type of loads 

respectively.  The convergence characteristics of 

MPSO algorithm for IEEE-33 bus system for 

case-4 for different load types are given fig. 6. 

 
Fig.6: Convergence characteristics of MPSO 

for IEEE-33 bus system for case-4 for different 

loads  
 

 Table 4: Simulation results of IEEE-33 

bus system for case-4 for different types of 

loads  

S.No. 
Type of 

load 
Aspect 

Proposed 

MPSO  

Algorithm 

1 

Constant 

Power type 

loads 

Switches to be 

opened 

7, 9, 14, 

31, 24 

Real power 

Loss(kW) 
113.4468 

Min. 

voltage(p.u) 
0.9547 

Opt. location 

of capacitors 
30 and 24 

Size of 

capacitors 

(kVAr) 

78.32 and 

39.21 

2 Constant Switches to be 7, 9, 13, 

Current 

type load 

opened 32, 37 

Real power 

Loss(kW) 
97.2149 

Min. 

voltage(p.u) 
0.9559 

Opt. location 

of capacitors 
30 and 24 

Size of 

capacitors 

(kVAr) 

 77.98 and 

44.11  

3 

Constant 

impedance 

 type load 

Switches to be 

opened 

6, 9, 13, 

31, 37 

Real power 

Loss(kW) 
104.9974 

Min. 

voltage(p.u) 
0.9562 

Opt. location 

of capacitors 
 30 and 24 

Size of 

capacitors 

(kVAr) 

74.3689 

and 44.88  

4 
Composite 

type load 

Switches to be 

opened 

7, 9, 12, 

31, 37 

Real power 

Loss(kW) 
107.36 

Min. 

voltage(p.u) 
0.9511 

Opt. location 

of capacitors 
 30 and 24 

Size of 

capacitors 

(kVAr) 

73.25 and 

46.32 

 

CONCLUSIONS 

 

In this method an algorithm based on Modified 

Particle Swarm Optimization (MPSO) is proposed 

to find the optimal size of Shunt Capacitor banks 

and Modified Discrete Particle Swarm 

Optimization (MPDSO) is used to get optimal 

Network reconfiguration. Sensitivity Analysis is 

used to find the sensitive (optimal) nodes to place 

Shunt capacitor banks.  The proposed algorithms 

are tested for different cases and results are 

presented. From the simulation results it is 

observed that losses can be reduced to great extent 

and can get better voltage profiles by using 

simultaneous shunt capacitor placement and 

network reconfiguration. 
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