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Optimal Placement of Capacitors for Loss
Reduction in Distribution System Using
EPSO

D. Suryakala” and D. Sudha Rani"

Abstract: This paper proposes the optimal placement and sizing of reactive power devices in a distribution system
in order to reduce the active power losses. In this work, the Backward/Forward Sweep load flow is used to solve the
distribution load flow of the system. Enhanced Particle Swarm Optimization (EPSO) is proposed for optimal sizing
and placement of reactive power devices. The enhancement of PSO is done by using Levy Flight (LF) method for
updating the velocity of the particles. The EPSO is tested on the standard 33bus and 69 bus distribution systems for
different load levels and the results are compared with PSO.

Keywords: Capacitor Banks, Distribution system, Particle Swarm Optimization (PSO), Levy Flights PSO
(LFPSO).

1. INTRODUCTION

The distribution system is facing several problems in which one of them is power loss. The previous papers
study shows that 13-18% of total power generated is wasted in the form of losses at the distribution level.
In order to reduce the losses, the most commonly used device is shunt capacitors. In addition with the
loss reduction they also improve the power factor, system stability and the voltage profile of the system.
In radial distribution system, the capacitor placement problem includes in the process of determining the
location, size and number of capacitors to be placed.

For the optimal allocation of capacitor in the distribution network, different methods have been presented,
a brief discussion is presented below. Hiroyuki et. al., [1] proposed Parallel Tabu Search (TS) Algorithm
for loss reduction. Carlise et. al., [2] Implemented a graph search algorithm for the optimal placement of
fixed and switched capacitors in radial distribution system. The capacitor placement for the conservative
voltage reduction on distribution feeders have been described by Borka et. al., [3]. Ramachandra et. al.,
[4] introduced a conventional approach of Index Vector based method for optimal capacitor locations in
agricultural distribution. The Branch and Bound Algorithm for optimal placement of capacitors was presented
by Hogan et. al., [5]. In radial distribution system a Fuzzy -Genetic Algorithm (GA) is developed by Das
et. al., [6] for the optimal capacitor placement. Ivochaves et. al., [7] suggested a Heuristic Constructive
Algorithm (HCA) for the capacitor placement in the distribution system. An algorithm for optimal cost benefit
has been developed by Khodr et. al., [8]. The ant Colony Optimization Technique for minimising the total
active power losses of the system was employed by Pimentel et. al., [9]. Tabatabaei et. al., [10] adopted a
Bacterial Foraging based solution for optimal capacitor allocation in the distribution system. The optimal
allocation and sizing of capacitors for minimizing the transmission line loss and for the improvement of
profile voltage by using Discrete Particle Swarm Optimization (DPSO) was employed by Ziari et. al., [11].
A Real Coded Genetic Algorithm (RGA) is carried out by using Queen Bee Assisted Genetic Algorithm
for the capacitor sizing and placement by Mohamed et. al., [12]. In the distribution system for the loss
reduction and minimization of annual cost Srinivasarao et. al., [13] implemented a plant growth simulation
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algorithm. Gary et. al., [14] investigated on the Fuzzy Logic and Immune Based Algorithm for the placement
and sizing of shunt capacitor banks in distorted power network. Nayak et. al., [15] reported on an Adaptive
Invasive Weed Optimization Algorithm for the optimal reactive power dispatch by minimising the real
power loss, improving the voltage profile and the voltage stability margin. By using a multi objective fuzzy
approach Goroohi et. al., [16] delineated a Modified Shuffled Frog Leaping Algorithm for the optimal
switch placement in the distribution automation system. The Genetic Algorithm (GA) is used for the optimal
capacitor allocation in the distribution system by hiring a dimension reducing approach for different load
levels by Neelima et. al., [17]. A Pseudo Polynomial Algorithm for the optimal placement of capacitors in
electric power distribution networks by using Extended Dynamic Programming (EDP) approach have been
determined by Jose et. al., [18]. By applying Fuzzy and Hybrid Genetic Algorithm, Dinakara et. al., [19]
developed the optimal capacitor placement for the loss reduction. Abdollah et. al., [20] reported a novel self
adaptive modification method based on Honey Bee Mating Optimization (HBMO) for the multi objective
stochastic allocation of capacitors in the distribution system. For the reduction of loss and improvement
of voltage profile lhsan et. al., [21] applied particle swarm optimization technique. A Two Stage method
for the loss reduction was implemented by Ahmed et. al.[22] for the capacitor optimal allocation at the
distribution level. Attia et. al., [23] suggested the Cuckoo Search based Algorithm (CSA) for the optimal
allocation of shunt capacitors in the distribution network. A discrete imperialistic competition algorithm
was considered by Arash et. al., [24] for the optimal allocation of DG and capacitors for loss reduction in
distribution system. Zeinal et. al., [25] presented a paper on unbalanced distribution networks contaminated
by harmonic through Imperialist Competitive Algorithm (ICA) which is based on human’s socio political
evolution algorithm for the reduction of losses. Dinakara et. al., [26] attempted a cuckoo search algorithm
for the sensitivity based capacitor placement for maximum annual savings. A novel optimization algorithm
is implemented by Vinod et. al., [27] for the optimal placement and sizing of capacitor banks for power
loss minimization and maximization of net saving. Tamilselvan et. al., [28] suggested the Clonal Selection
Algorithm (CSA) for the optimal capacitor placement and sizing in radial distribution system. Meenakshi
et. al., [29] hired Harmony Search Algorithm (HSA) for the capacitors optimal placement for reduction
of power loss in the distribution system. Sudha et. al, [30] implemented an improved harmony search
algorithm for loss reduction.

2. PROBLEM FORMULATION

Objective Function

The main objective of this paper is to minimize the active power loss in radial Distribution System by
optimal placement of reactive power devices at potential location with appropriate size.

D= 2 IR, (1)
Fitness function = Minimize (Power loss)
nl is number of lines,
Where, P, is the total active power loss in the distribution system,

I, is the current flowing through the i line and

R, is the resistance of the /™ branch.

Operational Constraints

While minimizing the active power loss, it has to obey the equality and inequality constraints.
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1) Voltage constraints: After placement of reactive power devices, voltage at each bus must be within
the specified limits.

min = Vj max (2)

Where, V; is the voltage at jth bus,
nb is number of buses,
V nin 1s the minimum voltage of the buses and
V nax 18 the maximum voltage of the buses
1) Loading capabilities: The current flowing through each branch must be within the specified limit.

L<I 3)

I max
i=1,2,..,nl

Where, I, is the current flowing through the i"™ line and I,

i max 18 the maximum current carrying
capability of the i line.

ii1) Reactive power constraint: Total reactive power compensation Q, is less than total reactive power
demand Q.

>0.<Y 0, )

Where, NC is number of capacitors.

Meta-heuristic Techniques

An iterative generation process that which directs a subordinate heuristic by combining many different
concepts for exploring and exploiting in the solution search space. These techniques are called as Meta
heuristic techniques. Many learning strategies can used to design structure the information in order to find
the approximate optimal solutions efficiently. Meta heuristics are the techniques that which guides the
search process and these methods are approximate and usually non-deterministic.

Particle Swarm Optimization (PSO) is one the meta-heuristic algorithms, which is a stochastic
optimization method that depends on the population. This technique is introduced by Eberhart [31] in 1995.
PSO is inspired by the behaviour of bird flocking and fish schooling. This method is used to optimize a
problem to improve a candidate solution. The PSO is one of the best used evolutionary method that conduct
searches by using population of the particles. Every particle corresponds to an individual and has an updating
position vector and an updating velocity vector by the movement of particles within the problem search
space. By using this iterative process, PSO leads towards the best solutions.

Each Particle in the swarm can be represented by its current position and current velocity of the particle
where particle tracks its coordinates in the search space which are associated with the best solution (called
fitness solution) that have been achieved so far by that particle. This solution is called personal best,
pbest. Another best value that is tracked by the PSO is the best value obtained so far by any particle in the
neighbourhood of that particle. This value is called g,.. Every particle tries to change its position using
the current positions, current velocities, between the current position and p,. and the distance between
the current position and the g .. In conventional PSO technique the position of particles get changes each
time with respect to time [31].
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Particle Swarm Optimization techniques has got the problem of the premature convergence and also
trapping in local minima. Different techniques were designed to improve the velocity updating in PSO
technique. To improve the performance of PSO algorithm Enhance Particle Swarm Optimization (EPSO)
technique [32] is designed which aims at the updating velocities using Levy Flight method. In the similar
way as PSO algorithm the particles are distributed randomly within the search space and fitness values of
particles are evaluated and p, . of particles, g . of swarm were determined.

Enhanced PSO:
Let us consider ‘u’ is the corresponding position of particle and ‘v’ denotes the flight speed of the particle.
From the considerations the position vector and velocity vector of it particle in n dimensional search
space can be given by ‘u;” and ‘v;” as:
u; = Uy, Uy ..y Usy) (5)
V= Vi Vigs +oes Vin) (6)

i particle and the index of the best particle among all the particles

The best previous position of the
in the group are recorded in PSO.

Best previous position of the “i™ particle (pbes?):

Prest = (uil Phest> Ui2 Poests -+ uinpbest) (7)

Best particle among all the particles in the group (gp.):

8best = (uil Sbest> Uiz best> +++> Uin gbest) (8)

The modification of the particle’s position can be mathematically modelled according the following
equation:

- . _ k k k k
Velocity ogified * Vigk+1) = O X Vi) + GV X (P —u) + C,V, x (git) —u™) )]

Q)

Above equation has three parts. v, represents the previous velocity, C,V; X ( pﬁgt - ul-(k )} represents

cognitive component, C,V, X ( gt(,]égt — ui(k)) represents social component.

Here, o, C, and C, are of values < 1

o = inertia weight factor

C, and C, = acceleration coefficients

v, and v, = will be the random values within the range [0,1]

v; = velocity of the particle ‘i’ in search space at K™ iteration

u; = position of the particle ‘i’ in search space at K™ iteration

Position,ginoq: #* TP = u® 4 yED (10)

O

(Onax = Onin) o (11)

ok+1)= 0, — .

max

Where,

max 18 maximum Inertia weight

O®,,;, 1s minimum inertia weight

thax 1S Maximum number of iterations

k is the current iteration.
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Usually, o,,,, 1s set to 0.9 and ®

local search.

max min 18 set to 0.4 for providing balance between the global search and

By using Levy Flight method, the position and velocity of each particle is updated randomly by the
below formulae:

VelOCitYmodiﬁed: V,(H— D= 0 X \/i(k) + Cl X rand ( ) ® (pbesti B X’(t)) (12)
+C, xrand ()@ x (gbest,. - sz)
Position, s XD = XO 4+ D (13)

Here, Vf” D is Velocity of particle at iteration ‘¢ + 1°
Vl@ is Velocity of particle at iteration ‘¢’
X+ D is Position value of i™ particle at iteration ‘¢ + 1’
X is Position value of i particle at iteration “¢’.
C, and C, are weighting factors.
rand () is a stochastic component of algorithm in a range of [0,1]

Here, m is defined as

(14)

m=0.1+0.8x(1—mj

Maxlter
Where, ® = inertia weight factor
o is calculated accordingly in the similar way as in PSO.

MaxlIter is maximum number of iterations.

Methodology

Optimal placement of reactive power devices problem consists of finding potential location and appropriate
size capacitors to be placed in the distribution system to achieve one or more objectives. In this paper
minimization of active power loss is considered as the main objective function. The capacitor placement
and size are obtained by using EPSO algorithm. Each particle in EPSO is corresponds to either location
or size of capacitor. For example, if number of capacitors is chosen to be three then the size of solution
vector is six 1.e, double the number of capacitors. The first three particles of solution vector correspond to
the locations of the capacitors and the next three particles correspond to the size of the capacitors.

Solution vector = [C} ;C;,C; ;Cq,C,Cyg5] (15)
Where, C,; is the location of i capacitor,
Cq; 1s the location of i™ capacitor

i=1,2,.,NC

3. RESULTS AND DISCUSSION

The proposed PSO algorithm is tested on 33 bus and 69 bus system and for comparison purpose PSO
algorithm is also implemented and tested on these systems.
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Table 2

Parameters used in the methodology

Parameters PSO EPSO
No. of maximum generations 200 200
No. of population 50 25
Minimum No. of capacitors (C,,;,) 2 3
Maximum No. of capacitors (C,,,,) 12 12
Total No. of capacitors (NC)
Minimum Voltage (Vi) 0 0

Maximum VOltage (Vmax)

The test results of 33 bus system for the comparison of PSO and EPSO for light load (80%), base
load (100%) and peak load (120%) were presented in Table 2 where as the results of 69 bus system for
the comparison of PSO and EPSO for light load (80%), base load (100%) and peak load (120%) were
presented in Table 3. Similarly, the improvement of voltage profiles for PSO and EPSO were also plotted
below from (a) to (f).

Voltage profile of 33 bus system for 0.8 load for PSO
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(a) PSO for light load

Voltage profile of 33 bus system for 0.8 load
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0.94
0.93
Buses
(b) EPSO for light load

Figure 1: Voltage profile of 33 bus system at light load (0.8) for PSO and EPSO
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Voltage profile of 33 bus system for 1.0 load for PSO
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Figure 2: Voltage profile of 33 bus system at base load (1.0) for PSO and EPSO

Voltage profile of 33 bus system for 1.2 load for PSO
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(e) PSO for peak load
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Voltage profile of 33 bus system for 1.2 load
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Figure 3: Voltage profile of 33 bus system at peak load (1.2) for PSO and EPSO

Voltage profile of 69 bus system for 0.8 load for PSO
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Figure 4: Voltage profile of 69 bus system at light load (0.8) for PSO and EPSO
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Voltage

Voltage profile of 69 bus system for 1.2 load
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Figure 6: Voltage profile of 69 bus system at peak load (1.2) for PSO and EPSO
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Figure 7: Convergence characteristics for PSO and EPSO of 33 bus and 69 system
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Table 2 represents the results for 33 bus system, which contains the parameters of size of capacitor,
active and reactive power losses, min. Voltage for light load (80%), base load (100%) and peak load (120%)
respectively. In case of light load the minimum active power loss is 83.15kw at 3CP of EPSO and minimum
reactive power loss is 56.24kvar at 2CP of EPSO. Similarly, in base load the minimum active power loss is
88.47kw obtained at 4CP of EPSO, minimum reactive power loss is 132.17kvar obtained at 4CP of EPSO.
In the same way the minimum active power loss is 194.64 reached at 4CP of EPSO, minimum reactive
power loss is 130.43kvar obtained at 3CP of EPSO. The improved voltage profile with the comparison of
4 capacitors with the original bus system is represented in above figures 1 to 3.

Table 3 represents the results for 69 bus system, for light load the minimum active power loss is obtained
90.08kw at 4CP of EPSO and minimum reactive power loss is 41.12kvar at 4CP of EPSO. Similarly, in
base load the minimum active power loss is 145.13kw obtained at 4CP of EPSO, minimum reactive power
loss is 67.62kvar obtained at 4CP of EPSO. In the same way the minimum active power loss is 215.84
is reached at 3CP of EPSO, minimum reactive power loss is 98.41kvar obtained at 4CP of EPSO. The
improved voltage profile with the comparison of 4 capacitors with the original bus system is represented
in above figures 4 to 6.

In Figure 7, (m) shows the convergence characteristics for 33 bus system and (n) represents the
characteristics of 69 bus system. If the fitness value remain unchanged for the next 50 iterations then
convergence is reached. The convergence characteristics were plotted for the base load of both 33 bus and
69 bus test systems and comparison of PSO and EPSO were presented below in (m) and (n). From these
figures, it is clear that PSO is getting converge before reaching the optimal point. In order to avoid this
pre-mature convergence EPSO is implemented.

4. CONCLUSION

In this paper, a modified version of PSO algorithm i.e., EPSO is used, which is suitable for solving the optimal
placing and sizing of capacitors in distribution system. In this paper, the objective of loss reduction was
done by using the traditional PSO in addition with Levy Flight in order to avoid the premature convergence
and trapping of local minima. Here the proposed method is implemented on both 33 bus test system and
69 bus radial distribution systems by considering different load levels of 0.8, 1.0 and 1.2 respectively. The
results are compared by placing the number of capacitors with load levels individually and the improvement
of voltage profiles was also shown. By the comparison of the power losses of the basic PSO and EPSO,
the total power loss reduced in EPSO is better than PSO.
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