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Optimized Siting and Sizing of DG in a HESCO
Feeder using Particle Swarm Optimization
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Abstract: Power system is a radial distribution system
comprising large number of nodes and branches. Especially in
Pakistan, large network causes power loss and voltage drop due
to outdated infrastructure. Distributed Generation is one of the
emerging solutions to compensate the load demand along with
improvement in power quality and voltage profile of electrical
power system. Although, proper placement and sizing of DG is
still a challenging situation in power system as improper
placement and sizing may bring the network more sever
situation. This paper analyses a real time 11 kV radial
distribution network of HESCO. An artificial intelligence
technical named PSO is utilized to identify the optimal
placement and size for DG integration. The proposed technique
resulted as very effective for reduction in power loss with fast
convergence.

Keywords: Distributed Generation, HESCO, Power
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. INTRODUCTION

Globally, power system has been under stressed condition
due to nonlinear behavior of loads [1, 2]. The load is
affected by many parameters such as weather change,
floating fuel cost etc. Demand for electricity is elevating day
by day and this leads the field experts, environmentalist and
economists to identify the possible solution to overcome the
energy shortfall. Distributed Generation (DG) is widely
recommended and deployed by the experts in the
distribution system. DG has many benefits over centralized
power system such as it reduces overburdening of
transmission lines, improves voltage profile and power loss,
enhances system capacity and continuity of supply [3-5]. DG
is mostly utilized using renewable energy sources that has no
any environmental issues like CO2 emissions [6, 7]. Solar
PV is the most widely used renewable energy source due to
its easy installation, economic benefits and excessive
availability especially in Pakistan [8]. Despite of many
advantages from DG, optimum configuration of DG in
distribution network plays a very crucial as improper
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placement may cause the system respond more destructively
than the conventional system.

DG has become one of the most researched area in power
system due to its less environmental effects along with
improved power loss and voltage quality. Different authors
have worked over proper allocation of DG in the distribution
system in order to improve power loss and voltage drop for
better performance of the system. Author in [9] formulated
an equation to build relation between voltage variation and
DG capacity available with the help of analytical approach.
Effects of DG over system power loss, voltage drop, and
short circuit level is examined by [10] and simulation was
carried out on a real time HESCO feeder using PSS
SINCAL software. Artificial intelligence technique is
deployed by [11] to improve power loss and analyze fast
convergence and is tested on IEEE standard 33 bus system.
An intelligent decision-making technique is developed by
[12] for optimum allocation and sizing of DG using
MATLAB additionally another platform is utilized for load
analysis of IEEE standard 33 bus system. An 11 KV radial
feeder is tested for solar PV integration as a DG in
distribution system by [13] using strategic allocation of DG
to analyze the extent of power loss reduction using PSS
SINCAL software.

Literature suggests that the load is affected by different
parameters such as changing weather, elevating fuel prices
etc. Technology advancement is elevating day by day.
Vehicles are also switching towards electric fueling due to
higher fossil fuel cost and lack of availability. This uncertain
load variation has caused the distribution system to identify
new robust intelligent techniques to cope up with the
situation [14]. Although, many researchers have worked on
DG and explained its benefits, but the impact of DG varies
with varying location and size of DG in the network. Hence
this work presents optimum location and size of DG in a real
time HESCO radial distribution feeder. Power loss being the
objective function for this study avoiding the violation of
system constraints.

Further paper is structured as section Il gives a brief
description about selected model including its modeling and
prescribed data set. Section Ill presents the problem
highlight for this study with obtained method structure.
Section IV provides methodology used for achieving
prescribed goals. Section V delivers the simulation results
achieved in this study. And section VI concludes the work
with research outcomes and future prospect.
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Il. DATA ANALYSIS AND NETWORK MODELLING

The model under consideration is a real time radial
distribution feeder of one of the Pakistan’s distribution
company i.e. Hyderabad Electric Supply Company
(HESCOQ), Sindh. The network has a total load of 4,214 kW
consisting of 51 busses. Feeder has standard voltage level of
11kV. The feeder is named as Sarfaraz Feeder and it lies at a
Latitude of 25.40, Longitude of 68.37 and 38 M above sea
level.

A. Network Load Profile

The data for load bus is collected by physical visit and has
been simulated using MATLAB R2015a version. The active
load has been illustrated below in figure (1).

Load Profile of Feeder
500

Al

15 9 13172125293337414549
Bus Number

Bus Load () kW

Figure 1: Load Data of HESCO Radial Feeder

B. Solar Radiation Potential

Pakistan is one of the countries with high solar irradiance
throughout the year [15]. Sindh and Balochistan have
highest solar irradiance availability in Pakistan and
considered in best availability in the world as well [16-18].
Solar irradiance data is simulated for selected feeder using
PVsyst V6.70 software. PVsyst is a software tool that is used
for solar modeling and designing. The data is collected on
the monthly basis to analyze the availability of solar energy
generation for the reliability and continuity of system supply.
Following table (1) can clearly illustrate the Global
Horizontal Irradiance on monthly basis for the feeder
location.

Table 1: Monthly Solar Irradiance

Global
Month Irradiance | Temperature

W/m2
January 180.6 20.6
February | 211.8 23.2
March 251.2 28.2
April 280 32.1
May 294.9 35
June 285.8 33.8
July 253.4 32.2
August 255.8 30.9
September | 245.6 29.4
October 225.1 30.8
November | 186.7 26.7
December | 168.4 21

I1l. PROBLEM STATEMENT

Overall aim of this paper is to reduce active power loss
component in the real time radial power distribution
network. Voltage limit is set as the constraint for the system
that needs to be satisfied for the quality and security
purpose.

Mathematical expression for objective function is described
as:

min f = min(Tyeripe [[mj:] |
Where, T cive rioes 15 Bctive power loss

Active and reactive power injected by the system can be
expressed as:

Prem = Pome + EPD,M ii
Qoo = Quoe= + Z Qo iii

Where
PDE_F: ﬂﬂlj. QDG.-M
are active and reactive power inject by DG atbus 'M’

Whereas

LRy and

¥ Qpyy are total active and reactive power atbus ‘M’

A. Position of DG in the system:

As Bus-1 is assumed as slack bus so it cannot be considered
for DG therefore the upper and lower bound for DG is as
follows

2 = position < nbuses

Voltage on load bus

FImin T FITLLC

B. Load Flow Analysis

Variety of load flow methods have been used by different
authors in different type of application ranging from
industrial automation, bio-medical industries to the power
electronic applications and many others [19]. Traditional
techniques were previously utilized in electrical power
transmission system, but distribution system is not being
broadly exploited for load analysis. Distribution system
possess high R/X ration and radial network topology [20]. In
this research work, ‘Backward-Forward sweep method’, is
utilized for load analysis of a real time electrical power
distribution system. This method is based on a bidirectional
process i.e. forward and backward. Let’s consider a two-bus
system starting at bus K and ending at bus M as illustrated in
figure (2).
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Figure 2: Two bus representation of radial distribution
system

Following recursive equations are used to calculate power
flow studies of radial distribution system.

rnf2 , nl2
[P+ Q")

F=F +'F_;'-_Pti’! +R;+ [ iv
7+ el
Q[:QL+Q;'_'?[H+X[*T v
Vo = Vo — Li(R; + %) vi
r o fF - l'r'l.;-.l'.l: R,:+".Ff|: =
Lm_h"_{ﬁ_-‘r{t?i-i-T)}*T:: Vil

Now, the power loss equations can be expressed as follows:

) L)
PR+

_ 7
Fiioss = By » = viii
L
R ) Ui
_ P+ g .
Qiiges = X # 2] IX
L
Where,

P ooz 15 active power loss of branches

Qii0zz 15 veactive power loss of branches

Hence, the total power loss of all branches can be calculated
by the total sum of all branches’ active and reactive power
losses as given in below equation:

Tipes = Eg.=ﬂ_l*p[[ms +j Ei=ﬂ_1'?[[m3 X

IV. METHODOLOGY

A. Algorithm

PSO is an evolutionary optimization algorithm initiated by
Dr. Eberhart and Dr. Kennedy in 1995[21, 22]. This
algorithm is an was inspired by the flocking of bird in search
of food. The technique is being widely used in various fields
of science and engineering due to its efficient problem
solving ability[23]. The stochastics evolutionary algorithm
consists group of ‘n” number of particles and fitness
function’s possible solution is represented by each particle’s
position in ‘D’ dimensional space. Particle’s velocity and
position can be update with the help of following equations
and the process continues till the criteria for stopping is met.

VE* = ws VE +c, = 1 (phestyy — x5)

+c; * 1 (ghestyy — xy) i
xgt= xfy+ vt xii
Where

VE*! iz velocity of particle iat k iteration
x[‘d position of particle i at k iteration

n is number of particles

m is number of particle members

d is dimetional space

k is kth iterationk is kth iteration

€l and c2 are acceleration constants

w is intertial weight factor

v iz uni form random values inrange f 0 and 1

Moreover, proper selection of inertial weight assigned to
previously grasped position of particle maintains a perfect
balance amongst local and global search and it can be
described with the help of following equation.

':'-'ms_.'r_ imin +k
Hmox

W= Wpgy — Xiii

Where
i 15 minimum number of intertia weight

oy 15 maximum number of intertia weight

B. Implementation of PSO

The optimum size and location for DG is identified using
PSO. Figure (3) describes the basic structure of the
optimization technique.

Initialize each particle randomly
Evaluate each candidate’s fitness value

Continue repetition (till termination criteria ends)

Find gbest
Update inertia weight
Next genereation until stoping criteria

i Find pbest i
| END i

Figure 3: General Pseudocode of PSO
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Moreover, the optimized DG siting and sizing in radial
distribution network involves multiple steps that are
requisite. Figure (4) illustrates the flow chart of PSO
implementation in order to obtain optimized results of the
system.

V. SIMULATION RESULTS

This study is attained for a real time 11kV radial electrical
power distribution system named as Sarfaraz Baba figure (5)
to observe the power loss reduction using optimized sizing
and allocation of DG. Feeder consists of 51 buses with a
total load of 4214 kW. Simulation is done on a personal
computer with core m3 processor, 83GB RAM and Microsoft
windows 10 updated.

Begin

v

Assigning particles random values for
position and velocity

v

Calculate each objective values

Y

NO YES

Replace Prest with new
improved value

L J

!

Assign best of all particle’s Poest to Ghest

v

Velocity calculation for each particle
Update particle’s position

I

NO iteration period
completed

Retain previous Phest

v YES

End

Figure 4: Flow chart of Particle Swarm Optimization

The object function for this research work is active power
loss and Solar PV is considered as a DG source to be
installed in order to compensate the loss occurring in
distribution network. Upper and lower bound of voltage for
optimization are set as 1.05 and 0.95 respectively. Bus-1 in
the network is assumed as slack bus. Slack bus voltage is
selected as 1.02 V and MVA is standard as 11kV.

Voltage Profile
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Figure 5: Voltage profile of 11kV Sarfaraz Baba Feeder
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Figure 6: One-line diagram of 11kV Sarfaraz Baba Feeder
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Figure (6) illustrates the voltage profile of a real time 11
kV Sarfaraz feeder of Hyderabad Sindh, Pakistan. The graph
clearly illustrates that the DG installation affects the network
positively and the bus voltage is improved on almost every
bus. Below is the table that clearly shows the comparison of
bus voltage keeping in view the constraint limit.

Table 2: Voltage Comparison of 11 kV Sarfaraz Feeder

Voltage (p.u)

Base Case After DG Integration
Minimum | Maximum | Minimum | Maximum
0.914 @ 1.00 @ 0.950 @ 1.00 @

Bus 47 Bus 1 Bus 47 Bus 1

Minimum system voltage before installation of DG is
found to be 0.914 p.u. whereas DG installation has improved
this voltage to 0.950, keeping the minimum acceptable
voltage satisfied. Table (2) clearly states the satisfactory
improvement in the voltage level on each bus after DG
installation to the system.

Comparison of Power Loss

a00 380,64

228.8

157.1

Figure 7: Comparative analysis of Power loss

Figure (7) shows a comparative analysis of total power
loss i.e. both active and reactive, of the system. Illustrated
data is a comparison of conventional system’s power loss
and the power loss after DG integration. The comparison
clearly shows a good amount power loss reduction after
optimum sizing and sitting of DG in the network.

Table 3:Comparative stud of Power loss

Before DG After DG Loss “Zd“"“o”
%)
Loss Loss Loss Loss
Active | Reactive | Active | Reactive | Active | Reactive
(KW) | (Kvar) | (KW) | (KVar)
228.8 | 380.64 89.9 157.1 60.7 58.7

The main object of this research work intends to reduce
power loss in the HESCO feeder by DG integration with the
help of artificial integration technique. Table (3) describes
the extent of power loss reduction i.e. both active and
reactive. The table illustrates comparative statistic of
conventional system and optimized network. The DG
considered here is solar PV for active power compensation.
The optimal placement and size of DG integration is
identified as 3.8441 at 16th bus. The active power loss of
system was 228.8 kW and it reduced to 89.9 kW after
installation showing 60.7% of loss reduction in the system.
Similarly, the reactive power loss reduced from 380.64
kVAR to 157.1 kVAR with a 58.7% of loss reduction.

Active power loss

L

!|..‘1.. Pl e

L
3 2527 29 31 33 35 37 39 41 43 4547 49

Bus Number

m Loss active Before DG m Loss active after Dg

Figure 8: Active power loss at each bus

Reactive power loss

".Ilal h s .

1 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
Bus Number

W Loss reactive before DG ® Loss reactive after DG

Figure 9: Reactive power loss at each bus

It can be clearly observed from Figure (8) and Figure(9)
that the active and reactive power loss is maximum at bus
number 1,2,3 and 5 and has experienced a significant power
loss reduction by DG integration with optimal size and
location.
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Figure 10: Convergence of PSO with 50 iterations

PSO is one of the most widely used stochastic algorithm
in distribution system and its higher efficiency with fast
convergence. Figure (10) represents the convergence curve
for the 11 kV Sarfaraz Baba Feeder. Above simulation
results suggests that PSO, in comparison with other Al
technique has faster convergence i.e. converges within a few
iterations.

VI. CONCLUSION

This paper presented a new technique to tackle power loss
problem with real time networks in Pakistan. PSO is new
artificial intelligence technique used to identify the optimum
location and size of DG to be installed in the distribution
network. The main theme of this work was to analyze the
reduction in power loss and improvement in voltage profile
of a 11 kV HESCO radial feeder. Results suggests that
optimum size and location plays a vital role for power loss
reduction as 60.7% of active and 58.7 % of reactive power
loss is reduced with DG installation. Moreover, simulation
results show that the proposed algorithm has fast
convergence as compared to other techniques.

Moreover, simulation results show that the algorithm has
fast convergence. Furthermore, results also validates
effectiveness of the method for power loss and voltage
profile improvement of the system.
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