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Abstract

A distribution network with renewable and fossil-based resources can be operated as a micro-
grid, in autonomous or nonautonomous modes. Autonomous operation of a distribution
network requires cautious planning. In this context, a detailed methodology to develop a
sustainable autonomous micro-grid is presented in this paper. The proposed methodology
suggests novel sizing and siting strategies for distributed generators and structural
modifications for autonomous micro-grids. This paper introduces the Particle Swarm
Optimization (PSO) algorithm to solve the optimal network reconfiguration problem for
power loss reduction. The PSO is a relatively new and powerful intelligence evolution
method for solving optimization problems. It is a population-based approach. The PSO was
inspired from natural behavior of the bees on how they find the location of most flowers. The
proposed PSO algorithm is introduced with some modifications such as using an inertia
weight that decreases linearly during the simulation. This setting allows the PSO to explore a
large area at the start of the simulation.

Keywords- Distributed power generation, load flow, power generation planning. microgrid, distributed
generation (DG), siting and sizing, reliability. particle swarm optimization, Systems Reconfiguration, Power
Loss Reduction.

improve voltage quality and enhance system security
[1].However, depending on the rating and location of
DG units, there is also a possibility for voltage swell

I. INTRODUCTION
IN modern power distribution systems,

integrating small nonconventional generation sources
has become attractive.These technologies have less
environmental impact, easy siting, high efficiency,
enhanced system reliability and security,improved
power quality, lower operating costs due to peak
shaving, and relieved transmission and distribution
congestion[1]. The distributed generator (DG) units
used are highly modular in structure as well as
helpful in providing continuous power supply to the
consumers.

The distribution network is generally designed in
closed loop and operated in open loop, and it
involves large quantity of section switches and a
small amount of tie switches. the distribution network
reconfiguration (dnr) is to change the network
topology through opening and closing these switches
in order to optimize network operation parameters.
dnr is an effective way to reduce losses in the
distribution network, and it also helps balance load,

and an increase in losses. In this scenario, to exploit
the complete potential of distributed generation,
proper siting and sizing of DGs become important.
This paper, therefore, attempts to develop a sizing

algorithm that transforms an existing distribution
network to a sustainable autonomous system. In such
an operation, the generation and corresponding loads
of the distribution network can separate from the
feeder network and form a micro-grid without
affecting the transmission grid’s integrity.
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This paper focuses on siting of the DGs
and suggests a minimum-loss configuration
for the network. There are many options
available for reducing losses at the
distribution level: reconfiguration, capacitor
installation, load balancing, and introduction
of higher voltage levels [10], [11].
Nevertheless, a heuristic approach in
choosing the sites for the DG units has been
attempted in this paper for autonomous
micro-grids. Souza Ribeiro et al. proposed
an architecture for isolated micro-grids [12].
They have proposed programmed switching
of already existing switches to reconfigure
the distribution network for stable operation
as micro-grid. Two types of switches are
used in primary distribution systems viz.,
sectionalizing switches (normally closed)
and TIE switches (normally open) [13], [14].
These switches are designed for both
protection and configuration management
resulting in cost minimization.

I1. PLANNING OF AUTONOMOUS
MICRO-GRID

It is evident that transformation of an
existing radial distribution system into a
sustainable autonomous micro-grid, requires
DGs to be integrated into the network. The
exact size of these generators and the
optimal placement of the same in the
network are necessary for its autonomous
operation. Hence a hierarchical and partially
heuristic methodology is attempted for
determining the optimal sites and sizes of

the generators and for reconfiguring the
network.

Power losses in distribution systems
vary with umerous factors depending on the
system configuration, such as level of losses
through transmission and distribution lines,
transformers, capacitors, insulators, etc. [9].
Power losses can be divided into two
categories: real power loss and reactive
power loss. The resistance of lines causes
the real power loss, while reactive power
loss is produced due to the reactive
elements. Normally, the real power loss
draws more attention for the utilities, as it
reduces the efficiency of transmitting energy
to customers

The major technical benefits are:

. Reduced line losses

. Voltage profile improvement

. Reduced emissions of pollutants

" Increased overall energy efficiency

. Enhanced system reliability and
security

. Improved power quality

" Relieved T&D congestion

. Deferred investments for upgrades of
facilities

. Reduced O&M costs of some DG
technologies
. Enhanced productivity

" Reduced health care costs due to
improved environment

. Reduced fuel costs due to increased
overall efficiency

" Reduced reserve requirements and
the associated costs

. Lower operating costs due to peak
shaving

. Increased security for critical loads

" Improved the efficiency of the

distribution system

I1l.PARTICLE SWARM
Kennedy and Eberhart first introduced
particle swarm optimization (PSO) in 1995
as a new heuristic method. The original
objective of their research was to graphically
simulate the social behavior of bird flocks
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and fish schools. As their research
progressed, they discovered that with some
modifications, their social behavior model
can serve as a powerful optimizer. The first
version of PSO was intended to handle only
nonlinear continuous optimization problems.
However, many advances in PSO
development elevated its capabilities to
handle a wide class of complex optimization

Considering a real distribution network,
the network scale is normally very large. If
the binary PSO algorithm is dopted, the
quantity of the switches to be optimized will
be very large, and it will also easily generate
long code and invalid particles.

To overcome these problems, this paper
proposes an algorithm to simplify the
distribution network. This algorithm not
only reduces the dimensionality problem but
also avoids the generation of many invalid
particles. The distribution network is
simplified through grouping the branches,
and then each group of branches is
represented by one dimensional coding.
Based on the DNR necessary condition
summarized in this paper, particles are
evolving regularly, and this improves the
efficiency of the search process

A. Basic PSO Algorithm

In PSO, the potential solutions, called
particles, fly through the problem space by
following the current optimum
particles.Each particle keeps track of its
coordinates in the problem space which are
associated with the best solution it has
achieved so far. This value is called pbest.
Another "best" value that is tracked by the
particle swarm optimizer is the best value,
obtained so far by any particle in the
neighbors of the particle. This location is
called Ibest. When a particle takes all the
population as its topological neighbors, the
best value is a global best and is called
gbest. The particle swarm optimization
concept consists of, at each time step,
changing the velocity of each particle
toward its pbest and gbest locations

Acceleration is weighted by a random term,
with separate random numbers being
generated for acceleration toward pbest and
gbest locations

IV.PROBLEM FORMULATION

Generally, there are two types of
switches in distribution systems: tie switch
and sectionalizing switch. As shown in Fig.,
switches in dotted branches connecting
nodes (10-14), (5-11), and (7-16) are tie
switches, and switches in other continuous
branches are sectionalizing switches. The tie
switches are normally open and the
sectionalizing switches are normally closed.
When the operating conditions have
been changed, feeder reconfiguration is
performed by the opening / closing of these
two types of switches to reduce resistive line
losses
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That is, a tie switch may be closed for
the purpose of transferring loads to different
feeders, and, at the same time, a
sectionalizing switch should be opened to
maintain the radial structure of the
distribution network. For example, in Fig. 1,
when the loads of feeder 2 become heavy
under normal operating conditions, the tie
switch connecting nodes (5-11) may be
closed to transfer the load at bus 11 from
feeder 2 to feeder 1 and at the same time the
sectionalizing switchconnecting nodes (9-
10) must be opened to maintain the radial
structure of the network.
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The objective of the reconfiguration is to
minimize the distribution losses with turning
on / off sectionalizing switches. The
reconfiguration problem has the following
constrains:

1. Power flow equations.

2. Upper and lower bounds of nodal
voltages.

3. Upper and lower bounds of line currents.

4. Feasible conditions in terms of network
topology.

l. PROBLEMS INVOLVED IN
ENGINEERING AND SCIENCE.

Use either SI (MKS) or CGS as primary
units. (SI units are strongly encouraged.)
English units may be used as secondary
units (in parentheses). An exception is when
English units are used as identifiers in trade,
such as "31 in disk drive." Avoid

combining Sl and CGS units. If you must
use mixed units, clearly state the units for
each quantity in an equation.
V. CASE STUDY

The standard 33 bus distribution system
with a demand of 3.715MW and 4.456 MW
respectively in summer & winter has been
used for validating the proposed algorithm
to improve voltage profile.

A. Load flow analysis

It has been determined that for three
numbers of DGs the optimal location is viz.,
3rd bus, 9th bus & 31st bus to attain
minimal distribution losses without violating
the voltage constraints. The power factor at
each DG bus has been considered 0.85
lagging. The base MVA and voltage adopted
for the load flow analysis are 100MVA &
12.66kV respectively. Forward & Backward
sweep based load flow analysis has been
adopted for determining the losses for
summer demand and the optimal size has
been obtained by applying the non-
conventional ~ optimization  techniques
namely GA and PSO and the values are
tabulated in table 1 and 2. Each optimization
technique based minimization program has

been run for ten times and the best solution
has been adopted as the final optimal sizing
of the generator units.

V1. CONCLUSION

This paper has proposed the PSO
algorithm, as a new evolutionary technique,
for reconfiguration of distribution systems.
The main advantage of solving such
problems using PSO over the conventional
mathematical methods is its simplicity. The
results obtained during simulation showed
that the proposed PSO algorithm is capable
of finding an optimal or a near-optimal
solution to the two cases studied in this
paper. Moreover, the algorithm is capable of
finding a feasible solution to the 32-bus
system. a methodology for reconfiguring the
nonautonomous and autonomous Mmicro-
grids has been proposed based on ranking of
the buses. A ranking algorithm has also been
proposed depending upon the capability of
the buses to with stand maximum real and
reactive power loadabilities. Based on the
ranking of the buses, the strongest and
weakest bus has been determined to decide
locations for the sectionalizing

REFERENCES

[1] S. Civanlar, J. J. Grainger and S. H.
Lee, “Distribution Feeder
Reconfiguration for Loss Reduction,”
IEEE  Transactions on Power
Delivery, Vol. 3, No. 3, July 1988,
pp. 1217-1223.

[2] M. E. Baran and F. F. Wu, “Network
Reconfiguration in  Distribution
Systems for Loss Reduction and
Load Balancing,” IEEE Transactions
on Power Delivery, Vol. 4, No. 2,
April 1989, pp. 1401-1407.

[3] T. Taylor and D. Lubkeman,
“Implementation of Heuristic Search
Strategies for Distribution Feeder

Reconfiguration, ” IEEE
Transactions on Power Delivery,

Vol. 5, No. 1, January 1990, pp. 239-
246.

WWW.llera.com



V Ramesh Zambre et al Int. Journal of Engineering Research and Applications
ISSN : 2248-9622, Vol. 5, Issue 1( Part 5), January 2015, pp.110-114

www.ijera.com

[4]

[5]

[6]

[7]

[8]

[9]

[10]

T. P. Wagner, A. Y. Chikhani and R.
Hackam, “Feeder Reconfiguration
for Loss Reduction: An Application
of Distribution Automation,” |EEE
Transactions on Power Delivery,
Vol. 6, No. 4, October 1991, pp.
1922-1931.

R. J. Sarfi, M. M. A. Salama and A.
Y. Chikhani, “Distribution System
Reconfiguration for Loss Reduction:
An Algorithm Based on Partitioning
Theory,” IEEE Transactions on
Power Systems, Vol. 11, No. 1,
February 1996, pp 504-510.
T.Q.D.Khoa, Member, IEEE, P.T.T.
Binh, and H.B. Tran, “Optimizing
Location and Sizing of Distributed
Generation in Distribution Systems”,
Power system conference and
Exposition, 2006, PSCE ’06, IEEE
PES.

Edwin Haesen, Marcelo Espinoza,
Bert Pluymers, Ivon Geothals, Vu
van thong, John Driesen, Ronnie
Belmans, Bart De Moor, "Optimal
placement and Sizing of Distributed
Generator units using Genetic
Optimization Algorithms”, Electrical
power quality and Utilization
journal, volume 11, No.1,2005.
Mallikarjuna R.Vallem, Joydeep
Mithra, “ Siting and Sizing of
Distributed Generation for Optimal
Micro-grid Architecture”, Electrical
Utility Management program, New
Mexico University Las creces,
Nm8003, 2005 IEEE.
P.Agalgaonkar, C.V.Dobariya,
M.G.Kanabar, S.A.Khaparde and
S.V.Kulkarni,”Optimal ~ Sizing of
Distributed generators in Micro-
grids”, Power India conference,
2006 IEEE.K. Elissa, “Title of paper
if known,” unpublished.

Zhenkun Li, Xingying Chen, Yi Sun
and Haoming Liu, “A Hybrid
Particle Swarm Optimization
Approach for Distribution Network

Reconfiguration
conference, 2008.

Problem”,

IEEE

WWW.llera.com 1141Paae



