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ABSTRACT

This paper presents a Firefly Optimization (FFO) based solution methodology for optimally placing DG units with
a view of improving the voltage profile. FFO, inspired by social flashing behaviour of fireflies, is one of the evolutionary
computing models for solving multimodal optimization problems. The DG placement problem is formulated as an
optimization problem and the FFO based solution methodology is tailored to optimize the node locations and DG ratings
with a view to obtain the global best solution. The developed methodology is tested on a 33 node distribution networks and
the results are presented with a view of exhibiting the superiority of the developed algorithm.
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1. INTRODUCTION

Distributed generation (DG) in the range of 1 KW
to 50 MW plays a significant role in reducing real power
loss, lowering the operating cost and improving the
voltage profile of distribution networks (DNs). The
performances of DNs can be improved by placing of DGs
at best possible locations with appropriate ratings. Several
methods such as mixed integer linear programming [1],
mixed integer nonlinear programming [2], dynamic
programming [3] and methods involving simulated
annealing [4], genetic algorithm (GA) [5], particle swarm
optimization (PSO) [6], ant colony optimization [7],
invasive weed optimization [8] and biogeography based
optimization [9] have been suggested for solving DG
placement problems.

Recently, firefly optimization (FFO) has been
suggested for solving optimization problems [10, 11]. It is
inspired by the light attenuation over the distance and
fireflies” mutual attraction rather than the phenomenon of
the fireflies’ light flashing. In this approach, each problem
solution is represented by a firefly, which tries to move to
a greater light source, than its own. It has been applied to
a variety of power system problems [12-15] and found to
yield satisfactory results.

A FFO based methodology for optimally placing
DGs with a view of improving voltage profile has been
presented in this paper. The results on 33 node DN are
presented to illustrate the effectiveness of the proposed
method (PM).

2. PROPOSED METHOD

The proposed FFO based solution method for DG
placement problem involves formulation of the problem,
representation of fireflies through the problem variables
and construction of a light intensity function, LI .

2.1 Problem formulation
The DG placement problem is formulated as a
optimization problem with an objective minimizing the net

voltage deviations (NVD) of the network with respect to
nominal node voltage of 1.0 per unit, while satisfying
several equality and inequality constraints as

Minimize NVD =" V, - 1.0| (1)
j=1
Subject to
Poe’ < Pog ; < Poe; 2
1<L, <nn 3)
fi| < 0 )
Ndg nn
I:’DG,] S Pload,m (5)

2.2 Representation of problem variables
The firefly f is represented to denote the

problem variables, defined by Equations (2) and (3), in
vector form as:

P

DG,1°

P e P

Ndg > DG,2° > DG,ngJ (6)
2.3 Fitness function

The algorithm searches for optimal solution by
maximizing a light intensity functionLl, which is
formulated from the objective function of Eq. (1) and the
penalty terms representing the limit violation of the
explicit constraints of Equations (4) and (5). The LI
function is written as

Maximize LI = !

1+ ™
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Ndg nn

PDG,j - Z Pload,j

=1 k=1

2.4 Solution process

An initial population of fireflies is obtained by
generating random values within their respective limits
through Equations (4) and (5). The Llis calculated by
considering the values of each firefly and the movements
of all fireflies are performed with a view of maximizing
the LI till the number of iterations reaches a specified
maximum number of iterations. The pseudo code of FFO
is available in [15].

lf z I:)DG,j S Pload .m
j=1 m=1
®)

< otherwise

3. NUMERICAL RESULTS

The PM has been applied on 33 node DN [16]
operating at 12.66 kV with net loads of 3715 kW and 2300
kVar. The DG placement problem has been solved by GA
and PSO based approaches in addition to solving by the
PM. The results in terms of node locations, DG ratings,
NVD and lowest voltage magnitude (LVM) seen in the
network, are presented in Table 1. It is clear from the table
that the PM reduces the initial NVD of 1.8046 to 0.0971
by placing DG units with ratings of 1611.255, 1386.148
and 530.613 kW at nodes of 30, 8 and 16 respectively,
while the existing GA and PSO cause higher NVD than
that of the PM, thereby offering better solution.

Table-1. Comparison of results.

Method DG D.G NVD LVM
Loc rating
Before DG Placement - - -—- 1.8046 0.9038
30 1611.255
PM 8 1386.148 0.0971 0.9829
16 530.613
5 811.718
After DG Placement GA 32 1464.918 0.1336 0.9840
10 1560.435
32 925.383
PSO 12 1190.610 0.1146 0.9837
27 1627.930
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Figure-1. Comparison of % efficiency enhancement.

The VMs at all nodes of the DN before and after
placing DGs of the PM are shown in Figure-1. It is

observed from the figure that there is noteworthy
improvement in the VP after DG placement.
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It is very clear from these results that the PM
offers better results that improve the VP of the DN.

4. CONCLUSIONS

The FFO 1is a powerful population based
metaheuristic method for solving complex optimization
problems. A new methodology involving FFO for solving
DG placement problem has been developed and applied on
33 node DN. It determines the optimal node locations and
DG ratings with a view of improving the VP. The ability
of the PM to produce the global best solution has been
projected. It has been chartered that the new approach
fosters the continued use of FFO and will go a long way in
serving as a useful tool in DG placement problems.
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Nomenclature

DG distributed generation
DN distribution network
FFO | firefly optimization
f; i -th firefly
GA genetic algorithm
current through the branch connected

km between nodes-k and -m
[ maximum permissible current limit for i,
LVM | lowest voltage magnitude seen in the network
L, node location for j-th DG unit
LI light intensity function
NVD | net voltage deviations

Ndg | number of DG units for placement
nn number of nodes
PM proposed method

Poc, real power generation of j-th DG unit

P | real power load at node-m

PSO | particle swarm optimization

pp min lower limit for real power generation of j-th
*¢J | DG unit respectively

p upper limit for real power generation of j-th
*¢J | DG unit respectively

VP voltage profile

\Y i voltage at node-j

b4 augmented cost function

1 penalty factor for handling violation of DG

power constraint

A penalty factor for handling violation of
branch current flow constraint

R a set of branches, whose current flow exceed

the respective thermal limit
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