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Abstract This paper proposes a method to minimize the real power loss (RPL) of a power system

transmission network using a new meta-heuristic algorithm known as firefly algorithm (FA) by

optimizing the control variables such as transformer taps, UPFC location and UPFC series injected

voltage magnitude and phase angle. A software program is developed in MATLAB environment

for FA to minimize the RPL by optimizing (i) only the transformer tap values, (ii) only UPFC loca-

tion and its variables with optimized tap values and (iii) UPFC location and its variables along with

transformer tap setting values simultaneously. Interior point successive linear programming

(IPSLP) technique and real coded genetic algorithm (RCGA) are considered here to compare the

results and to show the efficiency and superiority of the proposed FA towards the optimization

of RPL. Also in this paper, bacteria foraging algorithm (BFA) is adopted to validate the results

of the proposed algorithm.
� 2015 Production and hosting by Elsevier B.V. on behalf of Ain Shams University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The continuous increase in demand for electricity has caused

so many problems for utility companies such as transmission
line overloading, increased transmission losses and voltage
depression problems [1–3]. To tackle such issues power system

operators, engineers, researchers and utility people require

optimal power flow (OPF) methodology as fundamental tool
for planning, operation and control of power system network.

OPF is a constrained and nonlinear programming (NLP)
problem, in which the objective function subjected to the
equality and inequality constraints, is optimized by controlling
the power system variables. Real power loss (RPL) minimiza-

tion is one of the objectives of OPF problem. In [4] authors
firstly presented the mathematical formulation of optimal
power flow problem and further this issue was handled by

several researchers. In the literature there are many conven-
tional optimization techniques such as Newton based pro-
gramming method [5], Linear programming method [6] and

recently Interior point method [7,8] to solve the OPF problem.
On the other hand, with the development of flexible AC

transmission systems (FACTS) technology there is a possibility
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of controlling power flow to improve power system perfor-
mance without generation rescheduling and topology changes.
They offer a versatile alternative to conventional methods with

potential advantages of increased flexibility, lower operation
and maintenance costs with less environmental impacts. Their
application in improving the overall performance of the power

system is discussed in [9,10]. Among all the FACTS con-
trollers, unified power flow controller (UPFC) is a popular
device which provides flexibility in OPF by means of shunt

and series compensation. In [11] the authors considered UPFC
in OPF applications to simultaneously regulate the power flow
in a transmission line and optimize the RPL without genera-
tion rescheduling. In [12] several FACTS devices are coordi-

nated in order to avoid congestion, to provide secure
transmission with reduced RPL.

Classical optimization techniques are generally satisfactory

in solving the OPF problem but when nonlinear devices such
as FACTS are added into the system, the problem becomes
non-convex hindering their ability to converge at global mini-

mum. They converge at local minima and are sensitive to the
initial search point. To overcome the restrictions of traditional
algorithms, heuristic, meta-heuristic and evolutionary algo-

rithms have been applied to work out the OPF problem. Abido
had applied the technique of particle swarm optimization
(PSO) algorithm successfully to solve the OPF problem and
the results are compared with the genetic algorithm [13]. In

[14], Abou El Ela et al. presented a differential evolution
(DE) algorithm to solve OPF problem and the obtained results
are compared with different evolutionary algorithms. A grav-

itational search algorithm (GSA) [15] is proposed for OPF
problem and the results are compared with DE and PSO algo-
rithms. The bacteria foraging algorithm (BFA) is presented in

[16] to solve OPF problem for loss reduction with voltage pro-
file improvement. Huang and Huang proposed hybrid opti-
mization method that combines harmony search algorithm

and an ant system to find optimal location of FACTS devices
for an objective of active power loss minimization [17].

The present paper employs a new meta-heuristic algorithm
known as firefly algorithm (FA) to solve OPF problem of RPL

minimization. FA is the nature inspired algorithm developed
by Yang and it is a powerful algorithm compared to other
meta-heuristic algorithm. In [18] the authors have applied

FA to solve economic load dispatch problem (ELDP) and
recently in [19] the authors have applied the FA to solve
OPF incorporating TCSC to enhance power transfer capabil-

ity of transmission line. The FA is based on the flashing behav-
ior of the fireflies which are available in the nature. The control
variables such as transformer tap positions, UPFC location
and its variables are optimized with the FA to optimize the

objective function of RPL minimization, keeping all the vari-
ables within the limits. For the objective of RPL minimization,
the optimization is carried out in three ways. Firstly, only

transformer taps are optimized, secondly, UPFC location
and its variables are only optimized with fixed optimized tap
positions, and finally both the transformer taps and UPFC

variables are simultaneously optimized. IEEE 14-bus and
New England 39-bus test systems are considered for simulation
purpose. The results for both the test systems obtained with

the FA method are compared with the results of IPSLP and
RCGA methods to show the potential of the proposed

algorithm. Bacteria foraging algorithm (BFA) is also adopted
here to validate the results of the FA.

2. Overview of firefly optimization

Fireflies use flash signals to attract other fireflies for potential
mates. Based on this behavior a meta-heuristic algorithm was

developed by Yang [20–26]. All the fireflies are considered uni-
sexual and their attraction is directly proportional to the inten-
sity of their flash. Therefore if a firefly particle had the choice

of moving towards either of two fireflies, it will be more
attracted towards the firefly with higher brightness and moves
in that direction. If there are no fireflies nearby, the firefly will

move in a random direction. The brightness of flash is associ-
ated with the fitness function. The light intensity also obeys the
inverse square law as in Eq. (1)

IðrÞ ¼ Is
r2

ð1Þ

where I(r) is the light intensity at a distance r and Is the inten-
sity at the source. For a given medium with fixed absorption
coefficient c, the light intensity I varies with the distance r

and is given in Eq. (2) as

I ¼ I0 expð�cr2Þ ð2Þ
where I0 is the original light intensity, c is the absorption coef-

ficient and r is the distance between the fireflies. As a firefly’s
attractiveness is proportional to the light intensity seen by adja-
cent fireflies, the attractiveness b of a firefly can be defined as

b ¼ b0 expð�crmÞ ðm P 1Þ ð3Þ
where b0 is the attractiveness at r = 0. For two fireflies i and j,

r is calculated as

rij ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXd

k¼1
ðxi;k � xj;kÞ2

r
¼ kxi � xjk ð4Þ

Eq. (4) is the distance between any two fireflies i and j at xi and
xj respectively. In each generation the fireflies move to nearby

fireflies having more brightness as determined by Eq. (5) as

xi ¼ xi þ b0 expð�cr2ijÞðxi � xjÞ þ ae ð5Þ
where a is the randomization parameter and e is the vector of
random numbers taken from Gaussian distribution. Here a
controls the step size. At the end of each generation, the fire-

flies are ranked based on their brightness, and the best firefly
in each generation is found. The fireflies are made to move
in subsequent generations and in each generation, the light

intensities of each firefly are updated with respect to the fitness
function. At the end of all generations, the firefly with the
highest brightness i.e. the best fitness value is concluded as

the optimal solution to the problem.

3. Firefly algorithm

The different steps of the FA are the following:

Step 1: Initialization of the FA.
(i) The dimension of the problem.
(ii) The number of fireflies.
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