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Abstract

This paper presents a reconfiguration technique for distribution system with distributed generation (DG) using

Firefly algorithm (FA). The objective is to minimize total power losses of the system. In this paper, the technique

is tested on the IEEE 33-bus radial distribution system. The result shows that the method can be applied to

practical system using switching for reconfiguration. In comparison to the other techniques, it is also capable

to find good solution. Therefore, it can be used as an alternative to the other reconfiguration techniques.
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1. Introduction

The network reconfiguration is normally
performed by changing the statuses of sectionalizing
and tie switches. Main purposes are to reduce the
system power losses and relieve the overloads of
the system due to load variation. In Thailand, the
importance of reconfiguration has been increasing
since the government launched a policy about
electricity trading between the Electricity Generating
Authority of Thailand (EGAT) and private companies
in 1989 [1]. Subsequently the DG is introduced to the
Thai distribution system. The penetration of the DG
associated with load variation alters the power flow
and leads to the inappropriate of feeder configuration.

There are various types of DG connected to
the Thai distribution system such as solar PV, wind,
biomass and biogas. Different DG technologies have

different operation behaviors. The solar PV and wind
* Corresponding author. Tel.: +66-45-353-326; fax: +66-45-353-333

turbine power plants do not supply reactive power but
the biomass and biogas power plants do. These
behaviors have influence to power flow in their
connecting system.

Without the consideration of DG, system
losses are used to measure quality of system
configuration in [2, 3]. A load balancing index is also
utilized in [3] with branch exchanges method to
search for location of the sectionalized switches.

With the presence of DG in the distribution
feeder, the branch exchanges method is used to refine
the solution of the reconfiguration problem in [4].
The solution space is firstly narrowed using sensitivity
index and the method is claimed to be simple and
efficient. However, searching procedure using
heuristic optimization algorithm becomes topical
interest over a systematic procedure. The Genetic

algorithm (GA) is used to find real-time switching
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statuses for maximum loss reduction [5]. The tabu
search (TS) is used to find the optimal system
reconfiguration in [6] in order to obtain the cheapest
generation from DG and Grid. The ant colony search
(ACS) [7] and the harmony search (HS) [8] are also
utilized in the reconfiguration problem.

The firefly algorithm (FA) is one of the
effective meta-heuristic optimization techniques.
It provides less computational burden than the
classical heuristic optimization, GA and can be
alternative to the other meta-heuristic optimization
techniques. The FA has been employed to solve the
optimal DG problem [9, 10]. It is utilized in this paper
to obtain the optimal reconfiguration of the distribution
network in presence of the DG as the corresponding
problem formulation is presented in section 2. The FA
and its application to the reconfiguration problem
considering in this paper are described in section
3. Not only the numerical examples of the FA
application to selected test system reconfiguration are
showed in section 4 but the following solutions are
also discussed. Finally, the last section contains

conclusion.

2. Problem formulation

This paper considers the reconfiguration of
the distribution network with existing DG. The objective
is to minimize the system power losses subject to
voltage constraint, thermal limit constraint and system
power balance. The formulation is showed as follows.

The objective is to minimize

f(2)= ZPL(/C) (1)

Subject to
max
P<P, @
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Where Z is a set of switching status
P, (k) is real power losses in feeder k
M is a number of feeders in the considering
distribution system
N is a number of buses in the considering
distribution system
I, J are bus numbers
V.is voltage magnitude at bus i
Vimi“ is minimum voltage magnitude at bus i
V™ is maximum voltage magnitude at bus i
P™ is maximum power flow from bus i to bus j
Bj is real power flow from bus i to bus j

Yy is admittance of line, connecting bus i to bus j

o, is reactive power at bus i

P, is real power at bus i

qy is admittance angle of line connecting bus i to
bus |

d, is voltage angle at bus i

3. Firefly Algorithm

The firefly algorithm (FA) is a nature-inspired
algorithm for optimization and seems to be more
efficient than the particle swarm optimization (PSO)
[11]. As in nature, the firefly is attracted to a flashing
light produced from the other ones. This is to be
mating by the same specie or fatally luring by the
other species. One firefly tends to move toward the
brightest flashing light and the brightness is varied by
the distance.

Three idealized rules are utilized in FA.
The first is that all fireflies are unisex therefore they
are attracted to the other depending only on the
brightness. The attractiveness of a firefly can be

calculated as follows.
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Blr)= P ©)
The second is that the brightness is varied

by distance which can be calculated as follows.

(7)

n

o =, —x
Between two fireflies, the less brightness

moves to the brighter one. The movement of firefly m

attracted to firefly n is calculated as follows.

X =x, +,80e’”"2'" (x,—x,)+ a(mnd —%j (8)

Whereﬂ is the attractiveness or intensity of the firefly’s
flashing light.

ﬂo is the attractiveness at zero distance

r . is the distance between two firefies m and n
m and n are firefly numbers

X is the location of firefly

x" is the new location of firefly

Y is a light absorption coefficient of a given medium
0. is randomization parameter, Q € [0, 1]

rand is a uniformly distribution random number in
[0, 1]

The third is that the brightness is affected by
the objective function. Therefore, it can be defined in
a similar way to the fitness function of the GA.

In this paper, the FA is applied to the
reconfiguration problem of the distribution system.
A required solution is a set of switching status.
However, in a certain system, the number of feeders
is fixed and so does the number of open-switches.
Therefore, a solution set considered here contains
only switch numbers to be open which is encoded as
a location of fireflies. The objective function is a system
power losses calculated using the power flow solution
obtained from the open source Matpower 3.2 [12]. In
the FA, the inverse of the objective value is considered
as brightness which means the lower losses is
the brighter. The solution candidate with the
corresponding brightest at the final iteration is

considered to be global solution.

4. Numerical example

The FA is applied to solve the optimal
reconfiguration problem. Algorithm of the application
is shown in figure 1.

The searching process for the optimal
reconfiguration of the distribution system using FA
starts with system data and parameters readings.
The number of firefly population is the number of the
solution set. Each set contains different open-switch
numbers and refers to a corresponding system
configuration. The open-switch numbers in each set
are firstly generated uniform randomly. These are the
first locations of fireflies.

The brightness of firefly in each location is
determined by inverse of objective function, given in
equation 1. The brightest one is taken as a local
optimum for the first location. This is the best solution
ever found and therefore, taken as the global
optimum. Each firefly is paired randomly and then
moved to the new location due to attractiveness
between each other. After the movement, the
calculation starts the next iteration. The brightness of
fireflies at new location is determined to get the new
local optimum which is to compare with the current
global optimum. The brighter is taken as a new
global optimum. The process is continued until the
maximum iteration is met.

In this paper, the fireflies move with ﬂo =1,
Y = 0.756 and & = 0.25. The values of these
parameters are selected from the calculation
experience. Note that for application to another
problem, the method might work well with the other
values of parameters. Thus, some tests and
parameter variations are needed to be done before
selection. The number of firefly population is 100

and the maximum iteration is 150.



4.1 Distribution system without DG

The IEEE 33-bus distribution system is used
as a test system in this section. The system consists
of 37 branches and 5 tie switches as shown in Figure
2. Thus, a solution set to the system reconfiguration
problem of the IEEE 33-bus system includes
5 different open-switch numbers. The system data

including loads and line impedances can be found

in [3].

/ Read system data /

Set variables as the open-switch numbers and

populate first location of FA

v

Reconfigure the system in

A 4

correspondence of the FA population

v

Determine power flow solution for each

reconfigured system

v

Calculate system power losses

v

Take inverse of the power losses as

brightness

v

Take the solution with the brightest as

local optimum (for current iteration)

v

Take the brightest of all iterations as

global optimum

Iteration maximum?

Calculate distance, attractiveness and

movement to obtain new location of the FA

Optimal reconfiguration in
terms of switching statuses

Figure 1 Flowchart of system reconfiguration using FA
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Figure 2 The IEEE 33-bus distribution system

The optimal solution obtained using the FA
in this paper is compared to the solution in [7] as
shown in Table 1. All cases take the +10% of voltage
constraint. In other words, The minimum and
maximum voltage are 0.9 pu and 1.1 pu respectively.
The simulation is run 10 times and the best solution
found in the 9" run is shown. The calculation takes
9.5 minutes on the intel® core™ i5 CPU M460,
2.53GHz notebook with 4GB RAM.

Table 1 Optimal reconfiguration of 33-bus system

without DG

Open switch Losses (kW)
Basecase 33,34,35,36,37 202.68
GA S57,59,514,528,532 139.97
AS 56,59,514,526,S31 163.38
ACS S57,59,514,528,532 139.97
FA S57,59,514,532,S37 139.55
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In Table 1, the optimal solutions of the
reconfiguration problem for IEEE 33-bus system are
shown. The solutions obtained using the methods
including Genetic Algorithm (GA), Ant Search (AS)
and Ant Colony Search (ACS) are given in [7] and
listed here to be compare with that obtained using the
FA. The configuration of basecase system which the
open switches are S33, S34, S35, S36 and S37 results
in 202.68 kW of system power losses. In comparison
to the basecase, the reconfigured system using AS
results in 19.39% reduction of losses. The GA and
ACS provide identical solutions which result in 30.94%
reduction of losses. Additionally, the FA provides
the slightly better solution with 31.99% reduction
of losses.

The new configuration also improves the

system voltage profile as shown in figure 3.

Voltage profile With out DG

Basccase  —#—GA
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o \\I
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Figure 3 Voltage profile of the IEEE 33-bus distribution
system without DG

4.2 Distribution system with DG

In this section, the DGs are taken into
account. The DG with biomass technology or the
others related to small thermal power plants are
considered as there are high amount of them in the
practical Thai distribution system. They can deliver
both real and reactive powers and are presented in

power flow model as dispatchable loads.

The IEEE 33-bus test system in section 4.1
is augmented by connecting DGs as capacities and
locations of the DGs are given in Table 2. It is
assumed that the DGs operate at a constant power

factor.

Table 2 Buses of connection and capacities of DGs

Bus Capacity (kW) Power factor
3 50 0.8
6 100 0.9

24 200 0.9

29 100 1

The optimal solution obtained using the FA
in this paper is compared to the solutions obtained
using GA, AS and ACS from (7) as shown in Table 3.
The installation of DGs in this case benefits in
reduction of power losses and improve voltage profile.
As it could be seen from Table 1 and Table 3 that the
losses value of the basecase configuration with DGs
is less than that with DG.

The GA provides reconfiguration solution with
31.86% reduction of losses which is best among the
solution found in [7]. The AS and ACS provide
solutions with 16.12% and 25.02% reduction of
losses respectively. The FA also finds best solution
with 31.86% reduction of losses. This solution is found

at the 3™ run of 10 simulations.

Table 3 Optimal reconfiguration of the 33-bus system
with DG

Losses

Open switch (kW)
Basecase S33,534,535,536,S37 169.89
GA S7,59,514,528,532 115.75
AS $6,59,514,526,531 142.49
ACS S7,59,514,528,532 127.38
FA 57,59,514,528,532 115.75




The new configuration improves the system

voltage profile as shown in figure 4.
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Figure 4 Voltage profile of the IEEE 33-bus distribution
system with DGs

5. Conclusion

This paper presents the application of firefly
algorithm to distribution system reconfiguration
considering system power losses. The optimal
solution obtained from the FA is in terms of the open
sectionalized switch numbers. The presence of DG
in the distribution system is considered in this paper.
With DG in the system, the total losses is reduced.
However, the reconfiguration can help in further
reduction of losses. The reconfiguration solution
obtained using the FA is compared to those obtained
using GA, AS and ACS as published in the literature.
Itis found that the FA can also find good solution with

largest reduction of system power losses.
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