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Abstract

This paper presents a modified firefly algorithm for optimal
placement and sizing of voltage controlled distributed gen-
erators in unbalanced distribution networks. The proposed
algorithm modifies the traditional firefly method to be able to
deal with the practically constrained optimization problems by
proposing formulas for tuning the algorithm parameters and
updating equations. The proposed algorithm rigidly deter-
mines the optimal location and size of the distributed genera-
tion units in order to minimize the system power loss without
violating the system practical constraints. The proposed algo-
rithms is implemented in MATLAB and tested on the IEEE 69
bus and the IEEE 123 -nodes feeder, the results that are vali-
dated by comparing them to published results obtained from
other competing methods shows the effectiveness, accuracy
and speed of the proposed method.
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1 Introduction

Artificial intelligence optimization methods occupy a prom-
inent place in solving the optimization problems concerning
the optimal distributed generation (DG) placement and siz-
ing. Several methods are used for solving the aforementioned
optimization problem. In this context, genetic algorithm (GA),
tabu search (TS), particle swarm optimization (PSO), ant col-
ony optimization, artificial bee colony (ABC), harmony search
(HS) and Firefly Algorithm (FA) are from the most efficient
methods used.

Genetic algorithm (GA) is proposed in [1] for evaluating the
optimal size of multiple DGs in order to minimize the system
power loss. GA is applied to solve an optimal multiple DGs siz-
ing and siting problem with reliability constraints in [2]. Paper
[3] proposes a GA based method for optimal sizing and siting of
DGs in radial as well as networked systems for the sake of power
loss minimization. A GA is utilized in [4] to solve the optimi-
zation problem that maximizes the profit of the system by the
optimal placement of DGs. A GA methodology is implemented
to optimally allocate renewable DG units in distribution network
to maximize the worth of the connection to the local distribution
company as well as the customers connected to the system [5]. A
value-based approach, taking into account the benefits and costs
of DGs, is developed and solved by a GA that computes the opti-
mal number, type, location, and size of DGs [6].

Tabu search (TS) is used to solve the optimal sizing and sit-
ing of DG units simultaneously with the optimal placement of
reactive power sources in [7]. A stochastic multiple DGs opti-
mal sizes and locations are determined for cost minimization
by a combined TS and scatter search [8].

A multiobjective with weight method based on particle swarm
optimization (PSO) is applied for determining the optimal size
and location of multiple DGS in distribution system with non
unity power factor considering variable power load models [9].
PSO is used for optimal selection of types, locations and sizes
in order to maximize the DG penetration considering standard
harmonic limits and protection coordination constraints [10]. A
PSO is utilized for cost minimization through the optimal sizing
and placement of multiple DG units [11].
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In [12] an optimization approach that utilizes an artificial
bee colony (ABC) algorithm to determine the optimal DG size,
power factor, and location in order to minimize the total system
real power loss is proposed. A multiobjective ant colony system
(ACS) algorithm is proposed to solve the optimization problem
concerning multiple DGs location and sizes [13]. The optimal
DG location is based on loss sensitivity factors and the optimal
DG size is obtained by HS algorithm [14].

Firefly Algorithm (FA) was first introduced by Xin-She
Yang [15] for solving nonlinear multidimensional optimization
problems. Few publications utilize the firefly method for opti-
mizing the power flow problem [16-19]. In [16] the authors
applied the FA algorithm to solve economic dispatch problem.
The results were compared with continuous genetic algorithm
to show the effectiveness of FA. Authors in [17, 18] use FA to
evaluate the optimal location and size of one or two distributed
generators on a balanced radial feeder for power loss minimi-
zation. In [19] an application of FA on optimal allocation of
DG based on real and reactive power loss and voltage profile
optimization for different load models.

This paper presents a modified firefly algorithm for deter-
mining the optimal location and capacity of voltage controlled
DG connected to unbalanced distribution feeders in order to
minimize the active power loss. The proposed algorithm modi-
fies the traditional firefly method by proposing formulas for the
FA parameters and updating equations in order to be applicable
for the current optimization problem. The proposed algorithm
is implemented in MATLAB and tested on the 69 -bus feeder
for validation of the proposed algorithm via comparing its
results with published results done using artificial bee colony
and genetic algorithm methods. The proposed algorithm is also
tested on the IEEE 123-node feeder for proving its efficiency in
dealing with unbalanced distribution systems.

2 Problem statement
The objective functions are to minimize the active power
loss using (1)
Nf-
Minimize Obj. Fun.=» P, (1)
=

Where [ is feeder number, Nf is total number of feeders, P, y
is the power loss at certain feeder f.

It is required to select the optimal location and capacity of a
DG unit in order to minimize the system power loss under the
following practical constraints:

* Voltage limits: voltage at each bus should be within a

permissible range usually:

095pu. <V < 1.05p.u. )

* DG power limits: active, reactive and complex powers
of the DG unit are constrained between minimum and
maximum values and this range should not be violated.

min max
Pg < Pg SPg (3)
05" < 0y <0™ @)
Sglm < Sg SZSload (5)

In the proposed method DG maximum active power is lim-
ited by:

}?gmax < z Plnudy (6)

The previous relation is bounded by the thermal capac-
ity limit of the feeder lines. The DG power factor is bounded
between two preset values; hence, the reactive power is also
bounded in return.

* Lines thermal limit (line Ampacity): it represents the

maximum current that the line can withstand at certain
DG penetration, exceeding this value leads to melting of
the line.

1

Slow < ] Thermal

()

* Power balance: the sum of input power should be equal
to the sum of output active power in addition to the active
power loss. The input power may include the DG active
power and the active power supplied by the utility. The
active output power is the sum of loads active power.

qub.waion + ZP DG — Z P;nadx + P[us.&-

The modified firefly (FA) based algorithm is applied to opti-
mally determine the DG location and minimum size required to

®)

minimize the active power loss. DG in the proposed algorithm
is modeled as PV node with the flexibility to be converted to
PQ node in case of reactive power limit violation.

3 Modified Firefly Algorithm
In comparison with the other evolutionary algorithms, FA
has many major advantages to be used in solving complex
multidimensional nonlinear optimization problems. Some of
these advantages are simple concepts, easy implementation,
and higher stability mechanism. Despite these features, it often
experiences inappropriate convergence because the fireflies are
trapped in local optima, loss of diversity through the fireflies,
or slow proceeding of the algorithm search. It should be noted
that the performance of the Firefly optimization algorithm is
dependent on the tuning of its different parameters. A small
change in the parameters may result in a large change in the
solution of the algorithm.
The proposed modified FA method grips the demerits of the
traditional FA through the following modifications:
* Proposing formulas for tuning the system parameters to
be suitable for different applications.
* Amendment of the updating equations of the FA method
to be suitable for the current optimization problem and
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for accelerating the convergence as the randomization
term delay the convergence.

* Annexing the stopping criteria helps in decreasing the
number of parameters to be tuned by excluding the maxi-
mum number of iteration from them.

» The fireflies are compared and attracted to the brightest
firefly only unlike the traditional FA that compares all the
fireflies with each other. Thus, the computational effort
and time are much reduced.

» Keeping the brightest firefly of iteration within the vari-
ables of the next iteration in order not to lose a candidate
solution.

3.1 Tuning of the FA parameters

Unlike the traditional algorithm that assume constant val-
ues for tuning the FA parameters. The modified FA algorithm
proposes the following equations for adaptive tuning of the FA

parameters:
By =1 ©)
y] _ l/locmax,it ’yp _ l/Pgmax,it (10)
a]:locmax/it2,ap:[;max/it2 (11)

where loc™* and Pgma"‘” are the maximum values of the DG
locations and DG active power at certain iteration (if) respec-
tively. loc™ and P, are the upper boundaries of the DG
locations and DG active power. y, and y, are the FA absorp-
tion coefficients for the DG location and power. «, and a,
are the FA randomization parameters for the DG location and
power. The main contribution of proposing formulas for the
FA parameters is to allow the FA method to be applicable for
the optimization problems concerning sizing and placement of
DG. Moreover, the square of the iteration step is used in «, and
a, equations in order to quicken the convergence.

3.2 Updating equations of the modified FA

The distance between each firefly (i) that has two dimen-
sions (DG location and DG active power) and the brightest
firefly (the best DG location and power that achieve minimum
power loss) is calculated using (12).

2 es i 2
r = locbext — loci + })gb - l)g
' loc P

max

(12)

The new fireflies (DG locations and DG powers) are updated
using (13) and (14). DG locations and powers are upper and
lower bounded.

loc, =loc, + 3, exp(—y, s ) x(loc,,, —loc,)+a, (rand—%j

(13)

P, =P, +f, exp(—yp ;;Z)X(Fﬁ’“’ —1{;)+ap (rand—%)

(14)

3.3 Modified FA

For guaranteeing of reaching the optimal solution with less
effort and with rapid convergence the modified FA algorithm is
proposed. Figure 1 shows the flow chart of the modified FA and
it is discussed in the following step by step procedure.

1) Read system data and tune the FA method parameters.

2) The initial values of the fireflies (DGs active power, DGs
locations) are generated randomly.

3) Calculate the active power loss corresponding to all ini-
tial fireflies by running the unbalanced load flow.

4) Select the best DG location and power that achieve mini-
mum active power loss (the brightest firefly).

5) Calculate the distance between each firefly (i) and the
brightest firefly using (12)

6) Update the fireflies (DG locations and powers) using (13)
and (14). Keep the best DG location and power as a one
of the new fireflies (system variables), round the DG lo-
cations to the nearest integer.

7) Repeat steps (4-6) until the convergence criteria is met,
the convergence is considered achieved when more than
50% of the fireflies are converged to a certain value.

Read
system

Generate the initial fireflies

v

Run the DG incorporated unbalanced load
flow and calculate the power loss for all
initial DG locations and powers

%y

Find the brightest firefly
(i.e. achieve minimum power loss)

v

Update the DG locations and powers
considering the system constraints
and calculate the power loss for the new
fireflies

Convergen
ce achieved

NO

Display
results

Fig. 1 Flow chart of the modified FA method
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Fig. 2 Layout of 69-bus feeder
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Fig. 3 Layout of the renumbered IEEE 123 nodes test feeder

4 Analysis and results

The proposed algorithm is implemented in MATLAB and
the following studies are done on the IEEE 69 bus [20] and
the IEEE 123 nodes [21] feeders presented in Fig. 2 and Fig. 3
respectively to evaluate the optimal DG location and size.

The IEEE 69 bus feeder is a balanced feeder with constant
active and reactive power loads used to validate the proposed
algorithm. While the IEEE 123 nodes feeder is complex as it
is characterized by Spot loads, single phase and three phases
balanced and unbalanced loads, star and delta connected loads,
constant active and reactive power, constant impedance, and
constant current type loads. The feeder is edited by remov-
ing the connected regulators and capacitors to clearly evaluate
the impact of DG on power loss and voltage profile, closing
the normally closed switches and opening the normally open
switches. In addition, the feeder is renumbered for simplicity.

The DG in the proposed study is modeled as PV node with
the flexibility to be converted to PQ node in case of reactive
power limit violation; the reactive power limits is calculated
by varying the power factor from 0.8 lagging to 0.8 leading.
Moreover, the DG model could be switched to PQ node only
whenever required.

Table 1 Comparison of optimal location and power for 69
bus feeder with [22] and [23]

Proposed

Method ABC [22] GA[23]

Case | Case 2
Optimal Location Bus 61 Bus 61 Bus 61 Bus 61
Optimal active power (KW)  1872.5 1800.2 1955 1955
DG reactive power (KVAr) 0 1304.3 0 0
DG capacity (KVA) 1872.5 22227 1955 1955
Ploss (KW) 83.2246  23.1737 83.31 83.45
Ploss reduction (%) 63.012  89.70 62.97 62.91

4.1 Validation of the proposed modified FA algorithm

The proposed algorithm is applied to the 69 bus feeder in
order to minimize its power loss through optimal selection of
DG power and location. Two cases are done using the proposed
method, the first case is to find the optimal location and power
of DG able to supply active power only and the second is for
DG able to supply reactive power within the permissible range.
The optimal DG active power and location are compared with
results published in [22] that use artificial bee colony algorithm
(ABC) and with results published in [23] that use genetic algo-
rithm (GA). The two methods are used to determine optimal
location and size of DG that supplies active power only. The
comparison results are presented in Table 1, results of case (1)
is closely matched to the results of [22, 23] as their studies
are done on DG that supply active power only. While case (2)
shows that the proposed algorithm is more efficient in finding
the DG optimal location and power as the power loss is much
reduced, this can be explicated that the proposed algorithm not
only evaluate the optimal DG active power but also evaluate
the optimal DG reactive power within the permissible range
that is able to keep the bus voltage at the specified voltage
which is 1 p.u.

4.2 Optimal placement and sizing of DG in IEEE 123-
nodes feeder for power loss minimization

The optimization problem is constrained as mentioned
before in Section 2. All constraints are taken into account in the
proposed method; the maximum active power of each DG is
calculated in order not to exceed the feeder thermal limit.

The proposed modified FA method is applied on the IEEE
123 nodes feeder, two cases are done using the proposed
method, the first case is to find the optimal location and power
of DG able to supply active power only and the second is for
DG able to supply reactive power within the permissible range.
The optimal DG locations and powers for minimizing the
power loss for the two test cases are presented in Table 2.
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Table 2 optimal location and power for 123 bus feeder

Modified FA
Method
Case 1 Case 2
Optimal Location Bus 68 Bus 68
Optimal active power (kW) 2098 2103.3
DG reactive power (kVAr) 0 1159.4
DG capacity (kVA) 2098 2401.68
Ploss (kW) 11.9364 6.755
Ploss reduction 67.4204%  81.563%
40 T T
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Fig. 4 Convergence characteristics of the IEEE 123 nodes feeder power loss

To evaluate the speed of convergence of the proposed
method, the power loss versus iterations is plotted in Fig. 4.
However, the active power loss converged to its optimal values
after 8 iterations only, meeting the stopping criteria previously
mentioned in Section 3 need 26 iterations which shows the high
speed of convergence of the proposed method.

A Comparison is done between the traditional FA method
and the modified FA method to emerge the advantages of the
subsequent method. Ten trials were done using the two methods
at different number of fireflies (DG powers, DG locations) with
different initial values and random tuning of the traditional FA
parameters. Any method is considered failed if it converges to
values other than the optimal values. Figure 5 shows the suc-
cess percentage comparison between traditional and modified
FA at different number of fireflies. The comparison shows the
robustness of the proposed method at small number of fireflies.

5 Conclusion

A modified FA method is presented in this paper. The pro-
posed method modifies the traditional FA method via proposing
formulas for the FA parameters and updating equations. The
modified FA method determines accurately the optimal loca-
tion, capacity of voltage controlled DG in order to minimize
the system power loss. The method is applied on balanced and
unbalanced distribution feeders and validated via comparing its
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Fig. 5 Comparison between traditional and modified FA methods

results with published results done using ABC and GA meth-
ods. In addition, the proposed method is compared with the
traditional FA method to confirm its efficiency and robustness.
The proposed FA method shows a high speed of convergence,
less computational effort and a high effectiveness as compared
to traditional FA method.
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