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Abstract: The unbalanced load distribution in the electrical distribution network caused
crucial power losses. This condition occurs in one of the electrical distribution networks,
20 kV Tarahan Substation, Province of Bandar Lampung, Indonesia. This condition can
be maintained using optimal reconfiguration with the integration of Distributed
Generation (DG) based on Renewable Energy (RE). This study demonstrates the optimal
reconfiguration of the 20 kV Tarahan Substation with the integration of the Photovoltaic
(PV) and Battery Energy Storage System (BESS). The reconfiguration process is
optimized by using the Firefly Algorithm (FA). This process is conducted in the 24-hour
simulation with various load profiles. The optimal reconfiguration is investigated in two
scenarios based on without and with DG integration. The optimal configuration with
more balanced load distribution conducted by FA reduces the power losses by up to
31.39% and 32.38% in without and with DG integration, respectively. Besides that, the
DG integration improves the lowest voltage bus in the electrical distribution network
from 0.95 p.u to 0.97 p.u.

Keywords: Electrical Distribution Network, Firefly Algorithm, Optimal Reconfigura-

tion, Renewable Energy.

1 Introduction

LECTRICAL distribution network is the most

important part of electrical power downstream for
consumers [1]. During the distribution process, electrical
power losses can occur. These power losses become
higher and more crucial due to the unbalanced load
distribution in the electrical distribution network. This
condition occurs in one of the important substations in
Tarahan Substation, Province of Bandar Lampung,
Indonesia. This substation consists of a 20 kV electrical
distribution network with a radial configuration
consisting of 2 generation resources and 6 feeders to
supply 203 load buses with 208 tie-switches [2]. Along

Iranian Journal of Electrical & Electronic Engineering, 2024.

Paper first received 16 May 2024 and accepted 23 July 2024.

* The authors are with the Department of Electrical Engineering,
Institut Teknologi Sepuluh Nopember, Surabaya 60111, Indonesia.
E-mail: imam.robandi@its.ac.id.

Corresponding Author: Imam Robandi.

with the electrical consumer growth, the load
distribution in this network becomes unbalanced. As
mentioned before, this condition can lead to huge power
losses and voltage profile reduction [3]. This problem
needs to be investigated quickly before the situation
becomes worse.

One of the viable options for fixing the unbalanced
load distribution is doing an optimal reconfiguration in
the electrical  distribution  network [4]. The
reconfiguration of the electrical distribution network is
the rearrangement of the distribution topology by
changing the open or closed status of the tie switches on
the feeders [5]. The optimal reconfiguration approach is
divided into static and dynamic reconfigurations. A
static reconfiguration focuses on a specific load and
generation power at a time. Dynamic reconfiguration has
a wider consideration, such as load and generation
power profiles changing in specific time intervals [6].
Moreover, the integration of Distributed Generation
(DG) based on Renewable Energy (RE) is also required
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in this reconfiguration case due to improving the voltage
profile. The site in Tarahan Substation has a huge solar
energy potential. The Solar Global Horizontal Irradiation
(Solar GHI) in this location has reached 1,713.8
kwWh/m?/year with a total solar power output potential of
1,391 GWhl/year [7]. Thus, the Photovoltaic (PV) system
is considered as a viable option. Battery Energy Storage
System is also needed to maintain the continuity of
power supply [8], [9]. This complexity needs the proper
dynamic reconfiguration to be implemented. The
dynamic reconfiguration of the electrical distribution
network can be done manually using the Civanlar
method [10]. However, the complexity of the modern
electricity system makes this method not viable
anymore. Thus, the researchers develop various
Acrtificial Intelligence (Al)-based methods to help the
reconfiguration process for electrical distribution
networks.

One of the popular Al-based methods is metaheuristic
algorithm-based which has many advantages, such as
eliminating complex calculations and reducing long
mathematical calculation time with tiny error results in
large-scale power system cases. Various metaheuristic
algorithms are presented to perform the reconfiguration
of electrical test systems [11]. In [12], the Coyote
Algorithm is implemented to find the optimal network
reconfiguration with DG placement in a test system
consisting of 69-node and 119-node. In another example,
the dynamic reconfiguration of IEEE-33 bus and IEEE-
118 bus electrical systems has been done using the Slime
Mold Algorithm [13]. Other algorithms, such as Sparrow
Search  Algorithm  [14], Artificial Ecosystem
Optimization [15], and Artificial Hummingbird
Algorithm [16], are also reported in optimal
reconfiguration. However, most of the paper has only
been validated in electrical standard test systems [17]—
[19]. The papers that investigated real cases are still
limited. In [20], the dynamic reconfiguration of the
Lagoa Electrical System with DG based on RE is
reported in Sao Miguel Island, Azores. In [21], the
optimal reconfiguration is performed in the 20 kV
electrical distribution system in Bali, Indonesia. The
most popular algorithm for electrical distribution
network reconfiguration is the Firefly Algorithm (FA)
[22]-[24]. Due to the FA investigation for real case
systems is still limited, further implementation of FA in
real electrical distribution networks is needed.

From the literature, it has been necessary to investigate
the metaheuristic algorithms to solve real electrical
distribution network reconfiguration cases in more
complex consideration. With this motivation, the
contribution of this paper is stated in the following:

1) This  paper  demonstrates  the  optimal

reconfiguration for the integrated electrical

distribution network with DG based on RE. The
investigated system is based on a real electricity
system, 20 kV Tarahan Substation that is integrated
with PV and BESS. The proposed method aims to
improve the load distribution in the electrical
distribution network and the lowest voltage bus
performance.

2) This paper presents the implementation of dynamic
reconfiguration by using FA. This process is
conducted in the 24-hour simulation with various
load profiles.

The organization of this paper is presented as follows:
In Section 11, the models for Tarahan Substation and DG
based on RE are described. In Section Ill, the problem
formulation and the optimal reconfiguration by using FA
are presented with detailed flowcharts and steps. In
Section 1V, the results have been discussed in the
comparison with two scenarios based on without and
with DG integration. In the rest, Section V highlights the
main findings in this paper.

2 Model for Investigated Power System

In this section, the detailed model for the electrical
distribution network is given. Moreover, the PV and
BESS are modeled as DG [8], [9]. Besides that, various
load profiles have also been forecasted.

2.1 Model for Tarahan Substation

The Tarahan Substation is located in Province of
Bandar Lampung, Indonesia. This substation has a radial
topology of 20 kV distribution network. The existing
model for the Tarahan Substation is shown in Fig. 1.
This system has 6 feeders, named Gelombang, Laut,
Samudera, Buih, Surut, and Pasang. This system has 2
power sources, named Tarahan#l and Tarahan#2. The
Gelombang Feeder has 3 load buses, The Laut Feeder
has 77 load buses, The Samudera Feeder has 2 load
buses, The Buih Feeder has 48 load buses, The Surut
Feeder has 28 load buses and The Pasang Feeder has 43
load buses. In the current condition, the tie-switches
S202, S203 S204, S205, S206, S207 and S208 are
opened. The DG consists of PV and BESS is placed at
Bus 203.

2.2 Model for DG

The PV and BESS are modeled with a simple model
for DG. Thus, the DG is modeled based on the
mathematical equation of each component represented
by the power generation behavior. The PV generates
power electricity dependent on the Solar GHI. PV output
can be calculated by Eq. (1) [25].

G
Poy =M (Pm X % + (1 + k(T - Tr))> @)
STC
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Fig. 1 Single line diagram of Tarahan Substation.

This study assumed to use the 1 MWp PV that
connected to the Tarahan Substation. The PV generation
profile was used the secondary data from the Department
of Electrical Engineering of Institut Teknologi Sepuluh

Nopember (ITS), Surabaya, Indonesia. It is used to
forecast the PV power output in Tarahan by comparing
the Solar GHI as shown in Fig. 2.
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Fig. 2 Forecasted PV power output in Tarahan.
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Fig. 3 Forecasted SOC for BESS profile.

Table 1 Battery specification.

Parameter Value

Capacity 4 MWh
Minimum SOC 50 %
Maximum SOC 100 %

0.1538 MW/hour
0.1818 MW/hour

Charging Energy
Discharging Energy

PV system requires BESS to ensure the continuity of
the power supply. The mathematical model for BESS is
dependent on the State of Charge (SOC) equation as
shown in Eq. (2) [26]

t+i

S0Cey; = SOC; + . (Pbattery + Pbattery -) )

The DG was placed on Bus 203 with the lowest
average voltage value. The DG is expected to increase
the voltage. In this study, the PV is modeled with a
negative load due to represented as a generator
supplying the electrical power to the system [27]. The
BESS is modeled into two types of loads, a positive and
negative load. A positive load represents the charging
condition due to it is like an electrical load that
consumes electrical power, while the negative load
represents the discharging condition due to it is like a
generator supplying the electrical power to the system.
The forecast of the SOC of the BESS is given in Fig. 3.
The battery is run in charging conditions from the 5th
hour until the 17" hour and in discharging conditions
from the 18" hour until the 4" hour. The BESS
specification is detailed in Table 1.
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Fig. 4 Load profile references: a) Residential; b) Commercial;
and c) Industrial.

2.3 Model for DG

The optimal reconfiguration is conducted by using a
dynamic reconfiguration approach within a 24-hour load
simulation. The load data obtained from the previous
study that modeled per bus according to each bus
characteristics dependent on three load profiles, there are
residential, commercial, and industrial as shown in Fig.
4 [2]. The load profile in Tarahan is forecasted using Eq.
(3) and illustrated as shown in Fig. 5 [28].

load curve i
Pyoadreari = P X Ppeak real (3)
peak curve

3 Methodology

In this section, the detailed processes for optimal
reconfiguration of the 20 kV Tarahan Substation with
DG integration are explained. A problem formulation
and FA implementation for optimizing the
reconfiguration is also presented with a flowchart and
brief description.
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Fig. 5 Forecasted 24-hour load profiles in Tarahan Substation:
a) Active loads; and b) Reactive loads.

Table 2 Optimization parameters for FA.

Parameter Value
n 50
iterm 200
dim 7
a 1
Bo 1
y 1

3.1 Problem Formulation

The optimal reconfiguration aims to minimize the
electrical power losses in the system. the objective
function (F) based on the electrical power losses
function (Piess) is given in Eq. (4) and Eq. (5) [29].

F = min Py (@)
K

Pross = ZIIK |2XRK 5)
K=1

This study considers the power balance, the radiality of
the system, and the voltage of each bus as optimization
problem constraints. The power balance of the system is
dependent on the principle of the equilibrium point that
the supply of power must be equal to its demand as
shown in Eq. (6) [25].

Z_Pgen + ZkPDG + Pbate‘rry = Pioaa + Pross (6)
i

The electrical distribution network configuration

should be kept in radial topology after the optimal
reconfiguration. The closed tie-switches are represented
with 0 and opened tie-switches are represented with 1
according to Eq. (7).

K

Z Se=1 @)
K=1

The voltage of each bus must satisfy the voltage
standard. Each bus should have a voltage value as given
in Eq. (8) [30].

0.9 < Vbus; < 1.05 (8)

3.2 Optimal Reconfiguration Using FA

The FA is one of the popular nature-inspired
metaheuristic algorithms. This algorithm is widely used
to make decisions inspired by flashing patterns and the
behavior of fireflies in nature. This algorithm has used
the concept that the attractiveness of a firefly is
proportional to a firefly’s brightness but decreases as
distance increases. Thus, the less bright firefly will move
toward the bright firefly [31]. The FA has three general
rules in the following [32]:

1) All fireflies are unisex, so each firefly is attracted

to other fireflies regardless of their gender.

2) The attractiveness is proportional to the brightness.
The less bright fireflies will move to fireflies with
brighter brightness and reduced brightness as the
distance increases. If there is no brightest firefly
around, the firefly will move randomly.

3) The brightness of the firefly is determined by the
place of the objective function of the firefly.

The optimal reconfiguration processes are described in
Fig. 6. The first step is a review of the integrated
electrical distribution network with RE and current
trends in dynamic reconfiguration with metaheuristic
algorithms. The next step is data preparation. The 24-
hour load data is loaded as given in Fig. 5. Besides that,
DG parameters are set. After that, the parameters for FA
are also defined as given in Table 2.

The next step is determining the initial conditions with
tie-switches that opened are S202, S203, S204, S205,
S206, S207, and S208. Then, this algorithm generates 50
random fireflies with each population having seven tie-
switches opened according to Eq. (9).
Si1 e Sy
X =

9)

51,50 Sdim,n
The light intensity of the fireflies represents the
electrical power losses as given in Eq. (10) and Eq. (11)
[33]. This study aims to minimize electrical power
losses, thus the best fitness value represented by Lightpest
indicates the optimal solution that gives minimum

electrical power losses.

[Light,, = Ploss,] (10)
Lighty.s; = min(Ploss) (11)
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Fig. 6 Flowchart of reconfiguration using FA.

With n is several populations of fireflies. The Lightpest
represents the firefly with the lowest fitness value.

The power loss calculation using the MATPOWER
program that is already installed in MATLAB. By
running the "runpf” code, the MATPOWER will analyze
the power flow using the Newton-Raphson method
corresponding to Eq. (4) and Eq. (5).

The distances between two fireflies are given in Eq.
(12) [32]. The movement of fireflies in a population can
be expressed in Eq. (13) [33]. If the light intensity value
of the firefly is brighter than the others, the firefly moves
randomly according to Eq. (14) [30]. The parameters are
defined in Eqg. (15) [33]. The movement bounds of the
fireflies are given in Table 3. The bounds contain
possible tie-switches that are opened or closed in each
firefly.

1y = ||l = x| (12)
- TZ
Xik = Xix + Boe™” (xj,k - xi_k) + a(rand (13)
~0.5)
X = X + a(rand — 0.5) (14)
B(r) = Boe™" (15)

Table 3 Tie-switches bounds

Bounds Tie-Switches

1 S1,S2, 83, S71, S72, S74, S77, S202

S4, S5, S6, S8, S9, S10, S11, S12, S13, S14, S15,
S33, S34, S37, S38, S39, S44, S45, S46, S47, S50,
S51, S58, S59, S60, S61, S62, S63, S64, S67, S68,
S69, S70, S203

3 S16, S17, S18, S19, S21, S154, S155, S156, S204
S22, S24, S25, S26, S27, S28, S29, S159, S160,

4 sa05
S81, S131, S132, S133, S134, S136, S137, S139
5 5206

S103, S105, S106, S107, S109, S110, S111, S112,
6 S140, S141, S142, S143, S144, S145, S146, S147,
S148, S149, S150, S151, S152, S153, S207
S113, S114, S115, S161, S162, S163, S166, S167,
S172, S173, S174, S175, S176, S179, S182, S184,
S185, S186, S187, S188, S189, S190, S192, S193,
S208

In this study, the light intensity represents the value of
the electrical power losses. The firefly with the minimum
power loss value means the lowest light intensity. The
next step is to determine and save the best firefly. The
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fireflies move to the best firefly and the best firefly moves
randomly. The movement of the firefly is ruled by the
seven bounds in Table 3. Each bound will be selected with
one tie-switch to be opened. After that, the radiality of the
distribution network is evaluated by Eq. (7). Then, the
light intensity and attractiveness are updated. This process
is terminated until the maximum number of iterations.

4 Simulation Result and Discussion

This study aims to find the optimal reconfiguration of
the 20 kV Tarahan Substation with PV and BESS. The
optimal reconfiguration is achieved with the minimum
power losses by using FA. The simulation is conducted
on two scenarios. In the first scenario, the system is
reconfigured without DG integration. In the second
scenario, the reconfiguration is performed with DG
integration.

4.1 Scenario I: Reconfiguration without DG

The comparison between before and after
reconfiguration without DG integration is presented in
Table 4. Before reconfiguration, the opened tie-switches
are 5202, 5203, S204, S205, S206, S207, and S208. The
electrical power losses of this configuration are 3,843.80
kw and 6,821.12 kVAR. After reconfiguration, the
opened tie-switches are S18, S67, S77, S139, S188,
S205, and S207. The electrical power losses of the
reconfigured network are 2605.97 kW and 4619.45
kVAR. The comparison profiles before and after the
reconfiguration process are shown in Table 4 and Fig. 7.
The power losses are significantly decreased due to the
balancing in the number of load busses in feeders as
shown in Table 5.

In this scenario, the optimal reconfiguration reduces
32.20% and 32.28% of the active power losses and
reactive power losses, respectively. Besides the reduced
power losses, the lowest voltage on the distribution
network is also increased after reconfiguration. From the
average of 24-hour voltage per bus, the lowest bus
voltage value before reconfiguration is 0.95 p.u on Bus
203. After reconfiguration, the lowest voltage is
increased to 0.97 p.u on Bus 189.

4.2 Scenario I1: Reconfiguration with DG

The single line diagram for the electrical distribution
network in Tarahan with DG is shown in Fig. 8. The
detailed comparison between before and after
reconfiguration with DG is given in Table 6 and Fig. 9.
Before reconfiguration, the opened tie-switches are
S202, S203, S204, S205, S206, S207, and S208. The
electrical power losses of this configuration are 3,664.56
kW and 6,502.27 kVAR. The opened tie-switches are
shown by the red dotted line. After dynamic
reconfiguration, the opened tie-switches are S18, S67,
S77, S139, S187, S205 and S207.

Table 4 Comparison before and after reconfiguration without
DG integration

Parameter Before After

S202 S203 S204 S18 S67 S77

Opened Tie-switch S205 S206 S207  S139 S188 S205

S208 S27

Active Power Losses 3,843.80 kW 2.605.97 kW

for 24-Hour

Active _Power Losses 32.20%

Reduction

Reactive Power

Losses for 24-Hour 6,821.12kVAR  4,619.45kVAR
Reactive Power .

Losses Reduction 32.28%

Minimum Voltage for 0.95 p.u 0.7 pu

24-Hour

Table 5 Comparison of the number of load busses in before
and after reconfiguration without DG integration

Number of Load Bus

Feeder

Before After Condition
Gelombang 3 7 Increase
Laut 77 58 Reduce
Samudera 2 37 Increase
Buih 48 62 Increase
Surut 28 8 Decrease
Pasang 43 29 Decrease
2000.00 1839.01
1538.99
%\' 1500.00
%
5 1000.00
‘g 728.16
[-H J95.65 % qo2.56
£ 500,00 360.83 7 - % 7
b 1251% ’% 1%6 166.2 153.94 g
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(b)
Fig. 7 Comparison of power losses without DG: a) Active
power losses; and b) Reactive power losses.

Iranian Journal of Electrical & Electronic Engineering, Vol. 20, No. 03, September 2024 7



GI Tarahan#1

Samudera Buih

92 %91 |*%2(gq =% gg |%*2. gg

99 ¥ g8

101
s100
102
4101
103 106,

5101 8104

5113
115
5114
116)
115
117
$118
118
f117
119
5118
120
5119
122) %2 151
S131
123
$121
124
$123
125
$124
126)
5125
127)

5126
129) 347 (128
128
130
$126
131
$130
132

5204

0

10451021 o5 198 1 17| 8108 g 8197 [ gy

GI Tarahan#2

©

 Surut

110

2108

5109
[111

/ 5205

Pasang

5187

190/382 1015190 92
5194 5192

196 194
5195 5193

197 195

200/%1*% 199

Note:
O Load bus in Gelombang Feeder () Load bus in Surut Feeder

O Load bus in Laut Feeder O Load bus in Pasang Feeder
Load bus in Samudera Feeder O Power Source

Load bus in Buih Feeder —— Opened Tie Switch

Fig. 8 Single line diagram of Tarahan Substation after the optimal reconfiguration processes.
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Table 6. Comparison before and after reconfiguration with DG
integration

Table 8 Comparison of Scenario | and 1l

Parameter Before After
S202 S203 S18 S67

. . S204 S205 S77 5139

Opened Tie-switch S206 S207 $187 S205
S208 S27

Active Power Losses 3,664.56 kW 2.514.12 kW
for 24-Hour
Active _Power Losses 31.39 %
Reduction
Reactive Power Losses ¢ 55 27 kAR 4,456.06 KVAR
for 24-Hour
Reactlv_e Power Losses 31.47 %
Reduction
Minimum Voltage for 0.95 p.u 0.97 p.u

24-Hour

Table 7 Comparison of the number of load busses in before
and after reconfiguration with DG integration

Number of Load Bus

Scenario | Scenario Il

Parameter (Without DG) (With DG)
Before After Before After
$202 S18 S202 S18
$203 S67 S203 S67

Tie-switch 5204 S77 S204 S77

Opened S205 S139 S205 S139
S206 S188 S206 S187
S207 S205 S207 S205
S208 S27 S208 S27

Active

Power 3,843.80 2,605.97 3,66456 2,514.12

Losses for kW kW kW kW

24-Hour

Reactive

Power 6,821.12 4,619.45 6,502.27  4,456.06

Losses for kVAR kVAR kVAR kVAR
24-Hour
Minimum
Voltage
for 24-
Hour

0.95 p.u 0.97 p.u 0.95 p.u 0.97 p.u

Feeder iti
Before After Condition
Gelombang 3 7 Increase
Laut 77 58 Reduce
Samudera 2 37 Increase
Buih 48 63 Increase
Surut 28 8 Reduce
Pasang 43 28 Reduce
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Fig. 9 Comparison of power losses with DG: a) Active power
losses; and b) Reactive power losses.

The power losses of this configuration are 2,514.12
kW dan 4,456.06 kVAR. The reconfiguration process
reduces 31.39% and 31.47% of the active and reactive
power losses, respectively. The power losses are
decreased due to balancing the number of load busses in
Table 7. The lowest voltage is also increased after
reconfiguration. From the 24-hour average voltage per
bus, the lowest bus voltage value before reconfiguration
is 0.95 p.u on Bus 195. After reconfiguration, the lowest
voltage is 0.97 p.u on Bus 200.

4.3 Comparison of Scenario | and 11

The detailed comparison between Scenario | and Il is
described in Table 8. Before reconfiguration, the system
without DG and the system with DG have the same tie-
switch configuration. However, the electrical power
losses of the system with DG are lower than the system
without DG. The system with DG also has a higher
minimum voltage than the system without DG. After
dynamic reconfiguration, the power losses are decreased
both in the system without DG and in the systems with
DG. The power losses of the system with DG are lower
than the system without DG. The system with DG has a
higher minimum voltage than the system without DG.
The reconfiguration with FA has reduced the power
losses up to 31.39% without DG and 32.28% with DG.

5 Conclusion

The demonstration of the optimal reconfiguration of
the integrated electrical distribution network with RE is
successfully conducted. The investigated system is
modeled based on a real system, the 20 kV Tarahan
Substation with the integration of the PV and BESS. The
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reconfiguration process is conducted by using a dynamic
reconfiguration approach that is implemented based on
FA optimization. This reconfiguration process is
simulated in MATLAB with three load profiles, there
are residential, commercial, and industrial as load
references. The optimal reconfiguration is achieved with
the minimum power losses by using FA.

The investigation is conducted in two scenarios. In the
first scenario, the optimal reconfiguration is performed
without DG integration. While in the second scenario,
the optimal reconfiguration is performed with DG
integration. The results show that the optimal
reconfiguration by using FA succeeded in reducing
power losses by up to 31.39% and 32.28% in without
and with DG integration, respectively. Moreover, DG
integration has also succeeded in improving the lowest
voltage bus from 0.95 p.u to 0.97 p.u.

With the success, the future work should be
considered. The optimal configuration with this
approach needs to be investigated with newer
metaheuristic algorithms. Besides that, the addition of
DG should be dispatched in detailed model. The detailed
models open the opportunity to conduct the deeper
investigations regarding the rewenable energy sensitivy
cases, such as the impact of renewable penetration level
in the optimal reconfiguration cases.
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Appendix
Symbol Explanation

Ppy The active power output of the PV module

Psrc Maximum active power of PV module on STC

Ging Solar irradiation

Gsre Solar irradiation on STC

M The number of PV modules

k Temperature coefficient

T, PV module temperature

T, Temperature reference

SOCyy; Battery SOC in t+1 iteration

S0C, Battery SOC in t iteration

Pyattery + Charging battery power

Pyattery- Discharging battery power

Pyen Generator active power output

Pp¢ DG active power output

Pioad Load power

Pjoss Active power losses

Ppattery Power supply from the battery

Pioadreari  Active power load in i-th hour on the real
condition

Pioad curvei  Active power load in i-th hour on the load curve
profile

Ppeak reat Active power in peak load on the real condition

Ppeak curve  Active power in peak load on the load curve
profile

Sk Tie-switch conditions on the k-th line

Saimn Tie-switch on the dim-th loop dimension and
the n-th population

Iy Current on k-th feeder

Ry Resistance on k-th feeder

K The number of feeders

B Attractiveness when already affected by the
distance between two fireflies

Bo Initial attractiveness when value r is zero

y Coefficient of light absorption

r Distance between two fireflies

Tij Distance between the i-th firefly to the j-th
firefly

X; Position of the i-th population

X; Position of the j-th population

Xik Position of the k-th firefly in the i-th population

Xj k Position of the k-th firefly in the j-th population

a Randomization parameter

rand Random number [0,1]

n Population of firefly

iterm Maximum iteration limit for FA

dim Firefly movement in dimension

References

[1] S. Mishra, D. Das, and S. Paul, “A

comprehensive review on power distribution
network reconfiguration,” Energy Syst., vol. 8,
no. 2, pp. 227-284, 2017, doi: 10.1007/s12667-
016-0195-7.

[2] M. F. Riza, “Distribution ~ Network
Reconfiguration of Feeder At Tarahan Substation
Using Binary Particle Swarm Optimization
(BPSO) Method To Reduce Distribution Network

10 Iranian Journal of Electrical & Electronic Engineering, Vol. 20, No. 03, September 2024



(3]

(4]

(5]

[6]

[7]
(8]

[0l

[10]

[11]

[12]

[13]

Loss,” Surabaya, 2021.

B. Sultana, M. W. Mustafa, U. Sultana, and A. R.
Bhatti, “Review on reliability improvement and
power loss reduction in distribution system via
network reconfiguration,” Renew. Sustain.
Energy Rev., vol. 66, pp. 297-310, 2016, doi:
10.1016/j.rser.2016.08.011.

A. Mishra, M. Tripathy, and P. Ray, “A survey
on different techniques for distribution network
reconfiguration,” J. Eng. Res., no. September,
2024, doi: 10.1016/j.jer.2023.09.001.

T. T. Nguyen and A. V. Truong, “Distribution
network reconfiguration for power loss
minimization and voltage profile improvement
using cuckoo search algorithm,” Int. J. Electr.
Power Energy Syst., vol. 68, pp. 233-242, 2015,
doi: 10.1016/j.ijepes.2014.12.075.

S. Hamid-Oudjana, M. Mosbah, R. Zine, and S.

Arif, Optimum Dynamic Network
Reconfiguration in Smart Grid Considering
Photovoltaic ~ Source, wvol. 102. Springer

International Publishing, 2020. doi: 10.1007/978-
3-030-37207-1_59.

Global Solar Atlas, “Tarahan,” 2022.

Subiyanto, M. A. Prakasa, P. Wicaksono, and M.
A. Hapsari, “Intelligence technique based design
and assessment of photovoltaic-battery-diesel for
distributed generation system in campus area,”
Int. Rev. Model. Simulations, vol. 13, no. 1, 2020,
doi: 10.15866/iremos.v13i1.18147.

M. Almas Prakasa and S. Subiyanto, “Optimal
cost and feasible design for grid-connected
microgrid on campus area using the robust-
intelligence method,” Clean Energy, vol. 6, no. 1,
2022, doi: 10.1093/ce/zkab046.

S. Civanlar, J. J. Grainger, H. Yin, and S. S. H.
Lee, “Distribution Feeder Reconfiguration for
Loss Reduction,” IEEE Trans. Power Deliv., vol.
3, no. 3, pp. 1217-1223, 1988, doi:
10.1109/61.193906.

A. Chakraborty and S. Ray, “Optimal allocation

of distribution generation sources with
sustainable energy management in radial
distribution  networks using  metaheuristic

algorithm,” Comput. Electr. Eng., vol. 116, no.
December 2023, p. 109142, 2024, doi:
10.1016/j.compeleceng.2024.109142.

T. T. Nguyen, T. T. Nguyen, N. A. Nguyen, and
T. L. Duong, “A novel method based on coyote
algorithm for simultaneous network
reconfiguration and distribution  generation
placement,” Ain Shams Eng. J., vol. 12, no. 1, pp.
665-676, 2021, doi: 10.1016/j.asej.2020.06.005.
J. S. Pan, H. J. Wang, T. T. Nguyen, F. M. Zou,
and S. C. Chu, “Dynamic reconfiguration of
distribution network based on dynamic optimal

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

period division and multi-group flight slime
mould algorithm,” Electr. Power Syst. Res., vol.
208, no. August 2021, p. 107925, 2022, doi:
10.1016/j.epsr.2022.107925.

L. L. Li, J. L. Xiong, M. L. Tseng, Z. Yan, and
M. K. Lim, “Using multi-objective sparrow
search algorithm to establish active distribution
network dynamic reconfiguration integrated
optimization,” Expert Syst. Appl., vol. 193, no.
January, p. 116445, 2022, doi:
10.1016/j.eswa.2021.116445.

F. J. Ruiz-Rodriguez, S. Kamel, M. H. Hassan,
and J. A. Dueias, “Optimal reconfiguration of
distribution  systems considering reliability:
Introducing long-term memory component AEO
algorithm,” Expert Syst. Appl., vol. 249, no.
November 2023, 2024, doi:
10.1016/j.eswa.2024.123467.

L. Kondisetti and S. Katragadda, “A multi-
objective artificial hummingbird algorithm for
dynamic optimal volt-var controls for high
electric vehicle load penetration in a photovoltaic
distribution network,” e-Prime - Adv. Electr. Eng.
Electron. Energy, vol. 7, no. December 2023, p.
100474, 2024, doi: 10.1016/j.prime.2024.100474.

A. RezaeelJordehi, “DG allocation and
reconfiguration in distribution systems by
metaheuristic ~ optimisation  algorithms: A

comparative analysis,” Proc. - 2018 IEEE PES
Innov. Smart Grid Technol. Conf. Eur. ISGT-
Europe 2018, pp. 1-6, 2018, doi:
10.1109/ISGTEurope.2018.8571802.

A. L. Rojas, S. Koziel, M. F. Abdel-Fattah, and
G. Gutierrez-Alcaraz, “Distribution Network
Reconfiguration for Voltage Stability
Enhancement via Feasibility-Preserving
Evolutionary Optimization,” 2018 IEEE Electr.
Power Energy Conf. EPEC 2018, 2018, doi:
10.1109/EPEC.2018.8598332.

Y. Ma, X. Tong, X. Zhou, and Z. Gao, “The
review on distribution network reconfiguration,”
Proc. 29th Chinese Control Decis. Conf. CCDC
2017, pp. 22922297, 2017, doi:
10.1109/CCDC.2017.7978897.

J. Pogeira, S. F. Santos, D. Z. Fitiwi, M. R. M.

Cruz, and J. P. S. Catalao, “Implementing
Dynamic  Network  Reconfiguration  with
Renewables and Considering Future Grid

Technologies: A Real Case Study,” Proc. - 2018
IEEE Int. Conf. Environ. Electr. Eng. 2018 IEEE
Ind. Commer. Power Syst. Eur. EEEIC/I CPS
Eur. 2018, 2018, doi:
10.1109/EEEIC.2018.8493841.

A. A. Firdaus, A. Soeprijanto, A. Priyadi, D. F.
U. Putra, N. K. Aryani, and N. Z. Dina,
“Distribution Network Reconfiguration with

Iranian Journal of Electrical & Electronic Engineering, Vol. 20, No. 03, September 2024 11



[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

12

Binary Particle Swarm Optimization to Reduce
Power Loss in Kuta,” 2022 Int. Semin. Intell.
Technol. Its Appl. Adv. Innov. Electr. Syst.
Humanit. ISITIA 2022 - Proceeding, pp. 332—
337, 2022, doi:
10.1109/1SITIA56226.2022.9855345.

C. Gerez, L. I. Silva, E. A. Belati, A. J. Sguarezi
Filho, and E. C. M. Costa, “Distribution Network
Reconfiguration ~ Using  Selective  Firefly
Algorithm and a Load Flow Analysis Criterion
for Reducing the Search Space,” IEEE Access,
vol. 7, ©pp. 67874-67888, 2019, doi:
10.1109/ACCESS.2019.2918480.

Y. LakshmiReddy, T. Sathiyanarayanan, and M.
Sydulu, Application of firefly algorithm for radial
distribution  network reconfiguration using
different loads, vol. 3, no. PART 1. IFAC, 2014.
doi: 10.3182/20140313-3-1N-3024.00052.

O. Badran, H. Mokhlis, S. Mekhilef, and W.
Dahalan, “Multi-Objective Network
Reconfiguration with Optimal DG Output Using
Meta-Heuristic Search Algorithms,” Arab. J. Sci.
Eng., vol. 43, no. 6, pp. 2673-2686, 2018, doi:
10.1007/s13369-017-2714-9.

R. S. Wibowo, K. R. Firmansyah, N. K. Aryani,
and A. Soeprijanto, “Dynamic economic dispatch
of hybrid microgrid with energy storage using
quadratic programming,” IEEE Reg. 10 Annu. Int.
Conf. Proceedings/TENCON, pp. 667670, 2017,
doi: 10.1109/TENCON.2016.7848086.

N. K. Aryani, “Optimum Scheduling And Sizing
Of Distributed Generations In Unbalance Radial
Distribution  System Based On Quantum
Evolutionary Algorithm,” ITS, Surabaya, 2018.
D. Xiaobo and K. Fenghai, “Study on Load
Model of PV Generation Planning,” Energy
Procedia, vol. 17, pp. 119-126, 2012, doi:
10.1016/j.egypro.2012.02.072.

W. Sheng, K. Liu, H. Pei, Y. Li, D. Jia, and Y.
Diao, “A fast reactive power optimization in
distribution network based on large random
matrix theory and data analysis,” Appl. Sci., vol.
6, no. 6, 2016, doi: 10.3390/app6060158.

N. N. Yin, M. Thuzar, and E. P. Thwe, “Analysis
of Loss Reconfiguration for Distribution Network
System,” in ICSEC 2017 - 21st International
Computer Science and Engineering Conference
2017, Proceeding, 2017, pp. 209-302. doi:
10.1109/ICSEC.2017.8443899.

Ministry of Energy and Mineral Resources of
Republic of Indonesia, Regulation of the Minister
of Energy and Mineral Resources NUmber 4 of
2009 on Regulation of Electrical Power
Distribution. 2009, p. 9.

X. S. Yang, Nature-Inspired Optimization
Algorithms, 1st ed. London: Elsevier Science

Publisher, 2014.

[32] I. Robandi, Artificial Intelligence Mengupas
Rekayasa Kecerdasan Buatan. Yogyakarta,
Indonesia: ANDI Publisher, 2019.

[33] O. Badran, H. Mokhlis, S. Mekhlief, W. Dahalan,
and J. Jallad, “Minimum Switching Losses for
Solving Distribution Network Configuration with
Distributed Generation,” IET Gener. Transm.
Distrib., vol. 12, no. 8, pp. 1790-1801, 2018, doi:
0.1049/iet-gtd.2017.0595.

MOHAMAD ALMAS PRAKASA
was born in Brebes, in September
1999. He received a bachelor’s degree
from the Department of Electrical
Engineering, Universitas Negeri
Semarang  (UNNES),  Semarang,
Indonesia, at 2017. He continued to
pursue the master’s and doctoral’s degrees with a fast-
track scholarship program from the Republic of
Indonesia, PMDSU scholarship program. He achieved
his master’s degree in the Department of Electrical
Engineering, Institut Teknologi Sepuluh Nopember
(ITS), Surabaya, Indonesia, at 2021. Currently, he
pursuing a doctoral’s degree in the Department of
Electrical Engineering, ITS. He is a member of the
Power System Operation and Control (PSOC)
Laboratory. His research interests are artificial
intelligence application to electrical power systems,
especially to dynamic stability and RES microgrid
optimization.

MOHAMAD IDAM FUADI was born
in Gresik, in March 2000. He received
bachelor's  degree in  electrical
engineering from Institut Teknologi
Sepuluh Nopember Surabaya at 2022.
He now works at PT Hailiang Nova
Material Indonesia Gresik in the field of water treatment
staff to implement his knowledge. He is interested in
fields related to maintenance.

MUHAMMAD RUSWANDI
DJALAL was born in Ujung Pandang,
in March 1990. He received a
bachelor’s degree in energy
engineering from Politeknik Negeri
Ujung Pandang, Makassar, Indonesia,
at 2012. He achieved master’s degree

from the Department of Electrical Engineering, Institut
Teknologi  Sepuluh  Nopember (ITS), Surabaya,
Indonesia, at 2015. Currently, he pursuing a doctoral’s
degree in the Department of Electrical Engineering, ITS,
Surabaya. He is a lecturer in energy engineering in the
Department of Mechanical Engineering, Politeknik
Negeri Ujung Pandang, Makassar, Indonesia. His

Iranian Journal of Electrical & Electronic Engineering, Vol. 20, No. 03, September 2024



research interests are power system stability, renewable
energy, and artificial intelligence.

IMAM ROBANDI was born in
Kebumen, in August 1963. He received
his bachelor’s degree in the Department
of Electrical Engineering, Institut
Teknologi Sepuluh Nopember (ITS),
\\ A 4\ Surabaya, Indonesia, in 1989. His
G o master’s degree was achieved from the
Department of Electrical Engineering, Institut Teknologi
Bandung (ITB), Bandung, Indonesia, at 1995. He
achieved a doctoral’s degree in the Department of
Electrical Engineering, Tottori University, Japan, at
2002. He is currently a Professor in the Department of
Electrical Engineering, ITS. He is also the Head of the
Power System Operation and Control (PSOC)
Laboratory. His expertise and specialization in research
are the artificial intelligence applications for large-scale
electrical and energy power systems.

DIMAS FAJAR UMAN PUTRA was
achieved his bachelor’s degree,
master’s degree, and docotral’s degree
in Department of Electrical
Engineering, Institut Teknologi
Sepuluh Nopember (ITS), Surabaya,
Indonesia, at 2010, 2012, and 2018,
respectively. He is the lecturer in Department of
Electrical Engineering, ITS and the member of the
Power System Simulation Laboratory. Currently, his
research is focued on power system stability, power
system distribution, and smart grid.

Iranian Journal of Electrical & Electronic Engineering, Vol. 20, No. 03, September 2024



