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Abstract – Optimal distribution network reconfiguration (DNR), distributed generations location and sizing (DGs-LS), tap changer 
adjustment (TCA), and capacitors bank location and sizing (CAs-SL) are different methodologies used to reduce loss and enhance the 
voltage profile of distribution systems. DNR is the process of changing the network topography by changing both sectionalized and 
tie switch states. The optimal location looks to find the optimal setting of the DG and CA within the distribution network. Optimal size 
seeks to find the optimal output generation of both DG and CA. The TCA looks to find the optimal position for TC. These methods are 
challenging optimization problems and resort to meta-heuristic techniques to find a globally optimal solution. This paper presents 
a new methodology with which to simultaneously solve the problem of DNR, DGs-LS, TCA, and CAs-SL in distribution networks. This 
work aims to minimize active and reactive power losses, including voltage profile improvement using a multi-objective decision 
approach. The firefly algorithm (FA) and analytic hierarchy process (AHP) are used to optimize the fitness function and determine the 
function weight factors through the use of MATLAB software. Several scenarios were considered on the IEEE 69-bus network. In terms 
of active power and reactive losses, reductions in the test system of 96.16% and 92.7%, respectively, were achieved, evidencing the 
positive impact of the proposed methodology on distribution networks.

Keywords: Weight factors, power loss, reconfiguration, DG allocation and sizing, Capacitor location and sizing, Tap changer adjustment

1.  INTRODUCTION

Minimizing energy consumption is important for en-
suring power quality and system efficiency [1, 2]. This 
has led researchers to study the operation and design 
of power systems using different supply sources in the 
network. Therefore, different methods have been used 
to reduce energy consumption in the distribution power 
system by reducing power loss. The most famous meth-
ods are network reconfiguration, DG location and sizing, 
tap changer adjustment position, and capacitor location 
and sizing [3-5]. The distribution network reconfigura-
tion (DNR) process can be defined as the process of 
changing the network topography structures accord-
ing to changing the status of both tie and sectionaliz-
ing switches [6]. This improves specific conditions such 
as reducing power loss, enhancing the reliability of the 

network, and improving the voltage profile [7, 8]. In [9], 
PSO with a discrete version was used for load balancing 
during DNR. Moreover, in [10], the DNR problem was 
solved using GA to reduce power losses as well as im-
prove the load index and voltage profile. In [11], NR was 
used to maximize loadability and improve the voltage 
profile of the radial network, which led to an increase in 
network reliability. In [12], NR was applied to reduce re-
active power loss to improve both voltage stability and 
loadability using a two-stage algorithm.

One of the most well-known methods to minimize 
loss is combining both DNR and DG location and siz-
ing methods [13]. DG location means the best sitting of 
the DG within the distribution network, while DG sizing 
expresses the best output generation from the DG [14, 
15]. The authors in [16] dealt, simultaneously, with DNR 
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and DG sizing and location problems in order to op-
timize power loss. In [17], the authors used a firework 
algorithm to find the optimal DG sizing and location in-
tegrated with optimal network configuration based on 
minimum power loss. Similar objectives were achieved 
in [18] using EP and GA. In [19, 20], a discrete artificial 
bee colony method was used based on the continua-
tion power flow methodology in order to achieve the 
maximum loadability of the network. In [21, 22], NR 
integrated with DG through a two-stage hierarchical 
optimization methodology was proposed to trade be-
tween reducing power loss and maximum loadability.

Another well-known method to minimize loss is com-
bining both DNR and CA location and sizing methods 
[23]. CA location means the best sitting of the CA within 
the distribution network, while CA sizing expresses the 
best output generation from the CA [24]. This method 
aims to reduce power loss, voltage fluctuations, and 
the operating cost since the capacitor output is reactive 
power that improves the voltage profile [25]. A lot of op-
timization techniques have been presented for network 
reconfiguration considering CA sizing and location. In 
[26], the authors solved this problem using harmony 
search and simulated annealing algorithms. In [27, 28], 
the authors also solved this problem using the ant colo-
ny algorithm, Big Bang method, and genetic algorithm. 
In [29], grey wolf optimization integrated with the PSO 
method was presented to solve the same problem. The 
main objectives within these studies were reduced in-
vestment cost, annual loss of energy cost, maintenance 
and operation cost, and switching cost. In [30], GA was 
used to optimize the CA location and size and optimize 
the sequence of loop selection for minimizing energy 
losses. The presented methodology was tested on a real 
77-bus system with different load patterns.

Another different method that is also presented in the 
published works is tap changer adjustment (TCA). TCA 
is a mechanism that allows transformers to find the best 
position of the transformer's turn ratios that achieve the 
best voltage profile [31]. The work in [32] addressed the 
reconfiguration problem after the power cut caused by 
the cut of a branch of the system. The work presented 
an approach that handled the reconfiguration process 
simultaneously with transformer tap changer adjust-
ments. The presented approach considered the AC pow-
er model, network operation topology, and both voltage 
and load limitations. The results obtained showed that 
the presented approach could find the best solution; it 
presents the overloaded branches and the minimum 
number of buses that were outside of operation. The 
authors in [33] proposed network reconfiguration with 
TCA integrated into the DG sizing method to minimize 
network power loss using the imperialist competitive 
algorithm. The proposed method indicated an improve-
ment in the voltage profile and power loss reduction 
compared to other algorithms. In [34], a simultaneous 
method combined with DNR with DGs-LS, including 
TCA, was presented. The method proposed a multi-ob-

jective decision methodology that obtained the maxi-
mum loadability and best voltage profile as well as mini-
mum power loss using the FA.

The main contribution of this paper is the simultane-
ous combination of the most famous methods used to 
improve the performance of a distribution system. The 
methods represent network reconfiguration, DG loca-
tion and sizing, tap changer adjustment, and capacitor 
location and sizing. The remainder of this paper is orga-
nized as follows: Section II presents the mathematical 
modeling proposed; Section III presents the proposed 
approach; Section IV presents the test system and re-
sults in detail; and Section V presents the conclusions.

2. MATHEMATICAL MODELING

This section presents the proposed fitness function 
that solves the optimal DNR problem and optimal DGs-
LS, including optimal TCA, along with optimal CAs-LS. 
In addition, we also present all the constraints and limi-
tations the fitness function fulfills. The function looks to 
minimize both active and reactive power losses simul-
taneously while improving the voltage profile index. 

2.1. FITNESS FUNCTION

The fitness function is described as follows:

(1)

where ω1, ω2, and ω3 are the fitness function (F) 
weight factors. Ploss is the active power loss. Qloss is the 
reactive power loss. The fitness function is set to be uni-
ty to minimize all the function terms. The active power 
loss (Ploss)is taken as the ratio of the active power loss 
after and before optimization, as follows [35]:

(2)

where Ploss is the active power loss after optimization. 
Ploss is the active power loss before optimization.

opt

0

(3)

where RN is the resistance in the branch N, IN is the 
branch current, and M is the branch number.

Moreover, the reactive Power loss (Qloss)is taken as the 
ratio of the reactive Power loss after and before optimi-
zation, as follows [35]: 

(4)

where Qloss is the reactive power loss after optimization. 
Qloss is the reactive power loss before optimization.

opt

0

(5)

where XN is the reactance in branch N.

Voltage profile index (IVD): this index penalizes the 
size location pair, which gives higher voltage deviations 
from the nominal voltage. In this way, the closer the in-
dex is to zero, the better the network performance is. 
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The IVD is addressed as follows: 

(6)

Where Vi is the bus voltage; V1 is the nominal voltage; 
and n is the bus number.

2.2. LIMITATIONS AND CONSTRAINTS 

All limitations and constraints that the fitness func-
tion should satisfy are as follows:

Distributed generator and Capacitor capacity

(7)

(8)

where PDG,i is the DG size at bus i; Pi
max and Pi

min are the 
higher and the lower DG capacities, respectively. QCAP,i is 
the capacitor size at bus i; Qi

max and Qi
min are the higher 

and the lower capacitor capacities, respectively.

•	 Power injection

(9)

(10)

where k is the DG number; nbus is the bus number; P nLoad 
is the active power load at bus n; and Q n

Load is the reac-
tive power load at bus n. This means that there are no 
active or reactive powers flowing from DGs or capacitors 
to the grid.

•	 Power balance

(11)

(12)
where QCAP,i is the capacitor size at bus i; SSubstation is the 
main substation apparent power supplied. Total power 
must fitful the principle of equilibrium. Thus, the sup-
ply of power must be equal to its demand.

•	 Voltage magnitude

(13)

where Vbus is the bus voltage, which is within the volt-
age limits (0.95 to 1.05) p.u.

•	 Radial configuration

At all times, the network must save the radiality con-
figuration. 

•	 Load connection

After the reconfiguration, all distribution buses must 
be connected to a power source.

3. PROPOSED APPROACH

This section presents the proposed simultaneous meth-
odology to solve the optimal DNR problem and optimal 
DGs-LS, including optimal TCA, integrated with optimal 
CAs-LS using the AHP and FA techniques. The proposed 
methodology looks to minimize both active and reactive 
power losses and minimize the voltage profile index. 

3.1. ANALyTIC HIERARCHy PROCESS

The main fitness formula is controlled by an AHP multi-
objective decision approach that determines the weights 
of the formula factors. The AHP is an effective and practi-
cal approach used to solve multicriteria decision-making 
problems, and it was introduced by Thomas L. Saaty in 
[36, 37]. The AHP seeks to simplify complex problems by 
deconstructing them into simple parts. This occurs by tak-
ing a fraction of the overall decision problem that allows 
the decision maker to focus on different criteria based on 
the importance of said criteria. There are three stages in 
the AHP: determining the decision-making problem by 
constructing the hierarchy and finally evaluating the fac-
tors in the stairway. The evaluation of the factors of the 
stairway is then compared using a scale of numbers from 
one to nine [38]. Table 1 shows the relative importance 
matrix used in the AHP for various indices.

Table 1. Matrix of relative importance

Standard Numeric-Rating Reciprocal

Equality–Importance 1 1

Equality to Moderately 5 0.2

Moderately Important 7 0.143

Table 2 shows the weights obtained from the AHP 
method. The details of the AHP are illustrated in Fig. 1. 
For more explanation, this work focuses on different 
criteria, namely active power loss, reactive power loss, 
and voltage profile. The relative importance of the active 
power loss is equal to one (equality–importance), reac-
tive power loss is equal to five (equality to moderately), 
and the voltage profile is equal to seven (moderately 
important). Based on these values, the weights obtained 
are 0.632819 for active power loss, 0.301806 for reactive 
power loss, and 0.065375 for voltage profile. This means 
that if the relative importance of the different criteria dif-
fers, the weight values directly differ.

Table 2. AHP approach weight factors

Criteria
Active 
Power 

Loss

Reactive 
Power 

Loss

Voltage 
profile

Total 
=∑Row

Weights 
= Total/

Sum

Active 
power loss 1 5 7 13 0.632819

Reactive 
power loss 0.2 1 5 6.2 0.301806

Voltage 
profile 0.143 0.2 1 1.343 0.065375

Sum 20.543 1

3.2. TAP CHANGER ADJUSTMENT 

In the presented methodology, there are 17 values 
representing the TC positions, as shown in Fig. 2. These 
positions correspond to bus voltage, which changes 
from -5 to +5 % [39]. This makes the lower and upper 
bus voltage limits 0.95 p.u and 1.05 p.u, respectively [40].
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Fig. 1. Flow chart of AHP

Fig. 2. Tap changer position corresponding to bus 
voltage (p.u)

3.3. FIREFLy ALGORITHM (FA) 

The firefly algorithm is a nature-inspired meta-heu-
ristic method that has gained popularity due to its 
capability to be involved in transactions with global 
non-linear optimization problems [41]. The FA is a 
method inspired by the attitude of fireflies and their 
different shining types [41]. All fireflies are attracted 
to flies that achieve strong flashing brightness. There-
fore, the flashing brightness is exactly proportional 
to attraction. Moreover, attraction is proportional in-
versely to the space between fireflies. Flies will move 
to a specific location in the case where all fireflies have 
the same brightness intensity. The steps to implement 
the FA to solve the OP-DNR problem and OPDGs-LS, 
including TCA integrated with OPCAs-LS, are pro-
posed as follows:

•	 Determine the constant values of the FA, popula-
tion, and iteration size.

•	 Set the data input, such as the resistance and reac-
tance values of the lines, active and reactive load 
of the buses, initial values of the bus voltages, and 
TCA locations.

•	 Define the weight factors based on the AHP tech-
nique, as in Table 2.

•	 Generate initial FA populations randomly (Y) that 
achieved all the constraints and imitations that 
present the tie switches of the distribution (S), DG 
sizing (DGS), DG location (DGL), CA sizing (CAS), 
CA location (CAL), and TCA position (TP). All FA ele-
ments are set simultaneously, as is presented in the 
following equation:

(14)

where n is the NO of tie switch; k is the NO of DGs and 
CAs; and m is the size of the population.

•	 The iteration process is started by analyzing the 
distribution load flow using Newton–Raphson 
methodology to compute the distribution active 
and reactive power loss values, as well as the val-
ues of minimum and maximum bus voltage. 

•	 The value of the fitness function is estimated for all 
populations of matrix Y related to Equation (1).  

•	 Populations are sorted based on their light inten-
sity in ascending order, and then the lower value is 
kept, which presents the top light intensity. 

•	 The elements of the Y matrix related to the FA 
technique are updated, taking into account the 
constraints and limitations. In addition, the motion 
is arranged and updated in ascending form related 
to the following formulas:

(15)

where γ is the light absorption coefficient, and β0 is the 
attractiveness when r=0 ; r is the 2 FAs’ space.

(16)

where rlj is the Cartesian space between l and j FAs, 
which presents the Y matrix rows; d is the optimized 
numbers of the parameters; and yl,k and yj,k represent 
the kth component of the Cartesian coordinates yl and 
yj of FAs l and j, respectively.

(17)

where the first equation term xl,k presents influence 
by attractiveness (when γ=1); the second equation 
term presents the random item related to α; and the 
third term presents the motion of FAs that FA l is at-
tracted to brighter FA j. The random number rand (1) 
presents a random number [0, 1].

•	 The prior operation from steps (5 to 8) is repeated 
until the maximum iteration number is reached.  
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•	 The loop is ended, and the optimal solution is kept 
that presented the distribution final configuration, 
CA’s location and size, DG’s location and size, and 
TCA location. This optimal solution obtained:

 1. Minimum active power loss.
 2. Minimum reactive power loss.
 3. Best voltage profile index.

•	 The previous process is re-run one hundred times 
to check the FA’s robustness.  

Fig. 3 illustrates the previous methodology in a sim-
ple flow chart that summarizes the function of both the 
FA and AHP methods in solving the optimal DNR and 
optimal DGs-LS, including optimal TCA integrated with 
the optimal CAs-LS problem.

4. TEST SySTEM AND RESULTS

The proposed methodology in this work was imple-
mented and solved using MATLAB software. Simulation 
codes were carried out on a laptop with an Intel CORE 
i7 processor. Each code was run 100 times for 100 pop-
ulation sizes and 300-time iterations. 

To test the approach's superiority, different scenarios 
were considered:

Scenario 1: Represent the initial form. The original 
network system without any modifications.

Scenario 2: Represent the optimal simultaneous dis-
tribution network reconfiguration (DNR) and DG loca-
tion and sizing. 

Scenario 3: Represent the optimal DNR simultaneous-
ly with DGs-LS, including tap changer adjustment (TCA). 

Scenario 4: Represent the optimal DNA simultane-
ously with DGs-LS, including TAP, and incorporating 
capacitor bank location and sizing CAs-SL. 

The IEEE 69-bus distribution network was used to test 
the power of the proposed methodology, as shown in 
Fig. 4 [35]. 

Fig. 3. Flowchart of the proposed approach

The system data are available in [42]. This system con-
sists of 73 branches, 5 tie switches, and 68 sectionaliz-
ing switches. In the initial form (Scenario 1), switches 
69 to 73 are open. The system nominal voltage is 12.66 
kV, with a minimum voltage magnitude of 0.9092 p.u. 
The system's apparent power demand is (3, 802.19+j2, 
694.6) kVA. The active and reactive power losses are 
224.99 kW and 39.16 kVAR, respectively. The DG in this 
work was assumed to be a mini-hydro generation. The 
maximum capacity for DG was 2 MW. Furthermore, the 
maximum capacity for the capacitor was 2 MVAR. The 
obtained optimal solutions were proposed to be the 
tie switch, DG location and size, capacitor location and 
size, and tap changer adjustment position. These were 
all simultaneously determined.

Fig. 4. IEEE 69-bus distribution system
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4.1. IMPACT OF THE PROPOSED 
 METHODOLOGy ON POWER LOSSES

This section of the paper focuses on reductions in ac-
tive and reactive power loss and improvement in bus 
voltage. Table 3 summarizes the results obtained from 
all of the scenarios. 

Table 3. Distribution network system features

Optimization 
technique

Scenario 
1

Scenario 
 2

Scenario 
3

Optimization 
technique

Tie switch 69, 70, 71, 
72, 73

13, 12, 62, 
10, 57

69, 70, 13, 
55, 63

21, 20, 7, 13, 
55

DG location 
(DG sizing 

(MW))
-------

22 (0.5005) 
16 (0.3991) 
61 (1.5016)

22 (0.405) 
16 (0.213) 
61 (1.489)

62(0.7858) 
61(1.1103) 
51(0.7280)

CA location 
(CA sizing 
(MVAR))

------- ------- -------
51(0.5153) 
27(0.2634) 
61(0.9992)

Tap changer ------- ------- 1.0194 1.04092

Fitness ------- 0.22785 0.20233 0.046091

Active power 
loss(kW) 224.557 39.16 36.58 8.621

Reactive 
power loss 

(kVAR)
102 38.64 33.315 7.445

Active power 
reduction (%) ------- 82.56 83.71 96.16

Reactive 
power 

reduction (%)
------- 62.12 67.34 92.7

Minimum bus 
voltage 0.9093 0.980353 1.019367 1.033656

Maximum bus 
voltage 1 1 1.037505 1.041507

Fig. 5. IEEE 69-bus network of all  
scenario’s voltage profile

Scenario 1 represents the initial form. The tie switches 
were 69, 70, 71, 72, and 73. The active and reactive power 
losses were 224.557 kW and 102 kVAR, respectively. The 
minimum and maximum bus voltages were 0.9093 and 
1.038 pu, respectively. Scenario 2 represents the optimal 
distribution network reconfiguration of DNR simultane-
ously with DG location and sizing, where better results 
were obtained than those in Scenario 1. In Scenario 2, the 
tie switches changed to 13, 12, 62, 10, and 57. The DG lo-
cations were set on buses 22, 16, and 61 with DG sizes of 
0.5005 kW, 0.3991 kW, and 1.5016 kW, respectively. The fit-
ness value was 0.22785. Both active/reactive power loss 
was reduced to 39.16 kW and 38.64 kVAR, respectively, 
compared to the initial form. The reductions in both ac-
tive/reactive power loss were 82.56% and 62.12%, respec-
tively. The bus voltages minimum and maximum values 
improved to 0.980353 and 1 pu, respectively.

Scenario 3 represents the optimal DNR simultaneously 
with DGs-LS integrated with tap changer adjustment 
(TCA). In Scenario 3, the tie switches changed to 69, 70, 
13, 55, and 63. The DG locations were set on buses 22, 
16, and 61 with DG sizes of 0.405 kW, 0.213 kW, and 1.489 
kW, respectively. The fitness value was 0.20233 with a tap 
changer adjustment position of 1.0194. The reductions in 
active and reactive power losses were reduced to 36.58 

kW and 33.315 kVAR, respectively. Both active/reactive 
power loss reductions were 83.71% and 67.34%, respec-
tively. The bus voltages minimum and maximum values 
improved to 1.019367 and 1.037505 pu, respectively. This 
means that Scenario 3 obtained better results than those 
achieved in Scenarios 1 and 2.

Scenario 4 represents the optimal DNA simultaneously 
with optimal DGs-LS, including optimal TAP, and incorpo-
rating optimal capacitor bank location and sizing CAs-SL. 
In Scenario 4, the tie switches changed to 21, 20, 7, 13, and 
55. The DG locations were set on buses 62, 61, and 51 with 
DG sizes of 0.78581 kW, 1.11037 kW, and 0.72809 kW, re-
spectively. The capacitor's locations were set on buses 51, 
27, and 61 with capacitor sizes of 0.51531 kVAR, 0.26349 
kVAR, and 0.99929 kVAR, respectively. The fitness value 
was 0.046091 with a TCA position of 1.04092. Both active/
reactive power losses were reduced to 8.621 kW and 7.445 
kVAR, respectively. The reductions in active and reactive 
power losses were 96.16 % and 92.7 %, respectively. The 
bus voltages minimum and maximum values improved 
to 1.033656 and 1.041507 pu, respectively.

4.2. IMPACT OF THE PROPOSED 
 METHODOLOGy ON VOLTAGE PROFILE

Fig. 5 illustrates the IEEE 69-bus network voltage pro-
file for all scenarios. In the initial form, some buses vio-
lated the voltage borders. After applying the proposed 
methodology, the bus’s voltage was enhanced to be 
under the limitations for all scenarios. These limitations 
mean that the voltage for each bus of the distribution 
network must be between 0.95 p.u and 1.05 p.u, as 
mentioned in Equation 13. The best scenario was Sce-
nario 4, where all the bus voltages closed to one.

4.3. ANALySIS OF FA'S OVERALL 
 PERFORMANCE

The presented methodology code was run one hun-
dred times. Each time, a local solution was saved. The 
minimum value between these local solutions is called 
the global solution, which represents the best solution. 
The best solution presented the optimal configuration, 
optimal DG sizing and location, optimal capacitor siz-
ing and location, and optimal TCA. The convergence of 
the global solutions for all scenarios was drawn and is 
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compared in Fig. 6. From the convergence performances 
analyzed, Scenario 4 obtained the best fitness. 

Fig. 7 illustrates the robustness test of the proposed 
methodology. The FA was strongly robust since all fit-
ness values were close together for all runs in Scenario 
4. The robustness of the FA is also evaluated in Table 4 by 
calculating the standard deviation for all scenarios. The 
minimum, maximum, and average values are also calcu-
lated for all scenarios. Scenario 4 achieved the best val-
ues, obtaining the best standard deviation of 0.010504. 
The value of standard deviation should be close to zero 
for the robustness method. That means that the FA was 
effective and robust in determining the optimal solu-
tions for a complex problem.

Fig. 6. Convergence curve of all scenarios

Fig. 7. Robustness curve of all scenarios

Table 4. Robustness test statistical analysis for all 
scenarios

Scenario Min value Max value Average 
value

Standard 
deviation

Scenario 2 0.22785 0.291004 0.258075 0.022726

Scenario 3 0.20233 0.285469 0.226285 0.01566

Scenario 4 0.046091 0.096183 0.050388 0.010504

Scenario 5 0.22785 0.291004 0.258075 0.022726

Table 5 outlines our results compared with those 
obtained in other published works. From the results, 
it can be seen that the power loss obtained from the 
proposed method using the FA and AHP is 39.16 kW, 
while when using other methods, the power loss ob-
tained is greater than 39.16 kW. Thus, the reduction in 

the power loss using the FA is 82.56 %, meaning that 
the maximum value was achieving using this method 
compared to others. The proposed methodology using 
the FA and AHP was the best as this obtained minimum 
power loss and maximum loss reduction.

Scenario 
2

Open 
switch

DG 
outputs 

(MW)

Weaker 
Bus 

voltage 
(pu)

Power 
loss 
(kW)

Loss 
reduction 

(%)

GA [43] 10, 55, 
45, 15, 62 2.02920 0.97270 46.500 73.380

RGA [43] 10, 55, 
14, 16, 62 2.06540 0.97420 44.230 80.320

HSA [43] 69, 58, 
13, 17, 61 1.87180 0.97360 40.300 82.080

FWA [44] 69, 70, 
13, 55, 63 1.8182 0.9796 39.25 82.55

MPSO [8] 14-58-61-
69-70 2.2736 0.98994 42.2 81.1

ISCA [45] 12, 9, 57, 
63, 69 1.8731 - 39.73 82.34

The 
proposed 
method 

by FA

13, 12, 
62, 10, 57 2.4012 0.98035 39.16 82.56

Table 5. Results comparative

5. CONCLUSIONS

Different methods like network reconfiguration, dis-
tributed generation location and sizing, tap changer 
adjustment, and capacitor location and sizing play an 
important role in distribution networks because they 
reduce power losses and improve voltage profile. This 
paper proposed a new methodology that combined 
the FA and AHP to tackle these methods simultaneously. 
The proposed methodology can perform optimal net-
work reconfiguration, distributed location and sizing, tap 
changer adjustment, and capacitor location and sizing 
simultaneously. Several scenarios were performed on 
the IEEE 69-bus network. In this work, Scenario 4 showed 
higher active and reactive power loss reduction when all 
methods were considered simultaneously compared to 
the other scenarios. Furthermore, the voltage profile in-
dex was improved in all scenarios, especially in Scenario 
4. Moreover, the results proved that the FA is strongly 
robust and accurate when finding global solutions for 
complicated problems and comparing them to other 
published works. Finally, we compared part of our results 
to those obtained in other reported works. On the whole, 
our results showed that we obtained better active power 
loss than other reported studies have. Future research 
could focus on the switching sequence order that chang-
es the original network form to the optimal network 
form. Furthermore, dynamic load and renewable energy 
could be integrated into the distribution network.

6. ACKNOWLEDGMENT

“The authors would like to thank Palestine Technical 
University-Kadoorie (PTUK) for supporting this research”.



1200

7. REFERENCES: 

[1] A. Bagheri, H. Monsef, H. Lesani, "Renewable pow-

er generation employed in an integrated dynamic 

distribution network expansion planning”, Electric 

Power Systems Research, Vol. 127, 2015, pp. 280-

296.

[2] J. Yan et al. "Clean, efficient and affordable energy 

for a sustainable future”, Applied Energy, Vol. 185, 

2017, pp. 953-962.

[3] B. Mukhopadhyay, D. Das, "Multi-objective dy-

namic and static reconfiguration with optimized 

allocation of PV-DG and battery energy storage 

system”, Renewable and sustainable energy re-

views, Vol. 124, 2020, p. 109777.

[4] M. V. dos Santos, G. A. Brigatto, L. P. Graces, "Meth-

odology of solution for the distribution network 

reconfiguration problem based on improved har-

mony search algorithm”, IET Generation, Transmis-

sion & Distribution, Vol. 14, 2020, pp. 6526-6533.

[5] T. P. Mtonga, K. K. Kaberere, G. K. Irungu, "Optimal 

shunt capacitors’ placement and sizing in radial 

distribution systems using multiverse optimizer”, 

IEEE Canadian Journal of Electrical and Computer 

Engineering, Vol. 44, 2021, pp. 10-21.

[6] R. Pegado, Z. Naupari, Y. Molina, C. Castillo, "Radial 

distribution network reconfiguration for power 

losses reduction based on improved selective 

BPSO”, Electric Power Systems Research, Vol. 169, 

2019, pp. 206-213.

[7] A. Onlam et al. "Power loss minimization and volt-

age stability improvement in electrical distribu-

tion system via network reconfiguration and dis-

tributed generation placement using novel adap-

tive shuffled frogs leaping algorithm”, Energies, 

Vol. 12, 2019, p. 553.

[8] S. Essallah, A. Khedher, "Optimization of distribu-

tion system operation by network reconfiguration 

and DG integration using MPSO algorithm”, Re-

newable Energy Focus, Vol. 34, pp. 37-46, 2020.

[9] S. Sivanagaraju, J. V. Rao, P. S. Raju, "Discrete par-

ticle swarm optimization to network reconfigura-

tion for loss reduction and load balancing”, Electric 

power components and systems, Vol. 36, 2008, pp. 

513-524.

[10] A. Eldurssi, R. Oʼconnell, "A Fast Nondominated 

Sorting Guided Genetic Algorithm for Multi-Ob-

jective Power Distribution System Reconfigura-

tion Problem”, Power Systems, IEEE Transactions 

on, Vol. 30, 2015, pp. 593-601.

[11] K. M. Muttaqi, V. Ganapathy, G. G. Jasmon, "Net-

work reconfiguration for enhancement of voltage 

stability in distribution networks”, IEE Proceedings 

- Generation, Transmission and Distribution, Vol. 

147, 2000, pp. 171-175.

[12] A. Tyagi, A. Verma, P. R. Bijwe, "Reconfiguration 

for loadability limit enhancement of distribution 

systems”, IET Generation, Transmission & Distribu-

tion, Vol. 12, 2018, pp. 88-93.

[13] S. D. Saldarriaga-Zuluaga, J. M. Lopez-Lezama, 

N. Munoz-Galeano, "Hybrid harmony search al-

gorithm applied to the optimal coordination of 

overcurrent relays in distribution networks with 

distributed generation”, Applied Sciences, Vol. 11, 

2021, p. 9207.

[14] L. A. Wong et al. "Review on the optimal place-

ment, sizing and control of an energy storage 

system in the distribution network”, Journal of En-

ergy Storage, Vol. 21, 2019, pp. 489-504.

[15] O. S. W. Badran, "IEEE-69 Distribution Network Per-

formance Improvement by Simultaneously Opti-

mal Distributed Generation Sizing and Location 

Using PSO Algorithm”, Palestine Technical Univer-

sity Research Journal, Vol. 1, No. 1, 2023, pp. 1-15.

[16] O. Badran et al. "Multi-Objective network reconfig-

uration with optimal DG output using meta-heuris-

tic search algorithms”, Arabian Journal for Science 

and Engineering, Vol. 43, 2018, pp. 2673-2686.

[17] A. M. Imran, M. Kowsalya, D. P. Kothari, "A novel 

integration technique for optimal network recon-

figuration and distributed generation placement 

in power distribution networks”, International 

Journal of Electrical Power & Energy Systems, Vol. 

63, 2014, pp. 461-472.

[18] W. M. Dahalan, H. Mokhlis, R. Ahmad, A. H. A. Ba-

kar, I. Mursirin, "Simultaneous network reconfigu-

ration and DG sizing using evolutionary program-

ming and genetic algorithm to minimize power 

losses”, Arabian Journal for Science and Engineer-

ing, Vol. 39, 2014, pp. 6327-6338.

International Journal of Electrical and Computer Engineering Systems



1201

[19] M. Aman, G. B. Jasmon, A. H. A. Bakar, H. Mokh-

lis, "Optimum network reconfiguration based on 

maximization of system loadability using continu-

ation power flow theorem”, International Jour-

nal of Electrical Power & Energy Systems, Vol. 54, 

2014, pp. 123-133.

[20] M. M. Aman, G. B. Jasmon, H. Mokhlis, A. H. A. 

Bakar, "Optimum tie switches allocation and DG 

placement based on the maximization of system 

loadability using discrete artificial bee colony al-

gorithm”, IET Generation, Transmission & Distribu-

tion, Vol. 10, 2016, pp. 2277-2284.

[21] M. H. Hemmatpour, "Optimum interconnected 

islanded microgrids operation with high levels 

of renewable energy”, Smart Science, Vol. 7, 2019, 

pp. 47-58.

[22] M. Hemmatpour, M. Mohammadian, M. Rashi-

dinejad, "A novel reconfiguration mixed with 

distributed generation planning via considering 

voltage stability margin”, AUT Journal of Electrical 

Engineering, Vol. 43, No. 1, 2011, pp. 23-34.

[23] L. A. Gallego, J. M. Lopez-Lezama, O. G. Carmona, 

"A Mixed-Integer Linear Programming Model for Si-

multaneous Optimal Reconfiguration and Optimal 

Placement of Capacitor Banks in Distribution Net-

works”, IEEE Access, Vol. 10, 2022, pp. 52655-52673.

[24] M. R. Babu, C. V. Kumar, S. Anitha, "Simultaneous 

reconfiguration and optimal capacitor placement 

using adaptive whale optimization algorithm for 

radial distribution system”, Journal of Electrical En-

gineering & Technology, Vol. 16, 2021, pp. 181-190.

[25] Y. Gebru, D. Bitew, H. Aberie, K. Gizaw, "Perfor-

mance enhancement of radial distribution system 

using simultaneous network reconfiguration and 

switched capacitor bank placement”, Cogent En-

gineering, Vol. 8, 2021, p. 1897929.

[26] R. S. Rao, "An hybrid approach for loss reduction 

in distribution systems using harmony search al-

gorithm”, International Journal of Electrical and 

Computer Engineering, Vol. 4, 2010, pp. 557-563.

[27] L. W. de Oliveira et al. "Optimal reconfiguration 

and capacitor allocation in radial distribution sys-

tems for energy losses minimization”, Internation-

al Journal of Electrical Power & Energy Systems, 

Vol. 32, 2010, pp. 840-848.

[28] M. Kasaei, M. Gandomkar, "Loss reduction in dis-

tribution network using simultaneous capacitor 

placement and reconfiguration with ant colony 

algorithm”, Proceedings of the Asia-Pacific Power 

and Energy Engineering Conference, Chengdu, 

China, 28-31 March 2010, pp. 1-4.

[29] P. S. Prasad, M. Sushama, "Distribution Network 

Reconfiguration and Capacitor Allocation in Dis-

tribution System Using Discrete Improved Grey 

Wolf Optimization”, Proceedings of Innovations 

in Electrical and Electronic Engineering, Springer, 

2022, pp. 602-617.

[30] V. Farahani, B. Vahidi, H. A. Abyaneh, "Reconfigu-

ration and capacitor placement simultaneously 

for energy loss reduction based on an improved 

reconfiguration method”, IEEE Transactions on 

Power Systems, Vol. 27, 2011, pp. 587-595.

[31] K. G. Ing, J. J. Jamian, H. Mokhlis, H. A. Illias, "Opti-

mum distribution network operation considering 

distributed generation mode of operations and 

safety margin”, IET Renewable Power Generation, 

Vol. 10, 2016, pp. 1049-1058.

[32] A. Mendes, N. Boland, P. Guiney, C. Riveros, "Switch 

and tap-changer reconfiguration of distribution net-

works using evolutionary algorithms”, IEEE Transac-

tions on Power Systems, Vol. 28, 2012, pp. 85-92.

[33] G. I. Koong, J. J. Jamain, H. A. Illias, W. M. Dahalan, M. 

M. Aman, "Simultaneous network reconfiguration 

with distributed generation sizing and tap changer 

adjustment for power loss reduction using imperi-

alist competitive algorithm”, Arabian Journal for Sci-

ence and Engineering, Vol. 43, 2018, pp. 2779-2792.

[34] O. Badran, J. Jallad, "Multi-Objective Decision Ap-

proach Integrated with Loadability and Weight 

Factor Analysis for Reconfiguration with DG Sizing 

and Allocation Including Tap Changer”, Arabian 

Journal for Science and Engineering, Vol. 48, 2023, 

pp. 6797-6818.

[35] O. Badran, J. Jallad, "Multi-Objective Decision Ap-

proach for Optimal Real-Time Switching Sequence 

of Network Reconfiguration Realizing Maximum 

Load Capacity”, Energies, Vol. 16, 2023, p. 6779.

[36] T. L. Saaty, "How to make a decision: the analytic 

hierarchy process”, European Journal of Opera-

tional Research, Vol. 48, 1990, pp. 9-26.

Volume 14, Number 10, 2023



1202

[37] R. W. Saaty, "The analytic hierarchy process—what 

it is and how it is used”, Mathematical modelling, 

Vol. 9, 1987, pp. 161-176.

[38] T. L. Saaty, L. G. Vargas, "The analytic network pro-

cess", Springer, 2013.

[39] R. Azimi, S. Esmaeili, "Multiobjective daily Volt/VAr 

control in distribution systems with distributed 

generation using binary ant colony optimiza-

tion”, Turkish Journal of Electrical Engineering and 

Computer Sciences, Vol. 21, 2013, pp. 613-629.

[40] M. N. A. Rahim et al. "Protection coordination to-

ward optimal network reconfiguration and DG siz-

ing”, IEEE Access, Vol. 7, 2019, pp. 163700-163718.

[41] X.-S. Yang, "Firefly algorithm, Levy flights and 

global optimization”, Proceedings of Research and 

development in intelligent systems XXVI: Incorpo-

rating applications and innovations in intelligent 

systems XVII, 2010, pp. 209-218.

[42] J. Savier, D. Das, "Impact of network reconfigura-

tion on loss allocation of radial distribution sys-

tems”, IEEE Transactions on Power Delivery, Vol. 

22, 2007, pp. 2473-2480.

[43] R. S. Rao, K. Ravindra, K. Satish, S. V. L. Narasimham, 

"Power loss minimization in distribution system 

using network reconfiguration in the presence 

of distributed generation”, IEEE Transactions on 

Power Systems, Vol. 28, 2012, pp. 317-325.

[44] A. M. Imran, M. Kowsalya, D. P. Kothari, "A novel 

integration technique for optimal network recon-

figuration and distributed generation placement 

in power distribution networks”, International 

Journal of Electrical Power & Energy Systems, Vol. 

63, 2014, pp. 461-472.

[45] U. Raut, S. Mishra, "An improved sine–cosine algo-

rithm for simultaneous network reconfiguration 

and DG allocation in power distribution systems”, 

Applied Soft Computing, Vol. 92, 2020, p. 106293.

International Journal of Electrical and Computer Engineering Systems


