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Abstract. The loss power of distribution sys-
tems is increasingly more and more due to the
increase of demand load from industrial zones
and households as well as extended grids. For
solving the problem, a strategy that can be re-
garded as a simple and effective way to allocate
capacitor banks to the distribution systems. In
the paper, a marine predator optimization algo-
rithm (MPOA) is applied for determining the
best size of capacitors and the most advanta-
geous buses for the capacitors. The effective-
ness of MPOA is scrutinized on two distribu-
tion systems considering the number of different
integrated capacitors. The solutions found from
MPOA are coped with those of recently available
algorithms. Through the comparisons with pre-
vious studies, a conclusion is drawn that MPOA
18 a trustworthy method.
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1. Introduction

In radial distribution networks, active power loss
in lines accounts for a high rate of about 13% of
generated power [1]. This loss is proportional to
the square of the current and the resistance value
of the conductor. Also, one of the challenges is
to fully meet the increasing load demand with
high quality and expanding lines. This leads
to increased losses, low voltage, and low power
quality if there is no optimal strategy for power
system management and operation. From this
perspective, three solutions that can deal with
this problem are to use distributed generations
(DG) units [2]-[4], install compensated capaci-
tors (CC) [5, 6] and the feeder reconfiguration
[7]. The last solution is more complex than the
first two ones because an insertion of DG and
CC into an available system offers possible prof-
its if they are assigned positions appropriately.
Optimal insertion of them into such system has
attracted a huge number of attentions from re-
searchers and engineers.

In this paper, the issue of allocating the po-
sition and determining the size of capacitors
is carefully studied to give the best solution
to reduce losses. Over the last years, sev-
eral algorithms [8]-[20] have been introduced
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to solve the capacitor allocation problem for
minimizing power loss. With various test sys-
tems, these mentioned algorithms can be di-
vided into two groups. The first group com-
prising of highly effective approach (HEA) [§],
particle swarm optimization with time-varying
inertia weighting (PSO-TVIW) [9], ant colony
method (ACM) [10], modified harmony algo-
rithm (MHA) [11], PSO [12] and real coded ge-
netic algorithm (RGA) [13] have been suggested
for optimal location and sizing of capacitors for
the 15-node network. The second group such as
combined practical approach (CPA) [14], novel
heuristic approach (NHA) [15], bacterial forag-
ing optimization algorithm (BFOA) [16], flower
pollination algorithm (FPA) [17], intersect mu-
tation differential evolution (IMDE) [18], moth
swarm algorithm (MSA) [19], and effective an-
alytical technique (EAT) [20] has been intro-
duced to seek the optimal position and rating
of the shunt capacitors in 33-bus IEEE stan-
dard network in order to minimize losses and
improve voltage profile. In general, the deter-
mination of position and rating of shunt capac-
itors in the previous papers has been solved by
two ways. In the first way, candidate buses are
found for assigning location of shunt capacitors,
and then the calculation of the sizing of capac-
itors is implemented. In the second way, the
optimal placement and sizing of capacitors are
executed simultaneously.

This paper suggests a novel approach, named
MPOA [21], to optimally discover the position
and identify the size of capacitor banks in ra-
dial distribution networks. The prominent point
of MPOA was proven by the experiment results
when compared to other methods in terms of
convergence speed and performance. As a re-
sult, the solutions of MPOA method are deter-
mined by utilizing the 15-bus and 33-bus stan-
dard distribution networks. Subsequently, this
paper offers some contributions as follows:

(1) Choose the best suitable control variables
for MPOA for different radial distribution
networks,

(2) Analyze the weak and strong point of the
structure of MPOA,
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(3) Seek the best position as well as the best
size for capacitors to lessen total power
losses.

The organization of other parts in the paper is
as follows: Section 2 describes the model estab-
lishment for the problem. MPOA is offered in
Section 3. Section 4 discusses the comparison
results. Finally, Section 5 presents the conclu-
sion.

2. Mathematic model
establishment for the
problem

2.1. Load flow calculation

For calculating load power flow in distribution
networks, one of the best algorithms called For-
ward-Backward sweep tool has been used [22].
The purpose of running load power flow is to
identify the voltage at nodes and the branch cur-
rent from a single-line diagram as given in Fig.
1.

PJ”QJ‘ . 1)jll’lel
O | RJ.,J+1 2 -/XJ-.H-I I
~J
VJ I} Vf” u
PLJ' +jQLj PL(_;‘+1) +.jQL(_)+1)

Fig. 1: Simple distribution system.

The current I; ;1 flowing from node j to node
j+1is formed as Eq. (1).

2 2
Pl + Q50
\4

| j+1| =

The voltage relationship between node j and
node j + 1 is presented in Eq. (2) whilst real
active and reactive power are given in Eq. (3)
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and Eq. (4), respectively.

2 2
Vi =V
+ 2% (Rjj1 % Pjj1 + X1 % Qjj41)
— (R} + X5 ) 1 g | (2)
2
Pj=Pji1+ Prj+ Rjj1 % |1 j11] (3)

Qi = Qi1+ Quy+ Xy |l nl”  (4)
The loss of line connecting between node j and

j + 1 can be drawn from Eqgs. (3) and (4) as
shown by the following equations.

()

2

QLoss(j.j+1) = Xjg1 * 41 (6)
The total kW loss (PT) is reckoned by totalizing
all line losses as given in Eq. (7):

2
Pross(jj+1) = Rjjv1 * L j11]

N
Pr=>" PLos(jj+1)

j=1

(7)

2.2. Objective function of

Problem

The core goal of the problem for selecting the
capacitor placement with the suitable rating is
to minimize the real power losses. So, the ob-
jective function can be stated in the following
formula.

N
Minimize Pp = Z Pross(j,j+1) (8)
j=1
2.3. Constraints

Such objective function is governed by constrain
conditions as follows

Voltage requirement: The voltage magni-
tude of every node should be restricted within
the following range:

Vinin < ‘/j < Vmax;j =1.,N (9)

Injected reactive power requirement:
Total compensated reactive power must be lim-
ited by

N
ZQCS ZQLﬁjZl,yN (10)
J
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3. Marine predators
optimization algorithm
(MPOA)

MPOA was developed in the early 2020. It is for-
mulated based on hunting behavior of predators
in marine ecosystems [21]. In MPOA, Brownian
and Lévy flights distributions were used for the
widespread foraging strategy. In which, Brown-
ian distribution is suitable to search solutions in
local domains whilst Lévy flights distribution is
useful to search solutions in large domains. In
[21], the authors have proven the performance of
MPOA through solving some traditional bench-
mark test functions and engineering design prob-
lems. In recent times, MPOA has been success-
fully employed for forecasting confirmed cases of
COVID-19 in Italy, USA, Iran and Korea [23].
The process of updating new solutions of MPOA
is characterized by three stages corresponding to
the current iterations with different strategies.
The steps of the MPOA are explained as follows:

The first stage: This stage is carried out
when the iteration is run from 1 to one-third of
the maximum number iterations (Mazte,). In
such stage, newly updated solutions are created
by

P, =P +ax*f®delta;;i = 1...5p0p (11)

delta; = e @ (Ppest —€ Q@ P;) (12)

The second stage: This stage is conducted
when the iteration is higher than one-third of
Maxiter and equal or smaller than two-third
of Maz;ter. In such stage, two strategies are
suggested for both exploration and exploitation
issues. The population size (Sp,p) should be
therefore divided into two equal groups to be
in charge of the mentioned task. The approach
for the mission of the first group is suggested by

Spo
P, =P +axf®deltalzi = 1.~ (13)
deltal; = ¢ @ (Ppest — ¢ ® P;) (14)
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Create an initialize
prey populations

Calculate the fitness and

determine the top predator

Preys in one half of the population
updated as in Eq.13
and the others updated as in Eq.15

Generate preys based on Eq.19 |

| Generate preys based on Eq.20

Update preys based on Eq.17

]

| Update preys based on Eq.11 I—D

Calculate the fitness of each prey
Update preys

Fig. 2: Simple distribution system.

33.2 3
g 33 25
; 328 N
= 326 o
5 15 5
g 324
3 1
= 32.2
31.8 0
o 0 0.25 0.5 0.75 1 1.25 1.5 1.75 2
mmmm Min 33.061 32.307 32307 32306 32.306 32.306 32.346 32.31  32.418
STD 2.6403 | 1.3711 1.1803 1.4102 1.0874 1.317 1.1389 1.1484 1.2674
Fig. 3: The obtained results from changing of a.

« 0 0.25 0.5 0.75 1 1.25 1.5 1.75 2
Min | 33.061 | 32.307 | 32.307 | 32.306 | 32.306 | 32.306 | 32.346 | 32.310 | 32.418
Aver | 36.860 | 34.112 | 33.814 | 34.073 | 34.051 | 34.122 | 34.318 | 33.987 | 34.335
Max | 47.594 | 38.209 | 36.642 | 37.821 | 36.272 | 37.046 | 36.901 | 36.492 | 36.900
STD | 2.640 1.371 1.180 1.410 1.087 1.317 1.139 1.148 1.267

Tab. 1: The results from the investigation of a.

The approach for the work of another is pro-

posed by
-P7; - Pbest
o (1 Iter > (2*
a _
Maz;ter
.S
1= ;Op ~-~Sp0p

delta2; = ¢ @ (¢ @ Pyest — P;)

The last stage:
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Iter

Mazier

)

Pi:Pbest

® delta2;; +o (1

(15)

(16)

This stage is happened when
the iteration is higher than two-third of Maz e

Iter ) <2* Has
Maxiter

Iter

i =1...Spop

iter )

deltad; = ¢ @ (¢ @ Ppest — ;)

In this stage, new solutions are generated by

® deltad;;

(17)

(18)
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After each stage, solutions will be created by a
comparison criterion as the following models

P, =P
1 Tter (2* Jw‘it‘tel:er)

* a Maziser

*[Pmin+w®(Pmax_Pmin)]®V
(19)

ifr < FADs
P, =P + [FADS (1 — ’f‘) + 7"] (Prl — PTQ)

(20)

ifr > FADs

Finally, a comparison between each newly up-
dated solution and old solution is executed to
hold a better one and abandon another one. A
detailed description of the solution search pro-
cess of MPOA method is shown by the following
flow chart as in Fig. 2.

4. Comparison and
discussion

In this portion, the positive power of MPOA
against power losses of the considered power sys-
tem, total capacity of capacitors and the place-
ment of capacitors are carefully analyzed. Dis-
tribution network of 15 and 33 buses has been
utilized with different sub-cases. Fifty indepen-
dent trial runs have been performed for three
cases of each test system. The work for the en-
coding of MPOA is coded on MATLAB and run
on a personal PC.

4.1.  Analysis of MPOA

parameters to test systems

Analyzing and adjusting the control variables of
each method do not lack in optimization prob-
lems because these variables can give the best re-
sult for this problem but the worst result for dif-
ferent problems. In MPOA method, two control
variables such as the predetermined number («)
and FADs are investigated for adding two capac-
itors into the distribution system of 15 buses. In

(© 2020 Journal of Advanced Engineering and Computation (JAEC)

this work, 10 preys have been selected over 50
independent runs with Maz;;., = 10. For de-
termining «, we set FADs = 0.5 and the ob-
tained results from the simulation are presented
in Tab. 1 and plotted in Fig. 3. In Fig. 3, o
is adjusted from 0 to 2 with a size step of 0.25.
With each value of «, the power loss and the
standard deviation (STD) are determined. The
comer is used to access the power of the method
meanwhile the latter is employed to analyze the
robustness. Observing such Fig. 3 indicates that
the power loss of 32.306 kW and STD of 1.0874
are the best values tantamount to oo = 1.0.

For determining the best value of FADs, the
value of « is set to 1 while FADs is set to from
0 to 1. If FADs is smaller than 1, Eq. (19) is
applied to update new solutions. Otherwise, Eq.
(20) is employed. Following the rule, the results
from the setting of FADs is provided in Tab. 2
and displayed in Fig. 4.

Figure 4 shows that when FADs equals 0, the
best loss of 32.306 kW and STD of 0.997 are the
best values for this test system with two capac-
itors. From the above survey results, « = 1 and
FADs = 0 are applied to evaluate the ability of
MPOA method for different cases.

4.2. The 15-bus network

The load demand of 15-bus network is 1752. 07
kVA and the power loss in the transmission line
of the system is 61.8 kW [8]. The replete perfor-
mance of each considered system is directly in-
fluenced by connecting the number of capacitors
that should be carefully investigated to achieve
the best optimal solution. Table 3 provides a
comparison of results achieved by the suggested
MPOA and other techniques for three Cases,
Case 1 with two capacitors, Case 2 with three
capacitors, and Case 3 with five capacitors. Be-
sides, FADs and « are set as in Section 4.1, Spep
is set to be 10 and Max;., is set to 10, 30, and
40 for Cases 1, 2, and 3, respectively.

For Case 1, HEA [8] and PSO-TVIW [9] spec-
ify the same positions of two capacitors at nodes
3 and 6 while the power loss of two methods is
no significant difference with 32.6 and 32.7, re-
spectively. Similarly, the placements of the two

255



VOLUME: 4 | ISSUE: 4 | 2020 | December

32.700 1.400
g 32.600 /\ 1.200
E 22500 1.000
;- 32.400 0-800 E
= 0.600 <
8 32.300
= 0.400
32.100 0.000
FADs 0 0.25 0.5 0.75 1
m— Mlin 32.306 32.318 32.347 32.462 32.633
STD 0.997 1.311 1.239 1.193 1.221
Fig. 4: Simple distribution system.
FADs 0 0.25 0.5 0.75 1
Min | 32.306 | 32.318 | 32.347 | 32.462 | 32.633
Aver | 33.875 | 34.207 | 34.313 | 34.180 | 34.484
Max | 36.417 | 37.034 | 36.703 | 36.935 | 37.175
STD 0.997 1.311 1.239 1.193 1.221
Tab. 2: The results from the investigation of FADs.
Capacitor Size Total size | Total loss
Study case Methods
site (node) (kVAr) (kVAr) (kW)
HEA [§] 3,6 805, 388 1,193 32.6
1 PSO-TVIW 9] 3,6 871, 321 1,192 32.7
ACM [10] 4,6 630, 410 1,040 36.81
MPOA 4,6 705, 435 1,140 32.3063
9 MHA [11] 6,11,15 350,300,300 950 31.12
MPOA 4,6,11 491, 406, 298 1,195 30.34
PSO [12] 4,6,7,11,15 274,193,143,267,143 1,020 30.5522
3 RGA [13] 4,6,7,11,15 | 274, 193, 143, 267, 143 1,020 30.5522
MPOA 2,4,6,7,12 | 198, 473, 241, 147, 215 1,274 29.9128

Tab. 3: MPOA results for three cases compared with other techniques in 15-Bus.

capacitors identified by ACM [10] and MPOA
are nodes 4 and 6; however, the power loss of
MPOA is the best. For Case 2, MHA [11] and
MPOA can reduce the loss more effective than
the case of the base network without reactive
compensation. This value proves that MPOA is
more impressive than MHA [11] with the power
loss of 30.34 kW compared to 31.12 kW. For Case
3, results from PSO [12] and RGA [13] in terms
of capacitor placements and sizes, total compen-
sated power and total power loss are exactly the
same. Comparing with two mentioned methods
can recognize that the power loss of 29.9128 kW
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from MPOA is better. From here, we can evalu-
ate that MPOA is stronger than other methods
for three study cases. For the investigation of
voltage profile improvement, Fig. 5 is drawn to
display the change of the voltage of nodes in 15-
bus system for different cases.

4.3. The 33-bus network

In this section, the network with 33 buses is used
to inspect the performance of MPOA by analyz-
ing three cases with one capacitor, two capac-

(© 2020 Journal of Advanced Engineering and Computation (JAEC)
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itors and three capacitors. These parameters
of MPOA are also set as follows: FADs = 0;
o =1; S,0p = 10, and Maz;te, = 30, 30, and
50 for three cases, respectively. The results col-
lected from MPOA are compared to those of
other tools as shown in Tab. 4. For Case 1,
three methods including CPA [14], NHA [15],
and MPOA find the same position at node 30.
The power loss of CPA [14] and NHA [15] are ap-
proximately equal to power loss, that of MPOA
is a little smaller. For Case 2, nodes 12 and 30
are regarded as the most suitable positions for
capacitors found by CPA [14] and MPOA while
those of NHA [15] are nodes 13 and 30 but the
power loss of MPOA is the best among the three
methods. For Case 3, total loss from MPOA are
compared to that from the seven other methods
such as CPA [14], NHA [15], BFOA [16], FPA
[17], IMDE [18], MSA [19], and EAT [20]. As
seeing the second column in the table, nodes 12,
24, and 30 are found by CPA [14], MSA [19],
and MPOA, nodes 18, 30, and 33 are discov-
ered by BFOA [16] and IMDE [18], nodes 13, 24,
and 30 are detected by FPA [17] and EAT [20]
while those of NHA [15] are nodes 13, 25, and
30, respectively. When seeing the last column,
three methods including CPA [14], MSA [19],
and MPOA can reach better loss than other ones
corresponding to nodes 12, 24, and 30. Clearly,
three mentioned nodes are the best suitable po-
sitions for inserting the compensated capacitors.
In relation to the power loss level, MSA is the
best one, MPOA is the second best one while
BFOA is the worst one. From here, it can be im-
plied that MPOA is a potential method. For in-
specting the improvement of the voltage of nodes
in the 33-bus system before and after installing
capacitors, Fig. 6 is plotted. From such Fig-
ure, it can be seen that when the system is in-
tegrated with capacitors, the voltage of nodes is
significantly enhanced. However, if we conduct
a comparison of three compensated cases, Case
3 has better voltage profile than others.

5. Conclusions

In this paper, we have used the MPOA method
for an important task to be reduced the active
power loss in distribution systems. The mission

of MPOA is to seek the proper location and siz-
ing of fixed capacitor banks. The method behav-
ior is tested on two distribution networks such
as 15-bus and 33-bus networks. For proving the
performance of MPOA, we carry out to collect
its results of different cases in the two systems.
Then, a result comparison between MPOA and
other methods available in recent literature has
been implemented. As a result, MPOA can pro-
vide a very reliable solution for all cases of the

two systems.

Nomenclature

ﬂ7r7w’v

Number randomly selected
in [0, 1]

€ Brownian distribution based
random number vector

FADs Fish aggregating devices

ITter Current iteration

N Number of buses

Pj i Real power of the branch
connecting the buses
jand j+ 1.

Pri, Pr2 Two random solutions

Pyest The best solution called
the top predator

P, The ith solution

Pmina Pmax

The minimum and maximum
bounds of the solution

Pr;,Qr;j Active and reactive power
of load at the bus j

Qjj+1 Reactive power of the branch
connecting the buses
jand j+1

Qmins Qmax  The minimum and maximum
rated power of capacitor

Q. Compensated reactive power

R i1 Resistance of the branch
connecting the buses j
and j +1

Spop Population size

0] Lévy flights distribution

V; Magnitude of voltage at
the bus j

Vinin, Viax The minimum and maximum

i

J,g+1

(© 2020 Journal of Advanced Engineering and Computation (JAEC)

voltages at the bus j
Reactance of the branch
connecting the buses
jand j+1
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== =+ Base Casel sescsee Case 2 Case 3
1.01
1
= 0.99 K
%0.98 h W SRR . _ T W
£ 097 N . =" e e - NS
= 0.96 = b . — .7 N
0.95 T — s -\_.
0.94
2 3 4 5 6 7 8 9 10 11 12 13 14 15
Node
Fig. 5: The voltage of nodes in the 15-bus network for different study cases.
Capacitor Size Total size | Total loss
Study case | Methods
site (node) (kVAr) (kVAr) (kW)
CPA [14] 30 1250 1,250 151.52
1 NHA [15] 30 1190 1,190 151.55
MPOA 30 1258 1,258 151.38
CPA [14] 12,30 440,1100 1,540 142.03
2 NHA [15] 13,30 405,1052 1,457 141.9
MPOA 12,30 1063, 465 1,528 141.85
CPA [14] 12,24,30 500, 500, 1000 2,000 138.61
NHA [15] 13,25,30 383, 386, 1000 1,769 138.65
BFOA [16] 18,30,33 249.6, 820.6, 277.3 1,347.5 144.04
3 FPA [17] 13,24,30 450, 450, 900 1,800 139.075
IMDE [18] 18,30,33 350,820,277 1,447 144.04
MSA [19] 12,24,30 450,600,900 1,950 137.23
EAT [20] 13,24,30 359, 520, 1016 1,895 138.37
MPOA 12,24,30 449, 496, 1016 1,961 138.34
Tab. 4: MPOA results for three cases comparable with other techniques in 33- Bus.
101 Base - em=(Cgsel e=e==e=(Case2 eecce- Case 3
1
i TN T
ER Moo S
2 0. -~
fox ENC RSN | ST
02 NTI-00 ~. _
o2 RSE
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Node

Fig. 6: The voltage of nodes in the 33-bus network for different study cases.
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