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Abstract. This paper proposes a method to optimize the position and size of distributed generations (DGs)
based on Coyote algorithm (COA) to minimize the power loss of the radial unbalanced distribution system
(URDS). The proposed COA method is a recently developed meta heuristic algorithm, inspired by the social
life of the North American wolf. COA does not need to use control parameters in the application process
for the optimization problem. The proposed method, using COA to optimize the installation of DG for
URDS in order to bring about the minimum effective power loss. The results of the proposed method were
tested on URDS 25 buses and compared with another method, showing its effectiveness against URDS.
Keywords. Distributed Generations; Coyote Algorithm; Unbalanced Radial Distribution System; Power
Loss.

1 INTRODUCTION

Distributed generations (DGs) are linked to the electric distribution system (EDS) because the economic
benefits and energy security are enormous. Determining the location and size of DGs is appropriate
according to the target so that EDS can operate flexibly and exploit the maximum potential benefits of DGs
with minimum cost but must satisfy technical limitations and optimization. economic targets. The problem
of determining position and size of DGs is well studied, but focused on balanced EDS. In fact, EDS operates
almost in unbalanced conditions with huge power losses. Currently, there are many methods to reduce
power loss on URDS, of which DG installation is an effective solution as well as exploiting the existing
potential of distributed generations. Therefore, the problem of position optimization, the size of DGs to
minimize power loss in unbalanced EDS is very important [1], [2].

To optimize the position and size of DGs in EDS, there is a classical and artificial method. The proposed
methods are linear programming (LP), non-linear programming (NLP) [3], mixed integer NLP (MINLP)
[4], ordinal optimization (OO) [5]. In [3]-[5] often the optimal results are slow convergence or fall into
local extremes. Several hybrid search methods for position and size optimization of DGs yield fast and
global convergence optimization results such as gene algorithm (GA) [6], particle swarm optimiza-tion
algorithm (PSO) [7], salp swarm algorithm (SSA) [8]. In [6]-[8] proposed a new technique to optimize DGs
with the goal of minimizing power loss. These methods have shown accurate results and converge quickly
but only apply to EDS equilibrium. In [9]-[16] presented different techniques to optimize the position and
size of DGs in the unbalanced radial distribution system (URDS) to reduce power loss. These methods
calculate based on losses on phases or voltage indicators without considering neutral wires and the proposed
algorithm is not completely optimal.

The DG optimization problem on URDS has many methods to perform. However, with the current
constraints, the meta hueristic method is exploited in the optimization problem. With the current meta
hueristic algorithms used are mainly based on natural and social ideas. Inside, Coyote Algorithm (COA)
was developed based on the idea of social behavior of wolves [17]. In [18], the COA used for the position
and size problem on the balanced EDS showed its effectiveness. However, its effectiveness for the URDS
problem is an issue that needs to be considered. In this paper, COA is used to optimize the position and size
of DG to reduce power loss on URDS. COA efficiency is assessed on 25 bus URDS. The results are
compared with the method in [16], which shows the results of the proposed method.

2 PROBLEM FORMULATION
In a three phase unbalanced load flow of distribution system the following each individual system
component is mathematically represented by models that approximate their physical behaviour. Network
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components include the distribution lines, shunt capacitors, cogeneration and transformers. In the power
flow calculation, components are modeled by their equivalent circuits in terms of inductance, capacitance,
resistance and injected current [16].

On URDS, the neutral wire will have I, Fig 1. For Pa, Ps, Pc respectively, is the active power of phase A,
B, C. Then the power P of the three-phase circuit as (1).

Ic — APc
Is = APg
In = APy
Sa s;[]&
p 2+ jQ
APy=13Ry

Fig 1. Basic URDS model

P=Pp+Pg+Pc= UAIACOS([)A + UBIBCOS(pB + UcICcOS(pC (1)
Balanced three phase power network: Us=Up=Uc=Upvala=Iz=Ic=1, 2)
With: cos@a = cos@g = cos@c = cos@
P=3U,L,cosp =31 R, 3)
With: cosga = cos@p = cospc = cos®; Sa = PatjQa; Sp=Pp+ jQs; Sc=Pc+jQc.

From the power conversion vector diagram in Fig 2, the relationship between the three phases A, B
and C we have:

PZ =Pa—Pp——Pc—— QBL + QC\/_ (4)
Qr=Qa—-Qp—Qc+ Pp - P (5)
The objective function is:
Z :APA+APB+Apc+APN (6)
With: APy = —=—2Ry
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Fig 2. Power conversion scheme
The objective function of the problem determines DG position and size on URDS:
=min(2 ) (M
When installing DGs on URDS, the sizes of DGs are within the limits:

- Power balance: The sum of output power of the slack bus and the DGs must be equal to the sum
of loads and power loss in the URDS.

- Limits of nodes’ voltage and branches’ current:
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vV = =Vv , =12
= o, =12
Where LCF is load carrying factor of the branch ith.
- Power limits of DGs:
o= = . o =12, ©)]
During the installation of DGs on URDS, it is necessary to satisfy the conditions of voltage and

current binding within the permissible limits. Therefore, the adaptive function of the problem is described
as follows:

®)

= + . v - ,0 + -V 0 + - LCF ,0 (10)
Where: fit is the value of the adaptive function; K is the penalty factor for violating the voltage and
current constraints; V and are the lowest allowable voltage limits and the smallest voltage
amplitude; V and are the maximum permissible voltage limits and maximum voltage amplitude;

and LCF are the largest load factors in URDS and the allowable load factors.

3 PROPOSED METHOD

3.1 The COA algorithm

The COA was developed based on the idea of the social life of wolves [17]. Unlike other metaphysical
methods, COAs do not need control parameters. This helps to increase the performance stability of the
COA for position and size optimization of DG. The COA algorithm uses the wolf population, in which the
population is divided into groups and the social condition of each wolf is considered to be an optional
solution to the optimal problem. New candidate solutions are created based on the interaction between
wolves in each group and the interaction between population groups.

1. Renew the social condition of coyotes in each group. In each small group of coyotes, the behavior of
each coyote depends on the leader of the group. In addition, each group usually has its own characteristics
compared to other groups. Based on this metaphor, the new solutions in COA is renewed as bellows: In the
group gth, the coyote having the best adaptive function value is chosen as an alpha (al ). Futhermore, the
culture tendency (ct ) of the group is determined by the median social condition of the group’s coyotes.
Then, new social condition of each coyote is generate as follows:

nsc =sc + . —sc + . —sC (11)
Where n_sc and sc are new and current social condition of the coyote cth in the group gth. sc and

sc are social condition of two coyotes selected randomly in the group gth. and  are random number
in range of [0, 1].

2. Be born the new coyote for replacing the old coyote in each gorup. In the group, the old coyote having
the worst social condition will be died and replaced by a puppy which is born as follows:

= 1;'<+ (12)

Where - (=1,2,..., D) is the variable jth of the vector solution of the puppy’s social condition.
D is the dimension of the problem. ~and are the variable of the two solution chosen randomly in the

group.  isarandom number in range of [0, 1]. ~  isarandom variable. ~and  are the probability of
scatter and association which guides the cultural diversity of the coyotes from the group.

=1/ 13

=@1- )2 (13)

3. Interchange coyotes between the groups. Although living in groups, some individuals sometimes
leave the group to live alone or join another group. With this feature, to diversify in the process of creating
new solutions, among population groups, there is the exchange of wolves. The probability () of a wolf
leaving one group to join another and vice versa is determined:

= 0.005 x (14)

Where is the number of coyotes in the group.
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3.2 COA for the problem of optimal position and size of DG

COA is applied to optimize the position and size of DG to minimize power loss in URDS. General principles
of COA are expressed in the following steps:

e Step 1: Select the parameters of COA including number of group ( ) and group size () and the

maximum number of generations ( ).

e Step 2: The initial population of coyotes is represent as SC = hes 0 e ’ with =
1,2,.., and =1,2,.., .Inwhich, and represents for position and size of the DG kth. The
position and size of DG are initialized as follows:
.= [2 + rand(0,1).( -2)] (15)
- =rand(0,1). - + (16)
Where and ~ are the maximum and minimum power of the DG kth.
e Step 3: The initialized population is evaluated based on a fitness function determined as follows:
= + . v - ,0 + -V 0 + - LCF ,0 a7
Where K is penalty factors set to 1000. and are the minimum and maximum voltage.

is the maximum load carrying factor.
e Step 4: The main loop, the outer loop from step 4 to step 8 is continued execution until the pre-created
value is reached. The inner loop (steps 5 through 6) continues until the last group of the population is
reached.
e Step 5: Renew the social condition of coyotes in each group. For each group of coyotes, select the alpha
coyote and determine the median of all coyotes. Generate new social condition of each coyote using (10).
The fitness value is calculated for the social condition. If the social condition is better than the previous
one, it will replace the previous one.
e Step 6: Replace the old coyote by the new coyote in the group. Generate the coyote puppy using (11).
The fitness value of the social of the coyote puppy is calculated. If the social condition is better than the
worst social condition in the group, it will replace the worst social condition. Go to step 5 if the current
group is not the last group of the population. Otherwise, go to the next step.
e Step 7: Interchange a coyote between the groups. If rand (0,1) < , two groups of coyotes in the
population are randomly selected for exchanging coyotes. In the selected groups, two coyotes are randomly
chosen to exchange. The result is that position of the selected coyote in the first group is replaced by the
selected coyote of the second group and position of the selected coyote of the second group is replaced by
the selected coyote of the first group.
e Step 8: In the proposed COA method, the stopping criterion is based on maximum number of
generations. The algorithm is terminated as the generation reaches to the maximum value. Otherwise, return
to step 4 to start the next generation. As the maximum number of generations reaches, the best social
condition of all coyotes in the population is considered as the optimal solution of the problem of optimal
position and size of DG.

4 NUMERICAL RESULTS

The proposed COA method is tested on URDS with a voltage of 4.16 kV, 25-bus, Fig 3. Line and load data
as in reference [16]. The initial power loss of the system is 150.12 kW with the lowest voltages in phases
A, B & C respectively 0.9284, 0.9284, 0.9366 p.u at node 12. The control parameters of the COA set for
the system include: The number of groups and the number of individuals in each group of times are selected
as 5 and 6. The maximum number of loops is selected as 300.
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Fig 3. Single line diagram of 25-bus URDS

Table 1. Test results before and after installation of DG

Description Before After DG Placement
DG DG [16] DG - COA
Placement
DG position - 13 13
DG size - 215kW 223 kW
at 0.85 p.f at 0.87 p.f
Minimum Voltage 0.9284 (A) | 0.9504 (A) 0.9542 (A)
0.9284 (B) 0.9511 (B) 0.9552 (B)
0.9366 (C) 0.9557 (©) 0.9598 (O)
Total power loss (kW) 150.12 90.44 86.25
Total power loss reduction (%) - 39.76 42.55

31

After using the COA algorithm to optimize the position and size of 1 DG, the results show that DG is
located at node 13 with size of 215 kW at 0.87 lagging power factor. Table 1 shows a summary of the test
results before and after placing the DG of the proposed method with the original and the method proposed
in the reference [16]. When connected with DG, the total loss of the whole system is 86.25 kW with the
lowest voltage in phases is 0.9542, 0.9552, 0.9598 p.u at node 12. From the results, the total power loss
across the system decreased from 150.12 kW to 86.25 kW and the voltage at node 12 was also improved in
all three phases from 0.9284, 0.9284, 0.9366 p.u to 0.9542, 0.9552, 0.9598 p.u at node 12. The results of
the proposed method also show that the loss of active power is lower and the voltage is improved compared
to the method in the reference [16]. In addition to reducing the power loss of the system, the voltage at all
nodes is also improved, Fig 4. Figure 5 shows the convergence speed of the algorithm and the current on
the branches of the 25-node unbalanced distribution power system.
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Fig 4. Voltage (p.u) for 25-bus URDS
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Fig 5. Convergence rate and current on the branches

5 CONCLUSION

This paper presents a method so that the position and size of DG on the distribution grid is not equal to the
size of DG is balanced. From the data analyzed data with the location and size of DG shows that the effect
of installing DG into the unbalanced grid has reduced the effective power loss of URDS as well as improved
the voltage of buttons. The COA algorithm is applied to test the determination of the location and size of
the DG on the unbalanced grid. The proposed method has been successfully applied to the 25-node
unbalanced distribution grid. The proposed method is applied as an effective method to optimize the
position and size of DG in URDS.
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XAC PINH VI TRi VA KiCH THUGC CUA DG TREN HE THONG DIEN PHAN PHOI
KHONG CAN BANG HINH TIA SU DUNG THUAT TOAN COYOTE

Tém tit. Bai bao nay dé xuat mot phuong phap tbi uu vi tri va kich thudce cua cac ngudn dién phan tan
(DG) dua trén thuat toan Coyote (COA) dé giam thiéu ton that cong suat ctia hé thong phan phdi khong can
bang hinh tia (URDS). Phuong phap COA duogc dé xuat 1a mot thuat toan siéu klnh nghiém dugc phat trién
gén day, lay cam himg tir cudc song xa hoi cua loai soi Bic My. COA khong can sur dung cac tham sO didu
khién trong qué trinh 4p dung cho bai toan t6i uu. Phuong phap dé xuét, stir dung COA nham t6i vu lap dat
DG cho URDS nhiam dem lai ton that cong suat tic dung 1a nho nhat. Két qua cua _phuong phap dé xuat
dugc thir nghiém trén URDS 25 niit va so sanh v6i mot phurong phap khac da cho thay hidu quéa cua nd ddi
véi URDS.

Tir khéa. Nguon dién phan tan; Thuat toan Coyote; Hé thong dién phan phdi khong can bang hinh tia; Ton
that cong suat.

Received on: 17/03/2021
Accepted on: 17/07/2021

© 2021 Industrial University of Ho Chi Minh City



