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Abstract. This article studies the influence of
distributed generation (DG), specifically the in-
fluence of photovoltaic (PV) in the distribution
system. The particle swarm optimization algo-
rithm (PSO) will be applied to determine the best
capacity and location of PV on a test system of
EEE 33 nodes so that active power loss is min-
imized, and the voltage profile is improved. The
performance of the applied method is evaluated
by comparing its results to those from some pre-
vious methods, including the Genetic Algorithm
(GA), the Bacterial Foraging Optimization Al-
gorithm (BFOA), and the Backtracking Search
Optimization Algorithm (BSOA). As a result, it
proved that the proposed method is better than
others in terms of processing time, voltage pro-
file, and minimization system capacity loss. In
addition, the main contribution of the study is to
give detailed solutions for operators in installing
how many PVs in the power system can satisfy
economic and technical aspects.
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1. Introduction

Currently, the power grid of most countries in
the world consists of many interconnected grids
to form a sprawling network, called a centralized
power grid system [1]. The mission of the sys-
tem is to meet load demand such as residential
and industrial loads. Therefore, the more the
country develops, the more the power transmis-
sion grid system develops [2]. However, many
limitations of the power grid system in terms of
non-ferrous metal costs and geographical loca-
tion make it difficult to meet high demands as
well as power supply reliability. Namely, some
mountainous and remote areas often encounter
power outages. This forces engineers and scien-
tists to find new solutions to optimize electricity
generation costs as well as reduce power loss on
the line as possible level and ensure electricity
quality for customers [3, 4].

In recent years, fossil energy sources have de-
creased significantly and customers’ demand for
electricity is increasing. Therefore, the applica-
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tion of renewable energy sources (RES) to pro-
duce electricity and connect to the traditional
power system is gradually becoming popular [5].
RES is one of the clean energy sources that has
been used and researched for many years. From
the advantages of this renewable energy source
like no use of fuel, DGs are exploited due to
many benefits to the power system [6,7].

Electrical machines, robot control, power sys-
tems, facial recognition, and other renewable
energy sources are only a few of the electrical
engineering domains where optimization algo-
rithms have been used [8–13]. Namely, authors
in [14] used an algorithm to optimally control
the speed of a synchronous motor by control-
ling the direction of the magnetic field while
authors in [15] have applied algorithms to opti-
mally integrate electric vehicle charging stations
and photovoltaic systems into the existing power
grid. And, finding optimal solutions and solving
the problem of optimizing DG sources in distri-
bution systems has been researched and imple-
mented in [16,17].

Studies in [18,19] are suggested to search ben-
efits to the power system such as reducing power
loss and improving power quality, voltage pro-
file, voltage wave, and standard frequency. To
avoid economic losses, the improvement of volt-
age stability is very important in the operation
of power systems. Therefore, the solution of us-
ing solar batteries in the power network is rec-
ommended in [20].

In this paper, we recommend PSO to deter-
mine the optimal location and the best power of
DG on a test system with the aim of improving
voltage stability and reducing power loss. PSO
is one population-based optimization method
that draws inspiration from the social dynam-
ics of flying flocks of birds in searching food.
PSO is often used to solve optimization prob-
lems in which a set of candidate solutions rep-
resented as particles to reach the optimal solu-
tion by iteratively adjusting their position in the
search space. PSO has been used in a number
of fields since it was first introduced by James
Kennedy and Russell C. Eberhart in 1995, in-
cluding robotics [21], financial forecasting [22],
healthcare [23], and civil engineering [24]. PSO
has fewer parameters to implement, less compu-

tational effort for parameter optimization. This
method is very effective because it uses the con-
cept of swarm intelligence, in which particles in
the search space share information and move col-
lectively to promising areas, leading to the opti-
mal results achieved tend to converge faster than
the algorithms.

2. Problem Formulation

2.1. Objective function

The main function of the problem is to minimize
the total active power loss of the distribution
system and it can be calculated by [25]:

F = min
∑

Ploss (1)

Where: Ploss is the total active power loss, which
is calculated by the resistance of the branch mul-
tiplied by the square of the current flowing on
its branch.

2.2. Constraints

In addition to the main objective function, there
are several constraints as follows: Voltages at
nodes and currents on branches must not exceed
their limits:

0.95 ≤ Vj ≤ 1.05 (2)

|Ibranch| ≤ Imax
branch (3)

Where: Vj is the voltage at the jth node, Ibranch
is the current that flows through each system
branch, and Imax

branch is the maximum current of
the branch.

The power of the generating source (Pgs) and
the power of the PV (PPV ) must be ensured to
balance with the load power (Pload) and the total
active power loss on the line [19]:

Pgs +

NPV∑
k=1

PPVk
=

n∑
j=1

Ploadj
+ Ploss (4)

The minimum
(
Pmin
PV

)
and maximum (Pmax

PV )
limits of PV are given by [25]:

Pmin
PV ≤ PPVk

≤ Pmax
PV (5)
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3. Applying the
Backward/ Forward
Sweep method and
Particle Swarm
Optimization algorithm
to find the best capacity
and location of the PV

3.1. Applying the Backward/
Forward Sweep method to
calculate power flow
distribution

The study of power flow or load flow distribu-
tion has been carried out to find the optimal
parameters of devices for the stable operating
conditions of the power system. It is consid-
ered one of the most frequently performed stud-
ies because of the benefits of electricity to help
operators plan, operate, optimize, and control
electrical systems.

Load flow analysis is performed in the power
system design phase to determine whether the
voltage profile is within the power grid’s toler-
ances. During the operation phase, load flow
analysis is used to determine, maintain the re-
quired voltage magnitude, select the active and
reactive power flows in different branches and
minimize power loss of the electrical system.

Some basic power flow distribution algorithms
have been researched and applied such as New-
ton Raphson, and Gauss-Seidel. These meth-
ods may not be effective because of their unique
characteristics of distribution grids such as ra-
dial structure, high R/X ratio, unbalanced load,
etc. [26]. Other methods, the ladder net-
work theory and the Backward/ Forward Sweep
(BW/ FW) method, are often used due to the
efficiency and accuracy of their solution. In this
study, the author used the BW/ FW method
to analyze power flow in the distribution power
system.

There are two steps in the BW/FW method:
Forward sweep and Backward sweep. Kirch-
hoff’s first and second laws are used to calculate

the current during the backward sweep opera-
tion, going from the farthest node to the source
node. Calculating the voltage in a forward sweep
involves going from the source node to the far-
thest node. This algorithm’s input data is given
in [26, 27]. Step 1. Calculate and convert data
from basic unit (SI) to per unit system (pu):

ZSI =
V 2
SI

SSI
(6)

Zpu =
Ri + jXi

ZSI
(7)

Spu =
Pi + jQi

SSI
(8)

Whereas:

ZSI is the impedance of the line.

VSI is the voltage of the system.

SSI , Spu is the apparent power at nodes.

Zpu: is the impedance of the line.

Ri and Xi are the resistance and reactance of
the line.

Pi and Qi are active power and reactive power
at the ith-node.

Step 2. Calculate the current through the
branches using the BW method:

The current through the ith branch is calcu-
lated by:

Ii =
Si

Vi
(9)

Where:

Ii is the current through the ith branch.

Si is the apparent power of the ith branch.

Vi is the voltage at the ith node.

Step 3. Calculate the voltage at nodes using
the FW method:

Vi+1 = Vi − Ii,i+1 × Zi,i+1 (10)

where:

Vi+1 is the voltage at node i+1.

Ii,i+1, Zi,i+1 are the current and the impedance
from node i to node i+ 1.
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Step 4 . Calculate the active power loss:

Pi,i+1 = Ri,i+1 × I2i,i+1 (11)

The total active power loss of the system is cal-
culated as follows:

Ploss =

n−1∑
i=1

Pi,i+1 × SSI (12)

with Pi,i+1 is active power loss from node i to
node i+ 1.

3.2. Applying Particle Swarm
Optimization algorithm to
the problem

In 1995, two scientists, James Kennedy, and
Russell C. Eberhart, researched and invented an
optimal algorithm, called PSO algorithm [28].
This method was based on birds’ principles, bi-
ological characteristics, and intelligence in mov-
ing in search of food. The mechanism of updat-
ing new solutions of PSO method is given in Eqs.
(13-16) and its flow chart is presented in Figure
1.

Xj = Xj,min + rand(Xj,max −Xj,min) (13)

Vj = Vj,min + rand(Vj,max − Vj,min) (14)

Vj,new = Vj+c1r1(Pbest,j−Xj)+c2r2(Gbest−Xj)
(15)

Xj,new = Xj + Vj,new (16)

where: Xj , Xj,min and Xj,max are the positions
of entity j, the limit constrains the smallest and
largest positions of entity j, respectively. Vj ,
Vj,min and Vj,max are the velocities of entity j,
the limit constrains the smallest and largest ve-
locity of entity j, respectively. Vj,new is the new
velocity of j-particle at the new loop. r1, r2 are
random coefficients between 0 and 1. c1, c2 are
weight coefficients. Xi,new is the new position of
j-particle at the new loop.

4. Simulation Results

The IEEE 33-node distribution system [29]
shown in Figure 2 is used to simulate and demon-
strate the effectiveness of PSO algorithm. The

Fig. 1: The flowchart of the PSO algorithm.

load parameters include a total active power of
3715 (kW) and a total reactive power is 2300
(kVAR), respectively. The detailed load data is
listed in Table 1 and the single-line diagram of
the IEEE 33-node system is shown in Figure 2.
The system voltage of 12.66 kV is used for cal-
culation. In this study, the number of PV is
considered in three cases with case 1 of 1 PV,
case 2 of 2 PV, and case 3 of 3 PV. The results
of three cases found by PSO are reported in dif-
ferent tables below. For finding the best solu-
tions found by PSO, two control variables such
as population size and maximum iterations are
investigated for the case 3 with 3 PV. In addi-
tion, fifty trial runs are selected for this case. Pa-
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Fig. 2: IEEE 33-node distribution system diagram.

Tab. 1: Data of an IEEE 33-node distribution system.

Branch From To R X P Q
name node node (mΩ) (mΩ) (MW) (MVar)
Line 1 Node 1 Node 2 92.2 47 0.1 0.06
Line 2 Node 2 Node 3 493 251.1 0.09 0.04
Line 3 Node 2 Node 19 164 156.5 0.09 0.04
Line 4 Node 3 Node 4 366 186.4 0.12 0.08
Line 5 Node 3 Node 23 451.2 308.3 0.09 0.05
Line 6 Node 4 Node 5 381.1 194.1 0.06 0.03
Line 7 Node 5 Node 6 819 707 0.06 0.02
Line 8 Node 6 Node 7 187.2 618.8 0.2 0.1
Line 9 Node 6 Node 26 203 103.4 0.06 0.025
Line 10 Node 7 Node 8 1711.4 1235.1 0.2 0.1
Line 11 Node 8 Node 9 1030 740 0.06 0.02
Line 12 Node 9 Node 10 1044 740 0.06 0.02
Line 13 Node 10 Node 11 196.6 65 0.045 0.03
Line 14 Node 11 Node 12 374.4 123.8 0.06 0.035
Line 15 Node 12 Node 13 1468 1155 0.06 0.035
Line 16 Node 13 Node 14 541.6 712.9 0.12 0.08
Line 17 Node 14 Node 15 591 526 0.06 0.01
Line 18 Node 15 Node 16 746.3 545 0.06 0.02
Line 19 Node 16 Node 17 1289 1721 0.06 0.02
Line 20 Node 17 Node 18 732 574 0.09 0.04
Line 21 Node 19 Node 20 1504.2 1355.4 0.09 0.04
Line 22 Node 20 Node 21 409.5 478.4 0.09 0.04
Line 23 Node 21 Node 22 708.9 937.3 0.09 0.04
Line 24 Node 23 Node 24 898 709.1 0.42 0.2
Line 25 Node 24 Node 25 896 701.1 0.42 0.2
Line 26 Node 26 Node 27 284.2 144.7 0.06 0.025
Line 27 Node 27 Node 28 1059 933.7 0.06 0.02
Line 28 Node 28 Node 29 804.2 700.6 0.12 0.07
Line 29 Node 29 Node 30 507.5 258.5 0.2 0.6
Line 30 Node 30 Node 31 974.4 963 0.15 0.07
Line 31 Node 31 Node 32 310.5 361.9 0.21 0.1
Line 32 Node 32 Node 33 341 530.2 0.06 0.04

rameters and the surveyed results are reported
in Table 2, Table 3, and Figure 3. With each

Tab. 2: Different sets of parameters of PSO algorithm
for Case 3.

Case Runs Population Maximum
size Iterations

1 50 50 50
2 50 70 70
3 50 85 85
4 50 100 100
5 50 100 150
6 50 100 200

Tab. 3: Surveyed results obtained by PSO algorithm for
Case 3.

Total Min Mean Max Standard
Case size of Ploss Ploss Ploss deviation

PV (kW) (kW) (kW) (kW)
1 3270.14 77.79 82.84 91.33 0.97
2 2841.59 75.95 81.14 86.17 2.26
3 2719.06 73.85 79.74 83.96 2.23
4 2824.4 74.41 78.8094 83.01 2.01
5 2818.14 73.76 77.71 80.86 1.43
6 2637.16 73.7 77.24 81.14 1.5

pair of population size and maximum iterations
in Table 2, we can determine total size of PV,
Minimum Ploss, Mean Ploss, Maximum Ploss,
and standard deviation as reported in Table 3.
Clearly, when we increase the value of popula-
tion size and maximum iterations, the obtained
results will be changed. As a results, the best
solution with best ploss of 73.70 kW is corre-
sponding to population size of 100 and maxi-
mum iterations of 200. If we continue increasing
these values, the results are unchanged. Fifty
Ploss values with fifty trial runs are displayed in
Figure 3. Besides, the convergence characteris-
tic of PSO among 50 runs with population size
of 100 and maximum iterations of 200 is plotted
in Figure 4.

From Table 4, we can see that the number of
PVs has a very clear impact on the distribution
grid system. In the case of the system without
PV, the total active power loss is 211.00 (kW).
This value is reduced to 111.03 (kW) for the case
of 1 PV at node 6, to 87.17 (kW) for the case of
2 PV nodes 13 and 30, and to 73.70 (kW) for the
case of 3 PV at nodes 14, 24, and 30 respectively.
In addition to reducing the total power loss, the
voltage at the nodes of the system has also been
improved as compared to the case without PV
penetration as shown in Figure 5, Figure 6, and
Figure 7 respectively. In the case of not
considering PV penetration, the minimum volt-
age and maximum voltage are 0.904 (pu) and
0.997 (pu), respectively. The minimum voltage
with PV is 0.942 (pu) for case 1, 0.965 (pu) for
case 2 and 0.968 (pu) for case 3, respectively.
The maximum voltage at the nodes has been
improved up to 0.998 (pu) and 0.999 (pu) in the
cases of 1 PV, 2 PV, and 3 PV respectively.

In addition, the results of applying the PSO
algorithm are compared with the GA [30],
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Fig. 3: Surveyed results obtained by PSO algorithm for
Case 3

Fig. 4: Convergence characteristics of the PSO algo-
rithm for case 3

Fig. 5: The voltage of the IEEE 33-node distribution
system before and after 1 PV installation

Fig. 6: The voltage of the IEEE 33-node distribution
system before and after 2 PV installation

Fig. 7: The voltage of the IEEE 33-node distribution
system before and after 3 PV installation

Tab. 4: Results of IEEE 33-node system with PV.

Without 1 PV 2 PV 3 PV
PV

Capacity (kW) - 2590.23 1154.34 992.32
and location (6) (30) (30)
of PV 843.01 876.93

(13) (24)
767.92
(14)

Ploss (kW) 211.00 111.03 87.17 73.70
Reduce power - 47.38 58.69 65.07
loss (%)
Vmin (pu) 0.904 0.942 0.965 0.968
Vmax (pu) 0.997 0.998 0.999 0.999

BFOA [31] and BSOA [32] in terms of power
loss and voltage stability and detailed results are
presented in Table 5. In the case of installing
three PVs on the distribution system, the GA
algorithm finds nodes 11, 29, and 30 for placing
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PVs, the total PV capacity is 2994.2 (kW) and
the power loss decreases to 106.30 (kW). The lo-
cations found by the BFOA algorithm are nodes
17, 18, and 33, respectively, with a total capacity
of 2488.9 (kW) and a total power loss of 98.30
(kW). The total PV capacity found by the BSOA
algorithm is 1669 (kW) installed at nodes 13, 28,
and 31 respectively. While these positions for in-
stalling PVs suggested by PSO method stand at
nodes 30, 24, and 14 respectively. The reduction
of active power loss is 73.70 and the total capac-
ity of PV is 2637.1 (kW). From the mentioned
discussion, it can be concluded that the PSO al-
gorithm has produced relatively more effective
results than others.

Tab. 5: Results of PSO algorithm compared to GA,
BFOA and BSOA algorithms.

GA BFOA BSOA Proposed
[30] [31] [32] method

(PSO)
Without Ploss (kW) 211

PV Vmin (pu) 0.9038 (18)
Ploss (kW) 106.30 98.30 89.05 73.70

Reduce
power 49.61 53.41 57.79 65.07

loss (%)
Vmin (pu) 0.9809 0.9645 0.9554 0.9654

3 PV Capacity 1500 633.5 632
(kW) and (11) (17) (13) 992.3 (30)
location 422.8 908.2 487 876.9 (24)
of PV (29) (18) (28) 767.9 (14)

1071.4 947.2 550
(30) (33) (31)

Total size
of PV 2994.2 2488.9 1669 2637.1
(kW)

5. Conclusions

In this paper, the application of PSO algorithm
in determining the location and capacity of the
PV source on the distribution grid system has
big contributions in minimizing the system’s
power loss and increasing the system’s voltage
stability compared to that from other methods.
As a result, the PSO algorithm is highly effective
in solving optimization problems. In addition,
it has also proven the effectiveness of renewable
energy sources on the traditional power grid in
minimizing economic losses and improving the
system’s power quality. However, PV is an un-
certain energy source, and the research in this

article does not consider these uncertain condi-
tions. Installing the number of PVs on the sys-
tem depends on the economics of being able to
install solar panels. Besides, depending on the
geographical location, the amount of solar ra-
diation received during the day, and depending
on the electricity supply needs, customers can
choose options to install the appropriate num-
ber of PV. The results also show that the PSO
algorithm is highly effective in solving optimiza-
tion problems in power systems.
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