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Abstract— Harmonic Distortion is a problem that is a
challenge in itself in maintaining the quality of electric power
due to the use of nonlinear loads. Network reconfiguration is
considered capable of improving distribution system
performance by operating a tie switch until an optimal
configuration is obtained. This study aims to optimize network
reconfiguration techniques to minimize total channel power
losses and %THDv using the Particle Swarm Optimization
(PSO) method which was tested on the ULP Way Halim
Electrical System, Bandar Lampung City 88 buses. The
optimization results obtained a decrease in the total power loss
of the channel by 64.75 kW or 79.51% and reduced the % THDv
value.

Keywords— Harmonic Distortion, Reconfiguration, tie switch,
PSO, %THDv

I. INTRODUCTION

The use of power electronic devices in industrial control
system equipment, welding machines, fluorescent lamps and
others is a nonlinear load category in the electrical load in the
electric power distribution system. Nonlinear loads inject
harmonic currents. This current can generate non-sine waves
due to a wave distortion process known as harmonic
distortion. Harmonic distortion values that exceed the
allowable limits have a negative impact on the system in the
form of heating, decreasing the insulating properties of
materials to damage to the equipment used [1]-[2]. To review
the spread of harmonic distortion in a radial distribution
system, the Forward Backward Sweep (FBS) power flow
method is used to determine the value of voltage level, current
between channels and total channel power loss at fundamental
frequency and Harmonic Load Flow (HLF) is used to
determine %THDv, %THDi and line power loss in each
harmonic order [3]-[5].

The radial distribution system is a distribution network
topology that is widely used as a channel with low voltage
levels, large current values, disturbance ranges with radial
structures and high of power losses [6]-[7]. The current
resistance and reactance of the feeder are the main factors that
affect the value of the line power loss both in fundamental
conditions and in each order of harmonics [8]. Network
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reconfiguration is one of the optimization techniques that can
be used which is considered effective in solving this problem
because it does not use high investment costs [9]-[11].

The use of artificial intelligence-based optimization
methods is widely used in solving complex optimization
problems. To achieve better system conditions, an appropriate
optimization method is needed so that an optimal solution is
obtained [12]. Particle Swarm Optimization (PSO) is an
optimization method that is considered capable of providing
an optimal solution to an optimization problem. Last research,
optimal netwok reconfiguration using PSO [13], biological
cell optimization [14], ant colony and genetic algorithm [15]
gives good results for increasing power quality to reducing
harmonic distortion in the distribution system. This study
aims to optimize network reconfiguration techniques to
minimize total power losses and minimize % THDv using the
(PSO) method which will be tested on the ULP Way Halim 88
Electrical System for Bandar Lampung City buses.

II. MODELING SYSTEM

A. Standard Harmonic

% Vup is the percentage of the total voltage that is
distorted by harmonics against the fundamental frequency
and % Itup is the percentage of the total amount of current
that is distorted by harmonics about the fundamental
frequency [16]-[18]. The voltage harmonic standard used
according to IEEE Std. 519-1992, p.85. for Voltage
Harmonic Distortion in Table 1.

Table 1. Voltage Distortion Limit.

Bus Voltage at lnd¥v1duz.1l Voltage rl."otal .Voltage
PCC Distortion Itup Distortion Vrup
(%) (%)
69 kV and 3.0 50
below
69,001 kV
through 161 kV = 23
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B. Harmonic Load Flow Analysis

The matrix [A] representing the relationship between the
branch current and the bus injection current for the h'*
harmonic sequence is obtained using the backward sweep
algorithm. While the forward sweep method produces a
matrix [HA] which represents the relationship between the
harmonic bus voltage and the injection current of the bus
harmonics. harmonic power flow algorithm, n-bus radial
distribution system is shown in the single line diagram in
Figure 1.
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Figure 1. IEEE 6-bus injected with harmonic currents.

Bus 1 is assumed to be a generator and is considered a

swing bus with 5 loads. The h-th harmonic current (I ,(lh))
contributed by the nonlinear load in Figure 1 can be
expressed as follows:
(127 = [0 + 13’ + 3 + 15 + 1) (M

The FBS method is used here but considers the presence
of harmonic distortion. Matrix [A] represents the relationship
between branch currents and bus injection for the order of
harmonics obtained using the Backward Sweep Method.
Matrix [HA] represent the relationship between harmonic of

voltage bus and harmonic of injection current bus obtained
using the Forward Sweep Method.

The Backward Sweep method is used to get the current
flowing from the i — j branch in the following equation (2)-

Q).

[B] = [4%] « 1% 2)

h(h)
A(h) I ‘ (3)
Ahh

matrix [Aff)]] is coefficient vector for the presence of
harmonic current flowing through the i — j branch. Forward
Sweep method is used to find harmonic voltage in each bus in
the following equation (4)-(6);

V] = [z2] « B (4)
[v®] =™ - [ (5)
[y®] = [a®] « 10 ©

If the iteration is less than or equal to the tolerance
specified by & then the value of the harmonic voltage on the
bus can be calculated by the following equation;

|Vi(h),k+1 _ Vi(h)’k < €| (7)

Total active power losses of harmonic can be written with
vector from as follows;

bt hmax

PL(0}2)5 = ZPLOSSI_ = z z |B (h—)| R (h) (8)
i=1 h=hy

P = [R®]" x [A®] x [1] )

The voltage values of rms bus i (Vrmsi) and THDv in each
bus can be calculated as follows;

hmax
Vs, = 0]+ Y ) (10)
h=hg
hmax V(h)
THDv = M (1D
el

C. Network Reconfiguration

Network reconfiguration is the rearrangement of the
distribution network by operating the tie switch by opening or
closing it to change the system configuration. In general,
network reconfiguration is used to reduce power losses in the
network and overcome overload. In addition, network
reconfiguration operations can be performed to mitigate
power quality problems and reduce the effects of harmonics
on the distribution network [19].

Configuration changes are made while maintaining the
shape of the distribution network and power supply to the
load. Network reconfiguration is carried out using an
algorithm to obtain the optimal switching pattern to achieve
minimal power losses [20]. The algorithm works by reading
data and doing load flow. Then open the tie switch and close
a different tie switch to get the configuration. The operation is
carried out until a predetermined objective function is
achieved, such as the percentage of minimum power losses
[21].

D. Particle Swarm Optimization

PSO is one of the evolutionary computational techniques,
in which the population in PSO is based on a search algorithm
and begins with a random population called a particle. In the
PSO method, each individual is modeled as moving towards a
space problem whose position is determined by the vector.
Information from each individual is based on their own
experience and knowledge from other individuals. The speed
of each individual can be formulated as follows [15]-[17].

Via =wVig+ Ci 1+ (Pg + Xig) (12)
+ Cy 15(Pya — Xia)
Xig = Xig + Vig (13)
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III. METHODOLOGY

A. ULP Way Halim Distribution System, Lampung City

The ULP Way Halim distribution system in Lampung
City has 4 feeders from 2 substations modeled to 88 buses.

The feeders are Bonia feeders, Rolex feeders, Bulova feeders
at the Sukarame substation and Perunggu feeders at the
Sutami substation. The existing substation is modeled as a
Slack Bus while the feeder is modeled as a Load Bus. The
single line diagram can be seen in Figure 2.
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B. Source of Harmonics

Variable Frequency Drive type nonlinear load used as a
source of harmonics can inject harmonic currents placed on
bus loads 2, 5, 12, 15, 17, 18, 19, 26, 27, 31, 32, 37, 42, 44,
51, 53, 54, 57, 60, 61, 62, 66, 69, 70, 73, 80, 83, 86, 87 and
88. The amount of injection current given from is shown in
Table 2.

Table 2. Large harmonic current injection [23].
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. Bus Voltage Limit
Vmin(0-95 pu) < I/;msi < Vnax (1-05 pu) (13)
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THD; (%) < THD 4y (14)
e  Network topology after network reconfiguration is
Orde Mag (%) | Phase Angle still in radial condition.
5th 98 140
th
171111 ?Zig 111538 E. Network Reconfiguration Techniques
13 8.79 -178
17 2.5 -94

C. Objective Function

e Minimum total line power loss

nb nb Pmax
Pposs = Z PLossi(l) + Z Z Plossi(h) (11)
i=1 i=1 h=h,
e  Minimum %THDv
0 Va, 0
rms,i

In this study using existing switches and not creating new
channels. Switches that connect between buses become
objects to determine the most optimal combination [24].
There are seven search loops based on the determination of
the tie switch and the channel to be reconfigured. The
combination of existing switches is used to determine the
search space in the optimization process. From the search
loop that has been determined, the channel will be broken so
that the new channel can be connected through the switch
closing process (tic switch closed). Loop data on the system
can be seen in table 3.
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Table 3. System reconfiguration loop data.

Reconfiguration Switch
Loops
1 S1, S6, S7, S8, S9, S87
2 S16, S17, S19, S20, S22, S88
3 S25, S27, S28, S45, S46, S47, S89
4 S23, S24, 833, S34, S37, S29, S30, S90
5 S10, S11, S14, S42, S43, S44, S91
6 S32, S75, 892
7 S48, S49, S50, S80, S81, S82, S83, S93

F. Research Stages

The stages of the optimization process carried out using
the PSO method can be seen in Figure 3.

Radial Distribution Network Data
ULP Way Halim

Power Flow Analysis
Forward Backward Sweep Metho
Harmonic Source

v

/ Harmonic Load Flow /

Population Generation

v

—)/ Network Reconfiguration using PSO /
No

Calculating the Objective Function

aepdn

Figure 3. Research stages.

IV. RESULT AND DISCUSSIONS

The injection of harmonic currents from the use of
nonlinear loads in the form of a variable frequency drive
(VFD) generates the spread of harmonic distortion in the
system making the %THDv value > 5%. The PSO method is
used to determine a new network reconfiguration with the
aim of minimizing the total loss of channel power and
%THDv with population parameters = 100, and = 2. After
testing the effect of harmonics on the system, steps are
needed to obtain the optimal value of the system by
reconfiguring. The reconfiguration process is carried out
using the PSO optimization method on seven channels that
have been determined based on table 4. The open channels
are S1, S16, S25, S24, S10, S32, and S49. The results
obtained are as follow in table 4.

Table 4. Comparison of data before and after reconfiguration

using PSO.
Condition Before After
Reconfiguration | Reconfiguration
S87, S88, S89, S1, S16, S25,
Open Switch S90, S91, S92 S24, S10, S32,
and S93 and S49
Total Active
Power Losses 81.44 16.69
&W)
Total reactive
power loss 341.36 74.46
(kVAR)
Min voltage (pu) 0.98552 0.99557
Maximum voltage 0.01448 0.00443
deviation(pu)
Maximum THD
%) 5.3313 1.7532

Based on table 4, it was found that after reconfiguring
the network, it was found that there was a decrease in active
power losses to 16.69 kw. In terms of voltage, it also gets
better with a minimum voltage of 0.99557 pu which can be
seen in Figure 4.
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Figure 4. Comparison of bus voltages before and after optimization.
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Comparison of % THDv
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Figure 5. Comparison values of %THD,, before and after optimization.

In the comparison of the system's Total Harmonic
Distortion chart, there is a decrease that makes the system no
longer in a critical state beyond the predetermined standards.
After reconfiguring the largest %THDv, it only reached
1,754%.

Changing the current flow in the ULP Way Halim
distribution system by reconfiguring the network can
improve system performance in increasing efficiency in the
form of increasing power quality in reducing the spread of
harmonics. the spread of harmonics in the system cannot be
mitigated by network reconfiguration techniques, but this
optimization technique can improve system performance in
fundamental conditions so that the %THDv value improves
in each order of harmonics.

V. CONCLUSION

The use of the Particle Swarm Optimization (MOPSO)
method in optimizing network reconfiguration optimization
techniques by considering the use of nonlinear loads which
aims to minimize total channel power loss and minimize
%THDv gives optimal results. The result of the optimization
is the determination of an open channel which is replaced by
a tie switch with a network topology condition in a radial
condition. There is an improvement in the bus voltage level,
a decrease in the total loss of channel power loss by 64.75 kW
or 79.51% and the %THDv value is within the permitted
limits.
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