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Abstract: Plug-in Electric Vehicle (PEV) is a vehicle with a drive in the form of an electric motor and gets its energy source from a
rechargeable battery. PEV (grid-to-vehicle, or G2V) charging activity can pose a risk to the distribution system when PEV is injected
into the system. Charging PEV in the distribution system will cause the demand for electrical power to increase. Without a proper and
optimal charging coordination system for the many PEVs that exist in the distribution network system, the following technical
problems will arise in the network such as: occurrence of unusual and unwanted peak loads in power consumption, voltage sag,
transformers or conductors overload, as well as the occurrence of high power system losses in the distribution system. This study
discusses the optimization of PEV charging coordination scheduling in a distribution system by considering power losses and voltage
deviations. To optimize the coordination of PEV charging, this study used a metaheuristic method called the Binary Particle Swarm
Optimization (BPSO) which was then compared with the Binary Gray Wolves Optimization (BGWO) method. This scheme is
simulated on the 20kV Pujon Feeder distribution system in Malang, Indonesia. The initial simulation results, at the time when the most
loads were presented, showed 80 percent of PEV penetration, increase in power losses of 54.51 percent and voltage deviation of 9.82
percent. By using the BPSO method, the results showed power loss increase of 27.2 percent and voltage deviation of 7.75 percent.
Meanwhile, by using the BGWO method the increase in power losses was 31.09 percent and the voltage deviation was 7.98 percent.
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1. INTRODUCTION

Plug-in Electric Vehicle (PEV) is a vehicle with an
electric motor which gets energy from a rechargeable battery.
Therefore, this vehicle produces low emissions which reduce
pollution. PEV can be a more promising option as a way to
reduce emissions of greenhouse gases (GHGs). In addition,
PEV's lower daily operating costs compared to conventional
vehicles with internal combustion engines have attracted the
attention of vehicle users [2]. In the last decade, PEV vehicles
have developed a very substantial industry in developed
countries such as the United States, Japan, and Europe.
Several well-known brands of vehicle manufacturers have
also started to market several types of plug-in electric vehicles
(PEV) globally, including to the Indonesian people.

Basically PEV utilizes a large battery capacity and
requires charging to provide sufficient energy as a source of
energy for high-power electric motors. PEV batteries can be
charged at home or other commercial locations through
charging stations in public facilities [3]. PEV is considered as
an additional electrical load on the distribution system. PEV
(grid-to-vehicle, or G2V) charging activity can pose a risk to
the distribution system when injected into the system.
Charging PEV in the distribution system will cause the
demand for electrical power to increase. Without a proper and
optimal charging coordination system for the many PEVs that
exist in the distribution network system, technical problems
will arise in the network such as: occurrence of unusual and
unwanted peak loads in power consumption, occurrence of
voltage sag, overloading of transformers or conductors, as
well as the occurrence of high power system losses in the
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distribution system [4]. Therefore, an optimal PEV charging
coordination system is needed to avoid these problems.

To overcome the problems when PEV is injected into the
distribution system, increasing the power generation capacity
is a feasible solution but it is not economical because the
required infrastructure is too large. Another available solution
is smart grid deployment which can increase system reliability
by coordinating PEV charging operations. Several studies
have also discussed the problem of coordinated PEV charging
with different objectives such as the following: Optimization
of PEV charging by reconfiguring the existing distribution
network method [8]; Coordination of PEV charging to
minimize power losses and improve voltage stability using the
Real Time Smart Load Management algorithm [4];
Optimization of the PEV charging schedule using a heuristic
method in the form of a genetic algorithm [1]. The
aforementioned literatures discuss many aspects of PEV
coordination problems in distribution systems. However, only
a few studies have analyzed power losses and voltage stability
as issues that are discussed at once. In addition, to the best of
the knowledge of the authors of this thesis, no research has
been conducted to analyze power losses as well as voltage
deviation in the distribution network during PEV charging by
considering optimization of PEV charging scheduling using
metaheuristic methods.

This research focuses on the optimization of PEV
charging coordination scheduling in distribution system by
considering power losses and voltage deviation. This PEV
charging coordination takes advantage of the PEV charging
timings in the distribution system. To optimize the
coordination of PEV charging, this study used a metaheuristic
method called Binary Particle Swarm Optimization (BPSO)
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which were then compared with the Binary Gray Wolves
Optimization (BGWO) method.

2. PROBLEM FORMULATION

2.1 Objective Function

The main focus of this research is to determine the
optimal PEV charging schedule with the aim of minimizing
power losses and voltage deviation. To simulate the
coordination of PEV charging, the PEV charging time
approach is carried out every 10 minutes (144 timeslots in 24
hours). The planned strategy for optimization of PEV
charging coordination is optimization of PEV charging
scheduling (in time intervals of every 10 minutes). The
objective function of the optimization process to carry out the
planned method is shown in Equation (1).

minf = ZI214(Ploss + Vd) 1)

Py,ss IS the ratio of power losses before and after PEV
charging coordination. And V; is the maximum voltage
deviation in the distribution system. The P,z value is
calculated from the comparison of the total power losses after
and before the coordination is carried out as shown in
Equation (2).

coord

PUSS
Ploss = = (2)

Puncoord
loss

The equation for power losses in the distribution system is
shown in Equation (3).

timeslot .
Pioss = zt—l (Ij,t X RJ') ©)

The voltage deviation (V;) can be calculated from the
difference between the nominal voltage value and the
measured voltage. The smaller the value of the voltage
deviation from the nominal voltage in a bus on the distribution
network, the better the state of the voltage on the system. The
calculation of the voltage deviation can be shown from
Equation (4).

— m Vrated_Vi
Va = Max[z, (Feett) )

Viatea 1S the nominal voltage in the system which is 1.0
pu. V; is the voltage on the i-th bus, and m is the total number
of buses in the system.

2.2 Constraints

In the whole optimization process, some limitations or
constraints on the system also need to be considered. Some of
these constraints include:

e Maximum Load

Piemana = Zi=2(Poaa + Ppev)i (5)
Description:

n : the number of buses in the system

Pioad : housing load

Ppgy : load of PEV

i > i-th bus

PR i : maximum load on distribution

transformer for 24 hours

e Bus Voltage

Vmin < Vi < Vmax (6)
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Description:

Vinin dan Vo, © the minimum and maximum voltage
ranges allowed in the system

V; :voltage on bus i

The value of the voltage limit range in this study is set at
+10% of the nominal voltage, which is 0.9 - 1.1 pu.

3. ALGORITHMS AND
IMPLEMENTATION

3.1 Binary Particle Swarm Optimization
(BPSO)

In this study, Binary Particle Swarm Optimization
(BPSO) was applied to complete the PEV charging
coordination optimization method. The main difference
between BPSO and PSO is only in the equation for changing
the position of the particles. The equation for the velocity of
each particle is shown in Equation (7) and the equation for the
change in position for each particle is shown in Equation (8).
All particles move in d-dimensional space.

velf ; = wtvel{, + c;ry (pbestly — xf4) +
cory(gbestfy — xty) 0

Description:

velf, :velocity of particle i in dimension d during time t

xfy  :the position of particle i in dimension d during
time t

¢; dan ¢, : cognitive constant and social acceleration

r, dan r, : random values distributed between 0 dan 1

O0rand() = sig(vel; 4)

t+1 _

Xia" = q rand() < sig(vel; 4) ©
. 1

sig(velyq) = Trevlia ©

In Equation (9), sig(vel; 4) is the equation of the logistic
function transformation and rand() is a random value
distributed between “0” and “1”. BPSO was chosen in this
study because of the nature of the solution required. BPSO
provides a final solution in the form of binary "1" or "0",
which indicate charging and off-charging conditions in the
PEV charging process, respectively.

The steps in the flow chart in Figure 1 can be used to
determine the optimal coordination of PEV charging using the
Binary Particle Swarm Optimization method. All constraints
in the system are also considered at this stage.
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Figure 1. Flowchart of PEV charging coordination
optimization using BPSO method

3.2 Binary Grey Wolves Optimization
(BGWO)

The GWO algorithm is designed to solve continuous
optimization problems. For binary optimization problems
such as feature selection, a binary version of the GWO is
required. In 2016, Emary developed the Binary Gray Wolves
Optimization algorithm to solve the feature selection problem.
The equation for the change in position in the BGWO is
shown in Equation (10).

X(t+ 1) = Crossover(Yy,Y,, Y3) (10)
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Crossover(Yy,Y,,Y5) is a crossover operation between
solutions, while Y;,Y,, and Y5 are binary vectors affected by
the movement of the alpha, beta, and delta wolves. In this
BGWO, the values of Y;,Y,, and Y; are calculated using
Equation (11) to Equation (13).

1,if (X8 + bstep?) > 1

Y8 = 11
1 { 0,otherwise (1)
covd dy >
yd = {1, if (Xg + bstepg) = 1 (12)
0,otherwise
:covd d
yd = {1, if (X5 + bstepg) =1 (13)

0, otherwise

In Figure 2, a PEV charging optimization flow chart is
shown using the Binary Gray Wolves Optimization method.
This step can be used to determine the optimal coordination of
PEV charging with the aim of minimizing power losses and
voltage deviations simultaneously. All constraints in the
system are also considered at this stage.
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maximum iteration

Set timeslot =1
Set all PEV charger status to “0”

%
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Satisfy all system constraints?

| Evaluate objective function |

v
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X(t+1) = Crossover (Y1,Y2,Y3)

Reach maximum iteration/convergent?

Update PEV charger status
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Check and release filled PEV load.
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v
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C

Figure 2. Flowchart of PEV charging coordination
optimization using BGWO method
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4. RESULTS AND DISCUSSION

4.1 Existing System Flow Analysis Prior to
Optimization of PEV Charging

Coordination

The power flow analysis of the existing system is carried
out when there is already PEV penetration but the
optimization process for PEV charging coordination has not
been carried out. In this study, 4 cases of PEV penetration will
be analyzed. Namely PEV penetration in the system for
penetration values of 20%, 40%, 60%, and 80%. This PEV
penetration value is based on the added value of the total load
in the Pujon feeder which is burdened by the existing
household load. For the loading value of 1 unit of PEV in
accordance with the limitations of this research problem,
namely PEV with the maximum required charging power
specification of 4.4 kVA. PEV are distributed according to
buses located in densely populated areas or buses with
sufficient transformer capacity to accommodate the additional
PEV load. The results of the analysis of the existing load
power flow after the penetration of PEV in the 24-hour time
interval is shown in the graphs shown in Figures 3 to 5.

‘Total Power Less Before Opfimizaation
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Figure 3. Total power loss before optimization
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Figure 4. Total power consumption before optimization
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Figure 5. Voltage profile for weakest node before optimiztion
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In this scenario, the PEV charging process starts as soon
as the PEV is connected to a charging device. PEVs that are
connected within a certain time are filled in randomly
regardless of the constraints in the existing distribution
system. Therefore, the existing system faces more problems
such as overload in the distribution system, high power losses
and voltage degradation. The total value of power losses in a
24-hour time interval is shown in Figure 3. It was found that
this random and uncoordinated PEV charging process causes
power losses to increase, especially during peak hours, the
maximum load occurs from 20.00 to 23.00. With the highest
value of power losses at 80% penetration of 0.42 MW
occurring at 19.40. Figure 4 shows that the total loading
power also increases when the PEV penetrates. The total
loading power is relatively high in the presence of PEV
penetration. The highest total loading power value occurs
when the penetration of 80% PEV is 5.6 MW at 19.40. In
Figure 5 it is shown when the PEV penetration is at 60% and
80%, with the lowest stress value of 0.9 pu. Meanwhile, at
20% and 40% PEV penetration, the lowest stress values were
still within the permissible limits, which were 0.92 and 0.91
pu.

The value of the power loss after the penetration of the
PEV load can be used as a reference for the optimization of
PEV charging scheduling coordination considerations. This is
because when there is penetration of the PEV load, the
existing system conditions cause an increase in the value of
power losses and an indication of a lower voltage profile, with
an average of below 0.95 p.u. Meanwhile, the permissible
voltage profile according to SPLN 1: 1995 is 0.90 p.u < Vbus
<llpu

4.2 Optimization of PEV Charging
Coordination with Binary Particle Swarm
Optimization Algorithm

The BPSO algorithm is the first algorithm used in the
optimization of PEV charging coordination. The first step
after entering the load data and channel data into Newton
Raphson's calculations was to determine the penetration limit
of the PEV distributed into the system. The second step was to
enter the initial parameters used in the optimization process
using BPSO. The third step was to run optimization in 4 cases
of PEV penetration to obtain an analysis of conditions in the
system in sharing cases of PEV penetration.

To overcome the adverse effects of uncoordinated PEV
charging on the distribution network, a real-time PEV
charging coordination approach based on 10-minute intervals
was proposed in this study. When the PEV is connected to a
charger, the PEV will not be charged immediately as long as
the charging decision is not taken by the control center. The
optimally implemented BPSO algorithm schedules the
arriving PEV and can meet all system constraints. This
coordination strategy is more advantageous for the existing
distribution system compared to the case of uncoordinated
PEV charging. Figures 6 to 8 show the results of the system
power flow analysis after optimization using BPSO.
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Figure 6. Total power loss system using BPSO algorithm
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Figure 7. Total power consumption using BPSO algorithm
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Figure 8. VVoltage profile for the weakest node using BPSO
algorithm

Figure 6 shows that the highest value of power losses
occurs when the 80% PEV penetration can be reduced from
0.42 MW to 0.26 MW. Likewise, the total power consumption
and voltage on the system can also decrease after optimization
using BPSO. This is shown in Figure 7, with the highest total
power consumption of 4.51 MW, while and Figure 8 shows
the lowest voltage of 0.92 pu.

4.3 Optimization of PEV Charging
Coordination with Binary Gray Wolves

Optimization Algorithm

The BGWO algorithm is the second algorithm used in the
optimization of PEV charging coordination. The first step
after entering the load data and channel data into Newton
Raphson's calculations was to determine the penetration limit
of the PEV distributed into the system. The second step was to
enter the initial parameters used in the optimization process
using BGWO. The third step was to run optimization in 4
cases of PEV penetration to obtain an analysis of conditions in
the system in sharing cases of PEV penetration.
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Figure 9. Total power loss system using BGWO algorithm
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Figure 10. Total power consumption using BGWO algorithm
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Figure 11. Voltage profile for the weakest node using BGWO
algorithm

Figure 9 shows that the value of power losses that occur
during PEV penetration can be reduced unlike before the
optimization process. In the case of 80% penetration, the
power losses can be reduced to 0.28 MW. The total power
consumption in Figure 10 shows that it has also decreased to
4.61 MW. Likewise, the voltage value in all cases of PEV
penetration also decreased, as in 80% penetration the voltage
value at the worst node became 0.92 pu.

4.4 Comparative Analysis of BPSO and
BGWO Algorithms

The simulation results of the PEV charging coordination
power flow analysis using the BPSO and BGWO algorithms
are summarized in Table 1. It can be seen that the total power
losses can be reduced for all PEV penetration levels when the
PEV charging coordination optimization process is carried
out. It can also be observed that the overall voltage profile of
the network increases. In addition, in terms of power
consumption and power losses, network performance
improved.
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Table 1. Impact of PEV charging on distribution systems
in various cases

Scenario PEV Penetration(%) |A V (%)| Increase in loss” (%)
No PEV 0 6.63 0
Uncoordinated Charging 20% PEV penetration| 7.61 24,16
40% PEV penetration| 8.58 40,36
60% PEV penetration| 9.65 52,80
80% PEV penetration| 9.82 54,51
Coordinaed Charging using BPSO 20% PEV penetration| 6,81 545
40% PEV penetration| 7.20 15,35
60% PEV penetration| 7.41 20,24
80% PEV penetration| 7,75 27,20
Coordinaed Charging using BGWO 20% PEV penetration| 6.86 6.58
40% PEV penetration| 7.28 17,62
60% PEV penetration| 7.65 24.89
80% PEV penetration| 7.98 31.09

“Increase in loss compare to no pev case

5. CONCLUSION

In distribution systems, uncoordinated and random PEV

charging activity results in overloading of distribution
transformers, severe voltage deviation, and significantly
increased system power losses. Therefore, the main objective
of this study is to develop an optimal PEV charging process.
The results of this study show that the use of the BPSO and
BGWO algorithm methods is able to produce PEV charging
coordination with significantly decreased power losses and
voltage deviations compared to uncoordinated PEV filling.
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