Journal of Iranian Association of Electrical and Electronics Engineers
Vol. 21 No. 4, 2024 -
DOI: 10.61186/jiacee.21.4.74

A multiobjective framework for simultaneous placement
of electric vehicle battery swapping and charging stations
in centralized charging mode

Mohamad Hasan Shaker! , Hossein Farzin?, Elaheh Mashhour?

! MSc Graduate, Department of Electrical Engineering, Faculty of Engineering, Shahid Chamran University of Ahvaz,
Ahvaz, Iran
mohmmad_shaker07@yahoo.com

2 Assistant Professor, Department of Electrical Engineering, Faculty of Engineering, Shahid Chamran University of
Ahvaz, Ahvaz, Iran
farzin@scu.ac.ir

3 Associate Professor, Department of Electrical Engineering, Faculty of Engineering, Shahid Chamran University of
Ahvaz, Ahvaz, Iran

e.mashhour@scu.ac.ir

Abstract:

The purpose of this paper is to introduce a framework for simultanecous optimal placement of battery charging and
swapping stations for electric vehicles in centralized charging mode. In the centralized charging mode, unlike the
decentralized mode, the charging equipment is located in a place other than the battery swapping station, which is called
the central charging station. The batteries are charged in this place and are distributed among the battery swapping
stations on a regular basis. The objective functions of the presented model include minimization of the batteries’
transportation cost, improving the voltage index, and reducing the cost of distribution grid losses. For this purpose, a
nonlinear multi-objective model is presented to calculate the objective function values of the problem. Non-dominated
sorting genetic algorithm (NSGA-II) is used to solve the optimization problem in this article. The output of the genetic
algorithm is a set of pareto optimal points, from which the final solution is selected using fuzzy decision-making
method. Finally, the model is implemented on the 69-bus IEEE test system, and the results have been examined in
different scenarios. The obtained results verify the efficiency of the presented model.
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1. Motivation of the work

In recent years, considerable attention has been paid to
the use of electric vehicles (EVs), owing to major
developments in power electronics. Many studies and
researches have been done in the field of EVs, and EVs
are mentioned as one of the best alternatives to internal
combustion cars. Initially, electric cars were not a
suitable option for the general public from an economic
point of view. In the recent years, this problem was
greatly resolved with the development of battery and
electric vehicle charging technology [1]. But there were
still other problems that slowed down the penetration of
electric cars. One of these problems was the long
charging time of batteries, and the other was the small
distance that the driver could travel with each charge [1].
The mentioned problems can be effectively solved using
Battery swapping Stations (BSS). Battery swapping
stations are also divided into centralized charging and
decentralized charging according to the method they use
to charge batteries. In decentralized charging stations, the
depleted batteries that are delivered to the stations are
charged at the location of the station and the related
equipment is located at the same location [2]. But in the
case of centralized charging, the equipment related to
charging the batteries is located in a place other than the
battery swapping stations, called the Central Charging
Station (CCS). Optimal placement of these stations at the
same time in centralized charging mode plays a vital role
for a power grid.

2. Contributions

The review of studies that have been done in the past in
this field reveals that less attention has been paid to the
simultaneous placement of battery charging and
swapping stations in the centralized charging mode, as
well as EVs battery wear over time due to multiple
charges and discharges. Moreover, presence of the CCS
in the grid could influence the important technical
parameters of the network, such as power loss and
voltage. The two mentioned parameters directly affect the
optimal location of this station. On the other hand, due to
random battery swapping pattern of the customers, it is
necessary to have a probabilistic model to calculate the
amount of energy consumed by the central charging
station at different hours of the day. Based on this, the
main contributions of this article can be expressed as
follows:

* Presenting a non-linear model based on multi-objective
genetic algorithm, which is used to locate the BSSs and
the CCS at the same time.

* Fuzzy decision-making method has been used to select
the most appropriate solution and the compromise
between different objective functions has been
investigated.

* Network parameters such as network losses and voltage
index are included in the study.

e The effects of battery wear and battery charging
management in the CCS are considered in this study, and
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their impacts on the optimal location of the stations has
been investigated through various numerical studies.

3. Procedures

The main purpose of this paper is to provide a framework
for simultaneous placement of battery swapping stations
and central charging station in centralized charging
mode. For this purpose, a probabilistic model is firstly
presented to estimate the amount of power consumed in a
central charging station during 24 hours in a sample day,
based on the random pattern of swapping requests. In the
next step, a non-linear model is presented for optimal
placement of the battery swapping station and the central
charging station, in such a way that the costs related to
moving the batteries, the amount of network losses and
the network voltage index are in their most optimal state.
The reason behind the nonlinearity of the model is the
presence of powerflow equations in the calculations. The
output of the probabilistic model of power consumption
in the central charging station is used as the input of the
nonlinear model. There are different zones, each
including a number of candidate locations for stations.
The multi-objective genetic algorithm (NSGA-II) has
been used to solve the optimization problem. Finally, the
fuzzy decision-making method has been used to select
the most suitable solution among the obtained results.

4. Findings

The developed model is implemented on IEEE 69-bus
test network, and different scenarios are defined to verify
the model. To do this, the mentioned system is divided
into 5 different zones, and 15 candidate points for
building BSSs and 12 candidate points for building CCS
have been identified. In total, 3 different scenarios are
defined, in the first 2 scenarios, the issues of charging
method and considering the battery wearing were
discussed, and in the last scenario, presence of
photovoltaic panels in the charging station as an energy
source was investigated. The results showed that the
participation of CCS in V2G programs will have a
significant effect on the placement of stations. On the
other hand, it was observed that the number of times the
batteries are distributed has a great effect on the optimal
placement of the stations. Additionally, neglecting the
battery wear caused the batteries to be charged with a
higher power but in fewer hours, which caused an
increase in power losses in some hours, and its effect on
the location of the stations was observed. It was also
observed that the presence of photovoltaic panels affects
the placement of the stations. The effect of the priorities
of different objective functions on the final solution was
also investigated through appropriate selection of i
values in the fuzzy method.

5. Conclusion

The goal of this article is to present a model for the
simultaneous placement of battery exchange stations and
central charging stations in centralized charging mode.
To do this, firstly, a probabilistic model was introduced
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to calculate the amount of energy consumption in the
central charging station. Then a multi-objective model
was proposed, whose objective functions included
transportation cost, loss cost and voltage index. The
decision variables of this model were the locations of
CCS and BSSs, and the problem was solved using multi-
objective genetic algorithm (NSGA-II). Based on the
obtained results, it can be concluded that different factors
such as the charging method, the number of times the
batteries are distributed, and the presence of photovoltaic
panels can affect the optimal location of the station. For
instance, photovoltaic panels can improve the
performance of the CCS, and increasing the number of
batteries daily distribution times increases the power
consumption at the CSS.
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