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Due to the growth of technology and changes in government policies
to reduce fossil fuel consumption, the tendency to use electric vehicles
by private enterprises and public transportation (including taxis and
buses), and vehicles providing public services (such as ambulances
and police cars) has increased. Since these cars need to charge their
batteries, a new electrical load is imposed on the network. Therefore,
according to their increasing growth, various network issues
including energy management need to be studied and investigated. On
the other hand, the government's policy favours the use of renewable
resources such as wind turbine farms and solar cells. Wind turbines
have been located in pre-studied locations and photovoltaic cells are
used on residential and commercial roofs with underutilized
generation capacity. These sources can compensate for the power
required by electric vehicles. In the present research, the impact of
different electric vehicle charging methods and the random nature of
power generation by wind turbines and photovoltaic cells were
studied in a 33-bus distribution system, and energy management was
carried out. For this purpose, a new method was proposed and the
energy management problem was performed by the Harmony
algorithm. Finally, the obtained results from the simulation studies
indicated the effectiveness of the proposed algorithm.
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EXTENDED ABSTRACT

Introduction

Recently, a great deal of attention has been paid to renewable energy sources (RESs) due
to the growing concerns about greenhouse gas emissions. It should be noted that the
electrical energy generated by WTs and PVs is an uncertain variable, which is out of control
and can create challenges for grid operators. On the other hand, to decrease dependency on
fossil fuels and environmental pollution, almost all countries plan to invest more in electric
vehicles (EVs). The power required by EVs, can be compensated by WTs and PVs. This would
generate a considerable charging demand with uncertainties that along with the random
nature of power generation by WTs and PVs may create a significant challenge to new
distribution systems.

Based on geographical conditions, network design and network infrastructure growth,
two types of structures are suggested for charging cars. In the first structure, there is a place
to charge EVs in public parking lots. In the second structure, the charging stations are widely
distributed in residential, commercial and administrative areas, in contrast to the first
structure, where the EV charging stations are concentrated in parking lots. The latter
structure was used in this study. In the second structure, two methods are used to charge
EVs, one is the widespread use of home and commercial chargers and the other is the
battery swapping method, in which a depleted EV battery is removed from the vehicle and
replaced with a fully charged one. Therefore, battery exchange parking lots (BX) that
consume a great deal of power should be appropriately located to minimize the present
value of the overall generation and distribution costs.

Methodology

Currently, distribution networks face the challenge of integrating distributed generation
sources such as PVs and WTs, along with emerging electric loads like EVs. This article
focuses on investigating the impact of these RES and the associated electric loads on
distribution networks. The electric load from EVs encompasses various charging methods
for their batteries. Apart from normal and fast charging, the BX method is also examined.
This paper employs beta and Weibull probability distribution functions to simulate
scenarios of solar radiation and wind speed.

The grid load resulting from these vehicles depends on various charging strategies, such
as fast charging, normal charging, battery replacement strategy, different driving strategies,
and the initial state of charge (SOC). There are two approaches for charging car batteries:
the first one is Plug-in Hybrid Electric Vehicle (PHEV), which involves common methods of
fast and normal charging. The second approach is BX. This article categorizes cars into four
groups: taxis, buses, public service cars, and personal cars. Based on the NHTS report, the
daily distance travelled follows a log-normal distribution function. SOC is considered to be
completely random and is influenced by the time elapsed since the previous charge and the
distance covered between two consecutive charges.

To calculate the charging power of a car, it is necessary to first determine the model for
the distance travelled by the car. Subsequently, the charging start time and charging type are

238



Journal of Technical and Vocational University Spring 2024, Vol 21, No. 1, p. 237-259

determined based on the car's usage. By calculating the total charging load of EVs, the
imposed charging load of cars can be derived easily.

Results and discussion

[tis assumed that the placement of WTs based on geographical locations and technical
limitations of the network has already been done. Car charging stations are widely
available in the city. It is also assumed that PVs are widely installed on the roofs of
residential and commercial areas. Therefore, the power consumed by car charging
stations and the power produced by PVs is equally divided between the buses. In this
paper; the optimization of electrical energy consumption in the network is done using
optimal placement of BX stations.

The proposed algorithm was tested on the IEEE 33-bus distribution system. Considering
some assumptions, the voltage profile of the network load distribution results only by
considering differentload levels is shown in Figure 1-a, which is within the acceptable range
(0.9 < V;(t) < 1.1). The voltage profile considering PVs, WTs and EV/FC is also shown in
Figure 1-b, which is not within the acceptable voltage range. It is worth noting that power
consumption by BX increases the voltage drop in the network and as a result makes the
network voltage situation worse than in Figure 1-b.
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Figure 1. The network voltage profile in the IEEE 33-bus.

Therefore, in addition to proper placement for BX, transformer tap should also be
appropriately used to optimize the objective function. For this purpose, the proposed
method was implemented by HSA and the results of the algorithm are shown in Table 1.

Table 1. Results obtained of the proposed algorithm.
Number of BX Location of BX(Bus) Tap Objective function (Mj)

1 1 +2 992
2 3and 19 +3 986
3 1,4 and 21 +3 1006
4 1,2,11and 22 +3 877

The voltage profile corresponding to the optimal simulation states reported in Table 1
can be seen in Figure 2. As it is clear from the results, only in the case where the number of
BX is equal to two, the voltage limits are well achieved. It can be concluded that the best
solution to the problem is two BX stations in buses 3 and 19 with tap +3.
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Figure 2. The network voltage profile of Table 1.

To demonstrate the efficiency of the proposed algorithm, the considered problem with
two BX was solved using the Particle Swarm Optimization (PSO) method. The PSO results
validate the HAS results.

Conclusion

This paper investigates the minimization of daily energy import from the upstream
network in the distribution network with the integration of WTs, PVs, and EVs. To achieve
this objective, the study focused on the control of transformer tap and the optimal
placement of BX stations.
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