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Abstract:

In recent years, with the increasing application of electric vehicles, studies about fast-charging stations have received
more attention. One of the most important factors in developing electric transportation is the availability of fast-
charging stations. This paper examines the sizing and siting of fast-charging stations while taking into account how they
will affect the traffic flow of urban transportation networks and the power quality indexes of the distribution network.
On the other hand, the optimal usage of reactive power compensation and active filtering capabilities of fast-charging
stations have been considered. In the proposed method, the harmonic power flow, staircase cost facility location model
(SCFLM), and user-equilibrium traffic assignment are used for modeling the constraints of distribution and
transportation networks. The proposed model aims to reduce the traveling time in the transportation network by
considering a penalty cost for incremental road traffic congestion in the objective function. Also, the proposed model
aims to improve the power quality in the distribution network. The proposed integer linear programming model is
implemented in GAMS software and finally, the effectiveness of the proposed method is shown using numerical results.
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1. Motivation of the work

The widespread application of electric transportation and
the popularity of electric vehicles (EVs) demanded
optimization of fast-charging station planning. Incorrect
siting and sizing of charging stations will result in
increased loss, voltage deviation, increased peak load [1],
and unacceptable power quality [2]. The optimal
management of electric vehicle battery charging and
discharging causes improved voltage profile, reduced
power losses, and reduced peak demand. In addition,
charging stations are capable of improving power quality
by using power electronic converters with a special
control method [3]. Charging stations are capable of
compensating reactive power and reducing voltage THD.
Therefore, the optimal planning of plug-in electric
vehicle fast charging stations (PEVFCSs) for electric
vehicles can improve power quality in distribution
networks [4].

On the other hand, the location and size of PEVFCSs
affect traffic conditions and the behavior of EV drivers in
the transportation network. Moreover, integrating
PEVEFCSs into the transportation network requires careful
attention to avoid worsening traffic congestion and
increasing travel time due to the limited capacity of
transportation roads.

Based on the aforementioned considerations, effectively
addressing the sizing and placement of fast charging
stations necessitates considering the capacity of
PEVFCSs to improve the power quality in the coupled
transportation and distribution networks. Power loss and
power quality indexes such as voltage THD in
distribution networks and road travel time in
transportation networks are important indexes that must
be considered. In this paper, the proposed mixed integer
linear programming (MILP) aims to minimize the costs
related to PEVFCS installation besides reducing the
negative effects on the transportation and distribution
networks.

2. Contributions

In this study, the planning of PEVFCSs in coupled
distribution and transportation networks has been
addressed. In reference [4] the travel time of roads in the
planning of PEVFCSs was assumed constant while the
placement of PEVFCSs affects the traffic flow of roads
directly. In other words, the placement of PEVFCs can
increase the traffic volume in some transportation lines
and the growth of traffic volume increases the road travel
time. In the proposed method, the dependence of the
travel time on the capacity of the transportation lines is
taken into account to reduce the volume of traffic and the
travel time of the lines. Introducing the improved
SCFLM considering the travel time and the capacity
limitation of the transportation lines, as well as the
presentation of the MILP model, are among the
innovations of this paper. On the other hand, we are
looking for optimal planning of PEVFCSs that improve
the power quality indexes of the distribution network.

The most important contributions of this paper can be
summarized as follows:

e The placement and sizing of PEVFCSs by
considering the power quality indexes of the
distribution network and the capacity of the
transportation lines.

e Considering the dependence of the travel time
on the capacity of transportation lines.

e Reducing the traffic volume of transportation
lines.

3. Procedures

Due to using power electronic equipment, PEVFCSs are
capable of compensating reactive power and filtering
current harmonic caused by nonlinear loads. In this study,
four different scenarios are defined. In the first and
second scenarios, only equations of the transportation
network are considered, and in the third and fourth
scenarios, the equations of both the transportation and
distribution networks are considered. In the first and third
scenarios, the travel time of roads is considered constant
and independent of the capacity of transportation lines. In
the second and fourth scenarios, the travel time of roads
is considered dependent on the capacity of the
transportation lines. To observe and compare the effect of
PEVFCS placement on urban traffic in different
scenarios, the terms traffic congestion and traffic
congestion time have been used. The expression of traffic
congestion indicates the total difference between the
number of electric vehicles in the lines after PEVFCS
placement and the capacity of the lines. Also, the
expression of traffic congestion time indicates the total
difference between the travel time of the lines after
placement and the fixed travel time of the lines. Voltage
profile and voltage THD are analyzed before and after
placing PEVFCs.

Optimal planning of fast charging stations in coupled
transportation and distribution networks should consider
both the distribution and transportation network
equations. These equations are modeled by cartesian
harmonic power flow and improved SCFLM.

Two small and large networks are considered as test
networks to verify the effectiveness of the proposed
method. The small coupled transportation and
distribution network consists of 5 traffic nodes and 6
buses and the large network consists of 24 traffic nodes
and 62 buses [5]. By implementation in GAMS software,
the effectiveness of the proposed method is shown using
numerical results.

4. Findings

In this study, a new method for sizing and placement of
PEVFCSs by considering the coupled transportation and
distribution networks and taking into account the variable
travel time and the capability of PEVFCSs to improve the
power quality of the distribution network is presented. In
the first stage, the results of planning PEVFCSs by
considering the constant travel time of transportation
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lines have shown some nodes as optimal locations to
install PEVFCSs while by implementing the proposed
method (considering variable travel time) in both small
and large networks, the optimal locations have changed
compared the previous scenario. It has shown the
importance of considering the variable travel time of
transportation lines in the planning of PEVFCSs. In
addition, the travel time, travel cost, and traffic
congestion of roads are decreased in the proposed method
compared to the previous scenario.

At the last stage, the planning of PEVFCSs is addressed
in coupled transportation and distribution networks and
the results have shown that the optimal location of
PEVFCSs changes by taking into account the variable
travel time. On the other hand, the placement of
PEVFCSs with the proposed method improves the
voltage profile, reduces voltage THD at the buses of the
distribution network, and declines the traffic congestion
in the transportation network. In addition, all installation
costs related to the PEVFCSs have decreased
significantly.

5. Conclusion

The purpose of this paper is to reduce the installation and
operational costs of fast charging stations, as well as
reduce the travel time of PEV drivers and optimally
usage of the charging station's capabilities for improving
power quality indexes. The simulation results show that
although the optimal location of PEVFCSs by
considering the transportation network equations leads to
the maximum coverage of the traffic flow and reduces
the travel time, these optimal places change by
considering both the transportation and distribution
network equations. Therefore, PEVFCS planning should
be done by considering coupled transportation and
distribution networks, and considering only one of these
two networks will not lead to optimal results. Also,
considering the fixed travel time of roads leads to the
traffic congestion of transportation lines. In comparison
with the case of considering fixed travel time, the
PEVFCS placement with variable travel time not only
improves the power quality indexes of the distribution
network but also reduces the traffic volume of the
transportation network and the travel time of PEV
drivers.
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