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Abstract

The output power of renewable resources fluctuates because of their random nature, which can negatively affect the grid.
This problem can be resolved by installing battery energy storage systems (BESS). On the other hand, with the increasing
development of electric vehicles (EVs), the scheduling of their presence in the distribution networks has become very
important; because, any unplanned presence of EVs in the smart parking lots (SPLs) and their simultaneous charging may
affect the performance of the grid, negatively. An optimum scheduling for charge/discharge actions of EVs can resolve
this problem, and reduce the need for high cost BESSs. In this paper, the problem of maximizing the operator profit is
formulated as a mixed integer linear programming (MILP) problem considering the constraints on the requested charge
level of the EVs and the permissible exchanged power. Then, the problem is optimally solved, in which a scheduling
scheme is proposed for charge/discharge actions of the EVs in the SPLs in order to control the power fluctuations.
Simulation results on the data of a typical parking lot in Tehran demonstrate that the proposed scheduling can reduce the
number of required BESSs significantly, which decreases the high expenses of the BESS purchase and installation.

Keywords: Electric Vehicles, Smart Parking Lot, Renewable Energy Resources and Optimal Charge/Discharge

Scheduling.

1. Introduction

In recent years, factors such as environmental issues,
reduction of fossil fuel resources, and increasing the
included in the RES, and are more environmental friendly
[1-3].

On the other hand, development of smart grids is very
necessary. Growing use of EVSs provides various
opportunities for future systems, including the prevention
of the release of environmental pollutants and the
increasing penetration of distributed generations [4,5].

The uncontrolled charging of plug-in hybrid electric
vehicles (PHEVs) on the demand side creates a significant
load peak over a short period of time and a valley in the
network consumption diagram [6]. However, one of the
great advantages of PHEVSs is the ability to transfer power
to the grid. The concept of vehicle-to-grid (V2G) was first
used to express the revenue and cost involved in regulating

impact on the growth of clean energy sources and can
also be an appropriate support for the RES [9]. In order to
maintain the network healthy as well as reduce the energy
costs, the management of EV charging actions has been
extensively studied by the researchers [10].

The impact of EVs on the reactive power control and
the distribution network is discussed in [11]. While the
RESs and vehicles are mainly located in the distribution

energy demand have made the presence of renewable
energy sources (RESs) in power systems increasingly
important. Energy sources like wind energy, solar energy,
fuel cell and micro turbines are

electricity market and the ancillary service market [7].
With the presence of EVs in the power exchange,
intermediate commercial entities have emerged between
the owners of EVs and network operators, namely EV
aggregators and parking lots [7].

These new aggregators create a sophisticated energy
storage system (ESS) by keeping large number of EVs
next to each other to transmit energy from the grid to
vehicle (G2V) and from V2G using new technologies.

Aggregators as a flexible storage resource are an
interesting challenging issue in the fields of regulating
electricity market and the ancillary service market [8]. The
presence of aggregators alongside the RES has a
significant
network, some authors have modeled these sources at the
energy transfer levels [12-15]. Reference [16]
demonstrates the cost-saving capability of using hybrid
EVs alongside the presence of VV2G technology. In [17],
in order to maximize profits of the aggregator, the
penetration level of EVs in the regulating electricity
market is determined.
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In order to reduce the peak load in [18], a new charge
management strategy for optimal charging of hybrid EVs
is presented. The coordination and collaboration between
wind energy conversion systems and EVs has been
extensively studied in the literature. For example, the
authors in [19] evaluate EVs for providing ancillary
services based on the network interaction with WECS in
the US electricity market. In [20], a two-objective
optimization model is used for economical operation and
environmental performance of SPLs with respect to the
average participation rate of the vehicles in the response
and demand program.

Despite the existing researches on the SPL, some cases
have not been considered in the studies yet. For example,
in [21], in order to reduce the speed of battery aging and
extend its lifetime, V2G technique is not used as much as
possible. Instead, in order to smooth the output power
fluctuations, it stores the excessive power with respect to
the upper limit into the EV battery. In some studies, the
sampling interval to update the EV charging request is too
long .For example, the sampling interval is 30 and 15

minutes in [22] and [23], respectively.

It should be noted that one of the challenges facing the
development of wind farms is the high amplitude of their
short-term power fluctuations (in terms of several seconds
to multiple minutes). Installation of the BESS at the farm
side can resolve this problem. However, the high cost of
the BESS installation is another challenge. Using the SPLs
can reduce the expenses. Although there are a number of
works on this issue, some of them have focused on long-
term fluctuations [22,23]. Also, the authors in [24] have
not considered the profit of the network operator.

In this paper, an optimal scheduling system is
proposed for the charge/discharge actions of the EVs in
the SPLs, which makes decisions about the exchanged
power, and smooths the output power of a RES set. This
scheduling scheme is designed so that the requested
charging level of the EVs is met at the departure time, and
the profit of the network operator is maximized, as well.

The rest of the paper is outlined as follows: In Section
I1, the formulation of the objective function with problem
constraints are presented. In Section Il1, the input data and
the proposed model are implemented in MATLAB
environment and the results of the optimized charging
scheduling of the vehicles are achieved. Also, the results
of integrating the SPLs with the RES are compared in
three different scenarios. Finally, Section IV concludes
this paper.

2. Simulation Results

In this section, the impact of using SPLs to smooth the
power fluctuations in WPP is discussed. To this end, three
scenarios are considered. Fig. 1 shows the power amount
that should be exchanged (obtained from Section IlI) to
smooth the power fluctuations.

Scenario 1: Without the presence of SPLs
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To achieve an output power with permissible fluctuations
under utility constraints, two-way ESS should be used. As
a result, BESS would be a choice. The only drawback of
using BESSs is their high prices (especially for high-
capacity BESSSs). In this scenario, it is assumed that a
number of BESSs are used to support the exchanged

power shown in Fig. 1 without the presence of SPLs.
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Figure 1. The instantaneous power required to smooth
the WPP power fluctuations

Indeed, 18 BESSs with 4 MWh capacity are needed to
meet the power exchange requirements. In order to
prevent battery aging, the minimum and maximum charge
levels of each BESS are assumed to be 20 and 80 percent,
respectively. The average initial BESS charge level is also
50%. Fig. 2.a and 2.b show the SOC of units 1 and 6,

respectively.
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Figure 2. SOC changes in Scenario 1 for a) BESS #1 b)
BESS #6

Scenario 2: In the presence of SPLs

In this scenario, SPLs are added to the power grid. Now,
the network operator tries to provide the exchange power
by exclusive use of the SPLs. In this case, the SPL owner
can interact with the network operator by utilizing the
batteries of vehicles. The network operator and SPL
owners are obliged to satisfy the needs of EV owners. To
compensate the required power of the WPP, Equation (1)
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is used, in which the price of the EV charging is a random
number between 0.15 $ and 0.3 $ per kWh ([20]).
M J pJ
Benefit = Z (pC.hPEV.'Ch
j=1
Also, the price of discharging the EV battery is three
times of that of charging for a given time. The constraint
on the amount of exchanged power for charge and
discharge actions for each EV is 2775.83 watt per minute.
Fig. 3 shows the value of power provided by the SPLs to
compensate for the power demanded by the grid. In Fig.
3, the black graph illustrates the power demanded by the
grid, and the gray one is the power supplied by the SPLs.

Obviously, the expected power is not provided in
many minutes, especially after the time of 16:00. The
reason is that, after 16:00, the departure time of the
vehicles approaches. However, the SPLs are
comparatively successful at providing the requested
charge level of the vehicles. Fig. 4 shows the final SOC
Ievglogf the EVs at the departure tlme
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Figure 3. Providing the required WPP power by the
SPLs in scenario 2
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Figure 4. The final charge level of EVs in Scenario 2
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Scenario 3: Integration of SPLs with BESS

In order to achieve the first goal, i.e. providing the
required exchanged power, and the second one, i.e.
providing the requested charge level of the vehicles, the
BESS can be used as the supplement of the SPLs. Fig. 5
illustrates the amount of power supplied by the SPLs and
the BESS. From Fig. 5, it can be seen that all the required
power of the WPP is provided by using the SPLs along
with the auxiliary BESS. Also in Fig. 6, the powers of the
WPP, SPLs, and BESS are shown separately.

With using the BESS, it can be seen that the required
power for the smoothing the power fluctuations is fully
provided. But the presence of the BESS will have
disadvantages. The first disadvantage is the increased cost
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of the power system. The second disadvantage is the
reduction in the average charge level of EVs at the
departure time. The constraints related to the BESSs in this

scenario are the same as those in the first scenario.
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Figure 5. Providing the required WPP power through the
SPLs and BESS m Scenarlo 3
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in Scenario 3
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Regarding the constraints, the number of required
BESSs to assist the SPLs fully supply the required power
is 10. Figs. 7 (a) and 7 (b) show the changes of the charge

level of the umts 1 and 6 respectlvely
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Figure 7. SOC changes in a) BESS #1 b) BESS #6

The power consumed for the BESS added to the SPLs
affects the final SOC of the EVs and reduces the average
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SOC of the EVs to 74%. Fig. 8 shows the final SOC level

of the EVs in scenario 3.
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Figure 8. The final SOC level of EVs in Scenario 3
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Table 1 compares the exchanged power values in 8
SPLs at randomly selected minutes. The power values
listed in this table are in Watts. Also, a positive power
implies that the SPL receives power from the grid, and a
negative one implies that the SPL injects power into the
grid. Accordingly, it is observed that at a specified time,
some of the SPLs receive power from the grid to charge
the batteries of the vehicles, and some other deliver the
power stored in the batteries of the vehicles to the grid
through the discharge actions.

This is because some EVs need to be charged for some
reasons, such as approaching their departure time or
having a low charge level. In addition to providing the
required power of the RES, the network operator transfers
the power stored in the batteries of the vehicles, whose
departure time is not close, to the vehicles in other SPLs.
This can also happen for the EVs in the same SPL. Such a
power transmission is called V2V power transfer.

Table 1. Exchanged power values in the SPL 1, 4, 15,

18, 20, 44, 85, and 129 in random minutes
Exchanged power values (Watt)

Minute Minute Minute Minute Minute

SPL #17 #238 #616 #1217 #1412
SPL #1 5516  +8725  +24825 0 +551.6
SPL#4  -4137.5  +1379.1  +11585  -2758.3  +4137.5
SPL#15  -11033  -6620 1655  +24825  +1655
SPL#18  -6068.3  -19860  -7447.5  +7171.6  +6895.8
SPL#20  -1390.8  -7171.6  -1379.1  +3310  +1390.8
SPL#44 0 -11033  -556.1 +5516  +551.6
SPL#85  -2758  -1103.3  -1103.3 0 -551.6
SPL#129 5516  -1103.3 0 0 +551.6

Fig. 9 shows the charging status of EVs inside the SPL-
18, at the minute 616, in which the network operator
should store 62.4 kW in the vehicle batteries of the SPLs
to reduce power fluctuations. At the same time, SPL-18
delivers 7.7 kW of its battery capacity to the grid. This
implies that at this time, the vehicles inside this SPL are
very far from their departure time.

By optimally managing the charge/discharge actions
of the EVs, the network operator can demand the required
power from the SPLs, while delivering the required
exchanged power at the same time. According to the
decisions made by the operator, the vehicles behave
differently at different minutes, so that their charge level
reaches to the highest possible level at the departure time,
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while the required power of the grid is provided, as well.

Fig. 10 show several examples of changes in the charge

level of the EVs.
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Figure 9. Charge status of EVs in SPL # 18 at minute
616 (1 indicates charge action, -1 indicates discharge
action, and 0 indicates that the vehicle is not involved in
charge/discharge action
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Figure 10. Variations of the charge levels of EVs #32,
896, 1576 and 3256, respectively
In order to better comparison, the specifications of
three aforementioned scenarios are presented in Table 2.
According to the Table 2, V2G technology is used in the
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second and third scenarios. In the second scenario, the
average charge value of the EVs is sufficient, and thus no
BESS is used. However, this scenario has a lower
capability to provide the required exchanged power. Also,
the number of required BESS in the third scenario is less
than the first scenario. Despite its higher expenses because
of using the BESS, the third scenario is preferred to the
second one, as it can fully provide the exchanged power.
In addition, the number of required BESSs is reduced to
10 in the third scenario, compared with 18 BESSs in the
first scenario. Assuming that the purchase and installation
cost of each Lithium-ion BESS is 200 $/kWh [25], the
proposed approach can achieve a reduction of 6.4 million
dollars in the BESS expenses, compared with the
traditional approach.

Table 2. Comparison of different scenarios

Scenario  Scenario  Scenario

#1 #2 #3

Technology V2G No Yes Yes
Number of used BESSs 18 - 10

Ability to provide : :

exchanged power High Low High
Average charge level of EVs - 80 74
Reducing the charging cost Yes Yes

of EVs

3. Conclusion

In this paper, the impact of using SPLs in the control of
RES power fluctuation is investigated. Also, an optimal
scheduling scheme for charge/discharge actions of the
EVs in the SPLs is proposed, which seeks to reduce the
number of BESSs used to supply the required power for
the smoothing process, and maximize the profit of the
network operator. Considering the constraints on the
requested charge level of the EVs and the required
exchanged power, this problem is modeled and solved as
an MILP problem. In order to investigate the effect of
using SPLs and BESSs in the power fluctuation smoothing
process, three scenarios including scenariol: control of
RES power fluctuations with BESSs, scenario2: control of
RES power fluctuations with SPLs, and scenario3: control
of RES power fluctuations with SPLs and BESSs are
considered. Simulation results for a RES with 3316 EVs
in 48 SPLs demonstrate that the proposed scheduling
system for the charge/discharge actions of the EVs can
reduce the required BESS capacity.
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Abstract
Nowadays, due to the environmental pollution and shortage of non-renewable resources, specifically the fossil fuels,
distributed power generations have been considerably developed. However, the output power of renewable resources
fluctuates because of their random nature, which can negatively affect the grid. This problem can be resolved by
installing battery energy storage systems (BESS). On the other hand, with the increasing development of electric
vehicles (EVs), the scheduling of their presence in the distribution networks has become very important; because, any

o Byioen 3lS g 5 F it L s ol o llie s 5ime o IO A


https://creativecommons.org/licenses/by/4.0/deed.fa
mailto:M.Jannati@shr.ui.ac.ir
mailto:M.Jannati@shr.ui.ac.ir

@A‘MW‘&M‘LSWI)M

unplanned presence of EVs in the intelligent parking lots (IPLs) and their simultaneous charging may affect the
performance of the grid, negatively. An optimum scheduling for charge/discharge actions of EVs can resolve this
problem, and reduce the need for high cost BESSs. In this paper, the problem of maximizing the operator profit is
formulated as a mixed integer linear programming (MILP) problem considering the constraints on the requested charge
level of the EVs and the permissible exchanged power. Then, the problem is optimally solved, in which a scheduling
scheme is proposed for charge/discharge actions of the EVs in the SPLs in order to control the power fluctuations.
Simulation results on the data of a typical parking lot in Tehran demonstrate that the proposed scheduling can reduce
the number of required BESSs significantly, which decreases the high expenses of the BESS purchase and installation.

Keywords: Electric Vehicles, Smart Parking Lot, Renewable Energy Resources and Optimal Charge/Discharge

Scheduling.
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