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Today, due to environmental and political reasons, countries
around the world are required to use green energies, such as wind
and solar energy. Also, most countries have switched to using
electric vehicles (EVs) to reduce environmental pollution. Since
smart distribution systems’ distributed generation (DG) power
output is limited, this paper addresses this issue by planning

charging parking lots of EVs. The problem was formulated as a
nonlinear optimization model. The objective function was to
increase the power output, reduce the loss cost, and reduce the bus
voltage deviations. Also, technical and economic limitations were
considered in solving the planning problem. The uncertainty of
consumption load, the behavior of EVs, and the output power of
wind DGs were modeled using a combination of Monte Carlo and k-
means methods. The improved gray wolf optimization (IGWO)
algorithm was adopted to optimize the objective function. A
standard IEEE 33-bus smart distribution system was studied to
show the efficacy of the suggested solution. The results
demonstrated the proposed solutions' high performance in
improving the wind DG power output of the distribution system
(PODS).
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1. Introduction

Owing to technological advances, increasing environmental concerns, and efforts to
reduce electricity costs, distributed generation (DG) in smart distribution systems is
increasing. However, the DG power output of the distribution system (PODS) is limited.
The growing use of solar and wind power plants, which are renewable energy sources,
has highlighted the issue of their limited reliability compared to fossil fuel-powered
generators. Consequently, there is a demand for energy storage devices. The power grid
relies heavily on primarily producing electricity from thermal power plants, which, in
turn, depend upon fossil fuels. This reliance is mostly due to the consistent and reliable
energy generation they offer throughout each hour of the day. Unluckily, this reliability
level is not yet achievable with clean wind and solar power plants.
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The issue of poor reliability in solar and wind power plants can be mitigated by
including electric vehicles (EVs). However, technological and economic constraints hinder
the widespread adoption of these vehicles. This study demonstrates the impact of
effectively integrating and managing renewable resources and EVs to enhance the
system’s power quality. The present study aimed to employ an emerging technology in
the field of smart distribution systems that includes EV charging parking lots to enhance
the DG power output of the smart distribution system. So far, many scholars have focused
on increasing the DG power output of smart distribution systems.

Ref. [1] adopted an improved meta-heuristic optimization algorithm to optimally size
and allocate DGs in a distribution system to finally enhance the power output of the smart
distribution system. The results showed that resource planning could increase the power
output of the 33-bus system by up to 4.5 MW. Ref. [2]| improved the power output of a
smart distribution system of solar cells by controlling the active and reactive power of
solar cells and transformer tap changers.

Refs [3,4] analyzed a set of solutions for modeling the problem of improving PODS.
They focused on three methods: stochastic planning, deterministic planning, and planning
based on fuzzy logic and feasibility. The second and third methods were used to
strengthen the PODS and protect the smart system by reversing the direction of the power
flow through the main feeder. Refs. [5,6] determined the optimal DG power output of a
smart distribution system based on the reactive power compensation approach by flexible
AC transmission system (FACTS) devices in the distribution system. In the planning phase,
they determined the optimal place and capacity of DG and reactive power compensators
in the distribution system. Then, the optimal operation of DGs was addressed by
considering the technical limitations of the distribution system in the operation phase.

Refs. [7,8] considered the challenges of the distribution system to accept DGs,
including the constraints on the power flow in the feeders, the limitation of the bus
voltage, the limitations of the power quality, such as the system’s harmonics level, and
also the limitations of the time coordination of the protective relays. These references
considered the demand-side management programs, the utilization of electric energy
storage devices, transformer tap-changer control, and reactive power control in the
distribution system to be effective for improving DG PODS.

Refs. [9-11] evaluated distribution system reconfiguration methods to be economical
and effective in improving PODS. However, solving this model was complicated due to the
non-linearity of the optimization problem and the large size of real distribution systems.
Therefore, they sought to design an innovative method to solve the problem.

Refs. [12-16] considered the presence of inverter-based DG as the cause of injecting
harmonics in the system and sought to locate active filters in the distribution system with
high DG penetration. In [17,18], two robust and smart methods were used for optimal
management of the load in smart grids to enhance the voltage profile and shed the peak
load. Both methods improved the system’s load factor and the smart grid’s performance
and planning.
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Refs. [19,20] studied methods for calculating the power output of the low-voltage
distribution system. The authors considered that the power output evaluation methods
included deterministic, probabilistic, and time-domain methods. These methods differed
in accuracy, input type, time, and burden of calculations. Probabilistic methods were more
optimal in uncertainties than conventional methods. Also, Ref. [21] dealt with locating and
increasing the capacity of fast charging stations for EVs and DG in smart systems, taking
urban traffic issues into account.

Asis evidentin the literature review, there are various techniques to improve DG PODS,
such as DG planning, reactive power compensation, energy storage locating,
reconfiguration planning [22], the application of FACTS devices [23], and voltage control
and power factor control of resources and demand side load management. The present
research proposed planning EV charging parking lots as a technique to boost the DG PODS.
The goal was to evaluate the potential of planning EV charging parking lots to improve the
wind DG PODS. Based on the literature review, some unresolved issues have not yet been
explored by scholars and require additional investigation as a research concern.

This article delves into a few of these issues. The following are the research gaps:

e The concurrent integration of electric car capacity into the system alongside wind
sources has been neglected.

e The ramifications and challenges it poses in the process of planning have not been
acknowledged.

e The majority of the articles reviewed in this field are single-purposed.

Thus, based on the drawbacks identified in previous research, the present work has the
following contributions and innovations:

e Taking the unpredictability of power demand, the availability of wind energy, and the
presence of electric vehicles into account

e Employing the Monte Carlo approach to perform uncertainty calculations

e Utilizing the enhanced gray wolf algorithm

Section 2 discusses the formulation suggested for planning wind DG and EV charging
parking lots. Also, the algorithm for solving the research problem, the method of modeling
the uncertainties of the system load, the loading coefficient of the charging parking lots,
and the wind speed are presented. Section 3 describes the studied distribution system and
presents and analyzes the results. In the end, conclusions are provided in Section 4.

2. Materials and Approaches
Here, the problem of planning the presence of EV charging stations in smart
distribution systems is discussed to enhance the power output and electrical parameters
of the distribution system.
2.1. Objective function

Equation (1) shows the objective function.
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Np Np Ny
MinF=—ZC1degi+ZC2xAVi+ZCgxlossj (1)
i=1 i=1 j=1

where Pdgi represents the capacity of DG in bus I, i represents the bus number, Np
represents the total number of buses, j represents the index of branch counter, Nt
represents the total number of feeders, C123 represents the cost coefficients in the
calculation of objective function terms, lossj represents the loss of feeder j, and AVi
represents the voltage deviation of bus i. As can be seen, the objective function in the
optimization problem includes maximizing the total capacity of renewable DG installed in
the distribution system buses, reducing the cost of losses, and reducing the voltage
deviations of the system buses.

2.2. Constraints

To optimize the objective function, a set of economic and technical constraints are
considered in the distribution system’s operation, described below.
2.2.1. Consistency of active power in the entire system

According to Equation (2), the total active power generated in the system minus the
total active loads must equal the system’s total active losses.

Pgeneration — Proad = Pross (2)
2.2.2. Consistency of reactive power in the entire system

According to Equation (3), the total reactive power produced in the system minus the
total reactive loads has to equal the system’s total reactive losses.

Qgeneration — Qroad = QLoss (3)
2.2.3. Active power balance in each bus

According to Equation (4), the total active power produced in the i-th bus (Pci) minus
the total active power consumed in the i-th bus (Ppi) equals the total active power
transferred from the i-th bus to the j-buses connected to this bus.

Pa, = Po,= ) Prvo) 4

2.2.4. Reactive power balance in each bus

According to Equation (5), the total reactive power produced in the i-th bus (Qgi) minus
the total reactive power consumed in the i-th bus (Qpi) equals the total reactive power
transferred from the i-th bus to the j-buses connected to this bus.

Q6= 0o, = ) Qico (5)

2.2.5. Bus voltage limitation
According to Equation (6), the bus voltage (Vi) must be limited between Vmin and Vmax.
According to IEEE standards, the bus voltage limit is set at 5% in this paper.
Vimin < Vi < Vimax (6)
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2.2.6. Limitation of heat capacity of the feeder

According to Equation (7), the power flow through the feeder should observe the
thermal limit of the feeder.
fcb < FCmax (7)
This paper examines the thermal limit of the lines based on the highest apparent power
flowing through them. The value of this limit is set at 1000 MVA for the lines.

2.2.7. Constraint of the total number of EV charging stations

According to Equation (8), the total number of EV charging stations that can be

installed in the system buses (Nev) is limited to Nev,max.
BE‘U

2 N€17 S Nev,max (8)
ev=1

2.2.8. Constraint of the maximum capacity of EV charging parking lots

Equation (9) states that the capacity of EV charging parking lots installed in the
distribution system (CAPev) is limited to CAPev, max.
CAR, < CAPev,max 9)

2.2.9. Limitation of candidate busses for installing EV charging parking lots

According to Equation (10), in all buses of the system (B) except for the buses that were
candidates for installing charging parking lots (Bev), the number of charging parking lots
for EVs is considered equal to zero.

N,, =0 Vev € B—B,, (10)

2.2.10. Constraint of the total number of DGs

According to Equation (11), the total number of DGs used in system buses (Ndg) is
limited to ng, max.
dg=1BdgNdg<Ndg, max (11)

2.2.11. Constraint of the maximum capacity of DGs

Equation (12) states that the total DG capacity installed in the distribution system is
limited to CAPdg,max.
CAPdg<CAPdgmax (12)

2.2.12. Limitation of the number of candidate buses for installing DGs

According to Equation (13), the number of DGs is considered equal to zero in all the buses
of the system (B) except for the buses that were candidates for the installation of DG (Bdg).
Ngg =0 Vdg € B— By, (13)

2.3. IGWO Algorithm

The improved gray wolf (IGWO) algorithm was introduced in 2018 [24]. This
algorithm is a mathematical model derived from gray wolves' social behavior and hunting
technique. The IGWO algorithm is a metaheuristic algorithm that mimics the social
behavior of gray wolves during hunting by utilizing a hierarchical structure. The
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technique relies on demographic data, follows a straightforward procedure, and can be
applied to more complex issues. The process consists of three primary stages:
e Observing, tracking, and pursuing the prey
e Approaching the prey closely, surrounding it, and deceiving it until it ceases its
movement
e Attacking
The top three solutions in the IGWO algorithm are distinguished by a, 8, and 9,
respectively. w characterizes the rest of the solutions. The GWO algorithm is guided by «,
B, and §, with w subsequently following them. As previously stated, gray wolves besiege
the prey. Equations (14) and (15) provide a mathematical representation of its action.
D=|C.X,(t) - X ()| (14)
Xt+1)=X,t) -A.D (15)
in which t is the current iteration, D is the track and direction vector, 4 and C are
coefficient vectors, Xp is the prey position vector, and X is the position vector of a gray
wolf. A and C vectors are calculated using Equation (16) and (17):
Here, t represents the current iteration, D denotes the track and direction vector, A and
C represent coefficient vectors, X, shows the prey position vector, and X represents the

position vector of a gray wolf. The vectors A and C are computed using Equations (16) and
(17).

-

A=2da -a (16)
C=27 (17)

In Equation (16), a is decreased linearly from 2 to 0 during iterations, and rz and r2
represent random vectors in the range of 0 and 1. As shown in Figure 1, a gray wolf’s
location is updated based on the prey’s location.

The present position of various agents can be achieved by modifying the dimensions
of vectors A and C. Consequently, a gray wolf can adjust its location within the vicinity of
its prey by employing Equations (16) and (17) at random positions. The IGWO algorithm
was presented to improve the original gray wolf algorithm. The basic algorithm has two
flaws that could be enhanced [24].

The initial issue was related to the convergence factor, whereas the subsequent
problem arose from a novel approach to determining the position of a wolf. This approach
involved calculating the average of the motions of three specific wolves, namely alpha,
beta, and delta. Enhancements were made to the two components of the GWO algorithm.

The convergence factor "a" exhibits a linear variation from 2 to 0 in the GWO algorithm.
Nevertheless, the equation for the convergence factor was modified to Equation (18) to
enhance detection and operation:

a=2 (1 - (i_ 1)1'5> (18)

where t represents the current iteration and tmax denotes the maximum number of

iterations.
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Beta
<
Q
2 9
<
Omega

Figure 1. The IGWO position update [24].

The selection of the omega wolf's place in the hierarchy pyramid in the IGWO algorithm,
as indicated by Equation (19), is mostly determined by the relative ranking of the three
wolves.

Q@)

Q(B) Q)
¥ =Xe |5 )+Q(,8)+Q(6)]+XB [Q( )+Q(,8)+Q(5)]+X5 e )+Q(ﬂ)+Q(5)] (19)

The new position of the gray wolf is calculated based on hierarchal weight, where the
alpha wolf has more weight than the two other wolves. Q is wolf fitness in. Therefore, the
omega wolf gets different weights from the three wolves according to their hierarchy. The
gray wolf's new position is determined through hierarchical weighting, with the alpha
wolf carrying greater weight than the other two wolves. The variable Q represents the
fitness of the wolf in Equation (19). Consequently, the omega wolf receives distinct
weights from the three wolves based on their order.

2.4. Uncertainty modeling

Uncertainties in the desired planning model include system consumption load, loading
factor of the charging parking, and output power of wind DG. To model the uncertainty of
the consumption load of the distribution system and the loading coefficient of the EV
charging parking lot, the normal probability distribution function with the mean (p) and
standard deviation (o) is used according to Equation (20):

P, — 2
fra(Pa) = exp(— L1 Ha)y (20)

1
{2moy 205
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Also, the Weibull probability distribution function is used to model the wind speed
according to Equation (21) with parameters of shape factor c and scale factor k [25].

kv v
fu@) = = Lexp [~ (21)
The enhanced gray wolf method is a recent meta-heuristic algorithm that effectively
solves multi-objective optimization problems. It has been extensively tested on many
basic and complex functions in reference [24], yielding favorable results. Hence, in this
study, given that our objective function is a three-objective function with numerous
restrictions, it is advisable to employ this approach for its resolution.

3. Case Study and Results
3.1. Case Study

To show the effectiveness of the proposed solution, the standard IEEE 33-bus smart
system with a single-line diagram was studied according to Figure 2. The backward-
forward-sweep load flow approach is commonly employed for radial distribution
systems. We employed this technique in the present work to execute load distribution
[25].

To implement the simultaneous planning of wind DG and EV charging parking, it was
assumed that all system busses, except for the primary substation, were candidates for
installing DG and parking lots. The goal was to determine five buses in the system to install
EV charging parking and five buses to install wind DG. The maximum capacity of EV
charging parking lots in the entire system was considered 3.5 MVA. Also, the DG
installation capacity in each bus was set at 2.5 MW. The study was carried out for one year,
equivalent to 8760 hours. The expression of the objective function included the weighted
sum of the cost of losses and the voltage deviations of the system buses minus the installed
capacity of wind DG.

In evaluating the objective function expression, the cost of each kWh oflosses was 4000
IRR, and the violation cost of each per-unit of system bus voltage deviations was 400
thousand IRR/h. If the power flow through the system feeders exceeded the thermal limit
of the feeder (6.6 MVA), the objective function would be penalized 100 billion IRR.
Uncertainties considered in solving the planning problem included the uncertainty in the
system load, the load of EV charging parking lots, and the output power of wind turbines.
To model the uncertainty of distribution system consumption, the normal distribution
function was used with the mean and standard deviation values of 100% and 10%,
respectively. Wind speed uncertainty was also modeled by the Weibull distribution
function with shape and scale factor equal to 7 and 2, respectively.

Journal of Green Energy Research and Innovation 1(1) (2024) 1-15
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Figure 2. The standard IEEE 33-bus smart system and IGWO flowchart.

Also, the uncertainty of the charging profile of EVs was modeled with a normal
distribution function with a mean and standard deviation of 70% and 20%), respectively.
After designing the probability distribution functions with the mentioned parameters, a
thousand samples were taken from each probability distribution function simultaneously
with the random command. In this way, a 1000 x 3 matrix was built, in which the first to
third columns show the system load factor, the EV charging parking lot load factor, and
the wind turbine output power, respectively. Normally, it is unnecessary to study a
thousand operation scenarios in a planning problem. To reduce the volume of
calculations, the thousand scenarios generated from each variable with uncertainty were
reduced to five scenarios using the data mining method. Figure 3-Figure 6 show the
histogram curve of the system loading factor, charging parking loading factor, wind speed,
and output power of the 500 kW (0.5 MW) wind turbine obtained by taking a thousand
samples from specific probability distribution functions, respectively. By applying the k-
means algorithm to 1000 samples, 5 scenarios of system load factor, charging parking load
factor, and wind turbine output power of 500 kW were obtained according to Figure 7-
Figure 9. Also, the probability of the occurrence of each scenario is shown in Figure 10.
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Table 1 provides a summary of the implementation considerations of the proposed
solution. The proposed solution is simulated below by considering five possible scenarios.
To perform the optimization, the gray wolf algorithm whose settings are presented in
Table 1 and Table 2 was used.

3.2. Analysis of results

This section discusses the simulation of the suggested solution. The aim was to find the
place and size of EV charging lots and wind DG optimally to improve the DG PODS and
reduce operating costs. Figure 11 shows the improvement process of the objective
function. In this curve, the horizontal and vertical axes represent the number of iterations
and the objective function, respectively. Also, Table 3 and Table 4 show the optimal
solution, including the place and size of the charging parking and wind DG. The optimal
capacities were set as the maximum installation capacity of DG, which was used according
to uncertainty coefficients in operating conditions. The distribution system’s performance
was evaluated after applying the optimal solution to the distribution system. Figure 12 to
Figure 15 show the bus voltage curve, the power flow through the feeders of the
distribution system, the losses of the feeders of the distribution system, and the voltage
deviations of the system buses in the optimal state compared to the normal state,
respectively.

Table 1. Technical and economic data of the hybrid energy system component.

Parameter Value
Candidate buses for charging parking Buses 2 to 33
Candidate buses of wind turbines Buses 2 to 33
Maximum capacity of the charging parking lot 3.5 MWA
The total capacity of wind turbines in the bus 2.5 MW
C1 coefficient 1000
Cz coefficient 400 thousand IRR/per-unit hour
Cs coefficient 10 billion IRR
The cost of losses 4000 IRR/kWh

Table 2. Optimization algorithm settings.

Variable Value
The number of iterations 50
Population size 100
r1 coefficient Rand [0,1]
r2 coefficient Rand [0,1]

Table 3. Optimal location and installation capacity of charging parking lots.

Bus number 21 20 9 19 25
Capacity (kW) 490 830 370 590 180

Table 4. Optimum location and installation capacity of wind DGs.
Bus number 18 3 19 9 20
Capacity (MW) 1.7 3.9 2.9 2.5 4.05
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Accordingly, the voltage curve of the system buses improved considerably. Also, the
power flow through the system feeders was such that it followed the thermal restrictions
of the system feeders, which was 6.6 MVA. According to the results, the losses of system
feeders in the second and fifth scenarios increased compared to the primary distribution
system. Nonetheless, the loss of the whole system was improved compared to the initial
state. It should be noted that in the process of evaluating DG PODS, system losses should
not increase from the initial value.
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4. Conclusions

The research aimed to plan EV charging parking lots to improve the electrical
parameters of the smart distribution system and increase the wind DG PODS. The problem
was formulated as a nonlinear optimization model. The objective function included
reducing losses, reducing voltage deviations, and increasing the power output of the smart
system. In solving the optimization problem, a set of technical and economic constraints
were considered. To achieve robust optimal solutions, the uncertainties of charging
parking lots, smart grid consumption, and wind speed were modeled by combining Monte
Carlo and k-means methods. The gray wolf algorithm was adopted to address the
optimization problem. Studies were done on the standard IEEE 33-bus smart system to
demonstrate the effectiveness of the proposed solution. The results showed the high
efficiency of the proposed solution.

In summary, the following outcomes were achieved:

¢ Employing the enhanced gray wolf algorithm for solving the multi-objective problem

e Taking several uncertainties related to wind resources, load, and cars into account

e Evaluating the outcomes with the clustering technique

Prospective projects and concepts:

e Utilizing alternative meta-heuristic techniques to address the problem and
subsequently comparing the outcomes

e Taking the availability of solar resources in the power grid into account

e Implementing an electric spring in the system to enhance electrical flexibility
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