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Because of the fluctuating demands for electricity and the growing awareness of the need to protect the environment from global
warming and the depletion of nonrenewable natural resources, battery-powered electric vehicles, or EVs, are being used in the
transportation sector as an alternative to internal combustion engine vehicles. However, charging these EVs with conventional
fossil fuels is neither economically sustainable nor structurally viable. Therefore, this manuscript proposes a renewable energy-
powered EV charging station featuring a combination of solar energy, standby battery systems, sophisticated control techniques
such as neural network-integrated grids, the enhanced Cuckoo Search Algorithm for Maximum Power Point Tracking, and the
Proportional-Integral-Derivative controller. This idea beats current methods and presents a viable way to drive the EV revolution
while lessening environmental effects. It maximizes energy management and guarantees a steady power supply even in erratic
weather. Grid integration ensures the consistency of power supplies at charging terminals. When compared to other algorithms
that have been investigated in the literature, the designed algorithm exhibits excellent performance. Grid integration, in addition to
the standby battery, is essential in ensuring that the charging station has a constant power supply, even during unpredictable weather.

1. Introduction

Historically, fuel has been essential to the development of
transportation infrastructure. During the nineteenth decade,
fossil fuels constituted the main source of fuel, though their
negative environmental effects necessitated the development
of other modes of mobility. Electric vehicles (EVs) are one
viable substitute, which has prompted the development of
these automobiles. Electric-powered vehicles are defined as
those that primarily rely on electricity for propulsion.

1.1. Motivations. Due to the massive global EV implementa-
tion that has occurred recently, scientists are examining
whether grid integration could enhance the electrical infrastruc-
ture. Parked grid-connected electric vehicles (EVs) can be com-

pared to enormous batteries. Grid-connected EVs that are
parked could be thought of as massive batteries. The amount
of grid current utilized during periods of elevated electrical
demand typically reflects the increased consumption of electric-
ity by consumers and businesses, placing greater stress on the
power grid infrastructure. Broad parking frames, generally
found in commercial buildings and educational institutions,
can be used to lower power costs when the energy produced
by distributed generation like solar or wind is limited and costly.

The ability of microgrids to supply appropriate and
dependable power to the service area has been extensively
researched in recent years [1]. Microgrids are made up of
distributed generating units (DEUs), energy storage technol-
ogies, and controllable or unpredictable demands. The
DEUs integrated with the microgrid typically consist of
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FIGURE 1: Schematic layout of the proposed scheme with grid interpretation.

devices with power electronic circuits and capacities under
100kW [2]. Electrically powered vehicles are steadily
increasing in the transportation industry as an additional
measure to reduce environmental pollution. By 2030, the
International Energy Agency expects to sell 30% of all new
EVs [3]. When the number of electric vehicles (EVs)
increases, the process of charging them with grid electricity
will become more intricate [4]. When a lot of electrically
driven vehicles were using the grid, it would eventually lose
control and functionality.

Additionally, there are no benefits to using conventional
energy sources to charge EVs via the electrical grid. Thus, a
dependable network is required for the purpose of charging
EVs that are fueled by renewable energy sources. Using a
standby battery to act as a buffer between the utility and
the EV charging station is an excellent technique [5-7].

L.1.1. Literature Review. The goal of the proposed study is to
provide a dependable and effective power supply facility that
uses grid integration to meet the excessive power demand of
EVs at a specific station. Generating pollution-free power
can only be possible through nonconventional resources like
solar energy. Thus, we need to incorporate a solar PV array
structure as well. Through MPPT techniques, utmost power
can be achievable. A PV system’s energy efficiency is
increased by an MPPT controller, which follows the maxi-
mum power point of a PV array [8]. The literature has
reported on a number of MPPT strategies [9]. By altering
the DC/DC chopper’s settings, which are commonly used
in PV systems, MPP can be generated [10]. In recent years,
innovative MPPT algorithms have been invented by
researchers for solar power systems [11-13]. Particle-
swarm optimization- (PSO-) focused MPPT algorithms have
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FIGURE 2: PV cell’s analogous circuit diagram.

been proposed by numerous scholars [14, 15]. Examples of
such algorithms are the Cuckoo Search Algorithm (CUSA)
[16], grey wolf optimization (GWO) [17], ant colony opti-
mization (ACO) [18], artificial bee colony (ABC) [19], slap
swarm optimization (SSO) [20, 21], grasshopper optimiza-
tion [22], and teaching-learning driven optimization [23].

The authors of [23] employed three coordinated strate-
gies for balancing wind and stored energy in PEVs using
vehicle-to-grid (V2G) technology. This covers energy dis-
patching with variable supply, intermittent power, and valley
seeking. First outlined in [24-26], the energy management
system for smart households includes a PV system, PEV,
and smart devices. The grid, a single voltage source con-
verter, a diesel generator, a solar PV array, an SBB, and an
EV vehicle charging system comprise the power components
in [27]. An illustration of how to scale green energy
resources incorporated into electric vehicle charging termi-
nals using particle swarm optimization and the genetic algo-
rithm was given by Singh et al. [28]. An integrated power
system platform is also used in the construction of infra-
structure for commercial EV charging [29].
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FIGURE 3: Properties of a solar cell for (a) V-P and (b) I-V curve.

A compact, reasonably priced charging system combined
with an efficient design for lightweight PEVs [30] voltage
controller design for interleaved boost converters and dual-
input DC-DC converters employing optimization tech-
niques for hybrid electric car applications has been covered
in some studies [31-34]. A robust design of a PV-powered
wireless charging system for EVs using an inductively
coupled power transfer topology can be found in [35]. In
[36], a fuzzy logic algorithm-based MPPT controller is
recommended for an EV charging terminal that is battery-
supported and solar-powered. An eflicient algorithm is
offered to achieve an efficient and successful coordination
system for EV charging and discharging [37]. The authors
in [38] look into the feasibility of creating an EV charging
station for security bikes powered by solar photovoltaic tech-
nology. According to [39], a brand-new, highly coordinated
method for frequency regulation using electric cars (EVs) in
changeable power system operation states is suggested.

The literature review presents significant issues and dis-
agreements that this article should address and look further
into. Research on theoretical studies that look into optimiza-
tion applications for renewable energy sources appears to
have many advantages and stability. When interacting with
the interface of many modules, there are a few consider-
ations to make in contrast to well-known conventional
methods. Unfortunately, soft computing-based MPPT algo-
rithms require more time and money to build than more
conventional methods [14-23]. Neural network-based
MPPT controllers, already introduced in the literature, show
good performance. Still, they require a large dataset of infor-
mation like solar irradiance and atmospheric temperature,
and their implementations are also very complicated.

1.1.2. Research Contributions and Significance. Summarizing
the literature review, for solar-powered EV charging sta-
tions, it can be argued that an effective MPPT controller is
necessary. It needs to be able to monitor GMPP as quickly
as possible while exhibiting the least amount of oscillation,
overshoot, and ripple in the grid integration. SBB is also cru-
cial because it ensures the vehicles’ continuous power supply.
These study’s objectives—optimal modelling for every EV
fleet—align with the noted research void. Researchers have
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TABLE 1: Parameters of converter used in simulation.
S1 no. Parameter Value
1 Output capacitance (Cyyr) 4.0704 uF
2 Switching frequency 10KHz
3 Inductance 0.0153H

put forward numerous solutions, such as energy storage and
standby power generators [40]. This article proposes a way
to manage integrated generating equipment that uses solar-
powered photovoltaic panels and solar-block batteries in a
grid-connected state. Here, the major objective of the SBB is
to keep the electricity delivered to the customer through
charging and discharging in balance. In this way, the SBB
draws power from the grid during periods of high photovoltaic
energy output and feeds it back into the system during periods
of low supply. The recommended control technique achieves
the intended performance even when the system uses PSCS
in a range of weather scenarios. A 2kW single-phase photo-
voltaic system that can run in both PSCS and standard test
scenarios is presented in this research. Duty cycle optimization
uses a boost converter that uses the Cuckoo Search Algorithm
(CUSA) as MPPT. Figure 1 depicts a schematic of a proposed
solar-powered charging station with an AC grid and a battery
for energy storage.

The following is a sketch of the main achievements made
by this article:

(i) To assess how the size of the power supply for
charging stations is affected by the scaled average
EV session that occurs every day

(ii) The design and construction of a grid-tied photovol-
taic (PV) transportation charging structure which is
dependable and capable of carrying on with charging
even in less-than-ideal scenarios

Here is how the article is organized: Section 2 reveals a
detailed illustration of the intended PV system. Section 3
addresses DC-DC restrictions’ limits. This section describes
the boost converter in detail as well as the effects of partial
shading. The battery system’s illustration is covered in
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Section 4. A recommended MPPT control framework and
structure are given in Section 5. A brief summary of the sim-
ulation results for the recommended approach is given in
Section 6, Section 7 offers a conclusion.

2. Model and Features of PV Systems

There are numerous PV system configurations available in
literature [31]. An array of resistors connected in parallel
and series, a current source, and a diode make up the most
common configuration of a photovoltaic cell, as seen in
Figure 2. One possible application of the PV cell’s output
current is as follows:

Ipy =Ix —Ip; = Ipps (1)

where Iy and V,y are discretely output current and voltage
from photovoltaic cells. I, I, (Eq. (2)), I are parallel
resistance Rp;, diode, and photovoltaic current, respectively.
Series resistance is noted as Rgppipg-

IDl - IRSC + eq((VPV+IPV*RSERIES)/(nKT>)_1‘ (2)

The reverse saturation current is Ipg.. The symbols g, T,
n, and K represent the electron charge, ambient tempera-
ture, diode factor, and Boltzmann constant, correspond-
ingly. Equation (3) indicates the current generated in the
photovoltaic cell.

Iy = WKO(ISCN_")‘(T_TO))' 3)

A short circuit current is represented by I¢-y, whereas
temperature and reference irradiance are represented by
T, and W, respectively. It was found that A and W stood
for the irradiation coefficient and ambient temperature,
respectively.

0 VevilpviRspries | Vv + Ipy * Rogpigs

Iy =1,—-1
pv =1p —Ipsc|€ KT Ry

(4)
The power voltage and voltage-current nature of the

photovoltaic array are shown in Figures 3(a) and 3(b) in
STC and PSCS conditions.
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TaBLE 2: Specification of solar panel.

Specification Values
Open circuit voltage (V) 37.30 volts
Short circuit current (Ig-y) 8.66 A

Coefficient of temperature at V¢ -0.36901 (V/°C)
0.086998 (A/°C)
Cell for each module 60

250.205W

Coefficient of temperature at Ig-

Maximum power

3. Proposed System Components

3.1. DC-DC Boost Converter. Under specific weather and
irradiance conditions, the solar array may function in line
with MPP because of its DC-DC converter connection to
load. The duty ratio of the boost converter switch is
adjusted using MPPT techniques to maintain the solar
array running at its maximum power point. In Table 1,
the boost converters used in the present task are given
along with their specifications. This is an illustration of
how the DC-DC converter used for the investigation was
modified.

3.2. The Bidirectional Converter. This paper outlines the
advantages of employing a bidirectional boost converter.
This converter manages the electricity storage and transfer
between a battery bank and a solar system [41-46]. The
main benefits are as follows: (i) It provides the most afford-
able option with the fewest external components. (ii) Its duty
cycle is lowered while it is in operation. (iii) This converter is
very much cost-effective.

SBB delivered its excess and stored solar energy for
charging the EVs after sunset. This article describes how to
charge or drain the standby battery (SBB) using a bidirec-
tional converter. The SBB, with a capacity of 240V and
40 Ah, serves as the energy storage unit. In this configura-
tion, determining the SBB’s minimum 20% SOC discharge
rate is crucial. This strategic discharge rate ensures efficient
storage energy utilization, making the entire charging system
reliable and sustainable.

3.3. Grid Setup Using an Inverter Module. To meet the
increased power requirements of the charging station, a
thorough analysis of the 230V, 50 Hz AC grid is conducted.
In the MATLAB/Simulink environment, the grid is repre-
sented as a 230V AC source linked to a 500V DC bus
through an inverter. A neural network model is developed

to manage this system efficiently. This model utilizes the
energy output from the PV array and the Smart Battery
Bank’s SOC percentage as input data to generate pulses for
controlling the inverter switches. By ensuring a smooth inte-
gration of battery storage and renewable energy sources, this
creative strategy maximizes the performance of the charging
station.

4. Representation of the Battery System

As intermittent energy sources advance and become more
prevalent, the necessity of building storage systems will
become more and more evident. Because of their high
power and energy densities, batteries have attracted inter-
est among the numerous electrical storage devices that
have been developed. The battery that will be used in
the charging station is a 240V, 7Ah battery. A 500V
DC bus, a DC-DC boost converter, and a PI controller
are utilized in the electrically powered vehicle’s battery
charging process. It is expected for modelling reasons that
the approaching EV’s battery will have a minimum SOC
of 10%. The battery’s amp-hour rating (Ah,), lowest volt-
age (V,,), and lasting percentage state of charge (SOC,.)
can all be utilized to determine the amount of energy
needed (E,,) to charge the EV battery.

P V.o * SOC,, * Ah,
ev 100 '

(5)

The model indicates that it is possible to maintain a
consistent internal resistance in the battery throughout
the cycles of charge and discharge.

5. MPPT Methodology

5.1. Cuckoo Search Algorithm-Based MPPT Controller. Yang
and Deb introduced the CUSA in 2009. The CUSA is a
metaheuristic approach that is influenced by traits of
cuckoo birds in their reproductive process. The parasitic
cuckoo lays its eggs inside the nests of different species
rather than building its own. There are three novel charac-
teristic regulations for using this method [47]. The flow
chart of Figure 4 illustrates how the CUSA controls the
MPPT method.

5.2. Current Control Technique Employed in AC Grid.
Output from the PV array under uncertain atmospheric
conditions and standby batteries SOC (%) are utilized to cre-
ate a functionally adequate neural network in MATLAB/
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FIGURE 6: (a) PV power, (b) voltage, and (c) current under uncertain irradiance conditions.

Simulink. To find the fault current, the input current from
the AC grid and the current from the neural network simu-
lation are compared. When the PI controller has assessed the
fault current, it produces a duty cycle for the inverter.
Figure 5 shows input-output and intermediate layers for
the neural network used in the AC grid.

5.3. Operational Mode of Charging Units. The charging ter-
minals can function in the following five different modes:

(i) The photovoltaic array provides the battery of elec-
tric vehicles with independent power. Here, the var-
ied irradiance and constant 25°C temperature for
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the PV panels are maintained while the CUSA-
regulated technique aims to collect as much energy
as feasible from the PV array

(ii) Solar energy is only used to charge an EV’s battery
when connected to a DC bus. The CUSA approach
can be used to obtain MPP

(iii) With varying irradiance, EV batteries are charged uti-
lizing solar power and SBB. CUSA ensures the solar
panel array can provide the most possible power

(iv) After dusk, when one of the input parameters, i.e.,
solar irradiance, is absent at night, the standby battery
and EV battery both take charge from the AC grid

(v) Both the atmospheric temperature and solar irradi-
ance can be changed. When an AC grid, SBB, and
solar PV array are all connected, EV batteries can
be charged. The AC grid gets infused with more
electricity

6. Simulation Outcome

In this section, the simulation’s findings are displayed and
analyzed. MATLAB/Simulink 2018 includes an implementa-
tion of a 2kW single-phase grid-connected inverter system.
Eight series-connected 1Soltech 1STH-250-WH 250 W
panels are used to produce 2kW of output. Table 2 contains
a list of the module specs we discussed earlier. A blend of
industry standards, application requirements, and practical
considerations drives the choice of a 2kW single-phase
inverter. Standardization contributes to compatibility and
cost-effectiveness, while the 2 kW rating aligns well with typ-
ical power needs in residential solar and EV charging appli-
cations. Cost efficiency, ease of installation, and compliance
with relevant standards further support the rationale behind
this selection. The 2kW inverter, with its commonality and
availability, emerges as a practical and well-suited choice
for meeting the project’s specific demands.

6.1. Case 1. In the first scenario, when the temperature is
held nearly constant, irradiance fluctuates under partial

TABLE 3: Result analysis and efficiency calculation.

Algorithm  Settling time (s) Power received avg. (W) Efficiency

CUSA 0.05 1998.60 99.26
FSSO 0.42 1625.80 81.29
PSO 0.32 1746.80 87.32

shade conditions. To produce PSCS-like conditions, a stair
generator was used. The irradiance fluctuates at intervals
of every 0.3seconds up to 1.5 seconds of simulation time,
and the total simulation time is taken as 1.8 seconds. Com-
parable irradiances fluctuate every 0.3 seconds, as previously
mentioned, going from 1000 w/m? to 800-600-400-800 w/m?
and back every 1.8 seconds. In the first case, irradiance var-
ies in PSCS, but atmospheric temperature remains almost
constant. PV voltage is constant and photovoltaic power
swings with changes in irradiation. Figure 6 demonstrates
that the PV array can provide the maximum amount of
power that is reached to the MPP rapidly within the least
amount of settling time. For modelling reasons, the initial
consideration is 9% SOC of EV. As seen in Figure 7, the
EV battery current is negative, meaning that the battery is
taking charge. Using data from the PV array that shows var-
iations in the SOC (%) of the SBB and irradiance, a func-
tionally sufficient neural network model is built into the
model. After analyzing the fault current with the help of
input current and reference current from the neural network
as stated previously, the duty cycle for the inverter is set by
the PI controller.

The efficiency and settling time of the proposed CUSA
MPPT algorithm compared with existing literature is shown
in Table 3.

6.2. Case 2. This section has looked at the impact of tem-
perature fluctuation on the operational point of the pho-
tovoltaic system under the assumption that the
irradiance value also keeps changing. Take temperature
readings every 0.4 seconds. Authors here choose a 0 to
1.8 sec time range, which denotes irradiance variations at
0.4, 0.8, 1.2, and 1.6sec. As previously discussed, the cor-
responding temperature changes from 25°C to 38°C every
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0.4 seconds, and it then instantly returns to 25°C after 1.8  age, current, and power are retrieved, as depicted in

seconds, whether irradiance varies according to case no. 1.  Figures 9 and 10, which are far more stable and reach
In accordance with Figure 8, both SBB and EV batteries = MPP very quickly compared with preexistence methods
are charged in this complex scenario. At a variety of tem-  like particle swarm optimization or flying squirrel search

peratures and irradiances, the PV array’s maximum volt-  optimization.
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6.3. Case 3. The SBB, PV array, and EV battery are intercon-
nected through a DC bus. This DC bus operates at a con-
stant voltage of 500V and facilitates power transfer,
particularly during variations in the PV array’s irradiance
and temperature conditions, as depicted in Figure 11.

Figure 12 shows how energy flows through this system
in a dynamic manner. The DC bus and the SBB contribute
electrical energy to fulfill the charging requirements of the
EV battery. This process involves discharging the SBB, causing
a decrease in its SOC percentage, while simultaneously
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charging the battery of an electric vehicle, increasing its
SOC percentage.

6.4. Case 4. In Figure 13, we observe the power flow manage-
ment within the grid through a functional fitting neural net-
work. This occurs at a simulation time of 0.1 seconds,
specifically during nighttime when the PV array generates
no power. The DC bus and the AC grid are connected by
means of an inverter.

Figure 14 shows inverter current and grid voltage,
whereas Figure 15 represents DC bus voltage.

Furthermore, in Figure 16, there is a comprehensive
visual representation that elucidates the intricate steps
involved in charging an EV battery directly from the DC
bus. This figure not only captures the dynamic aspects of
the charging process but also provides a granular breakdown
of the standby battery’s SOC throughout the entirety of this
operation. The detailed insights presented in the figure serve
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to enhance the understanding of the charging dynamics and  as seen in Figures 17 and 18. As seen in Figure 19, SBB pow-
the corresponding variations in the standby battery’s SOC,  ers the DC bus, which then charges the electrically empow-
contributing valuable information for a comprehensive  ered conveyance’s battery.
analysis.

6.6. Comparative Analysis. In the context of the considered
6.5. Case 5. At 0.1 seconds into the simulation, the functional =~ methods, various performance metrics have been evaluated

fitting neural network starts to control the amount of elec-  to gauge their effectiveness. A thorough examination of
tricity going to the AC grid. Between simulation periods of ~ each method is given in the paragraphs that follow, taking
0.1 and 0.8 seconds, the real power of the grid is negative, ~ into account factors including performance, accuracy,

indicating that electricity enters the AC grid via a DC bus,  tracking speed, steady-state error, maximum overshoot,
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TaBLE 4: Detailed comparison of the proposed method’s performance.

Procedure Execution Maximum overshoot Interpretation Tracking speed Accuracy Steady-state error

Considered Easy Low Outstanding Outstanding Outstanding Poor

FSSO Complex High Moderate Moderate Moderate Moderate

PSO Simple Low Very good Average Moderate Less

GWO Complex Low Very good Outstanding Moderate Less

and implementation complexity. The FSSO method presents
a more complex implementation, accompanied by a higher
maximum overshoot. Its overall performance is considered
average, with moderate tracking speed, accuracy, and a
noticeable steady-state error. While it may not excel in cer-
tain aspects, depending on the particular needs of the appli-
cation, it is still a feasible solution.

On the other hand, the PSO method is associated with
an easy implementation process, resulting in a low maxi-
mum overshoot. Its performance is classified as good, with
an average tracking speed, moderate accuracy, and a com-
paratively lower steady-state error. This method proves to
be a practical choice for applications where simplicity and
reasonable performance are crucial. While GWO method,
in contrast, involves a complex implementation, paired with
a low maximum overshoot. Its performance is labeled as
very good, with excellent tracking speed, accuracy, and a
moderate steady-state error. Despite its complexity, the
GWO method showcases impressive attributes, particularly
in applications that prioritize high-performance outcomes,
while the considered CUSA is characterized by an easy
implementation process, resulting in a low maximum over-
shoot. Its performance is deemed excellent, with superior
tracking speed, accuracy, and minimal steady-state error.
Overall, this method exhibits commendable attributes across
multiple performance metrics.

In a nutshell, Table 4 contrasts existing traditional
MPPT methods with the suggested CUSA MPPT method.
Each method exhibits unique characteristics, making them
suitable for specific applications based on factors such as
implementation ease, performance metrics, and overall
effectiveness in addressing particular optimization goals.

7. Conclusion

In conclusion, the escalating presence of electrically powered
motor conveyances on our roadways has unequivocally ele-
vated the significance of the charging infrastructure.

The proposed research has delved into a multifaceted
strategy that addresses the immediate needs of EV charging
and lays a strong foundation for future enhancements. Charg-
ing station power can be effectively achieved by combining
grid support, solar panel power, and a backup battery energy
storage system. The orchestration of this system through
advanced control mechanisms such as the Cuckoo Search
Algorithm-based Maximum Power Point Tracking controller,
PI controller, and neural network has showcased its adaptabil-
ity to accommodate the diverse charging requirements of a
wide array of electrically powered conveyances.

One of the most important aspects of this research has
been emphasized: maintaining a steady DC bus voltage at
the recharging terminal. This voltage stability is necessary
to ensure the charging process’s dependability and efficacy.
We thoroughly investigated and verified the station’s effec-
tiveness across five distinct scenarios using MATLAB/Simu-
link research, thereby enhancing its robustness and
usefulness. The grid integration discovered in this study
enhances the stability of the power supply for electric vehicle
charging terminals.

In future versions, this research can be refined and
built upon. Higher-rating EV charging stations may be
built up in the near future. These stations may be part
of a large infrastructure of charging stations or found in
offices. More sophisticated control algorithms and creative
energy storage techniques are two more cutting-edge tech-
nologies that can be added to EV charging stations to
further improve its sustainability and efficacy. Further
diversifying the energy mix and bolstering the resilience
of the system could be achieved by incorporating nonsolar
renewable energy sources like wind and hydropower. In
the future, this research can be developed and refined even
more. The most important thing to accomplish next is to
scale up the suggested layout to meet the increasing
demand for charging stations and the expanding number
of electric vehicles. This may include installing high-
capacity vehicle charging terminals. These stations may
be placed in offices or on public charging networks. Mod-
ern technology such as enhanced control algorithms and
novel energy storage solutions can be incorporated to fur-
ther maximize the sustainability and effectiveness of the
infrastructure for EV charging. Furthermore, incorporating
renewable energy sources other than solar, like wind or
hydropower, into the mix could increase system resilience
and diversify the energy source mix. Therefore, our effort
contributes to a viable and ecologically conscious future
in mobility by providing an adequate foundation for the
expansion of EV charging terminals.
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