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Abstract

This survey study investigates the current state of research on the optimization of solar
power systems used in charging electric vehicles (EVs) through the application of artificial
intelligence (Al) techniques. Despite significant advancements, a critical research gap
remains: the lack of a comprehensive mathematical model designed to minimize the surface
area of photovoltaic panels while ensuring sufficient energy to charge EV batteries. This
survey aims to address this gap by reviewing existing optimization methods and their
application to solar-powered EV charging systems. The primary research questions posed are:
"Which Al-based optimization techniques are most effective in minimizing the solar panel
surface area required for EV charging?" and "What are the key factors and constraints that
need to be considered in developing such a mathematical model?" Key hypotheses include the
potential superiority of certain metaheuristic algorithms over others in achieving these
objectives. Findings are systematically presented in tables, comparing various algorithms and
highlighting their respective strengths and limitations. This study sets the stage for future
research focused on developing a precise mathematical model to optimize solar panel usage
for EV charging.
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1-Introduction

In recent years, global awareness of

climate change and sustainability has
significantly increased. Between 1990 and
2014[1], Global

significantly increased, rising from 6 billion to

carbon emissions have

10 billion metric tons annually, driving
widespread efforts to mitigate the effects The
global scale of climate change necessitates
immediate and comprehensive mitigation
strategies .efforts culminated in the Paris
Agreement in 2015, although transitioning to a
carbon-neutral and sustainable economy has
become a vital goal. remains challenging, This
is especially challenging for industries with a
deep reliance on fossil fuels for over a century,
emphasizing the need for renewable energy
alternatives has spurred interest in solar
energy systems, aiming to reduce the use of oil
derivatives, which negatively impact the
environment, public health, and economies,
particularly in developing countries[2,3].Fossil
fuels remain the leading cause of carbon
emissions globally, leading to a growing focus
on solar energy systems that concentrate solar
radiation on panels made of sensitive materials
to absorb radiation and convert it into
electricity[4]. Since their inception in the mid-
20th century, solar energy systems have
evolved significantly, driven by advancements

in materials, from silicon panels[5] to gallium

[6], and, more recently, polymeric panels[7],
Despite their contribution to generating
clean, low-cost electricity, obstacles such as
inconsistent solar radiation, seasonal and
climate variations, and insufficient radiation
in some regions have hindered their rapid
development and widespread adoption. Solar
energy storage systems[8], which operate
through frequent charging and discharging of
batteries, offer a solution by providing stable
energy output, making batteries a crucial
component in solar energy systems[9].

Traditional The majority of power generation
and vehicles still depend heavily on the
combustion of fossil fuels. [10], contributing
to CO2 emissions[11]. Renewable energy
sources, electric vehicles (EVs), and plug-in
hybrid (PHEVS)

promising mitigate

electric  vehicles are
CO2
emissions and reduce fossil fuel dependence
These

shift

and

solutions to

fuel dependency, shaping

advancements symbolize a pivotal
towards the future of energy
transportation. [12,14]. Smart grids play a
critical role in this transition, improving
energy management efficiency, lowering
costs, boosting reliability, and integrating
renewable energy sources such as
photovoltaic (PV) systems and electric
mobility[13]. the

significant technological advancements have

Over last decade,

been made, particularly in smart grid

108



Journal of Basic and Environmental Sciences

12.3.2 (2025) 107-132

infrastructure, real-time communication, and
pricing—such as smart meters and advanced
information/communication technologies.

Efficiently organizing and Recent
developments in smart grid infrastructure,
communication  and

including  real-time

advanced metering  technologies, have
revolutionized energy systems and could set a
new standard for modern power systems [15]
Solar-powered vehicles leverage photovoltaic
panels to capture and convert solar energy into
usable power, are pollution-free and eco-
friendly, reducing reliance on fossil fuels and
addressing global warming concerns (Dasolar,
(n.d.), (Shukla et al., 2019). As solar panel
technology becomes Enhanced efficiency and
cost reductions have increased, and the
accessibility and feasibility of solar-powered
EVs are becoming more accessible to the
public. Research by Massar et al. (2021)
investigated the intricate relationship between
autonomous vehicles (AVs) and greenhouse
gas emissions, influenced by factors like
vehicle economy, travel demand, energy
sources, and driving behavior. Their analysis
suggests that integrating AVs into sustainable
transportation networks could significantly
impact greenhouse gas emissions. They also
emphasize the need for Further research is
needed to develop advanced tools and
methodologies to address these complexities

effectively and understand these impacts

better[16]. The EV market is anticipated to
grow by 800% by 2030, primarily due to its
potential to cut emissions, reduce
transportation costs, and act as distributed
energy resources. The concept of Vehicle-to-
grid (V2G) systems allows EVs to return
excess stored energy back to the grid,
improving overall system efficiency and,
allowing EVs to transfer stored energy back
to the grid, though current infrastructure
requires upgrades to support this idea.
Transportation electrification (TE) offers
EVs that present innovative solutions to
challenges such as climate change, fuel
economy, and energy security, despite the
challenges posed by power quality and grid
control  issues, necessitating innovative
technologies to address these issues. While
energy storage units have reduced carbon
the fuel-

emissions, reliance on fossil

generated electricity for charging them
remains a concern. Solar energy systems,
when integrated with energy storage units,
offer an environmentally friendly alternative.
The optimal design of these storage units in
solar energy systems is critical, considering
factors such as capacity, efficiency, and
charging/discharging time. Some studies
suggest that solar panel designs should align
factors and the technical

with these

specifications of batteries suitable for

generating electricity from solar radiation.

109



Journal of Basic and Environmental Sciences

12.3.2 (2025) 107-132

Achieving optimal calibration of these factors

using traditional statistical models s
challenging, leading to inefficiencies in time,
effort, and cost without guaranteeing an

optimal solution)[18,19].

Recent studies have explored solar energy
optimization for various applications. For
instance, researchers proposed a mixed random
model  Optimization studies often aim to
determine the ideal number of solar panels and
storage systems for efficiency and cost-
effectiveness  for residential and
buildings[5],

costs and enhancing performance. Similarly,

non-
residential reducing material
researchers examined energy source sizes in

integrated solar cell systems, proposing
different panel and battery configurations to
maximize system effectiveness. Their findings
indicate that optimal panel area ratios can
achieve the highest efficiency at the lowest

cost. Another study focused on using stored

electric energy in residential buildings,
demonstrating that optimizing solar cell
systems and electricity  pricing can

significantly increase energy production. In
South  Africa, identified the

optimal size of energy storage units relative to

researchers

solar radiation, providing electric energy to
residential buildings with satisfactory cost-
effectiveness. Additionally, a study explored
capacity loss in iron phosphate batteries for

EVs, proposing a mathematical model with
constraints representing actual manufacturing
The model
operating hours fivefold compared to the
model[20-21].
vehicles are categorized into Battery Electric
Vehicles (BEVs), Hybrid Electric Vehicles
(HEVs), Plug-in Hybrid Electric Vehicles
(PHEVs), and Fuel Cell Electric Vehicles
(FCEVs). Each type serves different energy

parameters. increased battery

factory-designed Electric

and operational needs [22]

HEV PHEV BEV

Hybrid Electric Vehicle Plug In Hybrid Electric Battery Electric Vehicle
Vehicle

FIGURE 1: TYPES OF EV POWERTRAIN[54]

In [23], the

examples of the size of energy sources in an

researchers also provided

integrated solar cell system, and a set of

panels and batteries with  different
configurations were proposed depending on
an objective function to determine the
effectiveness of the system. Research has
shown that optimal configurations of solar
panels and batteries significantly enhance

system efficiency ratios of the area of the
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panels used to ensure obtaining the highest
efficiency at the lowest cost. In [24], the
electric energy stored in residential buildings
was used, and examples of Proper sizing of
solar panels and batteries is critical to
achieving optimal energy performance used in
the system were given in terms of cost and
return. Energy storage systems are pivotal for
the scalability and reliability of renewable
energy solutions units and appropriate pricing
of electricity, which in turn can increase the
volume of energy production of solar units in
the construction sector. In [25], the study
aimed to determine the best Accurately sizing
storage units based on solar energy inputs to
optimize energy capture and storage capacity
radiation projected onto the solar energy
receiving panels of a solar energy system in
South Africa to provide residential buildings
with electric energy. The study concluded by
identifying satisfactory results in terms of cost.
On the other hand, the researchers. In [26]
examples of capacity loss in iron phosphate
batteries are used in electric vehicles, and a
mathematical model was proposed with an
observable objective and an Optimization
reflect

model incorporating constraints to

realistic ~ parameter  values used in

manufacturing the battery. The results showed
the accuracy of the proposed model in

increasing the number of battery operating

hours five times that of the factory-designed

model.

This research aims to study various solar
energy systems for EV operation and explore
optimization algorithms to address challenges
facing photovoltaic-powered EVs, with the
goal of identifying potential solutions for

future implementation.

2. Methods
Literature and prior experience inform

optimization strategies for integrating solar
panels and batteries, Studies were surveyed
methods of optimization reviewed and their
application to solar-powered EV charging

systems.

2.1 Optimal of Panel and

Battery Storage.

Sizing

Solar PV benefits from no rotating parts,

being on rooftops, and having low
maintenance costs. [27]. The total installed
solar PV power generation capacity
worldwide exceeded 625 GW at the end of
2019 compared to just 23 GW 10 years ago
[28]. The annual addition of solar PV
capacity exceeded 115 GW in 2019 compared
to just 8 GW in 2009. According to estimates,
solar PV power generation will provide 3,518
TWh and 7,208 TWh by 2030 and 2040 on
the bank [29]. For PV-BES in grid-connected

households, an adaptive resilient optimal
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planning and operation approach was put out
in [30]. Uncertainty of solar PV generation and
load consumption were modeled using
polyhedral sets. Reliability and tractability are
the primary advantages of robust optimization
for PV and BES sizing over traditional
techniques like scenario creation, Monte Carlo
simulation, K-means data clustering, and
probability distribution functions An overview
of current developments of PV battery systems
for grid-connected buildings is given in [31].
PV battery architectures for residential sectors
are examined in [32]. The economic feasibility
of PV battery systems for residential buildings
Is surveyed in [33]. The economic aspects of
integrating solar PV and batteries in the
residential sector are reviewed in [34]. In [35],
an economic analysis of residential solar PV
systems with batteries in the United States is
A

distributed solar PV with batteries is given in

given. review of the application of
[36]. The energy management of small-scale
PV battery systems in residential homes is
reviewed. Batteries can be subject to different
operation strategies and bring in different
economic benefits. In the first place, batteries
increase the self-consumed electricity by
storing excess PV generation and discharging

to supply consumption later.

A grid-connected photovoltaic battery system

for a residential neighborhood is designed in

Paper [37]. The PV and BESS systems are
sized using a genetic algorithm. The battery
time-of-use tariff for electricity. "A group
battery offers more value for cost saving,
especially for groups with sufficient diversity
in their demand,” is one conclusion drawn
from the simulations. A similar system
concept for a 692-home neighborhood is
covered in Paper [38]. Software optimization
is used. One key finding is that "the most
RES
integration into the SG" is to lower BESS

financially attractive solution to

costs.
2.2 Electrical Vehicles (EVs)

In [39] highlighted the EVs, technologies
demand quick charging to shorten the
charging time and enhance range anxiety.
Also,
charging of EVs, which offers constant

describe the system for the fast

feedback to the DC-DC converter considering
the battery SOC by employing a battery pack

control module and tuning the PI controller.

[40] Through an analysis of actual EVs, the
study aims to determine the best practices for
battery, DC-DC converter, and motor usage

from the standpoint of an EV application.

In research [41], the study identifies A
stochastic mixed-integer programming model
that incorporates variables such as load, solar

radiation, and grid pricing to identify optimal
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configurations, and electricity grid prices as
random factors. The findings reveal that The
study found that operating under a net
metering program requires a higher number of
panels and batteries compared to other setups
compared to a scenario without net metering.
Reference [42] proposes a hybrid operation
strategy that integrates multiple approaches.
The study compares three distinct operation
strategies  through a multi-objective
optimization process, successfully achieving
both a high Net Present Value (NPV) and a
high Self-Sufficiency Ratio concurrently. This
involves optimizing battery sizing and
implementing rule-based operations. In [43]
they focus on the development of Intelligent
with available
of

integrating EV charging infrastructure grids.

microgrids commercially

inverters to address the challenges
Extensive experimental tests were conducted
to validate new operational modes and the
novel charger design for the EV charging
[44], the paper

Genetic Algorithm-based

station. In introduces
Combining
optimization with load flow analysis offers
EV
anticipates the rise in electric vehicles on the

indicate that this

multipurpose solutions for systems

road. Simulation results

approach optimizes voltage levels and

minimizes power loss when installing EV
[45]

limitations

charging stations. The authors in

investigate the challenges and

associated with solar-powered vehicles, with
the aim of proposing solutions for their
broader adoption. The study highlights areas
the
of

harnessing Integrating solar irradiation with

for  further  research, including

development of vehicles capable
various energy sources, including wind and
nuclear, strengthens system resilience and
reliability. In [46], the research details a
controller designed to charge electric cars
using the fluctuating power generated by
photovoltaic panels. This controller allows
homeowners to utilize locally produced

energy, dynamically regulating charging
power based on available grid capacity when
solar power is insufficient. Reference [47]
provides a Recent review of Hosting Capacity
(HC)

deterministic,

methodologies highlighting

stochastic, and streamlined
approaches for EV and PV integration studies
and extensive studies to estimate HC
efficiently. The review observes that most HC

studies on PV and EV charging in low-

voltage distribution  networks consider
performance indices such as voltage
magnitude, line loading, and transformer

loading. [48] discusses solutions for home-
based EV charging using smart home energy
management systems to reduce dependency
on the grid through renewable integration,
software

optimization, and government

incentives, supported by case studies of
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particular interest. In [49], the paper examines
Metaheuristic techniques such as MSSA, SSA,
and Gray Wolf Optimization are employed to
optimize hybrid systems in EV charging
station applications and identify the best
methods for sizing energy system components.

Finally, [50] discusses the current challenges

and solutions in constructing reliable hybrid
fast-charging stations for EVs. The study
Strategic power management strategies
enhance hybrid charging station efficiency,
particularly in highway locations along with
optimized control via an improved Snake

algorithm to ensure optimal facility operation.

TABLE I. Comparative studies highlight the strengths and weaknesses of Lead-Acid, Li-lon, and LFP
batteries for EV applications.

TYPE
Iron Phos.phate Lithium-ion Batteries Lead-acid Batteries
SPEC Batteries
Overcharge Low. Cannot tolerate Low. Cannot tolerate High
Tolerance trickle charge trickle charge
Internal Resistance High Less than phosphate Relatively weak
Ene\r/\g/z /ﬁfenrmy’ Moderate High LOW
Volt 24v 24v 24v
Ampere 20A 20A 20A
Watt 500W 500W 500W
Weight 20 kg 10kg 12kg
Price 4000L.E 3500 L.E 1200L.E
Capital cost 168 / kWh 700/ 3000 300/ 600
($/kWh)
Charging Cycles 6000:10000 1000:3000 300
Temperature 50C0:60 CO 400:500 40CO
Life Span 12 years 5 years 2 years
Charging Time 3 hours 4 hours 7 hours
Discharging Time 15 hours 5 hours 4 hours
Battery Capacity | 20A-50A-100A - 200A | 3A-6A-9A-12A-20-26A | 12A - 18A -20A-25A- 60A

batteries are traditionally used in electrical

These battery energy storage technologies
are lead-acid (LA) batteries, lithium-ion
batteries (LIB), and Iron Phosphate Batteries,
As illustrated in Table I, the LIBs have
higher efficiency and lifetime compared to
other the LA

technologies. However,

systems and their cost is low. It is notable
that the LA and LIB are generally used in

residential systems.

[51] These studies focused on Smart

charging stations and also wused the
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Technique of PV and V2G power supply
Solved Problems by Improving grid stability
during peak load hours, [52] the study
explores real-time energy management,
including optimization problems that are
phrased as mixed-integer linear
programming. Photovoltaic (PV) sources,
stationary storage, a power grid connection,
and EV batteries as a load are all components
of the DC microgrid. The optimization
problem's objective is to reduce the overall
cost of energy. The viability of the suggested
control and its superiority over the storage
priority method is shown by real-time
modeling and experimental results under
various weather circumstances.[53]
suggested an energy management plan that
takes into account the varying states of
charge of home AC loads, EVs, ESSs, and
rooftop PV arrays in order to regulate the
power flow between them. A battery as an
energy storage system (ESS) and a rooftop
photovoltaic solar system are used in a multi-
scenario assessment of a grid-connected

residential EV charging station.

The optimal search program for the case of a
photovoltaic power system in 2018 was
presented in the paper [54] After discussing
the optimization criteria, the authors came to
the conclusion that the best compromise

between power reliability and system cost

leads to the optimal solution for any
photovoltaic
RES+BESS). For reliability analysis, the
relationships

power  system  (hence

between loss of load
probability (LOLP) and loss of power
supply probability (LPSP) are presented,
and for cost issues, the formulas of net
current cost (NPC), levelized cost of energy
(LCOE), and life cycle cost (LCC) are

presented. The following methods are

summarized: numerical methods and
computer-aided.
[55]A grid-connected MG-based

PV/battery/EV hybrid system erected at the
Mulhouse campus in France was the subject
of this study's functional analysis and
PV

generators, two inverters, batteries, and an

performance  evaluation.  Two

EV make up the two subsystems that make
up the entire system. All of them have
direct feed-in power or solar self-
consumption connections to the power grid.
The system installation goals are outlined,
one of which is to maximize self-
consumption of the generated energy in
order to manage demand on-site. It presents
and analyzes the behavior of the system's
components, the

particularly storage

batteries and inverters. Two randomly

chosen days were used to evaluate the

system, both with and without an EV
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connection. PV output power, energy
efficiency, feed-in power, and self-consumed
power were the factors that were examined.
Considering the outcomes and performance
evaluation,[56]  article  discusses  the
importance of EVs while coming on the road
and facing many challenges of charging
time, range covers, and energy storage
All

overcome by improving the technological

system issues. these issues can be
development of BMS in terms of various
parameters, including battery sizing, the life
cycle of the battery, and battery capacity
demand with proper calculations and
examples, In,[57] a new configuration of a
double-switch step-down converter was
proposed. It

that

was experimentally

demonstrated the converter could
effectively track the maximum power point
for PV application and maintain optimum
efficiency during load fluctuation conditions.
In [ 59 ], a hybrid fuel cell-based power
generation system containing an inductor-
coupled step-down converter was used. The
converter achieved higher efficiency, non-
inverting output, and low input and output
ripples. Apart from renewable energy
applications, step-down converters are well-
established in industries and have a wide
range of applications. Buck-boost, SEPIC,
Zeta, and Cuk DC-DC converters are

preferable for photovoltaic energy generation

systems as their performance is better in
maximum power point tracking (MPPT)
algorithms.[59] These conventional
converters can make sure that the system
operates

with  optimum efficiency in

varying solar irradiation and load
conditions. However, to reduce the output
ripples the filter capacitance must be larger
than the maximum value of boundary
capacitance for buck-boost and Cuk DC-DC
converters.[60] To improvise the voltage
lift

Increasing the voltage lift will result in

gain, apply a voltage approach.

additional losses that will impact the
converter's overall performance. A Z-source
with a nominal voltage gain and duty cycle
ratio is equipped with an impedance

DC-DC

converters, a variety of control strategies

network of inductors. For
have already been developed based on the
needs of the application. These include
fuzzy logic control, state-space modeling
(SSM), modern predictive control (MPC),
proportional integral derivative (PID), and
slide mode control (SMC).

2.3 Applications of the meta-heuristic

searching algorithm in EVs.

Optimization techniques play a crucial role
in enhancing the performance of EV
charging systems. The choice of method

depends on the specific application, system
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complexity, and computational requirements. optimization methods are expected to
With ongoing advancements in Al and become more prevalent in future EV
computational tools, hybrid approaches charging infrastructure.

combining  traditional and intelligent

TABLE 2. Review of Current Optimization Methods and Their Applications in Electric Vehicle
Charging Systems

Dptimization Method Description Typical Applications

Linear Programming (LP) Solves problems with linear relationships Cost minimization under time-of-use
between variables. electricity tariffs.

Nonlinear Programming Handles nonlinear constraints and Battery degradation modeling, non-
(NLP) objectives. linear grid constraints.

Dynamic  Programming Breaks problems into stages and solves Real-time charging control, uncertain
(DP) recursively. pricing scenarios.

Genetic Algorithms (GA) Evolution-inspired search algorithm for Charging schedule optimization, and

global optimization. station placement.

Particle Swarm Swarm-based optimization method. Energy management in smart grids with

Optimization (PSO) EVs.

Ant Colony Optimization Path-finding inspired by ant behavior. Optimal routing and scheduling of EV

(ACO) fleets.

Simulated Annealing (SA) A probabilistic method for approximating Multi-objective optimization (e.g., cost
global optimum. vs. time trade-offs).

Game Theory Analyzes strategic interactions among Pricing  schemes, and  resource
multiple agents. allocation among EV users.

Model Predictive Control Predicts future states and optimizes Real-time adaptive charging, demand
(MPC) control actions accordingly. response participation.

Reinforcement Learning Learns optimal strategies via environment  Smart adaptive charging strategies, user
(RL) interaction. behavior prediction.

studies, the applied method was compared
The existing studies of metaheuristic with other methodologies.

methods are classified based on single- and . . .
g Electric vehicles (EVs) are universally

multi-objective optimization studies. In some . : . .
) P recognized as an incredibly effective method of
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lowering gas emissions and dependence on oil
for transportation. Electricity, rather than more
traditional fuels like gasoline or diesel, is used as
the main source of energy to recharge the
batteries in EVs, Augmented "-constraint method
and Lexicographic optimization Integrating solar
energy with EV charging enhances home energy
management by balancing multiple objectives
In [61], identified the

potential for using solar energy Data-driven

efficiently. research
strategies inform the development of solar-
powered EV charging systems for university
campus transportation networks located on
campus was analyzed, and approaches included
installing solar panels on bus stop shelters roofs,
utilizing underutilized university Utilizing open
spaces and developing solar roads offers
innovative PV deployment opportunities made of
photovoltaic (PV) materials. The findings

revealed variations in capital costs and
anticipated energy generation based on siting
flexibility. In [62], the authors presented grid-
grid-connected EV charging stations equipped
(FLCs) to

efficiently manage energy flow during charging

with Fuzzy Logic Controllers

and discharging cycles. A decentralized energy
management system was developed to regulate
energy flow between the PV system, battery, and
grid, with the controller's efficacy verified
through MATLAB simulations under several
[63]

of various

microgrid  scenarios. provides a

comprehensive analysis power

management and control techniques,
considering the effects of EVs on the electric
system. The authors thoroughly examined
different EV classes, and their corresponding
Detailed analysis of charging infrastructure
highlights the technological and operational
requirements for widespread EV integration
strategies to evaluate the impact of EV adoption
on grid infrastructure.In [64], the authors
Markov-Chain ~ Monte

simulations to provide insights into mobility and

conducted Carlo
charging load profiles, improving predictive
accuracy and deriving charging load profiles.
The study also integrated an hourly flexibility
Flexibility potentials are incorporated into
optimization models for cost-effective energy
dispatch solutions over an extended period. The
research described in [65] focused on building a
The

permanent magnet DC motor, powering the rear

solar-powered  two-wheeler. vehicle's
wheel, is driven by voltage generated from a
solar panel, which is then stored in a battery.
The vehicle's power system achieved enhanced
efficiency with the integration of a charge
controller and speed controller. The Vehicle
Charging Simulation (VeCS) model is explored
in [66] to support improved system performance
by focusing on employee satisfaction, CO2
emissions, and operating costs. The VeCS
model was designed to simulate a smart
that combines local

charging  system

photovoltaic input with existing charging
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infrastructure. Applying the model in a real-
world scenario reduced fuel costs by 65% and
CO2 emissions by 55% compared to an all-ICEV
scenario. [67] discusses user experiences in
charging electric vehicles using both independent
and grid-connected solar systems, providing an
overview of various operational modes. The
study suggests that subsequent research should
focus on advanced charging management
[68], the

maximizing surface area by extending or bending

systems. In research  proposes
the panel surfaces using the concept of a
topological surface manifold, with shapes such as
hemispherical, sinusoidal wavy curves, pyramids,
or cones. The findings indicate that geometrical
design could increase panel surface area by more
than 20%, although curved surfaces present
The [69]
computes the Advanced power management

certain disadvantages. study in
strategies to evaluate the impact of EV adoption
on grid infrastructure. Finally, in [70], Enhanced
Energy Management Systems (EMS) leverage
blended modes of operation to improve PHEV
efficiency through intelligent transportation
systems and cloud technologies. [71] discusses
Genetic Algorithm-based EV charging schemes
to  optimize  vehicle-to-grid  interactions,
improving system usability. In [72], Advanced
optimization of EV Fast Charging Stations
(EVFCS) using algorithms like PSO, SSA, and
AOA delivers efficient designs and management

systems. EVFCS structures and manages energy

flows between PV systems, Battery Energy
Storage Systems (BESS), EVFCS, and the grid.
The results showed that PSO provided the best
Net Present Value (NPV), followed by AOA
and SSA.

specific PV panel designs aim to maximize

In [73], alternative Orientation-

energy generation while minimizing associated
costs.using these techniques. [74] introduces a
new algorithm, The SW-OBLCSO algorithm
improves efficiency and convergence for large-
scale EV grid scenarios algorithm was applied
in a scenario

involving large-scale EVs

connected to the power grid, considering
economic, environmental, and safety factors.
The results showed improvements in Machine
learning models that offer robust frameworks
for optimizing renewable microgrid operations,
The

simulation results on a test renewable microgrid

including smart charging of HEVs.

confirmed the proposed method's high accuracy.
Finally, reference [52] presents a multi-
objective Pareto-based PSO algorithm that
effectively enhances PV hosting capacity and
distribution  losses

reduces simultaneously.

While this approach increased PV hosting

capacity and lowered losses, it required
additional investment compared to other
approaches.

[75]The heuristic algorithm suggested in [22]
establishes upper and lower limits for the

capacity of a battery storage system while

119



Journal of Basic and Environmental Sciences

12.3.2 (2025) 107-132

reducing the consumer’'s energy and storage
expenses. The lower limit is the necessary
capacity to meet the load when harvested
power is inadequate, resulting in the load
needing to reduce its consumption. The upper
limit represents the essential capacity for
holding excess harvested energy and the need
for load reduction. The two-layer heuristic
method.[76]A renewable hybrid system of
photovoltaic, wind power, and batteries, which
takes into account the work on electric
vehicles, the main search space is improved in
optimizing the system size to determine the
optimal capacity of the universe and efficient
energy utilization. Zhang Shannon, A mixture
design of experiments (MDOE) methodology
is employed in [77] to define the objective
function model. The optimization problem's
Pareto-optimal front is produced using normal
boundary intersection (NBI). Choose between
the best non-dominated outcomes, data

envelopment analysis (DEA) is then used.

[78] designed an integrated light storage and
charging station using the multi-intelligent
particle swarm optimization (MAPOS)
algorithm. Determining the charging station's
ideal capacity layout and reducing operational
expenses and carbon emissions were the goals
[79] The charging station study company is
based on the combination of photovoltaic

power generation and electric energy storage

systems with an improved photovoltaic
power configuration  algorithm.  The
sustainable energy and charging goals of
electric vehicles have been achieved. Used
the discriminant algorithm to solve the
computer speculation optimization problem
in multi-energy capacity allocation with
hydrogen production coupled with wind
photovoltaic. The superiority of the
independent algorithm and the hybrid
electricity swarm algorithm has been
verified. Badia et al.

[80-81-82-83-84-85-86-87] These studies
focused on (AC PV charging station -
Electric vehicles and photovoltaic energy -
Distribution  networks  for  generating
photovoltaic energy for electric vehicles -
Renewable energy and renewable energy
systems and DC microgrids for electric
vehicles - Electric vehicles and mobile self-
sustaining systems - Solar energy and energy
storage systems and electric vehicles -
Electric vehicle charging process - Mobile
energy for electric vehicles - Electric
vehicles) and used some methods and
algorithms to solve some problems related to
electric vehicles] The modified stability
criterion of MION (one-base infinity) based
on the impedance method to evaluate the
stability of AC bus electric vehicle charging

stations with photovoltaic energy - It also
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used electric vehicle charging strategies to
reduce the peak power demand and solar
energy storage - It focused on the alternative-
assisted multi-objective probabilistic optimal
power flow (POPF) to achieve improved
reliability and sustainability of the power
system - It also used the hierarchical control
method to stabilize frequency fluctuations and
regulate the DC bus voltage - A multi-
scenario and multi-objective joint
optimization approach for distributed power
networks to increase energy consumption
capacity Photovoltaic and voltage limit
optimization — It also improved the decision
tree algorithm to reduce the demand on the
distribution network at peak times — It used
the coordinated control strategy of flexible
DC systems to ensure the stability of the
network frequency and voltage; — It also used
the Peak Load Management Model (PLM) to
maintain the stability of the smart grid — It
also used charging management and control
methods to reduce the negative impact of

charging on the network.
3. Discussion

With
optimizing solar power systems for charging
(EVs)

intelligence (Al) techniques, a significant

the extensive advancements in

electric  vehicles

using artificial

research gap persists. This gap lies in the

absence of a comprehensive mathematical

model specifically designed to minimize the
surface area of photovoltaic panels while
ensuring they provide sufficient energy to
charge EV Datteries effectively. Most
existing studies have focused on optimizing
energy storage and generation separately, but
few have addressed the integrated approach
both

simultaneously. To address this gap, we

needed to achieve objectives

hypothesize that a mathematical model
integrating metaheuristic algorithms can
effectively minimize the surface area of
EV
charging. The hypothesis is based on the
that  Al-based

particularly

photovoltaic panels required for

premise optimization
techniques, metaheuristic
algorithms such as the Bees Algorithm, have
the potential to balance multiple objectives
These

minimizing the surface area of solar panels,

efficiently. objectives  include
maximizing energy efficiency, and ensuring
sufficient power to charge EV batteries fully.
Path Forward for Future Research The
findings from this survey indicate the need
for a targeted approach to develop and
validate a mathematical model for
optimizing solar panel usage in EV charging
systems. Future research should focus on the

following areas:
1. Development of a Mathematical Model:

Formulate an objective function that
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integrates both the minimization of the solar
panel surface area and the maximization of
that

energy output. Define constraints

encompass technical specifications,

environmental conditions, and practical
limitations of photovoltaic panels and EV

batteries.

2. Application of Metaheuristic Algorithms:

Implementing and comparing various
metaheuristic algorithms, such as the Bees
Algorithm, Genetic Algorithms, and Particle
Swarm Optimization provide innovative
solutions for addressing the challenges of EV
system design. These algorithms are in terms
of convergence speed, solution accuracy, and

computational efficiency.

3. Simulation and Validation:  Conduct
extensive simulations to test the proposed
model under different scenarios, including
varying solar irradiance, battery capacities,
and environmental conditions. Validate the
model using real-world data to ensure its

practical applicability and reliability.

4. Integration with Real-Time Data:
Develop mechanisms to integrate real-time
data on solar irradiance and EV battery status
into the optimization model. Ensure the
model can dynamically adjust solar panel
configurations based on real-time data to
maintain This

optimal  performance.

discussion highlights the critical research
gap in the current literature regarding the
optimization of solar power systems for EV
charging. By proposing a hypothesis and
outlining a clear path forward, this study
paves the way for future research aimed at
and
The

outcome is an optimized solution that

developing a precise practical

mathematical model. anticipated
minimizes the surface area of photovoltaic
panels while ensuring sufficient energy to
charge EV batteries, thereby supporting the
transition to sustainable and efficient solar-

powered EV charging systems.
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4. Conclusion

This survey highlights the critical gap in the
current research on optimizing solar power
systems for EV charging: the absence of a
mathematical model specifically aimed at
minimizing the surface area of photovoltaic
panels while ensuring adequate battery
By

various Al-based Bridging gaps in solar-

charging. reviewing and comparing

powered EV research requires advanced
optimization techniques and validation, and
Bees Algorithm, this study identifies effective
strategies and key challenges. The findings,
organized in detailed tables, underscore the
need for a targeted mathematical model
Future studies will test the scalability and
adaptability of proposed models under real-
world

scenarios, contributing to

advancements in sustainable energy systems.
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