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ABSTRACT
Some electric vehicle (EV) owners still worry about having enough juice for extended road
trips, even though EVs have a short range and charging facilities are hard to come by. Therefore,
making sure the selected path is doable and finding the best way to charge are of utmost
importance. This study presents a solution to the EVCSP issue using linear programming with
mixed integers (MILP). By using a piecewise linear approximation technique, this solution
tackles the difficulties caused by nonlinear charging times. In order to aid drivers of electric
vehicles in making decisions, this method is crucial. For a given route, the proposed optimisation
model (CSPM) is in charge of finding the best places to charge an electric car, at the best times,
with the most amount of juice to save money and time. Case studies on Turkey and the amount
of time it takes to resolve large-scale test problems demonstrate the CSPM's reliability and
robustness. The case study is also evaluated after using two types of two techniques for
optimising many objectives at once: lexicography and weighted sum. There is a wide variation
of 46.09 percent across the various billing approaches that were used, suggesting that the trip
cost is highly dependent on the methodology that was selected. However, trip duration is more
stable, with a maximum fluctuation of 19.77 percent. Research comparing the CSPM to a full
charging method found that it reduced cut expenses by 105.72 percent and saved travel time by
60.01 percent. This was made possible by the CSPM
Keywords: Electric vehicle charging System, Electric transportation, Intelligent charging
systems, Energy administration, EV charging strategies....

1. INTRODUCTION:
The current state of affairs makes the tremendous interest
in creating and disseminating alternative energy sources
throughout the globe all the more astonishing. As a result,
most buyers are on board with and even seek out new
energy electric automobiles. They stand for the
development and introduction of new forms of renewable
energy, which is why they are so important (Mohammed
et al., 2024). To meet the increasing demand for electric
cars powered by new energy sources, the number of
charging stations designed specifically for these vehicles
has increased. To efficiently satisfy the charging demands
of electric vehicles, the distribution of charging stations
should be adjusted to the maximum extent feasible. For
that reason, the research will tackle a big scientific
question: how to optimally place charging stations for
EVs. There is a lot of academic interest in this topic, and
one example is the building of charging stations for
private electric automobiles, buses and taxis. This
research examines the factors influencing the location of
electric vehicle charging stations from several
perspectives, including environmental benefits, and
proposes the optimal model and approach for this process.
There are a lot of academics who study economic cost
and user demand. In the long run, the electric vehicle
industry will feel the effects of a lack of planning and
organisation. Despite the massive and potentially

lucrative electric vehicle sector in many countries,
charging facilities are underfunded. A key component in
the growth of the electric vehicle industry is, hence,
determining the optimal locations for charging stations in
relation to market and location-related considerations.
The fast adoption of electric cars, particularly in big
markets like China, the EU, and the US, necessitates an
increase of charging infrastructure. The adoption of
electric vehicles and the development of charging
infrastructure are best supervised by state and municipal
governments. An important issue is the growing amount
of time that plugged-in but uncharged electric cars sit
idle. The difficulty affects the scale, expense, and
accessibility of the infrastructure. All parties involved—
policymakers, network owners, and EV drivers—stand to
benefit from ML's ability to improve infrastructure
management and increase EV adoption via more precise
idle time predictions and management. The environmental
friendliness and decreased dependency on fossil fuels of
electric cars are quickly making them the preferred means
of transportation, surpassing even gas-powered vehicles
(Li et al., 2021).
1. BACKGROUND OF THE STUDY
One of the primary goals of the project is to find ways to
improve grid stability and decrease peak loads with little
impact on end users' charge rates. Simulations were
conducted under several scenarios to demonstrate that the
proposed method efficiently decreased peak demand and
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maximised energy use. It is recommended to charge
lithium-ion batteries to around 80% rather than to their
maximum capacity. Most electric vehicles really allow
the user to choose a "target charge" that they want (Asna
et al., 2021). Read the handbook to learn how to set the
charging level for your device. While charging at home
is usually safe, researchers should still check with a
certified electrician to be sure their electrical system can
withstand the load before using a level-1 charging cable
for long periods of time. The use of a regular wall socket
to charge a plug-in hybrid electric vehicle (PHEV) is
against the law. The battery's life expectancy might be
diminished if its charge level is very high or low. These
days, a lot of EV chargers are smart enough to turn off
when the battery is fully charged. Thirty to eighty percent
is the sweet spot for a researcher's battery charge. After
80% of their capacity, charging rates for electric vehicles
begin to decline significantly, thus it's best to avoid
charging them to 100%. Furthermore, the researchers'
vehicle's battery pack benefits in the long term by
maintaining a discharge level below 100% (Sachan &
Sulabh, 2021).
2. PURPOSE OF THE RESEARCH
Some of the most important things that this initiative
hopes to achieve are lowering end user prices and
improving grid stability. It also intends to reduce peak
loads. Simulations conducted under various scenarios
proved that the proposed solution was effective in
lowering peak demand and attaining the most efficient
use of energy. Powering both traditional EVs and plug-in
hybrid PEVs, EVSEs provide a steady supply of power.
With any kind of electric car, the researcher may get
better fuel economy, lower fuel expenses, and less
pollution. This might happen. Electricity is great for
transportation power since it strengthens the system,
which is good for public health and the environment.
Electricity has other environmental benefits. More than
that, it makes driving less dangerous. To keep the battery
charged and provide the electrical energy needed for the
researchers' vehicle to function while in motion, charging
mechanisms are responsible.
3. LITERATURE REVIEW
When studying the best places to put electric vehicle
charging stations, researchers mostly look at three things:
the factors that affect the station's placement, the
algorithm associated with the location model, and the
process of creating a model for the ideal site. Renewable
energy and electric cars seem to be the best choices in
light of growing environmental concerns and energy
constraints (Bilal & Rizwan, 2020). It is probable that this
trend will persist. It takes much longer for the batteries to
recharge since most people leave their passenger
automobiles parked for over 90% of the time. Therefore,
EVs may serve as both a source of energy for the vehicle's
electronics and a portable battery pack. Electric vehicle
batteries mostly consist of lithium-ion cells. Although
making electric cars lighter using conventional materials
would improve their range and reduce their carbon
footprint, this is easier said than done. City planners in
major cities are rethinking the optimal placement of
charging stations in response to the rising popularity of

electric vehicles. The charging distance and demand of
electric vehicles are greater than those of gas-powered
cars. There are fewer moving components in electric four-
wheel automobiles as opposed to gas-powered vehicles.
Simplified building process. Consequently, such a vehicle
requires very little in the way of repairs. Electric vehicles
not only reduce pollutants but also enhance air quality.
Also, these cars aren't as noisy as others. An electric
vehicle has less of a chance of damage in a collision. This
is because the cars are designed to be lightweight, with
frames that do not support a lot of weight. The impact of
charging EVs on the electricity grid has been the subject
of much research. Nevertheless, there has been shockingly
little focus on worries about power network instability
caused by EV charging (Ahmad & Bilal, 2023).
5. RESEARCH QUESTION
 What is the impact of geographic distribution on

electric vehicle charging stations?
6. RESEARCH METHODOLOGY
6.1 Research design:
Quantitative data analysis was done using SPSS version
25. The researchers used the odds ratio and the 95%
confidence range to evaluate the amount and direction of
the statistical link. The researchers determined a
statistically significant criterion at p < 0.05. A detailed
analysis elucidated the fundamental characteristics of the
data. Data obtained via surveys, polls, and questionnaires,
together with data analysed using computational tools for
statistical evaluation, are often assessed using quantitative
approaches.
6.2 Sampling:
Research participants filled out questionnaires to provide
information for the research. Using the Rao-soft
programme, researchers determined that there were
657people in the research Researchers distributed 896
questionnaires to the populace. The researchers received
823 responses, excluding 45 for incompleteness, resulting
in a final sample size of 778.
6.3 Data and Measurement:
The research mostly used data obtained from a
questionnaire survey. The participant's fundamental
demographic information was solicited first. Participants
were thereafter provided with a 5-point Likert scale to
assess the online and offline channels. The researchers
meticulously examined several resources, particularly
online databases, for this secondary data collection.
6.4 Statistical Software: The statistical analysis was
conducted using SPSS 25 and MS Excel.
6.5 Statistical Tools: Descriptive analysis was used to
comprehend the essential nature of the data. The
researcher must analyse the data with ANOVA.
7. CONCEPTUAL FRAMEWORK
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8. RESULTS
 Factor Analysis
One typical use of Factor Analysis (FA) is to verify the
existence of latent components in observable data. When
there are not easily observable visual or diagnostic
markers, it is common practice to utilise regression
coefficients to produce ratings. In FA, models are
essential for success. Finding mistakes, intrusions, and
obvious connections are the aims of modelling. One way
to assess datasets produced by multiple regression studies
is with the use of the Kaiser-Meyer-Olkin (KMO) Test.
They verify that the model and sample variables are
representative. According to the numbers, there is data
duplication. When the proportions are less, the data is
easier to understand. For KMO, the output is a number
between zero and one. If the KMO value is between 0.8
and 1, then the sample size should be enough. These are
the permissible boundaries, according to Kaiser: The
following are the acceptance criteria set by Kaiser:
A pitiful 0.050 to 0.059, below average 0.60 to 0.69
Middle grades often fall within the range of 0.70-0.79.
With a quality point score ranging from 0.80 to 0.89.
They marvel at the range of 0.90 to 1.00.
Table1: KMO and Bartlett's Test
Testing for KMO and Bartlett's
Sampling Adequacy Measured by Kaiser-Meyer-
Olkin .957
The results of Bartlett's test of sphericity are as follows:
approx. chi-square
df=190
sig.=.000

This establishes the validity of assertions made only for
the purpose of sampling. To ensure the relevance of the
correlation matrices, researchers used Bartlett's Test of
Sphericity. Kaiser-Meyer-Olkin states that a result of
0.957 indicates that the sample is adequate. The p-value
is 0.00, as per Bartlett's sphericity test. A favourable result
from Bartlett's sphericity test indicates that the correlation
matrix is not an identity matrix.

The extensive application of the correlation matrices was
also confirmed by Bartlett's Test of Sphericity. The
Kaiser-Meyer-Olkin metric of sample adequacy is 0.957.
The researchers obtained a p-value of 0.00 via Bartlett's
sphericity test. A significant result from Bartlett's
sphericity test made the correlation matrix ineffective.
 INDEPENDENT VARIABLE
 Optimisation Strategies:
A number of different methods are utilised in order to
achieve performance optimisation. Some of these
methods include load balancing, code optimisation, and
system tuning. Including load balancing on the list of
techniques is yet another alternative that may be
considered. By boosting the computational efficiency of
a system, the major goal of this technology is to reduce
the number of resources that are used as well as the
amount of time that is spent experiencing latencies (Ni &
Lo, 2020). Optimal solutions towards one or more
parameters are defined by a series of systematic activities
that comply with specified limits. The objective of these
actions is to either maximise or decrease the goals of the
solutions that are being considered. The term
"optimisation strategies" is used to refer to any such
collection of measurements in this context. The
Multiphase Optimisation Strategy, often known as
MOST, is a technique that may be used to design therapies
that are adaptable, cost-effective, and efficient. In the
majority of instances, the main purpose of MOST is to
enhance the efficacy of medications within the context of
improving health or characteristics. One kind of
equilibrium that falls within the purview of optimisation
is one in which the accomplishment of a goal is a
prerequisite for existing. The term "goal equilibrium" is
another term that may be used to describe this situation.
It is necessary, for example, to decide, given the
constraints of the budget, the quantity of consumption
that must take place in order to fulfil the requirements of
the customer to the greatest extent possible in order to
maximise utility (Plan, 2022).
 FACTOR
 Geographic Distribution:
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The geographical distribution of a species or taxonomic
group is the inherent pattern of association that certain
species or groups have with the most suited environments
on the planet. This pattern is referred to as the
geographical distribution. The distribution of all the
different kinds of plants and animals over the whole world
in the habitats in which they were discovered for the first
time. The study of the physical properties of the planet is
the major focus of the scientific discipline known as
geography, which is primarily concerned with
geographical concerns (Soomro et al., 2021). A primary
emphasis is placed on the study of these qualities. The
researcher's neighbourhood or neighbourhood is a term
that is widely used to refer to the researcher's actual
location, which presents an accurate depiction of the
researcher's position on a map. This indicates that the
researcher are permitted to use a geographical term for
anything that has some connection to the field of
geography. There are three basic types of geographic
dispersion that may be seen on a global scale. These are
the disjunction distributions, the cosmopolitan
distributions, and the endemic distributions. A species is
said to have cosmopolitan distribution when it is present
in almost every area of the world. This pattern of
distribution is referred to as cosmopolitan distribution.
The opposite of endemic distribution is endemic
distribution, which describes the manner in which a
species has managed to persist in a geographical region
that is quite small (Mancini et al., 2020).
 DEPENDENT VARIABLE
 Electric Vehicle Charging Stations:
A straightforward explanation of what is meant by the
term "EV charging" is that it is the act of providing
electricity to an electric vehicle so that it can function.
When connected to a Level 2 charger, which is a source
of energy that can be used to replace the batteries of
electric vehicles, the vehicles may be charged to a
theoretical range of 250 miles in a period of six to eight
hours. The process of charging the battery of an electric
vehicle is a pretty easy procedure, much like the process
of charging any other appliance or piece of equipment
that requires an electrical outlet (Singh & Dubey, 2022).
This indicates that it is capable of delivering electricity to
the car from a source that is charged at 240 volts. In
addition to the possibility of providing drivers with more
flexible charging options, it may also contribute to a
reduction in energy costs and reduced emissions. For the
purpose of developing more environmentally friendly
modes of transportation, charging stations for electric
cars are an essential component. The process of returning
power to an electric car is referred described as "charging"
the battery of the vehicle. For electric cars, this may be
accomplished by using a charger or by going to a charging
station. The term "electric vehicle charging station,"
abbreviated as "EVSE," refers to a site where motorists
may replenish their electric vehicles. It is possible to
charge electric vehicles using a broad range of different
techniques, such as level 1 and level 2 chargers, as well
as quick chargers that are powered by diesel (Ahmad et
al., 2022).

 Relationship Between Geographic Distribution
and Electric Vehicle Charging Stations

Electric car charging station efficiency, accessibility, and
use are all impacted by the distribution of these stations
due to the interdependence between the two. Locations
of electric vehicle charging stations include the
countryside, suburbs, and cities. Electric vehicles may be
parked at these locations. The placement of these charges
is determined after careful consideration of many factors.
These considerations include the simplicity of use for the
user, the efficiency of the charging process, and the pace
at which residents are adopting electric cars. In densely
populated metropolitan areas, it is often desired to have a
higher density of charging stations. This is because it
enables shorter and more frequent travel, which in turn
reduces demand and shortens wait times (Mohammed et
al., 2024). The reason for this is because charging stations
make it possible to charge batteries in a shorter amount of
time. It is possible to travel continuously over large miles
since there are stations strategically placed in rural or
highway places. These stations make continued driving
possible. As a result of the fact that it is now possible for
electric vehicles to travel between cities, the anxiety that
is linked with range reduction has been reduced. In regard
to geographic dispersion, the amount to which
infrastructure is developed is determined by a broad
variety of variables, including the local energy capacity,
the availability of land, the preferences of transportation,
and the socio-economic position of the people. All of
these factors play a part in deciding the extent to which
infrastructure is expanded. There is a possibility that
increasing accessibility and boosting the adoption of
electric cars might be accomplished by positioning
stations in close proximity to residential areas, business
centres, and transport lines. The usage of electric cars
may also be encouraged as a result of this. Users may
have to wait for longer periods of time or experience
service gaps if stations are not used to the full extent of
their capabilities. It is because of the unequal distribution
that takes place all over the network that this is the case.
The conclusion that can be drawn from this is that the
overall effectiveness of the network will suffer as a result.
For the purpose of achieving balanced network coverage,
energy efficiency, and customer satisfaction, it is of the
utmost importance to optimise the deployment of
charging stations for electric vehicles. This is due to the
reasons presented above. It can be said with absolute
certainty that this will, in the long run, result in the
progress of the more general goals of environmentally
friendly and electric transportation devices (Li et al.,
2021).
Subsequent to the above debate, the researcher proposed
the following hypothesis to evaluate the link between
Geographic Distribution and Electric Vehicle Charging
Stations.
“H01: There is no significant relationship between
Geographic Distribution and Electric Vehicle Charging
Stations.”
“H1: There is a significant relationship between
Geographic Distribution and Electric Vehicle Charging
Stations.”
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The outcome is substantial in this research. Statistical
significance is achieved with a p-value of .000 (below
the .05 alpha threshold), and the F value is 1037.698.
This suggests that researchers could support the
alternative explanation, “H1: There is a significant
relationship between Geographic Distribution and
Electric Vehicle Charging Stations” is accepted and
reject the null hypothesis.

9. DISCUSSION
The extension of the present charge station infrastructure
is a recurring challenge to completely electric
transportation. In light of the expected fast uptake of
electric cars by increasingly diverse demographics, there
is a growing chorus of voices calling on companies to
provide more charging stations in employee parking lots.
According to a recent research by Charge UK, the number
of workplace chargers will expand fivefold by 2030 to
accommodate the predicted rates of electric vehicle
uptake. The majority of the responsibility for addressing
the technical and financial obstacles related to charging
station growth has been borne by regional and municipal
network providers. Businesses have been unable to do
predicted effect assessments of the increased demands
created by electric car charging due to a lack of
information and competence in this area. The researchers
also noticed a dearth of literature on the subject of how
specific businesses should organise the development of
their EV workplace charging infrastructure expansion
plans (in the introduction). This research addresses a gap
in the literature by highlighting the importance of
company owners and managers in the transportation
sector's transition to a low-carbon energy system. Major
inefficiencies, including inflated charging fees, increased
carbon emissions, and much higher peaks, may emerge
from large-scale, uncontrolled rollouts of electric vehicle
workplace charging infrastructure, according to the study.
Conversely, state-of-the-art control mechanisms and
effective SC strategies have the potential to economise,
benefit the environment, and save a lot of money.
Researchers conducted a by doing a temporal sensitivity
study, we found that the models consistently outperform
UCC on all important parameters, proving that they are
resilient to time-variant factors. When the EV adoption
rate surpasses a certain threshold, the researchers
demonstrated that a CCM or CEM model design that only
targets one objective could impact the relative
performance of other measures, such maximum peak.
This emphasises the inherent trade-offs in varied goal
functions and the result evaluations that go along with
them. Researchers used real-world data to test models in
diverse circumstances regularly, and these findings are
the outcome.

10. CONCLUSION
Finally, electric vehicle charging facilities are crucial to
the widespread use of EVs because of the ease they
provide. Achieving a happy medium between the benefits
and drawbacks of sustainable mobility is crucial for its
effective promotion and implementation. Charger
congestion may be reduced by this optimisation, which
allows for more efficient use of the charging
infrastructure. Renewable energy sources' availability
and variability are both included into the model. The
stability of the power system is enhanced by making
better use of these sources. A car that uses electricity to
power its propulsion system, either totally or partially, is
called an EV. A wide range of transportation options are
included in the category of EVs, which includes both
surface- and underground-based vehicles, as well as
electric aircraft, spacecraft, and boats. The majority of
people charge their electric cars overnight by plugging
them in while they sleep. If your charger has a timer, be
sure to set it to turn off at least an hour or two before the
researcher plan to leave your house in the morning, just
in case. Greenhouse gas emissions from fossil fuel-
powered vehicles are much higher than those from electric
vehicles, which produce no such emissions at all. Buying
an electric car may save annual fuel expenditures by up
to 1, 50,000 rupees and greenhouse gas emissions by up
to one tonne. Electric vehicles, or EVs for short, are cars
that run on electricity. There are some basic particles that
have a property of matter called electric charge. This
charge dictates how the particles react to an electric or
magnetic field. A positive or negative electric charge may
originate from some separate entities in nature. The
researcher can't create or remove electric charge.
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