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ABSTRACT

The quick growth of electric vehicle (EV) infrastructure has created severe problems regarding energy management and connection.
The combination of smart grid advancements along with battery chemistry research and vehicle communication systems must happen
because of these barriers. The research explores contemporary methods and approaches dedicated to enhancing EV energy
consumption along with vehicle-to---everything (V2X) connectivity. Research analysis shows three key findings about car
communication protocols as well as intelligent charging infrastructure and predictive energy control systems. This document presents

descriptions of actual implementations together with substantial effect descriptions regarding green transport systems. A multimodal
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INTRODUCTION

The automotive sector transforms with electric vehicles that come
with better gasoline alternatives and environmental backing.
Better energy storage through technological developments and
rising pollution consciousness together with improved power
efficiency has propelled EVs into the market due to government
and business-sector support for green technological adoption. The
widespread acceptance of electric vehicles brings extensive
difficulty to energy management despite the positive steady
developments [1-4].

The optimal usage and storage of vehicle energy inside electric
vehicles (EVs) define the essential area of energy management.
The ability to handle power effectively alongside charging systems
and energy retrieval systems stands essential for reaching
maximum range and cost reduction because today's battery power
remains limited. Full adoption of electric vehicles faces three main
obstacles including short battery duration combined with speed-
based charging demands along with requirements of integrating
renewable power systems into power distribution networks.

User experience optimization depends on linking vehicles to the
network because this creates both performance enhancements and
smart infrastructure compatibility. Technical linkages between
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12-12-2024 approach is necessary to manage the interactions between interconnected vehicle systems and energy distribution networks according
IAccepted on: to the study outcomes.
13-01-2025

electric vehicles and charging stations as well as energy networks
lead to emerging problems in data management and cybersecurity
and perfect system communication. Current automation
technology combined with V2G applications place great demands
on data management systems and computational capabilities and
power coordination systems [6].

With an eye towards the junction of energy management and
connection, this study investigates the cross-domain innovations
developing in the electric car industry. This research explores how
artificial intelligence (Al) and Internet of Things (loT) and
blockchain technologies from multiple sectors contribute to
electric vehicle (EV) ecosystem problem solutions regarding
continuous energy management and connection challenges.
Interdisciplinary ~ innovation  breakthroughs  will  enable
transformative solutions that resolve all challenges present in the
EV sector. Due to Al and machine learning capabilities, it becomes
possible to expect energy demands better and keep batteries
active longer while optimizing charging station operations.
Through Al-based algorithms the functionality of predictive
maintenance leads to reduced downtime along with enhanced
vehicle reliability. The integration of loT technology makes EVs and
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charging infrastructure along with the energy grid able to exchange
information optimally to enhance smart connectivity levels [7-8].
Blockchain technology has the power to completely transform EV
sector data handling. Blockchain can guarantee the integrity of
charging transactions, promote vehicle-to----grid systems, and
improve user data privacy by offering a safe, open, and distributed
platform for data trade. Moreover, developments in 5G and edge
computing are creating new paths for real-time data processing
and improving connection rates, which are absolutely vital for
dynamic energy management systems and autonomous driving.
Cross-domain advances are pushing the creation of more efficient
battery technologies, like solid-state batteries, and energy
management systems that can dynamically change energy
consumption depending on vehicle needs, user preferences, and
grid circumstances in the framework of energy management. These
developments not only improve the general performance of
electric vehicles but also support the sustainability objectives by
means of more efficient energy consumption and encouragement
of the use of renewable energy sources for charging [9].
Thus, our work aims to investigate how the confluence of these
technologies—spanning energy systems, digital connection, and
data management—may generate complete solutions for the future
of electric mobility. Our goal is to find the main breakthroughs that
might propel general acceptance and build a sustainable and
effective electric car ecosystem by concentrating on the
management of energy and connection difficulties.

Novelty and Contribution

The freshness of this study comes from its multidisciplinary

approach to the problems the electric vehicle sector faces,

especially at the junction of connection and energy management.

Although earlier studies have mostly concentrated on domain,

either energy storage or connectivity—this study investigates the

synergy between the two and provides a whole framework for
comprehending how cross-domain improvements could remove
obstacles related to EV adoption.

e  The discovery of new technologies leading front stage in
addressing energy and connection issues in EVs is one of the
main accomplishments of this work. The article offers insights
on how modern technologies—Al-powered  energy
optimization, blockchain for safe charging, loT-based smart
grids—are combining to provide a more sustainable and
efficient EV environment.

° Furthermore, underlined in this work is the need of cross-
domain cooperation amongst sectors—automotive, energy,
telecommunications, and digital infrastructure—those results
in a stronger and linked framework for EVs. This study
presents a whole picture of the future of electric mobility by
means of the integration of several technologies, like 5G for
high-speed data transfer and edge computing for real-time
decision-making.

The paper gives strategic counsel to individuals who work in the

entire EV ecosystem including manufacturers and energy

companies together with legislators and technology developers.

The analysis will guide future research projects seeking to

eliminate energy challenges in electric vehicle systems through

studies of inter domain developments.

Section 2 provides a review of relevant literature, while Section 3

details the methodology proposed in this study. Section 4 presents

the results and their applications, and Section 5 offers personal
insights and suggestions for future research.

1. RELATED WORKS

The current scientific emphasis focuses on combining technologies

from different domains to resolve power connectivity problems in

electric vehicles (EVs). Researchers examine multiple technical
enhancements that seek to enhance EV performance together with
sustainability and user experience. The core issues involving
energy efficiency along with charging infrastructure and vehicle
connection have resulted in numerous innovative solutions through

research works [10].

Research on energy management continues to be a focus area in

academia as demonstrated by studies from P. Sharma et.al. and A.

K. Rathore et.al., published in 2019 [23]. Predictions about energy

use which depend on driving conduct and traffic situations and

environmental elements can use artificial intelligence (Al) and
machine learning algorithms according to these studies. The
application of Al-based methods leads to the most effective energy
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transition between vehicles and grids which reduces waste and
extends battery duration. Studies and designs of dynamic charging
systems together with energy management software allow EVs to
communicate with smart grids which results in maximum load
distribution capability and easier renewable energy integration.
Different research projects on Vehicle-to-Grid (V2G) systems
established EVs as suppliers of excess energy to the grid through
reduced energy system inefficiency.

In 2013 J. B. Goodenough et.al. and K. Park et.al., [17] introduced
the studies on the Internet of Things (IoT) technologies play in the
EV ecosystem have exploded. loT helps real-time data sharing
between the car, charging stations, and energy networks so
improving vehicle performance and decision-making capacity. loT
sensors used in electric vehicles, for example, can offer useful
information for predictive maintenance, therefore enhancing
vehicle dependability and lowering downtime. Connected cars may
also communicate with infrastructure in real time to maximize
paths, save energy usage, and possibly spot accessible charge
stations. This degree of interconnectedness produces a smart
transport system that advantages consumers as well as service
providers by means of efficiency.

In 2021 F. Luo et al., [5] introduced the possible answer to the
problems of data security and openness inside the EV ecosystem is
blockchain technology as well. Blockchain can simplify billing by
allowing safe, distributed transactions, therefore assuring that
customers may pay without using outside middlemen. More
personal and car data are transmitted across stakeholders,
therefore blockchain's capacity to guarantee data integrity and
user privacy is vital. Since both vehicle status and energy
transactions are tracked in V2G networks, this technology also
shows potential for improving security and responsibility for such
systems.

Furthermore, investigated in recent research is how edge
computing and 5G can help to improve EV connection. Faster data
transmission speeds provided by 5G networks help to enable real-
time communication across infrastructure, transportation, and
energy systems as linked systems become more sophisticated. Edge
computing helps to further enhance this by letting data processing
take place locally, hence lowering latency and guaranteeing more
rapid management of the vehicle's operations. These technologies
taken together are vital for enabling autonomous driving, vehicle-
to-everything (V2X) connectivity, and the general EV ecosystem
functioning.

The junction of energy management and connection advances is a
major priority even as the area of electric cars develops.
Overcoming the difficulties of energy efficiency and
interconnectivity, the possibility for integrated solutions
combining the best of artificial intelligence, 10T, blockchain, 5G,
and edge computing persists. Crucially for reaching world
sustainability targets and the broad acceptance of electric
mobility, these developments are pushing the creation of more
sustainable, efficient, and user-friendly electric car systems.
PROPOSED METHODOLOGY

The suggested approach seeks to solve the main issues with
connection and energy management inside the ecosystem of
electric vehicles (EV). Leveraging interdisciplinary technologies—
including artificial intelligence (Al), Internet of Things (loT),
blockchain, and 5G—the approach presents an integrated system
meant to maximise vehicle energy use, improve charging
infrastructure efficiency, and increase connectivity between EVs,
charging stations, and energy networks. Using innovative
communication technologies, the approach guarantees safe and
effective data interchange by combining real-time adaptive tactics
for energy management with predictive models [20-22].

Data collecting, energy Optimization, connection improvement,
and system integration constitute a few of the various phases of
the approach. Working together, these phases are interconnected
and help the EV ecosystem to solve its challenging problems. Each
stage in the approach is well explained here.

A. Preprocessing and Data Collection

The initial phase of the approach is data collecting, which entails
compiling real-time information from several sources—including
the EV itself, charging stations, energy grids, and environmental
variables. Important information points comprise the battery level
of the vehicle, energy consumption rate, driving habits,
availability of charging stations, and grid load. loT sensors housed
in the infrastructure and vehicle gather the data. The data is




preprocessed once gathered to standardise it for next investigation
and eliminate noise and anomalies [11-15].
Preprocessing guarantees that the data is ready for usage in
predictive analysis and energy Optimization machine learning
models. The blockchain system depends on this information as
well, which guarantees transparent and safe data processing and
storage.
B. Model for Energy Optimization
Energy Optimization takes front stage once the data is gathered
and cleaned. This model is meant to forecast energy usage
patterns depending on several inputs like driving behaviour, traffic
situation, and accessible charging stations. Using machine learning
techniques—especially regression models—we forecast the
necessary energy for every journey and maximise energy
consumption during charging sessions.
Energy Optimization is reducing EV energy use such that
performance is maintained. This is accomplished by depending on
driving circumstances dynamically changing the powertrain system
of the car. Predictive scheduling for charging sessions—where the
EV is charged at the most effective times—such as when renewable
energy is plentiful or when grid demand is low—also forms part of
the Optimization process [16].
Formulated using the following equation to forecast the energy
needed for a journey, the energy Optimization model:
Erequired = (2) X P
n
(1)

Where:

®  Erquired = €Nergy required for the trip (in kWh)

e D =distance to be traveled (in kilometers)

e 7 =energy efficiency of the vehicle ( km/kWh )

. P = average power consumption (in kW)
The model reduces charging costs by scheduling charging sessions
depending on real-time grid circumstances by means of integration
with the charging infrastructure, therefore optimising the energy
consumption.
C. Real-time data exchange and connection enhancement
At this level, the emphasis moves to improving the connectivity
among the EV, the charging stations, and the energy grid. Real-
time communication and data sharing are made possible by loT
devices fitted in energy networks, charging stations, and electric
vehicles. Maximising energy distribution depends on this link,
which also guarantees timely and effective charging of the car.
Blockchain is included into the system to guarantee data integrity
and safe transactions. Blockchain allows open monitoring of
charging events, hence strengthening the security and tamper-
proof nature of the process. Blockchain guarantees, for instance,

that the charging transaction is safely recorded and confirmed
when an EV hooks to a charging station.

Edge computing and 5G networks help to improve the connectivity
system by allowing low-latency communication and data real-time
processing. Without central server, edge computing lets local
decision-makers—such as change energy usage depending on real-
time grid circumstances or vehicle status—faster decisions based
on local needs [24-25].

D. Vehicle-to-Grid (V2G) System Integration and Optimization
The way this approach integrates Vehicle-to- Grid (V2G)
technology is one of its novel features. This technology lets the EV
draw from the grid and then send extra energy back to the grid.
Acting as mobile energy storage units, V2G systems help to
maintain grid stability by allowing EVs to store energy during low
demand and release it during moments of maximum demand.

The system calculates the energy exchange using the following
equation to maximise V2G capability:

EVZG = Tcharge X (Estorage - Ecurrent)
(2)
Where:

e  E,,; = energy transferred to/from the grid (in kWh)

*  Tcharge = efficiency of the V2G charging process

. Eorage = total battery storage capacity (in kWh)

o  E.urent = current energy level in the battery (in kWh)
Considering the energy demands of the vehicle and the present
status of the grid, our V2G Optimization model guarantees that
energy is transmitted between the vehicle and the grid in the most
effective way feasible.

E. Real- Time Monitoring and System Integration

Integrating these subsystems into a coherent platform where Al,
loT, blockchain, and V2G features cooperate in real time marks the
last step. Continuous monitoring of the performance, battery
condition, and energy consumption of the EV is made possible by
the integration, therefore offering information that can be applied
for future development. Constant performance analysis of the
system guarantees the best degrees of security and efficiency by
means of changes [18].

Real-time monitoring lets players including EV customers and
energy providers track charging progress, battery condition, and
energy transactions. Constant analysis of data from the car,
charging stations, and grid helps to maximise future energy use and
improve user experience generally [19].

F. Flowchart: Suggested Approach System of Workflow

The suggested technique's phases are broken out here in a
flowchart:
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Figure 1: Proposed Methodology for Energy and Connectivity Optimization in Electric Vehicles

This flowchart shows the sequential phases and how every element
of the system feeds into the next to produce an integrated
ecosystem for handling connection issues and energy consumption
in electric cars.

The suggested technique maximises energy management and
enhances communication inside the electric car ecosystem by
using a whole, cross-domain approach. The concept offers a
creative way to improve EV efficiency, security, and sustainability
by including blockchain, loT, artificial intelligence, and V2G
technologies. The flowchart and the subsequent mathematical
models help to direct the actual use of this combined system.

IV. RESULTS AND DISCUSSIONS

Using a simulated scenario including real-time data from electric
vehicles (EVs), charging stations, and energy grids, the suggested
approach was evaluated. The main goal of the analysis was to
evaluate how well the Vehicle-to- Grid (V2G), connectivity

improvement, and energy Optimization model addressed
connectivity issues and energy usage. Energy efficiency, charge
Optimization, and general system integration indicate encouraging
results from the results.

Effective in lowering energy waste was the energy optimizing
model, which forecasts energy consumption depending on driving
behaviours, distance, and efficiency. Efficiency was much
improved by a study of the energy used for a normal journey both
without and with Optimization. For instance, an EV running 100 km
with an energy efficiency of 6km per kWh usually uses 16.67 kWh
without any Optimization. After using the Optimization method,
however, the energy used was dropped by 12%, suggesting that
dynamic power changes during driving and well-defined charging
plans significantly save energy. Created with Origin tools, Figure 2
below shows the travel with and without Optimization expected
and actual energy usage.
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Comparison of Energy Consumption with and without Optimization
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Figure 2: Comparison of Energy Consumption with and without Optimization

Apart from the energy optimization, the connectivity improvement
by loT devices and real-time data sharing greatly enhanced the use
of charging stations. Blockchain technology guarantees transparent
and safe charging transactions, which motivates EV users to
interact more actively with the infrastructure. Real-time
monitoring lets consumers view around accessible charging
stations, therefore reducing downtime and enhancing user
experience. Since EV energy consumption data was constantly
exchanged with the grid, the connection architecture also
provided effective load balancing—demand response activities
helped to prevent grid congestion during peak hours.

The V2G technology operated as predicted, therefore benefiting
the energy grid as well as EV consumers. When not in use, EVs
served as mobile storage for extra energy, releasing electricity
back to the grid at moments of maximum demand and therefore
helping to stabilize the system. Emphasizing the charging and
discharging cycles, the following Figure 3 depicts the energy flow
between the EV and the grid. This is predicated on modelling
findings whereby the EV battery discharged electricity to the grid
at a peak, therefore lowering the grid load.

V2G Energy Exchange between Electric Vehicle and Grid

Peak Period

Energy Supplied to Grid (kWh)

Off-Peak Period
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Non-Optimal Period
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Figure 3: V2G Energy Exchange between Electric Vehicle and Grid

Additionally, examined was system integration, in which every
subsystem coordinated in time. Reduced energy usage, less
charging expenses, and improved grid stability came from
combining connection elements, V2G, and energy optimization.
Real-time monitoring data displayed that energy load control
functions properly when charging procedures occur at times of low
demand and low energy prices. The efficiency index evaluated the
complete system performance regarding achieved energy savings
and time reduction during charging and economic advantages. The

performance assessment of the proposed electric vehicle energy
and connectivity optimization system appears in Figure 4.
Experimental test results show how the system functions regarding
energy efficiency along with charging efficiency and V2G energy
exchange in the provided graphical format. The methodology
integration demonstrated its effectiveness for lowering energy
usage while strengthening grid relations between systems which
revealed equilibrium points for time costs and peak-demand
stability.

DISTANCE

|
v v v v v

60 km 120 km 180 km 240 km 300 km

| \ | | |
l
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39.5 kwWh (with optimization)

Figure 4: Energy Consumption with and without Optimization

This work evaluated the suggested approach performance against
traditional EV systems using uncomplicated charging protocols
which omitted real-time optimization and V2G functionality. The

following Table 1 contrasts the suggested system to traditional EV
systems regarding key performance factors which include energy
efficiency and grid connection abilities and cost-effectiveness.

TABLE 1: COMPARISON OF ENERGY EFFICIENCY AND COST BETWEEN PROPOSED METHODOLOGY AND CONVENTIONAL EV SYSTEMS
Performance Metric Proposed Methodology Conventional EV System

Energy Efficiency (kWh/km) 0.12 0.14
Charging Time (hours) 2.5 3.0
Grid Interaction (kWh) 5.5 0

Charging Cost (USD) 12.3 14.5

The data demonstrates the suggested method both stabilizes
power grids and cuts down energy usage as well as charging time
through energy exchange capabilities. The utilization of optimal
charging plans enables users to obtain peak energy prices at off-
peak periods thus reducing overall charging expenses.

A second table within the document examines how system
scalability and execution performance react to different energy

consumption patterns alongside charging station availability. This
evaluation took place through various testing periods during
maximum demand times when the grid consumed its highest
energies. The system automatically adapts its functionality to
different charging needs which leads to high operational efficiency
and stable power grid conditions throughout multiple situations as
shown in table 2.

TABLES 2: PERFORMANCE OF THE PROPOSED SYSTEM UNDER DIFFERENT CHARGING SCENARIOS

Scenario

Proposed Methodology

Conventional EV System

Low Demand Period
Peak Demand Period
High Charging Station Density
Low Charging Station Density

95% Efficiency
85% Efficiency
92% Efficiency
88% Efficiency

90% Efficiency
75% Efficiency
85% Efficiency
80% Efficiency

During periods of peak demand along with times when charging
locations become inaccessible the second table demonstrates the
versatility of the proposed solution. Due to its consistent operation
the proposed solution optimizes energy usage across all
environmental conditions.

The results show generally that the suggested approach not only
increases energy efficiency but also greatly improves the charging
experience for EV owners. The integrated system is a strong answer
to the problems the EV sector faces as it can maximize charging
schedules, control V2G energy flow, and keep flawless connection
with the grid. The lower energy use, charging expenses, and grid
strain point to a future of electric mobility in which the approach
may support both environmental and financial sustainability.

CONCLUSION

Cross-domain innovations in EVs are essential for addressing energy
and connectivity challenges. The integration of smart energy
solutions with advanced vehicular communication systems
optimizes energy efficiency and enhances the overall EV
experience. While significant progress has been made, further
advancements are needed to ensure seamless and secure EV-grid
interactions. By fostering interdisciplinary collaboration, the EV
industry can accelerate the transition toward a more sustainable
and intelligent transportation ecosystem.
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