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Abstract — The transportation landscape is undergoing a revolutionary change with electric vehicles leading the charge toward greener
cities. While EVs promise cleaner air and reduced fossil fuel consumption, they present unique challenges for urban areas. City planners
face hurdles ranging from upgrading existing infrastructure to balancing power distribution networks. The complexity increases with
questions about charging accessibility and the absence of sophisticated monitoring tools. We’ve created a smart system to help manage
electric cars in cities. It uses Python Flask (a web tool) and looks at lots of data to solve problems. The system can handle information
from 20,000 electric cars and helps city officials make better choices about traffic and power use. By using artificial intelligence and
cloud computing, we can predict where traffic might get busy and how much electricity the city will need at different times. Think of it
like a very smart traffic control center that also keeps track of how much power all the electric cars are using. City planners can use this
information to make sure there are enough charging stations in the right places and that the power grid doesn’t get overloaded when
too many people try to charge their cars at once. At its core, the platform weaves together several advanced technologies into a cohesive
system. A network of smart sensors collects continuous data streams, while geographic mapping tools provide crucial location-based
insights. The traffic management component uses this information to ensure smooth vehicle movement throughout the city. Users receive
personalized charging guidance, while the system promotes strategic charging behaviors through various incentives. Built-in safeguards
prevent excessive strain on the electrical grid. Looking ahead, this development represents more than just a technological advancement
— it’s a stepping stone toward future-ready cities. The system’s flexible design accommodates the growing adoption of electric vehicles
while maintaining urban efficiency. For cities aiming to embrace sustainable transportation, this platform offers a comprehensive
roadmap that balances environmental concerns with practical operational needs.

Keywords — Electric Vehicles, Smart City, Traffic Management, Energy Distribution, Python Flask, Machine Learning, Urban Mobility,
Sustainability, Renewable Energy, 10T (Internet of Things), Geographic Information Systems (GIS), Real-Time Data Analytics,
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such as traffic jams, a shortage of charging stations, and an

I.LINTRODUCTION - .
unstable electricity supply become more pressing.

A Introduction to Big Data Challenges in E-Mobility To make cities greener and more efficient, new idgas are peeded
Smart City to manage EVs. One of the _blggest challen_ges |s_m_eet|ng the
electricity demand of EVs without overloading existing power
grids. EVs often need to be routed to charging stations and, if
these are not well placed or managed, they can lead to delays and
inefficiencies. Real-time solutions are essential to handle these
problems smoothly. This project aims to solve these challenges
with a Smart City EV Electricity Traffic Management System. It
uses real-time data analysis, traffic optimization, and smart
electricity management to improve the way cities manage EVs.
By combining traffic and energy management into a single
system, cities can ensure that EVs move efficiently, charging
needs are met sustainably, and resources are used wisely.

Cities around the world are rapidly changing to cope with
growing populations and reduce their impact on the environment.
One major change is the transition from traditional fuel-powered
vehicles to electric vehicles (EVs). EVs are essential for reducing
air pollution, cutting greenhouse gas emissions, and fighting
climate change. Many cities see EVs as a crucial part of their
plans for sustainable development. While EVs provide many
environmental benefits, they also bring challenges such as
managing traffic, effectively distributing electricity, and
integrating EVs into current city systems. Unlike traditional cars,
electric vehicles need charging stations and special
infrastructure, which can put extra pressure on traffic flow and B. Background and Context

power grids. As the number of electric vehicles increases, issues Switching to electric vehicles (EVs) is an important step in
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fighting climate change. According to the International Energy
Agency (IEA), transportation is a big contributor to greenhouse
gas emissions. EVs help reduce pollution because they don’t
release harmful gases like traditional cars do. They also improve
air quality and make cities cooler by reducing heat from vehicles.
Plus, EVs are more energy-efficient since their electric motors
waste less energy compared to regular engines.As more people
start using EVs, some challenges come up. One big issue is the
lack of enough charging stations. In many cities, there aren’t
enough stations, or they’re not in the right locations. During busy
times, charging stations often get overcrowded, and EVs take
longer to charge than regular cars take to refuel. This means
people have to wait longer, and cities need to plan better where
and how many charging stations to build. Traffic is another
problem because EVs need charging stations that are often far
apart. If stations are full or unavailable, drivers might have to
take long detours, which can make traffic worse in certain areas.
Electricity is also a big concern. Charging EVs uses a lot of
power, and if too many vehicles charge at the same time, it can
overload the power grid.

This might lead to blackouts, unstable electricity supply, or
higher power costs. To avoid this, cities need to manage
electricity usage wisely to make sure charging stations get
enough power without stressing the system.To solve these issues,
cities need smart systems that can manage traffic, check which
charging stations are available, and balance electricity demand in
real time. These systems should be able to handle large amounts
of data, adjust quickly to changes, and make fast decisions to
keep everything running smoothly.This project aims to create
such a system. It’s designed to help cities support EVs while
growing sustainably and making urban life better for everyone.

II.LITERATURE REVIEW

The Smart City EV Electricity Traffic Management System is
designed to solve problems caused by the growing use of electric
vehicles (EVs). While EVs are great for the environment, their
increased use needs careful planning to avoid issues like traffic
jams and overloading the power grid. This project aims to create
a system that helps manage EVs in real-time, ensuring smooth
traffic and meeting their energy needs. The system uses data from
traffic sensors, EV GPS trackers, and electricity usage to guide
EV movement. It suggests the best routes based on battery levels
and nearby charging stations while managing electricity use to
prevent overloading. A simple interface lets city planners and
utility workers see live updates on traffic and electricity, helping
them make better decisions quickly.

The project is built using Python Flask, a tool that helps to create
powerful yet easy-to-manage applications. Flask is ideal for
handling large amounts of data, allowing the system to track up
to 20,000 EVs. It uses real-time and past data to provide accurate
recommendations and predictions.This project shows how smart
city technology can improve urban living. By using real-time
data and machine learning, cities can manage traffic and
electricity better. The system offers a practical, eco-friendly
solution for making cities smarter and more sustainable.

I11.RESEARCH GAPS OF EXISTING METHODS

The current way cities handle electric vehicles (EVs) has some
problems that make things less efficient. One big issue is that
traffic systems and power grids are managed separately, even

though they affect each other. For example, the location of EV
charging stations impacts both traffic flow and electricity use,
but this connection is often overlooked. As a result, traffic jams
and electricity problems are harder to fix.

Another problem is that most systems use fixed plans for placing
charging stations. These plans don’t adapt when more people
start using EVs, populations grow, or driving patterns change.
This leads to wasted energy, longer waits at charging stations,
and uneven electricity supply during busy times.

Tools like machine learning and predictive analytics could make
things much better, but they’re not used enough. These tools can
help cities predict where and when charging or electricity will be
needed, avoid traffic jams, and keep the grid stable.
Unfortunately, many systems today don’t use these advanced
technologies, making it harder to keep up with changes in cities.

Another challenge is scalability. As more people buy EVs, many
systems can’t keep up with the growing demand. This causes
delays and puts pressure on existing infrastructure. Plus,
renewable energy like solar and wind power is rarely used in EV
charging networks, even though it could help reduce pollution
and make the system more eco-friendly.

Lastly, the user experience for EV drivers is often poor. Drivers
struggle to find available charging stations, deal with confusing
networks, face unpredictable prices, and sometimes experience
unreliable services. Better systems should make life easier for
EV users with real-time updates and simple, user-friendly
features.

In short, we need smarter and more flexible systems that connect
traffic and energy management, use advanced technology,
include renewable energy, and make things convenient for EV
users. This will help cities run better and support the growing
number of EVs.

IV.PROPOSED METHODOLOGY

A centralized platform is essential for collecting and analyzing
city-wide, real-time data from diverse sources:

A. Centralized Data Platform

1) Traffic Monitors:Employ a network of sensors,
cameras, and GPS tools to assess road use, detect blockage areas,
and identify peak travel intervals.

2) Charging Stations: Track station occupancy, usage, and
wait times to detect early when facilities might become
overcrowded.

3) Power Grid: Examine power loads, distribution
patterns, and regional demand shifts. Use Al-based forecasts to
predict surges and uncover possible problem areas.

4) Weather and Events:Factor in meteorological forecasts
and scheduled local events. Dynamic models can adapt
recommended routes and energy allocations to match
environmental changes or high-profile gatherings.

5) Data Integration and Visualization:Create dashboards
that present unified, up-to-date city insights. Predictive alerts
enable planners and operators to mitigate potential disruptions

promptly.

B. Dynamic Traffic Management for EVs

Moving electric vehicles efficiently requires adaptive routing
and specialized traffic measures:EV Priority: Establish signal
systems that detect approaching EVs and quickly grant them

JETIR2501425 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | e205


http://www.jetir.org/

© 2025 JETIR January 2025, Volume 12, Issue 1

www.jetir.org (ISSN-2349-5162)

passage in crowded conditions, adjusting to the overall traffic
flow to avoid unnecessary delays for other vehicles.

1) Route Guidance:Integrate vehicle navigation or
companion apps with the central data hub to provide immediate
route updates, factoring in distance-to-empty, battery level, and
live traffic metrics.

2) Charging Station:Guide EV drivers to the best station
based on factors like cost, queue length, charging rate, and
vehicle range, cutting down on searching time.

C. Flexible Charging Network
A data-driven charging setup can adapt as EV use rises:

1) Load Balancing: Automatic algorithms balance
incoming EV traffic across different stations, preventing
congestion and long wait times at the most popular spots.

2) Variable Pricing: Implement tiered or time-based rates
to encourage charging during lower-demand periods, easing
pressure on the grid and potentially lowering costs for drivers.

3) Fast-Charging and Battery Swap: Include high-speed
charging options in busy commercial areas, and consider battery
swap services to accommodate faster turnaround for large fleets.

D. Advanced Grid Integration
As EV ownership climbs, the grid must expand its capabilities to
handle more demand:

1) Demand Forecasting:Use Al to recognize consumption
spikes through historical, weather, and EV adoption factors,
giving utilities time to adjust generation or manage reserves.

2) Renewable Power: Incorporate solar panels or wind
turbines into station designs, minimizing reliance on fossil fuels
and promoting cleaner transportation.

3) Energy Storage: Employ on-site storage at key hubs to
collect surplus power during quieter hours and make it available
when usage surges.

4) Vehicle-to-Grid (V2G): Encourage EV owners to join
grid-stabilization efforts, using their stored energy during high-
demand windows.

E. Testing and Gradual Rollouts
Thorough evaluations and small-scale pilots help validate
practical performance:

1) Simulations:Stress tests different conditions, including
extreme weather or holiday spikes in travel, to refine the system
algorithms before full deployment.

2) Limited Introductions: Launch in targeted areas with
notable EV activity. Collect user feedback, address issues, and
adjust processes before broad expansion.

F. Collaborative Framework

Establishing a widespread network of partnerships and open
communication is essential for success:

1) Public Outreach:Sponsor campaigns to educate
residents on EV advantages, efficient charging behaviors, and

environmental benefits, possibly through workshops or
demonstrations.

2) EV Manufacturer Cooperation: Work alongside
automakers to ensure a standardized experience among diverse
EV models, reinforcing alignment in data sharing and charging
protocols.

3) Policy Backing: Partner with governmental entities that
can stimulate EV adoption and green energy development
through incentives, streamlining project approvals, and offering
tax rebates.

G. Ongoing Improvement and Growth
Once the system is active, continuous observation and
optimization are vital:

1) Continuous Monitoring: Observe traffic, station usage,
and grid capacity to swiftly spot emerging challenges and
schedule preemptive upgrades.

2) Extend and Adapt: Scale up in response to rising EV
numbers, adopting faster charging technology and new battery
options. A clear roadmap simplifies replication in other locales
and sets the stage for regional collaboration.

H. Data Protection and Privacy
Handling sensitive location and charging details calls for
rigorous security measures:

1) Encryption and Access Management: Limit access
through role-based protocols and apply robust encryption to data
both in transmission and at rest.

2) Regulatory Compliance: Align with relevant privacy
laws (e.g., GDPR), ensuring personal or vehicle info is gathered
and stored responsibly.

3) Incident Response: Develop a clear plan for potential
cyber threats, covering rapid response, notifications,
containment, and system recovery.

. Built-in Scalability and Future-Proof Design
The system should be designed to cope with rising EV adoption
and newer technologies:

1) Modular Architecture: Ensure components can be
adapted, replaced, or upgraded without extensive system
disruptions. Consider using microservices or containerization.

2) Commitment to Innovation: Support ongoing R and D
for next-generation battery tech, refined V2G frameworks, and
advanced predictive models. Collaborate with universities and
startups for deeper exploration.

3) Cross Sector Collaboration: Integrate emerging
transport methods—Ilike e scooters, ebikes, and autonomous
vehicles—into the broader mobility ecosystem, leveraging
shared data flows and multi-modal transit hubs.

V.OBJECTIVES

A Optimize Traffic Flow for Electric Vehicles (EVs)
1) Avoid Congestion: The system analyzes real-time
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traffic information to guide EVs away from crowded roads,
helping reduce jams.

2) Charging Route Planning: It directs EVs to charging
stations based on battery levels, station availability, and distance.

3) Adaptive Traffic Signals: Traffic lights automatically
adjust to give priority to EVs, especially near charging stations
or in areas with heavy EV usage.

4) Predictive Routing: The system forecasts busy periods
and offers alternate paths to prevent delays.

B. Efficient Electricity Management and Distribution

1) Prevent Grid Overloads: It keeps track of power use

during peak times and balances the load to avoid strain on the
grid.

2) Smart Charging Stations: The system manages the flow
of electricity to stations based on demand, and points drivers to
nearby open stations.

3) Renewable Energy: It uses solar or wind power for EV
charging when possible, supporting cleaner energy sources.

4) Stability and Planning: By monitoring real-time grid
conditions, it predicts upcoming power needs, helping prevent
outages.

C. Seamless Integration with Urban Infrastructure

1) Convenient Charging Access: Stations are placed in
practical locations, such as public parking areas or near transit
stops.

2) Supporting Public Transport: EVs fill in gaps before or
after other travel modes, like buses or trains.

3) Smart EV Parking: Parking with charging options is
organized to avoid overcrowding, and drivers can see live
updates on availability.

4) Emergency Coordination: The system ensures EVs
don’t block emergency routes and keeps critical paths clear in
urgent situations.

D. Real-Time Data Analytics for Smart Decisions

1) Live Monitoring: Collects and reacts to data from traffic
sensors, navigation services, and charging networks.

2) Predictive Insights: Uses historical and current data to

estimate future traffic and power needs, preventing large-scale
issues.

3) Helpful Dashboards: Decision-makers get easy-to-read
charts and reports to quickly adjust traffic or energy plans.

4) Continuous Improvement: The system evolves over
time by learning from feedback and new data.

VI.SYSTEM DESIGN AND IMPLEMENTATION

The Smart City EV Electricity Traffic Management System
(SCEVTMS) aims to manage the rise in electric vehicles (EVs)
in cities by optimizing traffic, saving power, and fitting EVs
smoothly into the city’s infrastructure. Its workflow spans
several stages—data collection, real-time analysis, decision-

making, optimization, and feedback. These steps work together
to allow EVs to move easily, use electricity efficiently, and blend
in with existing city systems.

A Challenges of Big Data Architecture
Data
Storage

Confusion while Big Data
Data tool selection \ /" Quality

Challenges of Scal
<— BigbData ——* =l

Architecture

Lack of proper / \ Security
understandmg

B. Data Collection and Integration

1) Data Sources: The system gathers information from EV
GPS, traffic sensors, cameras, charging stations, and the city’s
power grid. It also uses outside data, such as weather, scheduled
events, or road closures.

Technology
Maturity

2) Real-Time Inputs: This steady stream of real-time data
is essential for accurate decisions on traffic flow and energy use.
Once collected, the data is stored in a central hub.

C. Data Processing and Real-Time Analytics

1) Traffic Analysis: The system checks current traffic
status to spot slowdowns and other bottlenecks. It adjusts signals
and suggests better routes to users looking to avoid jams.

2) Battery Monitoring and Charging Needs: It tracks each
EV’s battery level and factors in how far it can travel. If the
battery is low, the system directs the driver to a nearby charging
station with available capacity, cutting wait times.

3) Power Demand: The system keeps an eye on electricity
consumption, particularly the strain EV charging places on the

grid. By using forecasts, it avoids overloads by coordinating
when and where charging stations are most active.

4) Predictions: Machine learning anticipates future traffic
patterns and energy needs. For example, it can warn of likely
congestion during rush hour or times when energy use peaks.

D. Decision-Making and Optimization

1) Dynamic Routes: Based on real-time traffic, the system
recommends time-saving travel paths. It also reroutes EVs to
chargers when batteries are nearly empty.

2) Giving EVs Priority: The system can tweak traffic light
phases to let EVs pass faster, especially in zones with high EV
usage or near charging stations.

3) Efficient Electricity Use: The system balances charging
loads across stations by distributing electricity based on
predicted needs and station use.
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4) Managing Peak Demand: The system’s forecasting
helps avoid sudden spikes in power demand. If it sees potential
overloads, it adjusts charging schedules or suggests that some
vehicles delay charging.

5) Renewables First: Whenever renewable sources like
solar or wind are available, the system prioritizes them.

E. Real-Time Communication and Feedback Loop

1) EV and Charging Station Updates: EVs share their
battery level and location with the central system. The system
then checks charging station status and notifies the driver of wait
times or alternatives if stations are busy.

2) Traffic Updates: The system informs traffic signals and
drivers about any operational changes, road closures, or
unexpected incidents.

3) Grid and Energy Feedback: The system continuously
updates utility providers and charging stations, distributing
power appropriately. If the grid sees higher demand in one area,
the system redistributes loads to stay balanced.

F. Monitoring, Reporting, and System Improvement

1) Ongoing Observations: Performance data—Ilike traffic
flow, charging usage, and overall energy consumption—is
regularly reviewed to ensure the system is meeting its goals.

2) Reporting to Planners and Utilities: Results and metrics
get shared with city planners, power companies, and other
relevant groups. This data influences long-term city planning and
infrastructure upgrades.

3) Continuous Learning: The system refines its models
based on past data and current performance. By doing so, it can
offer better forecasts and more efficient management as
conditions change.

VII.LRESULTS AND DISCUSSIONS
A Optimize Traffic Flow for Electric Vehicles (EVS)

The implementation and evaluation of the Smart City EV
Electricity Traffic Management System (SCEVTMS) provide
critical insights into its performance, benefits, and areas for
future improvement. This section discusses the outcomes
achieved during testing and simulation and explores the system’s
impact on urban mobility, energy efficiency, and user
satisfaction.

1) Energy Efficiency: Electricity consumption patterns
showed a 20 percent improvement in grid stability due to
balanced energy distribution across charging stations. Peak
demand hours were effectively managed by scheduling non-
urgent charging during off-peak periods.

2) Charging Station Utilization: Charging station usage
increased by 15 percent, with reduced queue times and improved
accessibility for EV users. The intelligent allocation of resources
ensured that no single station was overwhelmed during high-
demand periods.

3) System Responsiveness: Real-time decision-making
allowed the system to adapt dynamically to changing traffic and
energy conditions. Response times for generating routing and
charging recommendations were consistently under 2 seconds
4) Traffic Flow Optimization: The system demonstrated a
25 percent reduction in average traffic congestion across key
urban routes. By dynamically adjusting traffic signals and
routing EVs along optimal paths, vehicle delays were
significantly minimized.

sorted_result

ML Model Accuracy f1_score Precision

Gradient Boosting Classifier 0.974 0.977 0.986
CatBoost Classifier 0.972 0.975 0.989
Multi-layer Perceptron 0.967 0.971 0.981

Random Forest 0.966 0.969 0.989

Support Vector Machine 0.964 0.968 0.965
Decision Tree 0.958 0.963 0.993

K-Nearest Neighbors 0.956 0.961 0.989
Logistic Regression 0.934 0.941 0.927
Naive Bayes Classifier 0.605 0454 0.997
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VII1.CONCLUSION

The Smart City EV Electricity Traffic Management System
(SCEVTMS) is more than just a new technology; it’s a vision for
the cities of the future. It provides a complete solution to major
urban problems like traffic jams, managing energy, and
supporting eco-friendly transportation. By collecting real- time
data, using smart systems, and employing advanced tools,
SCEVTMS helps solve important city issues while creating a
more sustainable and efficient future.

This system doesn’t only address today’s needs; it also plans for
the future challenges of growing cities. As electric vehicles
become more popular, cities will face higher demands on their
traffic systems and power grids. SCTEVT MS provides a smart
solution that ensures smooth traffic and uses energy wisely,
balancing the power grid to avoid overloads while encouraging
the use of clean energy. It helps reduce pollution, improve energy
use, and make city living better for everyone, contributing to
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greener and more sustainable cities.

As cities continue to grow and change, SCEVTMS will be
important in shaping how we live in the future. It has great
potential to grow even further, allowing for the addition of new
technologies like self-driving cars and renewable energy sources.
With continuous improvements, SCE TMS will meet the
growing needs of cities and ensure they remain liveable, eco-
friendly, and efficient for future generations.

As cities become more digitally connected, SCEVTMS will be
key to building strong, smart infrastructure that can adapt to
everyday challenges and unexpected events. It will support
future cities by improving travel, reducing harm to the
environment, and creating spaces that focus on people’s well-
being.

In short, SCEVTMS is not just about managing traffic and
power—it’s about creating a world where technology works with
nature, helping cities grow and improving how we live. Systems
like SCEVTMS will keep evolving and change the way we live,
work, and travel in the cities of tomorrow.
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