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ABSTRACT:

The rapid adoption of electric vehicles (EVs) has heightened the importance of battery safety,
particularly the prevention of thermal runaway and fire hazards associated with lithium-ion battery
packs. This paper presents ElectroSafe, an innovative smart battery fire protection system designed
specifically for EVs. ElectroSafe integrates real-time thermal monitoring, early fire detection, and
intelligent suppression mechanisms through loT-enabled sensors and advanced control algorithms.
The system continuously monitors critical battery parameters such as temperature, voltage, and
current to identify potential fire risks before escalation. Upon detecting abnormal conditions
indicative of thermal runaway, ElectroSafe initiates proactive cooling and suppression protocols to
mitigate fire outbreaks, ensuring passenger safety and vehicle integrity. Experimental results
demonstrate the system’s effectiveness in rapid detection and timely intervention, significantly
reducing the risk of battery fires under various operational conditions. ElectroSafe offers a scalable,
cost-efficient solution to enhance the safety and reliability of EV battery systems, contributing to

wider acceptance and trust in electric mobility technologies.

1. INTRODUCTION

Electric vehicles (EVs) have emerged as a
promising solution to reduce greenhouse gas
emissions and dependence on fossil fuels.
Central to the performance and adoption of
EVs is the lithium-ion battery pack, which
provides the energy storage necessary for
vehicle operation. However, these batteries are
susceptible to thermal runaway—a rapid,
uncontrolled increase in temperature—that can
lead to catastrophic fires, posing serious safety
risks to users and surrounding environments.
The increasing frequency of EV battery fires
reported worldwide underscores the urgent
need for advanced fire protection systems that
can detect and prevent hazardous situations
before they escalate. Traditional passive safety
measures, such as fire-resistant enclosures,
while  necessary, are insufficient for
comprehensive battery safety. Therefore,
integrating smart, real-time monitoring and
active fire prevention mechanisms into EV
battery management systems is critical.

This project introduces ElectroSafe, an
intelligent battery fire protection system
designed to enhance the safety of EV battery

packs through continuous thermal monitoring,
early fire detection, and automated suppression
techniques. Utilizing loT-enabled sensors and
smart algorithms, ElectroSafe proactively
identifies abnormal thermal patterns and
initiates countermeasures to prevent fire
incidents. By improving battery safety,
ElectroSafe not only protects vehicle
occupants and property but also contributes to
the broader adoption and acceptance of electric
mobility.

With the growing global emphasis on
sustainable transportation, electric vehicles
(EVs) have gained significant popularity due
to their low emissions and energy efficiency.
However, one of the critical challenges faced
by EVs is the safety of their lithium-ion
battery packs. These batteries are prone to
overheating and thermal runaway, which can
lead to severe fire hazards, risking passenger
safety and vehicle integrity.

To address these concerns, advanced fire
protection systems are essential to detect early
signs of battery malfunction and prevent fire
outbreaks. Traditional safety measures, such as
passive insulation and cooling systems, often
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lack the ability to respond in real-time to
sudden thermal events.

This project proposes a Smart Battery Fire
Protection System designed specifically for
EVs that leverages real-time monitoring of
temperature, voltage, and current using loT-
enabled sensors. The system can detect
anomalies indicative of potential fire hazards
and automatically activate  suppression
mechanisms to prevent escalation. By
incorporating intelligent algorithms and
responsive controls, the system enhances
battery safety, minimizes fire risks, and
improves overall vehicle reliability.

2. LITERATURE SURVEY

Battery safety in electric vehicles has been a
focal point of research due to the increasing
adoption of lithium-ion technology, which,
despite its advantages, poses risks of thermal
runaway and fire. Several studies have
explored various strategies for battery fire
detection and prevention.

Li et al. (2020) proposed an early-warning
system based on temperature sensors
integrated with battery management units,
enabling real-time thermal monitoring to
predict potential hazards before thermal
runaway occurs. Similarly, Chen et al. (2019)
developed an active cooling system combined
with fire suppression to mitigate battery
overheating during extreme conditions.
loT-based solutions have gained prominence
for their ability to provide continuous remote
monitoring. For instance, Zhang et al. (2021)
demonstrated a wireless sensor network that
tracks battery parameters and sends alerts upon
detecting abnormal temperature spikes. This
approach enhances safety by enabling timely
interventions.

Machine learning algorithms have also been
applied to predict fire risks from battery data.
Kumar et al. (2022) designed a predictive
model using voltage and temperature trends to
classify battery states and trigger fire
prevention protocols automatically.

Despite these advancements, many systems
still rely on passive detection or lack
immediate suppression capabilities. Recent
work by Gupta and Sharma (2023) introduced
a smart fire suppression system activated by
early thermal anomalies, integrating sensors
with automated cooling and extinguishing
modules.
This literature underscores the need for an
integrated, intelligent system combining real-
time monitoring, predictive analytics, and
active fire suppression to effectively safeguard
EV batteries—a gap that this project aims to
address with the proposed Smart Battery Fire
Protection System.
3. METHODOLOGY
The development of the Smart Battery Fire
Protection System involves several key
components and stages, integrating hardware
and software to ensure real-time monitoring,
early detection, and fire suppression for EV
battery packs.
1. System Architecture
The system is composed of loT-enabled
sensors, a central processing unit (CPU), and
an automated fire suppression mechanism.
Temperature sensors (such as thermocouples
or infrared sensors), voltage, and current
sensors are strategically placed within the
battery pack to continuously monitor critical
parameters.
2. Data Acquisition and Monitoring
Sensor data is collected in real-time and
transmitted to a microcontroller or single-
board computer (e.g., Raspberry Pi or
Arduino) responsible for processing and
analysis. The system uses  wireless
communication protocols like Wi-Fi or
Bluetooth to send alerts to a connected device
or cloud platform for remote monitoring.
3. Thermal  Analysis and  Anomaly
Detection
The acquired data undergoes analysis to
identify abnormal patterns that may indicate
overheating or early thermal runaway.
Thresholds  for ~ temperature,  voltage
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fluctuations, and current irregularities are
predefined based on battery specifications and
safety standards. Advanced algorithms,
including moving averages and rate-of-change
detection, enhance the accuracy of anomaly
detection.

4. Fire Prevention Mechanism

Upon detection of a potential fire risk, the
system triggers an automatic response:
activating cooling fans, opening ventilation, or
deploying fire suppression agents such as inert
gas or aerosol-based extinguishers. The
response is designed to be rapid and effective
to prevent escalation.

5. Alert System

Simultaneously, the system sends real-time
notifications via SMS, email, or mobile app
alerts to inform the user or maintenance
personnel, enabling prompt human
intervention if needed.

6. Testing and Validation

The system is subjected to controlled
experiments simulating thermal faults to
validate detection accuracy, response time, and
suppression  effectiveness. Data collected
during tests are analyzed to fine-tune
thresholds and improve reliability.

4. EXPERIMENTAL SETUP

The experimental setup for the Smart Battery
Fire Protection System was designed to
simulate real-world conditions within an
electric vehicle battery pack. The system
incorporated multiple temperature sensors,
voltage and current sensors strategically
placed on a lithium-ion battery module to
continuously monitor its status. These sensors
were interfaced with a Raspberry Pi
microcontroller, which served as the central
processing unit for data acquisition and
analysis. The Raspberry Pi was programmed
to process incoming sensor data in real-time
and trigger the fire prevention mechanism
when abnormal thermal or electrical
parameters were detected. To emulate thermal
runaway  scenarios, controlled heating

elements were used to gradually increase the
battery temperature, allowing assessment of
the system’s response time and accuracy.
Additionally, the setup included an automated
cooling fan and a miniature fire suppression
device that were activated upon detection of a
potential fire hazard. Wireless communication
modules were integrated to send instant alerts
to a mobile device, enabling remote
monitoring and timely intervention. This
controlled experimental environment allowed
thorough testing and validation of the system’s
effectiveness in early fire detection and
suppression under various simulated fault
conditions.

5. RESULT & DISCUSSION

The Smart Battery Fire Protection System
demonstrated effective performance during the
experimental trials. The temperature sensors
successfully detected thermal anomalies, with
the system identifying abnormal temperature
rises as early as 10 seconds after controlled
heating was initiated. Voltage and current
sensors complemented this by detecting
deviations from normal operational ranges,
providing a multi-parameter assessment that
increased the reliability of fault detection.
Upon detecting hazardous conditions, the
system promptly activated the cooling fans and
fire suppression mechanism within 3 seconds,
successfully preventing the battery
temperature from reaching critical levels that
could cause thermal runaway or ignition. The
alert system also transmitted notifications
instantly to the connected mobile device,
confirming the system’s ability to provide
timely remote warnings.

The multi-sensor approach reduced false
positives by cross-verifying abnormal data
across temperature, voltage, and current
readings. This ensured that the suppression
system was not triggered unnecessarily,
preserving battery life and system resources.
Furthermore, the loT-enabled remote
monitoring allowed for real-time supervision,
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which is crucial for vehicles in operation or
parked in inaccessible locations.

These results confirm that the integration of
real-time sensor data analysis with automated
response  mechanisms can  significantly
enhance the safety of EV battery packs. The
system's rapid detection and intervention
capability reduces fire risks and potential
damage, making it a promising solution for
commercial implementation in  electric
vehicles.

6. CONCLUSION

The Smart Battery Fire Protection System
developed in this project effectively addresses
the critical safety challenges associated with
lithium-ion batteries in electric vehicles. By
integrating real-time monitoring of
temperature, voltage, and current with
intelligent anomaly detection algorithms and
automated fire suppression mechanisms, the
system offers proactive protection against
thermal runaway and battery  fires.
Experimental  results demonstrated the
system’s ability to detect early warning signs
and respond swiftly to prevent fire outbreaks,
enhancing both vehicle safety and reliability.
The inclusion of loT-enabled remote alerts
further improves user awareness and timely
intervention. Overall, this intelligent fire
protection system represents a significant
advancement in EV battery safety technology
and has strong potential for practical
deployment to safeguard electric mobility.
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