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Abstract: This paper explores the development of an advanced Battery Management System (BMS) for
electric vehicles (EVs) utilizing an ESP32 microcontroller, focusing on enhancing battery performance
and safety through the integration of regenerative braking technology. The BMS aims to optimize battery
health by employing real-time monitoring with various sensors, including voltage, temperature, current,
and flame sensors, thereby ensuring efficient power delivery and hazard detection. By incorporating a
DC motor and inverter kit, the system facilitates effective energy conversion and harnesses regenerative
energy during braking to extend the vehicle's range. This innovative approach not only promotes
sustainability by improving energy efficiency and battery lifespan but also contributes to the overall
safety and reliability of electric vehicles, addressing key challenges in current EV technology
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I. INTRODUCTION
The rapid evolution of electric vehicles (EVs) is reshaping the automotive landscape, offering an environmentally
friendly alternative to traditional combustion engines. However, despite the significant advantages of EVs, challenges
related to battery performance, longevity, and safety remain critical barriers to widespread adoption. Central to these
challenges is the efficient management of battery systems, which must balance optimal charging, discharging, and
thermal regulation to ensure maximum operational efficiency. This project aims to develop an advanced Battery
Management System (BMS) utilizing an ESP32 microcontroller, with a particular focus on integrating regenerative
braking technology to enhance overall performance and safety.
Battery thermal management systems (BTMS) play a crucial role in maintaining optimal battery temperatures, which is
essential for maximizing battery life and performance. Current air-cooled BTMS designs focus on improving airflow
and structural enhancements to regulate temperature effectively. However, to truly harness the potential of EV batteries,
it is imperative to integrate advanced monitoring systems that can provide real-time data on battery health and
performance metrics. By utilizing an ESP32 microcontroller, this project seeks to implement a sophisticated BMS that
not only monitors various parameters—such as voltage, current, and temperature—but also incorporates safety features
to detect potential hazards, such as overheating or fire risks.
One of the innovative components of this project is the integration of regenerative braking technology, which allows the
recovery and utilization of energy typically lost during braking. By employing a DC motor and inverter kit, the system
can convert mechanical energy generated during braking back into electrical energy, which is then stored in the battery
for later use. This not only enhances the energy efficiency of the vehicle but also extends its operational range,
addressing one of the key limitations faced by electric vehicles. The incorporation of regenerative braking represents a
significant advancement in energy utilization and positions this project at the forefront of sustainable transportation
technologies.
Real-time monitoring through LCD displays provides immediate feedback on battery performance, enabling users to
make informed decisions about energy usage and safety. The proposed BMS will allow for constant oversight of battery
parameters, facilitating timely interventions to prevent potential failures. By integrating multiple sensors—ranging from
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voltage and temperature sensors to flame detection sensors—this system aims to create a comprehensive safety net that
enhances the reliability of EVs and promotes consumer confidence in electric mobility.

This project aims to bridge the gap between current battery management practices and the evolving demands of electric
vehicle technology. By developing an advanced BMS that integrates regenerative braking and real-time monitoring
capabilities, this initiative not only strives to optimize battery performance and longevity but also enhances the overall
safety and efficiency of electric vehicles. As the automotive industry continues to pivot towards sustainability, the
findings from this project could play a pivotal role in shaping the future of electric vehicle technology, making it a more
viable and appealing option for consumers worldwide.

II. PROBLEM STATEMENT
The widespread adoption of electric vehicles (EVs) is hindered by challenges related to battery performance, lifespan,
and safety. This project addresses these issues by developing an advanced Battery Management System (BMS) that
incorporates regenerative braking technology to optimize energy efficiency and enhance overall vehicle safety.

I11. OBJECTIVE

e To study the impact of regenerative braking on energy efficiency and battery performance in electric vehicles.

e To study the integration of an ESP32 microcontroller in enhancing the functionality of Battery Management
Systems (BMS).

e To study the effectiveness of real-time monitoring systems for maintaining optimal battery health and safety.

e To study the role of various sensors in detecting potential hazards and ensuring the safety of electric vehicles.

e To study the improvements in vehicle range and efficiency achieved through the utilization of recovered energy
from regenerative braking.

IV. PROPOSED SYSTEM
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Fig.1 System Architecture

The diagram illustrates a comprehensive system architecture centeredaround the ESP32 microcontroller, designed to
optimize the performance of electric vehicle (EV) charging through advanced battery management and regenerative
braking. The ESP32 microcontroller acts as the central control unit, interfacing with various components that work
together to enhance battery efficiency, safety, and overall vehicle performance.

The system includes a DC-to-DC converter connected to a battery, which plays a crucial role in power management and
voltage regulation. This ensures that the ESP32 is powered effectively while allowing for the regulation of the voltage
supplied to other components. The integration of multiple DC motors into the design highlights the system's capability
to support regenerative braking. The first DC motor connects directly to the DC-to-DC converter, while the other two
motors are controlled via a motor driver that receives commands from the ESP32. This setup is essential for managing
the energy recovery process during braking, where kinetic energy is converted back into electrical energy and stored in

the battery, thus improving the vehicle's efficiency.
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The ESP32's ability to interface with various sensors enhances the system's functionality. A DS18B20 temperature
sensor monitors the battery's thermal conditions, ensuring it operates within optimal temperature ranges. Additionally,
the flame sensor provides an essential safety feature by detecting potential fire hazards, while voltage and current
sensors continuously measure the electrical parameters of the battery and motors. This real-time monitoring capability
enables the system to maintain safe operating conditions and optimize energy use dynamically.

Overall, this proposed system architecture represents a sophisticated embedded solution capable of intelligent motor
control, effective power management, and comprehensive environmental sensing. By leveraging the capabilities of the
ESP32, the system can process sensor data, control multiple motors, and potentially communicate wirelessly for remote
monitoring and control. This versatility opens avenues for applications in electric vehicles, robotics, and smart control
systems, positioning the project as a significant contribution to the advancement of sustainable transportation
technologies.

In conclusion, the integration of regenerative braking and an advanced battery management system through the ESP32
microcontroller not only aims to enhance the operational efficiency of electric vehicles but also promotes sustainability
by optimizing energy consumption and reducing the carbon footprint associated with traditional fuel-powered vehicles.

V. DISCUSSION AND SUMMARY
Hardware Components
1. ESP32 Microcontroller:
o Specifications: Dual-core processor with Wi-Fi (802.11 b/g/n) and Bluetooth capabilities. Typically
operates at 160 MHz with 160 KB of SRAM.
o Function: Acts as the central processing unit to monitor sensor data, manage power distribution, and
facilitate communication between various components in the BMS.
2. DC-to-DC Converter:
o Specifications: Input voltage range typically from 10V to 60V, output voltage adjustable (e.g., 5V,
12V) with a maximum output current ranging from 3A to 30A, depending on the design.
o Function: Converts voltage levels to ensure all components receive the appropriate voltage, thereby
improving system efficiency and stability during operation.
3. Battery:
o Specifications: Lithium-ion batteries with a nominal voltage of 3.7V per cell, capable of providing up
to 200Ah capacity or more, depending on vehicle design.
o Function: Stores and supplies electrical energy for the vehicle, critical for range and efficiency.
Monitored for health and performance via the BMS.
4. DC Motors (3 in Total):
o Specifications: Brushless DC motors with a power rating of 1kW to SkW, operating at 24V to 48V,
capable of generating sufficient torque for vehicle propulsion.
o Function: Converts electrical energy into mechanical energy for propulsion, with regenerative
capabilities to recover energy during braking.
5. Motor Driver:
o Specifications: Capable of handling up to 60V and 30A, with PWM control for speed modulation.
o Function: Controls the speed and direction of DC motors, providing precise control based on
commands from the ESP32, essential for efficient driving and regenerative braking.
6. DS18B20 Temperature Sensor:
o Specifications: Digital temperature sensor with an operating range of -55°C to +125°C, accuracy of
+0.5°C.
o Function: Monitors the temperature of critical components like the battery, ensuring safe operational
conditions and preventing overheating.

Copyright to IJARSCT DOI: 10.48175/568 216

www.ijarsct.co.in 7/ ISSN

4 25810429 |5

o\ JARSCT /3




C IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology (
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 7, May 2025 Impact Factor: 7.67

7. Flame Sensor:
o Specifications: Analog or digital output, typically detects flames or high temperatures above 35°C.
o Function: Provides early detection of fire hazards, enhancing vehicle safety by triggering alerts or
safety protocols.
8. Voltage Sensor:
o Specifications: Can measure up to 100V, typically with an accuracy of +1%.
o Function: Monitors voltage levels across the battery and system components, preventing overvoltage
conditions that could damage the system.
9. Current Sensor:
o Specifications: Hall-effect sensor capable of measuring up to £100A with an accuracy of £1%.
o Function: Monitors current flow to and from the battery, crucial for load management and preventing
overcurrent situations.
Software Components
1. Embedded Firmware for ESP32:
o Details: Develops algorithms for real-time data processing and decision-making. Implements
communication protocols (e.g., MQTT or HTTP) for interaction with external devices and systems.
o Function: Manages data acquisition from sensors and executes control algorithms for efficient power
distribution and regenerative braking.
2. Data Logging and Analysis Software:
o Details: Software that logs temperature, voltage, and current data for later analysis. Can use cloud
storage for data accessibility.
o Function: Provides insights into system performance and battery health, enabling predictive
maintenance and optimization strategies.
3. Control Algorithms for Regenerative Braking:
o Details: Implements algorithms to optimize energy recovery during braking, adjusting motor control
based on real-time conditions.
o Function: Enhances overall energy efficiency by maximizing the amount of energy recaptured during
braking events.
4. Battery Management Software:
o Details: Monitors battery state (SOC, SOH), controls charging and discharging cycles, and performs
balancing of battery cells.
o Function: Ensures battery health and longevity, optimizing performance through effective energy
management strategies.

VI. CONCLUSION

In conclusion, the integration of regenerative braking and advanced Battery Management Systems (BMS) represents a
significant advancement in the performance and efficiency of electric vehicles (EVs). By harnessing kinetic energy
during braking and effectively managing battery health and charging cycles, these technologies not only enhance the
overall driving range but also contribute to the sustainability of electric mobility. The ongoing innovations in materials,
algorithms, and energy management systems further promise to optimize energy recovery and storage, paving the way
for smarter and more efficient EVs in the future. As the industry continues to evolve, these advancements will play a
crucial role in reducing the carbon footprint of transportation and promoting the widespread adoption of electric
vehicles, ultimately leading to a greener and more sustainable future.
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