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ABSTRACT

The Regenerative Braking System (RBS) is an advanced energy recovery technology used in electric scooters to
improve energy efficiency and extend driving range. Unlike conventional braking systems, which dissipate kinetic
energy as heat, regenerative braking converts a portion of the vehicle's kinetic energy into electrical energy during
deceleration and stores it back in the battery. This research paper examines the working principle, components,
advantages, challenges, and performance of regenerative braking systems in electric scooters. The study highlights how
the electric motor operates as a generator during braking, enabling energy recovery and reducing energy losses. Various
factors affecting regenerative braking efficiency, such as battery state of charge, vehicle speed, motor characteristics,
and braking intensity, are also discussed. Research findings indicate that regenerative braking can improve overall
energy efficiency, reduce brake wear, and increase the travel range of electric scooters by recovering part of the
otherwise wasted energy. Furthermore, the paper explores recent advancements in control strategies and battery
management systems that enhance regenerative braking performance. The study concludes that regenerative braking is
a vital technology for sustainable electric mobility, contributing to energy conservation, reduced operating costs, and
improved environmental performance of electric scooters.
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INTRODUCTION

The rapid growth of electric scooters has transformed urban transportation by offering a clean, economical, and
environmentally friendly alternative to conventional fuel-powered vehicles. However, the limited driving range and
battery capacity of electric scooters remain significant challenges. To address these issues, manufacturers have
incorporated Regenerative Braking Systems (RBS), which recover a portion of the kinetic energy normally lost during
braking and convert it into electrical energy stored in the battery. In regenerative braking, the electric motor operates as
a generator during deceleration. Instead of dissipating energy as heat through friction brakes, the motor converts
mechanical energy into electrical energy and sends it back to the battery. This process improves energy efficiency,
extends battery range, and reduces wear on mechanical braking components. Modern electric scooters employ electronic
controllers and Battery Management Systems (BMS) to optimize energy recovery while ensuring rider safety and battery
protection. As electric mobility continues to expand worldwide, regenerative braking has become a key technology for
improving vehicle performance, sustainability, and energy conservation.

The increasing demand for sustainable and energy-efficient transportation has led to the rapid adoption of electric
scooters in urban mobility. Electric scooters offer several advantages over conventional internal combustion engine
(ICE) vehicles, including lower operating costs, reduced emissions, and improved energy efficiency. However, the
limited energy storage capacity of batteries remains one of the major challenges affecting the driving range and
performance of electric scooters. To address this issue, manufacturers have integrated Regenerative Braking Systems
(RBS), which enable the recovery and reuse of energy that would otherwise be lost during braking. A regenerative
braking system is an energy recovery mechanism that converts the kinetic energy of a moving vehicle into electrical

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJ]SREM67352 | Page 1



https://ijsrem.com/

A"I ‘33&
‘{IJSREM"

aee-ad?  International Journal of Scientific Research in Engineering and Management (IJSREM)
fa) Volume: 10 Issue: 09 | Sep - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

energy during deceleration. In conventional braking systems, kinetic energy is dissipated as heat through friction
between brake pads and discs. In contrast,regenerative braking allows the electric motor to operate as a generator during
braking, converting mechanical energy into electrical energy and storing it in the battery for future use. This process
improves overall vehicle efficiency and extends the driving range of electric scooters. The working principle of
regenerative braking is based on the reversible nature of electric motors. During acceleration, the motor draws electrical
energy from the battery and converts it into mechanical energy to drive the wheels. During braking or deceleration, the
motor reverses its function and acts as a generator, producing electricity from the rotational motion of the wheels. The
generated electricity is then fed back into the battery through a motor controller and Battery Management System (BMS).
Regenerative braking offers several benefits, including increased energy efficiency, extended battery range, reduced
brake wear, lower maintenance costs, and improved environmental sustainability. It is particularly effective in urban
traffic conditions where frequent acceleration and deceleration occur. Studies indicate that regenerative braking can
recover a significant portion of the energy normally lost during braking, thereby improving the overall performance of
electric vehicles.

Despite its advantages, regenerative braking also faces certain limitations. Its effectiveness depends on factors such as
vehicle speed, battery state of charge, motor efficiency, road conditions, and braking intensity. At low speeds or when
the battery is fully charged, the amount of recoverable energy decreases. Therefore, regenerative braking is usually
combined with conventional mechanical braking systems to ensure safe and reliable vehicle operation under all driving
conditions. With continuous advancements in power electronics, motor control strategies, and battery technologies,
regenerative braking systems are becoming increasingly efficient and intelligent. As electric mobility continues to
expand worldwide, regenerative braking is expected to play a crucial role in enhancing the energy efficiency, range, and
sustainability of future electric scooters.

OBJECTIVES OF THE STUDY
Main Objective-To study and analyze the Regenerative Braking System (RBS) in Electric Scooters, its working
principle, performance, energy recovery capability, and contribution to improving vehicle efficiency and battery range.

Specific Objectives

1. To understand the working principle of regenerative braking systems used in electric scooters.

2. To study the components involved in regenerative braking, including the electric motor, controller, battery pack, and
Battery Management System (BMS).

3. To analyze the process of energy recovery during braking and deceleration.

4. To evaluate the effect of regenerative braking on battery charging efficiency and driving range.

5. To compare regenerative braking systems with conventional braking systems in terms of energy utilization and
performance.

6. To identify the factors affecting regenerative braking efficiency, such as vehicle speed, battery state of charge, road
conditions, and motor characteristics.

7. To examine the benefits of regenerative braking, including reduced energy consumption, lower maintenance costs,
and decreased brake wear.

METHODOLOGY

The methodology adopted for this research focuses on studying the working, performance, and benefits of the
Regenerative Braking System (RBS) in electric scooters through literature review, data analysis, and comparative
evaluation.

Research Design

This study uses an analytical and comparative research approach to investigate the effectiveness of regenerative braking
systems in electric scooters. The research is based on data collected from technical journals, research papers,
manufacturer specifications, and case studies related to electric vehicles.
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Data Collection

The required information is collected from the following sources:

1. Research papers published in IEEE, Science Direct, and other journals
2. Electric scooter manufacturer reports

3. Technical manuals and product specifications

4. Books on Electric Vehicles and Energy Systems

5. Government and industry reports on EV technology

Components Studied The regenerative braking system consists of the following major components:

Component Function
Electric Motor Acts as a motor during acceleration and as a generator during braking
Battery Pack Stores recovered electrical energy
Motor Controller Controls energy flow between motor and battery
Battery Management System (BMS) Protects and monitors battery charging
Mechanical Brake Provides additional braking force when required

Working Procedure of Regenerative Braking

The operational methodology is carried out in the following steps:

1. The electric scooter accelerates using energy supplied from the battery.

2. During braking or deceleration, the motor controller switches the motor into generator mode.
3. The rotating wheels drive the motor, causing it to generate electrical energy.

4. The generated electrical energy is transferred back to the battery through the controller.

5. The Battery Management System regulates charging and prevents overcharging.

6. Mechanical brakes assist when additional braking force is needed.

Performance Evaluation
Parameters The performance of the regenerative braking system is evaluated using the following parameters:

Parameter Description

Energy Recovery Efficiency (%) | Percentage of kinetic energy recovered

Battery Charging Gain Additional energy stored in the battery
Range Improvement Increase in vehicle travel distance
Brake Wear Reduction Reduction in usage of friction brakes
Overall Vehicle Efficiency Improvement in total energy utilization

Comparative Analysis

A comparison is made between conventional braking and regenerative braking systems based on:
1. Energy loss during braking

2. Battery utilization

3. Vehicle efficiency

4. Maintenance requirements

5. Environmental impact

Data Analysis

The collected data are analyzed using:
1. Tabular comparison

2. Graphical representation

3. Percentage efficiency calculations
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4. Performance evaluation under different operating conditions such as speed, load, and battery state of charge

RESULTS AND DISCUSSION

Energy Recovery Performance

Studies show that regenerative braking can recover a significant portion of braking energy depending on vehicle speed,
motor efficiency, and battery condition. Recovery is most effective during moderate-to-highspeed deceleration and
downhill driving.

Battery Range Improvement
Recovered energy contributes to extending scooter range. Under urban stop-and-go conditions, regenerative braking can
provide measurable improvements in energy utilization and overall battery efficiency.

Reduced Brake
Wear Since part of the braking force is produced electrically, the use of friction brakes decreases substantially. This
reduces maintenance costs and increases brake component life.

Factors Affecting Efficiency

Factor Effect on Regeneration
Vehicle Speed Higher speed increases recoverable energy
Battery SOC High battery charge limits energy recovery
Road Gradient Downhill roads improve regeneration
Motor Efficiency Better motors recover more energy
Controller Strategy | Advanced algorithms improve performance

Regenerative braking reduces overall energy consumption and lowers indirect emissions associated with electricity
generation. It supports sustainable urban transportation and improves EV efficiency.

CONCLUSION

The Regenerative Braking System is an essential technology in modern electric scooters that enhances energy efficiency,
extends battery range, and reduces mechanical brake wear. By converting kinetic energy into electrical energy during
deceleration, regenerative braking minimizes energy losses and improves overall vehicle performance. The study found
that factors such as vehicle speed, battery condition, motor characteristics, and control strategies significantly influence
energy recovery efficiency. Advanced control algorithms and Battery Management Systems further optimize braking
performance and energy utilization. Despite limitations at low speeds and high battery charge levels, regenerative
braking remains a crucial component for sustainable electric mobility. Future developments in intelligent control
systems, high-efficiency motors, and advanced battery technologies are expected to further improve the effectiveness of
regenerative braking systems in electric scooters.
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