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Abstract 

Regenerative braking systems (RBS) have emerged as a cornerstone 

technology in electric and hybrid vehicles, transforming kinetic energy into 

stored electrical energy to enhance efficiency and sustainability. This paper 

explores the principles, design considerations, and advancements in RBS, 

emphasizing its role in reducing energy consumption and improving vehicle 

range. Key challenges, including system integration, energy storage 

limitations, and braking feel optimization, are addressed. Additionally, the 

paper examines emerging trends in predictive braking and smart energy 

recovery algorithms. Through case studies and comparative analysis, the 

potential of RBS to redefine modern transportation efficiency and 

environmental impact is thoroughly evaluated. 

 

Keywords: Regenerative braking, electric vehicles, hybrid vehicles, kinetic energy 

recovery, energy efficiency, sustainable mobility. 

 

 



 
 

 

34 Page 33-35 © MANTECH PUBLICATIONS 2018. All Rights Reserved 

 

Journal of Automotive Engineering and Technology 

Volume 1, Issue 1, January-April, 2016 

 

INTRODUCTION 

The increasing global emphasis on sustainability and the transition towards electric and 

hybrid vehicles have accelerated the development of technologies that maximize energy 

efficiency. Regenerative braking systems (RBS) are one such innovation, enabling vehicles to 

recover kinetic energy during deceleration and store it for later use. This technology not only 

improves the overall efficiency of vehicles but also contributes to reduced emissions and 

operational costs. This paper presents a comprehensive review of RBS in electric and hybrid 

vehicles, focusing on principles, design considerations, challenges, and future advancements. 

 

PRINCIPLE OF OPERATION 

In traditional braking systems, kinetic energy generated by the moving vehicle is dissipated 

as heat through friction. In contrast, RBS converts this kinetic energy into electrical energy 

via the vehicle's electric motor, which operates as a generator during braking. The generated 

electricity is then stored in onboard batteries or supercapacitors for future use, such as 

acceleration or powering auxiliary systems. 

 

TYPES OF REGENERATIVE BRAKING SYSTEMS 

Series Regenerative Braking 

In series systems, the regenerative braking function is primary, with friction brakes serving as 

backup. This setup maximizes energy recovery but requires precise control to maintain 

braking performance. 

Parallel Regenerative Braking 

Here, regenerative braking works alongside traditional friction brakes, allowing both systems 

to operate simultaneously. This configuration is more common in hybrid vehicles. 

Blended Regenerative Braking 

Blended systems combine regenerative and friction braking seamlessly to deliver smooth 

deceleration while maximizing energy recovery. Advanced control algorithms determine the 

proportion of regenerative and friction braking applied. 
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COMPARATIVE ANALYSIS OF REGENERATIVE BRAKING TYPES 

 

Type Energy Recovery Efficiency Application 

Series High Electric Vehicles 

Parallel Moderate Hybrid Vehicles 

Blended High Electric & Hybrid Vehicles 

 

CONCLUSION 

Regenerative braking systems represent a pivotal step towards sustainable and efficient 

transportation. By recovering energy that would otherwise be lost, RBS enhances the range, 

performance, and environmental footprint of electric and hybrid vehicles. Future 

advancements in predictive algorithms, high-capacity energy storage, and integrated control 

systems will further optimize RBS performance, making it a standard feature in next-

generation vehicles. 
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