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Abstract—Electric cyclese-cycles or e-bikes have 

emerged as a sustainable and energy-efficient 

transportation solution for urban mobility. Their 

increasing adoption is driven by concerns regarding 

environmental pollution, traffic congestion, rising fuel 

prices, and advancements in battery technologies. This 

review paper presents a comprehensive analysis of 

electric cycle technologies, including propulsion systems, 

battery technologies, motor drives, energy management 

strategies, regenerative braking systems, and recent 

developments in intelligent control. The study examines 

the evolution of electric cycles, compares major system 

architectures, and discusses performance parameters 

affecting efficiency and range. Recent advancements in 

lithium-ion batteries, brushless DC motors, regenerative 

braking, and artificial intelligence-based energy 

management are also reviewed. Finally, current 

challenges and future research directions are identified 

to support the development of next-generation electric 

cycles. 

 

Index Terms— Electric cycle, E-bike, BLDC motor, 

Battery management system, Regenerative braking, 
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I. INTRODUCTION 

 

The rapid growth of urbanization and increasing 

environmental concerns have accelerated the demand 

for sustainable transportation systems. Conventional 

vehicles contribute significantly to greenhouse gas 

emissions and fossil fuel consumption. Electric cycles 

have emerged as a promising alternative due to their 

low energy consumption, affordability, and 

environmental friendliness. 

An electric cycle combines conventional bicycle 

mechanics with an electric propulsion system 

consisting of a battery pack, electric motor, motor 

controller, and power management unit. Modern 

electric cycles provide pedal assistance, throttle-based 

propulsion, or hybrid operation modes, making them 

suitable for urban commuting and recreational use. 

Recent advancements in battery technology, motor 

efficiency, and intelligent control systems have 

significantly improved the performance, range, and 

reliability of electric cycles. Consequently, the global 

electric bicycle market has witnessed substantial 

growth over the past decade. 

This review aims to provide a detailed overview of 

electric cycle technologies, major components, energy 

management techniques, and future research 

opportunities. 
 

II. EVOLUTION OF ELECTRIC CYCLES 

 

The concept of electrically assisted bicycles dates back 

to the late nineteenth century. However, practical 

adoption became feasible only after the development 

of compact rechargeable batteries and efficient electric 

motors. 

The major milestones in electric cycle development 

include: 

• Early patent-based electric bicycles (1895–1930)  

• Lead-acid battery-powered systems (1970–1990)  

• Nickel-metal hydride battery integration (1990–

2005)  

• Lithium-ion battery revolution (2005–Present)  

• Smart connected e-bikes with IoT and AI 

integration (2020–Present)  

Modern electric cycles offer superior range, 

lightweight construction, and intelligent power 

management compared to earlier designs.  

 



© July 2026 | IJIRT | Volume 13 Issue 2 | ISSN: 2349-6002 

IJIRT 206265 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 831 

III. ELECTRIC CYCLE ARCHITECTURE 

 

A typical electric cycle consists of the following 

subsystems: 

A. Battery Pack 

The battery pack is the main power source of an 

electric cycle. It stores electrical energy and supplies 

power to the motor and other electronic components. 

Most electric cycles use rechargeable lithium-ion 

batteries because they are lightweight and efficient. 

The battery capacity determines the range and 

operating time of the e-cycle. 

 

Common battery types include: 

Battery 

Type 

Energy 

Density 
Weight Cycle Life 

Lead Acid Low High 300–500 

NiMH Medium Medium 500–800 

Li-ion High Low 1000–3000 

LiFePO4 Moderate Moderate 2000–5000 

Lithium-ion batteries dominate the market due to 

their high energy density, longer lifespan, and 

reduced weight. 

 

B. Electric Motor 

An electric motor is the main component that drives 

the electric cycle. It converts electrical energy from the 

battery into mechanical energy to rotate the wheels. 

Most e-cycles use a brushless DC (BLDC) motor 

because it is efficient, lightweight, and requires less 

maintenance. The motor helps the rider pedal with less 

effort and improves overall performance. 

Common motor types: 

1. Brush DC Motor  

2. Brushless DC Motor (BLDC)  

3. Permanent Magnet Synchronous Motor (PMSM)  

4. Hub Motors  

5. Mid-Drive Motors  

 

BLDC motors are widely used because of: 

• High efficiency  

• Low maintenance  

• Compact design  

• Better torque characteristics  

Hub motors are integrated within the wheel, while 

mid-drive motors transfer power through the bicycle 

drivetrain.  

 

 

C. Motor Controller 

The motor controller is the electronic unit that controls 

the operation of the electric motor. It receives signals 

from the throttle, battery, and sensors and regulates the 

motor speed and torque. It ensures smooth 

acceleration and efficient power usage. The controller 

also provides protection against overcurrent, 

overheating, and low battery voltage. 

Functions include: 

• Speed control  

• Torque control  

• Current limitation  

• Regenerative braking control  

• Battery protection  

Advanced controllers utilize Field-Oriented Control 

(FOC) and adaptive control strategies to improve 

efficiency. 

 

D. Battery Management System (BMS) 

The Battery Management System (BMS) is an 

electronic circuit that monitors and controls the battery 

of an electric cycle. It protects the battery from 

overcharging, over-discharging, and short circuits. 

The BMS balances the charge among battery cells to 

improve battery life and performance. It also ensures 

safe and efficient operation of the electric cycle. 

The BMS performs: 

• Cell balancing  

• State of Charge (SOC) estimation  

• Temperature monitoring  

• Over-voltage protection  

• Over-current protection  

A robust BMS improves battery safety and extends 

service life. 
 

IV. ELECTRIC CYCLE OPERATING MODES 

 

Electric cycles generally operate in three modes: 

A. Pedal Assist System (PAS) 

The Pedal Assist System (PAS) helps the rider by 

providing motor power when pedaling. Sensors detect 

the pedaling motion and activate the electric motor 

automatically. This reduces rider effort and makes 

cycling easier, especially on slopes and long rides. 

PAS improves battery efficiency and extends the 

travel range of the electric cycle. 

Advantages: 

• Improved battery life  



© July 2026 | IJIRT | Volume 13 Issue 2 | ISSN: 2349-6002 

IJIRT 206265 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 832 

• Enhanced riding experience  

• Regulatory compliance  

 

B. Throttle Mode 

In Throttle Mode, the electric cycle moves using motor 

power controlled by a throttle, similar to a motorcycle 

accelerator. The rider does not need to pedal 

continuously. By twisting or pressing the throttle, the 

motor provides the required speed and power. This 

mode is useful for reducing rider effort and traveling 

comfortably. 

Advantages: 

• Reduced rider effort  

• Suitable for elderly users  

 

C. Hybrid Mode 

In Hybrid Mode, the electric cycle uses both pedal 

power and electric motor assistance simultaneously. 

The rider pedals the cycle while the motor provides 

additional power, making riding easier and less tiring. 

This mode improves efficiency, increases travel range, 

and is useful for riding on slopes or long distances. It 

also helps conserve battery energy while maintaining 

good speed. 

Advantages: 

• Flexible operation  

• Improved energy utilization  

 

V. BATTERY TECHNOLOGIES FOR ELECTRIC 

CYCLES 

 

Battery technology significantly influences range, 

weight, and cost. 

A. Lithium-Ion Batteries 

Lithium-Ion batteries are the most commonly used 

batteries in electric cycles due to their high energy 

density and lightweight design. They provide a longer 

riding range and have a longer lifespan compared to 

other battery types. These batteries charge quickly and 

require less maintenance. Although they are more 

expensive, they offer better performance and 

efficiency. 

Advantages: 

• High energy density  

• Fast charging  

• Low self-discharge  

• Long life cycle  

 

Limitations: 

• Thermal runaway risks  

• High cost  

 

B. Lithium Iron Phosphate (LiFePO4) 

LiFePO4 batteries are known for their high safety and 

long lifespan. They are more stable at high 

temperatures and less prone to overheating. Although 

they are heavier than Lithium-Ion batteries, they offer 

excellent durability and reliability. 

Advantages: 

• Improved safety  

• Longer cycle life  

 

Limitations: 

• Lower energy density  

 

C. Solid-State Batteries 

Solid-State batteries are an advanced battery 

technology that uses a solid electrolyte instead of a 

liquid one. They provide higher energy density, faster 

charging, and improved safety. These batteries are 

lightweight and have a longer lifespan, but they are 

currently expensive and still under development for 

widespread use. 

Emerging technology offering: 

• Higher energy density  

• Faster charging  

• Improved safety  

Solid-state batteries are expected to play a significant 

role in future electric cycle development. 

 

VI. REGENERATIVE BRAKING SYSTEMS 

 

Regenerative braking converts kinetic energy during 

deceleration into electrical energy and stores it in the 

battery. This improves overall system efficiency and 

extends operating range. Modern research focuses on 

advanced control algorithms, bidirectional converters, 

and intelligent energy recovery systems.  

Advantages 

• Increased range  

• Reduced brake wear  

• Improved energy efficiency  

 

Challenges 

• Limited energy recovery due to low vehicle mass  

• Battery charging constraints  
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• Additional controller complexity  

Studies indicate that regenerative braking 

effectiveness depends on riding conditions, motor 

configuration, and battery characteristics.  

 

VII. ENERGY MANAGEMENT STRATEGIES 

 

Efficient energy management is critical for 

maximizing range and battery life. 

A. Rule-Based Control 

Rule-Based Control uses predefined rules to manage 

energy usage in an electric cycle. The system decides 

motor power and battery usage based on conditions 

such as speed, battery level, and rider input. It is 

simple, reliable, and easy to implement. 

Advantages: 

• Simplicity  

• Low computational cost  

 

B. Fuzzy Logic Control 

Fuzzy Logic Control uses intelligent decision-making 

based on approximate values rather than fixed rules. It 

can handle changing riding conditions smoothly and 

efficiently. This method improves energy utilization 

and rider comfort. 

Advantages: 

• Adaptive operation  

• Improved efficiency  

 

C. Artificial Intelligence-Based Control 

Artificial Intelligence (AI)-Based Control uses 

machine learning and advanced algorithms to optimize 

energy consumption. It analyzes riding patterns, road 

conditions, and battery status to make smart decisions. 

AI control can maximize battery life, improve 

efficiency, and extend the travel range of the electric 

cycle. 

Recent research integrates machine learning and AI 

for: 

• Route prediction  

• Battery health estimation  

• Adaptive power allocation  

• Regenerative braking optimization  

AI-assisted systems have demonstrated improved 

energy utilization and battery longevity.  

 

 

 

VIII. PERFORMANCE PARAMETERS 

 

The major parameters affecting electric cycle 

performance include: 

A. Vehicle WeightVehicle weight directly affects the 

energy consumption and speed of an electric cycle. A 

heavier cycle requires more power for acceleration and 

climbing slopes. Reducing weight improves efficiency 

and increases battery range. 

 

B. Aerodynamic Drag 

Aerodynamic drag is the air resistance acting against 

the motion of the cycle. Higher speeds result in greater 

drag, which increases power consumption. 

Streamlined designs help reduce drag and improve 

performance. 

 

C. Terrain Conditions 

Terrain conditions such as flat roads, hills, and rough 

surfaces affect the cycle's performance. Riding on 

steep slopes or uneven roads requires more motor 

power and battery energy. Smooth and flat roads 

provide better efficiency and longer travel range. 

 

D. Battery Capacity 

Battery capacity determines the amount of energy 

stored in the battery and is usually measured in 

Ampere-hours (Ah) or Watt-hours (Wh). A higher 

battery capacity provides a longer riding range and 

allows the electric cycle to travel greater distances on 

a single charge. However, larger batteries may 

increase the weight and cost of the cycle. 

 

E. Motor Efficiency 

Motor efficiency is the ratio of useful mechanical 

power output to electrical power input. A highly 

efficient motor converts more electrical energy into 

motion with less energy loss as heat. Higher motor 

efficiency improves the overall performance, range, 

and battery life of the electric cycle. 

Typical modern electric cycles achieve: 

• Range: 40–120 km  

• Speed: 25–45 km/h  

• Battery Capacity: 250–1000 Wh 
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IX. CHALLENGES 

 

Current challenges include: 

1. Limited battery range  

2. Long charging times  

3. Battery degradation  

4. Thermal management issues  

5. High initial cost  

6. Recycling and disposal concerns  

7. Standardization issues  

Researchers continue to investigate advanced battery 

materials, intelligent charging techniques, and 

lightweight structural materials to address these 

challenges. 

 

X. FUTURE RESEARCH DIRECTIONS 

 

Future electric cycle development is expected to focus 

on: 

A. Solid-State Batteries 

Solid-state batteries offer higher energy density, faster 

charging, and improved safety compared to 

conventional batteries. They are expected to increase 

the range and lifespan of electric cycles. 
 

B. AI-Based Energy Management 

Artificial Intelligence (AI) can optimize power 

consumption by analyzing riding conditions, battery 

status, and user behavior. This helps improve 

efficiency and extend battery life. 
 

C. Smart Connectivity 

IoT-enabled smart connectivity allows real-time 

monitoring of battery health, location, and 

performance. It also supports predictive maintenance 

and remote diagnostics. 
 

D. Lightweight Composite Materials 

The use of lightweight composite materials reduces 

the overall weight of the electric cycle. This improves 

energy efficiency, speed, and riding performance. 
 

E. Advanced Regenerative Braking 

Advanced regenerative braking systems use machine 

learning techniques to maximize energy recovery 

during braking. This recovered energy can be stored in 

the battery for later use. 
 

F. Renewable Energy Charging 

Future electric cycles may use solar-assisted charging 

infrastructure and other renewable energy sources. 

This reduces dependence on conventional electricity 

and promotes sustainable transportation. 

 

XI. CONCLUSION 

 

Electric cycles represent an efficient, economical, and 

environmentally sustainable transportation solution. 

Continuous advancements in battery technology, 

motor drives, regenerative braking systems, and 

intelligent control strategies have significantly 

enhanced their performance and reliability. Despite 

challenges related to battery limitations, charging 

infrastructure, and lifecycle management, ongoing 

research is expected to accelerate adoption and 

improve overall system efficiency. Future electric 

cycles will likely incorporate AI-driven energy 

management, smart connectivity, and advanced 

energy storage technologies, making them a key 

component of sustainable urban mobility. 
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