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Abstract: The Design and Development of a Solar-Powered Electric Bicycle for Sustainable Urban
Transportation aims to create an eco-friendly, cost-effective, and energy-efficient personal
transportation system for daily urban use. With increasing traffic congestion, fuel consumption, and
environmental pollution in cities, there is a strong need for clean and sustainable transportation
alternatives. The solar-powered electric bicycle (Solar E-Bicycle) provides a practical solution by
combining renewable solar energy with electric power. In this project, a single-person solar-powered
electric bicycle is designed and developed using both a solar panel and a rechargeable battery. The
solar panel is used to generate electrical energy from sunlight, which is stored in the battery and later
used to power the electric motor. Mechanical concepts such as frame fabrication, gears, rotating wheels,
and proper alignment are applied to ensure smooth riding, stability, and rider comfort. The electrical
system includes components such as a battery, electric motor, solar panel, wiring, and control switches
for efficient power management. The Solar E-Bicycle reduces dependency on fossil fuels, minimizes
carbon emissions, and lowers transportation costs. It is easy to operate, requires less maintenance, and
is suitable for short-distance travel in urban areas. This project demonstrates how renewable energy can
be effectively used in personal transportation and contributes toward sustainable and green mobility
solutions for modern cities.
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I. INTRODUCTION

Rapid urbanization has led to increased traffic congestion, air pollution, and high fuel consumption in cities.
Conventional vehicles that run on petrol or diesel contribute significantly to environmental pollution and global
warming. At the same time, short-distance travel for daily activities such as commuting to work, college, or nearby
markets requires a cost-effective and sustainable transportation solution. This has increased the demand for eco-friendly
personal mobility systems.

Electric bicycles have emerged as an efficient alternative to traditional vehicles due to their low operating cost, ease of
use, and minimal environmental impact. However, most electric bicycles depend completely on grid electricity for
battery charging. By integrating solar energy into electric bicycles, the dependency on conventional electricity can be
reduced, making transportation more sustainable and economical.

This project focuses on the design and development of a single-person solar-powered electric bicycle that uses both a
solar panel and a rechargeable battery. Mechanical concepts such as fabrication, frame design, gears, rotating wheels,
and proper alignment are used to ensure smooth and safe operation. Electrical components like a solar panel, battery,
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electric motor, wiring, and control system are integrated to provide efficient energy conversion. The aim of this project
is to promote clean, green, and sustainable urban transportation.

II. PROBLEM STATEMENT
Urban transportation faces challenges such as traffic congestion, fuel dependency, air pollution, and high transportation
costs. Existing electric bicycles depend mainly on grid electricity and do not fully utilize renewable energy sources.
Therefore, there is a need to design and develop a solar-powered electric bicycle that uses solar energy and a
rechargeable battery to provide an eco-friendly, cost-effective, and sustainable solution for short-distance urban travel.

III. LITERATURE SURVEY
Several research studies have been conducted on electric bicycles as an alternative to fuel-based vehicles. Traditional e-
bicycles use rechargeable batteries powered by grid electricity and are widely used for short-distance travel. These
systems reduce pollution and fuel usage but still rely on non-renewable energy sources for charging.
Recent studies highlight the integration of solar energy with electric vehicles to improve sustainability. Solar-powered
systems reduce charging costs and increase the driving range when sunlight is available. Researchers have shown that
solar panels mounted on bicycles or charging stations can effectively support battery charging for low-power vehicles.
Some research focuses on mechanical design improvements, including lightweight frame fabrication, efficient gear
mechanisms, and wheel alignment to improve riding comfort and energy efficiency. Proper selection of materials and
mechanical components plays a vital role in reducing overall weight and improving performance.
Other studies discuss energy management systems, where solar energy is used to charge the battery while riding or
during parking. These systems improve battery life and reduce dependence on external charging sources.
From the literature review, it is evident that there is a need for a simple, affordable, and efficient solar-powered electric
bicycle that combines basic mechanical design with renewable energy to support sustainable urban transportation.

IV. SYSTEM OVERVIEW
The solar-powered electric bicycle consists of two main subsystems: mechanical system and electrical system. The
mechanical system includes the bicycle frame, wheels, gear mechanism, chain drive, and supporting structure. These
components provide physical support, stability, and smooth motion during riding.
The electrical system consists of a solar panel, rechargeable battery, electric motor, motor controller, wiring, and
switches. The solar panel converts sunlight into electrical energy, which is stored in the battery. The battery supplies
power to the electric motor for vehicle movement.
Both systems work together to ensure efficient power generation, storage, and utilization. The system is designed for
single-person use and suitable for daily urban transportation with minimal environmental impact.

V. PROPOSED SYSTEM
The proposed system is a solar-powered electric bicycle designed to operate using renewable solar energy along with
battery backup. The system allows users to travel short distances without using fuel or relying completely on grid
electricity.
Mechanical fabrication is carried out to design a strong and lightweight bicycle frame. Gears, chain drive, and rotating
wheels are used to transmit power efficiently from the motor to the wheels. The electrical system includes a solar panel
mounted on the bicycle, a rechargeable battery for energy storage, and an electric motor for propulsion.
The proposed system is economical, eco-friendly, and easy to operate. It reduces carbon emissions and promotes
sustainable urban transportation while providing a comfortable riding experience.
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VI. SYSTEM METHODOLOGY
The solar-powered electric bicycle consists of interconnected electrical and mechanical blocks that work together to
generate, store, and utilize energy for vehicle movement. The solar panel is the primary energy source that converts
sunlight into electrical energy. This generated power is sent to the charge controller, which regulates the voltage and
current to safely charge the battery and prevent overcharging.
The rechargeable battery stores electrical energy received from the solar panel and also supplies power to the system
when sunlight is not available. The battery acts as a backup energy source, ensuring continuous operation of the
bicycle. Stored energy from the battery is supplied to the motor controller, which manages the power delivered to the
electric motor based on user input.
The motor controller receives control signals from the throttle or switch and regulates motor speed and direction. The
electric motor converts electrical energy into mechanical energy. This mechanical energy is transferred to the wheels
through a chain drive and gear mechanism. The rotating wheels move the bicycle forward or backward.
The control switch or throttle allows the user to control the speed and operation of the bicycle. All blocks are connected
through proper wiring to ensure safe and efficient energy flow throughout the system.

Working Principle

The working principle of the solar-powered electric bicycle is based on the conversion of solar energy into electrical
energy and then into mechanical motion. When sunlight falls on the solar panel, it generates electrical power using the
photovoltaic effect. This power is directed to the charge controller, which ensures that the battery is charged safely and
efficiently.

The electrical energy stored in the battery is supplied to the electric motor through the motor controller. When the user
turns ON the system or applies the throttle, the motor controller allows current to flow from the battery to the motor.
The controller regulates speed by adjusting the power supplied to the motor.

The electric motor starts rotating and produces torque. This rotational motion is transmitted to the bicycle wheels
through gears and a chain drive system. The gears help increase torque and maintain smooth acceleration. As the
wheels rotate, the bicycle moves forward with minimal human effort.

When solar energy is available, the battery can be charged continuously, increasing travel range and reducing the need
for external charging. During low sunlight or night conditions, the bicycle operates using stored battery energy.

Working Principle
e  Solar panel converts sunlight into electrical energy
e  Charge controller regulates voltage and current
e Electrical energy is stored in rechargeable battery
e  Battery supplies power to motor controller
e Motor controller controls speed and direction
e Electric motor converts electrical energy into mechanical energy
e Power is transmitted to wheels using gears and chain drive
e Rotating wheels move the bicycle forward
e  User controls movement using throttle or switch
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Fig.1: System Architecture Design

VII. CONCLUSON

The project Design and Development of a Solar-Powered Electric Bicycle for Sustainable Urban Transportation
successfully demonstrates the use of renewable solar energy in personal mobility systems. By combining solar power
with a rechargeable battery, the system reduces dependency on fossil fuels and grid electricity, making transportation
more sustainable and economical.

The integration of mechanical and electrical components such as frame fabrication, gears, rotating wheels, solar panel,
battery, and electric motor results in an efficient and user-friendly electric bicycle. The developed system is suitable for
short-distance urban travel and contributes to reducing environmental pollution and promoting green transportation.

Future Work:
e Integration of lithium-ion batteries to increase range and reduce weight
e  Addition of smart energy management system for efficient power utilization
e Implementation of mobile app or display unit to monitor speed and battery status
e  Use of lightweight and advanced materials for improved performance
e Incorporation of regenerative braking system to improve energy efficiency.
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