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Abstract: Solar Energy based rooftop trains are an innovative and eco-friendly transportation system
designed to reduce fuel consumption and environmental pollution in railway networks. In this system, solar
panels are mounted on the roof of train coaches to capture sunlight and convert it into electrical energy using
photovoltaic cells. The generated electricity is used to power lighting systems, fans, charging ports, sensors,
and other auxiliary loads inside the train.

The main objective of solar rooftop trains is to improve energy efficiency and promote sustainable
transportation by utilizing renewable energy sources. This technology helps reduce dependence on diesel and
conventional electricity, thereby lowering operating costs and carbon emissions. Solar-powered railway
systems are especially useful in countries with high solar radiation, where abundant sunlight can be effectively
utilized throughout the year.

The implementation of rooftop solar panels in trains also supports green energy initiatives and contributes to
environmental conservation. Modern energy storage systems such as batteries are integrated to store excess
energy generated during daytime operation, ensuring continuous power supply even during low sunlight
conditions. Advanced monitoring and control systems further enhance the efficiency and reliability of the
system.

Index Terms - Solar Energy, Rooftop Solar Panels, Railway Electrification, Photovoltaic (PV) System,
Renewable Energy, Green Transportation, Energy Harvesting, Battery Energy Storage System (BESS),
Sustainable Railways, Electric Trains, Solar Power Generation Clean Energy Technology

I. INTRODUCTION

The increasing demand for energy and the growing concern about environmental pollution have encouraged
the adoption of renewable energy sources in the transportation sector. Solar energy is one of the most
abundant, clean, and sustainable sources of power available. A Solar-Based Rooftop System on Trains is
an innovative approach that utilizes photovoltaic (PV) panels installed on the roofs of railway coaches to
generate electricity from sunlight. The generated power can be used to operate onboard electrical systems
such as lighting, fans, information displays, charging ports, and other auxiliary equipment, reducing the
dependence on conventional power sources.
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India has one of the largest railway networks in the world, making it an ideal platform for implementing solar
energy solutions. Since trains are exposed to sunlight for long periods during daytime operations, installing
solar panels on train roofs can help generate renewable electricity while the trains are in service. Excess energy
can be stored in batteries for use during nighttime or cloudy conditions.

The implementation of solar rooftop systems on trains offers several advantages, including reduced fuel
consumption, lower carbon emissions, decreased operating costs, and improved energy efficiency. It also
supports national and global goals for sustainable development by promoting clean energy and reducing the
environmental impact of railway transportation.

This project focuses on the design, working principle, advantages, challenges, and applications of a solar-
based rooftop system on trains. The study highlights how integrating solar technology into railway systems
can contribute to a greener, more efficient, and environmentally friendly transportation network

Il. LITERATURE REVIEW

The development of Solar Energy based rooftop trains has gained significant attention in recent years due to
the increasing demand for sustainable and energy-efficient transportation systems. Many researchers and
railway organizations have studied the application of solar photovoltaic technology in trains to reduce fuel
consumption, operating costs, and environmental pollution. Early studies focused on the use of photovoltaic
solar panels for generating auxiliary power in railway coaches.

Researchers observed that train rooftops provide a large unused surface area suitable for solar panel
installation. The generated electricity can be effectively used for lighting, ventilation, fans, charging systems,
and passenger information systems. These studies concluded that solar energy integration can reduce the
dependency on diesel generators and conventional electrical power sources.

Several railway departments across different countries have experimented with solar-powered trains and
railway coaches. In India, the Indian Railways introduced solar panel-equipped coaches.-to power onboard
electrical appliances. Research conducted on these systems showed significant fuel savings and reduction in
carbon dioxide emissions. The studies also highlighted that solar rooftop systems are particularly effective in
tropical countries where sunlight availability is high throughout the year.

111. METHODOLOGY AND SYSTEM:

3.1 METHODOLOGY:

The methodology for the implementation of Solar Energy based rooftop trains involves the design,
installation, operation, and performance analysis of a solar photovoltaic system mounted on railway coaches.
The main objective of this methodology is to generate renewable electrical energy using solar power and
utilize it for onboard train applications while reducing dependence on conventional energy sources.

Phasel: Requirement Analysis and System Design

The first step in the methodology is the design of the solar rooftop system. The rooftop area of the train coach
is determine the number and arrangement of solar panels that can be installed. Lightweight and high-efficiency
photovoltaic panels are selected to minimize additional load on the train. The system is designed considering
factors such as train speed, roof dimensions, sunlight exposure, weather conditions, and energy requirements
of onboard electrical equipment.

Phase 2: Selection of Components

The major components used in the solar rooftop train system include:

* Solar photovoltaic panels
* Charge controller « Rechargeable battery system
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* Inverter « Wiring and protection devices

* Energy monitoring system The solar panels convert sunlight into direct current (DC) electricity. The
charge controller regulates the voltage and current generated from the panels to protect the battery from
overcharging. Batteries are used for storing excess energy generated during daytime operation.

Phase 3: Working Principle

The working principle of Solar Energy based rooftop trains is based on the conversion of solar energy into
electrical energy using photovoltaic technology. In this system, solar panels are mounted on the rooftop of
train coaches to capture sunlight and generate electricity for operating various onboard electrical systems.

Phase 4: Energy Storage and Management

A battery energy storage system is integrated to ensure continuous power supply during nighttime operation
and cloudy weather conditions. Smart energy management systems are used to monitor Advanced
controllers such as MPPT (Maximum Power Point Tracking) are implemented to maximize solar energy
utilization and improve overall efficiency

3.2 SYSTEM:
The Solar Energy based rooftop train system is an advanced renewable energy system designed to generate
electrical power from sunlight and utilize it for railway applications. The system consists of solar

photovoltaic panels, charge controllers, batteries, inverters, monitoring units, and onboard electrical loads
integrated into a single energy management setup.
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I. PV Modules

The PV (Photovoltaic) modules are used to convert solar energy into electrical energy. These solar panels
are mounted on the rooftop of the vehicle or train to capture maximum sunlight. The generated DC power
acts as the primary renewable energy source for the entire system. PV modules help reduce dependency on
conventional electricity and support eco-friendly transportation systems.

Il. MPPT Controller
The MPPT (Maximum Power Point Tracking) controller is used to maximize the efficiency of the solar
panels. Since solar output varies with sunlight intensity and temperature, the MPPT controller continuously
adjusts the operating voltage and current to extract maximum possible power from the PV modules. This
improves energy conversion efficiency and battery charging performance.
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I11. Battery Pack

The battery pack stores the electrical energy generated from the solar panels and regenerative braking
system. Lithium-ion batteries are commonly used because of their high energy density, fast charging
capability, and long life cycle. The battery supplies continuous power to the motor and other electrical
components during low solar conditions or high energy demand.

IV. Automatic Charger

The automatic charger is connected to the city electric grid and provides backup charging to the battery
pack when solar energy is insufficient. It ensures uninterrupted operation of the system by maintaining the
battery charge level. The National conference on Al applications to Electrical and Electronics and Computer
Engg-2026 3 charger automatically controls charging and prevents overcharging for safe battery operation.

V. Electronic Control Unit (ECU)

The ECU (Electronic Control Unit) acts as the central controller of the system. It manages the power flow
between the battery pack, motor, and charging system. The ECU controls motor speed, charging and
discharging operations, battery protection, and overall system monitoring to ensure efficient and reliable
performance.

V1. Brushless DC (BLDC) Motor

The Brushless DC motor converts electrical energy into mechanical energy to drive the vehicle or train
wheels. BLDC motors are highly efficient, compact, and require less maintenance compared to conventional
motors. They provide smooth speed control, high torque, and better operational reliability.

VI1. Regenerative Braking System

The regenerative braking system recovers energy during braking conditions. When the vehicle slows down,
the motor operates as a generator and converts kinetic energy into electrical energy. This recovered energy
is sent back to the battery pack as regenerative current, improving overall energy efficiency and reducing
power loss.

VI11. Differential

The differential is a mechanical component that distributes motor power equally to the wheels. It allows the
wheels to rotate at different speeds during turning, ensuring smooth movement and vehicle stability. The
differential improves traction and driving performance.

IX. Axle

The axle connects the differential to the wheels and transfers mechanical power from the motor to the
wheels. It supports the weight of the vehicle and enables wheel rotation for movement. The axle plays an
important role in maintaining structural strength and smooth power transmission.

X. Rear Wheel

The rear wheels receive mechanical power from the axle and enable the movement of the vehicle or train.
They provide traction, stability, and load support during operation. Proper wheel design improves
efficiency, safety, and overall transportation performance.

IV. WORKING:

Working of PV Modules

The PV modules absorb sunlight and convert solar energy into DC electrical energy using photovoltaic cells.
When sunlight falls on the solar panels, electrons inside the semiconductor material become excited and
generate electric current. This generated power is supplied to the MPPT controller for further processing

. A. Working of MPPT Controller

The MPPT (Maximum Power Point Tracking) controller continuously monitors the voltage and current
generated by the solar panels. It adjusts the operating point of the PV modules to obtain maximum power
output under different sunlight and temperature conditions. The controller improves charging efficiency and
transfers optimized power to the battery pack
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. B. Working of Battery Pack

The battery pack stores electrical energy received from the solar panels and regenerative braking system.
During system operation, the battery supplies power to the motor and other electrical components whenever
required. The battery charges during excess power generation and discharges during load demand.

C. Working of Automatic Charger

The automatic charger draws electrical power from the city electric grid and charges the battery pack
whenever solar energy is insufficient. It automatically regulates charging current and voltage to protect the
battery from overcharging and overheating, ensuring safe and reliable charging operation.

D. Working of Electronic Control Unit (ECU)

The ECU acts as the control center of the system. It monitors battery status, motor speed, charging conditions,
and power flow. Based on system requirements, the ECU controls the distribution of electrical energy between
the battery, charger, and motor to achieve efficient operation and protection.

E. Working of Brushless DC (BLDC) Motor

The BLDC motor converts electrical energy from the battery into mechanical rotation. The motor operates
using electronic commutation instead of brushes, which improves efficiency and reduces maintenance. The
rotating motor shaft transfers mechanical power to the axle and wheels for vehicle movement.

F. Working of Regenerative Braking System

During braking or deceleration, the BLDC motor functions as a generator instead of a motor. The kinetic
energy produced by the moving vehicle is converted into electrical energy and sent back to the battery pack
as regenerative current. This process improves overall energy efficiency and reduces power wastage.

G. Working of Differential

The differential receives mechanical power from the motor and distributes it equally to the wheels. During
turning conditions, it allows the wheels to rotate at different speeds, which improves stability, smooth turning,
and traction control. H. Working of Axle The axle transfers rotational power from the differential to the rear
wheels. It supports the vehicle load and ensures smooth transmission of mechanical energy for wheel
movement.

V. RESULT & CONCLUSION:
5.1 RESULT:

The proposed solar-powered transportation system successfully demonstrates the effective utilization of
renewable solar energy for vehicle or railway applications. The photovoltaic (PV) modules efficiently
generated electrical energy from sunlight, and the MPPT controller improved the overall power extraction
efficiency under varying environmental conditions.

The generated energy was stored in the Lithium-ion battery pack and supplied continuously to the BLDC
motor for smooth operation of the system. The BLDC motor delivered reliable mechanical performance with
reduced energy consumption and low maintenance requirements. The automatic charging unit ensured
uninterrupted operation by providing backup charging support from the electric grid whenever solar energy
availability was insufficient.

5.2 CONCLUSION

The proposed solar-powered transportation system presents an efficient, eco-friendly, and sustainable solution
for modern transportation and railway applications. By integrating photovoltaic (PV) modules, MPPT
technology, battery energy storage, BLDC motor drive, automatic charging, and regenerative braking, the
system effectively utilizes renewable solar energy for vehicle operation.
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The MPPT controller improves solar energy extraction efficiency, while the Lithium battery pack ensures
reliable energy storage and continuous power supply. The regenerative braking system further enhances
overall efficiency by recovering kinetic energy during braking and storing it back in the battery. The use of a
BLDC motor reduces maintenance requirements and improves operational reliability due to its high efficiency
and smooth speed control characteristics.

ANALYSIS OF SOLAR-BASED ROOFTOP TRAIN SYSTEM
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fig 2: Result & Conclusion Of Solar based roof top systerh on train
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