Rmiadt

SO TY
A
@25" International Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 09 Issue: 04 | April - 2025

SJIF Rating: 8.586

ISSN: 2582-3930

Hydrogen Fuel Cell Vehicles: A Sustainable Solution for Future Transportation

Ms. Kamble K M., Ms. Kanbaskar V.R. ,Ms. Mane S.R.,Ms. Margur V.G.,Ms. Nanna S.K.,Ms.Jagdale

Electrical Engineering and Shri Siddheshwar Women s polytechnic, solapur
Electrical Engineering and Shri Siddheshwar Women's polytechnic, solapur
Electrical Engineering and Shri Siddheshwar Women'’s polytechnic, solapur
Electrical Engineering and Shri Siddheshwar Women's polytechnic, solapur
Electrical Engineering and Shri Siddheshwar Women's polytechnic, solapur
Electrical Engineering and Shri Siddheshwar Women'’s polytechnic, solapur

ABSTRACT

The increasing demand for clean and sustainable energy
sources has led to the development of alternative fuel
technologies in the transportation sector. One such promising
technology is the hydrogen fuel cell, which produces energy
through a chemical reaction between hydrogen and oxygen,
with water as the only byproduct. This project focuses on
designing and constructing a hydrogen fuel-based vehicle
prototype, analyzing its performance, and highlighting its
potential for future use in the automobile industry. The
objective is to reduce environmental pollution, decrease the
reliance on fossil fuels, and promote green energy solutions.
The vehicle is powered by a hydrogen fuel cell connected to
an electric motor, offering efficient energy conversion and
emission-free operation. This paper discusses the working
principle of the fuel cell, construction of the vehicle,
performance results, and challenges faced during
development. The findings suggest that hydrogen fuel-based
vehicles can play a key role in sustainable transportation,
given further advancements in technology and infrastructure.
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1L INTRODUCTION

In today's world, one of the major challenges we face is
environmental pollution caused by fossil fuel-powered
vehicles.  With increasing concerns about global
warming, air pollution, and limited fossil fuel resources, there
is an urgent need to adopt alternative energy sources.
Hydrogen, being the most abundant element in the universe,
is a clean and renewable energy source that can be used to
power vehicles without producing harmful emissions.
Hydrogen fuel cell vehicles operate by converting
hydrogen gas into electricity, which then powers an electric
motor. The only byproduct of this reaction is water vapor,
making it a zero-emission technology.

This project aims to develop a small-scale hydrogen fuel-
based vehicle to understand the basic working mechanism,
performance characteristics, and feasibility of hydrogen as a
fuel in real-world conditions. The project not only provides
hands-on experience in building an eco-friendly vehicle but
also supports the vision of promoting sustainable and green
transportation for the future.
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Obijective

1. To develop a working model of a hydrogen fuel-
based vehicle.

2. To understand the hydrogen fuel cell technology. To
analyze the performance, efficiency, and
sustainability of the model.

3. To promote awareness about clean energy
transportation  solutions. To explore possible
limitations and suggest improvements for future
development.

Literature Review

Hydrogen fuel cell technology has been studied
extensively over the past few decades. Research shows
that hydrogen vehicles are more efficient than internal
combustion engines and do not emit carbon dioxide.
Automakers like Toyota and Hyundai have already
introduced hydrogen fuel cell vehicles (e.g., Toyota Mirai,
Hyundai NEXO) in the market. However, widespread
adoption is limited due to the high cost of fuel cells,
limited hydrogen refueling infrastructure, and storage
challenges.

Studies also indicate that combining hydrogen with
renewable energy sources like solar or wind can create a
clean energy cycle. Recent advancements in metal hydride
storage, electrolyzers, and membrane technology have
improved the practicality of hydrogen fuel systems, but
large-scale deployment still requires policy support and
investment.

Working Principal of Fuel Cell

A hydrogen fuel cell works by converting chemical energy
into electrical energy. It consists of two electrodes an anode
and a cathode-separated by a proton exchange membrane
(PEM). Hydrogen gas enters the anode, where it is split into
protons and electrons. The protons pass through the
membrane while the electrons travel through an external
circuit, creating electricity. At the cathode, the protons and
electrons combine with oxygen from the air to produce water
and heat. This process is clean, silent, and highly efficient,
making hydrogen fuel cells a great choice for green vehicles.
The only emission from the process is water vapor.
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Methodology

4. Design Phase: A lightweight vehicle frame was
designed using simple materials suitable for a small-
scale model.

5. Component Selection: Components included a
hydrogen fuel cell (PEM type), an electric motor,
hydrogen storage cylinder, wheels, and electronic
controllers.

6. Assembly: The fuel cell was connected to the motor
through a controller. Safety measures were
considered for handling hydrogen gas.

7. Testing: The vehicle was tested under different
conditions for parameters like distance, speed,
energy consumption, and emissions.

Results and Discussion:

8. The prototype vehicle ran successfully on hydrogen
fuel.

9. The motor showed consistent performance during
short trials.

10. Water vapor was the only emission observed.

11. Energy efficiency was higher compared to
traditional internal combustion engines.

12. Challenges included hydrogen storage limitations,
fuel cell cost, and handling safety.

13. The vehicle demonstrated the viability of hydrogen
as a sustainable energy source.

Advantages of Hydrogen Fuel Vehicles:

1. Zero Emissions: No harmful gases are released, only
water.

2. Quiet Operation: Fuel cells operate silently,
reducing noise pollution.

3. Energy Efficiency: Higher efficiency than gasoline
engines.

4. Renewable Fuel: Hydrogen can be produced from
renewable sources.
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Limitations and Challenges References
1. Storage Issues: Hydrogen is difficult to store and [1] “"Hydrogen Fuel Cell Technology”, Journal of
transport. Renewable Energy, 2022.
2. Cost: .Fuel cells and hydrogen systems are 2] Toyota Mirai Official Website:
expensive.

https://www.toyota.com/mirai

3. Infrastructure: Lack of hydrogen refueling

stations. [3] U.S. Department of Energy - Hydrogen and Fuel

Cells: https://www.energy.gov/eere /fuelcells

4. Safety: Hydrogen is flammable and needs
careful handling.

Conclusion:
Hydrogen fuel-based vehicles are a promising solution for

eco-friendly transportation.

This project demonstrates the feasibility and benefits of using
hydrogen as a clean fuel source. The working prototype
proved that hydrogen-powered vehicles can operate
efficiently with zero emissions. While there are still some
technical and infrastructure-related challenges, hydrogen has
the potential to become a key fuel of the future. With further
research, development, and government support, hydrogen
vehicles could play a major role in reducing environmental
pollution and achieving sustainable mobility.

Future Scope

Enhancing fuel cell efficiency and reducing production costs.
Developing advanced hydrogen storage technologies.
Combining hydrogen with solar or wind energy systems.

Designing hydrogen-powered public transportation and
commercial vehicles.

Promoting government and private sector collaboration
for infrastructure development.
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