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Abstract: - Hydrogen fuel cell is a game changing technology as it uses hydrogen to power the car which has cleaner
and less harmful emissions. Unlike conventional combustion engine vehicles hydrogen fuel cell vehicles are more
efficient and have rage equivalent to that of their combustion engine counterparts and take only 3 to 5 minutes to
refuel. The purpose of this report is to study and analyze the hydrogen fuel cell technology, discuss its origins, its
impact on the environment, its impact globally, examine the pros and cons of thistech, its shortcomings and features. It
also discusses the key components and working of this technology as well asits potential for growth inthe future
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l. INTRODUCTION

A lot of us see reports about the pollution caused by the emissions of combustion cars, the pollution
caused by the manufacture, maintenance and disposal of electric cars. That leaves some of us wondering, is
there a better alternative to these two technologies, one that has all their pros without the cons. Hydrogen fuel
cell, it is a game changing technology as it uses hydrogen to power the car which emits less harmful pollutants
like water vapor and warm air. The key principle that the hydrogen fuel cell operates on is that hydrogen reacts
electrochemically to produce electricity to power the car. In this study and analysis we will explore its origins,
how it works and its impact globally. So lets delve deeper into this fascinating technology

1. IMPLEMENTATION AND WORKING OF HYDROGENFUELCELLTECHNOLOGY

The energy generated in hydrogen fuel cells is thought a chemical reaction. They work in a manner
similar to that of batteries in the aspect that the energy is generated as long as fuel is supplied, and they don’t
need to be recharged. There are 2 electrodes in each fuel cell, an anode and a cathode inserted around an
electrolyte. The electrolyte carries the charged particles between them to perform the reaction. Hydrogen is the
main star of the reaction but it also requires oxygen to combine with in order to produce the electricity. During
this water vapor and warm air are produced as byproducts.

With more development the Hydrogen fuel cell technology can be further fine-tuned to be used for various other
purposes like operating trains, planes, backup power generation, maritime, heavy machinery etc.
The basic way in which the hydrogen fuel cell works is as follows:

. The hydrogen atoms enter at the anode while the oxygen is fed to the cathode.

. Using a catalyst the hydrogen is split into proton and electron at the anode

. After that the protons pass through a membrane to create a by-product of water while the electrons take a
separate path

. and pass through a circuit to generate electricity.
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Fig 1: Innerworkings of a Hydrogen fuel cell stack
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Fig 2: 3-D visual of separation of Hydrogen and oxygen

The main reason behind the recent trend in the participation of the development of hydrogen fuel cell
technology by automotive giants such as BMW and Toyota is that, it is a promising solution for sustainable and
zero emission vehicles The implementation and working of Hydrogen fuel cell technology is sophisticated and a
bit complex however its development and contribution towards lower global emission rates are highly effective.
Also its potential for use in fields other than automobiles is also very high posing to be a highly versatile &
clean source of fuel

I11. PROS AND CONS OF HYDROGEN FUEL CELL VEHICLES
Advancements in sustainable development have led to the development of Fuel Cell Electronic vehicles
(FCEV's), A pioneering advancement that has zero emissions, long driving range and more. However, this
technology also comes with its fair share of disadvantages. These pros and cons should be discussed in detail in
the following section

A. Advantages of Hydrogen Fuel Cell Technology
One advantage of this technology is that its fuel, that is hydrogen is abundantly available through various
sources throughout the universe. It is renewable and hence the solution to our future of zero-emissions

It is a flexible energy source.

By itself hydrogen provides a clean source of energy with the by-product being mainly water. In fact
NASA has also been looking for an opportunity to use hydrogen as a resource with the water being used as
drinking water for astronauts. Hydrogen Fuel Cell Technology is flexible as it has multiple production methods
such as through electrolysis, through biomass etc. Also hydrogen can also be stored for long periods of time
which allows balance of energy demands by storing the excess renewable energy when the demand is high.
Furthermore this Fuel Cell Technology can be scaled up or down depending on application. Small fuel cells can
power individual homes or portable devices while larger ones can supply industrial facilities and communities
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Highly Efficient source of energy

Not only is the fuel cell technology more efficient than a lot of green energy sources, it produces more energy
per pound of fuel. Unlike tradition engines which leak efficiency at bigger or smaller scales fuel cells maintain
high efficiency across a range of sizes. Apart from that it has efficiency is stable across loads, and it also has
lower idle losses Similar to the ICE or Internal Combustion Engines the refueling time of fuel cell technology is
very rapid providing the same flexibility as conventional cars, with the charging times being under 5 minutes

Decentralization of Energy Supply

Hydrogen fuel cell technology has the potential to lower dependence on fossil fuels leading to a more accessible
energy suppls. This shift will also benefit many countries reliant on fossil fuel imports., and with the further
scaling of this technology it could help reduce the impact of rising fossil fuel prices too Apart form this this
technology reduces carbon footprints, has no noise or visual pollution, is versatile and suitable for long range
and use in remote areas as well.

B. Disadvantages of H2 Fuel Cell Technology
Extraction of hydrogen

Hydrogen is the most abundant element in the universe, however it doesn't exist in a free state and is
difficult to obtain. Thus it is captured by the extraction of water through electrolysis or separated from carbon
fossil fuels. Either of the methods requires a significant amount of energy than the hydrogen ultimately
provides, making it costly. Furthermore fossil fuels are used in production of hydrogen which without (CCS) or
Carbon Capture Storage compromises hydrogen's environmental pros.

‘ Infrastructure challenges

{ Economic challenges

A Hydrogen production

HFCVs challenges | Energy efficiency

\ Safety concerns

\ Limited vehicle models

\ Competition from battery electric vehicles

Fig.3 HFCVs' main challenges.
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Fig.4 In the fuel cell of an FCEV, hydrogen and oxygen generate
electrical energy. This energy is directed into the electric motor
and/or the battery, as needed.
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Capital required for the technology

This technology requires substantial investment for development to a level where it is a viable energy source.
Political commitment and global efforts are also a priority in order to enhance and mature the technology.
Therefore the success of establishing hydrogen as a widespread and sustainable technology lies in building a
cost-effective and supply-and-demand chain in the most economically effective manner.

Servicing of HFCEV'S

Dealership services are required to take certain specific safety precautions for the servicing of HFCEV's. These
HFCEV's like a regular electric car also contain a battery pack but along with it also feature one or more
reinforced carbon-fiber thanks constructed to store hydrogen at a high pressure of upto 10,000 pis (700 bar) .
The maintainance that doesnt require operating on the fuel cellstack or related components is similar to that of a
conventional car. However for the servicing dealing with these parts there are specific regulations.

An example of these regulations are the ones specified by the state of california, requiring the draining of the
tanks to outdoor areas safe distance from buildings. All in all the servicing of these HFCEV's comes with a
hefty price tag

IV. LIMITATIONS OF HYDROGEN FUEL CELLS
Production cost and energy intensity: The extraction of hydrogen from any source such at fossil fuels or
through electrolysis all require a significant amount of energy more than what is ultimately returned by its
extraction
Building of Infrastructure: Hydrogen refueling stations are not as widespread or abundant outside certain
areas, regions or countries. Expanding, developing and scaling this infrastructure is time consuming and
extremely costly posing as a barrier to the use of this technology to its fullest potential.
Storage and Transportation issues: The storage of hydrogen iis complex as it is required for it to be stored at
very low temperatures and needs specialized containment systems for safe transport and storage
Safety concerns: Due to its small molecular size it can leak easily and since its also highly flammable this can
be a hazard making it hard to store. As a result handling it requires strict safety protocols particularly during
refueling and maintenance

HYDROGEN COMBUSTION VEHICLES, A BETTER ALTERNATIVE?

* A Hydrogen combustion vehicle is very similar to a gasoline one, it works sounds and operates just like it
except it burns hydrogen and produces no noxious emissions.

» The advantage of these hydrogen combustion vehicles is that it can allow automotive brands to utilize and
expand on the current existing combustion engine designs allowing the easier adaptation of this technology,
rather than developing new powertrains from scratch.

* Further more in order to fuel these new cars running on hydrogen combustion technology the existing gas
stations can be altered to be able to provide hydrogen fueling options making the setup of infrastructure for this
technology far easier.

* Another added advantage is that the driving experience, since these cars are very similar to gasoline cars they
offer a similar driving experience as well in terms of engine, gears, the characteristic noise, making the
transition seamless and smooth.

» Additionally since the combustion of hydrogen is very fast these engines are highly responsive and have an
immersive feel.

However this technology has some major setbacks as well

« Unfortunately these hydrogen combustion cars are a lot more complex than the hydrogen fuel cell cars which
are relatively simple working on reliable electric motors and fuel-cell systems. Its similarity with gasoline cars
while being a blessing is also a setback as it means it has a lot of moving parts which means more frequent visits
to the repair shop over time

* Along with that the drivers will also face the same disadvantages of the hydrogen fuel cell technology,
meaning expensive pressurized hydrogen storage tank and infrastructure limitations.

DOI: 10.35629/8185-10062027 www.questjournals.org 23 | Page



Study and Analysis of Hydrogen Fuel Cell technology, its implementation in cars and its impact globally

V. COMPONENTS OF AHYDROGEN FUELL CEL CAR
Battery (auxiliary) : A low-voltage battery which provides the power to start the vehicle before the main
traction battery engages It also powers the lights and entertainment systems
Battery Pack: A high voltage battery that stores the energy generated from braking and supplies this power to
the electric motor
High Setup Costs: Due to the complex nature of production DC/ DC Converter: It converts the high voltage
DC power from the
and implementation of hydrogen fuel cell systems it has high initial investments required. However this has
potential to reduce with advancement in technology.

Electric Traction Motor: Utilizes the power from the fuel cell and traction battery to power the vehicles
wheels some vehicles use motor generators that do both drive and regeneration functions.

Fuel Cell Stack: Collection of membrane of electrodes where the hydrogen and oxygen combine to generate
electricity.

Fuel Filler: This is a nozzle that attaches to the receptacle on the vehicle from the fuel dispenser to fill the tank
Fuel Tank (hydrogen): The hydrogen is stored in this tank under high pressure till it is needed by the fuel cell
Power Electronics Controller: This controls the speed of the traction motor by controlling the energy from the
fuel cell stack and traction battery.

Thermal Cooling system: Maintains the right cooling temperatures for components like the fuel cell, electric
motor, power electronics and other essential components.

Transmission (Electric): This transfers the mechanical power from the electric traction motors allowing
moment.

GLOBAL PROGRESS TOWARDS DEVELOPMENT OF FCEV'S
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Fig.5 The global HFCVs as apercentage of the total vehicles

The global support for development and transition to hydrogen fuel cell cars to lower greenhouse gas emissions
and to adopt cleaner sources of fuel. Some countries and automotive brands which have been at the forefront of
this development and expansion are the following:
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Fig.6 Internal Components of a HFCV.

» The Korean government of the republic of Korea too has been actively promoting hydrogen as a cleaner
alternative of fuel as it targets 6.2 million hydrogen vehicles on the road by 2040. Hyundai leads the HCFV
production with the models such as the NEXO supported by investments in the infrastructure required for this
technology including refueling stations

* Germany in its efforts of promoting this technology and as a part of its clean energy transition offers financial
incentives for purchasing fuel cell vehicles. Companies such as BMW and Audi are making their own efforts to
develop hydrogen-powered concepts and gradually expanding refueling stations as well.

* In the US California is leading the movement of HCFV implementation with full force with a widespread
network of hydrogen fueling stations statewide. Brands like Toyota, Honda and Hyundai also offer fuel cell
models in certain regions.

* China is also heavily investing in hydrogen technology with an aim for over 1 million HCFV's on the road by
2030. Chinese automakers like BYD and Geely are also partnering with the government for support for building
hydrogen refueling infrastructure.

* Various other countries are also making efforts to adopt HCFV's although the deployment scale matter,
however their goals align with global moment toward sustainable, low-carbon transportation alternatives.

All of these movements and development indicate a steady global shift towards the cleaner Hydrogen fuel
technology in some form or another in pursuit of sustainable, low-emission transportation solutions.
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Fig.7 The percentage of used HFCVs fo the total number of vehicles for
the year 2021
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Fig.8 The percentage of used HFCVs to the total number of
vehicles for the year 2021

VIl. FUTURE OF HYDROGEN FUEL CELL TECHNOLOGY
The current availability of HCFV's is limited with a handful of models from brands like Toyota, Hyundai,
Honda, Mercedes-Benz and Audi. Significant investment and development has been done by these brands to
brind HCFV's to the market. However production volumes remain low compared to other vehicles due to
reasons such as high manufacturing cost, limited hydrogen refueling infrastructure and needs more
technological advancements.

One of the major challenges for the HCFV market is the lack of robust hydrogen infrastructure. The hydrogen
refueling systems are still limited in number, however with governments, automakers and energy companies
working in collaboration to construct more refueling stations, especially in the regions where HCFV's are
gaining momentum.

However in industries where long driving ranges and quick refueling are required HCFV's are gaining traction
as these vehicles align well there. They are gaining interest in industries that have commercial fleets,
government agencies and certain regions with focus on hydrogen energy. Despite the barriers efforts are bound
to reduce the challenges we face one at a time as the infrastructure improves and costs reduce

Hence, as this technology advances and becomes more affordable HCFV's are bound to gain consumer appeal,
especially in commercial fleets and government sectors that require long range, zero-emission vehicles with
quick refueling The continued focus on stability and increasing urgency to reduce carbon emissions will
contribute tho the goat of zero-emission vehicles like HFCV's.

Further more automakers energy companies and stakeholders are increasingly forming strategic alliances to
speed up the adoption of HFCV's. These partnerships help in joint development, infrastructure expansion,
knowledge sharing and create a positive feedback loop where growth in tech supports further vehicle adoption
leading to more innovation and investment.

VIIl. CONCLUSION
The current market for HCFV's is still under development, facing challenges such as infrastructure gaps and
limited availability. However, there is significant optimism for the future due to several key factors:

» Advancements in fuel cell technology

* Supportive government policies

* Collaborative efforts

* Increasing consumer awareness & interest

The future holds strong potential for this technology as it continues to enhance, improve while
supportive policies are made along with the collaborative efforts to build the necessary infrastructure, HFCV's
can become a viable and sustainable transportation option. As the widespread adoption would aid the efforts to
decarbonize the automotive industry and reduce global reliance on fossil fuels driving the automotive industry
into a new era of clean energy.
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