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ABSTRACT

Hydrogen is an energy source that could literally prevents millions of tons of emissions from polluting our air. Hydrogen
is most plentiful element most known to humanity. Since we are dependent mostly on imported oil, fossil fuels and some
alternative fuels, it is polluting nature as well as creating global warming. Because of this reasons, scientist are
nowadays harnessing power through fuel cells using hydrogen as fuel in a fuel cell. A supply of power from fuel cell is so
clean, so quiet, and so safe that could be located right in the middle of your polluted city or even in back of your yard.
It’s a device with no moving parts that can power the electricity utilities to motor vehicles. It seems fantasy but it’s not.
It’s a future just around the corner and it’s called the Fuel cells.
KEYWORDS: Introduction, Hydrogen Production, Electrolysis, Types of fuel cells, PEM Fuel Cell, Applications,
Emissions from fuel cell, Future scope of fuel cell vehicles, Efficiency.

INTRODUCTION
From many past years, the world is dependent on petroleum and other fossil fuels for power generation.
Although it is non renewable source of energy, it has already consumed to greater extent. The use of fossil
fuel had caused lots of pollution from many years by producing harmful gases like CO2, NOx, HC and some
other gases. Because of that we are facing problem of global warming. There were some alternatives came
into picture like biodiesel, natural gases, biomass but, they were not sufficiently proven to better in low
emission of gases. We all know, we have many renewable resources like solar, wind, ocean, thermal,
hydroelectricity. It’s better to depend on renewable energy in all operations. But what makes us dependent on
only renewable resources? The answer is Fuel Cells. Every fuel cell has two electrodes, one positive and one
negative, called, respectively, the anode and cathode. The reactions that produce electricity take place at the
electrodes. Every fuel cell also has an electrolyte, which carries electrically charged particles from one
electrode to the other, and a catalyst, which speeds the reactions at the electrodes.  Hydrogen is the basic fuel,
but fuel cells also require oxygen. One great appeal of fuel cells is that they generate electricity without
pollution and it’s because hydrogen and oxygen used in generating electricity which ultimately combined to
form a harmless byproduct, namely water and heat. This byproduct again can further be utilized for any other
applications. One detail of terminology: a single fuel cell generates a tiny amount of direct current (DC)
electricity. In practice, many fuel cells are usually assembled into stack to for generating huge amount of
electricity. Fuel cell technology has become increasingly popular with facilities looking to implement an
environmentally-friendly electric power generation system without sacrificing efficiency, availability and
performance. Fuel cells make much more efficient use of fuels than other distributed generation technologies
such as reciprocating engines and gas turbines, and generate virtually no pollution and with availability ratings
better than 90%. Fuel cells have been used in NASA space-craft since the Gemini program in the 1960’s and
even today they provide electricity and drinking water for astronauts on Space Shuttle flights. And it is
predicted that by 2025, the global warming effect caused by burning of fossil fuels will be reduced by 50%
and more when fuel cell will be used in power generation. There are different types of fuel cells each having
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different type of electrolyte and catalyst working at different temperature ranges. They are Alkaline,
Phosphoric acid, Proton Exchange Membrane, Solid Oxide and Carbonate fuel cell.

HYDRODGEN PRODUCTION
Fig. 1 shows electrolysis process for production of hydrogen gas. Electrolysis is a promising option for
hydrogen production from renewable resources. Electrolysis is the process of using electricity to split water
into hydrogen and oxygen. This reaction takes place in a unit called an electrolyzer. Electrolyzers are
available in various sizes.

Fig 1: Electrolysis of water producing hydrogen gas
The Fig. 2 shows different sources and methods available for hydrogen production [5]. These methods are
Steam reforming, Partial Oxidation, Coal and Petroleum Oxide. These methods have high efficiency for
producing hydrogen gas. But the disadvantage is that these methods require high temperature and very
expensive equipments and plants for production of hydrogen. The other methods are electrolysis with
subdivisions chemically assisted electrolysis i.e. organic solution assisted electrolysis, radiolysis. thermo
chemical cycle, ferrosilicon method, photo biological water splitting, photo catalytic water splitting , bio
hydrogen routes, fermentative hydrogen production, enzymatic hydrogen generation, bio catalyzed
electrolysis and xylose. Among all to the above methods, electrolysis using Photo voltaic cell and Wind
energy methods are best and are more cheap and cleanest form of Hydrogen production with zero emissions.
The byproduct is only water and heat; however, byproduct also got utilized for reprocessing. At present,
Steam reforming is utilized in industries with 80% production efficiency. But the growth of using solar energy
is increasing day by days, so in future; hydrogen is mostly expected to produce through electrolysis for
making use in almost many operations.

Fig 2: Different source and methods of Hydrogen Production
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STEAM REFORMATION
Fig 3 shows steam reforming process. For this process at high temperatures (700–1100 °C), steam (H2O)
reacts with methane (CH4) in an endothermic reaction to yield gas.

Gasification: CH4 + H2O → CO + 3 H2

In a second stage, additional hydrogen is generated through the lower-temperature, exothermic water gas shift
reaction, performed at about 360 °C:

CO + H2O → CO2 + H2

Fig 3: Steam reforming plant for hydrogen production

COST OF PRODUCTION OF HYDROEN GAS
Indian solar PV power tariff has fallen to ₹2.44 (3.8¢ US) per kWh in May 2017 which is lower than any other
type of power generation in India. In the year 2016, the levelized tariff in US$ for solar electricity has fallen
below 2.42 cents/kWh which is far cheaper than the fuel cost incurred by coal based power plants in
India[12].

Fig 4: Solar thermal power plant with a field of
Heliostats and a Central solar power tower.

Solar thermal power plants with thermal storage are emerging as cheaper (US 6.1 ¢/kWh) i.e. (Rs. 3.91) and
clean load following power plants compared to fossil fuel power plants. They can cater the demand round the
clock perfectly and work as base load power plants also when the extracted solar energy is found excess in a
day. Proper mix of solar thermal and solar PV can fully match the load fluctuations without the support of
costly battery storage or costly non solar power plants with dispatch ability and reliability.

Hydrogen gas produced using electricity or by chemical reactions from different methods and process can be
utilized either directly into the IC engines of vehicles along with the addition of additive fuels, or it can be
used in Fuel cells to produce electricity and to run electric motor to power the vehicles, industries or any
organizations. The different types of fuel cells along with their characteristics available are as tabulated below
[9].
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Fig 5: Types of Fuel Cells and their characteristics

WORKING OF POLYMER ELECTROLYTE FUEL CELL

Fig 6: Polymer Electrolyte Membrane Fuel Cell

Cathode: O2 + 4H+ + 4e– → 2H2O
Anode: 2H2 → 4H+ + 4e–
Overall: 2H2 + O2 → 2H2O

In PEMFC [1], Hydrogen gas is passed to anode from the hydrogen tank and oxygen is passed to cathode
from atmosphere. When the hydrogen reacts with anode catalyst, it breaks into electrons and protons. The
protons moves to electrolyte and electrons travels to external load circuit providing electricity and then moves
to cathode where it react with hydrogen coming from electrolyte and oxygen from atmosphere. At cathode,
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hydrogen oxygen protons and electrons combined to form water and heat as byproduct which is simply a clean
and nonhazardous to environment.

APPLICATIONS

Fig 8: Applications of hydrogen and fuel cells

Fuel cells can be used into three broad areas: portable power generation, stationary power generation, and
power for transportation.

Fig 9: Hydrogen power Fuel Cell Vehicle

EMISSIONS FROM DIFFERENT VEHICLES

Fig 10: Emissions from Hydrogen Fuel Cell Vehicles
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According to Fig 10, it is seen that the equipments and vehicles that uses fossil fuels and gasoline, are
generating so much CO2 emissions compare to the emissions produced by fuel cell vehicles [2]. However, in
practical, the fuel cell vehicles generate only water and heat.

FUTURE SCOPE OF FUEL CELL VEHICLES

Fig 11: Sales of Fuel Cell vehicles in future

Fig 12: Growth in sales of Hydrogen Fuel Cell Vehicles

As we already discussed, day by day regular use of petroleum, fossil fuels had created lots of pollution by
emitting harmful gases like CO2, NOx, HC, SO2 and etc. which had directly made impact on human health as
well as to the environment. The Global warming is day by day increasing because of emissions and pollution
created by various sectors [7]. Taking all into considerations, many countries made huge investment to bring
clean and renewable source of energy for power generation. After many research and calculations, they came
to conclusion that hydrogen can be used as best fuel for future. The simple example of is hydrogen powered
fuel cell vehicles used in transportation. Similarly, hydrogen can be utilized in stationary fuel cell stations to
generate electricity and it can also be used for cogeneration i.e. generation of electricity and heat together.
Because of the above reasons, it can be assume that the future will be the era of fuel cell vehicles, fuel cell
powered industries and fuel cell powered appliances. In future, the hydrogen fueling stations are expected to
available everywhere so that it will be easy for us to bring it and utilize into fuel cell whenever electricity is
needed. The fuel cell works very silently without any noise and emissions; therefore, we can use it beneath the
bed also and can generate electricity to run our electrical appliances.
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EFFICIENCY OF FUEL CELL VEHICLES
Since fuel cell is not like a battery where chemical reaction takes places in container which is already filled
with chemicals. But, fuel cell is a device which uses hydrogen gas from outside and produce electricity.
Unlike the battery, the fuel cell won’t get discharge and do reduction in power output. Instead, fuel cell
continuously provides the same power output as long as fuel is supplied to it. Fuel cell can run automobile,
aircraft, marine, boat, etc as well as other machines with higher efficiency, less noise and without emissions.
From the fig  , it can be seen that the efficiency of fuel cell is higher compared to diesel, petrol engine at
normal load range. For high load range, we can go for hydrogen because its efficiency is high at all time and
no emissions will be there when hydrohen gas is used in vehicles because it is highly combustible. All
hydrogen gas will burnt in IC engines,therefore no emissions or negligble emision will be there. Different
types of fuel cell have different efficiencies which has already mentioned in table no. According to Fig. 13,
World Energy Council, this compares with a maximum theoretical efficiency of 58% for internal combustion
engines whereas the fuel cell has efficiency of 83% for fuel supplied to power output ratio [1].

Fig 13: Comparative study of efficiency v/s load of different vehicles

RESULTS AND DISCUSSIONS
Cost, performance, safety and durability are still key challenges in the fuel cell industry [15].. The cost of
platinum used in fuel cell should be reduced. The performance of fuel cell should high and for that research is
going on. The durability of fuel cell is 40000 hours to 50000 hours under real operating condition. In the most
demanding applications, realistic operating conditions include impurities in the fuel and air, starting and
stopping, freezing and thawing, and humidity and load cycles that result in stresses on the chemical and
mechanical stability of the fuel cell system materials and components. R&D focuses on understanding the fuel
cell degradation mechanisms and developing materials and strategies that will mitigate them. The hydrogen
needed for fuel cell cost is still high. It should be reduced. The hydrogen being highly combustible and light
density gas, storage of it is still expensive. But anyways, research and development teams from many
countries likes USA,UK ,India are doing research on bringing hydrogen and fuel cell power vehicles in future
with less maintenance and operating cost along with high safety and ease of use.
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CONCLUSIONS
Hydrogen powered and fuel cell vehicles are made many times by different companies like Ford, Toyota. But
they are not in mass production. It was only a demo. As we know hydrogen is not a resource that is already
available on earth. But it can be produced by using renewable sources of energy like wind and solar energy.
Currently, the hydrogen gas is being prepared by methane or fossil fuels.  By integrating wind and solar to
hydrogen production plant, plenty of hydrogen can be produced at low cost and in huge quantity. But the use
of hydrogen has low output energy unit volume, high fuel tank size, high pressure of hydrogen gas into tank
are issue. However, if these problems will get solved, then, I think government will may implant the law to
use only hydrogen fuel cell vehicles in future because of no emissions and low operating and maintenance
cost.
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