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The Forewords



Why Hydrogen…?



About Hydrogen

• Hydrogen, being the first element in the periodic table consisting of only one
proton and one electron, is the simplest and most copious element on earth.

• It has the capability to store and deliver usable energy, but it doesn't typically
exist by itself in nature & must be produced from compounds that contain it.

• Hydrogen can be extracted from various resources – most hydrogen that we
use is produced from fossil fuels, specifically natural gas. Renewable sources
such as biomass, geothermal, solar or wind can also be used to produce
hydrogen.

• Solar energy and biomass, in long run, can be used more efficiently to
generate hydrogen, with the advancement of technologies and make the
production methods cost effective as well.

• Though Hydrogen is not an energy in itself, it is an energy carrier and has the
potential to deliver or store a tremendous amount of energy. It can be used
to generate electricity, or power and heat.

• Hydrogen has the potential to be used in multiple applications in almost
every sector such as producing electricity, transportation, energy for
commercial, residential as well as industrial usage, etc.

• Due to their high efficiency and zero-or near zero-emissions operation,
hydrogen and fuel cells have the potential to reduce greenhouse gas
emission in many applications. Energy Department-funded analysis has
shown that hydrogen and fuel cells have the potential to achieve the
reductions in emissions.



Advantages of Using Hydrogen
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• It is readily available. It is a basic earth element and is very abundant. However, it is time consuming to separate hydrogen gas
from its companion substances. While that may be the case, the results produce a powerful clean energy source.

• It doesn’t produce harmful emissions. When it is burned, it doesn’t emit harmful substances. Basically, it reacts with oxygen
without burning and the energy it releases can be used to generate electricity used to drive an electric motor. Also, it doesn’t
generate carbon dioxide when burnt, not unlike other power sources.

• It is environmentally friendly. It is a non-toxic substance which is rare for a fuel source. Others such as nuclear energy, coal and
gasoline are either toxic or found in places that have hazardous environments. Because hydrogen is friendly towards the
environment, it can be used in ways that other fuels can’t even possibly match.

• It can be used as fuel in rockets. It is both powerful and efficient. It is enough to provide power for powerful machines such as
spaceships. Also, given that it is environmentally friendly, it is a much safer choice compared to other fuel sources. A fun fact:
hydrogen is three times as powerful as gasoline and other fossil fuels. This means that it can accomplish more with less.

• It is fuel efficient. Compared to diesel or gas, it is much more fuel efficient as it can produce more energy per pound of fuel. This
means that if a car is fueled by hydrogen, it can go farther than a vehicle loaded with the same amount of fuel but using a more
traditional source of energy. Hydrogen-powered fuel cells have two or three times the efficiency of traditional combustion
technologies. For example, a conventional combustion-based power plant usually generates electricity between 33 to 35 percent
efficiency. Hydrogen fuel cells are capable of generating electricity of up to 65 percent efficiency.

• It is renewable. It can be produced again and again, unlike other non-renewable sources of energy. This means that with hydrogen,
you get a fuel source that is limited. Basically, hydrogen energy can be produced on demand.



Barriers of Using Hydrogen
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• It is expensive. While widely available, it is expensive. A good reason for this is that it takes a lot of time to separate the element
from others. If the process were really simple, then a lot would have been doing it with relative ease, but it’s not. Although,
hydrogen cells are now being used to power hybrid cars, it’s still not a feasible source of fuel for everyone. Until technology is
developed that can make the whole process a lot simpler, then hydrogen energy will continue to be an expensive option.

• It is difficult to store. Hydrogen is very hard to move around. When speaking about oil, that element can be sent though pipelines.
When discussing coal, that can be easily carried off on the back of trucks. When talking about hydrogen, just moving even small
amounts is a very expensive matter. For that reason alone, the transport and storage of such a substance is deemed impractical.

• It is not easy to replace existing infrastructure. Gasoline is still being widely used to this day. And as of the moment, there just isn’t
any infrastructure that can support hydrogen as fuel. This is why it becomes highly expensive to just think about replacing gasoline.
Also, cars need to be refitted in order to accommodate hydrogen as fuel.

• It is highly flammable. Since it is a very powerful source of fuel, hydrogen can be very flammable. In fact, it is on the news
frequently for its many number of risks. Hydrogen gas burns in air at very wide concentrations – between 4 and 75 percent.

• It is dependent on fossil fuels. Although hydrogen energy is renewable and has minimal environmental impact, other non-
renewable sources such as coal, oil and natural gas are needed to separate it from oxygen. While the point of switching to
hydrogen is to get rid of using fossil fuels, they are still needed to produce hydrogen fuel.

• Transportation of hydrogen is complex process. The transportation itself may enhance the overall cost.

• Extracting hydrogen is a tough process. It always exists in conjunction of any other element such as water and thus needs to be
separated from the element.



Hydrogen as a Fuel and other Potential Applications
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• Hydrogen is considered an alternative fuel. It is due to its ability to power fuel cells in zero-emission electric vehicles, its potential
for domestic production, and the fuel cell's potential for high efficiency.

• A fuel cell coupled with an electric motor is 2 – 3 times more efficient than an internal combustion engine running on gasoline.

• Hydrogen can also serve as fuel for internal combustion engines. The energy in 2.2 pounds (1 kilogram) of hydrogen gas contains
about the same as the energy in 1 gallon (6.2 pounds, 2.8 kilograms) of gasoline.

Potential Applications of Hydrogen Energy

• Production of electricity, heat and water for
various end uses

• Industrial applications

• Vehicular transportation

• Residential applications

• Commercial applications, including in telecom
towers for providing back-up power



Types of 
Hydrogen



Green, Blue and Black-Brown Hydrogen
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GREEN HYDROGEN

• In the kaleidoscope of hydrogen colors, green hydrogen is the clearest form of hydrogen which is
produced with on emission of harmful greenhouse gasses.

• Green hydrogen is made by using electrical current to separate hydrogen from oxygen in water, effusing
0 carbon dioxide in the process.

• However, this process being expensive, green hydrogen comprises a very small percentage of overall
hydrogen.

BLUE HYDROGEN

• Another type of hydrogen is blue hydrogen which is apparently cleaner form, next to green hydrogen.

• It is obtained through the process called steam reforming, which brings together natural gas and heated
water in the form of steam.

• As a result of which we get hydrogen– but also Co2 as a by-product; however, the emission is curtailed
by carbon capture and storage. Though it reduces the emission of Carbo dioxide to a significant amount
but is far from being emission-free.

BLACK AND BROWN HYDROGEN

• Black and brown hydrogen are in absolute contrast with the green hydrogen and are extremely
hazardous for the environment, as they are produced using black coal or lignite (brown coal).



Pink, Grey and Turquoise Hydrogen
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PINK HYDROGEN

• This form of hydrogen is generated through the process of electrolysis using nuclear fission powered
reactors to generate electricity.

• It is unsustainable and least preferred options in the industry. It causes biological hazards as the
radioactive wastes are dumped in the ocean.

• It is often referred to as purple hydrogen or red hydrogen.

GREY HYDROGEN

• It is the most commonly used, form of hydrogen production.

• It is created from natural gas, or methane, using steam methane reformation but without capturing the
emitted green-house gasses in the process.

TURQUOISE HYDROGEN

• It is a new addition to the hydrogen color palette and is yet to be proven at scale.

• Turquoise hydrogen is made using a process called methane pyrolysis to produce hydrogen and solid
carbon.



Why to Go for Green 
Hydrogen

• ‘Decarbonizing the planet’ - been set as the
major goal to be achieved by 2050 by most of
the countries.

• One of the keys to achieve this is to reduce
the carbon emission, therefore production of
element such as green hydrogen becomes
necessary.

• Process of obtaining green hydrogen would
prevent emission of approximately 830 MT of
carbon dioxide annually, which are released
when this gas is produced using fossil fuel.

• Green hydrogen can be stored which is
produced in the process, in tanks or fuel cells
that can be converted into electricity.

• Alternatively, it can also be used to produce
synthetic methane and solve the storage
problem in a renewable energy-dominated
power sector.





Initiatives by Govt. of India



Hydrogen Energy: Adoption in India
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• India has grabbed the opportunity to make green hydrogen as the key point of its future strategy to reduce emissions. Under the
Green Hydrogen Mission, several pilot projects including the infrastructure, supply chain, research and development etc. has been
identified.

• An approximate investment of Rs 800 crores has been proposed for 2021 to 2024. It aims to leverage the country’s landmass and
low solar and wind tariffs to produce low-cost green hydrogen and ammonia for export to Japan, South Korea, and other countries
in Europe.

• Considering the unprecedented hike in the fuel price, owing to several geo-political factors, energy security has been a major area
of concern for all.

• The ever-increasing demand for fuel and India’s dependency on imported crude oil including its increasing price has brought
hindrance in overall economic activities of the country.

• India’s annual energy import cost is in excess of USD 123 billion in 2019; more than 82% of this cost is consumed in importing crude
oil and natural gas. Therefore, this project can lead India to a new realm of self-dependence.

• Moreover, under this project India is building is capacity to be the major exporter of hydrogen and meet the global demand of it.
Therefore, it is in a position to become the beneficiary of this new global trade of energy.

• As a part of Union Budget 2021 – 22, the Govt. of India, National Hydrogen Mission (NHM) to pave the road map for hydrogen as a
new energy regime. The programme has been launched with the intention to alter the status of India of being dependent on other
countries for energy.

• The initiative has the potential of transforming transportation. National Hydrogen Mission (NHM) initiative aims to capitalize
hydrogen for best alternative fuel option in India for the future.



Govt. of India Initiatives and Policies 
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• The Ministry of Non-Conventional Energy Sources has supported demonstration
project through ‘Indian Oil Corporation’ and ‘Society of Automobile Manufacturer’.

• The first demonstration project was initiated to set up a hydrogen dispensing station
by India Oil Corporation at their own petrol pump.

• Second demonstration project was introduced by SIAM in association with several
private automobile enterprises.

• 7 vehicles were introduced for field trial based on 18% hydrogen blended with CNG.

• Ministry of New and Renewable Energy is supporting a broad-based Research
Development and Demonstration projects on different aspects of Hydrogen energy
technologies including hydrogen production, storage and usage.

• In 2006, a National Hydrogen Energy Board was constituted, and a National Hydrogen
energy Road Map(NHREM) was introduced to accelerate the development in the
hydrogen sector.

• It covered all aspect of hydrogen energy starting from its production to its storage,
transport, delivery, application, codes and standards of public awareness etc.

• It set a target of one million vehicle based on hydrogen energy and 100MW of power
generating capacity based on hydrogen energy by 2020.



National Hydrogen Mission
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National Hydrogen Mission (NHM) is the first scientific project in India to 
address all aspects of value chain of hydrogen-based mobility

• The mission of this Program is to reduce petroleum use, greenhouse gas
emissions, and air pollution and to contribute to a more diverse and efficient
energy infrastructure by enabling the widespread commercialization of hydrogen
and fuel cell technologies.

• The Program's key goals are to advance these technologies—through research,
development, and validation efforts—to be competitive with current technologies
in cost and performance, and to reduce the institutional and market barriers to
their commercialization.

• The program has been launched with the intention to alter the status of India of
being dependent on other countries for energy.

• NHM initiative aims to capitalize hydrogen for best alternative fuel option.

• The Mission focuses on hydrogen obtained from green power resources and to link
the country’s renewable capacity with hydrogen economy. Further India’s
ambitious target of 175GW by 2022 got propulsion with the allocation of Rs 1500
crore by the Central for NHM.

• Would help India to accomplish the goal of Paris Agreement.



• India being a country of mixed cultures and mixed
environmental/geographical distributions, it is the
high time to move into the next generation
technology to adopt for the future progress and
long-term sustainability.

• Considering the unprecedented hike in the fuel
price, owing to several geo-political factors,
energy security has been a major area of concern
for all.

• The ever-increasing demand for fuel and India’s
dependency on imported crude oil including its
increasing price has brought hindrance in overall
economic activities of the country.

• India’s annual energy import cost is in excess of
USD 123 billion in 2019. more than 82% of this
cost is consumed in importing crude oil and
natural gas.

• Therefore, this project can lead India to a new
realm of self-dependence.

• Moreover, under this project India is building is
capacity to be the major exporter of hydrogen
and meet the global demand of it as well.

The Way Forwards
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