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Abstract
Hydrogen as a fuel can be used to tackle various energy challenges. It provides a number of ways to decarbonize various sectors
like transport, chemical, steel industry, etc. This paper aims to assess the potential of hydrogen to serve as an economically viable
fuel alternative to fossil fuels. Hydrogen’s physical properties play an important role to assess its potential and its advantages and
disadvantages as fuel in hydrogen combustion and fuel cell propulsion systems. It has become global agenda to find a sustainable
fuel as the greenhouse gas emission are increasing which in turn enhance environmental concern and the whole world is in search
of environmentally friendly energy option. Hydrogen is similar to electricity which can be considered a versatile energy carrier that
can be produced from various primary energy sources including coal, biomass, natural gas, energy crops, sunlight, waste, wind, and
nuclear power. This paper also discusses various challenges in terms of storage, transmission, and distribution of Hydrogen.
Keywords: Hydrogen Energy; Clean Fuel; Ghg Emission; Fuel Cell; Climate Change

Introduction & Context-Setting
Hydrogen was used as a fuel in the internal combustion engine
first time over 200 years ago. It has become an integral part of the
energy industry since the 20th century when the use of hydrogen
became common in oil refining. There are various domestic
resources from which we can produce hydrogen. Two attributes
that have contributed to the use of hydrogen for clean energy are:
i)
It can be used without direct emission of air pollutants for
greenhouse gases

ii) It can be made from a wide range of low carbon energy
sources. Its potential supply may be from renewable energy
sources, biomass, and nuclear. It is possible to use CCUS (carbon
capture, use, and storage) technology to produce low carbon

Copyright © All rights are reserved by Pramod Paliwal.

fossil fuels and emissions during fossil fuel extraction. In short,
hydrogen can contribute to a sustainable energy future in two ways:
a) Existing applications where hydrogen is used as a fuel
can use hydrogen which is produced from cleaner production
methods and various sources of energy.

b) Various new applications where hydrogen can be utilized
as an alternative to existing fuels. It can be used in transport,
heating, steel production, and electricity [1]. Further hydrogen
can be used in its pure form, or it can be converted to fuels
including synthetic methane, ammonia, and methanol. While
Figure 1 explains why Hydrogen is termed the next-generation
energy source, Table 1 shows the use of Hydrogen as a
transportation fuel.
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Figure 1: Hydrogen: The Next Generation Energy Source
Source: Authors
Table 1: Use of Hydrogen as a transportation fuel
Advantages

Disadvantages

It can be produced from various primary energy sources

It has a low density which in turn requires a large storage area.

It has high diffusivity

Due to less R&D, it is currently expensive compared to fossil fuels

There is zero tailpipe emission

It is one of the most versatile fuel

Hydrogen as fuel provides a high energy yield

It does not find free in nature

Currently, most hydrogen is produced from fossil fuel which ultimately doesn’t serve its
purpose of cleaner fuel.
It has low ignition energy.

Source: https://www.csustan.edu/sites/default/files/honors/documents/journals/Stirrings/Chamoussis.pdf
This paper also cites the current literature related to Hydrogen
as a fuel. The data has been collected from newspapers, websites,
reports, research papers, and journals. Based on the available
information from secondary sources, this study aims to understand
the viability of hydrogen as a fuel for the future, and hence the
paper is of the applied genre. The paper discusses Hydrogen
production methods, storage, transport & distribution of Hydrogen,
and Hydrogen usage in buildings, transport, and power. After the
introduction and context setting including citing current literature
in section 1, section 2 discusses Hydrogen production methods,
section 3 discusses the Storage, Transmission, and Distribution of
Hydrogen, and section 4 highlights Hydrogen usage in buildings,
transport, and power. The discussion and conclusion are in Section
5.
Global Strategy Institute (2005) states that possible various
sources of energy for transportation embrace element, electricity,
and grain alcohol. It conjointly states that a $50-$200 billion
quantity of investment amount is necessary over a ten to twenty-

year to bring element cell vehicles into production, in line with Shell.
As per America Energy Department, it needed to cut back value 3-5
times to create the element a viable fuel. Hydrogen as a future fuel
also has to be contextualized with the aspects of decarbonization
as a process towards the goal of a net-zero economy. The term
decarbonization literally means carbon- reduction. The conversion
to an economic system that decreases and compensates carbon
dioxide (CO2) emissions in a sustainable manner is precisely what is
envisioned. The long-term goal is to achieve a worldwide economy
that is CO2-free. Hydrogen plays an important role here. Figure 2
discusses the key challenges to decarbonization and how Hydrogen
addresses all these [2].
Ministerial Council on Renewable energy (2017) states that like
fossil fuels, the element will be handled as fuel cell technologies that
expeditiously generate electricity and warmth from element will be
combined with element to ultimately cut back carbon in numerous
areas together with power generation, transportation, industrial
processes, and warmth use. Promising approaches to cut back the
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value of element embrace combining overseas unused energy with
CCS and procuring huge amounts of the element from low-cost
renewable energy. National Renewable Energy Laboratory (2016)
provides data regarding the economic aggressiveness of element
system configuration. Element technologies provide distinctive
system flexibility which will modify interactions between multiple
energy applications together with electricity, transportation,
heating fuel, and industrial processes. Previous analysis established
that element technologies, and particularly electrolyzes, will
respond quickly enough and for spare length to participate in
electricity markets. To date, there has been very little work done
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to assess the potential measure of electricity market participation
for element systems. Ministry of New associated Renewable energy
(2016) report states that element is an energy carrier (a secondary
supply of energy) and is obtainable with chemicals combined
forms in water, fossil fuels, biomass, etc. It will be liberated with
the electrical or heat input (generated from some primary energy
supply like fuel, atomic energy, or a renewable energy supply like
- star, wind, electricity, etc.). Presently the agriculture sector is
the largest user of element (as gas fertilizer), with forty-ninth of
element being employed for ammonia production (Konieczny et al.,
2008).

Figure 2: Hydrogen: Solving the De-carbonization Problem
Source: Authors

Upcoming element application sector victimization fuel cells
because the principle energy device has given a replacement
dimension to the complete element worth chain. The element
production/consumption pattern or the demand/offer cycle for all
applications apart from vehicles and power generation had ne’er
witnessed any comparison with the fossil fuel-based worth chain as
a result of their divergence and indirect linkage. However, with the
gamut of opportunities rising because of the associated economic
viability of hydrogen-based cell systems for transport applications,
the direct comparison of element worth chain with the fuel primarily
based energy system is inevitable. Chamousis (n.d.) states that the
infrastructure for an element economy can accompany high capital
prices. The transport of element through underground pipes
looks to be the foremost economical once demand grows enough
to want an outsized centralized facility. However, in places of low
population density, this methodology might not be economically
possible. The project mentioned earlier could become an associate
possibility for people to supply their own element gas reception,

with star panels lining their roof. A forceful amendment is required
to prevent the results of our fuel-dependent society. As seen from
the European Commission (2020) study, element prices delivered
to the tip user can usually be considerably more than the prices of
current fuel choices once fuel excise duty (e.g., energy tax, added
tax) is excluded. However, element in some cases (e.g., vaporized
element created by massive scale reforming of natural gas) may
well be delivered nowadays at a price excluding fuel duty that will
be such as, or cheaper than, liquid fuel prices together with fuel
duty, permitting scope for introducing business incentives.

Argonne National Laboratory (2018) studies regarding value
advantages analysis of technology improvement in lightweight duty
cell vehicles. Advanced vehicle technologies can enable a discount
of up to forty-first in cell power and up to five hundredths in H2
storage. Cell vehicles might reach life cycle value ($/mile) parity
with typical vehicles by 2020 and with PHEVs by 2025. B. Gnörich
(2012) studies regarding comparative life-cycle analysis of element
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cell vehicles. The rising variety of cell vehicles conferred in recent
years underlines the idea that cell technology is well in check in
the mobile application. However, market readiness may be an
utterly totally different story because of the high prices of element
tanks, electrical machines, and cell systems. Infrastructure issues
conjointly persist and want to be self-addressed. Greg Frenette,
and Daniel Forthoffer (2009) state that the magnitude of the
technological, economic, and different challenges create element
as cell outlook unlikely. However, Ford Motors believe that cell
vehicles can become economically viable, and a very important
contributor to the resolution of worldwide warming and air quality
problems. Kaveh Mazloomi, and Chandima Gomes (2012) discuss
that the element is a key player in storing energy that’s wasted at the
generation stage in large-scale power grids by off-peak diversion
to dummy masses. The estimations show that by the year 2050
there’ll be an element demand of over forty-two million metric tons
or forty-five billion gallons hydrocarbon equivalent (GGE) within
the U.S. of America alone which might fuel up 342 million light-duty
vehicles for fifty-one × 1011 miles (82 × 1011 km) travel annually.
G. Havet (2018) states that the element is seen as a non-polluting
one thanks to the store of renewable energies and atomic energy
since its recombination with atomic number 8 turns out solely pure
water. It’s a movable fuel for vehicles and different tools and devices

running on electricity.

Hydrogen Production Methods
There are various sources and technologies available from
which hydrogen can be produced. Hydrogen can be produced from
several alternatives like fossil fuels, water, biomass, a mix of biomass,
and water. About 275 Mtoe (Metric tons of oil equivalent) of energy
is required for the production of hydrogen [4]. A significant amount
of CO2 emission is generated when hydrogen is produced from
natural gas and coal. While Figure 3 depicts the Hydrogen Value
Chain, Figure 4 gives the various pathways for producing hydrogen.
Currently, steam methane reforming is least expensive method for
production of hydrogen, and it accounts nearly all commercially
produced hydrogen. Emission reduction can be achieved with the
usage of CCUS (Carbon capture, use and storage) technology when
hydrogen is produced from natural gas and coal. Table 2 provides
details for various methods for producing hydrogen along with its
advantages and disadvantages. In the near term, the advantage of
fossil fuels cost is likely to continue in the majority of the places in
the world. Hydrogen from the natural gas without CCUS technology
would be cost in the range of $ 1-2 per kgH2, depending upon the
local natural gas price. Figure 5 gives the details regarding the cost
of various technology options for producing hydrogen in 2030 [5].

Figure 3: The Hydrogen Value Chain
Source: Authors
Table 2: Methods to produce Hydrogen.
Method
Steam Methane Reforming
Coal gasification

Advantages
-Least expensive method

-Established Infrastructure

-Coal availability compared to renewable sources
-Inexpensive sources

Disadvantages
-As it uses fossil fuels, it results in CO2 emissions
-It produces CO2 emission

-Usage of CCUS technology results in an increase in cost
-Efficiency is around 45% which is quite low
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Electrolysis

-It depends on the electricity source

Biomass gasification

-Hydrogen can be produced using cheap biomass
available

Solar Electrolysis

-No GHG emission
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-Input in production requires more energy than released
-Produced CO2 emission if coal is used

-It is more expensive than the other conventional sources
-Problem of formation of tar

-Not fully developed technology

Source: https://www.csustan.edu/sites/default/files/honors/documents/journals/Stirrings/Chamoussis.pdf

Figure 4: Various Pathways for producing Hydrogen
Source: Authors

Figure 5: Hydrogen production cost for different technology options, 2030
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and

Distribution

of

Hydrogen can be stored in large quantity for a long period
of time and can be transmitted over long distances which make
hydrogen play an important role in the development of a cleaner
energy system. Hydrogen can be stored in gaseous and liquid forms.
Figure 6 gives the various elements of the collection, transmission,
and distribution of hydrogen. Hydrogen storage and transmission is
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a complex problem that requires intense research. The main issue is
the low density of hydrogen gas [6]. The potential hydrogen storage
system includes a compressed tube trailer, liquid storage tank, and
compressed gas pipeline. Each alternative requires a high capital
cost. Table 3 gives details about the storage options for hydrogen.
Figure 7 gives the details about the cost of hydrogen storage and
transmission using pipeline and ship, and the cost of hydrogen
conversion [7].

Figure 6: Transmission, distribution, and storage elements of the hydrogen value chain

Figure 7: Cost of hydrogen storage and transmission by pipeline and ship
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Table 3: Storage Options for Hydrogen.
Storage Form
Compressed Gas
Metal hydride

Liquid form

Advantages

Disadvantages

- Easy to use

-Higher capital cost requirement

-Reliable way to store hydrogen

-Container can be ruptured due to high heat

-It is very safe compared to other alternatives

-Materials used are very expensive

-High volumetric efficiency

-Heavy storage tanks

-Easy recovery

-High density at low pressure

-High capital cost

-It requires specialized cryogenic tanks to store hydrogen at a lower temperature
-Fire can be caused due to escape of hydrogen from the tank

Source: https://www.csustan.edu/sites/default/files/honors/documents/journals/Stirrings/Chamoussis.pdf

Hydrogen usage in Buildings, Transport, and Power
Hydrogen use today is dominated by industry, namely: oil
refining, ammonia production, methanol production, and steel
production. Virtually all of this hydrogen is supplied using fossil
fuels, so there is significant potential for emissions reductions from
clean hydrogen [8]. In transport, the competitiveness of hydrogen
fuel cell cars depends on fuel cell costs and refueling stations while
for trucks the priority is to reduce the delivered price of hydrogen.
Shipping and aviation have limited low-carbon fuel options
available and represent an opportunity for hydrogen-based fuels.
In buildings, hydrogen could be blended into existing natural gas
networks, with the highest potential in multifamily and commercial
buildings, particularly in dense cities while longer-term prospects
could include the direct use of hydrogen in hydrogen boilers or fuel
cells. In power generation, hydrogen is one of the leading options
for storing renewable energy, and hydrogen and ammonia can be
used in gas turbines to increase power system flexibility. Ammonia

could also be used in coal-fired power plants to reduce emissions.
Hydrogen can be utilized to its maximum potential if it is used
beyond its industrial usage [9]. There are a lot of opportunities
that exist where hydrogen can be used other than in industrial
applications. Some of them are as follows:
a) Practically almost all modes of transport can be run on
hydrogen or hydrogen-based fuels
b) Hydrogen can provide building heating and cooling needs,
as well as electricity needs, which can be met.

c)
Production of electricity can be achieved using hydrogen
or hydrogen-rich fuels such as ammonia.
d) Storage of electricity is also possible with the help of
hydrogen

Figure 8 gives the details about the total cost of ownership of a
car by power train, range, and fuel [10].

Figure 8: Total cost of car ownership by power train, range, and fuel.

Citation: Hardik Patel, Sudhir Yadav and Pramod Paliwal*. Hydrogen as a Fuel: An Applied Perspective. J Biosens & Renew Sci 1(5)- 2022.
JBRS.MS.ID.000121.

127

J Biosens & Renew Sci

Volume 1 - Issue 5

Discussion & Conclusion
Having discussed various aspects of Hydrogen as a future fuel,
it would be apt to briefly put the challenges and opportunities for
Hydrogen as a future fuel [11-13]. These are as follows:
Challenges

a) Producing hydrogen from low-carbon energy is costly at
the moment
b) The development of hydrogen infrastructure is slow and
holds back widespread adoption.

c)
Hydrogen is almost entirely supplied from natural gas and
coal today.
d) Regulations currently limit the development of a clean
hydrogen industry.
Opportunities

a) Making industrial ports the nerve centers for scaling up
the use of clean hydrogen.

b) Build on existing infrastructure, such as millions of
kilometers of natural gas pipelines.
c)
Expand hydrogen in transport through fleets, freight, and
corridors.

d) Launch the hydrogen trade’s first international shipping
routes.

Technologies already available today enable hydrogen to
produce, store, move, and use energy in different ways. A wide
variety of fuels are able to produce hydrogen, including renewables,
nuclear, natural gas, coal, and oil. It can be transported as a gas by
pipelines or in liquid form by ships, much like liquefied natural gas
(LNG) [14,15]. It can be transformed into electricity and methane
to power homes and feed industry, and into fuels for cars, trucks,
ships, and planes.
Every alternative fuel for a cleaner environment has its own
advantages and disadvantages. Hydrogen provides a number of
ways in which it can be produced. Using hydrogen, it is possible
to store electricity which discourages the production of electricity
from fossil fuels. Benefits such as lower GHG emissions and cleaner
air can be achieved from the usage of hydrogen in various sectors
[16-19]. Relevant targets made by the countries can be achieved
by adding hydrogen as fuel in their energy mix. Hydrogen storage
allows generating renewable energy during its peak generation
time and can be utilized at its low point of generation. Traditional
coal and gas power stations could be decommissioned as it is
possible to have reliable storage of energy with help of hydrogen.
Having a system that also serves the hydrogen in the transport
sector brings further benefits. Encouraging hydrogen transport
is advantageous in promoting cleaner transport technologies,
further reducing emissions in accordance with policies. This also
provides cleaner air and therefore enhances air quality in cities
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as pollution levels will decrease. Power and transport application
can be combined as it serves two sectors with one infrastructure
system. This will ultimately reduce the initial investment required
dramatically and makes the business more financially feasible.
Current automobile fuel can be replaced with hydrogen fuel cells.
They essentially combine the energy density and the convenience
of liquid fuels with the clean and efficient operation of electric
vehicles [20]. Although certain aspects of the technology such as
efficient onboard storage still require some improvement, there are
no reasons why hydrogen couldn’t become an equally convenient
and attractive transportation fuel as diesel or gasoline is today.
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