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How Hydrogen becomes an Energy Carrier?
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As the energy demand is increasing day by day,
it’s a big challenge for the scientific community to find
out the various resources to fulfill our energy
demands. Currently, Hydrogen can be painstaking as
a clean energy hauler analogous to electricity.
Hydrogen can be formed from different domestic
resources such as nuclear energy and renewable
energy. In the future hydrogen will concurrently
decrease the dependence on mineral oil and the
emission of greenhouse gases. In short, it will help
with the emission of pollutants.

What is Hydrogen? Hydrogen is one of the major
profuse and judges as the simplest elements in the
earth’s crust. As a gas Hydrogen is not found naturally
on Earth and it must be manufactured, because of its
lighter weight (compare to air) rises into the
atmosphere. Natural hydrogen is constantly
connected with additional elements in compound
forms such as water, coal petroleum etc. Compare to
the other common fuels, hydrogen has the highest
energy content. Also, it has lowest energy content by
volume and it is the lightest element and at normal
temperature and pressure, it is a gas. Hydrogen has
the highest mass-specific energy content among the
fuels, 120MJ/Kg, compared to 44.5 MJ/Kg for gasoline
(petrol). At present, it is called as the transportation
fuel of choice having 600 times more energy than 1
Kg Li battery. Hydrogen is ecologically neutral.
Hydrogen combustion leads to energy and water as a
side product. It is an ideal candidate for use in fuel
cells, which produce very little emissions. Hydrogen
is safer than commonly used natural gas because it
mixes much faster with air than either methane or
petrol vapours due to the high diffusion coefficient
which makes accidents in the open air less critical.
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Hydrogen is an imperative energy carrier and
considered as a secondary source of energy carrier
has lots of advantages. Energy carriers are working to
move and store the energy and also carry the energy
in the form that can be used easily. One of the best
examples of the energy carrier is Electricity.
Hydrogen is very easy to carry through pipes and it is
cheaper than providing electricity through the wire.

How to Produce Hydrogen? On Earth hydrogen is
not available in the form of gas; it must be separated
from other compounds. There are two existing
methods to produce hydrogen, one is water splitting
or electrolysis and other is steam reforming. Compare
to water splitting, steam reforming is the cheaper
method for hydrogen production and largely used in
industry to separate hydrogen atoms from a carbon
atom in the methane molecule. As we know methane
is a fossil fuel and the process of steam reforming
results in greenhouse gas emissions. By using the
electrolysis method, the electric current is passed
through water to separate hydrogen and oxygen and
collected at negatively charge cathode and positively
charge anode respectively. Electrolysis process is
exceedingly pure hydrogen production process and
here no emission is found but is currently very costly
process, so researchers are working very hard to
make it economic. Nowadays researchers are
claiming another method of hydrogen production
such as photo-electrolysis and biomass gasification.
Also, some bacteria and algae are also able to produce
hydrogen under certain specific condition using
sunlight as their energy source is claimed by some
researchers.

Uses of Hydrogen: Hydrogen is used as a fuel and
currently in the NASA space program it is the main
source of the fuel. Also, while the liquid hydrogen is
useful for propelling space shuttle and other rockets,
the hydrogen fuel cells power the electrical systems
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of the shuttle. For the shuttle crew to produce pure
water the hydrogen fuel cell is used.

ions. The anode, cathode and how the overall reaction
takes place are shown in below equations.

Hydrogen Fuel Cell: Fuel cells work based on direct

Anode Reaction: CH3OH + H2O ⇒ CO2 + 6H+ + 6e--

mechanism i.e. conversion of chemical energy in the
hydrogen to electricity. Here mainly pure water and
heat are the byproducts. While producing the energy
the hydrogen power fuel cells are not producing any
pollution, so it is a pollution-free process for energy
production.

Cathode Reaction: 3/2 O2 + 6H+ + 6e- ⇒ 3H2O

How Fuel Cells Work? Fuel cells do not work like a
battery; it cannot store energy like batteries. When
active chemicals are supplied to electrodes, the Fuel
cells only provide the electrical energy. Working
method of hydrogen cell has been shown in Figure 1.
Two examples are provided to describe the working
process:

Overall Cell Reaction: 2CH3OH + 3O2⇒ CO2 + 4H2O
Figure 2 shows how direct methanol fuel cell works.
Methanol fuel cell is working at low temperatures
around the range 50o to 120o where output power is
limited to about 1.5 kW. However, the capability to
use liquid fuel united with the abolition of the
reformer make these fuel cells very attractive.

1. Proton exchange membrane (PEM) fuel cell:
Commonly hydrogen is used as a fuel and oxygen
from the air as an oxidant in the fuel cells. The basic
reaction is involved by the Proton Exchange
Membrane (PEM) fuel cell.
2H2 + O2 ⇒ 2H2O

(1)

For the reactions, the equation at individual
electrodes is shown. Below diagram display where it
takes place.

Figure 2. Direct methanol fuel cell

Future of Hydrogen: In future hydrogen will
become the biggest source of pollution-free energy
carrier. It will also become the best source of fuel
with zero emissions. Complete process will become a
green process for energy production. Hydrogen will
be a good resource for the replacement of mineral oil.
Day by day tremendous research work is going on in
this field and hope soon for the gasoline, hydrogen
will become the biggest alternative in the energy
generation market.
Further Reading:
1. Singh et al. Renew. Sustain. Energ. Rev. 2015 Vol. 51 623-633.

Figure 1. Schematic of Hydrogen fuel Cell
2. Direct Methanol Fuel Cells (DMFC): For the
hydrogen generation methanol is used as fuel.
Currently in the development of fuel cell eradicated
the reforming process by feeding methanol as an
alternative to hydrogen in fuel cell due to it is not
toxic nature. The working process of both PEM and
methanol fuel cell are similar. Here the electrolyte is
a polymer and the charge carriers are the hydrogen
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2. Gong et al. J. Energ. Chem. 2018 Vol. 27, 1618-1628.

Author: Dr. Pravin G. Ingole
[Scientist, Chemical Engineering Group, ESTD,
CSIR-NEIST, Jorhat, Assam]
[Scigem, 2018, 8, 2-3]
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Engineers'Day

Tata Steel, 1927-1955. The eminent engineer died in
the age of 100 on 12th April 1962.

Engineering Solutions: In 1903, Vishweshvaraya
patented automatic weir water floodgates, which
discharged excess water safely. Such 48 gates
grouped into 6 sets of 8 gates are working still now in
the Krishanaraja Sagar Dam (Figure 1). These gates
are opened and closed automatically at the rise and
fall of the flood water. The same system was
implemented in Tigra Dam in Gwalior. In 1906-07,
Government of India deputed him to look after the
water management system in Aden. Later, his
proposal on water supply and drainage system was
successfully implemented in Aden. Moreover, the
flood protective dams and embankments for
Hyderabad (1909) proposed after destructive floods
(28th September 1908) by Visvesvaraya translated
the city partially free from floods.
(Picture courtesy: Google Image)

In India, 15th September is celebrated as Engineers
day to commemorate the birthday of Engineer Sir. M.
Visvesvaraya who lived between 1861 and 1962. This
article presents brief life history, contribution,
challenges and engineering solutions offered, awards
and recognition of M. Visvesvaraya. In addition,
modern challenges and need for the contribution of
Engineers in India are detailed.

Brief Life History of the Legend: Mokshagundam
Vishweshvaraya was born on 15th September 1861 in
a Telugu-speaking family. He attended school
education and BA degree in Bangalore, and he
obtained Licentiate in Civil Engineering (equivalent to
Diploma in Civil Engineering) from College of
Engineering, Pune affiliated to University of Bombay.
With that degree, in 1885, he joined as Assistant
Engineer in Public Works Department, Bombay. Then,
he was promoted to Executive Engineer at Surat and
Assistant Superintending Engineer at Pune in the
years 1896and 1897, respectively. Later, he served in
different positions in between 1899 and 1905 as an
Executive engineer for irrigation, Sanitary Engineer in
Bombay and Indian Irrigation commission. He was
promoted as superintending engineer in 1907; next,
he served as consulting engineer, 1909 in Hyderabad
to supervise engineering works in connection to Musi
floods. In the same year, he was appointed as chief
engineer and secretary to the Government of Mysore.
Lastly, he was a member of the board of directors of
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Figure.Krishnaraja Sagar Dam, Karnataka (Source:
mysore.nic.in)
In 1938, there was an outburst of flood havoc
in the delta region of Mahanadi, Orissa.
Visvesvaraya’s innovative design of flood control
reservoirs on Mahanadi and tributaries mitigated the
threat of flood, enhanced hydro-electric power
production and improved irrigation management
plan yielded high crop production.

Awards

and

Recognitions:

During1912-19,
Vishweshvaraya was Diwan (Second minister) of
Mysore. He nurtured in all-round development of
Mysore state especially industries and public works.
Also, he played the key role in founding then
Government Engineering College, Bangalore, later
named as University Vishweshvaraya College of
Engineering. He was knighted as a Knight
Commander of the Order of the Indian Empire (KCIE)
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by the British for his remarkable contribution.
Further, his honors include Bharat Ratna in 1955,
honorary membership in London Institution of Civil
Engineers, fellowship in Indian Institute of Science,
honorary doctoral degrees from eight universities in
India, president of Indian Science Congress and
Google Doodle. Universities, public centres, and
institutions named after him are Visvesvaraya
Technological University, Karnataka, University
Visvesvaraya Institute of Technology, Bangalore, Sir
M Visvesvaraya Institute of Technology, Bangalore
and Visvesvaraya National Institute of Technology,
Nagpur, Visvesvaraya Industrial and Technology
Museum, two metro stations at Bengaluru and Delhi.
Many of lecture halls, research and incubation centres
of engineering colleges have been named after him,
for instance, an audience hall in Civil Engineering
Department of Indian Institute of Technology Madras
is named as Visvesvaraya hall.

Modern Challenges and Need for Engineers:

restoration and improvement of infrastructure,
preservation of heritage, advances in health
informatics, smart city, disaster management,
developing alternative methods to minimize usage of
natural resources, reuse and recycle of wastes.
Another challenge is that integrating research and
developments in agriculture with demands of the end
user, which enhances the yield. Meanwhile, the
history of Visvesvaraya implies the importance of the
engineer’s contribution to disaster mitigation.
On various dates, different countries observe
the Engineer’s day. Other countries celebrate
Engineer’s day, on the day, when regulation of
professional law is enacted, or on the day of
commencement of the engineer’s council. However, in
India, it is celebrated on the birthday of eminent
engineer Visvesvaraya to pay tribute. His
contributions motivate young scientists, engineers
and professors of technical community to translate
theoretical knowledge to engineering solutions.

Modern challenges include developing technology for
making solar energy affordable, access to clean water,

Author: Dr. Leon Raj
[Scientist, Applied Civil Engineering Group, ESTD,
CSIR-NEIST, Jorhat, Assam]
[Scigem, 2018, 8, 4-5]
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