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Commodore Amit Rastogi (Retd)
is the New Chairman
and Managing Director of NRDC
Commodore Amit Rastogi (Retd), after an illustrious

career of 34 years in Indian Navy, has taken over

as Chairman and Managing Director of National

Research Development Corporation (NRDC) on 18
October 2021.

He holds a Bachelors degree in Electrical
Engineering

from

JNU,

Masters

degree

in

Electronics & Telecommunication from Poona
University and M.Sc. (Defence & Strategic Studies)

from Madras University. He is also a distinguished
alumnus

of

Defence

Services

Staff

College

Wellington and College of Defence Management,
Secunderabad.

An avid technologist, Commodore Rastogi has held

diverse portfolios in Indian Navy and carries rich
experience in induction of missile systems, state-

of-the-art technology intensive combat systems,

phased array radars, communication equipment,
etc. for warships through indigenous development

and transfer of technology route, and simultaneous
engagement of R&D community, Academia and

Industry.

He was earlier, Director, Electrical Engineering at

Integrated Headquarters, Ministry of Defence for

five years and Additional General Manager Tech

Services at Naval Dockyard for two years. He also
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held the position of Deputy Director General Quality

Assurance for five years and Director, Electrical
Trials Modification Authority for two years.

Commodore Rastogi has authored a number of
policies related to production norms for electronic

systems, which are being extensively used by Indian

Defence Industry. As Deputy Director General

Quality Assurance, he provided the leadership
towards IPR proliferation in DPSUs, vendor
development, process improvements and QA of
Defence equipment worth 8,000 crore.

Hydrogen Fuel Going
Mainstream: A Green
Aspiration Comes True
Dr. T.V. Venkateswaran
Under the Paris agreement, India has committed to cut greenhouse gas emission
intensity, increase non-fossil fuel power capacity and substantially boost forest
cover to reduce net carbon dioxide emission from India. To accelerate plans to
generate carbon-free fuel from renewables, Prime Minister Narendra Modi, during
his Independence Day speech on 15 August 2021, announced the launch of a
National Hydrogen Mission. In the first phase, the mission would try to replace
brown and black hydrogen that emit global warming gases during their production
with the green hydrogen, that is hydrogen produced from carbon-neutral sources.
In the next phase, the mission aims to boost the hydrogen economy and make India
a global hub for the production of green hydrogen by harnessing solar energy.

W

hat fuels the cryogenic third
stage of ISRO’s Bahubali,
GSLV Mk III rockets, is likely to
soon propel the electric vehicles
on the road. As the hydrogen
fuel cell technology jostles with
lithium-ion based batteries to
power the NextGen electric
vehicles, with no carbon emission,
hydrogen is considered a crucial
fuel for clean energy of the future.

Power packed

Hydrogen, the simplest element,
is an extremely powerful rocket

propellant, the lowest molecular
weight of any known chemical
element that burns with extreme
intensity (~3000°C). Hydrogen
combined with oxygen gives
the highest available specific
impulse or efficiency to the
rocket propellant: The nominal
thrust of 196.5 kN in a vacuum
with a specific impulse of 434
seconds, in ISRO's upper stage
CE20 cryogenic engine heavylift launch vehicle GSLV Mk III.
What's more, the exhaust from
the rocket is pure water, which is
purer than the purest rainwater.

The promise of hydrogenpowered green and clean electric
vehicles (EV) is attractive
compared to battery-powered
EVs. Instead of charging electricity
from the mains and using it
to run the motors, the current
is generated from a chemical
reaction between hydrogen and
oxygen in hydrogen-powered
electric cars. Hydrogen can be
stored in a fuel tank and the
oxygen obtained from air. The
hydrogen fuel can be replenished
at a filling station, like petrol,
within minutes, unlike the hours

September-October 2021 | INVENTION INTELLIGENCE

5

it takes for the car batteries
to charge up. However, unlike
the battery-powered EVs, the
hydrogen fuel cell would create
exhaust. But, that exhaust is
mostly a hydrogen and oxygen
reaction product, that is, water
vapour. Not a worry.

Abundant yet scarce

British physicist Cavendish, in
1766, noticed the formation
of a highly inflammable and
combustible gas when some
metals were combined with
strong acids. When it burned in
the presence of oxygen in the
atmosphere, it resulted in steam
production
(water
vapour).
Aptly, French chemist Lavoisier,
who was classifying and naming
the new gases and elements, in
1783, christened this element as
‘hydrogen’, which in Greek means
‘that which generates water’.

6

Hydrogen atoms are the earliest
atoms to be formed in the
universe. About 3,80,000 years
after the Big Bang, as the young

universe cooled sufficiently, a
proton could capture an electron,
creating the oldest hydrogen
atom.
Hydrogen
molecules
formed by bonding two hydrogen
atoms (H2 called dihydrogen)
are the oldest molecule in the
universe. These are still buzzing
around us. It is found in every star,
including the Sun. There is hardly
a place in the universe devoid of
hydrogen. Astronomers estimate
that 73 per cent of the mass
of the visible universe is in the
form of hydrogen. In fact, stars
generate energy by transforming

hydrogen atoms into helium in
the thermonuclear reaction. Not
just the Sun, but the four giant
gaseous planets in our solar
system, Jupiter, Saturn, Uranus
and Neptune are primarily
formed out of hydrogen.

No wonder that Earth, too, has
ample quantities of hydrogen.
But there is a hitch. Hydrogen
is the simplest atom, with just
a proton in the nucleus and a
solitary electron going around it.
Still, it is one of the most reactive
elements. It combines with

ISRO's CE20 upper-stage cryogenic engine using liquid hydrogen as fuel
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other elements to form water,
hydrocarbons, ammonia, acids,
sugars and alcohols. The bulk of
hydrogen found on Earth is in the
form of water or hydrocarbons. In
fact, 61 per cent of all the atoms
in the human body are hydrogen.
It is present in various organic
compounds that make up plants,
animals and microbes.

Production of
hydrogen
Modern petroleum refineries,
fertiliser, chemical, petrochemical,
metallurgical, glass and electronics
industries use hydrogen gas in
their manufacturing processes.

Often it is used as a reactant in
chemical manufacturing. In heat
treating of steel and other metals,
hydrogen is also used as an 'O2
scavenger'. Higher concentrations
of sulphur and nitrogen in the
heavier crude oils are removed
using hydrogen to form hydrogen
compounds.
With
stringent
emission standards in place, the
petroleum refining industry is
experiencing a rapid demand for
industrial hydrogen.

Hydrogen for industrial use
is produced in multiple ways.
In partial oxidation (POX), or
gasification, a mixture of natural
gas (or oil) and pure oxygen (O2)
are reacted together, resulting in
the formation of a syngas stream.
Syngas is a mixture of hydrogen
(H2) and carbon monoxide (CO)

While oxygen in the atmosphere
is about 20 per cent, hydrogen
molecule is barely 0.00005 per
cent. Due to its low density, most
of the hydrogen molecules found
in the young atmosphere of
early Earth escaped the planet's
gravitational
attraction
and
slowly leaked into the space.

In a nutshell, free hydrogen,
either as single atoms or
hydrogen molecules, is rare on
Earth. With only trace amounts
found in Earth’s atmosphere,
this direct route of production is
hopeless. We can get hydrogen
in the gaseous form only by
extracting it from molecules such
as water or hydrocarbons that
contain it.

Solid state electrolysers, for example, use a polymer membrane to separate
hydrogen ions to harvest hydrogen gas at the cathode
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in a typical ratio range of 1.6 to
1.8. Instead of oil, coal can also
be gasified to generate hydrogen
gas. When high-temperature
steam (700-1,000°C) is made
to react in the presence of a
catalyst
with
methane-rich
natural gas, hydrogen, carbon
monoxide, and a relatively small
amount of carbon dioxide are
produced. Likewise, methanol
can be converted to hydrogen
at lower temperatures (150350 °C). Decomposing ammonia
using a catalyst to form hydrogen
and nitrogen is called ammonia
cracking. In India, bulk of the
industrial hydrogen is produced
using partial oxidation through
oil technology. This is followed
by steam methane reforming,
electrolysis of water, coal
gasification, ammonia cracking
and methanol-reforming.

In
addition
to
breaking
hydrocarbons, such as fossil fuels
or biomass, water can also be
split into its constituent hydrogen
and oxygen. When electricity is
passed through water, H2O breaks
into hydrogen and oxygen. Called
electrolysis, this process has
been around since 1800. Typical
electrolysers consist of an anode
and a cathode separated by an
electrolyte and use electricity
to break water into hydrogen
and oxygen. As electrolysis
of water occurs through an
electrochemical reaction, it does
not require external components
or moving parts.

8

Scientists have been toying with
various electrolyte materials to
find efficient hydrogen generating
cells. Research showed that the

efficiency of the conversion could
be enhanced if the water is made
slightly alkaline. Water breaks
into hydrogen and oxygen when
an electric current is passed
through an electrolyte of caustic
salts. Typically the solution of
sodium or potassium hydroxide
is used as the electrolyte. Water
(H2O) is commonly split into
positively charged hydrogen ions
and negatively charged hydroxide
ions (OH-). The negatively
charged hydroxide accumulates
at the anode, while the positively
charged hydrogen is collected at
the cathode.

Moving
away
from
fluid
electrolytes, the modern approach
is searching for suitable solid
alkaline exchange membranes
(AEM) as the electrolyte.
Usually, this process is feasible
only at elevated temperatures;
in contrast, the typical liquid
alkaline electrolysers operate
at less than 100°C. At a high
temperature, the water turns into
superheated steam. At around
700-800°C, the hot steam reacts
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with the electrons supplied at
the cathode and pulls apart the
negatively charged oxygen ions
(O2-) from positively charged
hydrogen ions. The solid ceramic
material serves the electrolyte
function to selectively permit
the oxygen ion to move towards
the anode. At the same time,
hydrogen gas collects at the
cathode.

The radical solid-state polymer
electrolyte membrane (PEM)
electrolyser
shows
promise
to
develop
a
hydrogengenerating electrolyser at lower
temperatures. A particular type
of plastic polymer is used as
the electrolyte that selectively
permits protons to move through.
The hydrogen ion is but a proton.
Therefore, operating at 70-90°C,
this electrolyser disbands the
water molecule into hydrogen
gas and oxygen.

Power from hydrogen

Fuel cells that combine hydrogen
and oxygen to generate electricity,
heat and water are widely used to

Hydrogen and oxygen are combined electrochemically
to generate electricity in fuel cells

generate power from hydrogen.
As early as in 1838, German
chemist Schönbein discovered
that electricity can be produced by
combining hydrogen and oxygen
in reverse electrolysis. A typical
early fuel cell consists of a tub
filled with dilute sulphuric acid.
Glass tubes containing oxygen
and hydrogen are immersed in
the tub. Each tube is fitted with a
platinum electrode. The pipe with
hydrogen is equipped with the
anode, and the one with oxygen
the cathode. When the electrodes
are connected serially, an electrical
circuit is produced. The anode
splits the hydrogen atom into
electron and proton. The protons
pass through the electrolyte
while the electrons are forced
through the circuit, generating
an electric current and excess
heat. At the cathode, the protons,
electrons and oxygen combine to
produce water molecules. As long
as oxygen and hydrogen supply
continues, a voltage is created
between tubes filled with oxygen
and hydrogen. The electric current
flows through the circuit. When
a number of these set-ups are
linked together, a higher voltage
could be produced just like in a
battery.
All modern fuel cells are variants
of this fundamental design. Just as
electrolysers, fuel cells also come
in different varieties. Alkaline
Fuel Cells (AFC) use porous
electrolytes saturated with an
alkaline solution and achieve
about 60 per cent electrical
efficiency but fail when exposed
to carbon dioxide. These fuel cells
powered the Apollo moon mission
with electrical energy and also

provided drinking water for the
astronauts. The proton exchange
membrane (PEM) fuel cells use
thermoplastic polymer. Protons
can penetrate the intermolecular
spaces between the polymers but
not the electrons. These have an
electrical production efficiency of
around 35 per cent. Phosphoric
acid fuel cell (PAFC) uses
liquid phosphoric acid, ceramic
electrolyte and platinum catalyst.
It runs at a higher temperature
than PEM fuel cells. The operating
temperature is much higher,
so this fuel cell can tolerate
higher impurities in hydrogen
and oxidisers.
Solid oxide
fuel cells (SOFC) that require
an operational temperature
of ~900°C use yttrium-doped
zirconia electrolysers. Negatively
charged oxygen ions can pass
these electrolyte membranes but
not electrons. These are about 47
per cent efficient.

Due to their unique chemistry,
fuel cells are very clean, their only
by-products being electricity,
heat and water. Further, the fuel
cells are also scalable. One can
stack an adequate number of
fuel cells to produce the voltage
and current required for an
electric vehicle. The stacks can
be combined into a vast system
to power enormous machines.

The fuel cell generates electricity
through
an
electrochemical
reaction. In addition, energy
can also be obtained from the
combustion of hydrogen with
a suitable oxidiser. Hydrogen is
used extensively in powering
rockets, including the upper stage
of the GSLV MkIII since it has the
best energy-to-weight ratio of any
fuel. Even the ordinary cars that
use petrol or diesel can be easily
refashioned to use hydrogen as
their fuel. Hydrogen internal

The colour codes of hydrogen capture the pollution it has caused in its production.
Green hydrogen is pollution free and environmentally sustainable
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Biological pathways to generate hydrogen are usually green and clean

combustion engine vehicles
(HICEVs) are being developed
and tested by every leading
automotive manufacturer.

Hydrogen comes in
multiple hues

Hydrogen is a clean burning fuel;
when combined with oxygen in a
fuel cell or combustion chamber,
hydrogen
produces
energy
with only water vapour as a byproduct. Neither toxic pollution
nor emission of global warming
gases results from hydrogen
fuel cells. If so, what stops this
simplest element in the universe
to power our homes, feeding our
cars and replacing the global
warming dirty fossil fuels?

10

It is difficult and complicated
to produce hydrogen using the
current methods. Petrol and coal
can be mined from under earth,
and solar power, wind, and ocean
energy can be harvested from
nature. However, hardly any
hydrogen exists freely in nature.
One has to extract hydrogen from

compounds by expending energy.
Therefore, often hydrogen is
aptly called an energy carrier
rather than a source of energy.
Hydrogen is clean and green;
however, it is ultimately dirty as it
is often produced using fossil fuel.
Today, 48 per cent, 30 per cent,
18 per cent and four per cent of
the world's hydrogen production,
respectively, is from natural gas,
oil, coal and electrolysis, all of
which release global warming
gases into the atmosphere.

Hydrogen colour code describes
how it was produced in the first
place. Hydrogen produced using
coal is called brown and black
hydrogen. Hydrogen generated
using methane, or natural gas,
is grey. The steam reforming
process is often used to create
hydrogen, producing toxic carbon
dioxide and carbon monoxide.
At times electricity produced in
thermal or natural gas power
stations is used to split water
through electrolysis to generate
hydrogen. While the electrolysis
process per se is non-polluting,
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generating electricity for the
electrolysis produces carbon
emissions. Therefore, they too
are, thus, brown and black. When
the carbon pollution resulting
from hydrogen is captured and
stored underground through
industrial carbon capture and
storage (CSS), the hydrogen is
called 'blue'. This simply means
that carbon pollution has been
considerably reduced but not
eliminated in the generation of
blue hydrogen.

Green hydrogen is the only
'clean' hydrogen. Non-polluting
renewable sources such as solar,
wind and ocean energy are used
for electrolysis to split water into
oxygen and 'green' hydrogen.
Sun shines in the day, and the
electrical power demand, at times,
is high during the night. The wind
blows strongly during a specific
season. Often the renewable is
intermittent energy, leading to
excess production at certain times
and hardly anything at other times.
The idea is to store the excess
production from the renewable

as 'green' hydrogen obtained from
the electrolysis of water.

In addition, biological electrolysis
process of hydrogen generation
is also catching the imagination
of researchers. Essentially two
biological pathways lead to the
production of green hydrogen.
The first route is direct. Some
green microalgae, such as
cyanobacteria, use sunlight to
split water into oxygen and
hydrogen ions. Researchers are
working to accelerate metabolism
and find optimum conditions and
the best strain of bacteria, leading
to a higher hydrogen production
rate. The second route is what is
known as microbial electrolysis
cells (MECs). Microorganisms
break down the organic matter
during fermentation and turn the
glucose and cellulose into acetic
acid found in vinegar. Bacteria
feed on acetic acid, releasing
protons, electrons and carbon
dioxide. In the normal metabolism,
the electrons and protons are
consumed in reducing the oxygen.
However, if the solution is zapped
with additional jolt voltage (about
>0.2 V) between the anode and
the cathode, in that case the
protons are reduced to become
hydrogen gas at the cathode.
Although a bit of electrical energy
is used, the return is more than
hundred times, and hence,
a sustainable option for biohydrogen generation. This novel
and emerging technology can
turn any biodegradable organic
material
into
zero-emission
hydrogen gas fuel. As an added
bonus, in addition to generating
clean hydrogen gas, the process
can also be used for wastewater
treatment.

Hydrogen as an everyday
environment friendly fuel source
is limited by how it is generated.
Researchers across the globe
are exploring ways to create
green
hydrogen,
especially
biohydrogen.
Microorganisms
continue to produce hydrogen
sustainably for as long as the
cells stay alive.

India marching ahead

India, too, has taken firm steps to
build a green hydrogen economy
by launching National Hydrogen
Mission. In his Independence
Day address on 15 August 2021,
Prime Minister Narendra Modi
said, "This will not only help India
to make new progress in the field
of energy self-reliance but will
also become a new inspiration
for clean energy transition all
over the world."   Launching the
National Hydrogen Mission,
Finance Minister Smt. Nirmala
Sitharaman in her budget speech
2021-22 expressed that the aim
of the mission is to develop India
as a global hub for manufacturing
hydrogen and fuel cells. The
mission will chart out specific
strategies for a short four-year
term and also the broad principles
encompassing a 10-year longterm perspective. Encouraging
goal-oriented research for green
hydrogen
technologies,
the
mission will also frame standards
and regulations for the emerging
hydrogen technologies. India
uses about 6.7 million tonnes
of hydrogen annually, most of it
black, brown and grey. As part
of the mission, the government
is
considering
imposing
Green Hydrogen Consumption

Obligation (GHCO) in fertiliser
production, petroleum refining
and other bulk industrial
hydrogen applications to cut
reliance on fossil fuels.

The industry is seen taking
concrete steps in this direction.
GAIL (India) Limited, a central
public sector undertaking (PSU)
under the Ministry of Petroleum
& Natural Gas (MoP & NG), has
taken the lead by initiating the
setting up of India's largest
green hydrogen plant with a
10-megawatt (MW) electrolyser
capable of generating 4.5 tonnes
of green hydrogen daily in the
next 12-14 months. Meanwhile,
US-based renewable energy
company Ohmium has set up
India's first green hydrogen
electrolyser manufacturing unit
at Bengaluru.

Global energy and industrial
majors jointly with government
agencies such as the CSIRNational Chemical Laboratory
(CSIR-NCL) have formed the
India Hydrogen Alliance (IH2A).
The alliance hopes to promote
commercialisation of hydrogen
technologies and systems to
build net-zero carbon pathways
in India. Further, the India
H2 Alliance proposes to help
develop blue and green hydrogen
production facilities.
Dr. T.V. Venkateswaran,
Scientist F,
Vigyan Prasar, DST, Government
of India,
Room No. 115, 1st Floor, AI Complex,
Technology Bhavan, New Mehrauli
Road, New Delhi-110016
E-mail: tvv123@gmail.com
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Drones
Applications and
Indigenous Developments
M. Somasekhar
Drones, also called unmanned aerial vehicles (UAVs) are becoming more and
more ubiquitous, from filming cricket matches to marriages and in the delivery
of vaccines. They vary in sizes and carrying capacity too. The rapid growth in
e-commerce nudged by the pandemic has accelerated their demand. The Union
Government’s pro-active policies have liberalised their use, giving a big boost
to their manufacture and utility in diverse sectors, which keeps growing from
surveillance to the likes of home delivery of Diwali sweets or the consumer
products. Startups and big companies armed with latest technologies are making
the market grow fast.

O

n 4 October, 2021 the Union
Health Minister, Mr. Mansukh
Mandaviya launched the drone
delivery of COVID-19 vaccines to
remote areas of the Northeastern
states of India.
This was one of the first times
that a ‘Make in India’ drone was
deployed to carry the vaccines
over an air distance of 15 km (26
km by road) in 12-15 minutes
to a primary health centre in
Manipur. It is part of the drone
response and outreach project
of the Indian Council for Medical
Research (ICMR).

12

The drone based delivery project
has been granted permission
in Manipur, Nagaland as well
as the Andaman and Nicobar

Islands by the Union Ministry.
The ICMR conducted studies in
collaboration with IIT Kanpur
to test the capacity of drones to
carry and deliver vaccines safely.

The use of drones or Unmanned
Aircraft Systems is expected
to prove a game changer in
addressing the challenges in
health care delivery, particularly
health supplies in difficult areas.
The delivery model would ensure
reaching life saving drugs and
vaccines to remote areas.

The pandemic push

Though, the Indian drone
industry is in a nascent stage,
the pandemic and the new
Drone Policy 2021 of the Union
Government have given a shot
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in the arm for its accelerated
growth. The huge challenges
posed by COVID-19 also brought
out some innovative solutions
from drone makers and operators
in the country.

From detecting the virus carriers
in large gatherings to delivering
medicines, supplying protective
gear to frontline health care
givers to disinfecting public
spaces quickly, the range of
support activity of drones has
only been growing during the
pandemic.

According to the Drone Federation
of India, the country has over
50 drone manufacturers, 200
drone service organisations and
nearly 5,000 drone pilots, who

are operating in the commercial
space. In terms of numbers,
there could be around two lakh
plus drones of varying sizes
and payload carrying capacity.
Industry estimates, a few years
back had projected a growth up
to $900 million for the domestic
sector by the end of 2021.

The global market size of drones
in 2020 was pegged at $13.44
billion. The global commercial
drone market is projected to
reach the size of around $58.4
billion by 2026 with a compound
annual growth rate of over 16 per
cent between 2021 and 2026.
Pre-pandemic,
drones
were
slowly finding applications in
areas like mosquito eradication,
spraying of pesticides in farms,
monitoring floods, inspecting
wind
turbines
and
data
acquisition for combating climate
change,
operations
during
disaster times like floods and
cyclones.

Variants, technology
and innovation

Drones,
Unmanned
Aerial
Vehicles (UAVs) or mini-pilotless
robots, are in a way our ‘eye in
the sky’ operating at very low
altitudes unlike the satellites
that do at higher altitudes. For
more than a decade, concerns of
security, limitations in technology
and other airspace related issues
restricted their utility in the
country.
Drones generally come in
different sizes and payload
carrying capacities. The largest

A drone with a parcel of COVID-19 vaccines being flown to a rural village in
Telangana, which was the first to demonstrate the utility of these
unmanned aerial systems

are generally used in military
and surveillance. There are also
the unmanned aircrafts or UAVs,
which have fixed wings and
require short runways. They
can be used to cover large land
areas, from geographic surveys
to wildlife tracking, and control
poaching in large sanctuaries or
natural forest areas.

How does a typical drone
function? A drone is essentially
operated through a propulsion
system. This consists of motors,
propellers and electronic speed
controllers. Through propulsion,
the drones can fly at low altitude
in any direction. They are
controlled by a remote or are
accessed via a smartphone app
and require very little manpower.
They are efficient and quick in
gathering data through images
and are powered by a lithium-ion
battery.
Globally, drones have been
around for a couple of decades

now, mostly in the form of
UAVs or unmanned airplanes.
They remained in the armoury
of defence for surveillance, data
gathering and targeted operations
in
hostile
environments
with minimal or no human
involvement. These missions
would provide images through
sensors and enable quick follow
up action where necessary.

However, the recent spurt in
automation technology, combined
with advanced design, mapping,
and visualisation techniques
have brought in a mini revolution
in their capabilities and efficient
deployment for services. Recent
advances in robotics and deep
machine learning are giving a
further push to their potential for
wider applications.
Another dimension that is
accelerating
the
induction
of drones into more visible
applications is the deployment
by
e-commerce
giants
to
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a certificate of airworthiness,
unique identification number,
prior permission and remote
pilot licence for entities engaged
in research and development
(R&D) on drones. The payload
carrying capacity has also been
increased to 500 kilograms from
the earlier 300 kilograms.

Marut Drones, a Hyderabad based startup, which specialises in drone services
contributing to operations like vaccine delivery, health care and agricultural field
sprays, is a major emerging player

deliver products from pizzas
to home needs in the advanced
nations. Technologies that are
getting integrated with these
low flying gadgets are Wi-Fi
communications, small highresolution
digital
cameras,
GPS receiver chips and other
miniaturised electronics, giving a
big boost to both versatility and
range of applications.

14

These technological advances
have been supported in great
measure by the innovations in
manufacturing sector, including
batteries. Some of them are
the 3-D printing, autonomous
repair
systems
and
wing
coating. They have turned
drones into extremely proactive
devices that can support such
disparate activities as repair
work on high-rise, commercial
and industrial complexes and
harvesting operations on farm
land. These come with significant
improvements in efficiency and
cost.

Drone
Policy
and
Regulations 2021
Realising the potential and
demand, the Union Government
came up with a structured
framework to promote and
regulate drones in the country,
first in March 2021 and further
liberalised it in August 2021.

Accordingly, individuals and
companies will find it easier
and cheaper to own and operate
drones in India, under the new
national policy. It will exempt
a drone operator from seeking
security
clearance
before
registering a drone or applying
for a licence. In the case of
foreign companies registered
in India, they will be allowed to
import and operate drones and
their parts but will be regulated
by the Directorate General of
Foreign Trade.
The Drone Rules 2021 put out
by the Union Ministry of Civil
Aviation has also done away with
the requirement of possessing
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“The new drone rules will
tremendously help startups and
youth working in the sector. It
will open up possibilities for
innovation and business. It will
help leverage India’s strengths
in innovation, technology and
engineering to make India a
drone hub," Prime Minister
Narendra Modi said in a tweet.

Explaining the employment
multiplier of the initiatives, the
Union Civil Aviation Minister,
Mr. Jyotiraditya Scindia said “The
Svamitva scheme launched first
in Madhya Pradesh will help in
mapping of land parcels in 6.6
lakh villages of India. “Lakhs of
drones will be up there, which
will lead to requirement of
millions of pilots too,” he added,
as per media reports.
Mr. Scindia said there are already
200 startups in the drone
space. The Performance Linked
Incentive (PLI) scheme is skewed
towards the Micro, Small and
Medium Enterprises (MSMEs).
The drone industry estimated to
be around `60-70 crore now will
go up to `1,500 crore in three
years, he felt, as per reports.
At present manufacturing is
heavily dependent on imports of
components, such as propellers,

motors, flight controllers and
batteries. The challenge ahead
is to prioritise sourcing of highquality parts from various
manufacturers and assemble or
indigenise them under ‘Make in
India’.

Startups drive
drone sector

the

A significant feature of the
growth seen in drone sector is
the large number of startups
that are driving it. Some very
recent
estimates
put
the
number at around 400. Some
of the prominent ones include
IdeaForge, Aarav Unmanned
Systems, Aero 360, Marut
Drones, Quidich Innovations Lab,
1 Martian Way and Drone Tech
Lab.

In Hyderabad, for instance,
Marut Drones hit the limelight in
September 2021, when the Union
Minister flagged off the delivery
of COVID-19 vaccines to some
villages in Telangana State, the
first such initiative.

Started by IIT Guwahati alumnus,
Prem Kumar Vislawath, Marut
Drones began with tackling
malaria and dengue fevers in
the State about 5-6 years ago. It
tracked the mosquito and also
disinfected the breeding grounds
of insects and locations, such as
hospitals, bus stands, market
places and government offices.

Incubated at IIIT Hyderabad,
Marut Drones imports the motor
and propeller of the drone. Rest
it makes at its assembling unit,
including the lithium-ion battery.

Plans are to indigenise and also
set up a manufacturing plant
soon, as the demand and areas of
application are growing fast, says
Prem Kumar.

In another initiative on 1
October, Marut deployed the
‘Seedcopter’ drone to seed 1.5
lakh sphere shaped clay and
manure encapsulated seeds of
tamarind, bamboo, custard apple,
etc. in KBR National Park in the
heart of Hyderabad. The brand
ambassador for the event was
Rana Daggubati, a popular film
star.

When it rains, the spheres
dissolve and release the seeds,
which will slowly germinate
and grow. Explaining this, Prem
Kumar said, similar exercises will
be undertaken in different states
so that mass seeding covering
large areas can be achieved.
He also explained how drones
flying at low altitudes over
farms are able to spray inputs,
locate disease affected portions
and perform some agricultural
operations quickly without much
human involvement. He felt,
the drone could well emerge as
an alternative to the tractor for
some operations in rural India.

Another interesting example is
the role played by Netra, a UAV in
the rescue and search operations
during the Uttarakhand flash
floods caused by a huge cloud
burst in 2013. Developed by
the Defence Research and
Development
Organisation
(DRDO) and IdeaForge, a startup
from IIT, Mumbai, it was used
effectively by the NDMA.

Founded in 2007, IdeaForge is
basically into aerial surveillance.
It has developed drones named
Ninja and Switch with supply
and drop capabilities. It is one
of India’s largest manufacturers
of drones for defence, homeland
security
and
industrial
applications. The company has
over 90 per cent share in India’s
security and surveillance market
(among home grown drones).
It is also a major player in
surveying and mapping, precision
agriculture, asset inspection and
disaster management, according
to a company official.

Quidich
Innovations
Labs,
Mumbai founded in 2014 is yet
another startup that has slowly
transitioned from a UAV solutions
provider using aerial photography
to disaster relief and agriculture
services. It demonstrated the
capabilities during the disaster
relief operations in the aftermath
of Nepal earthquake in 2015.
The company is also helping
in agriculture through imageprocessing algorithms that are
useful in the interpretation of
aerial footage.

The ever growing
applications
The future of drone sector
depends on the willingness of the
government to use drones for a
variety of purposes, say experts.
There seems to be no lack of it
in that sphere, given the recent
moves made by it.

No wonder then, that the
sector is buoyant and seeing
lot of action with the variety of

September-October 2021 | INVENTION INTELLIGENCE

15

applications already expanding
fast. While examples are many,
it is interesting to note that the
government is in a way driving
the growth also in the domestic
sector in large infrastructure
projects, elections, railways,
disaster relief, Kumbh Mela, crop
surveillance and in defence.

The Uttar Pradesh Government
reportedly deployed drones
during the Kumbh Mela in
places like Prayagraj to maintain
law and order. Similarly, in
Chhattisgarh, a few years ago,
the central security forces
deployed UAVs round the clock
in areas that are sensitive to
extremism for patrolling during
the elections.

What’s
future

in

store

in

The next generation of drones,
categorised as ‘smart drones’ are
already underway. Smart drones
with built-in safeguards and
compliance tech, smart accurate
sensors and self-monitoring are
the next big revolution in drone
technology that would provide
new opportunities in transport,
military, logistics and commercial
sectors, say experts. US based 3D
Robotics announced the world's
first all-in-one Smart Drone
called Solo.

In terms of technology and
innovation, India too will
quickly catch up. Some of the big
impediments or challenges for

large scale use of drones would be
handling of manpower, training
and cost issues. Agricultural
operations are labour intensive.
Drones will cut into employment.
So, how does one handle
unemployment? There is a need
to train pilots and personnel to
control, manage and interpret
data. Costs of deploying drones
are on the higher side as of now.
Unless mass production and
deployment happens, operating
them will remain an expensive
proposition.
M. Somashekar, Science Journalist
(Former Associate Editor, The Hindu
Business Line)
Flat 401 Manbhum Sumukha Apts,
IA Employees Colony, Hyderabad-16
E-mail: mulugu@gmail.com
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Genomics for Precision
Medicine
Dr. Swati Subodh
Today, competition among countries has taken different forms. On the one end it is
taking them into outer space while on the other extreme it is taking them deep inside
the living cell! Mysteries around the human DNA, the basic fabric of inheritance
that codes for human life itself, had been unraveling for over four decades. The
potential of DNA in personalised, precision and preventive health care is immense,
one that can revolutionise medical science and public health interventions. From
treatment and management of chronic ailments, cancers and lifestyle disorders
to drug and vaccine development, surveillance, diagnostics and preventive care,
genomics is penetrating every aspect of life. The present pandemic has brought
genomics to the forefront in the areas of viral surveillance, tracking and real-time
decision making. With different world populations having their unique genetic
make-up, population level genomics is likely to gain relevance in designing region
specific healthcare policies and charting out appropriate programmes. Genomics
is a proposition that has finally come of age.

A

t the start of the COVID-19
pandemic, Genomics, the
study of the genome, was a field
confined to the pristine high-tech
laboratories, often seemingly
distant and considered too
academic to be a part of our
day-to-day activities. With the
pandemic now raging for almost
two years, genomic terminologies
have become part of everyday
parlance
while
discussing
COVID-19!

At the turn of the century, the first
draft of the human genome was
published, a breakthrough that
took over a decade to accomplish!
This was probably the first time
when the DNA sequence was
looked at from the viewpoint

Diversity of human population (Source: eHealth )

of public health rather than
being in the confines of research
laboratories studying microbes,
insects, plants and small animals.

Various
sequence
now in a
the gene

population
genome
projects later, we are
space where most of
variants occurring in
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Genetic similarities with other species (Source: 23 and Me)

different world populations are
known. It is also known what
these gene variants mean in terms
of health, such as susceptibility
to infections, manifestation of
genetic
disorders,
cognitive
abilities, allergies and response
to drugs.

A 0.1 per cent difference in
our genomes makes us widely
unique, not just as personalities
but at the genetic level too!
It is this difference that has
intrigued scientists in the last
few decades as they continue to
decipher how we, as individuals
and as a population, interact
with our internal and external
environments, and how all this
influences our health, from prebirth to health conditions that
develop later in life. The primary
focus is on using this knowledge
for better health care.
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A person may have gene variants
which puts him or her at risk for
a particular disease as compared
to someone with another variant
of the same gene. Identification
of such variants, especially those

whose manifestation may lead
to life-threatening outcomes,
ahead of time could enable an
efficient disease management, or
even prevention. This approach
has precipitated the concept
of ‘personalised’ medicine as
against the conventional ‘one size
fits all’ approach, which treats
the manifested symptoms based
on general clinical guidelines.

Advent of genome
sequencing
technologies

It took us over a decade to
sequence and assemble the
first human genome. As of now,
there is a theoretical capacity to
sequence thousands of human
genomes annually! With DNA
testing technologies becoming
affordable, the question now
is ‘how fast’ rather than ‘if’
genomics will impact health care.

International genome
sequencing initiatives

The awareness on precision
medicine and the impact it can
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have on health care in general
has been realised globally.
This has led to the launch of
multiple international genome
sequencing initiatives. Within
the past decade governments
of at least 14 countries had
invested over US$ 4 billion by
2019 in establishing national
genomic-medicine initiatives to
address implementation barriers
and democratise genomics by
performing transition genomic
testing, ranging from centres of
excellence to mainstream medical
practice. The most ambitious one,
however, is the China Precision
Medicine Initiative, a 15-year,
US$ 9.2 billion project, aiming to
sequence 10,00,00,000 genomes
by 2030!

During
2013-2018,
UK’s
Genomics England (GEL) received
US$ 415M as government funding
and
completely
sequenced
1,00,000 genomes from patients,
with over 100 rare diseases
and seven common cancers,
including their family members.
Further, GEL has established
centralised infrastructure for
the delivery of diagnostic wholegenome
sequencing
(WGS)
services, including an NHS
Genomic Sequencing Centre in
partnership with Wellcome Trust
and Illumina. There are further
plans of sequencing 50,00,000
more genomes in the next few
years in the clinical and research
environments, thereby further
strengthening UK’s leadership in
genomics.
The French Plan for Genomic
Medicine 2025 aims at integrating

genomic medicine into health
care and establishing a national
genomic-medicine
industry
that promotes innovation and
economic growth. Under this
initiative the initial clinical pilot
projects have been launched in
the areas of rare disease, cancer,
common
disease
(diabetes)
and a population cohort to
test technological, clinical and
regulatory
barriers
facing
implementation. With France’s
capability of sequencing nearly
2,35,000 genomes per year in
2020, 20,000 patients with rare
disease and 50,000 patients with
metastatic or refractory cancer
are expected to be sequenced.

The United States has been
investing in genomic-medicine
implementation
since
2011
beginning with the launch of
a new strategic plan of the
National
Human
Genome
Research Institute (NHGRI).
These
landmark
projects
are
establishing
evaluation
frameworks
and
providing
evidence on the diagnostic, clinical
and economic value of genomic
sequencing in specific patient
groups (healthy and acutely
unwell newborns; individuals
with complex, undiagnosed rare
genetic conditions; and those in
specific health care settings, such
as primary care and cardiology
clinics). With a funding of US$
500M in 2016-17, and a funding
commitment of US$ 1.455B from
All of Us Research Program, they
are now engaging 10,00,000
volunteers of all life stages, health
statuses, races and ethnicities,

and geographic regions, thus
reflecting the human diversity
of US. These programmes
are integrating research with
lifestyle,
environment
and
genetics with the hope of leading
to the development of innovative
prevention
strategies
and
treatments.

Genomics in individual
and community health
Genomic profiling has already
shown great value in risk
prediction
for
Huntington’s
disease, hereditary form of
cancers and metabolic diseases in
which the body is unable to break
down certain types of dietary
compounds. The treatment of
these potentially fatal conditions
is invasive, expensive and prone
to severe side effects, thus making
the genetic prediction of crucial
importance. Such conditions
are determined by a single gene
(monogene) and its cause-effect
relationship is easy to decipher.
Disease
conditions

management
of
such as diabetes,

which affects 1 in 11 individuals
worldwide, is gaining priority.
Predicting multi-gene disorders
such as diabetes and coronary
heart disease (CHD) can be
difficult using a genetic approach
since they are determined by
the cumulative effect of many
genes and also environmental
factors. Adding to the complexity
are co-occurring diseases where
the occurrence of one makes an
individual susceptible to another
disease.

Diabetes,
for
example,
is
associated with various general
and organ specific complications,
of which CHD is the most
prominent.
Susceptibilityassociated gene variants having
high predictive value, either
for occurrence of individual
condition or co-occurrence with
another, may show a low overall
predictive value when taken
together with other similar gene
variants in other parts of the
person’s DNA; thereby showing
only a marginal increase or
decrease in comparison to the
average risk factor of the entire
community.

Cancer genomics (Source: Roche)
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Multi-country
studies
have
shown a genetic association
between diabetes and risk for
CHD; in many cases it also reports
exceptions that are difficult to
explain. All of these genetic
variations carry a nominal risk
factor and it is now more or less
clear that diabetes and other
lifestyle diseases are not overtly
genetics-based; rather, they are
manifestations of modifications
in the genome. At present all
the discovered DNA variations
together cannot explain more
than 10 per cent of the risks.

Previous studies have shown
that
new
yet
unknown
gene pathways and novel
intermediate biomarkers may be
stronger predictors of disease
than the genetic variant that led
to its identification. These new
discoveries will additionally
help in a better understanding
of the disease and motivate
researchers to think of alternate
risk factors.

On the one hand, an increasing
number of studies are reporting
gene variants, which potentially

predict disease progression in
different clinical settings, both
for monogenic and multi-gene
disorders. On the other hand,
many researchers believe that
identifying
combinations
of
causal gene variants with high
disease predictive values, even
within the same population
is unlikely for complex multigene diseases such as diabetes
and CHD. This may be true
even though the variants by
themselves may be common as
the combinations are likely to
be rare. Effects of gene-gene and
gene-environment
interaction
along with ethnic differences
within populations are the other
factors to be considered.

Genomics
of
cancers
is
another
widely
studied
area. Identification of genes
associated with different types
of cancer and the presence of
their high-risk variants has
been identified here as well.
Another aspect of genomics
that is studied extensively in
cancers is epigenomics or the
DNA modification pattern with
different chemical moieties.

Cancer genomics in precision oncology
(Source: Springer)
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Pharmacogenomics
Developments in genomics have
given rise to many specialised
domains of deep research. It has
accelerated the identification of
novel drug targets in genome
related studies, i.e. in the
processes of targeting, discovery
and validation of drugs. On the
other hand, it has facilitated the
identification of drug-risk profiles
in early preclinical developments
by way of creating molecular
go/no-go decision gates, i.e.
toxicogenomics. Genomics has
also stimulated the development
of novel multivariate signature
assays, thereby paving the
way for improved molecular
diagnostics test and personalised
medicine.

Another promising domain is
that of pharmacogenomics. It
is the science that allows us
to predict a response to drugs
based on an individual’s genetic
makeup. It helps in monitoring
the rate of disease occurrence,
the risk of disease progression
or recurrence, the drug or drug
class most likely to provide

Future of clinical trials (Source: www.biopharma-excellence.com)

benefit, the therapeutic dose, the
nature and extent of beneficial
responses to treatment and the
likelihood of drug toxicity. Apart
from improving the clinical
management, it may also reduce
the costs of clinical trials as it
can enhance the stratification
of patients enrolled in latestage drug development. This
would enable risk mitigation for
pharma companies by avoiding
losses due to drug failures after
a substantial expenditure has
already been invested on drug
development. This is specifically
important in drug development
for diseases that do not have
a huge paying market, e.g.,
tuberculosis, malaria and other
neglected tropical diseases.

Genomics in India

India too launched its own
genomic sequence initiative,
the Indian Genome Variation
Project (IGV) in 2003 to assess
the genetic variation of its
population. The findings were
interesting as this was the first
time the Indian population was
categorised according to their
genetic map. The study showed
that certain (functional) alleles,
i.e., gene variants of diseaseassociated genes, had distinct
distribution frequencies across
the groups studied. This stratified
the population further according
to disease susceptibility.

viral genomes. These efforts
helped
in
identifying
the
B.1.1.7 variant in UK, leading
to travel restrictions and policy
interventions. In India, the Indian
SARS-CoV-2 Genomic Consortium
(INSACOG) is funneling genome
The start of 2021 brought the sequences from 10 network
onset of many SARS-CoV-2 labs for public health decisions.
variants, with the mid part of the Genome sequencing, despite
year seeing an increase in their gaining importance during this
spread, leading to the second, pandemic, because of the lack
and at many places a third, wave of enough sequencing initiatives
of infection escalation. Although and the slow rate of sequencing
the past decade had started to in INSACOG due to hiccups
prime the health care systems attributed to resource and
of the need and use of genomics logistics, was being considered
in health care, however, the ‘potentially disastrous’ at a
need for genomic surveillance time when these variants (UK
during the pandemic provided an strains, South African strain and
unexpected thrust and brought Brazilian strain) were reportedly
this to the forefront, as it is now a on an upswing in the Indian
defining strategy for tracking and population, with many states
re-imposing partial curfews
containing the virus.
and lockdowns. For the period
In the year past, nearly 3,60,000   January-March 2021, only one
SARS-CoV-2 variants had been per cent (7,664 samples) of
sequenced and stored in GISAID, the total positive samples was
a non-profit online database sequenced, as opposed to the
for sharing viral genomes. UK’s target of five per cent. April saw
COVID-19 Genomics Consortium the emergence of the second
(COG-UK) has also propelled wave in India, the outcomes of
its efforts in sequencing the which were unprecedented!
were launched. The coronavirus
variants were spreading and with
the help of genomic technologies
it was possible to track and
monitor how the variants were
emerging and spreading.

The pandemic

SARS-CoV-2
whole
genome
was published in January 2020
after which various diagnostic,
therapeutic and vaccine efforts

The changing face of the pandemic (Source: Science AAAS)
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The emergent Delta strain that
is presently circulating is one
of four ‘variants of concern’
identified by the World Health
Organization, along with four
‘variants of interest’. It is quite
different from the virus that
appeared in Wuhan, China, in
late 2019. Due to this unexpected
turn, countries around the world
are still grappling with pandemic
planning and containment!

Researchers,
doctors
and
evolutionary biologists were
baffled with the rapid evolution
of the virus in a short timeframe,
while they had only the previous
experience of working on
bacteria and viruses that have
been in existence for decades or
centuries. Not only did this virus
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escape the immune system, but
a study in Scotland also showed
that the Delta variant was about
twice as likely to lead to hospital
admission vis-à-vis the Alpha,
highlighting how quickly it got
evolved and adapted to continue
its spread!

As of mid-September, 40 per
cent of the world population had
received at least one dose of the
vaccine, out of which only two
per cent were from LMICs! Till
vaccine equity is achieved and
future pandemic preparedness
measures are put in place, it
becomes imperative to keep a
close watch on the virus itself.
Genomic surveillance is an
important and cost-effective way
of achieving this.
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Going further
Overall, the last two decades,
and now the tipping point
unexpectedly provided by the
pandemic, has generated enough
reasons for us to accelerate
genome-based discoveries and
surveillance in humans as well as
in the microbial world, as these
analyses of genomic studies can
provide a ‘genetic cautionary’
note for the management of
these diseases and our future
preparedness, both at individual
as well as the population level.
Dr. Swati Subodh
Co-founder, 1M1B Foundation
M-36, Greater Kailash-II, New Delhi
E-mail: swati@activate1m1b.org

Scientific Institutions
and Scientists of
Modern India–2
Dr. Subodh Mahanti
The first part of this article started with the mentioning of Indian scientists’
contributions in pre-independent India. There was a brief description of the
contributions of the ancient Indian scientists. Some of the major breakthroughs
made by Indian scientists in post-independent India and India’s participation in
international mega-science projects were also noted. Educational institutions
including early universities, medical and engineering colleges, scientific societies
and academies, IITs, IIITs, NITs, IISERs, AIIMS, inter-university centres, scientific
institutions were chronologically mentioned. The first part ended with the Indian
Council of Medical Research and the organisations under it. Scientists associated
with these organisations were also mentioned. The second part starts with the
Indian Council of Agricultural Research (ICAR).

T

he
Indian
Council
of
Agricultural
Research
(originally
named
Imperial
Council of Agricultural Research)
was founded in 1929. The
Department
of
Agricultural
Research and Education (DARE)
was established in 1973. ICAR
functions as an autonomous
organisation under DARE. The
Director General of ICAR also
serves as the Secretary of DARE.
B.P. Pal, who served as Director
General of ICAR during 196572, was succeeded by M.S.
Swaminathan (1972-79). As
we know ICAR played a very
significant role in ushering the
Green Revolution in the country.
Its continued research and

technology development effort
has enabled India to ‘increase
production of food grains by
5.6 times, horticultural crops by
10.5 times, fish by 16.8 times,
milk by 10.4 time and eggs by

52.9 times since 1950-51 to
2017-18’ (Source: icar.org.in/
content/about-us).
Providing
high quality, relevant education
in agricultural sciences is also
the responsibility of ICAR. It

Indian Agricultural Research Institute, New Delhi
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B.P. Pal, who served as DG, ICAR (1965-72)
is regarded as the founder of modern Indian
agricultural science

supports 63 state agricultural
universities,
three
central
agricultural universities and four
deemed universities. The first
state agricultural university was
established in Pantnagar (now in
Uttarakhand) in 1960. According
to ICAR website there are more
than 700 Krishi Vigyan Kendras
(KVKs) in the country. A KVK is
an agricultural extension centre.
The first KVK was established at
Puducherry in 1974.

The research organisations under
the ICAR have been categorised
into four categories: Deemed
Universities,
Institutions,
National
Research
Centres,
Directorates/Project Directorates
and National Bureaux.

Deemed Universities

1. ICAR-Indian
Veterinary
Research Institute (1889),
Izatnagar.

2. ICAR-Indian
Agricultural
Research Institute (1905),
New Delhi.
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M.S. Swaminathan, DG,
ICAR (1972-79) played an
instrumental role in making
India’s Green Revolution
a reality

3. ICAR-Central Institute of
Fisheries Education (1961),
Mumbai.
4. ICAR-National Dairy Research
Institute (1965), Karnal,
Haryana.

Institutions

1. ICAR-Central
Island
Agricultural
Research
Institute, Port Blair. It started
its journey in 1978 as
Central Agricultural Research
Institute, which was formed
by merging the regional
stations of the IARI, IVRI,
CPCRI and CMFRI. In 2017,
it was named to its present
form with extended mandate.

2. ICAR-Central
Arid
Zone
Research Institute, Jodhpur.
It
started
as
Desert
Afforestation
Station
in
1952, later expanded into
Desert Afforestation and Soil
Conservation Station in 1957.
In 1959, it was upgraded to
Central Arid Zone Research
Institute.
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R.S. Paroda, DG, ICAR (1992-2001)
was the Founder President of Global
Forum of Agricultural Research in the
Food and Agriculture Organisation, a
specialised agency of the United Nations

3. ICAR-Central Avian Research
Institute (1979), Izatnagar.
It began as a separate
Poultry Research Station at
the Imperial (now Indian)
Veterinary Research Institute,
Izatnagar in 1939.

4. ICAR-Central
Inland
Fisheries Research Institute,
Barrackpore, West Bengal.
The Institute started its origin
in 1947 as Central Inland
Fisheries Research Station
under the Ministry of Food
and Agriculture. In 1959, it
was elevated to a full-fledged
research institute called
Central
Inland
Fisheries
Research Institute. It came
under the administration of
ICAR in 1967. In 1987, its
name was changed to Central
Inland Capture Fisheries
Research Institute and then
in 2002, the ICAR resorted to
its original name.

5. ICAR-Central Institute of
Brackishwater Aquaculture
(1987), Chennai.

6. ICAR-Central Institute for
Research on Buffaloes (1985),
Hissar, Haryana.

7. ICAR-Central Institute for
Research on Goats (1979),
Makhdoom, Mathura, Uttar
Pradesh.

8. ICAR-Central Institute of
Agricultural
Engineering
(1976), Bhopal.

9. ICAR-Central Institute for
Arid Horticulture (2000),
Bikaner. It started as National
Research Centre for Arid
Horticulture during the 7th
Five Year Plan (1985-1990).

10. ICAR-Central Institute for
Cotton Research (1976),
Nagpur
Maharashtra.
It
has two regional centres at
Coimbatore (Tamil Nadu) and
Sirsa (Haryana).

11. ICAR-Central Institute of
Fisheries Technology (1957),
Kochi, Kerala.

12. ICAR-Central Institute of
Freshwater
Aquaculture,
Bhubaneswar. The institute
had its beginning in the
Pond Culture Division of
the Central Inland Fisheries
Institute
established
in
Cuttack in 1949. It became an
independent institute with its
present name in 1987.
13. ICAR-Central
Institute
of
Research on Cotton Technology,
Mumbai. It was established
in 1924 as a Technological
Laboratory by the then Indian
Central Cotton Committee.
In 1966, it came under ICAR
and its name became Cotton
Technological
Research
Laboratory. The present name
was adopted in 1991.

14. ICAR-Central Institute of
Subtropical
Horticulture,
Lucknow. It had its beginning
in 1972 as Central Mango
Research Station. In 1984,
it was upgraded to the level
of an independent institute
as Central Institute for
Horticulture for Northern
Plains. The existing name was
adopted in I995.
15. ICAR-Central Institute of
Temperate
Horticulture,
Srinagar, J&K. The institute
was established in 1994
and started functioning at
Lucknow and in 1997 it was
shifted to Srinagar.

16. ICAR-Central Institute on
Post-Harvest Engineering and
Technology, Ludhiana, Punjab
(1989). A second campus of
the institute was established
in 1993 at Abohar, Punjab in
1993.

17. ICAR-Central Marine Fisheries
Research Institute, Kochi,
Kerala. It was established in
1947 and it came under ICAR
in 1967.

18. ICAR-Central
Plantation
Crops Research Institute
(1970), Kudlu, Kerala.

19. ICAR-Central Potato Research
Institute, Shimla. It was
established in 1949 at Patna
and in 1956 it was shifted to
Shimla. It came under ICAR in
1966.

20. ICAR-Central
Research
Institute for Jute and Allied
Fibers, Barrackpore, West
Bengal. It came into existence
in 1953 as Jute Agricultural
Research Institute.   The
present name was adopted in
1990.

21. ICAR-Central
Institute
for
Agriculture
Hyderabad.

Research
Dryland
(1985),

22. ICAR-National Rice Research
Institute, Cuttack, Odisha. It
was established in 1946 and
it came under the ICAR in
1966.

23. ICAR-Central Sheep and Wool
Research Institute (1962),
Avikanagar, Rajasthan.

24. ICAR-Indian Institute of Soil
and Water Conservation,
Dehradun. The Institute was
established in 1974 with
headquarters at Dehradun
by
combining
Water
Conservation
Research,
Demonstration and Training
Centres at Dehradun, Kota,
Bellary,
Udhagamandalam,
Vasad, Agra and Chandigarh.

25. ICAR-Central Soil Salinity
Research Institute (1969),
Karnal, Haryana.

26. ICAR-Central
Tobacco
Research Institute (1947),
Rajahmundry,
Andhra
Pradesh.
27. ICAR-Central Tuber Crops
Research Institute (1963),
Thiruvananthapuram.
28. ICAR-Research Complex for
Eastern Region, Patna (Hqrs.).
It came into existence after
the merger of Directorate
of
Water
Management,
Patna; Central Horticultural
Experiment Station, Ranchi;
and Central Tobacco Research
Station, Pusa, Samastipur.

29. ICAR-Research Complex for
NEH Region (1975), Umiam,
Meghalaya.

September-October 2021 | INVENTION INTELLIGENCE

25

30. ICAR-Central
Coastal
Agricultural
Research
Institute (1976), Ela, Old Goa,
Goa.

31. ICAR-Indian
Agricultural
Statistics Research Institute
(1933), New Delhi.

32. ICAR-Indian Grassland and
Fodder Research Institute
(1962), Jhansi, Uttar Pradesh.

33. ICAR-Indian
Institute
of
Agricultural
Biotechnology
(2013), Ranchi.

34. ICAR-Indian
Institute
of
Horticultural
Research
(1967), Bengaluru.

35. ICAR-Indian Institute Natural
Resins and Gums, Ranchi.
The institute had its origin in
1924 as Indian Lac Research
Institute and it was brought
under ICAR in 1966. The
institute was renamed to its
present form in 2007.

36. ICAR-Indian
Institute
of
Pulses Research (1993),
Kanpur, Uttar Pradesh.

37. ICAR-Indian Institute of Soil
Sciences (1988), Bhopal.

26

38. ICAR-Indian
Institute
of
Spices Research, Kozhikode,
Kerala. It started as a project,
All India Coordinated Spices
and Cashew Improvement
Project at Central Plantation
Crops Research Institute at
Kasaragod in 1971. In 1975,
the project was upgraded
as a Regional Station and
it was shifted to Kozhikode
(formerly Calicut). In 1986,
its name was changed to
National Research Centre for
Spices after merging it with
the Cardamom Research
Centre located at Appangala

in Karnataka. It was further
elevated to its present form
in 1995.

39. ICAR-Indian
Institute
of
Sugarcane Research (1952),
Lucknow.
40. ICAR-Indian
Institute
of
Vegetable Research (1999),
Varanasi, Uttar Pradesh.

41. ICAR-National
Academy
of Agricultural Research
and Management (1976),
Hyderabad.
42. ICAR-National Institute of
Biotic Stress Management
(2012), Raipur, Chhattisgarh.

43. ICAR-National Institute of
Abiotic Stress Management
(2009), Malegaon Khurd,
Maharashtra.

44. ICAR-National
Institute
of Animal Nutrition and
Physiology (1995), Bengaluru.

45. ICAR-National Institute of
Natural Fibre Engineering
and Technology, Kolkata. It
was originally established
in 1953 as Jute Agricultural
Research Institute.

46. ICAR-National Institute of
Veterinary Epidemiology and
Disease Informatics, (2013),
Hebbal, Bengaluru.

47. ICAR-Sugarcane
Breeding
Institute (1912), Coimbatore,
Tamil Nadu.

48. ICAR-Vivekananda Parvatiya
Krishi Anusandhan Sansthan,
Almora, Uttarakhand. It was
started by Boshi Sen in 1924
as Vivekananda Laboratory
at Kolkata and was shifted
to Almora, Uttarakhand in
1936. The management of
the Institute was handed over
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to Uttar Pradesh Government
in 1959. In 1974 the Institute
came under   ICAR and its
name was changed to its
present form.

49. ICAR-Central Institute for
Research on Cattle, Meerut,
Uttar Pradesh. It had its
beginning in 1987 as Project
Directorate on Cattle. This was
an up-gradation of the status
of the All India Coordinated
Research Project. In 2014,
the Directorate was upgraded
to the present institute.
50. ICAR-National
Institute
of High Security Animal
Diseases, Bhopal. It was
established in 2014 by
upgrading the existing High
Security Animal Disease
Laboratory, a regional station
of the Indian Veterinary
Research Institute, Izatnagar.

51. ICAR-Indian
Institute
of
Maize Research (1957), New
Delhi.

52. ICAR-Central
Agroforestry
Research Institute (1988),
Jhansi, Uttar Pradesh.

53. ICAR-National Institute of
Agricultural Economics and
Policy Research (1991), New
Delhi.

54. ICAR-Indian
Institute
of
Wheat
and
Barley
Research, Karnal. It had its
beginning in 1965 as the All
India Coordinated Wheat
Improvement Project at IARI,
New Delhi. This was upgraded
to the status of Directorate
of Wheat Research in 1978.
In 1990, the Directorate was
shifted to its present location
in Karnal. In 2014, it was
made an institute and called

Indian Institute of Wheat and
Barley Research.

55. ICAR-Indian
Institute
of
Farming Systems Research,
Modipuram, Uttar Pradesh.
The institution had 'its origin
from the Stewart Simple
Fertlizer Trials on Cultivators'
Fields, which was initiated in
1952-53.

56. ICAR-Indian
Institute
of
Millets Research, Hyderabad.
It was established in 1958
under
the
Project
on
Intensified
Research
on
Cotton, Oilseeds and Millets.
It went through many phases
before it became known as
the Indian Institute of Millets
Research in 2014.

57. ICAR-Indian
Institute
of
Oilseeds Research (1967),
Hyderabad.

58. ICAR-Indian
Institute
of
Oil Palm Research (1995),
Pedavegi, Andhra Pradesh.

59. ICAR-Indian
Institute
of
Water Management (1988),
Bhubaneswar.

60. ICAR-Indian
Institute
of
Rice Research, Hyderabad.
It began its journey as All
India
Coordinated
Rice
Improvement
Project
in
1965 and was elevated as a
Directorate in 1975. Later, it
was further upgraded to the
present form.

61. ICAR-Central Institute for
Women
in
Agriculture,
Bhubaneswar. It started as
National Research Centre
for Women in Agriculture in
1996 at Bhubaneswar.
62. ICAR-Central Citrus Research
Institute, Nagpur. It started as

National Research Centre for
Citrus in 1985.

63. ICAR-Indian Institute of Seed
Science (2016), Mau, Uttar
Pradesh.

64. ICAR-Indian
Agricultural
Research
Institute,
Hazaribagh, Jharkhand. Its
foundation stone was laid
down in 2015.

65. ICAR-National Institute for
Plant Biotechnology, New
Delhi. It was established in
1985 as the Biotechnology
Centre at IARI and in 1993
it was elevated to its present
form.

West
Kermeng,
Arunachal
Pradesh; ICAR-National Research
Centre for Integrated Pest
Management
(1988),
New
Delhi; ICAR-Mahatma Gandhi
Integrated Farming Research
Institute (MGIFRI), Motihari,
Bihar. It started as National
Research Centre on Integrated
Farming, whose foundation stone
was laid in 2015 and in 2018 its
name was changed to MGIFRI.

Directorates / Project
Directorates

ICAR-Directorate of Groundnut
Research
(1979),
Junagarh,
Gujarat; ICAR-Directorate of
Soybean
Research
(1967),
National Research
Indore, Madhya Pradesh; ICARCentres
Directorate of Rapeseed & Mustard
ICAR-National Research Centre for Research (1993), Bharatpur,
Banana (1993), Tiruchirappalli, Rajasthan; ICAR-Directorate of
Tamil
Nadu;
ICAR-National Mushroom Research (1983),
Research Centre for Grapes Solan, Himachal Pradesh; ICAR(1997), Pune, Maharashtra; ICAR- Directorate on Onion and
National Research Centre for Garlic Research (1994), Pune,
Litchi (2001), Muzaffarpur, Bihar; Maharashtra; ICAR-Directorate of
ICAR-National Research Centre Cashew Research (1986), Puttur,
for Pomegranate (2005), Solapur, Karnataka; ICAR-Directorate of
Maharashtra;
ICAR-National Medicinal and Aromatic Plants
Research Centre on Camel Research (1992), Anand, Gujarat;
(1984), Bikaner, Rajasthan; ICAR- ICAR-Directorate of Floricultural
(2009),
Pune,
National Research Centre on Research
Equines (1985), Hissar, Haryana;   Maharashtra; ICAR-Directorate
ICAR-National Research Centre of Weed Research (originated
on Meat, Hyderabad, Telangana; in 1952 as a Coordinated Weed
ICAR-National Research Centre Control Scheme on Wheat,
on Mithun (1988), Medziphema, Rice and Sugarcane), Jabalpur,
Nagaland;
ICAR-National Madhya Pradesh; ICAR-Project
Research Centre on Orchids Directorate on Foot & Mouth
(1996), Pakyong, Sikkim; ICAR- Disease (originated in 1968 as
National Research Centre on Pig, All India Coordinated Project
Guwahati, Assam was established for Foot and Mouth Disease
Typing),
Mukteshwar,
in 2002 but it started functioning Virus
Uttarakhand;
ICAR-Directorate
of
in 2005; ICAR-National Research
Centre on Seed Spices (2000), Poultry Research (had its origin
Ajmer, Rajasthan; ICAR-National in 1970), Hyderabad, Telangana;
Research Centre on Yak (1969), ICAR-Directorate of Knowledge
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National Bureau of Soil Survey and Land Use Planning, Nagpur

Management
in
Agriculture
(originated in 1929), New Delhi;
ICAR-Directorate of Cold Water
Fisheries
Research
(1987),
Bhimtal, Uttarakhand.

National Bureaux

ICAR-National Bureau of Plant
Genetic Resources (1976), New
Delhi; ICAR-National Bureau of
Agriculturally Important Microorganisms (2001), Mau, Uttar
Pradesh; ICAR-National Bureau
of Agricultural Insect Resources,
Bengaluru;
ICAR-National
Bureau of Soil Survey and LandUse Planning (1976), Nagpur,
Maharashtra;
ICAR-National
Bureau of Animal Genetic
Resources
(1984),
Karnal,
Haryana; ICAR-National Bureau
of Fish Genetic Resources (1983),
Lucknow.

The Council of Scientific
and Industrial Research
(CSIR) / Department of
Scientific and Industrial
Research (DSIR)
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The Council of Scientific and
Industrial Research came into
existence in 1942. The founder
Director (a post later re-

designated as Director General)
of CSIR was Shanti Swarup
Bhatnagar. The Department of
Scientific and Industrial Research
(DSIR) was created in 1985. The
Director General of CSIR is also
the Secretary of DSIR.

The origin of CSIR/DSIR could
be traced to the establishment
of the Industrial Intelligence and
Research Bureau (IIRB) in 1934
under the control of the Indian
Stores Department. IIRB was
located in the National Test House.
After the Second World War
started in 1939 it was proposed
to close down the IIRB due to
financial constraint. Ramaswamy
Mudaliar, the then Commerce
Member, while accepting the
proposal for closing down IIRB
strongly argued that “The old
Bureau should be abolished not
as a measure of economy but
to make room for a Board of
Scientific and Industrial Research
with vaster resources and wider
objectives.” Eventually Mudaliar
succeeded in persuading the
government to create the Board
of Scientific and Industrial
Research (BSIR) in April 1940.
S.S. Bhatnagar, who was then
working as the Head of Panjab
University Chemical Laboratories
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was invited to take charge of the
newly created BSIR. Soon after
its formation eminent scientists
like C.V. Raman, M.N. Saha, S.K.
Mitra and J.C. Ghosh were invited
to be members of BSIR’s research
committees. Further, Bhatnagar
persuaded the government to
constitute an Industrial Research
Utilisation Committee (IRUC) in
early 1941. The persistent efforts
of Mudaliar and Bhatnagar led to
the establishment of the Council
of Scientific and Industrial
Research (CSIR) in 1942. It was
proposed that the administration
of CSIR would vest with the
governing body to be nominated
by the government and BSIR
and IRUC would be treated as
advisory bodies to the governing
body of CSIR.

S.S. Bhatnagar served as Director
General (initially the post was
called Director) of CSIR during
the period 1942-1954. Those
who followed Bhatnagar as DG
CSIR are: M.S. Thacker (19551962), S. Husain Zaheer (19621966), Atma Ram (1966-1971),
Y. Nayudamma (1971-1977), A.
Ramachandran
(1977-1978),
M.G.K. Menon (1978-1981), G.S.
Sidhu (1981-1984), S. Varadarajan
(1984-1986),   A.P. Mitra (19861991), S.K. Joshi (1991-1995),  

S.S. Bhatnagar, the Founder Director
(later Director General) of CSIR,

7. CSIR-Central
Food
Technological
Research
Institute (1950), Mysuru.
8. CSIR-Central
Glass
and
Ceramic Research Institute
(1945), Kolkata.

9. CSIR-Central Institute of
Medicinal
and
Aromatic
Plants (1959), Lucknow.

M.S. Thacker

S. Husain Zaheer

R.A. Mashelkar (1995-2006), S.K.
Brahmachari (2007-2013), Girish
Sahni (2015-2018) and Sekhar
C. Mande (2018-). (The names of
those who officiated as DG CSIR
for short periods in the absence
of regular DGs are not given).

2. CSIR-Central
Building
Research Institute (1959),
Roorkee.

Today, CSIR covers a wide
spectrum
of
science
and
technology. The laboratories
under CSIR include:

1. CSIR-Advanced Materials and
Processes Research Institute,
Bhopal. It was established in
1981 as Regional Research
Laboratory.

3. CSIR-Centre for Cellular and
Molecular Biology (1977),
Hyderabad.

4. CSIR-Central Drug Research
Institute (1949), Lucknow.

5. CSIR-Central Electrochemical
Research Institute (1948),
Karakudi.

6. CSIR-Central
Electronics
Engineering
Research
Institute
(1953),
Pilani,
Rajasthan.

10. CSIR-Central Institute of
Mining and Fuel Research,
Dhanbad, Jharkhand. The
institute was formed in
2007 by merging two
existing
institutes
viz.,
the Central Fuel Research
Institute
(established
in
1945), Dhanbad and Central
Mining Research Institute
(established
in
1955),
Dhanbad.

11. CSIR-Central
Leather
Research Institute (1948),
Chennai.

12. CSIR-Central
Mechanical
Engineering
Research
Institute (1958), Durgapur,
West Bengal.
13. CSIR-Central Road Research
Institute (1950), New Delhi.

14. CSIR-Central
Scientific
Instruments
Organisation
(1959), Chandigarh.

15. CSIR-Central Salt and Marine
Research Institute (1954),
Bhavnagar, Gujarat.

16. CSIR-Fourth
Paradigm
Institute (1988), Bengaluru.
Its earlier name was CSIRCentre for Mathematical
Modelling and Computer
Simulation.

Atma Ram

Y. Nayudamma

17. CSIR-Institute of Genomics
and Integrative
Biology
(2002), New Delhi. It was
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CSIR-National Chemical Laboratory, Pune

originally formed in 1966
as Centre for Biochemical
Technology.

22. CSIR-Indian
Institute
of
Petroleum (1960), Dehradun.

19. CSIR-Indian
Institute
of
Chemical Biology, Kolkata.
It was established in 1935
as
Indian
Institute
of
Experimental Medicine and
was taken over by CSIR in
1956 and renamed to its
present form in 1982.

24. CSIR-Institute of Microbial
Technology
(1984),
Chandigarh.

18. CSIR-Institute of Himalayan
Bioresource
Technology
(1983), Palampur, Himachal
Pradesh.

20. CSIR-Indian
Institute
of
Chemical
Technology,
Hyderabad. It was started in
1944 as Central Laboratories
for Scientific and Industrial
Research by the then princely
State of Hyderabad. It was
taken over by CSIR in 1956
and was renamed as Regional
Research
Laboratory,
Hyderabad. In 1989, its
name was changed to
Indian institute of Chemical
Technology.
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CSIR-National Physical Laboratory, New Delhi

21. CSIR-Indian
Institute
of
Integrative Medicine, Jammu,
J&K (UT).

23. CSIR-Indian
Institute
of
Toxicology
Research,
Lucknow. It was established in
1965 as Industrial Toxicology
Research Centre.

25. CSIR-Institute of Minerals
and Materials Technology,
Bhubaneswar.
It
was
established in 1964 as
Regional Research Laboratory.
26. CSIR-National
Laboratories
Bengaluru.

Aerospace
(1959),

27. CSIR-National
Botanical
Research Institute, Lucknow. It
was set up in 1948 as National
Botanic Gardens by Professor
Kailash Nath Kaul, and was
taken over by CSIR in 1953.
28. CSIR-National
Chemical
Laboratory (1942), Pune.
29. CSIR-National Environmental
Engineering
Research
Institute (1958), Nagpur,
Maharashtra.

30. CSIR-North-East
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Institute

of Science and Technology,
Jorhat,
Assam.
It
was
established in 1959 as
Regional Research Laboratory.

31. CSIR-National
Geophysical
Research Institute (1961),
Hyderabad.

32. CSIR-National
Institute
for
Interdisciplinary
Science and Technology,
Thiruvananthapuram.
It
was established in 1978 as
Regional Research Laboratory.

33. CSIR-National Institute of
Oceanography (1966), Goa.

34. CSIR-National Institute of
Science
Communication
and Policy Research (2021).
This institute was formed by
merging the National Institute
of Science Communication
and Information Resources
and the National Institute
of Science, Technology and
Development Studies. Earlier
the National Institute of
Science Communication and
Information Resources had
been formed by merging the
National Institute of Science
Communication
(originally
started as Publications and
Information Directorate in

1951) and the Indian National
Scientific
Documentation
Centre, established in 1952).

35. CSIR-National Metallurgical
Laboratory
(1950),
Jamshedpur, Jharkhand.
36. CSIR-National
Physical
Laboratory (1942), New
Delhi.

37. CSIR-Structural Engineering
Research Centre (1965),
Chennai.

38. CSIR-Madras
Complex,
Chennai. It was formed
by
amalgamating
five
regional centres of national
laboratories.
In addition to the above
laboratories, CSIR also has
39 outreach centres, three
innovation complexes and five
units.

It may be noted that the
Central Glass and Ceramic
Research Institute was the first
CSIR laboratory of which the
foundation stone was laid (1945).
In addition to CSIR, there are
three other organisations under
the DSIR:
1. Central
Electronics
Limited (CEL), Sahibabad,
Uttar Pradesh:
A public
sector undertaking, it was
established in 1974.

2. National
Research
Development
Corporation
(NRDC), New Delhi. It
was established in 1953
as a Government of India
enterprise and is presently
functioning under DSIR.
3. The Asian and Pacific Centre
for Transfer of Technology

(APCTT), New Delhi.  It is a UN
agency and the Government
of India provides the host
facilities.

There are more than 1,000
industrial in-house R&D units
recognised by DSIR.

Atomic Energy
Commission /
Department of Atomic
Energy

Toward the end of 1945, an
Atomic Energy Committee was
set up under the chairmanship
of H.J. Bhabha under the aegis
of CSIR. The other members of
the Committee were M.N. Saha,
D.N. Wadia and S.S. Bhatnagar.
In 1947, the Atomic Energy
Committee was redesignated
as the Board of Research on
Atomic Energy under the
administrative control of CSIR.
The Atomic Energy Commission
of India came into existence
in August 1948. The Atomic
Energy Commission (AEC) was
constituted on 10 August 1948
with H.J. Bhabha as its Chairman
and K.S. Krishnan and S.S.
Bhatnagar as its members. The
Department of Atomic Energy
(DAE) was created in August
1954 by a Presidential Order.
The AEC was enlarged and
reconstituted in 1958 and again
in 1962.

H.J. Bhabha served as Chairman
of the Atomic Energy Commission
till his untimely death in 1966.
Those
who followed him
as Chairman are: Vikram A.
Sarabhai (1966-71), H.N. Sethna
(1972-83), Raja Ramanna (198387), M.R. Srinivasan (198790), P.K. Iyengar (1990-93), R.

Chidambaram
(1993-2000),
Anil Kakodkar (2000-2009),
Srikumar Banerjee (2009-2012),
Ratan Kumar Sinha (2012-2015),
Sekhar Basu (2015-2018) and
K.N. Vyas (2018-).

C.V. Sundaram, L.V. Krishnan and
T.S. Iyengar in Atomic Energy
in India: 50 Years (Department
of Atomic Energy, 1998) state:  
“The Atomic Energy Programme
has not been one single story
with a linear evolution, it is a
mosaic of many programmes
separately nucleated, with strong
inter-relationship and an overall
coherence. It is a story of epic
dimensions.”
The organisations under DAE
include:

Research
&
Development
Organisations: Bhabha Atomic
Research Centre (1957), Mumbai;
Indira Gandhi Atomic Research
Centre (1985), Kalapakkam; Raja
Ramanna Centre for Advanced
Technology
(1984),
Indore;
Variable Energy Cyclotron Centre
(1977), Kolkata; Atomic Minerals
Directorate for Exploration and
Research (1949), Hyderabad;
Global Centre for Nuclear Energy
Partnership
(2010),
Jhajjar
District, Haryana.

Industries
and
Mineral
Sector: Nuclear Fuel Complex
(1968),
Hyderabad;
there
are also Zirconium Complex,
Pazhayakayal, Tamil Nadu and
Nuclear Fuel Complex, Kota,
Rajasthan; Heavy Water Board
(1969), Mumbai; Board of
Radiation and Isotope Technology
(1988), Mumbai
Power Sector: Nuclear Power
Corporation of India Limited
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(1987); Bharatiya Nabhikiya
Vidyut Nigam Limited (2003).

3. Tata
Memorial
Centre
(1962), Mumbai. Presently
it comprises Tata Memorial
Hospital, Cancer Research
Institute and Advanced Centre
for Treatment, Research and
Education in Cancer.

Public Sector Undertakings:
Uranium Corporation of India
Limited (1967); Electronics
Corporation of India Limited
(1967); Indian Rare Earths  
4. Atomic Energy Education
Limited (1950).
Society (1969), Mumbai.
There are also three service
organisations.

DAE supports some outstanding
research institutes in the
country:
1. Tata Institute of Fundamental
Research (1945), Mumbai. It
has the following centres:
•
•
•

•
•
•
•
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Homi Bhabha Centre for
Science Education (1974),
Mumbai.
International
Centre
for
Theoretical Sciences (2007),
Bengaluru.
National Centre for Biological
Sciences (1992), Bengaluru.

5. Institute of Mathematical
Sciences (1962), Chennai.

6. Institute
of
Physics,
Bhubaneswar. It was founded
in 1972 by Bidhu Bhusan
Das, supported by the Odisha
Government. In 1985, it came
under DAE.

7. Harish-Chandra
Research
Institute,
Prayagraj.
The
institute started as Mehta
Research Institute in 1975. In
2001, it was renamed to its
present form.

8. Institute of Plasma Research,
Ahmedabad.
It
was
established in 1986 and it
came under DAE in 1996.

National Centre for Radio
Astrophysics (in the early
1960s), Pune.

9. National Institute of Science,
Education and Research
(2006), Khurda, Odisha.

TIFR Centre for Applicable
Mathematics,
Bengaluru.
It is part of the School of
Mathematics of TIFR.

11. University of Mumbai-DAE
Centre for Excellence in Basic
Sciences, Mumbai.

National Balloon
(1961), Hyderabad.

Facility

TIFR
Hyderabad
(the
foundation stone was laid
down in 2010).

2. Saha Institute of Nuclear
Physics, Kolkata. It was
founded in 1949, as Institute
of Nuclear Physics by
Meghnad Saha. In 1951, it
came under DAE.

10. Homi
Bhabha
National
Institute (2005), Mumbai.

and the Indian Bureau of Mines
(hqrs at Nagpur) is a subordinate
office of the Ministry of Mines.

The following organisations
function under the Ministry of
Mines:

Autonomous
bodies:
National Institute of Rock
Mechanics (1988), Kolar Gold
Fields, Karnataka; Jawaharlal
Nehru Aluminium Research
Development and Design Centre
(1989), Nagpur.
Public Sector Undertakings:
National Aluminium Company
Limited,
Bhubaneswar;
Hindustan
Copper
Limited,
Kolkata; Mineral Exploration
Corporation Limited, Nagpur.

Defence Research
and Development
Organisation /
Ministry of Defence

Defence
Research
and
Development
Organisation
(DRDO) was established in
1958. Before DRDO came into
existence there was a Defence
Science Organisation (DSO). The

12. Board of Research in Nuclear
Sciences (1945), Mumbai.

13. National Board of Higher
Mathematics (1983), Mumbai.

Ministry of Mines

The Ministry of Mines was
established
in
1957.
The
Geological Survey of India (hqrs
at Kolkata) is an attached office
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D.S. Kothari

Department of Defence Research
and Development (DDRD) was
created in 1980 in the Ministry
of Defence, Government of India
and DRDO was brought under its
administration. The Chairman,
DRDO   also acts as Secretary,
DDRD. DRDO is India’s largest
and most diverse research
organization. D.S. Kothari is
regarded as the architect of
India’s defence research and
development. He was the first
Defence
Scientific
Adviser
appointed in 1948 and remained
in this position till 1961. He
played an instrumental role in
establishing DRDO and became
its founder head. Those who
followed Kothari to lead DRDO
were: S. Bhagavantam, B.D.
Nagchaudhuri, M.G.K. Menon,
Raja Ramanna, V.S. Arunachalam,
A.P.J. Abdul Kalam, V.K. Atre, V.K.
Saraswat, Avinash Chander, S.
Christopher and G. Sateesh Reddy
(the present Chairman of DRDO).
Organisations
include:

under

DRDO

1. Advanced
Centre
for
Energetic Materials, Nasik,
Maharashtra. The centre was
inaugurated in 2011.

2. Advanced Systems Laboratory
(1958), Hyderabad.

3. Aerial Delivery Research and
Development Establishment
(1968), Agra.

4. Aeronautical
Development
Establishment
(1959),
Bengaluru.

5. Armament Research and
Development Establishment
(1958), Pune.

6. Centre for Airborne Systems
(1991), Bengaluru.

7. Centre for Artificial Agency
and
Robotics
(1986),
Bengaluru.

Agricultural
Research
Laboratory at Pithoragarh,
which came into existence in
the 1990s and was shifted
to Haldwani in 2008. It was
renamed to its present form
during the Golden Jubilee
year of DRDO.

13. Defence Bio-Engineering and
Electro-Medical Laboratory
(1982), Bengaluru.

24. Defence
Metallurgical
Research Laboratory (1963),
Hyderabad.

15. Defence
Electronics
Research Laboratory (1961),
Hyderabad.

26. Defence
Research
and
Development Establishment
(1972), Gwalior, Madhya
Pradesh.

8. Centre for Fire, Explosives  
and   Environment Safety,
Delhi. It had its beginning in
1992 as Centre for Explosives
and Environment Safety. Its
present name was adopted in 19. Defence Institute of High
2003.
Altitude Research. It began as
Field Research Laboratory in
9. Centre
for
Military
1962 at Leh, Ladakh and was
Airworthiness and Certificate
renamed to its present form
(1994), Bengaluru.
in 2008.
10. Centre for Personnel Talent
20. Defence
Institute
of
Management (1995), Delhi.
Physiology
and
Allied
Sciences (1962), Delhi.
11. Combat Vehicle Research and
Development Establishment
21. Defence
Institute
of
(1969), Avadi.
Psychological
Research
(1982), Delhi.
12. Defence Avionics Resource
Establishment. It had its
22. Defence Laboratory, Jodhpur
beginning in 1986 as a
(1959).
Project Laboratory, Advanced
Systems Integration and 23. Defence Materials and Stores
Evaluation
Organisation.
Research and Development
It became a full-fledged
Establishment
(1959),
institution in 2001.
Kanpur, Uttar Pradesh.

14. Defence
Electronics
Applications
Laboratory
(1965), Dehradun.

16. Defence
Food
Research
Laborotory (1961), Mysuru.

17. Defence
Geoinformatics
Research Laboratory (2020),
Chandigarh.
18. Defence Institute of BioEngineering
Research,
Haldwani, Uttarakhand. It
had its beginning as Defence

25. Defence
Research
and
Development
Laboratory
(1961), Hyderabad.

27. Defence Research Laboratory
(1962), Tejpur, Assam.

28. Defence Scientific Information
and Documentation Centre
(1970), Delhi.
29. DRDO
Young
Scientist
Laboratories (DYSLs): There
are five DYSLs located in
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five cities viz. Bengaluru,
Mumbai, Chennai, Kolkata
and Hyderabad. They started
functioning in 2020. Each
laboratory will focus on a key
technology of importance to
the development of futuristic
defence systems viz., artificial
intelligence,
quantum
technologies,
cognitive
technologies,
asymmetric
technologies
and
smart
technologies.

30. Electronics
and
Radar
Development Establishment
(1958), Bengaluru.  

31. Gas
Turbine
Research
Institute (1961), Bengaluru.

32. High
Energy
Materials
Research Laboratory (1963),
Pune.

33. Institute of System Studies
and Analyses (1959), Delhi.

34. Institute of Nuclear Medicine
and Allied Sciences (1961),
Delhi.
35. Institute
of
Technology
Management
(1962),
Mussoorie, Uttarakhand.
36. Instruments Research and
Development Establishment
(1960), Dehradun.

37. Integrated Test Range (1982),
Balasore, Odisha.
38. Laser Science and Technology
Centre (1959), Delhi.

39. Microwave Tube Research
and Development Centre
(1984), Bengaluru.
40. Naval Materials
Laboratory
Ambernath.
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Research
(1961),

41. Naval
Physical
and
Oceanographic
Laboratory
(1958), Kochi, Kerala.

42. Naval Science and Technology
Laboratory
(1969),
Visakhapatnam.
43. Proof
and
Experimental
Establishment
(1958),
Chandipur, Odisha.
44. Research & Development
Establishment
(Engineers)
(1962), Pune.
45. Research
Centre
(1988), Hyderabad.

46. Scientific Analysis
(1963), Delhi.

Imarat

Group

47. Solid State Physics Laboratory
(1961), Delhi.

48. Terminal Ballistics Research
Laboratory
(1968),
Chandigarh.
49. Vehicle
Research
and
Development Establishment
(1965), Ahmedanagar .

Department of Science
and Technology (DST) /
Ministry of Science
and Technology

The Department of Science and
Technology and the Ministry of
Science and Technology were
established in 1971. In addition
to DST, the Ministry of Science
and Technology has two other
departments under it, viz., the
Department of Scientific and
Industrial Research and the
Department of Biotechnology.
The National Atlas & Thematic
Mapping Organisation (NATMO)
and the Survey of India are
subordinate offices of the DST.

The National Science & Technology
Entrepreneurship Development
Board was established under
the aegis of DST in 1982 as an
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institutional mechanism to help
promote knowledge-driven and
technology intensive enterprises.

The National Council for Science
and Technology Communication
was established in 1987.

The Technology Development
Board was created as a statutory
body under the aegis of DST by an
act of Parliament, the Technology
Development Board Act 1995.

The Science and Engineering
Research Board was established
as a statutory body under DST
in 2009 by an act of Parliament,
the Science and Engineering
Research Board Act 2008.
It replaced the Science and
Engineering Research Council. Its
aim is to promote basic research
in science and engineering.
DST plays a pivotal role in
the promotion of science and
technology in the country. In
recent years DST has initiated
several schemes for empowering
and
encouraging
young
scientists/researchers.

Arcot Ramachandran was the first
secretary of the DST

Arcot Ramachandran was the
first Secretary of the DST (197378). Before Dr. Ramachandran,
Dr. A.J. Kidwai served as
Additional Secretary of DST
(26.06.1972-31.03.1973). After
A. Ramachandran the following
served as Secretaries of DST:
M.G.K. Menon (1978-82), S.
Varadarajan (1982-84), Yash Pal
(1984-86), V.R. Gowariker (198691), P. Rama Rao (1991-95),
V.S. Ramamurthy (1995-2006),
T. Ramasami (2006-14) and
Asutosh Sharma (2015-2021),
Presently
M.
Ravichandran,
Secretary, Ministry of Earth
Sciences is acting as Secretary,
DST.
DST supports some of the
premier scientific institutions in
the country:

1. Agharkar Research Institute
(1946), Pune.
2. Aryabhatta Research Institute
of Observational Sciences,
Nainital. It was started in
November 1954 at Varanasi
as Uttar Pradesh State
Observatory. In November
1955 it was relocated to
Nainital. In 2004, it was taken
over by DST and its name was
changed to its present form.

3. Birbal Sahni
Palaeobotany
Lucknow.

Department of Electronics.
In 2003, it was brought
under DST and in 2010 its
name was changed to Centre
for Soft Matter Research. In
2014, the scope of the centre
was expanded and its name
was changed to its present
form.

9. Indian Association for the
Cultivation of Science (1876),
Kolkata.

10. Indian
Institute
of
Astrophysics
(1971),
Bengaluru. It was started as
a private observatory in 1786
by William Petrie.

11. Jawaharlal Nehru Centre for
6. Indian
Institute
of
Advanced Scientific Research
Geomagnetism
(1971),
(1989), Bengaluru.
Mumbai. The first magnetic
observatories
were 12. Raman Research Institute
started at the following
(1948), Bengaluru.
locations, namely, Chennai  
13. S.N. Bose National Centre
(1822),
Simla
(1841),
for Basic Sciences (1985),
Thiruvananthapuram (1841)
Kolkata.
and Colaba (1841). Among
these the Colaba observatory 14. Sree Chitra Tirunal Institute
continued
uninterrupted
of Medical Sciences and
since its inception.
Technology
(1973),
Thiruvananthapuram.
7. International
Advanced
Research Centre for Powder 15. The Institute of Advanced
Metallurgy and New Materials
Study in Science & Technology,
(1997), Hyderabad.
Guwahati. It was originally
started in 1979 by the Assam
8. Institute of Nano Science
Science Society and was taken
and
Technology,
Mohali,
over by DST in March 2009.
Chandigarh (2013).

Institute of
(1949),

4. Bose
Institute
Kolkata.

(1917),

5. Centre for Nano and Soft
Matter
Sciences
(1991),
Bengaluru. It was established
in 1991 as Centre for Liquid
Crystal Research and in 1995
it became an autonomous
institute
under
the

Birbal Sahni Institute of Palaeobotany, Lucknow
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Raman Research Institute, Bengaluru

16. Wadia Institute of Himalayan
Geology (1958), Dehradun.

17. North East Centre for
Technology
Application
& Reach (2012), Shillong,
Meghalaya.

The other organisations which
function under
DST are:
National Innovation Foundation,
Ahmedabad; Vigyan Prasar, New
Delhi/NOIDA and Technology
Information and Forecasting
Council, New Delhi.

DST also supports the following
professional
bodies:
Indian
Science Congress Association,
Kolkata; Indian National Science
Academy, New Delhi; Indian
Academy of Sciences, Bengaluru;
National Academy of Sciences
(India), Prayagraj and National
Academy of Engineering, New
Delhi.

Department of
Electronics/ Electronics
Commission

36

The Department of Electronics
and the Electronics Commission

were created in 1971. The
Electronics Commission was
closed down in the late 1970s.
Initially the Department of
Electronics was an independent
Department directly under the
charge of the Prime Minister.
However, in 1999, it was
converted to a Ministry of
Information Technology which
in turn was merged with the
Ministry of Communication in
2001 to form a single Ministry of
Communication and Information
Technology with a Department
of Information Technology. The
Department
of
Information
Technology was renamed as
Department of Electronics and
Information
Technology
in
2012. In 2016, the Department
of Electronics and Information
Technology was made a fullfledged ministry, the Ministry
of Electronics and Information
Technology, bifurcating it from
the Ministry of Communication
and Information Technology.
Some of the agencies that
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are part of the Ministry of
Electronics and Information
Technology are: Controller of
Certifying Authorities (CCA);
Cyber Appellate Tribunal (CAT);
Indian Computer Emergency
Response
Team
(ICERT);
National Informatics Centre
(NIC); Semiconductor Integrated
Circuits Layout-Design Registry;
Standardisation Testing and
Quality Certification Directorate.

The autonomous societies under
the Ministry of Electronics
and
Information Technology
include: Centre for Development
of
Advanced
Computing
(C-DAC); Centre for Materials
for
Electronics
Technology
(C-MET);
Education
and
Research Network (ERNET);
Electronics
and
Computer
Software Export Promotion
Council (ESC); National Institute
of Electronics and Information
Technology (NIELIT), formerly
known as DOEACC Society;
Society for Applied Microwave
Electronics Engineering and
Research (SAMEER); Software
Technology Parks in India
(STPI).
(To be continued…)

Dr. Subodh Mahanti
(formerly Scientist ‘G’ and Hony.
Director,
Vigyan Prasar, DST, Government
of India)
D-410, Crescent Apartment
Plot No. 2, Sector 18A, Dwarka,
New Delhi-110 078
E-mail: subodhmahanti@gmail.com

Cross-Section

Nobel Prizes in
Science-2021
Pramod Kumar Pande

K

eeping the long established
tradition alive, this year’s
Nobel season opened from 4
October, in Stockholm (Sweden)
with the announcement of the
Nobel Prize for the year 2021 for
Physiology or Medicine. It was
followed by the declarations of
winners for Physics, Chemistry
and
Literature
on
every
consecutive day. However, the
winner of the Nobel Peace Prize
was divulged in Oslo.

Physiology or
Medicine

Announcing the names of the
scientist pair, David Julius,
a physiologist and Ardem
Patapoutian, a molecular biologist
and neuroscientist, for this year’s
Nobel Prize for Physiology or
Medicine, the secretary of Nobel
Committee Thomas Perlmann
mentioned that the duo have
been awarded for identifying the
key mechanism that enables us to
sense heat, cold and touch in the
world around us. In our everyday
life we take these sensations for
granted, and no one actually knew,
before the remarkable research
work done by the two groups of
scientists working independently
under the leadership of this
year’s Nobel Prize Laureates, how

our nerve impulses are initiated
to perceive temperature and
pressure. They were the first ones
who contributed to solving this
mystery.

Our five sensory organs, through
which we experience and
understand the nature, transform
the
external
stimuli
into
electrical signals, are translated
by our brain into the sensation
of sight, sound, smell, touch and
taste. The exact nature of this
transformation at molecular
level, however, was unclear since
long and still remains one of the
most intriguing questions in the
world of science.

an explanation was found by the
researchers in the past, often
the Royal Swedish Academy of
Sciences, which is responsible
for choosing the Nobel Laureates,
came forward and brought the
work into limelight by conferring
the Nobel Prize upon the
contributing scientists.   In 1961,
the Nobel Prize was awarded to
Georg von Bekesy for figuring
out how our eardrums convert
pressure waves into vibrations.
Similarly, just after six years three
scientists Rangar Granit, Haldan
Keffer Hartline and George
Wald shared the same prize for
discovering physiological and
chemical processes in the eye.

David Julius

Ardem Patapoutian

The solution to such a conundrum
was so significant that whenever

Though the work of this year’s
Nobel Laureates Julius and
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Patapoutian was quite similar
in nature as above, it goes many
steps ahead of the work of their
predecessors. The earlier works
were related to the mechanics of
our basic senses that are confined
to specific organs like ears and
eyes; on the other hand, our
skin has a variety of receptors
(a receptor is a structure that
receives information from the
surroundings and transforms
it into a signal that can be
understood by our nervous
system). Since pain and pressure
receptors are spread throughout
the body, it becomes very difficult
to study them.

38

David Julius, PhD, is working
as a professor and chair of the
Department of Physiology at
the University of California, San
Francisco and holds the Morris
Herzstein Chair in Molecular
Biology and Medicine. He was
born on 4 November 1955, in
Brighton Beach, Brooklyn, where
he attended his public elementary
and high school levels. He received
his B.S. degree in life sciences
from the Massachusetts Institute
of Technology (1973-77), gaining
his first research experience
in the laboratory of Alexander
Rich, studying the mechanisms
of tRNA aminoacylation. He
conducted his graduate studies
in biochemistry at the University
of Berkeley (1977-84). After
doing his postdoctoral work at
Columbia University in Neuropharmacology and receptor
functions, he joined the University
of California, San Francisco in
1989 and focussed his attention
on identifying and understanding
the
molecular
mechanisms
involved in our senses and touch.

In the later 1990s, David Julius
along with his colleagues tried
to study how the human body
determines if something is
painful, hot or cold. He was
particularly interested in finding
out what kinds of signals are
being sent to the brain. For this,
the team chose to use chili pepper,
which contains a chemical called
capsaicin that causes the hot
burning sensation when we come
in contact with chili peppers.

In this process, Julius and his
colleagues compiled a library
of myriads of DNA fragments
corresponding to genes that
are expressed in the sensory
neurons, which can react to pain,
heat and touch. The team was
quite sure this collection would
have a DNA fragment encoding
the protein capable of reacting
to capsaicin. After a lot of effort
and hard work they were able to
find a single gene that encodes
a new protein called TRPV1. A
protein is an ion channel, a type
of molecular gate hidden in a
cell’s membrane that opens or
closes to control the charged
atoms or molecules into or out
of the cell. In this case, whenever
the newly found protein interacts
with capsaicin, it opens up and
allows the charged calcium
ions into the cell. This triggers
electrical signals that are sent to
the brain to warn of the hot item.
These channels also respond to
temperatures above 40⁰C and
also act when we are injured or
sunburned, causing damaged
tissues to feel hot to the touch.
When David Julius along with his
team was unveiling the process
of thermal sensation, it was
not known how the mechanical
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stimuli could be converted into
the senses of touch and pressure.
Ardem Patapoutian, working
at Scripps Research, La Jolla,
California, USA desired to find
the elusive receptors that are
activated by mechanical stimuli.
It was thought that the easiest
way to find them would be in
a cell line, a cell that grows
in a culture dish and gives a
measurable electrical signal
when an individual cell got poked
with a micropipette. Following
the decided process, one of his
teammates deactivated the genes
of the cell one by one and tried to
see if the pressure response was
still there. This was an extremely
arduous task; it took him about
three days to test each candidate,
so he had a whole year of negative
data. Finally, came candidate
number 73. When knocked
down, the pressure response was
gone. So this way, Patapoutian
and his colleagues succeeded in
identifying a new and entirely
unknown mechanosensitive ion
channel named Piezo1, after the
Greek word for pressure. Another
similar gene named Peizo2 was
also discovered. More advanced
exploration showed that Peizo1
and Peizo2 are ion channels
that are directly activated by
the exertion on cell membrane.
Studies revealed that Peizo2 ion
channel is essential for the sense
of touch and plays a key role in
the critically important sensing
of the body position and motion,
known as propiroception.
The work done by these
scientists
is
significantly
important. Identification of these
receptors opens up the door for
making it possible to regulate
the functioning of receptors to

Syukuro Manabe

Klaus Hasselmann

relieve an ailing person from the
feeling of pain. There are many
other therapeutic implications as
well.

Physics

The Nobel Committee has
announced that this year’s Nobel
Prize for Physics is to be shared by
an international trio of scientists
for their outstanding contribution
to our understanding of complex
physical systems. Half the prize
would go to Professor Giorgio
Parisi of the Sapienze University
of Rome, Italy, while the other
half will be shared by the
climatologist Professor Syukuro
Manabe   of Princeton University,
US and Clauss Hasselmann
of Max Planck Institute of
Meteorology, Hamburg, Germany.
All the three Laureates worked
independently in different areas,
but in a broader sense their
works have some connection,
though vague. It can be put
under the purview of complex
systems. The complex systems
consist of many interacting parts.
Earth’s climate is also a perfect
example of a complex system; it
is chaotic where small deflection
in initial values may result in

Giorgio Parisi

huge difference in later stages.
Parisi has been honoured for the
discovery of interplay of disorder
and fluctuations in physical
systems from atomic to planetary
systems. Laureates Manabe and
Hasselman have worked in the
field of weather and climate for
decades; they are being awarded
for physical modelling of Earth’s
climate in quantifying variability
and reliability in predicting global
warming. In Nobel history, this is
the first time that climatologists
are being honoured with the
prestigious prize since its
inception.

Climate models

It is our Sun, which drives our
weather system and influences
the Earth’s climate. It has a surface
temperature of around 6000⁰C
and primarily emits radiation in
the visible range of the spectrum.
The radiation falling on the
Earth’s surface heats it up and it
starts radiating energy at a longer
wavelength of infrared radiation.
The atmosphere absorbs a part
of this radiation and warms up.
This is called the greenhouse
effect.

Around
200
years
back,
scientist Joseph Fourier tried to
investigate the balance between
the incoming radiation and
outgoing long wave infrared
radiation. Later, in the following
years, lot of work was done by
the scientists to add more and
more details and create physics
based climatic models for not
only understanding the climate,
but also for understanding the
global heating for which humans
are responsible.

Establishing the role of
carbon dioxide
The gases carbon dioxide,
methane,
water
vapour
and others, though have a
very small presence in our
atmosphere, absorb the Earth’s
infrared radiation, heat up the
surrounding air and start reradiating. These gases are known
as greenhouse gases. They play a
positive role too; they keep the
Earth’s surface warm and make
it habitable. If the atmosphere
did not absorb this radiation
the surface temperature would
barely exceed -18⁰C.   Swedish
Nobel Laureate Svante Arrhenius
was the first one who understood
physics behind the greenhouse
effect.

Manabe’s
contribution

pioneering

Just after the Second World War,
when Japan was devastated,
a young brilliant atmospheric
physicist Syukero Manabe came
to USA for pursuing his career.
Like Arrhenius, he was also
interested in exploring how

September-October 2021 | INVENTION INTELLIGENCE

39

increased level of CO₂ can cause
an increased temperature on the
surface of Earth. After several
years of toiling, he along with his
co-workers was able to develop
a physical model, which showed
that oxygen and nitrogen had
negligible effect on the surface
temperature of Earth, while
CO₂ had a clear impact. With
their very simple model they
could predict that doubling the
concentration of CO₂ would
result in a 2.4⁰Celsius rise in
global temperature.
The model also predicted that
the temperature rises closer
to the ground first. Had the
temperature risen due to
variation in solar radiation then
the entire atmosphere should
have been heated uniformly.

Weather and climate

40

Weather is a mix of events
that happen every day in our
atmosphere and there are
many factors like air pressure,
temperature, humidity, wind
speed and direction that can
change the atmosphere in a
particular area. It is extremely
disordered and chaotic; small
changes to the initial conditions
of the atmosphere may lead to
profound changes in the weather.
According to a famous adage
known as the ‘butterfly effect’,
the flap of a butterfly’s wing in
Brazil can set off a cascade of
atmospheric events that weeks
later may spur the formation of
a tornado in Texas. This makes
it clear that long term weather
cannot be predicted precisely.

Weather refers to short term
changes in the atmosphere
and also seasonal and average
behaviour over a long time,
while climate describes what the
weather is like over a long period
of time in a particular area.
Manabe’s model was relatively
simple as he did not incorporate
many noisy variables.

Klauss Ferdinand Hasselmann,
former director of the Max Planck
Institute of Meteorology was born
in Hamburg in Germany and is
currently working as a Professor
Emeritus at the University of
Hamburg. He was basically an
oceanographer, but has also
worked in various other fields.
He started taking interest in
atmospheric CO₂ measurements;
later he created the stochastic
climate model incorporating
the noise. Around 1980, he
demonstrated how chaotically
changing weather phenomena
can be described as rapidly
changing noise. With the help
of the model, long term climate
forecasts became possible. He
also developed methods for
identifying human impact on the
observed global temperature.

Parisi and his work on
complex systems

Giorgio Parisi, who is currently
working
at
the
Sapienza
University of Rome as a Professor
of Quantum Theories, also
studied in the same university
and received his degrees from
there. During his academic career
he worked at several prestigious
universities and institutions,
which
include
Laboratori
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Nazionali di Frascati, Italy;
Columbia University, New York;
des Hautes Etudes Scientifiques,
France; and University of Rome,
Italy. His research interests are
also wide and he has worked in
diversified fields of physics, like
statistical physics, field theory,
particle
physics,
dynamical
systems, mathematical physics
and the condensed matter
physics where his work on spin
glasses became famous.

All of us are familiar with simple
magnets. In the early 20th
century, physicists developed
a model to describe the simple
magnet. Magnets are composed
of lattice of atoms, and every
atom acts like a tiny magnet
with a direction that is either
up or down, they tend to align
along the same direction as their
neighbours. But in the 1970s
and onward various metal alloys
were discovered to have strange
magnetic behaviour. These were
named ‘Spin Glasses’. In spin
glasses some of the atom pairs
were found to be aligned in the
same direction, while others
had opposite directions. Parisi
was the person who made a
breakthrough in finding the
solution by using the ‘replica
trick’, a mathematical technique
based on handling different
copies of the system at the
same time. Finally, after several
years his solution was proved
to be correct and became a
benchmark of complex systems.
This went well beyond physics
and became a useful tool for
solving problems in so many
other fields of science.

Chemistry
The Nobel Prize in Chemistry
has been jointly awarded to the
US based, Scotland born scientist
W.C. Macmillan of Princeton
University, US and the German
scientist Benjamin List of the
Max Planck Institute for Coal
Research for discovering a new
way of accelerating chemical
reactions and thus making
them more energy and resource
efficient. They had developed a
new type of catalyst independent
of each other in the year 2000.

Catalysis
importance

and

its

Catalysis is a well known process
for increasing the rate of a
chemical reaction by adding a
substance known as catalyst. In
the entire process catalysts are
not consumed in the reaction and
remain unchanged after it. The
catalyst is subsequently removed
so as not to add impurity to
the final product. They help
create thousands of products
including plastics, perfumes and
pharmaceuticals.

Types of catalyst

Prior to the discovery of new types
of catalysts, there were usually
two kinds of catalysts used by
the chemists. They were either a
metal or a type of protein called
enzyme. Metal catalysts usually
need moisture and oxygen free
surroundings to act and create
such an ideal environment in
industrial applications, which can
be very expensive. Besides this,
heavy metals, which are quite
often used as catalysts are mostly
harmful to the environment.

David Macmillan

Benjamin List

The other type of catalyst is
composed of proteins known
as enzymes. They are usually
large sized molecules built
from hundreds of amino acids,
which are found within the
living organisms. In the 1990s,
scientists started looking for
new kind of simple catalysts. List
who was working at the Scripps
Research Institute in California as
a post doctoral research scientist
during that period also focussed
his attention toward his curiosity
whether a single enzyme or
amino acid could also accelerate
such a reaction. He used a simple
and cheap amino acid known
as proline to bond together
carbon atoms from two different
molecules, and it worked well.

Realising the potential of the
new process List himself said in
an interview, “It’s a great gift that
nature provides these molecules
for us.” These catalysts have
a stable framework of carbon
atoms, to which more active
chemical groups can attach
often common elements, such
as oxygen, nitrogen, sulphur or
phosphorus. These are cheaper
to produce and environment
friendly too.

Almost at the same time MacMillan
was also experimenting with a
similar concept independently at
the University of California, USA,
using a simple organic compound
to speed up the reaction. His
experiment was also a success
and he felt the need of giving a
new name to this novel process
and named it ‘organocatalysis’.

Following the development of
the concept of asymmetrical
organocatalysis, the concerned
discipline has witnessed a
rapid development. In the last
20 years, a variety of chemical
reactions and applications have
been developed which made
a significant impact on drug
research and development.
Pramod Kumar Pande
Science Writer
B-104, Pushpcourt Apartment
74 A, Muir Road, Ashok Nagar,
Prayagraj-211001 (Uttar Pradesh)
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Mosquirix

The Groundbreaking
Malaria Vaccine
Dr. Shubhrata Mishra

M

alaria has been a worldwide
life-threatening disease for
ages. The UK pharmaceutical
company GlaxoSmithKline did
strenuous work to develop a
malaria vaccine. This vaccine was
approved by the World Health
Organization on 6 October 2021.
This RTSS vaccine, under the
brand name ‘Mosquirix’, is the
world's first approved malaria
vaccine, which prevents severe
malaria cases in children with 30
per cent effectiveness.

Mosquirix had been developed
in 1987 at a cost of over 750
million US dollars, funded
mainly with the collaboration
of Bill and Melinda Gates
Foundation, Seattle, Washington
and GlaxoSmithKline. But, it
took 34 years to finally become
successful, overcoming some
scientific and practical challenges.
The European Union's Drugs
Regulator European had already
approved Mosquirix in 2015.
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Mesopotamia’s
clay
tablets
and Egyptian papyri exhibit
malarial diseases. The Indian
texts of sixth century BC also
suggest occurrence of malaria.
The origin of the word 'malaria'
is from medieval Italian, where
malaria means bad air. Ancient
Roman civilisations believed that
contagious fumes in the swamps
are the cause of malaria, which
describes the logic about malaria.

It was for the first time in the 1880s

The references for existence of
malaria disease are ancient. The
initial records about malaria
trace back to 2700 BC in Chinese
scripts. During 2000-1500 BC,
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that Louis Alphonse Laveran, a
French physician, discovered the
existence of protozoan parasites
within the red blood cells of
malaria patients. After 25 years
of extensive research at the
Presidency General Hospital in
Calcutta (now Kolkata), a British
physician, Sir Ronald Ross,
authentically stated that the bite
of female Anopheles mosquito
causes malaria. Both the research
works paved the way for the world
to better understand malaria, its

Mosquirix vaccine

malaria. In the 1950s, a
remarkable discovery of Henry
Shortt and Cyril Garnham taught
us that malarial parasites develop
in the liver before entering
the bloodstream. In 1982,
Wojciech Krotoski demonstrated
Plasmodium's dormant stages in
the liver and the final stages of its
life cycle.
Cinchona plant

parasite and its carrier. Both the
physicians, Sir Ronald Ross and
Charles Louis Alphonse Laveran
received the Nobel Prize in
1902 and 1907, respectively, for
their notable works. Two Italian
physicians and zoologists, Ettore
Marchiafava and Angelo Chelli,
carried forward the work of
Louis Alphonse Laveran on the
protozoan parasite and named it
Plasmodium in 1885.

In 1897, William MacCallum
researched the blood of an
infected bird and discovered the

sexual stages of Haemoproteus
columbae, a haematozoan with
similar features to protozoa. It led
Ronald Ross in 1897 to explore
the whole transmission cycle of
Plasmodium relictum in culicine
mosquitos and infected birds. A
group of Italian malariologists
in 1898, namely, Amico Bignami,
Angelo Celli, Camillo Golgi,
Ettore Marchiafava, Giovanni
Battista Grassi and Giuseppe
Bastianelli demonstrated that
the transmission of Plasmodium
by anopheles mosquito is the
causative agent for human

Artemisia plant

The world was intensively
working on malarial parasites
and malaria infections. However,
malaria continued to create
global havoc. During the 17th
century,
the
discovery
of
Cinchona plant in the Andes hills
helped in malaria treatment.
Cinchona forests are located in
the Andes mountains, Bolivia and
Peru in South America. Tireless
efforts enabled the planting of
Cinchona plants in the Nilgiri
mountains, and the mountains
of North Bengal during 1860 to
1865. Later, scientists discovered
a drug called quinine from
the bark of Cinchona, which
got wide popularity in curing
malaria. Cinchona trees are still
considered the only commercial,
economical and practical source
of quinine. For years, doctors
and scientists of the world have
been intensively researching and
discovering medicines related to
malaria. Quinine still remains a
significant and effective malaria
treatment worldwide, despite
sporadic observations of quinine
resistance. During World War
II, proguanil, a pyrimidine
derivative, emerged as a new
antimalarial drug. Artemisinin
is also the antimalarial drug
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Quinine drug

Artemisinin drug

made from the dried leaves of
Artemisia plant. Many south-east
Asian countries presently use
artemisinin and other artemether
group drugs as main source of
defense against drug-resistant
malaria.

such as chloroquine proved
that we could conquer malaria.
Further, many countries could
make themselves malaria-free
and received World Health
Organization
authorised
certificates showcasing victory
over malaria.

Eradication of malaria is a
global challenge, especially in
endemic communities where
malaria control is dependent
only on mosquito elimination.
Personal protection, utilisation of
suppressive antimalarial therapy,
prophylactic medications and
early treatment of cases are
a few crucial steps to prevent
infections. From the first
International Malaria Conference
held in Rome in October 1925,
under
Ettore
Marchiafava's
chairmanship, to the success of
British scientists developing the
first malaria vaccine Mosquirix
in 2021, human history was
greatly influenced by malaria.
Various natural antimalarial
drugs, effective insecticides, and
synthetic antimalarial drugs

Any
country's
malaria-free
status is recognised officially by
the World Health Organization
certification
of
malaria
elimination. To receive this
grant of malaria-free certificate,
any nation must demonstrate
with proofs and solid evidences
that chain transmission by
anopheles mosquito causing
malaria infection is interrupted
consecutively for at least three
years within the country.
Apart from this, the respective
country should also show its
efficacy to control the spread
of malaria in future. Based on
various recommendations, the
World
Health
Organization
Director General takes the final
decision, whether to grant
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malaria-free certificate to the
country. The number of such
countries and territories in
the world is 40, which have
received this certificate. These
countries include: Australia
(1981), Singapore (1982), Brunei
Darussalam (1987), the United
Arab Emirates (2007), Morocco
(2010), Turkmenistan (2010),
Armenia (2011), Sri Lanka
(2016),
Kyrgyzstan
(2016),
Paraguay (2018), Uzbekistan
(2018), Argentina (2019), Algeria
(2019), El Salvador (2021), China
(2021).
Thus, many countries of the
world are moving towards
becoming malaria-free. However,
we cannot deny the current
horrifying malaria scenario. At
present, malaria remains the
cause of more than four lakh
deaths every year in the world.
The most worrying fact is that
malaria has a devastating effect
in rural areas in Africa. Malaria
is a leading cause of childhood
illness and takes away many
lives in sub-Saharan Africa.
Rural areas experience high
mortality due to malaria that
severely impacts lifestyles and
productivity. Globally, each year
over 220 million people suffer
from malaria, claiming more
than 4,00,000 lives. Usually,
children under five years of age
have lower immunity, becoming
most vulnerable to malaria.
As per records of 2019, about
2,60,000 children were reported
to develop malaria, constituting
94 per cent of cases in Africa.
Every two minutes, a child below

five dies of malaria, making it
67 per cent of recorded deaths.
The estimates suggest a toll of
750 children under five years
each day. African mosquitos have
acquired strong-biting ability
and live comparatively for longer
years. This becomes the cause
for almost 90 per cent of world
malaria cases rising in Africa
alone. Gradually, due to repeated
mosquito
exposure,
people
have started developing partial
immunity against malaria. It
does decrease the severity of the
disease but still does not provide
complete coverage.

Much research in recent years
shows that malaria is emerging
with a vengeance once again with
the development of resistant
strains of mosquitoes to various
insecticides and antimalarial
drugs.
Malarial
symptoms,
including fever and chills, begin
after 10-15 days incubation after
the infection by mosquito bite.
The common malarial symptoms
often get accompanied by
arthralgias, diarrhoea, headache,
myalgias, vomiting and weakness.
Clinical features of malaria
include anemia, hypoglycemia,
neurological
changes,
renal
dysfunction,
splenomegaly,
thrombocytopenia, etc. These
clinical features substantially
vary based on the infecting
species, parasitemia level and
individual’s immunity. Acute
renal failure, acute respiratory
distress syndrome, cerebral
malaria and severe anemia, are
the few most fatal issues caused
by
Plasmodium
falciparum

Plasmodium

that progresses with malarial
severity. Many other Plasmodium
species also present severe
complications. For instance,
Plasmodium
vivax
causes
splenic rupture and Plasmodium
malariae
causes
nephrotic
syndrome. Malaria diagnosis can
be done by conducting a variety
of blood tests like antibody test,
drug resistance test, molecular
test, thick and rapid diagnostic
test, thick and thin blood smear
test, etc.  

Despite drugs and testing facilities,
the control and eradication of
malaria cannot be efficacious
without an effective vaccine. So,
our war against malaria is yet
to be won. Numerous immuneepidemiological studies aim to
find the best antigens that can
be incorporated into the vaccine.
To overcome the difficulties of
developing an effective malaria
vaccine, a wide range of new
approaches in infectious disease
vaccinology and related fields
are blooming. These approaches
include diversified ways to
control malaria infection and
early assessment of a wide range
of new vaccine technologies.

Many malaria vaccines were
designed in the past decades
to generate immunity against

plasmodium life cycle stages,
like liver-stage or blood-stage, or
sporozoites that have undergone
clinical trials. Many vaccines
prove their effectiveness in preclinical, initial phase I and phase
IIa clinical trials. However, all the
vaccines failed to show protection
against malaria in the field. Even
the GlaxoSmithKline designed
Mosquirix or RTSS vaccine
exhibited minimal protection in
phase IIIb trial and field. Thus, the
leading question arises that why
scientists are unable to develop
an efficacious malaria vaccine?
The complexity of the life cycle
of the Plasmodium, with a huge
range of polymorphic proteins,
hinders the development of the
vaccine.

The malaria vaccine has to tackle
a much more complex parasite
having a complex life cycle with
several vulnerable stages. There
are many variations in each of its
stages. The forms of Plasmodium
are different when it comes
from a mosquito to a human
and when it lives in the human
liver and red blood cells. When
the Plasmodium breeds within
the female Anopheles, the stage
is even more different. Different
malaria vaccines have also been
developed based on these multistage conditions, but they have
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not proved effective for other
conditions.

Plasmodium has 5,000 genes.
So, there is the size and genetic
complexity of the parasite.
Each Plasmodium attacks the
human immune system through
thousands of antigens. Also, while
changing life stages within the
human host, Plasmodium keeps
generating different antigens.
Further, Plasmodium has built a
series of strategies to misdirect
or confuse the human immune
system. The complication arises
in identifying and selecting a
perfect target antigen that can
be useful to develop the vaccine.
So, finding perfect fragments of
the parasite to induce protective
immunity is much more difficult.
If the parasite can be interrupted
before entering the human body,
it will stop the infection.

Before knowing about malaria
vaccines based on the life cycle
stages of Plasmodium, it is more
important to understand those
stages, which hinder vaccine
development. The life cycle of
Plasmodium has three stages.
The first is liver-stage or preerythrocytic stage. It is the
phase wherein parasite stays
in the liver and is yet to infect
human red blood cells. Next is
the blood stage, where actual
infection occurs and Plasmodium
begins infecting red blood cells.
Finally, there is a sexual stage,
which involves rigorous sexual
multiplication of parasites in the
mosquito intestine.
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Recombinant protein-based structure of RTSS vaccine

Plasmodium, a blood parasite,
is an organism of the Phylum
Protozoa,
subphylum
Plasmodroma, class Sporozoa,
order Hemosporidia and family
Plasmosporidae. Currently, there
are 156 known Plasmodium
species that cause infection
among vertebrate species.

Five true parasite species,
namely Plasmodium falciparum,
Plasmodium vivax, Plasmodium
ovale, Plasmodium malariae and
Plasmodium knowlesi, cause
malaria in humans. Though,
the life cycles of all these
five Plasmodium species are
fairly similar yet Plasmodium
falciparum is the most dangerous
and is solely responsible for 100
per cent of the malaria-related
deaths in Africa and 50 per cent
in Asia. Plasmodium falciparum
directly infects human red blood
cells and causes them to burst in
the blood. By the bursting action,
the haemoglobin within the
red blood cells starts releasing
in the blood vessels and urine,
causing excretion of black urine.
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Hence, the disease is called
blackwater fever or malarial
haemoglobinuria. It is though less
common yet the most dangerous
complication of malaria.

The life cycle of Plasmodium
completes within two hosts:
Mosquito and in the form of
intracellular parasite in the
blood of humans and other
vertebrates. Its life cycle is
different in the two hosts. It
completes its asexual life cycle
in the primary host humans and
vertebrates, while Plasmodium
completes its sexual life cycle
and
asexual
multiplication
in the secondary host female
Anopheles
mosquito.
The
sporozoite form of Plasmodium
enters the bloodstream by
the action of bite by female
Anopheles mosquito. This marks
the initiation of infection within
the person’s body. When humans
act as hosts for Plasmodium,
its life cycle progresses in two
places, the liver and red blood
cells. All the phases of growth
and development occurring

within the liver are known
as the exo-erythrocytic cycle.
Similarly, activities taking place
in the red blood cells are known
as the erythrocytic cycle. The
Plasmodium sporozoites that
got injected by mosquitoes
quickly pass into the liver, where
they feed on liver cell cytoplasm
and grow larger and round in
shape. These sporozoites are
now referred to as cryptozoites.

The replication of sporozoites
within liver cells takes place for
seven to 10 days after infection.
It is the silent phase in which no
symptoms appear. The outbreak
of developed cryptozoite occurs
in the schizogony stage, wherein
thousands of spores termed
merozoites rapidly multiply. The
formed merozoites continue
their journey by travelling
the liver cells and moving to
vesicles, through the heart,
and settle in lung capillaries.
It causes disintegration of the
vesicles, giving ease in merozoite
movement in blood phase
and invades the erythrocytes.
Within the red blood cells, the
merozoites again multiply until
they burst open the erythrocytes.
The continuous and repetitive
havoc of break opening the red
blood cells causes fever to the
host.

Only few merozoites leave
asexual multiplication in red
blood cells. Instead, they develop
into gametocytes that can carry
out sexual replication and
circulate in the bloodstream. At
this sexual replication stage, if

a mosquito bites the infected
human, these gametocytes would
readily enter the mosquito's
body. Here, the gametocytes
further mature to form gametes.
The female gamete or ookinetes
pass through the mosquito's mid
gut to form oocysts filled with
numerous active sporozoites.
Bursting oocysts release all
the sporozoites that travel to
reach the salivary gland of the
mosquito. The number of spores
in the salivary glands is about two
lakh. The same cycle of malaria
infection begins again with the
bite of such infected mosquitos.

Malaria vaccines have been
prepared for three stages of the
life cycle of Plasmodium, spore
stage, liver stage and red blood
cell stage. In spore stage vaccines,
there are efforts to develop
vaccines against Plasmodium
by blocking its transmission
cycle. The use of such vaccines
targets to kill the Plasmodium
parasite during the spore stage
itself. Hence, they are also called
transmission-blocking vaccines.
After tireless efforts over the
decades, transmission-blocking
vaccines have reached advanced
stages of field trials. Pfs25,
Pfs230, Pfs48/45 and Pvs230 are
some examples of transmissionblocking vaccines.
The goal of developing liver stage
or pre-erythrocytic vaccines is
to create the ability to prevent
malaria infection from passing
into the red blood cell stage.
The designed vaccines induce
antibodies
against
surface

antigens that clear off sporozoites
from the skin or bloodstream or
block their hepatocytic invasion
or T cell responses, which attack
infected hepatocytes. Liver stage
vaccines with high activity can
completely clear pre-erythrocytic
parasites before their release
into the bloodstream, and these
have also been known as antiinfection
vaccines.
Subunit
vaccines
like
RTSS/AS01E,
R21, full-length CSP and whole
sporozoite vaccines like PfSPZ,
Chemoprophylaxix vaccination
and
genetically
attenuated
sporozoites are some examples
of anti-infection vaccines.

The focus of blood-stage vaccines
is to target the Plasmodium
life cycle's subsequent diseasecausing stage. Such vaccines
provide an immense possibility
to decline disease severity by
reducing the rate of asexual
replication and transmission of
Plasmodium and building up
naturally acquired immunity.
The blood-stage vaccine works
by targeting either infected
erythrocytes or merozoites. The
anti-merozoite vaccines bind to
the proteins that are involved
in giving entry inside red blood
cells. The blocking in the red
blood cell invasion leads to
the death of merozoite. Some
notable examples of blood stage
vaccines include AMA1, MSP1,
MSP3, EBA-175, PfRh5, AMA1RON2 complex, PfSEA1, PfGARP,
chemically attenuated parasites,
and VAR2CSA for placental
malaria. Interest in bloodstage vaccines lessened after
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unacceptable human efficacy
results, although new bloodstage targets and concepts may
revive activity in this area. All
these three stage-based vaccines
play an important role in malaria
control and its eradication.

However, a few years ago,
researchers at the Francis
Crick Institute discovered that
the biological structure of the
malaria parasite Plasmodium
was changing to survive safely in
human blood due to its special
type of protein called PV-5. The
results of more such research
continue to pose new challenges
in the development of malaria
vaccines. The development of
the RTSS vaccine against malaria
entered a new era in 2015 when
the European Medicines Agency
approved it as a favourable vaccine
and subsequently introduced the
vaccine for the national pilot
implementation
programme.
It made the RTSS vaccine the
first regulatory scrutiny passed
human anti-parasite vaccine in
the world. Since the first trials
were published in 1997, RTSS
has been evaluated in a series
of clinical trials culminating in
phase III testing.
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RTSS or Mosquirix is basically
a recombinant protein-based
vaccine developed to cure malaria,
especially among children. The
vaccine has spanned many years
to get approved after diverse
testing by GlaxoSmithKline, the
Walter Reed Army Institute
of Research (WRAIR), PATH
(Program
for
Appropriate

Technology in Health) Malaria
Vaccine Initiative and several
other academic partners in
collaboration. Developing the
vaccine involves the use of a
major sporozoite surface protein,
circumsporozoite
protein,
containing B and T-cell epitopes
of Plasmodium falciparum. The
conformational
modification
of circumsporozoite proteins
inhibits sporozoite motility and
invasion within the liver cell
of the mammalian host. RTSS
consists of a chimeric viruslike particle protein construct
expressing 19 NANP (a protein
coding gene N-Acetylneuraminic
Acid Phosphatase) repeats of
the central region and the entire
C-terminal flanking region (amino
acids 207 to 395) fused to the
hepatitis B virus surface antigen
(HBsAg). The production of the
vaccine involves recombinant
DNA technology using the
fermentation
process
done
by Saccharomyces cerevisiae.
The entire vaccine production
process is similar to the
production of commercial HBsAg
vaccines. The coexpression of
proteins with HBsAg yields a
product composing a 1:3 ratio
of CS-HBsAg fusion protein and
HBsAg. Additionally, the vaccine
has HBsAg protein that finds
application against the hepatitis
B virus and protects against liver
infection.
With the support from PATH
and Bill and Melinda Gates
Foundation (BMGF), the RTSS
has undergone clinical trials
since 2001. Soon, the vaccine
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entered phase III testing during
2009-2014
and
concluded
in 2015 when World Health
Organization determined the
multi-dose safety during pilot
studies.
Mosquirix
malaria
vaccine trials have started in
different countries. According to
the World Health Organization's
Malaria
Report-2020,
the
highest number of malaria
cases was reported in 11
countries, including Burkina
Faso, Cameroon, Democratic
Republic of Congo, Ghana,
India, Mali, Mozambique, Niger,
Nigeria, Uganda and Tanzania.
These countries account for 70
per cent of the world's cases
and 71 per cent of deaths. So,
the first Mosquirix vaccine trial
started in African countries to
assess protective benefits and
safety during routine use in reallife settings. In 2004, around
2000 children aged one to four
years were tested for malaria
vaccine in the African country of
Mozambique. After six months
of vaccination, the infection got
controlled by 57 per cent, but
gradually it became ineffective.
The chain of vaccine trials
followed in other seven African
countries between 2009 and
2011, with results showing that
babies between the ages of 6
and 12 weeks had no protection
after the first dose. However,
with the first dose given at 17
to 25 months of age, severe and
moderate infections significantly
reduced by 30 and 40 per cent,
respectively. In 2019, as part
of the pilot project, the World

Malaria vaccine being administered to a child by a health
worker in an African country

Health Organization vaccinated
about eight lakh children with
Mosquirix in Ghana, Kenya and
Malawi. Results depicted that
four out of every 10 children
vaccinated do not develop
malaria, and in severe cases,
three out of 10 children could be
saved. Analysing the immunity
of the vaccinated children, it was
concluded that the vaccine is
only 40 per cent effective. Based
on all these results, the World
Health Organization approved
the vaccine. After this, more than
2.3 million doses of vaccine were
given to children, giving clear
views about the extreme safety
of the vaccine.

Based on the results of trials
of the Mosquirix vaccine, it
has been determined that
this vaccine will have to be
administered in four doses. The
first three doses should be given
when the child is five, six and
seven months old, respectively,
and the last booster dose at
18 months of age. The World
Health Organization has clarified
that the Mosquirix vaccine is

completely
safe,
possessing
no negative effects on other
childhood vaccines or therapies
for diseases such as meningitis.
Throughout the history of
malaria vaccines, Mosquirix's
efficacy manifests its success
and makes it a reliable malaria
vaccine. Advances in medical
biotechnology enhanced our
understanding of novel antigens,
human monoclonal antibodies,
structural vaccinology, etc. This
has paved the way to expand
horizons to further improve the
RTSS vaccine and develop more
effective malaria vaccines.
GlaxoSmithKline claims that the
RTSS vaccine administered with
seasonal antimalarial drugs can
eliminate clinical malaria cases
and drop 70 per cent malarial
deaths. After a series of four
injections in children under the
age of five, Mosquirix prevents 36
per cent of severe malaria cases,
exhibiting its modest efficacy
compared to other childhood
vaccines.
Bharat Biotech pharmaceutical

company will make antigens for
the Mosquirix vaccine. For this,
an agreement has been signed by
Bharat Biotech, GlaxoSmithKline
and Program for Appropriate
Technology in Health in January
2021. Under this, Bharat Biotech
will produce the malaria vaccine
and supply it to GlaxoSmithKline
and Program for Appropriate
Technology in Health. Bharat
Biotech is going to become the
sole supplier of this malaria
vaccine by 2029.

Undoubtedly,
commercial
production of RTSS vaccine is
a global boon for 330 million
people at risk of malaria in a total
of 106 countries. Introducing
nationwide malaria vaccines can
be a fruitful strategy to prevent
the disease. It would help achieve
World Health Organization's
mission of reducing 90 per cent
malaria mortality by 2030.

With respect to the Indian
context,
even
without
vaccination, malaria cases and
deaths have decreased by nearly
20 per cent within the last two
years. Thus, the first approved
malaria vaccine, Mosquirix, can
appreciably support India's goal
to become a malaria-free country
by 2027 and eradicate malaria by
2030.
Dr. Shubhrata Mishra
Science Writer
204, IInd Floor, Sunset Lagoon
Near-BusyBee School, Desterro
Church
Vasco-Da-Gama
Goa-403802
E-mail: shubhrataravi@gmail.com

September-October 2021 | INVENTION INTELLIGENCE

49

Environment and Health
Mahendra Pandey
Erratic behaviour of
stratospheric ozone
hole
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In 2019, the size of stratospheric
ozone hole was smallest on
record. It was viewed as one
of the greatest success stories
of international cooperation
in the field of scientific and
market oriented solution of
environmental problems. Then
came 2020, better known as the
pandemic year. It saw a world
without pollution, economic
activity, transport services, and
one of the largest ozone holes
on record. Scientists viewed it as
an abnormal feature, probably
triggered by unusual climatic
conditions. The trend continued
in 2021. As of the first week of
August 2021, the ozone hole
reappeared and was rapidly
growing. It had extended to 23
million square kilometers as on
13 September and crossed the
24 million square kilometers
barrier in the last week of
September, which is above the
average since the mid-1980s. The
lowest ozone value during this
season was around 140 DU. The
hole fluctuates in size annually
and it usually reaches its largest
during the coldest months in
the southern hemisphere, from
late September to early October.
The Copernicus Atmosphere
Monitoring Service (CAMS) team
revealed that the 2021 ozone
hole is among the largest on
record, in fact "larger than 75 per
cent of ozone holes at that stage
in the season since 1979". It has

even been bigger than Antarctica
itself recently.

This shows the need for
continued
vigilance
and
observations. Its evolution is
monitored by satellites and
ground-based observing stations
of WMO’s Global Atmosphere
Watch
Programme.
Those
observations are being combined
with numerical modelling by
different
organisations
and
institutions to provide near-real
time information and analyses
on ozone levels at different parts
of the stratosphere, the location
and dimensions of the ozone
depleted area.

The ozone layer in the upper
atmosphere blocks ultraviolet
(UV) radiation that harms living
tissues, including humans and
plants. The ozone hole, which
was discovered in 1985 is
the result of human emitted
chlorofluorocarbons
(CFCs),
which
are
ozone-depleting
chemicals
and
greenhouse
gases, used as coolants in
refrigerators and aerosol spray.
Nearly 200 countries signed the
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Montreal Protocol in 1987, which
phased out the production and
consumption of CFCs.

A study in Nature demonstrates
that by protecting the ozone
layer, which blocks harmful
UV radiation, the Montreal
Protocol also protects plants and
their ability to pull out carbon
from the atmosphere. “The
Montreal Protocol began life as
a mechanism to protect and heal
the ozone layer. It has done its job
well over the past three decades.
The ozone layer is on the road
to recovery. The cooperation we
have seen under the Montreal
Protocol is exactly what is needed
now to take on climate change,
an equally existential threat to
our societies,” said UN Secretary
General Antonio Guterres in a
message.
The most recent WMO/UN
Environment
Programme
Scientific Assessment of Ozone
Depletion, issued in 2018,
concluded that the measures
under the protocol will lead
the ozone layer on the path
of recovery and to potential

return of ozone in the Arctic
and Northern Hemisphere midlatitude before the middle of the
century (~2035), followed by
the Southern Hemisphere midlatitude around mid-century, and
the Antarctic region by 2060.
Despite the disproportionate size
of ozone hole this year and the
previous year, scientists say that
healing of stratospheric ozone
layer is on the right track; but it
may take somewhat longer than
expected.

Although the use of halons and
chlorofluorocarbons has been
discontinued, they will remain in
the atmosphere for many decades.
Even if there were no new
emissions, there is still more than
enough chlorine and bromine
present in the atmosphere to
destroy ozone at certain altitudes
over Antarctica from August
to December. The formation of
ozone hole is still expected to be
an annual spring event. Its size
and depth are governed to a large
extent by the meteorological
conditions prevailing in the year.
While ODS concentrations are
expected to keep decreasing,
the concentrations of long-lived
greenhouse gases have been
increasing.

The distribution and amount
of stratospheric ozone depends
on temperature and circulation,
and so the changes in climate
will affect the distribution of
ozone. Long-lived greenhouse
gases warm the troposphere, but
cool the stratosphere, leading to
changes in the global circulation,
affecting the stability of the polar
winter vortices and changing
the weather patterns. Therefore,
the future evolution of ozone

layer will be influenced by the
concentrations of these longlived greenhouse gases and by
the climate change.

Montreal
Protocol
has
significantly
avoided
global
warming
and
the
Kigali
Amendment, which regulates
the
replacement
gases
hydrofluorocarbons (HFCs), CFCs
and hydrochlorofluorocarbons
(HCFCs) adds a further layer of
important climate protection. The
avoidance of ultraviolet radiation
and climate change benefits the
plants as such and also adds in
their capacity to store carbon
through photosynthesis.

For example, the breakdown or
photodegradation of the dead
plant material releases carbon
to the atmosphere, increasing
the amount of carbon dioxide
and other greenhouse gases.
Increased thawing or melting of
snow, ice and permafrost in the
Arctic also releases GHGs and has
a negative effect on the exposed
ecosystems.

Some recent scientific findings
indicate that the ozone depletion
in the Arctic polar vortex could
intensify by the end of the century
unless global greenhouse gases
are rapidly and systematically
reduced. In the future, this could
also mean more UV radiation
exposure in Europe, North
America and Asia when parts of
the polar vortex drift southwards.

Studies are showing that
temperature, UV radiation and
frequency of rainfall are the
key factors that determine the
availability or range of suitable
habitats for certain plant species
to survive. UV-B radiation and
factors associated with climate
change affect plant growth,
pathogen and pest defence and
food crop quality. For human
health, UV radiation can have
significant negative effects, for
example, causing skin cancers
and certain eye diseases such as
cataract. However, the Montreal
Protocol has played a major role
in minimising the number of
cases and deaths.

Several feedbacks to climate
change occur from the effects of
UV radiation on the biosphere.

UV radiation is a major factor
in urban and continental-scale
air pollution because many
organic compounds emitted by
human activities and natural
processes are transformed by
solar UV radiation into toxic
products, decreasing air quality

Scientists are monitoring the
extent to which climate change
is contributing to stratospheric
cooling, which enhances the
possibilities
for
observing
temperatures
under
-78°C,
especially in the Arctic where
there is evidence that the
coldest stratospheric winters
are becoming colder. Those
temperatures are requisites for
the polar stratospheric cloud
formation where the destruction
of ozone takes place.

With regard to pollution, UV
radiation can have a substantial
impact on the composition and
quality of the atmosphere, on
human, terrestrial and aquatic
environment health. It drives the
breakdown of plastic pollutants
with implications for human
health and the environment.
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and damaging human health.
UV radiation is also a key driver
of contaminant breakdown in
aquatic environments generating
toxic and carcinogenic products.

Air quality is dependent on solar
UV radiation in the troposphere
and thus on the thickness of
stratospheric ozone layer and
is influenced by the transport
of ozone from stratosphere to
troposphere. Heavy metal ions in
aquatic systems are concentrated
by microplastics after surface
oxidation by UV radiation, thus
promoting metal binding to the
polymers, thereby increasing the
toxicity.

Climate action
global health

for

Countries must set ambitious
national climate commitments if
they are to sustain the healthy
and green recovery from the
COVID-19 pandemic, said a
UN Report. The WHO COP26
Special Report on Climate
Change and Health, launched
recently, in the lead-up to the
United Nations Climate Change
Conference (COP26) in Glasgow,
Scotland, spells out the global
health community’s prescription
for climate action based on a
growing body of research that
establishes inseparable links
between climate and health.
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“The COVID-19 pandemic has
clearly shown a light on the
intimate and delicate links
between humans, animals and
our environment,” said Dr Tedros
Adhanom Ghebreyesus, WHO
Director-General. “The same
unsustainable choices that are
killing our planet are killing

people, WHO calls on all countries
to commit to decisive action at
COP26 to limit global warming to
1.5°C – not just because it’s the
right thing to do, but because it’s
in our own interests. WHO’s new
report highlights 10 priorities for
safeguarding the health of people
and the planet that sustains us.”

The WHO report is launched at
the same time as an ‘open letter’,
signed by over two thirds of the
global health workforce that is,  
300 organisations representing
at least 45 million doctors and
health professionals worldwide,
calling the national leaders and
COP26 country delegations to
step up climate action.
The letter states the following
demands:
•

•

•

•

“We call on all nations to
update their national climate
commitments under the Paris
Agreement to commit to their
fair share of limiting warming
to 1.5°C; and we call on them
to build health into those
plans;

We call on all nations to deliver
a rapid and just transition
away from fossil fuels,
starting with immediately
cutting all related permits,
subsidies and financing for
fossil fuels, and to completely
shift current financing into
development of clean energy;

We call on high income
countries to make larger
cuts to greenhouse gas
emissions, in line with a 1.5°C
temperature goal;
We call on high income
countries to also provide the
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•
•

promised transfer of funds
to low-income countries to
help achieve the necessary
mitigation and adaptation
measures;

We call on governments to
build climate resilient, lowcarbon, sustainable health
systems; and

We call on governments to
also ensure that pandemic
recovery investments support
climate action and reduce
social and health inequities.”

“Wherever we deliver care
in our hospitals, clinics and
communities around the world,
we are already responding to the
health harms caused by climate
change,” the letter from health
professionals reads. “We call on
the leaders of every country and
their representatives at COP26
to avert the impending health
catastrophe by limiting global
warming to 1.5°C, and to make
human health and equity central
to all climate change mitigation
and adaptation actions.”

The report and open letter
come as unprecedented extreme
weather events and other climate
impacts are taking a rising toll
on people’s lives and health.
Increasingly frequent extreme
weather events, such as heat
waves, storms and floods kill
thousands and disrupt millions
of lives, while threatening health
care systems and facilities the
most when they are needed.
Changes in weather and climate
are threatening food security
and driving up food-, water- and
vector-borne diseases, such as
malaria; while climate impacts

are also negatively
mental health.

affecting

The WHO report states: “The
burning of fossil fuels is killing
us. Climate change is the
single biggest health threat
facing humanity. While no
one is safe from the health
impacts of climate change,
they are disproportionately felt
by the most vulnerable and
disadvantaged.” Meanwhile, air
pollution, primarily the result
of burning fossil fuels, which
also drives climate change,
causes 13 deaths per minute
worldwide. The report concludes
that protecting people’s health
requires transformational action
in every sector, including energy,
transport, nature, food systems
and finance. And it states clearly
that the public health benefits
arising out of the implementation
of ambitious climate actions far
outweigh their costs.

“It has never been clearer that
the climate crisis is one of the
most urgent health emergencies
we all face,” said Dr. Maria Neira,
WHO Director of Environment,
Climate Change and Health.
“Bringing down air pollution
to WHO guideline levels, for
example, would reduce the total
number of global deaths from
air pollution by 80 per cent
while dramatically reducing
the greenhouse gas emissions
that fuel climate change. A
shift to more nutritious, plantbased diets in line with WHO
recommendations, as another
example, could reduce global
emissions significantly, ensure
more resilient food systems,
and avoid up to 5.1 million dietrelated deaths a year by 2050.”

Achieving the goals of Paris
Agreement would save millions
of lives every year due to
improvements in air quality, diet
and physical activity, among other
benefits. However, most climate
decision-making
processes
currently do not account for
these health co-benefits and their
economic valuation.

Climate and health
recommendations

The COP26 report includes 10
recommendations that highlight
the urgent need and numerous
opportunities for governments to
prioritise health and equity in the
international climate regime and
sustainable development agenda.
1. Commit to a healthy
recovery. Commit to a healthy,
green and just recovery from
COVID-19.

2. Our health is not negotiable.
Place health and social justice
at the heart of the UN climate
talks.

3. Harness the health benefits
of climate action. Prioritise
those climate interventions
with the largest health, social
and economic gains.

4. Build health resilience to
climate risks. Build climate
resilient and environmentally
sustainable health systems
and facilities, and support
health
adaptation
and
resilience across sectors.

5. Create energy systems
that protect and improve
climate and health. Guide a
just and inclusive transition
to renewable energy to save
lives from air pollution,

particularly
from
coal
combustion. End energy
poverty in households and
health care facilities.

6. Reimagine
urban
environments,
transport
and
mobility.
Promote
sustainable, healthy urban
design and transport systems,
with improved land-use,
access to green and blue
public space, and priority for
walking, cycling and public
transport.

7. Protect
and
restore
nature as the foundation
of our health. Protect and
restore natural systems, the
foundations for healthy lives,
sustainable food systems and
livelihoods.

8. Promote
healthy,
sustainable and resilient
food
systems.
Promote
sustainable and resilient
food production and more
affordable, nutritious diets
that deliver on both climate
and health outcomes.
9. Finance a healthier, fairer
and greener future to save
lives. Transition towards a
well being economy.
10. Listen
to
the
health
community and prescribe
urgent
climate
action.
Mobilise and support the
health community on climate
action.

Mahendra Pandey
Flat No. 18, Kanishka Apartments
C & D Block, Shalimar Bagh
New Delhi-110088
E-mail: mahendrap2002@gmail.com
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IPR Corner
Social Influencers and IPR
Dr. Sukanya Datta
Social media rules the world.
Glued to their personal devices
the new generation is connected
to each other and the world via
social media platforms, such as
Facebook, Instagram, LinkedIn,
Snapchat, Telegram, TikTok,
TumbIr, Twitter, YouTube, and
WhatsApp to name just a few. The
elderly too, are quickly learning
that becoming proficient in using
social media is an easy way to
remain visible and connected
with family and friends scattered
across the world. As their
mobility decreases and the walls
of the room begin to hem them in,
social media provides them with
virtual freedom that expands
their
skies.
Entrepreneurs
learning to negotiate the world
of business for the first time,
especially
during
pandemic
times when actual footfalls are
low, find new horizons to explore
using online platforms. This calls
for a new business plan too, a
new way to advertise, spread the
word and influence consumer
behaviour. And herein step in the
social media influencers.
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Social media influencers are
individuals who have many
followers on social media and who
create much-followed content on
social media platforms. Many
social media influencers have a
cult following and are celebrities
in their own right. So much so
that sometimes an influencer
may even be considered a ‘brand’.
Their content has the power
to influence (hence the term

(Source: https://www.istaunch.com/name-checker)

influencer), motivate and maybe
even direct certain activities such
as buying a specific product.
Influencers do not simply
endorse a product. They add
their personally created content
to their posts about it and their
followers, in their desire to
emulate the lifestyle endorsed,
make their purchases accordingly.
This is what has led to the
evolution of what is called
influencer marketing. According
to
Wikipedia,
influencer
marketing is, “… a form of social
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media
marketing
involving
endorsements
and
product
placement from influencers,
people and organisations who
have a purported expert level of
knowledge or social influence in
their field.”   A report in the 17
September 2021 e-paper version
of Economic Times states that  “…
influencer marketing is   pegged
to be a `900 crore market in
India by the end of the year. The
fledgling category is expected
to grow 25 per cent annually
to become a `2,200 crore
industry by 2025.” (https://

(Source: https://www.welivesecurity.com)

taken. It even has a “Copyright
Management Suite” to give “…
rights-holders control of their
copyrighted material.”

(Source: https://www.rightblogtips.com/2019/08/social-media-vs-website)

economictimes.indiatimes.com/
industry/media/entertainment/
social-media-influencers-tocorner-rs-900-cr-in-2021grow-to-rs-2200-cr-by-2025report/articleshow/86291982.
cms?from=mdr)

Since social media influencers
create content, this raises the
issue of Intellectual Property
Rights
(IPR).
IPR
issues
associated with social media
influencers include trademarks,
brand names, copyright, and
domain names amongst others.
Social media influencers need
to protect their content from
misappropriation
or
misuse
because
digitally
available
data can easily be replicated
or manipulated by others.
Additionally, while ensuring that
they protect their own original
work, social media influencers
have to be careful about not
infringing the copyright of others
while creating their own content.
One of the foremost requirements
when posting anything on social
media platforms is that the creator
of the content remains alert to the
potential of misuse of copyright.

The social media platforms too
are aware of this necessity and
have made certain declarations
mandatory to prevent misuse of
IRP. Each social media platform
has its own set of IP rules that
are enforced. These rules are
changed from time to time.
YouTube, for example, clearly
states that videos uploaded
MUST be original creations of
the person uploading it. It also
clearly advises AGAINST the use
of content such as music tracks
or edited bits of video etc., the
copyright of which belongs
to someone else if proper
authorisation has not been

Trademarks and brand names
are other areas where the
content creator has to remain
on legally sound grounds. In the
context of brands or trademarks,
it is interesting that many social
media influencers have sought
to trademark their names with
respect to a particular class
of goods and/or services (for
example, perfumes)!

When dealing with trademark or
branded products, however, the
first step is to take the permission
of the rights-holder beforehand if
the influencer is making a direct
reference to it or its products.
Any contract entered into by the
influencer and the brand must
be followed to the letter. For
example, if there is an exclusivity
clause then, the influencer cannot
promote any other brand. It is
understandable that the brand
may have reservations about
sharing or even giving access

(Source: https://www.ipwatchdog.com)
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regarding a pending–patent
even if privy to it. This is a
discretionary practice since all
published material becomes part
of prior art. If prior art exists, a
patent ceases to be novel and will
not be granted. Thus a premature
publication of information by an
influencer may cause a person to
lose the patent application.

(Source: https://thebrandboy.com/social-media-blog-names)

to proprietary information to
an influencer for the purposes
of
promoting
a
business.
Confidentiality agreements are
useful in such cases and the
influencer cannot breach it
without attracting legal action.
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Influencers should be careful that
they do not confuse customers
about the products/services or
weaken the brand in any way.
For example, sometimes, social
media influencers encourage
followers to buy cheap copies
of high-end products. They even
use specific hashtags to increase
the reach of their posts. This not
only undermines the investments
that a top-end brand puts into its
products but also makes piracy
seem an acceptable practice.
It encourages counterfeiting, a
fact that defeats the purpose of
IPR regime. There have been
cases where influencers have
deliberately collaborated with
third-party sellers to advertise,
promote and facilitate the sale
of counterfeit luxury goods. One
such scheme was detected and
a legal settlement arrived at by
the online sales giant whose
marketing platform was abused
by the influencers.

Promoting
forgeries
and
counterfeits are obvious nonos, but influencers must also
be absolutely certain of the
authenticity of the facts and
figures if making derogatory
comments about the product/
brand. The mere expression
of a personal opinion may
lead to legal consequences.
Recently there was a case
when a celebrity posted critical
comments about a branded hair
oil and was hauled to court for
it. Social media influencers must
remember that a brand name is
zealously guarded by the rightsholder and if it is perceived
that the post is likely to impact
customer’s faith in it then there
is little doubt that legal action
will be taken.   Interestingly, the
court highlighted that social
media influencers shoulder
a higher burden in that they
cannot deliver statements with
the same impunity available
to an ordinary person. This is
because their many followers
take their personal statements,
even casual or joking ones, to be
sacrosanct.
Similarly, an influencer should not
publish privileged information
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Another IPR issue relevant to
social media influencers is that of
domain names. A domain name is
the website’s address, he online
ID of the business, so to say.
Influencers can trademark their
domain names. Although these
points appear to be almost basic
common-sense when it comes to
fundamentals of IPR, this is not
necessarily always the case as is
evident in the 27 February 2020
issue of the World Trademark
Review, which reports that a
majority of the young contentcreators on TikTok have not
registered their trademark to
protect their assets despite
striking lucrative deals.

Social media influence marketing
may be the new kid on the block
but it is rich in potential given
that most people spend about
two hours on such sites everyday
reading, creating, posting or
sharing content or intellectual
property. As time passes, and new
situations develop, this practice
is sure to evolve along paths we
can only speculate about today.
Dr. Sukanya Datta
H2/110 Shakuntala Park., Phase 1
Kolkata-700 061
E-mail: sukanyadatta@gmail.com

S&T Advances
Sea level would
continue to rise
Even if world community beats
the odds and caps global warming
at 1.5°C above preindustrial
levels, seas will rise for centuries
to come and swamp the habitats
currently home to half-a-billion
people, the researchers warned
recently. If the earth heats up
another half-degree above that
benchmark, then additional 200
million of today's urban dwellers
would regularly find themselves
knee-deep in sea water and more
vulnerable to devastating storm
surges, reported the journal
Environmental Research Letters.
Worst hit in any scenario will be
Asia, which accounts for nine of
the 10 mega-cities at highest risk.
The homes to more than half the
population of Bangladesh and
Vietnam fall below the longterm high tide line, even in a 2°C
world. Built-up areas in China,
India and Indonesia would also
face devastation.

Most projections for sea level
rise and the threat it poses to
shoreline cities run to the end of
the century and range from halfa-meter to less than twice that,
depending upon how quickly
the carbon pollution is reduced.
But oceans will continue to swell
for hundreds of years beyond
2100 – fed by melting ice sheets,
heat trapped in the ocean and
the dynamics of warming water
– no matter how aggressively
greenhouse gas emissions are
drawn down, the findings show.
"Roughly five per cent of the
world's population today live on
land below where the high tide
level is expected to rise based
on carbon dioxide that human

activity has already added to the
atmosphere," lead author Ben
Strauss, CEO and chief scientist
of Climate Central, said.

Today's concentration of CO2,
which lingers for hundreds of
years, is 50 per cent higher than
in the year 1800, and Earth's
average surface temperature has
already risen by 1.1°C. That's
enough to eventually push up sea
levels nearly two metres, whether
it takes two centuries or 10, the
study said. The 1.5°C warming
limit enshrined in the Paris
Agreement that nations will try
to keep in at the COP26 climate
summit in Glasgow translates
into nearly three metres over
the long haul. Unless scientists
figure out how to quickly remove
massive amounts of CO2 from the
atmosphere, that amount of sea
level rise is not a matter of ‘if’ but
‘when’, according to the study.

National carbon-cutting pledges
under the 2015 Paris Treaty
would, if honoured, still see an
Earth warming of 2.7°C by 2100.
If efforts to reign in greenhouse
gases falter, temperatures could
rise by 4°C or more above mid19th century levels. This much
warming would add six to nine
meters to global oceans over
the long haul, and force cities
currently home to nearly a billion
people to either mount massive
defenses against future sea level
rise or rebuild on higher ground.
In China alone, land occupied
today by 200 million people
would fall below high tide in a 3°C
scenario. And Chinese cityscapes
home to tens of millions could
become unlivable within 80
years.
— Mahendra Pandey

A non-toxic method to
convert tea waste into
activated carbon
A team of scientists has
developed a technique to use tea
and banana waste to make nontoxic activated carbon that can be
used for several purposes, such
as industrial pollution control,
water purification, food and
beverage processing and odour
removal.
The processing of tea generates
a lot of waste, generally in the
form of tea dust. This could be
converted to useful substances.
The structure of tea is particularly
favourable for conversion to
high-quality activated carbon.
However, it normally involved
the use of strong acids and bases,
making the product toxic. Hence,
a non-toxic method of conversion
was needed to overcome this
challenge.

Dr. N.C. Talukdar, former Director,
Institute of Advanced Study in
Science and Technology (IASST),
Guwahati,
an
autonomous
institute of the Department
of
Science
&
Technology,
Government of India and Dr.
Devasish Chowdhury, Associate
Professor at the Institute, used
banana plant extract as an
alternative activating agent for
the preparation of activated
carbon from tea waste.

Oxygenated
potassium
compounds contained in the
banana plant extract help in
activating the carbon obtained
from tea waste. An Indian patent
has recently been granted for the
new process. The process began
with the drying of banana peel.
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cross-linked guar gum-chitosan
composite film was high, was
water repellent or hydrophobic
and had low water vapour
permeability.

Dr. Manash Jyoti Deka, Dr. Devasish Chowdhury and Dr. N.C. Talukdar (L to R)

It was then burnt to make ash
out of it. The ash was further
crushed and made into a fine
powder. Subsequently, water was
filtered through the ash powder
using a clean cotton cloth and
the final solution was used as the
activating agent.

The main advantage of this
process is that the starting
materials, as well as the activating
agents, are all waste materials.
Also, no toxic material was used
in the entire process. The most
preferred banana was found to be
Bheem Kol, which is an indigenous
variety, found in Assam and parts
of North East India.

New polymer material
for packaging industry
A team of Indian scientists has
developed
an
environment
friendly non-toxic biodegradable
polymer that could be used as a
packaging material for products
that are likely to be exposed to
harsh environmental conditions.
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The polymer has been produced
using guar gum and chitosan, a
polysaccharide that is obtained
from the hard outer skeleton of

shellfish, including crab, lobster
and shrimp. It has been found
to have high water stability
and mechanical strength and
excellent resistance to harsh
environmental conditions.

Polysaccharides are biopolymers
with high potential for use
in the synthesis of packaging
material. However, they have
several drawbacks, such as low
mechanical properties, high
water-solubility and low barrier
properties.

In a new study, Devasish
Chowdhury, Associate Professor
and Sazzadur Rahman, an
Inspire Junior Research Fellow
of the Department of Science
and Technology’s Institute of
Advanced Study in Science
and
Technology,
Paschim
Boragaon, Garchuk, Guwahati
have overcome these challenges
by fabricating a cross-linked
polysaccharide with the help
of a technique called ‘solution
casting method’.

The researchers found that the
product did not dissolve in water
even after 10 days. In addition,
the mechanical strength of the
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The scientists noted that
superior mechanical strength,
water repellent properties and
resistance to harsh environmental
conditions of the fabricated
cross-linked guar gum-chitosan
increase its potential for being
used in packaging applications.
They have published a report in
the science journal Carbohydrate
Polymer
Technologies
and
Applications. The study team
included Achyut Konwar and
Gitanjali Majumdar.
(India Science Wire)

Indian
Enterprise
Grabs Inaugural Eco
Oscar Award
A young enterprise 'Takachar'
from Delhi won the first Eco
Oscar Award for its innovation
that saves environment from
pollution.The
awards
were
announced at a function held
at London on 17 October 2021.
Takachar is a project run by
young
entrepreneur
Vidyut
Mohan pursuing innovations to
save global ecology. Takachar's
innovation saves environment by
using an efficient cost effective
technique to convert agricultural
waste into useful marketable
products so that agricultural
waste does not need to be burnt,
which degrades the environment.

The Earthshot Prize, also
known as the Eco Oscar Award
was instituted by the initiative
of Prince William, Duke of
Cambridge and the celebrated

‘Moonshot’ carved out in the
1960s by the then US President
John F Kennedy, so as to realise
the dream of man landing on
the moon within a targeted time
frame, which was finally achieved
by the Apollo-11 crew landing on
the moon in 1969.

Vidyut Mohan, Eco Oscar winner under the category 'Clean Our Air'
(Source: earthshotprize.org)

historian David Attenborough in
2020. The objective is to fulfill the
environmental targets under the
sustainable development goals of
the United Nations. These awards
are given under five categories,
namely: Protect and Restore
Nature; Clean Our Air; Revive Our
Oceans; Build a Waste Free World;
and Fix Our Climate.
Vidyut
Mohan
received
recognition on behalf of his
enterprise
Takachar
under
the category 'Clean Our Air'.
The awards are to be given
respectively to the winners under
each category. Each one of them
is granted £1 million to support
and encourage efforts dedicated
and focussed on saving the global
environment. The award will be
given for 10 successive years
annually in all categories from
2021 till 2030.

Takachar's innovation is an
effective, portable low cost
technology. The device is attached
to a tractor. It enables the
conversion of agricultural waste
into useful marketable products.
Vidyut Mohan's innovation is
specially pertinent in the wake
of the crisis of severely polluted

air being faced in the Delhi and
NCR region. This is aggravated
by the burning of parali (the
crop residue left in the fields
after harvesting) by farmers in
neighbouring states. The idea is
to give farmers a way to convert
their agricultural waste into
income generating products –
fuel, fertiliser and chemicals, thus,
encouraging them to voluntarily
stop the practice of burning
parali without the imposition of
punitive rules. The technique has
thus a twin advantage of saving
the environment and helping the
farmers to earn a little extra by
making use of their own agriwaste. Takachar was named a
winner for its technology, which
reduces smoke emissions by up
to 98 per cent, aimed at helping
improve the air quality that
currently reduces the affected
population's life expectancy by
up to five years. If scaled up,
it could cut a billion tonnes of
carbon dioxide a year. "A win for
India's farmers will be a win in
the fight against climate change,",
expressed experts.
The awards were named
Earthshot Prize, inspired from
a historically ambitious project

The award ceremony at Alexandra
Palace in London was attended by
luminaries from different walks of
life. British actress Emma Watson
wore an upcycled wedding dress.
An awards ceremony will take
place in different cities across
the world each year between
2021 and 2030 to award five
winners The Earthshot Prize.
Five, one million pound prizes
will be awarded each year for
the next 10 years, providing at
least 50 solutions to the world’s
greatest environmental problems
by 2030, through the innovation
competition.

“The Earth is at a tipping point
and we face a stark choice:
either we continue as we are and
irreparably damage our planet,
or we remember our unique
power as human beings and our
continual ability to lead, innovate
and problem-solve. People can
achieve great things. The next 10
years present us with one of our
greatest tests – a decade of action
to repair the Earth,” said Prince
William in his message.
The Earth is severely threatened
day-by-day by the degradation
of its environment because of
excessive human activities. This
requires a speedy targeted action
to ensure a safe Earth for the
future generations.
— R.D. Rikhari
14E, Pocket-1, Mayur Vihar Phase-1,
Delhi-110091
E-mail: rd.rikhari@gmail.com
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NRDC News

Innovation Roundtable Conclave

Opportunities for Academia & Industries
Collaboration in Intellectual Property &
Innovation Management – A Report
Preethi Niharika and Sri Sudha
National Research Development
Corporation
(NRDC)
in
collaboration
with
United
States Patent and Trademark
Office (USPTO) and Andhra
Pradesh
Innovation
Society
(APIS),   organised a programme,
Innovation Roundtable Conclave:
Opportunities for Academia
& Industries Collaboration in
Intellectual Property & Innovation
Management
for
various
stakeholders, including academia,
PSUs,
industries,
MSMEs,
startups, entrepreneurs, research
institutes
and
Government
bodies on 1 September 2021 at
APIS, Innovation Valley, Hill 3,
Visakhapatnam, Andhra Pradesh.
In
of

the changing paradigm
innovation
ecosystem,

integration of science, technology
and
inclusive
innovations
plays an important role in
value creation for the nation’s
growth. Education, research and
innovation are key drivers of
competitiveness, job creation,
social progress and sustainable
growth. Invention and innovation
are defined as the application of
ideas, technology and processes
in new ways to gain a competitive
advantage and create value
addition. The economy is going
through a new knowledge era
and industrial revolution of 4.0
where generation, valuation,
protection and exploitation of
intellectual property (IP) are
crucially important to fulfill
India’s mission towards selfreliance in technology. Academia

and industry are two important
pillars of the economy. A robust
collaboration between the two
will augur well for the economy,
enabling innovation, growth
in the education system and
producing an employment-ready
workforce. There are beginnings
of a shift in this approach. There
have been huge leaps taken by the
industry and academia to bring
about change and innovation.
The
Innovation
Roundtable
Conclave will play a major
role in the transformation
story and reaching heights of
innovation through industryacademia collaboration. The
transformation of a country into
a knowledge-based economy
does have a considerable impact

Presentation by technical experts in the Innovation Roundtable Conclave
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Glimpses of the Innovation Roundtable Conclave

on the role of a contemporary
education system. A dynamic
collaboration between the two
has become a pervasive topic and
acts as an imperative instrument
to overcome the challenges faced
by the academia and industry
fraternity.

The objective of the Innovation
Roundtable Conclave was to
deliberate on industry-academia
collaborations, which have been
recognised as the key enablers to
promote innovation ecosystem.
Such
collaborations
deliver
a far reaching and enduring
socioeconomic impact. It is
time to understand R&D, skill
and protection, management
and commercialisation of IPRs
that determine the position of
organisations and the innovation
dynamics. It was to bring all
stakeholders on one platform
to share their experiences and
exchange views on developing
a strong and vibrant innovation
eco-system in revisiting the
National IPR Policy 2016, National
Education Policy (NEP 2020) and
National Innovation & Startup

Policy 2019 (NISP 2019). It was
also to discuss opportunities and
challenges for funding in R&D,
skill and innovation for startups,
MSMEs and universities.
This report provides a summary
of the discussions held at the
Innovation Roundtable Conclave.

The inaugural session was graced
by dignitaries from government,
industries, MSMEs, startups,
entrepreneurs and academic
fraternity. Dr. Bijay Kumar Sahu
welcomed the dignitaries in
the conclave and briefed about
the objective of the Innovation
Roundtable Conclave in respect
of the collaboration of academia
and industries in the fields
of intellectual property and
innovation management and
presented an overview of NRDC’s
contribution
in
innovation
management in the country in
collaborating with academia and
industries.
Mr. Anil Kumar Tentu, CEO,
APITA, Government of AP
emphasised
the
activities

undertaken by Andhra Pradesh
Information Technology Academy
to support capacity building
initiatives of the Information
Technology, Electronics and
Communications Department of
Government of Andhra Pradesh.
Dr. Mohit Gambhir, Innovation
Director, Ministry of Education,
Government of India shared
information about the Institution
Innovation Council (IIC), an
initiative of Ministry of Education,
in systematically fostering the
culture of innovation amongst
higher education institutions
(HEIs). He explained the role
played by the central government
in
creating
an
enabling
ecosystem for innovation. Ms.
Keerthana G., Joint Director,
External Engagements, APIS
& APEITA, Government of
Andhra Pradesh briefed about
the vision of APEITA & APIS in
developing and facilitating the
startup ecosystem and looking
forward to collaborations with
stakeholders for creating the
ecosystem within their mandate.
Mr. John Cabeca, US Intellectual
Property Counsellor for South
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Asia expressed his interest
in strengthening the bond of
partnering and collaborating
with NRDC for creating, enabling
and strengthening the innovation
ecosystem. He stressed on a
greater awareness on IPRs
and support for collaborating
mechanisms that can be pulled
to raise IP awareness across the
country. He elaborated on the US
ecosystem of IP collaboration and
engagement with the universities’
innovation ecosystem. Mr. N.G.
Lakshminarayan, Chief, NRDC,
New Delhi briefed on the vision
and mission of NRDC and
congratulated the USPTO-NRDC
collaboration on the initiative of
Innovation Roundtable Conclave
to act as an imperative instrument
for overcoming the challenges
faced by the academia and
industry fraternity in IP creation
and innovation engagement. He
appreciated the association of
APIS for their extended support
and collaborative initiative. Prof.
T.V. Kattimani, Vice Chancellor,
Central Tribal University, Andhra
Pradesh and member NEP-2020
deliberated upon the industryacademia collaborations, which
have been recognised as the key
enablers to promote innovation
ecosystem and the importance of
IP and innovation management in
global equilibrium by academics,
industries, scientists, engineers,
technologists, researchers and
governments.
During the first session, Building
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Enabling IP and Innovation
Ecosystem
for
AcademiaIndustry
Collaboration
and
Revisit of NEP 2020 & NISP
2019, Prof. T.V. Kattimani,
Vice Chancellor, Central Tribal
University and member NEP2020 chaired the session and
mediated the entire discussion
amongst the participants. He
mentioned that the academia
should unleash the potential to
conduct research on the agrocommercial aspect, particularly
in the tribal and rural belt and
proposed that there should
be benefit sharing between all
stakeholders. Ms. Shilpi Jha,
Senior IP Policy Advisor, South
Asia, United States Patent and
Trademark Office emphasised
on the need for collaboration,
cooperation and coordination
amongst
the
stakeholders
at all levels for successful
implementation of NEP-2020 and
NISP-2019 policies. Prof. G.S.N.
Raju, Vice Chancellor, Centurion
University, Andhra Pradesh; Prof.
P.P. Mathur, Vice Chancellor, Birla
Global University, Bhubaneswar
and Prof. Amit Kumar Tiwari,
Centre for IPR, Symbiosis
International Deemed University,
Pune highlighted that a majority
of the universities still lack
awareness on the importance
of innovation, IP and patent
issues. They insisted that every
institution should have IP policy
and IP related courses put in
place. Universities must have
both entrepreneurship cell and
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IPR cell, respectively, to evaluate
and commercialise the inventions
that create value to society. They
suggested sharing of sustainable
funding models across the globe
for cross learning. The recent
announcement on IPR filing
by the Government of India,
for 80 per cent fee reduction
to all recognised educational
institutions applying for patents,
whether in India or abroad,
was also mentioned. Dr. Majji
Sashibushana Rao, Director,
SITAM, Vizianagaram stated
that if supporting environment
is provided, patent filing, which
otherwise seems like a Herculean
task becomes very easy and
any institution can do wonders
in due course of time. Prof.
Dayananda Murthy, Director,
Damodaram Sanjivayya National
Law University, Visakhapatnam
enunciated the importance of
having an IP policy for every
institution. He elaborated upon
the legal implications of not
having a policy in place. Ms. Hima
Bindu, MD, Novel Patent Service,
Visakhapatnam elucidated that
an invention should always have
a market focus and collaboration
with
industry
should
be
encouraged as they are the torch
bearers.
During the second session,
Opportunities and Challenges
for Funding in R&D, Skill
and Innovation for Startups,
MSMEs and Universities, Prof.
H. Purushotham, DPIIT IPR

Chair, Andhra University, was
the chairperson. He highlighted
that Andhra Pradesh is blessed
with so many opportunities,
especially in innovation and
entrepreneurship. Government
of India has already put in place
both IP and innovation policies,
which are being implemented at
the state level. Mr. Dinesh Sharma,
Senior IP Policy Advisor, United
States Patent & Trademark Office
highlighted upon the lack of
consistent policies and a uniform
and predictable framework for
academia-industry collaboration.
Prof.
Saroj
Kumar
Pani,
Professor of Entrepreneurship,
IIM Visakhapatnam stressed
that apart from focusing on
technological
innovation,
business
innovation
and
governance innovation need to
be focused on as well by the
entrepreneurs. Dr. Lal Krishna,
CEO & Managing Director,
M/s
Ramky
Pharmacity,
Visakhapatnam spoke on their
upcoming plan for setting up an
innovation and incubation centre
with an investment of `2,000
crore to provide a platform for
the promotion of world-class
innovation ecosystem in the
biopharma sector with startup
businesses. Mr. Gadde Ravi,
Director, MSME-DI, Government
of India observed that despite
generating IPR awareness in
MSMEs and startups in the
country, they don’t believe in
IP system. He stressed that
agricultural innovations need

to be backed by the academia
and research institutions. Mr.
M.P. Dubey, Joint Director, STPI,
Government of India explained
the various schemes and
funding opportunities offered to
startups, researchers and women
entrepreneurs.

Mr. Dilip Kumar, CEO, Biovalley
Incubation
Council,
AMTZ,
briefed about their services, like
facilitating the startups from idea
to market access. Mr. Ram Kumar
Varma, CEO, M/s Native Araku
Coffee, shared his successful
journey as a serial entrepreneur
and his vision to make Araku
coffee the world’s best coffee. Mr.
G. Prasad Babu, CEO, M/s Geo
Climate Risk Solutions Pvt Ltd,
briefed on providing sustainable
solutions for infrastructural
projects and their services in
environment risk assessment.
This received a `2 crore funding
from
GAIL.
The
industry
fraternity expressed the hope
that there will be a substantial
outcome from the Innovation
Roundtable Conclave platform
in reaching greater heights of
innovation. They emphasised on
how building a strong network
with various universities and
organisations
helped
them
generate business and revenue.
The participating dignitaries
emphasised on how India
witnessed the positive outcomes
of collaboration amongst the
government,
industry
and

academia in tackling the spread
of COVID-19. The transfer of
technology from R&D labs to the
market happened faster than
ever before in manufacturing
testing kits, PPEs, sanitizers,
ventilators and oxygen cylinders,
developing tracking apps and
most importantly in vaccine
development. The government,
academic and industrial sectors
are the three main stakeholders
of the innovation ecosystem.
Lack of synergy will impede the
transfer of potential research
into marketable technologies.
There was appreciation for
NRDC’s efforts in creating
synergy and bringing academia
and industry together for
innovation and growth to achieve
self reliance in technology. The
Innovation Roundtable Conclave
ended with a vote of thanks to
all the participants for sparing
their valuable time and the
recommendations
made
to
create a supportive ecosystem
for innovation in India.
Preethi Niharika (ADE)
and Sri Sudha (ADE)
Intellectual Property Facilitation
Centre (IPFC)
Technology Innovation Support
Centre (TISC)
National Research Development
Corporation (NRDC)
Innovation Valley, First Floor,
Sunrise Incubation Tower,
Madhurwada,
Visakhapatnam-530048
E-mail : preethi.niharika@nrdc.in;
sudha@nrdc.in
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