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Introduction 

Clean environment (air, water, 
etc.) is essential for the 

survival of all human beings on 
this planet and it is among the 
various challenges for the 21st 
century. In the hills, people get 
pure water directly from small 
springs or openings. In fact, this 
is	pure	water,	which	flows/	seeps	
through rocks/stone beds, roots 
of trees, etc. Landslides due to 
heavy rainfall, crash of concrete 
buildings/structures/dams, etc., 
are not uncommon incidences. 
In summer, cooling of water 

in earthen pitchers was very 
common in earlier times and is 
in use even today. Absorption of 
ink by chalk or blotting paper, 
absorption of water or liquid by 
cotton cloth or wool, soil, clay, 
and water seepage on the walls 
in houses during monsoon are 
commonly observed phenomena. 
Use of foam in mattresses for 
preventing shock or making it 
softer is also very common. In our 
daily life, we also use different 
types	 of	 filters	 for	 separation	
of materials in different grades, 
foam for packaging to avoid 
breakage of fragile items during 

transport, etc. In modern times, 
different	 types	 of	 filters	 for	
purification	of	water	for	drinking	
purposes, for swimming pools/
water	 sports,	 and	 air	 filters	
for air conditioners are very 
common.	 Special	 filters	 are	 used	
for dialysis of blood for diabetic 
patients. Now the question arises 
why these phenomena take 
place in nature, what are these 
materials, how they function. If 
we try to understand it from a 
scientific	 point	 of	 view,	 we	 find	
there is a role of porosity in 
all these events/phenomena/ 
tasks. 

Porosity in Materials 
– A Treasure of 
Applications for 
Mankind
Dr. GOvInD PraSaD KOTHIyaL 

Porosity, the measure of voids in materials, leads to several phenomena in nature. 
They in turn give rise to a treasure of applications for the benefit of not only 
human beings but also to other creatures/materials present in the nature. The role 
of science and technology of porous materials in making them light and ultra light 
weight (like aerogel), strong and having ultra high surface area/volume ratio, has 
played a very significant role in making human life better. The porous materials 
with novel structures have not only helped in providing basic needs such as clean 
air, water & food items, energy, medical treatment (medicine and surgery), but 
has also made their unique position in advanced areas of science and technology. 
While nano materials have opened up doors to many applications for the coming 
years, the nano- and mesoporous materials are also not less important from any 
measure/angle.
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Though porosity is taken in a 
negative sense, it plays a very 
important role in our lives. Such 
porous materials have wide-
ranging applications starting 
from	simple	air/water	filtration	to	
sophisticate/strategic	 scientific, 
medical and industrial processes/
devices. 

What are porous 
materials?
To understand these materials, 
we	 first	 need	 to	 define	
porosity	 in	 scientific	 terms.	
It is essentially a measure of 
void, that is, emptiness in solid 
materials	 and	 is	 defined	 as	 the	
ratio of the volume of voids/ 
emptiness to total volume of 
that solid material. In terms of 
fraction, it ranges from 0-1 and 
in percentage 0-100. There are 
many	ways	to	test	or	find	this	in	
a particular substance. The voids 
in solids are created due to the 
formation of pores of different 
sizes ranging from nanometre 

(10-9 m) to micrometre  
(10-6 m) during the process of 
solidification/crystallisation	
and subsequent treatment. 
They may be isolated ones 
or interconnected pores with 
similar or different shapes and 
sizes. Further, these pores may 
be fully open or closed, arranged 
in an orderly or disorderly 
fashion and may have different 
chemical compositions. 

Pores	 are	 classified	 as	 per	
their sizes. Pores of less than 2 
nanometre (nm) are called micro 
pores, those in the range 2-50 nm 
are mesopores, and those more 
than 50 nm are macropores.  On 
the basis of pore sizes, we have 
three types of porous materials: 

i) Microporous (pore size less 
than 2 nm) 

ii) Mesoporous (pore size 2-50 
nm) 

iii)Macroporous (pore size 
greater than 50 nm)  

In fact, porosity depends on 
the nature, size, shape and 
distribution of particles (whose 
aggregation/assemblage creates 
the	 pores	 during	 solidification/
crystallisation process) in the 
material. Due to the arrangements 
/distribution of these particles, 
a special framework of pores of 
different sizes is produced. In 
short, we can broadly understand 
porous materials as materials 
having	low	density,	 large	specific	
surface area with various novel 
physical, chemical, mechanical, 
thermal, electrical, biological and 
other properties.  

There are a number of porous 
materials/membranes in the 
human body for controlling 
various biological processes. 
For example, bones, which 
have porosity for absorption of 
nutrients, and different biological 
membranes, which separate/ 
isolate different organs while 
permitting	 flow	 of	 body	 fluids,	
etc.	 There	 are	 many	 filtration	
processes going on inside our 
body in addition to commonly 
observed sweating/perspiration 
taking place through the pores 
on the skin. 

Porous materials are normally 
found as organic materials 
and/or polymeric materials. 
Nevertheless, inorganic porous 
materials, metals and foams 
are also important in their 
own rights. It is interesting to 
note that the porous materials 
available in nature have pore 
sizes mostly in nanometre scales, 
whereas it is now possible to 
synthesise organic and inorganic 
materials with controlled pore Different types of pores. a : closed pore; b, c, d, f : open pores; e : through  

pore; and b and f : blind pores
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sizes ranging from nm to mm. 
Materials with different pore 
sizes and arrangements are 
needed for different application. 
It has been possible to produce 
many such inorganic porous 
materials,	which	find	widespread	
technological uses as electrical 
and thermal insulators, 
absorbents, shock absorbers, 
vibration suppressors, noise 
absorbers, catalysts for chemical 
reactions, membranes, materials 
for construction of buildings (e.g., 
bricks, slabs, etc.).  In addition, 
metallic porous materials and 
foams are also used as electrodes 
and shields for electromagnetic 
radiations. A typical example of 
naturally occurring inorganic 
micro-porous materials are 
zeolites, which are nothing but 
a family of aluminosilicate solids 
known as ‘molecular sieves’, and 
mainly consist of silicon (Si), 
aluminium (Al), and oxygen 
(O) atoms and metals including 
titanium (Ti), tin (Sn), zinc (Zn), 
and so on. 

The type of pores (as recognised 

by their size, shape and 
distribution) help in providing 
desired functionalities/ 
properties in materials for 
their	 specific	 application.	 As	 we	
know, when the size of pores or 
particles is in nanometre range, 
they exhibit very large surface 
to volume ratio, which in turn 
enhances among others, their 
gas (molecular) adsorption/ 
capturing capabilities. Therefore, 
such materials become very 
good candidates for storage/ 
condensation of gases. They have 
also been traditionally used as 
catalysts	 and	 filters/separators.	
These applications require 
materials with good mechanical 
and chemical strength. 

There is great demand of 
mesoporous materials due to 
their selective adsorption and 
novel functional properties. This 
is because they offer unusually 
high surface area (>700 m2/g) 
along with uniform and relatively 
bigger pores. These structures 
also play a role in hosting and 
confining	 specific	 biomolecules	

because of their pore sizes 
Therefore, they have a number 
of uses for molecular sieving and 
bio-sensing. Mesopores are also 
present in aerogels, and pillared 
layered clays, which show 
disordered pore systems with 
broad pore-size distributions. 
A constant demand has been 
developed for larger pores with 
well-defined	 pore	 structures.	
Therefore, larger and controlled 
pore size silicate mesoporous 
materials were preferred as 
compared to naturally occurring 
micro porous silicates (zeolites). 

The design and synthesis of 
organic, inorganic, and polymeric 
materials with controlled pore 
structure are important not only 
for academic pursuits but also 
for industrial research projects. 

A photograph of naturally occurring zeolite

Photograph of a porous body and a 
typical micrograph
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Many potential applications 
require	specific	pore	sizes,	so	that	
the control of pore dimensions to 
within an angstrom limit, can be 
the dividing line between success 
and failure. Zeolites and zeolite-
like	 molecular	 sieves	 often	 fulfil	
the requirements of ideal porous 
materials as they can offer as 
narrow pore size distribution 
and tunable pore size in a wide 
range. 

Until the late 1980s, most 
mesoporous materials were 
amorphous and often had broad 
pore size distributions. In the 
early 1990s, Kresge and his co-
workers reported the emergence 
of a new family of so called 
mesoporous molecular sieves. In 
recent years, research in this area 
has been extended to many metal 
oxide systems other than silica 
and also to the novel organic-
inorganic hybrid mesoporous 
materials. These new silicate 
materials possess extremely high 
surface areas and narrow pore 
size distributions. 

Metal-organic 
frameworks (MOf) 
This is a new concept by which we 
can produce novel strong organic-
inorganic hybrid crystalline 
ordered porous solids. In this a 
special metal-organic scaffold 
like structure is prepared, which 
normally has an inorganic part (a 
metal ion or cluster) coordinated 
to organic ligands/linkers. This 
results into a one-, two-, or three-
dimensional structure. These 
structures	offer	many	benefits.

How are porous 
materials prepared?
Porous materials may be 
prepared by natural or synthetic 
routes. In 1756, hydrothermally 
produced microporous zeolites 
were discovered by Axel F. 
Cronstedt and some 200 
years later, huge deposits of 
sedimentary zeolites were also 
found. In the last 25-40 years, 
due to availability of a number of 
sophisticated analytical systems 
and their increasing uses, many 
path-breaking research and 
development works were done. 
It is now possible to synthetically 
prepare inorganic materials 
having pore sizes ranging 

from nano to macro scales by 
controlled solution chemistry. 

In view of the present stringent 
requirement of porous materials 
for various novel applications, 
the design, fabrication and 
modification	 of	 properties	 is	 a	
more challenging task than for 
common solid materials. Different 
techniques have been evolved 
over the years depending on the 
pore size, chemical composition 
and their distribution. Among 
these, techniques such as sol-gel, 
template based, are important. 
There are also techniques for 
obtaining graded pore-size 
materials by moulded sponge 
compression, multi-tape casting 
and lamination, ceramic foaming, 
polymeric additives, etc. We will, 
however, elaborate here only 
on sol-gel and template-based 
techniques.   

Sol-gel method 
This is a well-recognised, cost-
competitive, low temperature, 
bottom-up synthesis technique 
for the generation of oxide 
nano powder and composites. 
It is interesting to note that gel 
process started in the beginning 
of the 19th century and silica gel 

A typical bone showing porous 
structure pore sizes

A simple illustration of concept of a metal-organic framework
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was	 first	 synthesised	 in	1846	by	
French chemist M. Ebelmen using 
the sol-gel process. The sol-gel 
process involves transformation 
of	a	sol	to	a	gel.	A	sol	is	defined	as	
a colloid of small particles that are 
dispersed in a liquid. On the other 
hand,	 a	 gel	 is	 a	 rigid	 non-fluid	
mass and is usually a substance 
made up of a continuous 
network including a continuous 
liquid phase. Therefore, sol-
gel reactions involve hydrolysis 
and condensation reactions of 
inorganic alkoxide monomers 
in order to develop colloidal 
particles (sol) and consequently 
convert them into a network 
(gel). 

This process has many 
advantages. In this method, we 
can prepare not only oxides but 
also hybrid materials. In this 
first	 step,	 reaction	 is	 carried	
out at low temperature, which 
is a big advantage. High-purity 
precursors can be prepared by 

simple techniques of distillation, 
crystallisation or electrolysis. At 
low temperature and in dilute 
medium, chemical reactions 
can be controlled effectively. 
In this process the chances of 
contaminations are less as the 
solid mass is present in liquid 
medium. Being in the solution, 
a high degree of chemical 
uniformity (at atomic level) is 
obtained in mixed oxide materials. 
In spite of many advantages, 
in this method the high cost of 
precursors in some cases is a 
negative point and also not very 
cost effective/useful for large 
scale production. Nevertheless, 
this method is very successful for 
producing very high quality of 
materials for advanced research 
and development.

The process goes like this. 
First the precursors of desired 
components are selected and 
then transformed into colloidal 
gel or polymeric gel through 

chemical reaction (in hydrolysis 
and condensation steps). For 
multi-component materials, 
different precursors are mixed 
to obtain different products 
including novel organic-inorganic 
hybrid materials. The gel is now 
dried and then transformed to 
a desired ceramic material by 
using appropriate techniques 
like cold pressing, hot pressing, 
sintering, etc. By employing 
spinning technique, material in 
the	 form	 of	 fibres	 are	 produced	
from sol and gel while they can be 
transformed to coating material 
by suitable methods. It is possible 
to produce uniform micrometre 
size and of similar type particles 
by controlled gelation and drying 
process. Size may be controlled 
by use of supercritical drying or 
by using surfactants. By accurate 
control of parameters for sol-
gel reaction we can produce 
materials in the form of glass, 
fibre,	 ceramic	 powder	 and	 thin	
film.	The	 flow	 chart	 explains	 the	

flow charts (A & B) showing sol-gel process for producing different porous materials

A B
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steps involved in the preparation 
by sol-gel route. 

This	 process	 was	 modified	 by	
Werner Stöber in 1967 and named 
‘Stöber method’. This method was 
suitable for producing silica nano 
particles of uniform size and 
shape in a controlled manner. 
It is worth mentioning that in 
1992, following this method, 
scientists at Mobil Corporation 
produced high-quality ordered 
mesoporous silica. This material 

was named MCM-41 (Mobil 
Composition of Matter No. 41). 
The development was important 
because the condensation 
process took place on a special 
surfactant template. A surfactant 
called cetyltrimethylammonium 
bromide (CTAB) was mixed in 
alcohol and water. As a result, 
various liquid crystalline 
micelles were formed in water. 
Thereafter, when tetraethyl 
orthosilicate (TEOS), was mixed 
with the micelles solution, an 

inorganic precursor (silica 
network) was deposited on the 
micelles as a result of hydrolysis 
and condensation process. 
Subsequently, on polymerisation 
of this, organic-inorganic 
mesoporous silica was formed. 
Organic template was removed 
by heat treatment. This way, a 
channel-like one-dimensional 
ordered (hexagonal) structure of 
MCM-41 was created. 

Template method 
In this	method	a	base	of	 specific	
structure-directing agent called 
template is taken, which helps/ 
guides the formation of a porous 
material of the desired structure. 
In this way, solids of ordered 
porosity can be prepared in 
which the pores are arranged in 
a	very	specific	 fashion/geometry	
and pore sizes are very uniform. 
Among inorganic porous 
materials, microporous zeolites 
(hydrated aluminosilicate) come 
under the category of ordered 
porosity. These are available 
in both natural and synthetic 
forms. They are used in catalysis, 
molecular sieving, adsorption 
and ion-exchange processes. 

The importance of the novel and 
strong ordered porous materials 
based on MOF has been increasing. 
These are normally prepared 
by coordination chemistry. In 
this, metal ions are reacted with 
organic ligands under suitable 
conditions using low temperature 
and hydrothermal/solvothermal 
synthesis routes. This method is 
a kind of self-assembly method 
of basic molecular building units. 
In order to reduce nucleation 

Transmission electron microscope (TEM) images for MCM-41 mesoporous solid 
showing different sizes of pores: a) 2 nm, b) 4 nm, c) 6 nm, and d) 10 nm

Schematic diagram of the synthesis process of mesoporous silica (MCM-41):  
i) CTAB surfactant, ii) TEOS as silica precursor, iii) removal of surfactant  

by thermal or chemical route
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for crystallisation, the precursor 
solution is added slowly. This 
whole process is possible by slow 
evaporation of added precursor 
solution, layering of solutions 
or slower diffusion of one 
component solution to another 
component solution with the 
help of gel.

applications
The traditional uses of porous 
materials are in ion exchange, 
adsorption/separation and 
catalysis in chemical reactions, 
etc. However, in the present 
time, there are wide-ranging 
applications of these materials 

– extending from our daily uses 
to advanced areas of science 
and technology (such as atomic 
energy, space technology, 
defence, medical science, 
materials science, ceramics, 
metallurgy, biology, earth science 
and building technology, soil 
research, etc). 

These materials have their special 
importance in nature. Absorption 
of irrigation/rain water by soil for 
agriculture purpose and ground 
water storage are very common 
and so are the important uses 
of porosity of soil/land. Porous 
pavements/non-skid surfaces are 
also made by taking advantage 

of porosity property of certain 
materials/structures. They have 
a vital role in biological processes 
and many targeted functions. 
They are being extensively used 
as	 filters,	 catalysts,	 bio-reactors,	
electric cells, grinding wheels, 
gas sensors, gas separators, 
electrodes, bearings, thermal 
insulation, capacitors, shock 
absorbers, heater and heat 
exchangers, moulds, and surgical 
implants. Materials based on 
metal-organic frameworks have 
given new dimensions to their 
applications.

Mesoporous bio-materials have 
their	 special	 roles/significance.	
For different purposes we need 
porous materials having pores 
of different size, shapes and 
orientations/distribution. For 
example, implants made of 
porous bio-materials prepared 
with high mechanical strength are 
suitable in bones for in-growth 
while the porous biomaterials 
for drug delivery applications 
have entirely different structural 
requirements. In addition 
to medical uses, the porous 
membranes are used in providing 
pesticides and fertilisers in a 
controlled manner for agriculture 
use.

Among other uses of porous 
materials are the following:

For filtration: Filters of different 
pore	 sizes	 such	 as	 metal	 filters,	
polymeric	 membrane	 filters,	
ceramic	 filters,	 advanced	
ceramic	 filters/foams	 are	
being extensively used in 
various applications.  For ultra-

Photograph of a porous material prepared using MOf used for  
gas filtration, purification, storage and catalyst.

Schematic of preparation methods of graded pore size material;  
A) by tape casting and B) by lamination method

Individual tapes (A)

Pore graded
multilayers (B)
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purification	 as	 well	 as	 normal	
purification	of	 liquids	 and	 gases,	
filters	 of	 porous	 materials	 are	
commonly used. 

Simple	metal	or	ceramic	filters	or	
foam	 are	 useful	 for	 purification	
of non-corrosive liquids or 
gases at low temperatures. 
However, we need advanced 
ceramic	 filters/membranes	 of	
alumina, silicon carbide, etc., 
for	 high-temperature	 filtration/	
purification	of	metallic	 corrosive	
liquids (melt), automobile 
exhaust fumes, etc. 

As catalysts: The use of porous 
materials as catalysts in chemical 
reactions is done extensively 
because these materials provide 
very	 high	 specific	 surface	 area.	
Ceramics like zeolites, cordierite, 
gamma	 (γ)-alumina,	 etc.	 exhibit	
high	 specific	 surface	 area	
because of their special structure. 
Therefore, special geometry 
porous components of these 
materials are either directly 

used as catalyst or can be used 
as carriers after suitably mixing 
with precious catalysts like gold 
or platinum.

As bioreactors:  As we know, 
for preparing various medical 
products, foods/beverages and 
industrial items, the bioreactions 
are carried out with the help of 
enzymes and microorganisms. For 
this purpose, suitable bioreactors 
of special pore structure are used. 
In fact, in a bioreactor, enzymes or 
microorganisms are immobilised 
on a porous structure so that the 
reaction goes at the desired rate. 
Bacteria and microorganisms are 
immobilised on smaller pores 
whereas reactants (solutions) 
pass through bigger pores.

As gas sensors: There are 
some special porous materials 
like silicon nitride-titanium 
nitride (Si3N-TiN), silica (SiO2), 
MgCr2O4-TiO2, etc., which are 
used as moisture sensors. The 
moisture content is determined 

by measuring the change in 
electronic or ionic conductivity 
on adsorption of water on the 
pore surfaces. Similarly, for 
oxygen, porous TiO2 and for 
carbon monoxide (CO), sensing 
porous SnO2 are used.

As gas filters / separators: It is 
possible to separate gases using 
micro and mesoporous materials. 
This is possible due to different 
molecular sizes of different 
gases. Using porous ceramics or 
glasses it is possible to separate 
gases at high temperatures. The 
permeabilities of different gases 
being	different,	novel	gas	filters	/	
separators such as Y-Ba2-Cu3-O8, 
Bi2-Sr2-Ca2-Cu3O12, Tl2-Sr2- Ca2-
Cu3O12, (Bi, Pb)2-Sr2-Ca2-Cu3O12) 
have been developed in recent 
years. When these materials 
are	 kept	 in	 a	magnetic	 field,	 the	
different gases can be separated. 
This happens because different 
gases have different magnetic 
permeability.

In electrical applications: 
Porous metals are commonly used 
in secondary cells. Porous nickel 
is specially used as anodes in  
Ni-Cd and Ni-hydrogen cells. 
These cells are used extensively 
in portable electronic devices and 
their demand is ever increasing. 
Porous electrode of platinum is 
used as electrochemical sensor 
in liquid gas chromatography.  
On the other hand, the demand 
for high-temperature ceramic 
porous electrodes in fuel cells for 
production of clean energy is also 
increasing. These electrodes play 
a special role in electrochemical 
reaction and fuel gas diffusion in 
fuel cells. 

Ceramic membrane filter (prepared on microporous alumina ceramic base using 
different pore size ceramic layers to control water quality)



January-February 2021 | INVENTION INTELLIGENCE 13

In grinding wheels and 
bearings: The pores in the 
grinding wheels act as channels 
for	 coolant	 flow	 and	 as	 a	 pocket	
for collection of removed 
chips. Diamond-bonded porous 
grinding wheels give very high 
efficiency	 and	 serve	 for	 a	 longer	
time. Traditional ceramic grinding 
wheels (alumina, silicon carbide) 
have 10-1000-micron size open 
pores. Cast iron bonded wheels 
are a relatively new development 
and	are	playing	a	very	significant	
role in grinding of engineering 
ceramics. Similarly, porous metal 
bearings have great importance 
in machines in which lubricants 
cannot be used.

As thermal insulators and 
shock absorbers: Porous 
ceramic bricks provide very 
good thermal insulation. For this 
reason, these are used in high-
temperature (1000-1600°C) 
furnaces. Bricks made of alumina, 
magnesia, zirconia, silicon 

carbide, etc., are extensively used. 
Metal foams are used for shock 
absorbers since they deform 
with minimum reactionary force 
(due to impact). They are used in 
many applications starting from 
bumpers of vehicles, clamping 
fixtures,	 protective	 covers	 for	
instruments to be transported 
in aircraft, landing pads of space 
vehicles, etc. For these purposes, 
aluminium foam is widely used.

Porous materials are used in 
heaters and heat exchangers due 
to their high surface area. For 
low temperature heater, metallic 
foam is used while for high 
temperature heaters conducting 
ceramics (e.g., stabilised zirconia, 
lanthanum chromite, silicon 
carbide, etc.) are employed.  

Medical applications:  Porous 
materials have a very important 
role in many health-related 
applications starting from very 
special porous masks (e.g., 

N-95 masks for ICU, surgical 
masks, general masks, etc.) 
for prevention of spread of 
infections. Porous metals like 
stainless steel, titanium, and 
ceramics like alumina, zirconia, 
and hydroxyapatite are very 
common for making prosthesis. 
Open pores play an important 
role	in	tissue	growth	and	fixation	
in prosthesis. When we need 
a strong bond and mechanical 
strength, solid implants with 
porous surface coating are used 
for prosthesis. They are also 
used in targeted drug delivery. 
For this, the role of mesoporous 
silica	 is	 very	 significant.	 Silica	
is solid and also has special 
honeycomb structure. This 
structure has a large number of 
empty channels (mesopores), 
which can absorb/encapsulate 
a large number of bioactive 
molecules. Therefore, these are 
used for delivering medicines 
like antibiotics and anti-cancer 
drugs at targeted disease-
affected area in a slow manner 
as per requirement. These 
are relatively more stable and 
rigid than polymer-based drug 
delivery systems. They are also 
less affected by temperature, pH, 
and mechanical stresses. 
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Permeable pavement using concept of porosity
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India’s contribution to the 
total global research and 

development expenditure is 
about 2.8 per cent. In terms of its 
own GDP, in the past decade, India 
has nearly spent a consistent 
0.6-0.7 per cent on research 
and development. This is in 
stark comparison to the United 
States of America’s 2.8 per cent 
and Korea’s 4.2 per cent. India 
has focused on the latter end of 
the TRL (Technology Readiness 
Level) scale. This is evident from 
a blooming startup ecosystem. It 

has still not been able to galvanise 
its S&T ecosystem to produce 
game-changing deep-tech 
technologies like the ARPANET 
or to take a more recent example, 
the language translation AI 
systems of the Chinese Baidu. 
One sector where India has done 
well is biotechnology. An indirect 
indicator of this is the world’s 
largest vaccine manufacturer, the 
Serum Institute of India, which is 
based in Pune. 

A key component for any nation’s 

science and technology strategy 
is how it promotes technology 
transfer like it is done in other 
developed countries. So, to 
promote technology transfer, 
India can adopt numerous 
strategies that are used by these 
developed countries. In fact, 
India is already applying a few to 
varying degrees of success. The 
accelerating spread at which new 
technologies are coming up in a 
competitive environment world-
wide, it makes it imperative that 
new ideas and technologies are 

Transforming 
Innovative Research 
into a Profitable 
Technology
naMan aGraWaL anD Dr. aSHOK SOnKuSare

Innovation is always explored by academic scholars and organisations to identify 
its factors, features and often ends in producing unharmonious results. This article 
advocates research on innovation by systematically developing a structure of the 
innovation process. The conceptual progress, generation and implementation 
processes, experiences, and influences of innovation on organisations have been 
explained thoroughly in this article. Previous research work has been aligned 
with either one of the two components of the innovation process. However, this 
article deliberates each and every part of the innovation process to combine them 
in a single framework and discusses their contribution in generating diversified 
outputs. By developing an understanding of innovation as a process, this article 
aims to complement existing models of innovation to further extend and advance 
theory and research on the innovation process and outcome in organisations.
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identified	 at	 their	 source	 in	 the	
scientific	 world,	 carried	 forward	
by technological innovation 
and piloted into commercial 
production.

Challenges in 
innovation and 
translating laboratory 
science to the market
In India, there is an urgent need 
to put systems and measures 
in	 place	 for	 efficient	 transfer	 of	
technology from the laboratory 
to the market and commercialise 
this technology. This would be 
the	 first	 step	 in	 harnessing	 the	
technology developed in our 
laboratories	 for	 the	 benefit	 of	
the larger economy. By offering 
products and services based 
on technological innovations, 
businesses can gain a long-
term competitive edge, and, 
technology can provide the key to 
solving wide-ranging grassroots 
problems in India. In such a 

scenario, where the majority 
of the country’s R&D activities 
are done by public research 
organisations, which are removed 
from the commercial arms of the 
economy, the need to translate 
that research into commercial 
products and services becomes 
imperative. The need to have 
mechanisms, policies and people 
who will facilitate effective 
technology commercialisation 
cannot be overlooked. Some of 
the challenges in innovation and 
translating laboratory science to 
the market are:

 Mindset of researchers: One 
of the main challenges research 
institutes face in translating 
laboratory science to products 
and services is the mindset of 
the researchers and scientists. 
Most scientists in India (or 
for that matter in most parts 
of the world) value blue-sky 
research over application-
oriented research and are 

interested in publishing 
papers in a respected journal 
instead of patenting and 
commercialising their work.

 Disconnect from societal 
problems: Researchers, being 
away from the markets and 
the industry, do not work on 
social problems. Therefore, 
problems do not come to the 
notice of the scientists working 
in research institutions.

 Finding the right 
people for technology 
commercialisation: There 
is a huge gap in the demand 
and supply of professionals, to 
support commercialisation of 
technology. There is a big need/
demand for professionals who 
have the right orientation and 
possess a problem solving 
approach such as IP lawyers, 
legal service providers in 
tech transfer, business plan 
writing, advisors in company 
formation, and other allied 
services.

 Finding the money: The next 
big	 challenge	 is	 finding	 the	
resources to showcase the 
developed technologies and 
once	 successful,	 finding	 seed	
funding for these technology 
startups.

Global best practices 
in technology 
development and 
commercialisation 
While synergy between science 
and technology development 
is	 the	 first	 requisite	 to	 achieve	
success in commercialisation of 
technology in hi-tech areas, the 
second requisite is an organic 

Pictorial representation of the technology commercialisation puzzle
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linkage between the laboratory 
developing the technology and 
industry acceptance. Technology 
transfer from public funded 
research institutions to industry 
happens in various ways. The 
research organisations have a 
special cell or department for 
liaison with the industry.

Germany’s fraunhofer 
model 
Research institutes in Germany 
are categorised into institutes 
pursuing pure basic research, 
applied research, and solving 
challenges. The Helmholtz 
Association is Germany's largest 
scientific	organisation.	Helmholtz	
works with long-term goals in 
six	 fields	 of	 research	 –	 energy,	
earth and environment, health, 
aeronautics, space and transport, 
and matter.

Fraunhofer Society, founded 
in 1949, undertakes applied 
research that drives economic 
development and works for the 
wider	 benefit	 of	 society.	 With	
its	 clearly	 defined	 mission	 of	
application-oriented research 
and its focus on key technologies 
of relevance for the future, 
Fraunhofer society plays an 
important role in the German 
innovation process. At present a 
total of 72 institutes and research 
units operate under the umbrella 
of Fraunhofer-Gesellschaft. 
Each institute specialises in a 
particular	field,	cultivates	its	own	
market presence and manages its 
own budget. They are organised 
into eight Fraunhofer groups. 
Each	group	is	devoted	to	a	specific	
area of technology, thus bringing 

together institutes working in 
similar areas and thereby leading 
to increased collaboration and 
market presence.

The annual research budget 
of Fraunhofer-Gesellschaft 
amounted to 2.6 billion euros in 
2018. Of this, 2.2 billion euros 
was generated through contract 
research. Around 70 per cent of 
the contract research revenue 
was obtained from contracts 
with the industry and from 
publicly	 financed	 researched	
projects. German federal and 
state governments funded 
around 30 per cent in the form 
of base funding in the ratio of 
9:1. Accounting for about 85 per 
cent of business volume, contract 
research is the mainstay of 
Fraunhofer's business activities. 
Contract research includes 
research conducted on behalf 
of the industry, publicly funded 
projects and pre-competitive 
research	 finance	 with	 base	
funding. New project groups and 
research institutions generally 
receive funding from respective 
state governments for an initial 
period	of	five	years.

Over the years, Fraunhofer-
Gesellschaft has been a very 
successful model. One of the 
key features of this model is 
that these institutes generate 
maximum revenue themselves 
in the form of contract research 
and intellectual property rights 
(IPR). This leads to a constant 
partnership with the industries 
and the market and thus results 
in technology transfer from the 
laboratory to the market. 

In India, the following practice 
of technology commercialisation 
based on the Fraunhofer model 
could be utilised.

 Create a new powerful 
autonomous society/institute/
company with complete focus 
on applied research and 
development (technology from 
concept to commercialisation).

 Decide area of focus based on 
immediate and near-future 
needs of the Indian society. 
Create	 specialised	 scientific	
R&D institutes across India 
under this society.

 Set-up groups or alliances 
for collaboration of these 
institutes working in similar 
areas.

 Focus revenue models on 
profit	 generation	 through	
contract research with 
companies/industries and 
public institutions, and IPR.

 Have successful competent 
scientists, entrepreneurs, 
industrialists on board. Hire 
the best scientists, engineering 
and medical graduates from 
India and abroad.

Technical university 
Munich (TuM) model 
of europe
TUM is among Europe's top 
university. TUM encourages the 
culture of entrepreneurship 
among its students, scholars, 
professors and alumni. One of 
the major objectives of TUM is 
to	 transform	 the	 findings	 of	 its	
top researchers into sustainable 
profits	 for	 the	 society.	 TUM	 has	
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undertaken a series of reforms 
since 1998 to transform itself into 
an entrepreneurial university.

Entrepreneurial spirit: TUM 
supports university graduates/ 
researchers who have promising 
ideas for high-tech startups. It 
also provides advice on setting 
up a new company and prepares 
entrepreneurs for the challenges 
of the market.

Technology transfer: TUM 
actively markets the inventions 
of its researchers and students in 
various high-tech sectors. Each 
year, TUM concludes more than 
6,000 cooperation agreements 
with the industry.

Entrepreneurial university: A 
strong sense of entrepreneurship 
is	 firmly	 embedded	 into	 TUM's	
culture.

The	 TUM	 Office	 for	 Research	
and Innovation (TUM ForTe) is 
the	 first	point	of	contact	and	the	
central coordinating body for any 
form of cooperation between the 
business and research sectors, 
research funding support and 
technology transfer at TUM. 
It provides the following 
crucial support to budding 
entrepreneurs in the campus:

Startup advising team: Provides 
advice to scientists, researchers 
and students who want to start a 
business on an idea or technology 
they have developed.

Financing team: Helps to provide 
funding through application for 
various funding projects.

Patents and licensing team: 
Supports all TUM members who 
intend to apply for a patent to 
protect an interesting idea, a 
project under development or a 
finished	 product.	 The	 services	
include:

 Comprehensive advice on IPR

 Assessment of inventions to 
determine their patentability 
and industrial applicability

 Filing of a patent application 
and asserting patent rights

 Commercialisation of ideas 
and innovations

With its clear aim of applied 
research to solve major 
challenges faced by the society, 
it encourages entrepreneurship 
culture in its campus. A separate 
department/office	 has	 been	
set-up for technology transfer. 
This provides several services 
to the entrepreneurs within the 
campus, and acts as a starting 
point of contact for industrial 
partners. The following practice 
of TUM could be used for 
technology development and 
commercialisation in India.

	 Redefine	 itself	 as	 an	
entrepreneurial university 
with an aim to provide 
technological solutions for 
immediate and near-future 
challenges facing the Indian 
society.

 Orient their R&D 
towards applied research 
and development of 
technologies from concept to 
commercialisation.

 Have a dedicated department 

with competent professionals 
providing services to 
entrepreneurs for technology 
commercialisation.

 Increase collaborations with 
industries in India and abroad. 
Provide solutions to industrial 
problems through R&D and 
generate revenue through 
contract research.

 Encourage entrepreneurship 
culture among scientists, 
researchers and students at 
the institute.

Good practices 
of technology 
commercialisation in 
India
After Independence, the 
Government established large 
public funded R&D institutions 
in the country. Prominent among 
them were the institutions 
established under the Council 
of	 Scientific	 and	 Industrial	
Research (CSIR) across the 
country for carrying out research 
activities aimed at solving the 
burning issues of the nascent 
manufacturing industries, both 
public and private in various 
sectors. In the subsequent years, 
a large repository of knowledge 
and innovations emanating 
from these R&D institutions 
required an organisational 
set-up to transfer them to the 
industry. Over the years, the 
Government established several 
organisations and agencies to 
address transfer of knowledge 
and innovations from public 
funded research organisations 
to the industry. Some of the 
prominent technology transfer 
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organisations established in the 
country along with their roles 
and	 achievements	 are	 briefly	
described below:

national research 
Development 
Corporation (nrDC) 
NRDC was established in 1953 
by the Government of India, with 
the primary objective to promote, 
develop and commercialise 
the technologies/know-how/ 
inventions/patents/processes 
emanating from various national 
R&D institutions/universities. 
It is presently working under 
the administrative control of 
the	 Department	 of	 Scientific	 &	
Industrial Research, Ministry 
of Science & Technology, 
Government of India. 

During the past six decades of its 
existence and in pursuance of its 
corporate goals, NRDC has forged 
strong	 links	 with	 the	 scientific	
and industrial community 
in India and abroad. It has 
developed a wide network of 
research institutions, academia 
and industry and made formal 
arrangements with them for the 
commercialisation of know-how 
developed in their laboratories. 
It is now recognised as a large 
repository of a wide range of 
technologies spread over almost 
all areas of industries, viz. 
agriculture and agro-processing, 
chemicals including pesticides, 
drugs and pharmaceuticals, 
biotechnology, metallurgy, 
electronics and instrumentation, 
building materials, mechanical, 
electrical and electronics, etc. 

Since its establishment in 1953, 
NRDC has concluded more than 
5,000 license agreements for 
the licensing of indigenously 
developed technologies to the 
Indian industries. This activity 
has facilitated the establishment 
of a large number of small and 
medium scale industries in the 
country. Besides being the torch 
bearer	 in	 the	 field	 of	 technology	
transfer, NRDC also undertakes 
a number of activities under 
its structured promotional 
programme for encouragement 
and advancement of research, 
promotion of inventions and 
innovations such as meritorious 
inventions awards, techno-
commercial support, technical 
and	 financial	 assistance	 for	
IPR protection, value addition 
services and support for further 
development of technologies and 
much more.

NRDC has also successfully 
exported technologies and 
services to both the developed as 
well as the developing countries. 
NRDC is recognised, particularly 
in the developing countries, as 
the source of reliable appropriate 
technology, machines and 
services, which are typically 
suitable for these countries.

Kalam Institute of 
Health Technology 
(KIHT)
Kalam Institute of Health 
Technology (KIHT) is a 
Government of India (GoI) 
project that was founded in 2017 
with the support of Department 
of Biotechnology (DBT). KIHT 
provides the much-needed back-

end support of the Make in India 
initiative for medical devices in 
the	 country.	 KIHT	 was	 notified	
as the Project Analysis Unit for 
all health technology projects in 
the	 country	 by	 the	 office	 of	 the	
Principal	Scientific	Advisor	(PSA)	
to the Government of India (GoI) 
in June 2018. The main objectives 
of KIHT are:

	 Identification	of	key	technology	
gaps,	which	could	be	identified	
for supporting the Department 
of Biotechnology to provide 
support for R&D for focused 
development of medical 
technologies; and

 Undertaking technology 
transfer of available 
technologies from the 
academia and research 
institutes to the industry.

The PSA to the GoI acts as 
the President of the Society 
and the Governing Council is 
headed by the Secretary, DBT, 
GoI. The Governing Body has a 
mix of representatives from the 
government, technical experts, 
academicians and medical device 
industry.

 Cell for Research and 
Development Support (CRD) 
facilitates focused and target-
oriented R&D by institutions 
based on market and industrial 
demands.

 Cell for Technology Transfer 
(CTT) facilitates technology 
transfer of innovations from 
academia, research institutes, 
innovators, startups, etc. to 
the manufacturing industry 
through e-auction.
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 Cell for Market Intelligence 
and Trade (CMT) analyses 
data related to international 
trade, FDIs, and mergers and 
acquisitions (M&A).

 Cell for Innovation & Market 
Access (CIM) provides 
services for health technology 
assessment (HTA), knowledge 
for Indian manufacturers 
in consonance with the 
regulations worldwide.

Office of Technology 
Transfer @ C-CaMP
Findings from research 
laboratories often remain within 
the	 confines	 of	 publications	
and it is important to enable 
the	 findings	 to	 impact	 society	
in positive ways. By harnessing 
inventions that have commercial 
and societal value, securing 
their intellectual potential 
and disseminating them 
through chosen development 
partners who can make them 
commercially	 viable,	 the	 Office	
of Technology Transfer (OTT) 
aims to contribute to regional 
economic development, generate 
revenue-streams for inventors 
and their institutions and 
promote economic well-being of 
the masses.

OTT at C-CAMP (Centre for 

Cellular and Molecular Platforms, 
Bengaluru) established with 
the support of the National 
Biopharma Mission has a 
mandate to move innovations 
and discoveries from laboratories 
to the marketplace for greater 
societal	 benefit.	 OTT	 bridges	
the research community with 
industry and startups through 
strategic evaluation, protection 
and licensing of innovations so 
as to enable excellent science and 
entrepreneurship to complement 
each other.

Services offered includes 
patentability assessment, 
drafting	 and	 filing	 patent	
applications, prior art search, 
patent mapping, freedom to 
operate analysis, out-licensing 
invention, technology sourcing, 
in-licensing, technology transfer, 
collaboration with academic labs 
for PoC/validations or scale-up, 
linkages with other OTTs for joint 
licensing of technologies, etc.

Other Indian 
Technology 
Commercialisation 
Organisations (TCO)
 Antrix and NewSpace India 

limited (NSIL) of Indian Space 

Research Organisation (ISRO)

 Technology Licensing Cell 
(TLC) of Bhabha Atomic 
Research Centre

 Biotech Consortium India 
Limited (BCIL)

 C-Tech of Defence Research 
and Development Organisation 
(DRDO)

	 Centre	 for	 Scientific	 and	
Industrial Consultancy (CSIC) 
of Indian Institute of Science

 Foundation for Innovation and 
Technology Transfer (FITT) of 
Indian Institute of Technology, 
Delhi

 Industrial Research & 
Consultancy Centre (IRCC) of 
Indian Institute of Technology, 
Bombay

 Sponsored Research and 
Industrial Consultancy 
(SRIC) of Indian Institute of 
Technology, Kharagpur

Mechanism of 
technology transfer: 
a case study
Usually all the incoming 
technologies undergo a 
preliminary evaluation at 
the TCOs by the in-house 
engineers. Entrepreneurs are 

KIHT has formed four cells for smooth and efficient functioning of the institution
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provided information on the 
availability of knowledge for 
commercial exploitation through 
advertisements, publications 
and get-togethers. Recently, 
the TCOs started a knowledge 
management scheme in which 
all	 technology	 inflows	 are	
screened by experts in the area 
and value addition is made for 
better package deals.

Value addition in the 
technology developed by the 
TCOs: The commercialisation of 
unproven lab scale technologies 
involves high risk. Therefore, 
entrepreneurs are generally not 
keen on undertaking a venture 
based on such technologies. 
The TCOs, therefore, undertook 
several programmes to promote 
these indigenous technologies. 
Many such technologies have 
been developed through support 
from the corporation either 
through equity participation or 
developmental loans or grants. 
This calls for proper evaluation of 
the technologies assigned to the 
organisation and value addition 

to make a complete technology 
package for the entrepreneur/
industry so that setting up a 
commercial plant becomes 
easier and the chances of success 
become high.

Market surveys: This is the key 
factor in getting an advantage 
over competitors in the market. 
The survey provides important 
information required to identify 
and analyse the market need, 
size and competition. Industry 
analysis and business research 
is helpful in making a decision 
to launch new products in 
the market. To make the 
technology package complete, 
the organisation carries out not 
only in-house market survey 
studies but also engages outside 
consultants.

Actual transfer of technology: 
This takes place after a legal 
agreement is executed by the 
client and TCOs. This agreement 
supports certain initial payment 
and	 also	 royalty	 at	 a	 fixed	
percentage of sales value for 

a specified	 period.	 It	 also	
provides for mutual exchange of 
information during the tenure 
of the agreement thus making 
available to the licensee any 
improvements in the technology 
during the contract period.

The technologies available 
with the TCOs for commercial 
exploitation cover a wide range 
of sectors, which includes 
drugs and pharmaceuticals, 
machinery, pesticides and 
herbicides, plasticisers, resins, 
electrochemical products 
and metallurgy, paints and 
varnishes, leather chemicals 
and auxiliaries, food technology, 
electrical, electronics and 
instruments, building materials, 
glass and ceramics, agro-based  
products, etc.

Trends in technology transfer: 
These disciplines have been 
passing through a cycle. 
Mechanical technology was 
appropriate for a decade in the 
1950s and chemical discipline 
technologies in the 1960s. Later, 
it was import substitution and 
reverse engineering till the 
economic liberalisation in the 
1990s. At present, life science 
and biotechnology related 
technologies are prominent. 
Some successful technologies 
from the 1960s onward are Amul 
baby food, pesticides, surgical 
sutures, drugs, cinema arc 
carbon, blood bags, heart valve, 
etc. Now some of the successful 
technologies are vaccines for 
cattle, biotechnology based 
drugs, etc.

Mechanism for technology commercialisation
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In short, technology transfer and 
the commercialisation process 
of the Indian system is that the 
S&T ecosystem can develop and 
adhere to the following SoPs 
to standardise the transfer of 
technology from the laboratory 
to the market in a systematic 
and	 efficient	 manner.	 The	 SoPs	
are:

 Making a formal offer for 
entering into a Memorandum 
of Agreement (MoA) with the 
R&D organisation for transfer 
of technology. 

 Signing of the MoA with the 
R&D organisation after getting 
the MoA approved from both 
parties.

 Details of each technology 
are provided by the R&D 
organisation in the technology 
acquisition format.

 Assessment of the technology 
for its commercial potential 
and suggesting measures for 
taking suitable IP protection.

 Conducting market survey 
and/market analysis of the 
process/product for its 
techno-economic feasibility/
viability, basic engineering 
design package.

	 Preparing	 tech	 profiles	 on	
each technology assigned 
giving non-critical information 
for publication and 
communicating with the target 
industries.

 Inviting prospective 
industries/licensees for 
discussion on licensing the 
technology, and scientists/

researchers from R&D 
organisations who are also 
involved in this discussion.

 Finalising technology transfer 
terms and conditions in 
consultation with the R&D 
organisation (inventor), 
approved by the respective 
organisations.

 Bidding or auction of the 
technology. 

 The normal terms and 
conditions for licensing 
technologies can be as follows:

   Lump sum premium 
(upfront technology fee paid 
by industry before release 
of know-how)

   Recurring royalty (%) on 
ex-factory sales

  Period of license

   Nature of license (Exclusive/
n o n - e x c l u s i v e / l i m i t e d 
exclusive) 

   Formally offering the 
technology to industry/ 
licensee and communicating 
transfer terms and 
conditions 

•	 Requesting	 the	 R&D	
organisation to provide 
demonstration and training 
of the process and release the 
technical know-how document 
to the industry/licensee.

•	 Demonstrating	 know-how	 to	
the industry/licensee by the 
R&D organisation on as-is- 
where-is basis.

•	 Providing	 data	 on	 plant	
layout,	 specification	 of	
plant, machinery, chemicals, 
suppliers, etc.

•	 Providing	 data	 dossier	
pertaining to tests and trials.

•	 Providing	 details	 on	 the	
requirement of manpower 
and utilities, and the techno-
economics of production at 
the scale developed, etc.

•	 Providing	 details	 on	 hazard	
management, pollution 
control, mandatory clearances, 
etc.

•	 Disbursing	 the	 share	 of	 lump	
sum premium and royalties for 
various technologies remitted 
by industries/licensees to the 
R&D organisation.

•	 Handing	 over	 the	 know-how	
documents after the release 
of technology i.e., training 
and demonstration of the 
workability of the technology 
to the licensee by the R&D 
organisation 

•	 Review	of	payment	of	annuities	
for maintenance of the patents 
for technologies assigned and 
commercialised.

Strategies to promote 
development of 
technologies
To promote the development of 
indigenous innovative products 
and technologies in India, it 
is important to carry out the 
following measures: 

Support to inventors: The S&T 
ecosystem will have to stimulate 
the spirit of inventiveness and 
innovation not only among 
scientific	and	technical	personnel	
and industrial workers but also 
amongst craftsmen, artisans 
and the emerging youth in 
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the community. The following 
incentives can help harness their 
creative	 talent	 for	 the	 benefit	 of	
the nation.

 Awards for meritorious 
inventions.

 Assistance for patenting 
inventive ideas of R&D 
organisations and universities 
both in India and abroad.

 Assistance to inventors to 
commercialise their patented 
inventions.

 Cash awards under various 
categories	 and	 certificates	
to inventors by way of 
recognition of meritorious 
work. The awards can be 
announced every year for 
meritorious inventions. We 
can also help inventors in 
arranging the commercial 
exploitation of their patented 
inventions.

reaching out to rural 
India
Rural India with its urgent 
need for technological inputs 
provides a vast market for 
new agricultural processes and 
services. The S&T ecosystem will 
need to promote technologies 
that are particularly suited to 
the local needs. Examples of 
these include, the agro-waste 
utilisation paint derived from 
the latex of Euphorbia plants, 
the mud block making machine, 
the use of blue-green algae 
for	 nitrogen	 fixation	 and	 farm	
soil enrichment, etc. Efforts 
are being made to provide safe 
drinking water, low cost housing, 
sanitation, better agricultural 

implements and post-harvest 
technologies, solar pumps, 
heaters, solar cookers and solar 
dryers, cement from paddy husk 
ash and employment by utilising 
farm waste. The S&T ecosystem 
should explore opportunities 
to supplement these efforts. It 
can also set-up rural technology 
demonstration-cum-training 
centres in various parts of the 
country to give hands-on training 
and demonstrations to artisans 
and technicians living in rural 
areas.

The sourcing of 
technologies
India has an extensive network 
of about 2500 R&D institutions. 
They are mostly government 
supported. These institutions 
cover virtually every branch 
of research and technology 
ranging from paleobotany 
to space exploration. The 
institutions in this network 
are the primary sources of 
marketable technologies. In 
pursuance of its goals, the S&T 
ecosystem should forge links 
with	 and	 between	 the	 scientific	
and industrial communities in 
India and abroad. It should have 
formal arrangements with many 
of the major R&D organisations 
in the country for the 
commercialisation of know-how 
developed in their laboratories. 
It should also continue efforts 
in strengthening the industry-
academia partnerships of various 
organisations and academic 
institutions from India and 
abroad, and for propagation 
of the country’s technological 

capabilities in wide-ranging 
sectors and applications. In 
short, the S&T ecosystem can act 
as a window for:

 Information on the latest 
technologies developed 
around the world, particularly 
in India

 An objective assessment of 
the commercial potential of 
inventions

 National and international 
patenting

	 Identification	 of	 potential	
manufacturers

 Negotiation of licensing 
agreements

 Legal back-up for royalty 
collection

 Share in license income and 
other unexpected gains

	 IPR	consultancy	to	firms,	R&D	
institute, etc.

 Awarding meritorious 
inventions

Disseminating 
information about 
Indian innovation and 
technologies
As a service organisation, the S&T 
ecosystem will need to constantly 
endeavour to encourage inventive 
talent in the country. It will also 
need to promote development 
and utilisation of the results of 
indigenous research to accelerate 
the technological and economic 
self-reliance of the nation. To 
achieve this, it will need to bring 
out publications to promote the 
technologies by disseminating 
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information through them. These 
will include but not be limited to: 

 Science, technology and 
innovation magazines 
providing information on the 
latest trends in science and 
technology to entrepreneurs, 
scientists, technologists, 
industrialists, inventors, 
students and the public.

 Publications brought out 
periodically, containing lists of 
available	 classified	 processes	
based on the various 
disciplines of technology.

 Pamphlets and booklets 
brought out on selected and 
successful technologies from 
time-to-time.

To create awareness on the range 
of technologies and services 
that are available in India, the 
members of the S&T ecosystem 
will have to keep themselves 
abreast by participating in 
exhibitions, seminars, workshops 
and entrepreneurship 
development programmes, both 
in India and abroad.

Strategies to 
commercialise 
technologies
To promote the products and 
technologies targeted for 
commercialisation, the S&T 
ecosystem needs to engage in the 
following activities:

 Providing grants to R&D 
laboratories for development 
of technologies and setting 
up pilot plants to validate or 

scale-up laboratory processes 
prior to commercialisation.

 Promoting and 
commercialising inventions 
by awarding meritorious 
inventions, assisting innovators 
and inventors in patenting 
and commercialising their 
inventions and popularising 
science highlighting inventions 
by publishing them in various 
magazines.

 Promoting and developing 
grassroots and rural 
technologies in line with 
the current priorities of 
DST, DBT, CSIR, ICAR labs, 
etc. by identifying, proving 
and demonstrating selected 
rural and grassroots 
technologies, and assisting 
in commercialisation of 

selected rural and household 
technologies.

 Promoting export of 
technologies by projecting 
India as a source of technology, 
preparing publicity material 
giving information about 
the technologies suitable 
for export, preparing 
feasibility reports and basic 
engineering design packages 
for information on technology 
transfer, organising training 
programmes related to 
technology development 
and transfer, participating 
in exhibitions, publishing 
periodicals, arranging 
audio-visuals to popularise 
indigenous technologies, both 
at home and abroad.
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 Technical evaluation of the 
innovations/technologies.

 Participating in equity of early 
stage ventures. 

 Providing IPR consultancy to 
R&D institutes and corporates.

 Facilitating export of Indian 
technologies/know-how and 
services.

 Executing turnkey projects 
abroad based on indigenous 
technologies.

 Value-adding technologies in 
terms of market survey, basic 
engineering design, etc.

 Licensing of technologies 
to companies and end user 
organisations.

The following best practices 
could also be adopted by India to 
encourage the R&D institutions 
for development of industry-
ready technologies.

 Encouraging and incentivising 
Indian institutions to acquire 
and maintain an active 
relationship with international 
organisations like WIPO, IEEE, 
etc. to indirectly keep them 
in the loop of the latest R&D 
efforts. 

 Forming a strong link between 
the private and public sector 
that can drive transfer of 
developed technologies to 
the industries in India, and 
compete with, and perhaps 
even buy out foreign rivals, 
thereby pushing for reverse 
engineering of foreign 
technologies.

 Attracting diaspora talent back 
is a viable indirect measure 
to bring back research and 
development capabilities into 
the country from developed 
nations. Converting ‘brain 
drain’ to ‘brain circulation’, as 
is done by China, which allows 
for easy movement of its own 
skilled labour and remittance 
of money across its borders. 

 Incentivising foreign R&D 
organisations to set-up centres 
in India by providing them with 
R&D tax credits. This could be 
a methodology worth pursuing 
to attract foreign technology 
in India. With such set-ups in 
India hiring and training local 
talent, foreign technologies 
and practices would invariably 
sweep into the nation. India 
can also consider deploying 
government schemes and 
subsidies	 in	 specific	 sectors	
to encourage small businesses 
to import and absorb foreign 
technologies. 

 Formulate policy measures, 
which push global companies 
to transfer technology for hi-
tech purchases and build local 
manufacturing capabilities 
and intellectual property. 
For example, the Ministry 
of Defence is already doing 
this. It has an offset policy for 
all capital purchases made 
from a foreign buyer, who 
are contractually obligated to 
offset around 30 per cent of 
the acquisitions cost in terms 
of transfer of technology or 
indigenous manufacture of 
components. 

 Treaties like the India US 
Defense Tech Transfer Pact 
signed in 2019 are more direct 
measures for technology 
transfer into India. Other 
examples of this include the 
tech transfer component built 
in the purchase of tanks from 
Russia as well as tech transfer 
agreements with Malaysia for 
the palm oil industry. 

 Last but not the least, FDI is 
a powerful, if not overused 
tool for attracting technology 
transfer into the country. 
The noteworthy sectors for 
this instrument are software 
development, auto design and 
pharmaceuticals.

Major recommendations 
for technology 
development and 
commercialisation 
The S&T ecosystem should 
work towards encouragement 
and advancement of research, 
promotion of inventions and 
innovations, techno-commercial 
support, assistance for IPR 
protection, value addition 
services and support for further 
development of technologies and 
much more. It should also work 
on exporting technologies and 
services to both developed as 
well as the developing countries 
to be recognised as the source of 
reliable appropriate technology, 
machines, and services. 
Some policy suggestions for 
encouraging R&D laboratories to 
proactively transform innovative 
research	 into	 a	 profitable	
technology are:
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 Mapping research outcomes 
from R&D projects supported 
by various R&D institutions 
/departments and making 
efforts to translate their 
research outcomes into 
technologies/products.

 R&D ministries/departments 
supporting projects in TRL 4 
and 5 (project from prototype 
to product development), 
which is the valley of death for 
technology commercialisation 
process in addition to the 
projects at TRL 1-3 and TRL 
6-7.

 Setting up value addition 
centres across the country to 
make the products emanating 
from R&D institutions 
marketable. These should have 
scientists with a marketing/ 
business background. 

 Establishing a national 
technology portal make all the 
technology developed in the 
country available on the same 
platform. This will make it easy 
for ministries/entrepreneurs 
to take their technologies to 
the market.

 Encouraging the mobility of 
scientists to industry and 
vice versa for short durations 
so that action linkages 
between academia/research 
institutions and industries 
can be developed to take the 
product from the laboratory 
to the market.

 Technology to be developed 
should be demand driven 
and should provide low-cost 

solutions to the existing public 
problems.

 Developing an ecosystem 
that supports startups in 
making business plans, 
getting connected to the right 
mentors, rising business, etc.

 Facilitating entrepreneurs 
to collaborate with local 
researchers, educators and 
industry leaders to achieve 
new levels of competitiveness.

 Creating a new powerful 
autonomous society/company 
to focus on technology from 
concept to commercialisation.

 There should be a clear 
distinction between applied 
research and pure fundamental 
research so that applied 
research institutions totally 
focus on providing technology 
solutions to innovative 
challenges being faced by the 
society.

Conclusion
To pursue the dreams of making 
India the ‘Innovative Capital 
of the World’, the enterprise 
needs to realign itself and 
develop and commercialise the 
technologies, processes, etc. 
emanating from the various 
national R&D institutions/ 
universities.	 India’s	 scientific	
community has to forge strong 
links	 with	 the	 scientific	 and	
industrial community in India 
and abroad and develop a wide 
network of research institutions, 
academia and industry for the 
commercialisation of know-how 

developed in R&D laboratories. 
They have to get recognised as a 
large repository of a wide range 
of technologies spread over 
almost all areas of industries, viz. 
agriculture and agro-processing, 
chemicals including pesticides, 
drugs and pharmaceuticals, 
biotechnology, metallurgy, 
electronics and instrumentation, 
building materials, mechanical, 
electrical and electronics, etc. 
It will happen by licensing 
the indigenous technology 
to entrepreneurs, startups, 
MSMEs, etc. and helping them 
to establish a large number 
of small and medium scale 
industries.

Promoting closer links between 
universities of countries and 
encouraging collaborative 
research will invariably lead to 
an	inward	flow	of	technology.	The	
concept of ‘sister universities’ 
may also be applied to connect 
institutes, which share research 
goals and priorities. An extension 
of this measure is also fostering 
a strong link between the 
industry of a nation and foreign 
universities and vice versa.
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Susan Jocelyn Bell Burnell’s 
discovery of pulsar, made jointly 

with her research supervisor 
Antony Hewish, is considered 
one of the greatest astronomical 
achievements of the 20th century. 
A pulsar is a rapidly spinning, 
highly magnetised neutron star 
that emits radiation at regular 
intervals in two symmetrical 
beams across the universe. Pulsars 
have changed our understanding 
of the universe and their full 
potentials are yet to be explored  
(see Box-1).  

She also studied gamma ray 
astronomy, X-ray astronomy, 

infrared astronomy and binary 
stars. She has become a role 
model and a promoter of women 
in science. She has undoubtedly 
inspired women scientists 

throughout the world.  It is 
interesting to note that she failed 
in her 11-plus examination, 
but she went on to become a 
prominent	 scientist	 in	 the	 field	
of astrophysics. Her discovery 
of pulsar, which she made while 
she was a research student, 
was certainly a groundbreaking 
discovery, which earned her 
research guide Antony Hewish 
the Nobel Prize in Physics in 
1974. The 1974 Nobel Prize in 
physics was jointly awarded to 
Martin Ryle and Antony Hewish 
‘for their pioneering research 
in astrophysics – Ryle for his 
observations and inventions, in 

Susan Jocelyn Bell 
Burnell: Discoverer 
of the First Pulsar
Dr. SubODH MaHanTI

Jocelyn Bell 
(Credit : breakthroughprize.com)

Susan Jocelyn Bell Burnell played a very significant role in discovering the first 
pulsar, one of the most fascinating and awe-inspiring objects in the universe. It 
was Bell Burnell, who first realised the existence of pulsar. At the time of her path-
breaking discovery she was a PhD student. Her research guide Antony Hewish 
became a recipient of the 1974 Nobel Prize in Physics for his role in the discovery of 
pulsar. Many believe that her rightful joint claim (along with Hewish) for the Nobel 
Prize, given for the discovery of pulsar, was overlooked. However, she has received 
many important awards including the 3 million US dollar Special Breakthrough 
Prize in fundamental physics for her pioneering contributions in science. She is 
an excellent promoter and communicator of astrophysics. Being a woman, she had 
to go through many hardships in pursuing her career in scientific research. Today, 
she is regarded as a role model and promoter of women in science. The present 
article briefly describes her life and work.
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particular of aperture synthesis 
technique, and Hewish for his 
decisive role in the discovery of 
pulsars'. It may be noted that 
Ryle and Hewish became the 
first	 astronomers	 to	 be	 awarded	
a Nobel Prize in Physics. Many 
believe Jocelyn should have been 
co-awarded with Antony Hewish 
for her role in the discovery of 
pulsar. 

She served as presidents of the 
Royal Astronomical Society, the 
Royal Society of Edinburgh and 
the Institute of Physics. She had 
to struggle through a challenging 
professional world dominated by 
men. When she started her career, 
women’s participation in science 
was not very encouraging. She 
once said: “I got engaged to be 
married, between discovering 
pulsars number two and three. 
I was incredibly proud of that 
engagement ring and wore it to 
the lab, which was a mistake, 
because it signalled that I was 
quitting. At that time in Britain, 
married women didn’t work. 
It was shameful if a married 
woman had to work; it meant her 
husband couldn’t earn enough.” 
(Quoted from “Meet the Woman 
Who Found the Most Useful Stars 
in the Universe” by Nadia Drake, 
www.nationalgeographic.com).

The website (www.iop.org) of 
the Institute of Physics (IOP), 
London, states: “Bell Burnell 
has an unparalleled record of 
leadership within the physics 
and astronomy communities, 
having served as presidents of 
the Royal Astronomical Society, 
the Royal Society of Edinburgh 

and the Institute of Physics. 
She is a tireless promoter and 
communicator of astrophysics, 
as evidenced by numerous 
media appearances and the high 
volume of public lectures given 
all across the globe. She was 
one of a group of senior female 
scientists whose efforts led to 
the creation of the Athena SWAN 
awards recognising commitment 
to advancing the careers of 
women in science, and she is a 
renowned champion in the area 
of encouraging women to study 
the physical sciences. In 2016 
the Institute’s Very Early Career 
Female Physicists Award, made 
by the IOP Women in Physics 
Group, was renamed the Jocelyn 
Bell Burnell prize in her honour.” 

Jocelyn Bell Burnell, born Susan 
Jocelyn Bell, was born on 15 
July 1943 in Belfast, Ireland. Her 
father was a trained architect, 
who helped design the Armagh 
Observatory. In her childhood, 
Jocelyn spent a lot of time at 
Armagh Observatory. She also 

started reading her father’s 
astronomy books. So, it was 
no surprise that she became 
interested in astronomy at a 
very young age. The staff of 
Armagh Observatory also played 
a role in making her interested 
in astronomy. In response to a 
question, ‘Did you always want 
to become an astronomer?’ in an 
interview given to Kate Marsh 
Weatherall at the National Radio 

Antony Hewish

Jocelyn Bell Burnell at the Interplanetary Scintillation Array, a part of the radio 
telescope she helped build in 1968 

(Credit: www.physicstoday.scitation.org)
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Observatory (26 October 1995) 
Bell Burnell said: “Certainly from 
my teens, yes, but before that I 
wasn't quite sure what I wanted 
to be. I became interested 
through reading my father's 
library books. My father was an 
architect but had a very wide-
ranging brain. In Britain, there 
used to be a quiz programme on 
the radio called ‘Brain of Britain’, 
and	he	was	one	of	the	finalists	or	
semi-finalists	in	one	or	two	years	
of that. He was very broadly 

intelligent and bought all sorts 
of books. I think I probably had 
a quick look at most of them, 
but it was the astronomy ones 
that actually got my attention”. 
(Quoted from “The woman who 
discovered pulsars: An interview 
with Jocelyn Bell-Burnell” by 
Kate Marsh Weatherall, www.
weatheralltech.com).

She studied at the Preparatory 
Department of the Lurgan 
College, Ireland (1948-1956). On 

failing the 11-plus examination, 
she was sent to the Mount School, 
a Quaker girl’s boarding school 
in York, England.  Commenting 
on her school she later said: “I 
had a very good physics teacher 
at secondary school, when I 
was between 15 and 18. He was 
distinctly elderly; he'd come out 
of retirement for a second time 
to teach us, and we had very, very 
little equipment in the school. It 
was a girls' boarding school in 

Pulsars are among the most 
fascinating and awe-inspiring 
objects in the universe. Their 
radio emission is continuous 
but beamed and this means any 
one observer will see a pulse of 
radiation each time the beam 
sweeps across his/her line-of-
sight. They are also known as 
cosmic lighthouses.

Pulsars
The	word	 ‘pulsar’	 first	 appeared	
in print in 1968. A journalist of 
The Telegraph wrote: “An entirely 
novel kind of star came to light 
on 6 August last year and was 
referred to by astronomers as 
LGM (Little Green Men). Now 
it is thought to be a novel type 
between a white dwarf and a 
neutron [star]. The name pulsar 

is likely to be given to it. Dr. A. 
Hewish told me yesterday: ‘I 
am sure that today every radio 
telescope is looking at pulsars’.”

Radio telescopes help to locate 
pulsars.	 The	 first	 pulsar	 was	
discovered in 1967 by Jocelyn 
Bell, a research student of 
Antony Hewish working at 
the Mullard Radio Astronomy 
Observatory, University of 
Cambridge. By the end of 1968, 
a total of 21 pulsars were 
known. The rate of locating 
new pulsars has considerably 
increased. So far, astronomers 
have discovered more than 
1,500 pulsars and they are 
expected to discover thousands 
more during the next few years. 
Most of the pulsars known 
today are members of the Milky 
Way and there are estimated to 
be about one million pulsars 
in the Galaxy, but most of 
them may be too distant to be 
detected with existing radio 
telescopes.

The Vela Pulsar and its surrounding pulsar wind nebula 
(Credit: Wikipedia)
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Pulsars are types of neutron 
stars, the remnants left after 
the death of massive stars. 
Unlike regular neutron stars, 
pulsars are highly magnetised 
(with	 a	 surface	 magnetic	 field	
of 1012 gauss or 108 tesla) and 
rotate at enormous speeds. It is 
generally believed that most of 
the pulsars have been created 
in supernova explosions by the 
collapse of the core of massive 
stars. 

Pulsars having a binary history 
are known as ‘recycled pulsars’. 
The	 first	 recycled	 pulsar	 to	 be	
discovered was the Hulse-Taylor 
pulsar (also known as Hulse-
Taylor binary). The pulsar 
was discovered by Russell 
Alan Hulse and Joseph Hooton 
Taylor Jr., in 1974. At present, 
about 80 recycled pulsars are 
known. While most pulsars 
are radio sources emitting 
electromagnetic radiation at 
radio frequencies, a few have 
been detected to emit visible 

light, gamma, or X-rays. Crab and 
Vela	 pulsars	 flash	 visible	 light	
instead of radio emission. Radio 
emission from pulsars is believed 
to originate from the acceleration 
of charged particles above the 
magnetic poles. The radiation is 
emitted in two directional beams. 
The pulsating effect results as 
the beams rotate. A few pulsars 
are found to be accompanied by 
objects of planetary mass.

Pulsars can be used to tell time 
even more accurately than atomic 
clocks. This is because their pulses 
are extremely consistent. Pulsars 
can pulse at few hundred times a 
second. The fastest known pulsar 
discovered till today is known as 
PSR J1748-2446ad with a pulse 
period 716 times per second. 
It was discovered by Jason W.T. 
Hassels of McGill University on 10 
November	 2004	 and	 confirmed	
on 8 January 2005. 

The pulsar closest to the Earth 
is known as Geminga. It is about 

815.4 light years away from 
Earth. It is believed to be the 
decaying core of a massive star 
that exploded as a supernova 
about 300,000 years ago. 

Pulsars have proved to be a 
unique set of probes for the 
investigation of the diffuse 
gas	 and	 magnetic	 fields	 in	
interstellar space. Pulsars 
have proved to be one of the 
finest	 tools	 for	 testing	 Albert	
Einstein’s theory of general 
theory of relativity. Pulsars 
have been used for measuring 
the structure of our Galaxy by 
examining the way their signals 
are altered while passing 
through denser regions of 
material in space. Pulsars can 
be used as navigation tools for 
guiding spacecraft travelling 
through deep space. In fact, 
China’s satellite XPNAV-1 
launched in 2016 carried a 
navigation system that uses 
periodic X-ray signals from 
certain pulsars. 

England, a Quaker girls' boarding 
school. And certainly, in Britain, 
girls' boarding schools had 
difficulty getting good science 
staff.  So, we were very, very 
lucky with this physics teacher 
who was very good and with a 
subject like physics once you 
understand it, it's that easy. It's 
the one, I think, that involves the 
least learning. You don't have to 
learn lots and lots of facts; you 
just learn a few key things, and 
if you really got hold on them, 

then you can apply and build and 
develop from those.  So, I think 
it appeals to brains with rather 
few cells. He was a really good 
teacher and showed me, actually, 
how easy physics was, and I think 
that was the key. Otherwise I 
must have gone some other way”. 
(Quoted from the interview given 
to Kate Marsh Weatherall).

Jocelyn obtained a Bachelor of 
Science degree in Physics from 
Glasgow University, Scotland in 

1965. She was the only woman in 
a class of 50 students at Glasgow 
University. She started working 
for her PhD degree at Mullard 
Radio Astronomy Observatory, 
Cambridge University under the 
supervision of Antony Hewish. In 
1969, she obtained her PhD from 
the University of Cambridge.

At Mullard Radio Astronomy 
Observatory, Cambridge, Jocelyn 
started working under the 
supervision of Antony Hewish 
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on the radio astronomy project 
designed to investigate the 
interplanetary scintillation or 
twinkling of compact radio waves. 
To make such investigation 
possible the research group 
headed by Hewish had started 
constructing a radio telescope. 
As part of her work, Jocelyn got 
involved in the construction 
and maintenance of the radio 
telescope, which consisted of 
thousands of poles about nine feet 
(2.74 metres) tall and connected 
with wires and cables running 
over four and a half acres (0.2 
hectares). The telescope became 
operational in July 1967. Radio 
waves received by the radio 
telescope were converted into 
a signal that could be recorded 
on paper. Jocelyn’s task was to 
monitor the recordings and look 
for interesting data.

In August 1967, Jocelyn Bell was 
the	first	to	notice	a	strange	signal	
coming from a spot in the sky 
from where one would not expect 
to receive such a signal. Her 
research guide Hewish thought it 
might be noise in the receiver. The 
researchers jokingly described 
the signals as coming from 
‘little green men’ (stereotypical 
portrayal of extraterrestrials as 
little humanoid-like creatures) 
but continued to gather data. 

They found that the signal 
persisted. What is more, Bell 
Burnell found similar signals 
were coming from three other 
sources. Soon it became obvious 
to	them	the	data	indeed	reflected	
a real phenomenon, a type of 
object that had never been found 
before. They started explaining 
the new phenomenon in terms of 
existing physical laws.

Describing the background of 
the	 discovery	 of	 the	 first	 pulsar	
at Mullard Radio Astronomy 
Observatory, Cambridge, Hewish 
later said: “In 1965 I drew up plans 
for a radio telescope with which 
I intended to carry out a large-
scale survey of more than 1,000 
radio	 galaxies…The	 final	 design	

was an array of 2,048 dipole 
antennas. Later that year I was 
joined by a new graduate student 
Jocelyn Bell…The radio telescope 
was complete, and tested by 
July 1967 and we immediately 
commenced a survey of the sky…
One day around the middle of 
August 1967, Jocelyn showed me 
a	 record	 indicating	 fluctuating	
signs…[We]	 first	 thought	 that	
the signals might be electrical 
interference…[It] was not until 
28 November  that we obtained 
the	 first	 evidence	 that	 our	
mysterious source was emitting 
regular pulses of radiation at 
intervals of just greater than one 
second. I could not believe that 
any natural source would radiate 
in this fashion and I immediately 
consulted astronomical 
colleagues at other observatories 
to enquire whether they had 
any equipment in operation 
which might possibly generate 
electrical interferences…Having 
found no satisfactory terrestrial 
explanation for the pulses we 

At the end the universe will turn black
“Once a star dies, it is gone forever. There are no new stars to take 
its place. Eventually, there will be no stars and the universe will 
turn black. That really will be the end.”

Jocelyn Bell Burnell

Bell Burnell seen with Antony Hewish along the wires of the radio  
telescope which she helped build 

(Credit: Robin Seagull/Science Photo Library/physicsworld.com)
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began to believe that they could 
only be generated by some source 
far beyond the solar system”. 
(Quoted from Mauro Dardo’s 
Nobel Laureates and Twentieth 
Century Physics, Cambridge 
University Press, 2004)

Hewish announced the discovery 
of pulsar in a paper published 
in the journal Nature, on 24 
February 1968. The paper was 
titled “Observation of Rapidly 
Pulsating Radio Source”.  Besides 
Hewish and Jocelyn, the paper 
had three other co-authors.

Soon after her path-breaking 
discovery, Jocelyn got married 
(1968) with Martin Burnell, 
who	 was	 a	 government	 officer.	
Her husband’s job took them 
to various parts of England. 
She worked part-time for many 
years while raising her son, 
Gavin Burnell. She worked at the 
University of Southampton (1968-
1973); Open University, Milton 
Keynes (1973-1987); University 
College of London (1974-
1982); and Royal Observatory, 
Edinburgh (1982-91). In 1982, 
she was appointed as Head of the 
James Clerk Maxwell Telescope 
Project at the Royal Observatory, 
Edinburgh. In 1991, she was 
appointed as Professor of Physics 
at the Open University, a post she 
held till 2001. She also worked as 
a Visiting Professor at Princeton, 
USA and Dean of Science at the 
University of Bath (2001-2004). 
She served as President of the 
Institute of Physics between 
2002 and 2004. At present, Bell 
Burnell is a Visiting Professor of 

Astrophysics at the University of 
Oxford	and	a	Fellow	of	Mansfield	
College.

In 1999, Jocelyn was awarded the 
title of Commander of the Order 
of the British Empire (CBE) for 
services to astronomy. She was 
elected a Fellow of the Royal 
Astronomical Society in 1969 and 
she also served as its President 
(2002-2004). She was elected 
a Fellow of the Royal Society 
of London in 2003. The Royal 
Society of Edinburgh elected 
her as a Fellow in 2004 and she 
served as its President (2014-
2018). It should be noted here 
that	 she	was	 the	 first	woman	 to	
be elected as President of the 
Royal Society of Edinburgh. She 
was made a Dame Commander 
of the Order of the British Empire 
(DBE) in 2007. She was included 
in the list of the 100 most 
powerful women in the United 
Kingdom by Woman’s Hour on 
BBC Radio. She was appointed 
Chancellor of the University of 
Dundee in 2018.

She received many awards for 
her pioneering contributions in 
science including: The Albert A. 
Michelson Medal of the Franklin 
Institute of Philadelphia (jointly 
with Antony Hewish, 1973); J. 
Robert Oppenheimer Memorial 

Prize from the Center for 
Theoretical Studies, University 
of Miami (1978); Beatrice M. 
Tinsley Prize of the American 
Astronomical Society (1986); 
Herschel Medal of the Royal 
Astronomical Society (1989); the 
Grote Reber Medal at the General 
Assembly of the International 
Radio Science Union at Istanbul 
(2011); the Royal Medal of the 
Royal Society of London (2015); 
the Women of the Year Prudential 
Lifetime Achievement Award 
(2015); the Institute of Physics  
President’s Medal (2017) and 
Grande Medaille of the French 
Academy of Sciences (2018). 

In 2018, she won the $3 million 
Special Breakthrough Prize 
in fundamental physics. The 
Breakthrough Prize recognised 
Bell Burnell’s ‘1967 Detection 
of radio signals from rapidly 
spinning, super-dense neutron 
stars and a lifetime of inspiring 
scientific	 leadership’.	 The	 Press	
Release (6 September 2018) 
stated: “Bell Burnell receives 
the Prize for fundamental 
contributions to the discovery 
of pulsars, and a lifetime of 
inspiring leadership in the 
scientific	 community.	 Pulsars	
are a highly magnetised, rapidly 
spinning form of the super-dense 
stars known as neutron stars. 

We are not alone in the universe
“The universe is very big — there are about 1,000,000 million 
galaxies in the universe, so that means an awful lot of stars. And 
some of them, I am pretty certain, will have planets, where there 
was life, is life, or may be will be life. I do not believe we are alone.”

Jocelyn Bell Burnell
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Their discovery was one of the 
biggest surprises in the history of 
astronomy, transforming neutron 
stars	 from	 science	 fiction	 to	
reality in a most dramatic way. 
Among many later consequences, 
it led to several powerful tests of 
Einstein's Theory of Relativity, 
and to a new understanding of 
the origin of the heavy elements 
in the universe”. She has donated 
the prize money to the Institute 
of Physics, Edinburgh to fund 
PhD studentships for people 
unrepresented in physics. It 
may be noted that Stephen 
Hawking was also a recipient of 
Special Breakthrough Prize in 
fundamental physics.

As mentioned earlier, many 
thought that her rightful joint 

claim (along with A. Hewish) 
for the Nobel Prize given for 
the discovery of Pulsar was 
overlooked. However, she has 
no complaint about not getting 
the Nobel Prize. In 1977, she 
commented: “First, demarcation 
disputes between supervisor 
and	 student	 are	 always	 difficult,	
probably impossible to resolve. 
Secondly, it is the supervisor 
who	 has	 the	 final	 responsibility	
for the success or failure of the 
project. We hear of cases where 
a supervisor blames his student 
for a failure, but we know that 
it is largely the fault of the 
supervisor. It seems only fair to 
me	 that	 he	 should	 benefit	 from	
the successes, too. Thirdly, I 
believe it would demean Nobel 
Prizes if they were awarded 

Jocelyn Bell Burnell 
(Credit: www.biography.com)

to research students, except in 
very exceptional cases, and I do 
not believe this is one of them. 
Finally, I am not myself upset 
about it – after all, I am in good 
company, am I not!” (Quoted 
from Wikipedia).

Her life story has been featured 
in the BBC Four’s Beautiful 
Minds, and BBC Two’s Horizon 
made a documentary on her 
discovery.  In 2016, the Institute 
of Physics renamed their award 
for early-career female physicists 
as the Jocelyn Bell Burnell Medal 
and Prize.  

She has been an active Quaker 
throughout her life. In an 
interview given to David 
DeVorkin at Carnegie Institute, 
Washington, D.C., on 17 May 
2000, she said: “I was born and 
brought up a Quaker and still 
am active in Quakers”. In her 
book titled, A Quaker Astronomer 
Reflects: Can a Scientist Also Be 
Religious? (2013), she describes 
how cosmological knowledge can 
be related to what the Bible and 
Quakerism states.

Bell Burnell emphasises on 
our cosmological origin. She 
said: “There is stardust in your 
veins. We are literally, ultimately 
children of the stars.” 

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
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first data received 
from Parker Solar 
Probe

In January 2020, NASA revealed 
the	first	findings	from	its	Parker 

Solar Probe sent to ‘touch the Sun’. 
The	 spacecraft	 has	 flown	 closer	
than ever before to our Sun and 
has	 now	 sent	 back	 its	 first	 data	
from the mission. The Parker 
Solar Probe	is	to	become	the	first	
spacecraft to approach closest to 
the Sun till date, at a distance of 
only 18.7 million kilometres. By 
the end of its mission in 2025, 
the probe will have had 24 
close encounters with the Sun 
– getting more than three times 
closer to our star than it has so 
far. The ultimate objective is to 
bring the spacecraft to within six 
million kilometres from the Sun’s 
surface	during	its	final	approach	
in 2025, which will bring it within 

the solar corona. Launched on 
12 August 2018, the Parker Solar 
Probe is designed to perform 
its	 scientific	 investigations	 in	 a	
hazardous region of intense heat 
and solar radiation. The mission 
includes 24 orbits around the 

Sun, with seven gravity-assist 
fly-bys	 of	 Venus	 and	 gradually	
diminishing perihelion distance, 
with	 its	 closest	 and	 final	
approach bringing it to within 
six million kilometres from the 
Sun’s surface. It is expected to 

2020 – The Year in 
Science
bIMan baSu

The most significant science stories of the year 2020 include the first launch of 
astronauts by a private space agency. In May, Elon Musk’s SpaceX made history 
by launching the first crewed mission to the International Space Station by a 
private company. It was also the first space mission to take off from US soil since 
2011. The year also saw the development of the world’s first 3D artificial eye 
with capabilities claimed to be better than existing bionic eyes; creation of a 
crystalline structure out of nitrogen; launch of India’s first non-polluting hydrogen 
fuel cell (HFC) prototype car; the discovery of a non-oxygen breathing animal; and 
much more. Please read on.

The Parker Solar Probe has flown closer than ever before to our Sun
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help researchers understand the 
inner workings of the Sun better. 

The most detailed 
image of the Sun 
The world’s newest and largest 
solar telescope – the four-metre-
wide Daniel K. Inouye Solar 
Telescope (DKIST), run by the 
National Science Foundation 
of the US, on the summit of 
Haleakala on the Hawaiian island 
of Maui – has produced the most 
detailed image of the Sun till date. 
The new images reveal small 
magnetic structures in incredible 
detail. The images, released on 
29 January 2020, reveal features 
on the Sun’s surface just 30 
kilometres across, or about three 
times as small as anything yet 

seen. The images show a pattern 
of turbulent, ‘boiling’ gas that 
covers the entire Sun. The DKIST 
is designed to study magnetic 
structures that may lead to new 
insights into why the corona, 
the Sun’s outer atmosphere, is 
millions of degrees hotter than 
the surface, and what drives 
space weather that occasionally 
interferes with technology on 
Earth. 

The DKIST is designed to study 
magnetic structures that may 
lead to new insights into why 
the corona, the Sun’s outer 
atmosphere, is millions of 
degrees hotter than the surface, 
and what drives space weather 
that occasionally interferes 

with technology on Earth. In 
combination with NASA’s Parker 
Solar Probe and European Space 
Agency’s Solar Orbiter, data 
and images from the DKIST are 
expected to throw new light on 
how the Sun works and tell us 
how the space weather it creates 
affects the Earth. 

ancient human voice 
recreated
A team of scientists in the UK 
have successfully recreated 
the voice of an Egyptian priest 
named Nesyamun (as given 
in	 inscriptions	 on	 his	 coffin)	
who died 3,000 years ago, 
using his mummy. The work 
is part of the ‘Voices of the 
Past’ project involving Royal 
Holloway, University of London, 
the University of York, Leeds 
Museums and Galleries, and 
the	 Leeds	 General	 Infirmary	
(LGI). The scientists used three-
dimensional CT scans to map 
the mummy’s entire vocal tract, 
and then re-created it in plastic 
using a 3D printer. They used a 
computer	 synthesised	 artificial	
larynx used in modern speech 
synthesis, to run air through the 
3D printed vocal cords, creating 
a single vowel sound in the dead 
Egyptian’s voice. The researchers 
say the sound is based on the 
position of Nesyamun’s vocal 
tract at the moment of his death.

The ‘Voices from the Past’ Project 
was set up to investigate the 
possibility for those long dead 
in cases where their remains 
are	 sufficiently	 well	 preserved,	
after it was established that 

These images show large cell-like structures hundreds of kilometres across; the 
smallest features ever seen on the solar surface is as small as 30 km
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it is possible to recreate a 3D 
printed vocal tract unique to a 
living individual. With the need 
for optimum preservation of 
the vocal tract as an essential 
requirement, combined with the 
practical necessity for precise 
CT-imaging in close proximity 
to the individual selected, the 
mummified	 body	 of	 Nesyamun	
was a highly appropriate choice, 
according to the researchers.

InSight detects 
marsquakes for the 
first time
Despite decades of exploration 
by spacecraft, there still remains 
a lot about the Red Planet that we 
don’t know. We know it has a core, 
but scientists are unsure how big 
it is or what it is made of. InSight, 
short for ‘Interior exploration 
using Seismic Investigations, 
Geodesy and Heat Transport’, is 
a Mars lander designed to give 
the	Red	Planet	its	“first	thorough	
check-up since it formed some 
4.5 billion years ago.” It is the 
first	outer	space	robotic	explorer	
to study in-depth the ‘inner 
space’ of Mars – its crust, mantle, 
and core. The InSight lander 
deployed its seismometer on the 
Martian surface on 19 December 
2018 and in February 2019 it 
sent	 back	 the	 first	 reports	 of	
seismic activity and ground 
vibrations on Mars. According to 
NASA scientists, the Red Planet 
has a moderate level of seismic 
activity, intermediate between 
that of the Earth and the Moon. 
Data from the mission’s Seismic 
Experiment for Interior Structure 
(SEIS) provided	 the	 first	 direct	

seismic measurements of the 
Martian subsurface and upper 
crust – the rocky outermost layer 
of the planet. 

According to the scientists, the 
seismic data acquired over 235 
Martian days showed 174 seismic 
events, or marsquakes. Of those, 
150 were high-frequency events 
that produce ground shaking 
similar to that recorded on the 
Moon by the Apollo programme. 
Further, the data showed that 
the seismic waves bounce 
around as they travel through 
the heterogeneous and fractured 
Martian crust. The other 24 
quakes observed by SEIS were 
predominantly low-frequency 
events. “Three showed two 
distinct wave patterns similar to 
quakes on Earth caused by the 
movement of tectonic plates.”

aI used to identify 
new antibiotic
In February, researchers at 
Massachusetts Institute of 
Technology (MIT) in USA have 
identified	 a	 powerful	 new	
antibiotic compound using a 
machine-learning algorithm. 
In laboratory tests, the drug 
killed many of the world’s most 
problematic disease-causing 
bacteria, including some strains 
that are resistant to all known 
antibiotics. It also cleared 
infections in two different mouse 
models. In their new study, 
the	 researchers	 also	 identified	
several other promising 
antibiotic candidates, which they 
plan to test further. They believe 
the model could also be used to 

design new drugs, based on what 
it has learned about chemical 
structures that enable drugs to 
kill bacteria. 

Aiming to tackle the growing 
antibiotic resistance crisis, 
a collaboration of synthetic 
biologists and computer 
scientists has developed a deep 
learning platform to predict 
antibiotic activity. In particular, 
the group wanted to discover 
compounds with structures 
distinct from known antibiotics, 
to boost their chances of success 
against drug-resistant bacteria. 
According to the researchers, 
the computer model is designed 
to pick out potential antibiotics 
that kill bacteria using different 
mechanisms than those of 
existing drugs.

The newly discovered molecule 
is halicin, which has impressive 
antibiotic activity, despite having 
a chemical structure unlike 
conventional antibiotics. Halicin 
was	 one	 compound	 identified	
by the machine learning 
software and despite its unusual 
structure for this class of drug 
it is proving to be an excellent 
antibiotic. According to the 
researchers, halicin turns out to 
be a remarkably potent novel 
antibiotic, with broad activity 
against a range of antibiotic-
resistant pathogens.

Non-oxygen-breathing 
animal 
In February, researchers at 
Israel’s Tel Aviv University 
(TAU) reported the discovery 
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of a non-oxygen-breathing 
animal – a parasite called 
Henneguya salminicola – which 
the researchers say is totally 
unexpected and changes one of 
science’s basic assumptions about 
the animal world. It is known 
that single-celled organisms 
such as anaerobic bacteria and 
protozoans can survive without 
oxygen as they get their energy 
from fermentation or use 
other molecules like mercury 
or iron. But multicellular 
organisms including all animals 
need oxygen for breathing to 
survive. While sequencing the 
genome of H. salminicola, it 
was discovered that it did not 
include a mitochondrial genome 
– the small but crucial portion 
of DNA stored in an animal’s 
mitochondria that includes genes 
responsible for respiration. The 
mitochondrion is an essential 
component of the cell and is 
known as the powerhouse of the 

cell where oxygen is captured to 
produce energy; so, its absence 
indicated that the animal did not 
breathe oxygen. According to the 
researchers, H. salminicola is the 
only known animal on Earth that 
does not breathe. The fact that 
the creature has no mitochondrial 
DNA and no way to breathe are 
two	animal	‘firsts’.	

According to the researchers, 
the discovery bears enormous 
significance	 for	 evolutionary	
research. It is generally thought 
that during evolution, organisms 
become more and more complex, 
and that simple single-celled or 
few-celled organisms are the 
ancestors of complex organisms. 
But H. salminicola is an animal 
whose evolutionary process is 
the opposite. Living in an oxygen-
free environment, it has shed 
unnecessary genes responsible for 
aerobic respiration and become 
an even simpler organism.

exoplanet where it 
rains molten iron
In March, astronomers reported 
the discovery of the strangest 
of exoplanets where evidence of 
molten iron droplets raining on 
the planet’s night side has been 
found. The discovery was made 
with a new instrument called 
ESPRESSO (Echelle SPectrograph 
for Rocky Exoplanets and Stable 
Spectroscopic Observations) on 
ESO’s Very Large Telescope (VLT) 
in Atacama Desert, Chile. The 
giant exoplanet named WASP-76b 
orbits around the star WASP-76, 
about 640 light years from Earth 
in the constellation of Pisces. 

According to the scientists, WASP-
76b orbits so close to its host star 
that its dayside is extremely hot. 
It orbits its star at about 3 per 
cent of the distance between the 
Earth and the Sun, resulting in 
scorching surface temperatures 

India’s space achievements
The COVID-19 pandemic severely hampered India’s space activities. During the year, India could 
launch only three satellites – one earth observation satellite and two communication satellites.

On 17 January, the telecommunication satellite GSAT-30 was launched into a Geosynchronous 
Transfer Orbit (GTO) from Kourou launch base in French Guiana by Ariane-5. It replaced the 14-year-
old INSAT-4A spacecraft.

On 7 November, India’s earth observation satellite EOS-01 was launched into a Low Earth Orbit 
(LEO) from Satish Dhawan Space Centre (SDSC) SHAR, Sriharikota by PSLV-C49. It is to be used for 
applications in agriculture, forestry and disaster management support.

On 17 December, India’s telecommunication satellite CMS-01 was launched into a Geosynchronous 
Transfer Orbit (GTO) from Satish Dhawan Space Centre (SDSC) SHAR, Sriharikota by PSLV-C50. It is to 
be used for providing services in Extended-C Band of the frequency spectrum, which includes Indian 
mainland, Andaman & Nicobar and Lakshadweep Islands.
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and the weird phenomenon of 
molten iron falling from the sky.

To make matters worse, the 
planet is also ‘tidally locked’, 
that is, it keeps one face pointed 
permanently towards its star, 
much as our Moon always has 
the same side facing Earth. So, 
its dayside never gets a chance 
to cool off. As a result, the 
daytime temperature on WASP-
76b climbs above 2,400°C, high 
enough to vapourise metals. The 
extreme temperature difference 
between the day and night sides 
also results in vigorous winds 
that bring the iron vapour from 
the ultra-hot day side to the 
cooler night side, which remains 
at about 1,500°C and makes it 
condense.

Using the new ESPRESSO 
instrument of the VLT, the 
astronomers detected a strong 
signature of iron vapour at the 
evening border that separates 

the planet’s day side from 
its night side. According to 
the scientists, iron vapour is 
abundant in the atmosphere of 
the hot dayside of WASP-76b. A 
fraction of this iron is injected 
into the night side owing to the 
planet’s rotation and high-speed 
atmospheric winds. There, the 

iron vapours encounter much 
cooler environments, condense 
and rain down as droplets.

first crewed mission 
to space launched by 
a private company
In May, Elon Musk’s SpaceX made 
history	 by	 launching	 the	 first	
crewed mission to space by a 
private	 company.	 It	was	 the	 first	
space mission to take off from 
US soil since 2011. The mission 
also served as a major test for 
SpaceX on road to becoming 
the regular spacecraft for the 
National Aeronautics and Space 
Administration (NASA) to send 
astronauts to space. The launch 
also proved SpaceX’s viability 
for manned space missions and 
offers NASA an alternative to the 
Russian Soyuz rockets they have 
been using so far. The launch 
used SpaceX’s Falcon 9 rocket 
and Crew Dragon capsule to take 

The giant exoplanet named WASP-76b where it rains hot iron

Launch of SpaceX falcon rocket
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astronauts Bob Behnken and 
Doug Hurley to the International 
Space Station. SpaceX’s Falcon 
9 rockets are unique, since 
most of the expensive parts of 
the rocket can be reused after 
a launch. This saves a big part 
of the cost associated with 
launching satellites and other 
space missions. The rocket also 
returned to Earth successfully 
during the May launch. Before 
the May mission, the company 
had done 83 launches and 44 
landings, with 31 rockets being 
reused.

The world’s first 3D 
artificial eye
In June, an international research 
team at the Hong Kong University 
of Science and Technology 
(HKUST) reported the world’s 
first	 3D	 artificial	 eye	 with	
capabilities claimed to be better 
than the existing bionic eyes and, 
in some cases, even exceed those 
of the human eyes, bringing 

vision to humanoid robots and 
new hope to patients with visual 
impairment. The key component 
of	 any	 artificial	 eye	 is	 a	 sensor	
that detects light falling on it and 
turns it into electrical signals. 
Conventional image sensors 
used	 in	 cameras	are	 flat,	 but	 the	
new device developed by HKUST 
scientists is hemispherical in 
shape, more like the retina of 
the	eye.	This	makes	 the	artificial	
eye, described as a ‘biomimetic 
electrochemical eye’, more like 
the natural eye both in look and 
performance. Its core component 
is a high-density array of light-
sensitive nanowires that serves 
as	the	retina.	The	artificial	retina	
is held in place by a socket made 
from a silicone polymer, to ensure 
proper alignment between the 
wires and nanowires. To complete 
the	artificial	eye,	a	lens	combined	
with	an	artificial	 iris	 is	placed	at	
the front of the device, as in the 
human eye. The lens and iris 
combined with the retina at the 
back forms a spherical chamber 

(the ‘eyeball’). The chamber is 
filled	 with	 an	 ionic	 liquid	 that	
mimics the vitreous humor in the 
human eye. 

One of the most impressive 
features	 of	 the	 artificial	 eye	
is the high resolution of the 
imaging	achieved	by	the	artificial	
retina, which results from the 
high density of the nanowire 
array. Although, the overall 
performance of the HKUST 
artificial	 eye	 represents	 a	 leap	
forward for such devices, much 
still needs to be done. According 
to the researchers, with further 
modification,	the	artificial	eye	can	
be a self-powered image sensor, 
obviating the need for external 
power source or circuitry when 
used for ocular prosthesis, which 
will be much more user-friendly 
as compared with the currently 
available technology.

Crystalline nitrogen 
In June, researchers of the 
University of Bayreuth in Germany 
reported creation of a crystalline 
structure out of nitrogen, which, 
under normal conditions, 
occurs in black phosphorus 
and arsenic. It has been known 
that carbon, oxygen and other 
light elements, when put under 
extremely high pressures, have 
structures similar to heavier 
elements in the same group of 
elements, but till now, nitrogen 
has been behaving anomalously. 
When highly compressed, 
nitrogen showed no structures 
similar to those exhibited 
under normal conditions by the 
heavier elements of this group – The 3D artificial eye developed by HKUST
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specifically,	 phosphorus, arsenic 
and antimony. This anomaly has 
now been disproved. 

Named ‘black nitrogen’, the 
structure of the new material 
contains two-dimensional atomic 
layers and is, therefore, of great 
interest for high-tech electronics. 
The scientists say black nitrogen 
is a new allotrope of nitrogen, 
formed when nitrogen is placed 
in a diamond stamp cell between 
opposite diamonds and pressed 
together under extremely high 
pressures. It took truly extreme 
conditions to produce black 
nitrogen. The compression 
pressure was 1.4 million times 
the pressure of the Earth’s 
atmosphere, and the temperature 
exceeded 4,000°C. It is composed 
of two-dimensional layers in 
which nitrogen atoms are cross-
linked in a uniform zigzag pattern 
similar to graphene, which shows 
great promise as a material for 
high-tech applications.

Phosphine discovered 
on venus
In September, an international 
team of astronomers reported 
the discovery of a rare chemical 
molecule called phosphine (PH3) 
in the atmosphere near the top 
of the acidic clouds that blanket 
planet Venus that could be 
produced by living organisms. 
The discovery instantly opened 
up another avenue for the 
search for extra-terrestrial life. 
Phosphine is a toxic, malodorous 
gas that is extremely poisonous 

and has been used in chemical 
weapons. The molecule is 
composed of one phosphorus 
atom and three hydrogen atoms, 
and is shaped like a pyramid 
with the phosphorus at the top. 
The molecule is generally rare 
in nature. To create a phosphine 
molecule requires an unusual 
force or mechanism. Phosphine 
is produced on Earth by bacteria 
and through industrial processes. 
As a result, it is on the list of 
molecules – besides oxygen – 
considered by scientists to be 
potential ‘biosignatures’ of life 
on Earth-sized planets whose 
atmospheres can be viewed 
through telescopes. According to 
the researchers, the presence of 
phosphene on Venus “could not 
be explained after exhaustive 
study of steady-state chemistry 
and photochemical pathways, 
with no currently known abiotic 
production routes in Venus’ 
atmosphere, clouds, surface and 
subsurface, or from lightning, 
volcanic or meteoritic delivery.”

India’s first hydrogen 
fuel cell prototype car 
In October,	 India’s	 first	 non-
polluting hydrogen fuel cell 
(HFC) prototype car was 
launched. It has been developed 
indigenously by the Council of 
Scientific	and	Industrial	Research	
(CSIR) and KPIT Technologies 
– a Pune-based multinational 
corporation. The HFC technology 
uses chemical reactions between 
hydrogen and oxygen (from air) 
to generate electrical energy, 
eliminating the use of fossil 
fuels.	 Most	 significantly,	 the	
fuel cell technology emits only 
water as exhaust, thus cutting 
down the emission of harmful 
greenhouse gases along with 
other air pollutants. The fuel cell 
used is a low-temperature PEM 
(Proton Exchange Membrane) 
type that operates at 65-75°C, 
which is suitable for vehicular 
applications. The heart of 
the PEM fuel cell technology 
includes the membrane electrode 

India's first hydrogen fuel-cell powered car
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assembly, which is wholly CSIR 
know-how. In 2016, National 
Chemical Laboratory (NCL), Pune 
and Central Electro Chemical 
Research Institute (CECRI), 
Karaikudi – both CSIR labs – as 
part of the Industry Originated 
Project (IOP) category of the New 
Millennium Indian Technology 
Leadership Initiative (NMITLI) 
scheme had partnered with 
KPIT for the development of 
an automotive-grade PEM Fuel 
Cell technology. NMITLI is an 
initiative to establish public-
private	 partnerships	 in	 the	 field	
of research and development.

South Korea’s 
‘artificial sun’ sets a 
new world record
In November, South Korea’s 
‘artificial	sun’,	a	superconducting	

fusion device, set a new world 
record as it successfully 
maintained high temperature 
over 100 million degrees 
(Celsius) for a record 20 
seconds, surpassing the earlier 
record of 10 seconds set by 
China’s Experimental Advanced 
Superconducting Tokamak 
(EAST) device. A team of South 
Korean physicists used a fusion 
device known as KSTAR (Korea 
Superconducting Tokamak 
Advanced Research) – for the 
experiment. For the fusion, 
scientists obtained plasma 
(one of the four fundamental 
states of matter) from hydrogen 
– composed of hot ions that 
exceeded the 100 million 
degrees temperature. To 
retain the ions, it is necessary 
to maintain incredibly high 
temperatures. The Research 

Centre KSTAR at the Korean 
Institute of Fusion Energy 
(KFE), in a joint investigation 
with Seoul National University 
(SNU) and Columbia University 
of the United States, achieved 
this milestone on 24 November. 
Tokamak devices like KSTAR are 
used to recreate fusion reactions 
that occur in the Sun, here on 
Earth. According to the Institute 
for Radiation Protection and 
Nuclear Safety (IRSN), there 
are about 250 tokamak devices 
around the world. The goal of 
the institute is to achieve fusion 
ignition for 300 seconds at a 
time by 2025.

Outer view of South Korea’s artificial sun
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Humans drive 
technology, in return, 
technology drives 
us!!! 

Nowadays, especially, when 
everyone is facing the super 

crisis scenario amid the novel 
coronavirus attack, it becomes 
necessary to look towards 
investments that are sustainable 
and thus contribute to the 
national as well as international 
welfare. Lab-grown meat, or 
cultured meat is an upcoming 

technology that has paved the 
way for maintaining the trend 
of achieving sustainability for 
meat	lovers,	flexitarians	(persons	
who have a primarily vegetarian 
diet but occasionally eat meat 
or	 fish),	 and	 for	 consumers	
who rely on animal protein in 
order	 to	 suffice	 the	 requirement	
of protein in their daily food 
routine. However, this lab-
grown meat business needs to 
undergo certain checkpoints to 
achieve complete acceptance for 
the common good of mankind. 

This is mainly because protein 
provides fullness, which, in 
turn, avoids the requirement of 
constant eating or overeating 
for controlling hunger. Animal 
protein from cultured meat can 
contribute	towards	the	fulfilment	
of the demand for protein. 
Furthermore, it has been noticed 
that a few startup companies 
are also offering cultured meat 
to its consumers, which shows 
that the technology is growing 
commercially at a slower pace 
with increasing demand to satisfy 
the global meat appetite. 

Lab-grown meat: What 
is it actually?
Lab-grown meat is referred to 
as meat tissue grown under 
controlled laboratory conditions. 
This is also considered to be 
clean meat because it is grown 
under sterile conditions. Hence, 
the meat tissue developed 
is disease-free. Additionally, 
cultured meat is certainly a noble 
step towards the elimination of 
animal slaughter and hence can 
contribute to animal welfare 

Cross-Section

World’s first cultured hamburger (unbaked) presented at a news conference held 
on 5 August 2013 in London (Source: Wikimedia Commons)

Is Lab-grown Meat a 
Sustainable Business 
Idea?
vIbHa SaKLanI
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and end of animal cruelty. 
Alternate names include Meat 
2.0,	 artificially	 synthesised	meat,	
cultured meat, and in-vitro meat. 

Artificial meat 
preparation method
The mechanism behind 
preparation of synthetic meat 
is the same as happens in the 
formation of real meat. The only 
difference lies in the fact that 
the cells are grown outside the 
body of the animal to develop 
into the desired meat tissue. 
The meat tissue is designed 
out of embryonic stem cells or 
through muscle cells extracted 
via biopsy under anaesthesia. 
These stem cells are cultured and 
then multiplied in a bioreactor 
(also known as ‘mechanical 

cow’) containing a nutrient-rich 
medium. The cells’ own capability 
of multiplication and fusion 
to form muscle tissue for end-
consumption is well exploited 
and this helps in giving them a 
shape through the use of scaffolds 
or moulds. Extensive research 
has made it possible to make 
edible scaffolds out of materials 
like soy protein. These edible 
scaffolds provide the advantage of 
immediate consumption after the 
desired meat shape is achieved. 
This would further support in 
offering	 the	benefits	of	 juicy	 feel	
and spongy texture similar to the 
natural meat to meat lovers. 

A Netherlands-based startup 
founded in 2016 deals in the 
preparation of cultured meat. As 
per the company, it is possible to 

obtain numerous cells by using 
a small sample. The reaction 
takes place in a bioreactor fed 
with nutrient-rich medium and 
naturally-occurring growth 
factors. A bioreactor is a vessel 
containing culture medium for 
the cells to grow in large numbers. 
The moment the required 
number of cells is achieved, 
which eventually fuses to form 
the desired muscle tissue, feeding 
of growth factors is stopped. The 
cells then follow their natural 
growth mechanism and merge 
forming myotubes (cylindrical 
cells	 found	 in	muscle	 fibre).	 The	
myotubes are then kept in a gel 
containing more than 90 per cent 
water. This further promotes the 
formation	 of	 muscle	 fibres.	 The	
innate tendency of muscle cells 
to contract gives rise to muscle 
tissue by bulk formation. All 
the strands when piled together 
leads to the formation of the 
desired meat product of interest. 
Additionally, through the 
utilisation of food technologies, 
the meat tissue can be processed 
into different products such as 
minced meat. The entire meat 
development process does not 
involve any genetic manipulation. 

Difference from the 
normally consumed 
or traditional meat
One would be curious about the 
uniqueness of this technology 
and how it is different from the 
traditionally consumed meat. The 
answer is that this meat is not 
dependent on animal slaughter 
and yet can be relished in the 
form of real meat. It is a treat for 
consumers having an appetite for 

 Diagrammatic representation: The stages involved in the industrial  
production of artificially-synthesised meat
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meat without the need to kill any 
animal and compromising with 
the	taste	or	flesh	feel.	One	of	the	
major advantages of preparing 
meat in-vitro is that a small cell 
sample from the muscle of a 
live animal can be turned into 
trillions of cells, thereby making 
the meat productivity higher 
in comparison to conventional 
meat. In addition, only the 
desired material is obtained 
without the wastage or dumping 
of other organs, which is not the 
case with the conventional meat 
extraction process. However, 
its nutrition, when compared 
to traditional meat remains the 
same. With time, as research 
and innovations strengthen, this 
technology, apart from providing 
animal	 protein,	 can	 be	 fortified	
with other nutrients, thereby 

making it further attractive for 
the consumers on a larger scale. 

Potential factors 
associated with lab-
grown meat technology 
adoption 
There are several factors 
connected with the need for 
lab-grown meat or in-vitro meat 
adoption on a large scale out of 
which, some factors still require 
rethinking. 

Lab-grown meat 
supports animal welfare
As discussed	 above,	 the	 first	 one	
is related to the concern regarding 
animal slaughter, indicating 
immense cruelty to animals. Many 

organisations and individuals are 
taking steps towards bringing an 
end to this cruel practice. Hence, 
this novel technology is projected 
to be in high demand supporting 
the avoidance of killing live 
animals. With the promotion of 
animal welfare aimed at moving 
away from total animal suffering, 
meat-slaughter alternatives such 
as lab-grown meat are steadily 
progressing, thus, offering a 
sustainable approach for all 
meat consumers. This also 
contributes to freeing animals 
from behavioural restrictions, 
suffering painful procedures, 
health problems arising from 
artificial	 production	 processes,	
and stressful events like animal 
transport to slaughterhouses or 
markets. 

Growing food demand 
with increasing 
population and 
growing urbanisation
The second driving factor, 
which is quite important as 
well, involves the increasing 
demand for food with the rising 
population. The lab-grown meat 
technology supports one of the 
sustainable development goals of 
the United Nations, namely Zero 
Hunger. It was predicted by the 
United Nations in 2009 that the 
world food demand will surge to 
almost double by the end of 2050 
in order to satisfy the hunger of 
the growing population. As per 
the World Bank estimates, the 
global population in 1960 was 
estimated at 3.031 billion which 
grew to almost 7.7 billion by the 
end of 2019. The United Nations 

Evolution of meat consumption
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also predicted that by 2030, 
the global population will rise 
to 8.5 billion, around a 10 per 
cent increase from 2019. By the 
end of 2050, the population is 
further predicted to increase by 
26 per cent to achieve a size of 
9.7 billion, and by 2100, to 10.9 
billion. 

This further indicates an increase 
in food demand, especially if we 
include the growing preference 
of people in the world towards 
the adoption of western 
culture along with increasing 
urbanisation, shrinking cultivable 
land area, and increasing income. 
All these factors point towards 
ever-increasing demand for 
meat and dairy products apart 
from staple food such as wheat, 
rice,	and	maize.	For	fulfilling	this	
need, innovative strategies were 
predicted to come into practice. 
Lab-grown meat adds to this 
initiative supporting the global 
food need to combat hunger. 
The only problem lies in the 
fact that the cost of producing 
meat in the lab is quite high and 
thus not affordable for people 
belonging to all sections of 
society. The companies involved 

in this business estimate 
that production scale-up will 
eventually solve the cost issue 
with time. In India too, there are 
companies coming up for the 
development of in-vitro meat. 
Additionally, big food companies 
are investing in startups involved 
in the production of cell-based 
meat, further supporting in-vitro 
meat business expansion. 

With the world undergoing 
a major economic crisis due 
to COVID-19 and people 
striving hard to make a living, 
a technology with a capability 
of high production through the 
utilisation of minimum raw 
material and wide distribution 
will	definitely	prove	to	be	a	boon	

for their survival as a supplement 
to other food sources. However, at 
present, being at an infant stage, 
the technology is expensive. 

The global urban population, in 
terms of the percentage of the 
total population in the world, 
surged from 33.6 per cent in 
1960 to 44.5 per cent in 1994 and 
to 50.1 per cent in 2007. In 2019, 
the urban population percentage 
(per cent of the total population) 
increased to 55.7 per cent (source: 
The World Bank Group). 

This trend will continue as a 
greater number of people are 
becoming well-educated and 
are moving to cities desiring 
a better lifestyle with better 
opportunities. The ‘explosive 
growth’ in urban areas of the 
world as termed by the United 
Nations Population Division, 
signifies	 a	 shift	 from	 rural	 to	
urban areas. It also indicates a 
transition from an agriculture-
based economy to the adoption 
of mass-production industry, 
technology, and services, further 
favouring the adoption of lab-
grown	 meat,	 specifically	 for	
people having a real meat 
appetite. 

The global urban population in terms of the percentage of the total population in 
the world (Source: The World Bank Group)

The per capita meat (beef, veal, pork, poultry, and sheep) consumption (in kg) of 
select countries (2019) (Source: OECD)
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Growing meat 
consumption
It has been estimated that meat 
production in 1988 doubled by 
the year 2018. The production 
surged by four times from 
mid-1960. It has been further 
estimated that by the end of 
2050, world meat consumption 
will attain a size of 460 million 
tons, which is twice what it was 
in 2008 (source: The World 
Counts). The increasing meat 
consumption worldwide is 
attributed to the growing income, 
specifically,	 the	 developing	
regions of the world where the 
middle-income population is 
expanding, providing a strong 
consumer base with a preference 
for animal products for their 
survival apart from other non-
animal-based food products. 
As per the European Union 
estimates, middle-class spending 
is predicted to grow from USD 37 
trillion to USD 64 trillion from 

2017 to 2030. It has been further 
predicted by the organisation 
that by the end of 2030, India 
will be the largest middle-class 
consumer market in the world, 
exceeding those of the USA and 
China. 

The increase in demand for 
animal-based protein is in 
line with food security and 
sustainability technology 
necessitating adoption on 
a wider scale. One of the 
interesting facts about lab-grown 
meat is that it can be turned into 
a variety of products according 
to	 the	 specific	 requirements	 of	
different age-group consumers. 
Here, people with medical 
needs will also be considered 
as a separate consumer group. 
Furthermore, the increasing 
elderly population worldwide is 
pushing the consumers 60 years 
of age or above to consume more 
protein owing to healthy ageing 
initiatives, thus, strengthening 

the lab-grown meat business. 
As per the United Nation’s 
estimates, the population above 
65 years or older is growing 
faster in comparison to the 
population in other age-groups. 
By the end of 2050, it has been 
predicted that 16 per cent of 
the individuals worldwide will 
be above 65 years of age, up 
from 9 per cent, as recorded in 
2019.	 In	2018,	 for	 the	 first	 time	
in history it was recorded that 
the number of individuals aged 
65 years or older exceeded the 
number	of	children	less	than	five	
years of age at the global level. It 
is estimated by the organisation 
that the number of individuals 
aged 80 years or above will grow 
three-fold to attain a population 
size of 426 million by the end 
of 2050 from a population size 
of 143 million in 2019. The fact 
of expanding senior population 
is attributed to enhanced 
longevity with advancements in 
healthcare.  

Singapore has been declared the first country for attaining sales approval of  
lab-grown meat (Source: Google images open search)
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a healthier alternative 
for conventional meat
Significant	 efforts	 are	 being	
made to maintain cleanliness 
at workplaces to avoid viral 
transmission. Also, with 
substantial efforts taken by the 
government to stop food-borne 
illnesses, improvements are 
being made globally through 
the development of laws and 
regulations for food safety. 
Lab-grown meat is free from 
antibiotics	 and	 artificial	 growth	
hormones, which is still a 
subject of concern as it damages 
human and animal health by 
developing antibiotic resistance 
(AR) in them.  According to the 
Antibiotic Resistance threats 
report, 2019 of the Centers for 
Disease Control and Prevention 
(CDC), USA, over 2.8 million 
antibiotic-resistant infections 
take place in the United States 
every year. This results in 
deaths of over 35,000 people. 
An additional attraction of lab-
grown meat is that it is free from 
any genetic manipulation, which 
is a controversial topic and is 
not acceptable to many people 
worldwide. 

assessment of the 
environmental impact
It is predicted that cultured 
meat will contribute to reducing 
methane in the atmosphere 
released by farm animals. In 
addition, as conventional meat 
production demands enormous 
land and water usage for rearing 
animals, the new technology 
is predicted to be sustainable. 
With less arable land available, 

it becomes quite challenging for 
farmers	 to	 grow	 sufficient	 crops	
for food and feed purposes. Also, 
large-scale deforestation for 
grazing purposes in traditional 
meat production is contributing 
to climate change. Use of synthetic 
fertilisers to grow feed crops for 
animals poses yet another risk to 
the environment. 

Contradicting the above-stated 
assessment, a recent study 
from the University of Oxford 
predicted that the potential of 
reducing environmental issues 
by cultured meat is yet unclear. 
It is mainly because researchers 
are uncertain about the lab 
culturing of meat with resources 
that are not eco-friendly. 
Furthermore, with time, as the 
demand for food soars with the 
growing population and changing 
consumer lifestyle patterns, 
there are high chances that a 
greater number of companies 
will enter the market along with 
the growing meat demand. This 
will also require animal rearing 
as healthy cells will require good 
animal health. Every company 
will need to invest a substantial 
amount in the installation of their 
own	farms	specifically	for	raising	
animals for healthy muscle tissue 
production in labs. Thus, the 
impact of lab-grown meat on 
climate or environment requires 
rethinking as, in reality, it could 
create a scenario opposite to what 
is being calculated hypothetically. 
This	 is	 specifically	 attributed	 to	
the huge production required in 
order to satiate the future food 
demand, which will continue to 
rise. 

regulations for  
lab-grown meat
There are regulations coming up 
in support of lab-grown meat 
or cell-based meat technology. 
Regulatory organisations such as 
the European Union and USFDA 
are taking responsibility to 
ensure that the lab-grown meat 
consumed by the consumers is 
safe. They are also working on 
the labelling of these products. 
In addition, the cultured meat 
containing	 genetically	 modified	
ingredients will be separately 
regulated on the basis of risk 
analysis, public acceptance, and 
certain economic considerations. 

Conclusion
The lab-grown meat technology, 
if proven successful with time 
in satiating the meat hunger of 
the people, might give tough 
competition to the plant-based 
meat business. This is mainly 
because the customers with a 
meat	 appetite	 crave	 for	 flesh	
feel during the consumption 
of a false-meat diet. Hence, the 
demand for real animal-based 
meat grown in laboratories is 
assessed to be sustainable with 
several ventures coming up. 
Also, strategic collaborations 
among organisations that include 
food companies and research 
organisations are gearing 
towards the effective utilisation 
of this technology for satiating 
global hunger. Soon, the end-
product will be seen on retail 
shelves on a large-scale. 
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Green Technology. Green Future. 
Go Green. These are all popular 
buzzwords. The word Green 
is common to these themes. 
Intrinsic also is the hope that our 
planet will remain verdant and 
viable. At the moment an over-
populated Earth is lurching along; 
much of its resources depleted to 
worrisome levels. It is imperative 
that solutions be found to assure 
that the generations to come 
will continue to enjoy the same 
resources that generations 
before them have enjoyed. To 
guarantee this, sustainable 
practices must be adopted, and 
integrated solutions must be 
found. Technologies must be 
created that facilitate reuse or 
re-cycling and replenishment of 
resources. 

This was the context behind the 
theme, ‘Innovate for a Green 
Future’ that the World Intellectual 
Property Organisation adopted in 
the Corona-cursed 2020. There 
was strong argument behind 
adopting this theme.

Adequate food for all is one of the 

clarion calls for a green future. 
It needs immediate response. 
No one should remain hungry. 
However, given the burgeoning 
population and the dwindling 
agricultural lands available, this 
poses a great challenge indeed. In 
this context, plant-breeding is the 
answer to developing more hardy, 
more resilient, and better crops. 
The rights of those who create 
such varieties must be protected 
too. Many countries individually, 
as well as collectively, have taken 
IPR-related steps to do so.

International union for 
the Protection of new 
varieties of Plants 
(uPOv)
On 2 December 1961, the 
International Convention for 
the Protection of New Varieties 
of Plants was adopted in Paris, 
France. Today, the International 
Union for the Protection of New 
Varieties of Plants (UPOV) is an 
inter-governmental organisation 
with headquarters in Geneva, 
Switzerland. It marks the global 

recognition of the rights of 
plant breeders. UPOV’s mission 
statement is: “...provide and 
promote an effective system of 
plant variety protection, with 
the aim of encouraging the 
development of new varieties of 
plants,	for	the	benefit	of	society.”

To understand IPR rights of 
plant breeders, it is important 
to understand that even under 
a single species of plant it is 
possible to have many varieties; 
each with different traits. Just 
take the humble brinjal as an 
example. There are purple 
brinjals, white brinjals, and green 
brinjals. There are round brinjals 
and elongated ones. Then, there 
are large brinjals and those 
ones that never grow any bigger 
than the size of a small tomato. 
However, whatever the colour, 
shape or size; all are varieties 
of brinjals. The market demand 
for each may vary according to 
the choice of local customers 
planning the daily menu but 
farmers across the country 
choose the variety they think will 
be	economically	more	profitable.	

IPr Corner

IPR and Plant 
Breeds: Innovating 
for a Green Future
Dr. SuKanya DaTTa
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They want varieties that have 
better productivity with less 
demand for agricultural inputs.

Usually different traits are linked 
to more desirable qualities such 
as better resistance to pests and 
diseases, hardiness in the face 
of drought or salinity, or higher 
nutritive value to name just 
a few qualities. Thus, the link 
of improved varieties to food 
security is clear. Such varieties 
are often selectively bred by 
farmers or agriculture-scientists 
to meet a felt-need.

This is not an easy task. Creation 
of a successful cultivar takes time. 
It calls for great knowledge and 
skill not to mention resources 
such as specialised equipment, 
land for test-growing the plants 
and	 financial	 investment.	
However, successful creation 
of improved cultivars of fruits, 
vegetables, leafy-plants, and 
ornamentals, can substantially 
enhance income. It can open up 
new markets internationally with 
a boost to economy. Thus, there is 
a lot at stake and plant-breeders 
should be aware of their rights.

Once granted under the 1991 
Act of the UPOV Convention, the 
Plant Breeder’s Right remains in 
force for a minimum of 25 years 
from the date of being granted 
the right in the case of trees 
and vines. The time frame is 20 
years in the case of other crops. 
The Right remains valid in the 
territory where it was granted. 
In case of inter-governmental 
organisations, validity applies 
in all the member states of that 
organisation.

Protection 
of Plant 
varieties and 
farmers’ rights 
Authority, India
India has also 
been proactive in 
recognising the need 
to safeguard the rights 
of plant breeders. 
An Act of Parliament 
established The 
Protection of Plant 
Variety and Farmers’ 
Right Act, 2001 
(PPVFR Act). The 
PPV&FR Act grants 
IP-rights to plant breeders, 
researchers and farmers. It also 
ensures effective protection to 
newly developed plant varieties. 
Additionally,	it	provides	a	fillip	to	
the development and cultivation 
of new varieties of plants. (www.
fao.org/3/ca7945en/ca7945en.
pdf)

The website of the Protection 
of Plant Varieties and Farmers’ 
Rights Authority, India: a 
statutory body created by 
an Act of Parliament (www.
plantauthority.gov.in) clearly 
states that, “...to accelerate 
agricultural development, it 
is necessary to protect plants 
breeders’ rights to stimulate 
investment for research and 
development for the development 
of new plant varieties....Such 
protection is likely to facilitate 
the growth of the seed industry 
which will ensure the availability 
of high quality seeds and planting 
material to the farmers.” 

The Protection of Plant Varieties 

and Farmer’s Rights Authority 
grants exclusive rights to 
those who have bred/evolved/
developed any new plant variety. 
Thus, the role of IP in ensuring 
the rights of plant-breeders is 
strongly enshrined.

The IPR granted takes into 
cognizance both the variety and 
the denomination assigned to it 
by the breeder. IPR under this 
Act is, ‘heritable and assignable’. 
However, for this to be conferred, 
the plant variety has to be 
registered. 

To be registered, a new plant 
variety has to conform to the 
criteria of novelty, distinctiveness, 
uniformity and stability. 

Novelty, in this case means that 
the new plant variety (on the 
date	 of	 filing	 of	 the	 application	
for registration for protection) 
has not been sold or otherwise 
disposed of by (or with the 
consent of) the breeder for the 
purpose of exploitation of such 
variety within a stipulated period 
of time (in India, earlier than one 

(Source : www.plantauthority.gov.in/pdf/G_ 
Brochure_New_English.pdf)
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year or outside India, in the case 
of trees or vines earlier than six 
years; for other cases, four years). 

Distinctiveness means that the 
new variety has at least one 
essential characteristic that 
differentiates it from any other 
variety whose existence is a 
matter of common knowledge in 
any	 country	 at	 the	 time	 of	 filing	
of the application. 

Uniformity, as the term suggests, 
means that the new traits in the 
variety under study are same/
similar in all the individual plants. 
In short, it alludes to consistency 
in the expression of the traits in 
each plant.

Stability, in this context, means 
that the new variety retains 
its essential characteristics 
in an unchanged manner 
even after repeated rounds of  
propagation. 

Distinctness, Uniformity and 
Stability are collectively referred 
to as DUS!

Once these four criteria are met, 
the applicant has to assign a 
single and distinct denomination 
to the variety with respect to 
which registration is being 
sought. IPR of new plant varieties 
allows the breeders to recoup 
their investments. It helps them 
to cover the risks/costs of a 

value-added innovation to a 
biological resource keeping in 
mind that such plants may be 
easily propagated by anyone 
at all. We must remember that 
the letter I in Innovate is also 
the	 first	 letter	 of	 Intellectual	
Property Rights. It is also the 
first	 letter	 of	 the	 phrases:	 I	 can.	
I will. I should! I MUST! It goes 
without saying that all the IPR-
protected innovations pivoting 
around sustainability will have 
far reaching consequences for all 
life on Earth.

(More details: www.nbaindia.
org/uploaded/Biodiversityindia/
L e g a l / 3 0 . % 2 0 P P V F R % 2 0
Act%202001.pdf)

The IIFL Wealth Hurun India 
Rich	List	2020	has	identified	828	
Indians with minimum net worth 
of `1,000 crore. Their purchasing 
power	 defies	 belief.	 However,	
over the last few years even 
the average Indian consumer’s 
purchasing power has seen a 
surge. 

With rise in income, brand-
consciousness increases among 
consumers. India is no exception. 
To	 reflect	 this	 trend,	 many	
luxury brands have entered the 
Indian market. Unfortunately, 
there is no denying that the 
pandemic in 2020 rather pulled 
the carpet from under the feet 
of the luxury sector with many 

other businesses struggling to 
survive and consumer demand 
plummeting. However, many 
threats are opportunities in 
disguise. A recent report in The 
Economic Times states, “Luxury 
companies across sectors, from 
apparel to auto; from hospitality 
to	health	and	from	food	to	fitness,	
have pivoted their business 
models to ensure immediate 
survival alongside long-term 
resilience and growth.”

It is safe, therefore, to presume 
that as the world emerges from 
the shadow of the virus, the 
demand for luxury goods would 
sky-rocket. As the world discards 
the masks, the niche luxury 

segment will be rejuvenated. This 
is but a matter of time. 

Fashion represents a massive 
opportunity for entrepreneurs 
in	 different	 fields.	 Be	 it	 the	
textile, the accessories, the 
designs, the company/brand 
logo or applications, each and 
every facet of creativity needs 
intellectual rights protection. 
This is a humongous task indeed. 
Then established brands need 
to be aware about the loss of 
revenue due to piracy, especially 
with e-commerce taking off in a 
big way.

Low-cost, copy-cat replicas of 
expensive designer-wear make 

IPR, Fashion, Luxury 
and Piracy



INVENTION INTELLIGENCE | January-February 202150

roaring sales. At its simplest 
it involves visiting the local 
tailor with a picture. At its most 
sophisticated, it involves well-
known brands exploiting the 
talents of lesser-known individual 
artists. It may also mean one 
fashion house charging the 
other with plagiarism. Whatever 
the situation, one fact remains 
unchanged. The original creator 
is short-changed and does not get 
due recognition and/or revenue.

To prevent such situations the 
creator ought to take necessary 
steps to register under the 
appropriate provisions of 
Intellectual Property Laws. For 
example, copyright laws can 
protect the original designs of 
the prints used, the patterns 
and all aspects of the design of 
the apparel or accessory. This 
includes shoes, handbags, belts, 
etc. If the garment designed has 
an innovative twist then that 
design can be granted a design-
patent.

The company logo can be 
registered as a trademark. The 
House of Valaya, established by 
noted Indian fashion designer 
J.J.	 Valaya	 was	 the	 first	 Indian	
company to protect its logo 
design (Valaya Diasun) as both a 
trademark and a work of art. Their 
design incorporated two inverted 
V’s and the Sun motif. This motif 
is	 affixed	 on	 every	 garment	 that	
has authentic provenance linking 
it to the company. It asserts 
that the garment is authentic. 
No unauthorised use of such 
trademark is permitted.

Unfortunately, not everyone with 
appreciation for high-end fashion 
garments and luxury goods can 
afford them. Often aspirations 
clash with buying ability. This is 
the segment that counterfeiter’s 

exploit by providing replicas of 
luxury goods. For example, fake 
Rolex watches are often sold at 
a fraction of the price. Not all 
buyers are duped. Many buy 
the well-made fakes knowingly 
because these look almost like 
the original product but cost very 
little. The result is revenue loss 
for the original company. 

Something worse happens when a 
buyer is duped into buying a fake 
that is packaged as an original. 
Obviously, the fake can never be 
as good and the buyer feels let 
down by the company perceived 
to be the creator of the product. 
Trademark infringements thus 
end up eroding brand values.

However, just registering a 
trademark may not be a guarantee 
that copycats will not infringe it. 
Sometimes a well-known brand 
name in the luxury/fashion 
segment has needed to go to 
court to defend its trademark 
being used in a completely un-
related	 field.	 Reportedly,	 an	
Italian luxury brand of fashion 
and leather goods had to 
legally prevent a wire and cable 
manufacturer from doing so. 
Although luxury goods are far 
removed from cables and wires, 
hard-earned business goodwill is 
not to be squandered.

The holder of the trademark needs 

to defend it aggressively to send 
a strong message. Most fashion 
houses do so. For example, all 
the shoes designed and created 
by Christian Louboutin have a 
red sole. Since 1992, the soles 
of Louboutin shoes are coloured 
a	 specific	 shade	 of	 red.	 It	 is	
Pantone 18 1663TP. This colour 
acts like a signature. It is a status 
symbol. People who can afford 
these shoes ‘know’ that the red 
underside of the shoe broadcasts 
the fact that it is an original 
Louboutin. The company defends 
its trademark colour because the 
apprehension is that once red 
soles on shoes became common it 
will no longer be an aspirational 
object. When everyone begins to 
buy red-soled shoes, the novelty 
of the original will fade – it would 
lose its tag as a status symbol.

But can a colour be trademarked? 
This point is still open to 
interpretation and context, 
which is what makes the study 
of trademarks so interesting. 
Louboutin once went to court for 
a trademark violation case. This 
was in the USA, against Yves Saint 
Laurent. Finally it was decided 
that Yves Saint Laurent could 
make a shoe that was entirely 
Pantone 18 1663TP, but could 
not make a shoe with Pantone 18 
1663TP sole and a contrasting 
upper-part. 

(Source : brandsandfakes.com/the-battle-between-the-original-vs- 
fake-products-in-the-fashion-industry/246/)
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When it comes to fashion and 
luxury goods, there is another 
huge issue. The burgeoning 
business of online sale has 
opened a new Pandora’s box. 
Unscrupulous businessmen have 
created websites selling spurious 
items. The fake websites mimic 
the original websites so closely 
that customers are easily duped. 
How can brands protect their 
intellectual property in the face 
of such anonymously conducted 
operations which are global in 
scale?

Then again, authentic websites 
sometimes get sued when 
counterfeit items are sold by 
individuals using their websites. 
Many luxury brands have 
complained that counterfeit 
merchandise bearing their names 
is sold on online sites. 

In 2004, a well-known American 

luxury jewellery and specialty 
retailer sued an American 
multinational e-commerce 
corporation, which facilitates 
consumer-to-consumer and 
business-to-consumer sales 
through its website. Finally, the 
courts ruled that the e-commerce 
site had not infringed the 
trademark as it did not itself 
sell counterfeit goods; only the 
fraudulent vendors did. From the 
perspective of online platforms 
it must be said that many sites 
that allow individuals to use 
their platform to negotiate sales 
(for a fee) never see the product. 
So, how can they make sure that 
intellectual property rights are 
not being violated?

The situation is becoming 
more and more complicated 
as technology is becoming 
increasingly more sophisticated. 

For example, 3-D printers are 
being used to create counterfeit 
products. Smartphones, social 
media platforms and online apps 
that allow private groups to 
be set up are being used to sell 
counterfeit products. 

As more and more e-business 
portals open up, these issues will 
need to be addressed. Currently it 
appears that the legal provisions 
in place are not proving to 
be	 sufficient	 deterrents	 for	
counterfeiters of luxury and 
fashion items. However, as 
always, awareness, vigilance and 
taking swift legal steps remain 
chief	weapons	in	this	fight.
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The Ministry of Earth Sciences 
(MoES), Government of India, 
with its network of institutes 
spread across the country, 
touches everyday lives of Indians. 
A variety of services ranging from 
weather forecasts, air quality 
measurements, earthquake 
alerts, and warnings for tsunami, 
cyclones, and extreme weather 
events cater to the essential 
needs of Indian citizens. The 
present article highlights recent 
inventions and innovations in 
these areas from the MoES that 
have impacted the lives of the 
people of India. 

1.  Improving the 
livelihoods of 
fisherfolk

Researchers at the National 
Institute of Ocean Technology 
(NIOT) in Chennai have 
developed a technology that 
helps	fisherfolk	to	culture	marine	
fishes	 in	 the	 natural	 open	 sea	

environment. The technology 
enables	coastal	fisherfolk	to	rear	
fishes	in	customisable	cages.	For	
instance,	 fisherman	 can	 choose	
the	 fish	 species	 that	 they	 want	
to breed and the time of seeding 
and harvesting in the natural 
sea environment. It also assures 
them income when they cannot 
afford a regular catch during 
fishing-ban	 periods	 and	 bad	
weather.

The technology, known as 
‘open sea cage’, is a two-step 
process. First, farmers set up 
open sea cages by assembling 
parts at the beach, dragging 
them to the sea and stabilising 
them by mooring. In the second 
step,	 farmers	 stock	 fish-seeds	
in nursery cages, followed by 
culturing them in bigger grow-
out	cages,	and	finally,	harvesting	
them for sale. The whole process 
is labour intensive but helps 
farmers increase their income 
and sustain a livelihood. 

Step 1: Setting up the cage   

To carry out open sea cage culture 
of	marine	fish,	a	group	of	farmers	
have to set up nine-metre wide sea 
cages in open waters. Choosing 
the right site for the cage is an 
important factor that determines 
the	success	of	the	fish	culture.	An	
ideal site should allow for stable 
mooring, be less exposed to strong 
currents, and have good quality 
water that is unpolluted and well 
oxygenated. For this, researchers 
at NIOT advise farmers about the 
right sites based on the potential 
cage culture site map created 
using GIS (geographic information 
system) data, which is obtained 
from satellites. Once the right site 
is chosen, farmers assemble the 
cage on the beach and drag it to 
set up the site. It is then moored 
to	 the	 ground	 so	 that	 it	 is	 afloat	
yet stable. This is followed by an 
inspection by NIOT personnel 
to	 affirm	 that	 the	 set-up	 is	 good	 
to go.

 Inventions & Innovations
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Step 2: Rearing marine fishes in 
open sea cages 

When the open sea cage is set, 
fishermen	 stock	 fish	 seeds	 into	
the cages. Fish seeds are small 
fingerlings,	3	centimetres	in	size,	
which have recently hatched 
from eggs and reared in hatchery. 
They	 put	 these	 fingerlings	 or	
baby	 fishes	 into	 nursery	 cages,	
which are small cages deployed 
inside the big grow-out cages. 
Fish seeds are given pellet feed 
at a rate of 5-10 per cent of the 
bodyweight twice a day for about 
40 days. 

When	 baby	 fishes	 attain	 a	
weight of nearly 20 grams, they 
are transferred from nursery 
cages to bigger cages where 
they are cultured for another 

six to eight months, depending 
on	 the	 species.	 When	 the	 fishes	
are ready; that is, when they 
have grown to marketable size, 
they are harvested and sold 
in the open market. So far, the 
technology has been successfully 
demonstrated	for	five	fish	species	
namely	 milkfish,	 parrotfish,	 sea	
bass, cobia, and pomano. 

Open sea cage culture of marine 
finfish	 (any	 fish	 with	 fins,	 as	
distinguished from other kinds of 
fish,	especially	shellfish)	has	been	
demonstrated in Andhra Pradesh 
(Kotachatram and Thupilipalem), 
Tamil Nadu (Olaikuda), and 
Andaman Islands (North Bay). 
It	 has	 helped	 several	 fishermen	
self-help groups (of nearly 50 
fisherfolk)	 in	 Olaikuda,	 Tamil	
Nadu, and generated income 

worth 4.2 million rupees to date. 

According to Dr. G. Dharani, 
scientist and group head of the 
Marine Biotechnology Division of 
NIOT, who led the research, “NIOT 
is working to take this technology 
to more states in the future. 
Kerala, Gujarat, Maharashtra, 
and West Bengal have immense 
potential. It will be a big boost to 
Indian marine culture, especially 
coastal farmers,” he said. 

Challenges to large-scale 
implementation  

India has a long coastline of 8,129 
kilometres (including Andaman, 
Nicobar, and Lakshadweep 
islands). Hence, it is possible to 
expand	 open	 sea	 cage	 fishing	
technology in multiple states. To 

farmer group setting up the cage on the beach with help from researchers (left), dragging the cage to the sea  
(middle), and stabilising it by mooring (right)

Nursery cages deployed in big cages (left), farmers stocking fish seeds (middle), fish fingerlings growing  
inside nursery cages (right) 
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transform this into a reality, a few 
challenges need to be addressed. 
For example, infrastructure such 
as cage components, knotless 
nets, antifouling treatments, 
mooring components, and marine 
finfish	 feed	need	 to	be	produced	
indigenously to bring down 
cost and increase availability. 
More private hatcheries need 
to be set up for production of 
large	 number	 of	 finfish	 seeds.	
Existing hatcheries need to 
upscale to provide more seeds 
and	more	 variety	 of	 marine	 fish	
species, especially those which 
are commercially important. 
As industries enter this space, 
insurance and sea licensing 
policies will have to be crafted 
and suitably implemented. 

The road ahead 

Open sea cage farming has the 
potential to produce one million 
metric	 tons	 of	 marine	 fish	 per	
year	 and	 significantly	 increase	

farmers’ incomes in offshore 
locations of India. Therefore, 
state and union territory 
authorities	 of	 fisheries	 should	
devise a comprehensive plan to 
implement and promote open 
sea	 cage	 fishing	 in	 the	 country.	
The plan should include charting 
out an approach for sea licensing. 
Farmers should be made aware 
of and trained to adopt open 
sea	 cage	 fishing	 technology	 in	 a	
profitable	yet	sustained	manner.	

The research group, which 
developed and implemented 
open sea cage technology 
includes scientists Dr. G. Dharani, 
J. Santhanakumar, G. Rajaprabhu, 
P. Venkateswaran, Dilip Kumar 
Jha, R. Sendhil Kumar, N.V. 
Vinithkumar, and R. Kirubagaran, 
who worked under the guidance 
of Dr. M.A. Atmanand, Former 
Director, NIOT. The technology 
is a part of the ‘farming the 
seas for the future’ initiative of 

the Ministry of Earth Sciences 
(MoES), Government of India.  

2.  restoring lost 
Indian beaches 

Puducherry, a union territory 
located on the southeast coast of 
India, did not have a sandy beach 
in the recent past. The Puducherry 
beach was continuously being 
lost to erosion due to natural 
causes, storms, and human-
made activities since the harbour 
construction in 1986. To save 
the coastline, the Puducherry 
government constructed sea 
walls and groins, but it could not 
restore the beach. Then scientists 
from the National Centre for 
Coastal Research (NCCR) and 
NIOT in Chennai came to the 
rescue. They developed a 
shoreline management plan 
for Puducherry, based on a 
technology called ‘submerged 
artificial	 reef’	 to	 restore	 the	 lost	

When cultured fishes grow to full size (left) they are harvested (middle) and sold to exporters (right)

Hands-on training of farmers by researchers at NIOT, Chennai regarding open sea cage fishing (left)  
and cage fabrication/mooring assembly (middle, right)
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beach. It was installed in 2018 
and has restored the Puducherry 
beach in less than two years. 
Today, the Puducherry beach is 
a tourist spot that is lively and 
growing.

The restoration of Puducherry 
beach was done in two phases. 
The	first	phase	was	a	pilot	beach	
nourishment of 50,000 cubic 
metres using dredged sand from 
the harbour mouth. It resulted 
in the formation of a beach up to 
60 metres and the Puducherry 
government requested for 
restoration of the beach along 
the city promenade. In the 
second phase, a submerged 

artificial	 reef	 was	 installed	
along with beach nourishment 
to restore the beach along the 
promenade. 

A	 submerged	 artificial	 reef	 is	
a triangular wedge-shaped 
structure made of steel. It has 
a massive body with a length of 
170 metres and a width of 110 
metres. It weakens the incoming 
waves and causes the sand 
to deposit on the beach. This 
process helps the beach to grow 
with time. 

The road ahead 

The	 submerged	 artificial	 reef	

technology has a huge potential to 
restore and save eroded beaches, 
which are tourist hotspots. They 
are also vital to marine growth, 
the environment, and coastal 
economies. Considering the very 
long coastline that India has, this 
technology can prove to be a 
game-changer for restoring lost 
beaches in the future. 

The research group who 
developed and implemented 
submerged	 artificial	 reef	
technology includes scientists 
M.V. Ramana Murthy, S.V.S 
Phani Kumar, Mullai Vendhan, 
Satya Kiran Raju, and Shyamala 
Varthini. 

Puducherry had almost no beach in 2016 although sea walls were present that protected the coastline  
(left). The beach was restored and growing in 2020 to nearly a kilometre (right). 

Rainbow nourishment using dredged sand from the harbour (left). Installation of the submerged  
artificial reef made of steel, which restores the beach and helps it to grow with time (right). 
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A large number of tourists are now seen at the beach in 2019 (left) and an aerial view of the completed project (right)

3.  Saving marine 
buoys 

A	 moored	 buoy	 is	 a	 floating	
platform on the sea. In everyday 
life, moored buoys serve many 
purposes, such as observatories 
for weather, ocean and tsunami, 
as maritime milestones for 
guiding ships, markers for 
fishing,	 moorings	 of	 boats,	
yachts, and temporary stations 
for divers, etc. Damage to 
buoy systems, intentionally or 
unintentionally by ships, boats, 
and humans causes loss of data 
for early warning, and loss on 
the cost of the instrument, repair, 
re-installation and ship time. 
To address the issue of damage 

to marine buoys, NIOT under 
the MoES has come up with an 
Integrated Marine Surveillance 
System or IMSS. 

IMSS can interface with met-
ocean sensors and cameras. 
It can be linked through a 3G 
network, Global System for 
Mobile Communications (GSM), 
General Packet Radio Service 
(GPRS) and satellite telemetry 
for obtaining real-time data, 
and transmission of videos and 
images. It can serve a variety of 
purposes such as research, port 
facility, defence, and protection of 
coastal infrastructure. IMSS can 
be used to conduct unattended 
marine bio-diversity studies.  

IMSS has a unique data reception 
and dissemination software called 
ADDRESS which enables the 
transfer of data and information 
to the user community, and 
finally	 to	 society	 without	 any	
delay. With the use of ADDRESS, 
data and information are made 
available even to non-domain 
experts in visual form without 
compromising	 scientific	 rigour	
and quality. 

The research group which 
developed and implemented 
the IMSS includes scientists 
Venkatesan Ramasamy, M.A. 
Atmanand, Ramasundaram 
Subramanian, Vengatesan 
Gopalkrishnasamy, Sundar 
Jesuraj Sebastian, and M. Arul 
Muthiah. The Indian Patent 
Office	has	granted	 IMSS	a	patent	
(number 32286) for its novelty, 
non-obviousness, and utility. 
Navy, Coast Guard and ports have 
shown interest in implementing 
the IMSS.

A marine buoy (left) and the Integrated Marine Surveillance System or IMSS 
developed by the NIOT, MoES (right).

Dr. Bhavya Khanna
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Scientists devise new 
method for accelerated 
evaporation of droplets
Researchers at Indian Institute 
of Technology (IIT), Guwahati 
have developed an advanced 
technique for rapid evaporation 
of droplets. It is a novel method 
of controlling the overall lifetime 
of a droplet. The inferences 
drawn from this study could have 
far-reaching implications ranging 
from biomedical engineering to 
biological sample diagnostics, 
ink-jet printing, surface 
patterning, and many more, say 
researchers.

“We have seen in our daily life that 
fluids	 are	 transported	 by	 using	
pumps and compressor, but with 
the advent of miniaturisation, 
a	 small	 fluid	 volume	 can	 be	
transported from one place to 
another, whatever the distance, 
by using default driving 
mechanism. Our research work 
is focussing on the manipulation 
of	 small	 fluid	 volumes	 using	
an externally applied magnetic 
field.	 This	 aspect	 of	 the	 field	
dynamics research is known 
as	 magnetofluidics.	 We	 have	
developed a new state-of-the-
art method of mixing, using 
externally	applied	magnetic	fields	
of	 two	 different	 fluid	 volumes,”	
says Dr. Pranab Kumar Mondal, 
Assistant Professor, Department 
of Mechanical Engineering, IIT 
Guwahati. 

“Mixing is important, especially 

in the area of diagnostics. 
Very often we need to go to a 
pathological centre for diagnosis; 
but for proper diagnosis, 
collected samples are needed to 
be mixed for different reasons. 
Our research will provide a 
new direction towards the 
development of a portable as well 
as cost-effective device for the 
efficient	mixing	of	fluid	samples,”	
Dr. Mondal explains.

Also,	 using	 this	magnetofluidics-
based technique, researchers 
have explored a new avenue for 
controlling evaporation of small 
fluid	volumes.	The	evaporation	of	
fluid	volume	is	critical,	especially	
in applications such as inkjet 
printing, DNA patterning, and 
surface patterning. Researchers 
have established in their recent 
study that using magnetic 
particles of small volume fraction 
and an externally applied 
magnetic	 field,	 the	 evaporation	

rate	 of	 small	 fluid	 volumes	 can	
be expedited. 

With the advent of 
miniaturisation, the effective 
transfer of mass between species 
has	attracted	significant	attention	
of global communities because 
of its wide range of industrial 
applicability. In particular, rapid 
evaporation and mixing between 
droplets have an extensive range 
of engineering applications such 
as biological sample diagnostics, 
ink-jet printing, surface 
patterning, and many more. 

Researchers have found that by 
tuning the strength of applied 
magnetic	 field	 as	 well	 as	 its	
frequency, it is possible to have 
precise control over the lifetime 
of a droplet containing suspended 
magnetic nanoparticles, 
which is an important area of 
biomicrofluidics.	 The	 research	
has shown that the evaporation 

research & Development

Dr. Pranab Kumar Mondal (L) and Sudip Shyam (R)
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rate of the droplet can be 
effectively controlled by varying 
the	 applied	 magnetic	 field	
frequency. 

The results of this study have 
recently been published in the 
journal Soft Matter belonging to 
the Royal Society of Chemistry. 
Apart from Dr. Pranab Kumar 
Mondal, the research team 
comprised of his PhD scholar, 
Sudip Shyam and Dr. Balkrishna 
Mehta (presently at Department 
of Mechanical Engineering, IIT 
Bhilai). (India Science Wire)

Liquid crystal-
nanoparticle 
composites with 
nanoparticles 
synthesised from 
biowaste can reduce 
power consumption 
of display devices 
Scientists have prepared liquid 
crystal-nanoparticle composite 
materials using nematic liquid 

crystal and nanoparticles 
synthesised from biowaste. These 
have the potential to reduce the 
power consumption of display 
devices such as liquid crystal 
displays, mobiles, and laptops. 
These materials are environment 
friendly and less toxic, and hence 
such devices can safely be used 
at	 home,	 offices,	 or	 other	 public	
places without affecting the 
health or the environment. 

A team of scientists from the 
Centre for Nano and Soft Matter 
Sciences (CeNS), Bengaluru, 
an autonomous institute of 
the Department of Science and 
Technology (DST) have prepared 
liquid crystal incorporated with 
porous carbon nanoparticles, 
which	 can	 be	 used	 to	 make	 flat	
panel displays and phase shifters. 

The scientists led by Dr. Veena 
Prasad developed the liquid 
crystal-nanoparticle composite 
materials by incorporating carbon 
nanoparticles synthesised from 
teak wood waste, in collaboration 

with Dr. Gurumurthy Hegde, Prof 
C.N.R. Rao Chair Professor from 
BSN Centre for Nano-materials 
and Displays, BMS College of 
Engineering, Bengaluru. The 
nanoparticle was introduced into 
nematic liquid crystal synthesised 
in a CeNS lab. The team found 
that the incorporation of the 
porous carbon nanoparticles 
into nematic liquid crystal led 
to a decrease of the threshold 
voltage of the composite. Lower 
threshold voltage means that 
smaller voltage is required for 
switching of liquid crystals in 
these composites. This work has 
been recently published in the 
Journal of Molecular Liquids.

Scientist from IIT 
Kanpur develops 
washable adhesive 
and related products
A scientist has developed a sticky 
mat, which takes away dust from 
a contacting surface, ensuring 
a clean, hygienic, healthy, and 
refreshing atmosphere at our 
home,	 offices,	 hospitals,	 and	
laboratories as also smooth 
functioning of many expensive 
equipment. The mat is a low-cost 
one and remains washable and 
usable over many cycles. 

Prof. Animangsu Ghatak from 
the Department of Chemical 
Engineering IIT Kanpur, who 
developed the mat with the 
support of Department of Science 
and Technology, Government 
of India under ‘Make in India’ 
initiative, took inspiration from 
the adhesive pad found in the 
feet of wall-climbing animals, like 
house lizards. 

(A) Variation of transmitted output intensity as a function of temperature, 
(B) Variation of birefringence as a function of temperature, (C) Variation of 

birefringence as function of dopant concentration, for pure liquid crystal and 
liquid crystal-nanoparticle composites, (D) Schematic illustration of interaction of 

nanoparticle with nematic liquid crystal molecules in planar liquid crystal cell
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Example of washable adhesive

The associated adhesive makes 
use of nanoscopic pyramidal 
bumps on its surface to attract 
dust particles towards it, thereby 
cleaning the sole of our shoes 
when we step on it. When the 
adhesive gets completely covered 
with particulate matter, it is 
washed in the same way that we 
wash our clothes. After washing, 
the surface gets back its ability to 
stick and remains usable through 
hundreds of such cycles.

The scientist used a bottom-
up approach to prepare nano-

to micro-patterned surface on 
an elastomer over a large area, 
control the geometry of surface 
patterns by simple methods, 
and test the washability and 
reusability of the adhesive over 
many cycles for the development 
of this mat. It has been validated, 
and an Indian patent application 
has	 been	 filed	 for	 the	 sticky	
mat. It is simple to prepare, 
easy to wash, environmentally 
benign, cost-effective, and can 
be a replacement for materials 
imported for the same purpose. 
The closest substitute is the 3M 

sticky pad that is not washable or 
reusable. 

The new mat can be used in ICUs 
of hospitals, clean rooms, and 
facilities housing sophisticated 
equipment as a component of 
air	 filters.	 The	 technology	 is	
important wherever cleanliness 
and hygiene is desired. The 
product is at present in 7-8 level 
of technology readiness level and 
is yet to be commercialised. A 
pilot plant is being built to make 
the material on a larger scale.  
(DST Media Cell)

Washable adhesive used for catching dust and even mosquitoes inside home

Capturing dust from shoe sole Soiled adhesive Cleaned adhesiveCleaning of soiled adhesive
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S&T advances
Guidelines for acquiring 
and disseminating geo-
spatial data to make 
maps and relevant data 
accessible
The Government has announced 
liberalised guidelines for geo-
spatial data. Giving details of 
the liberalised guidelines at a 
media	 briefing	 in	 New	 Delhi,	
the Union Minister for Science 
and Technology, Earth Sciences 
and Health and Family Welfare, 
Dr. Harsh Vardhan said that 
by liberalising the geo-spatial 
guidelines, the government has 
taken a historic decision that 
will lead to a Rs. one lakh crore 
geo-spatial economy. Addressing 
a	 media	 briefing,	 he	 said	 it	 will	
enable science to become a public 
movement and also to deliver a 
New India to the people of the 
country.

Dr. Jitendra Singh, Minister 
of State for the Ministry of 
Development of North Eastern 
Region;	 Prime	 Minister's	 Office;	
Personnel, Public Grievances and 
Pensions; Department of Atomic 
Energy and Department of Space; 
Professor Ashutosh Sharma, 
Secretary, DST, and Shri Sunil 
Kumar, Joint Secretary, DST, were 
also present on the occasion.

Dr. Harsh Vardhan said, “The 
next generation of technologies 
will use hyper-resolution maps. 
Availability of comprehensive, 
highly accurate, granular 
and constantly updated 
representation of geo-spatial data 
will	 significantly	 benefit	 diverse	
sectors of the economy and will 

significantly	 boost	 innovation	
in the country and greatly 
enhance the preparedness of the 
country for emergency response. 
The availability of data and 
modern mapping technologies 
to Indian companies is also 
crucial for achieving the vision 
of Atmanirbhar Bharat	and	a	five	
trillion-dollar economy.”

The Minister further said, “With 
the advent of publicly available 
geo-spatial services, a lot of geo-
spatial data that used to be in 
restricted zone are freely and 
commonly available now and 
some of the policies/guidelines 
that was used to regulate such 
information have been rendered 
obsolete and redundant.” 

“What is readily available globally 
does not need to be regulated. 
For Indian entities, there would 
be complete deregulation with 
no prior approvals, security 
clearances, licenses, etc., for 
acquisition and production of 
geo-spatial data and geos-patial 
data services including maps,” he 
declared. 

Dr. Harsh Vardhan pointed 
out, “All geo-spatial data 
produced using public funds, 
except	 classified	 geo-spatial	
data collected by security/law 

enforcement agencies, will be 
made	 accessible	 for	 scientific,	
economic and developmental 
purposes to all Indian entities 
and without any restrictions on 
their use. Government agencies 
and others need to collaborate 
and work towards open-linked 
geo-spatial data.” 

“Stakeholders	 benefitted	 will	
include practically every segment 
of	 society	 −	 from	 industry	
to academia to government 
departments,” he emphasised. 
This is a transformative reform, 
the Minister added.

Speaking on the occasion, Dr. 
Jitendra Singh, Union Minister 
of State (Independent charge) 
Development of North Eastern 
Region (DoNER), MoS PMO, 
Personnel, Public Grievances, 
Pensions, Atomic Energy and 
Space, said that the Centre 
has taken a historic decision 
to completely deregulate 
geo-spatial map-making and 
unshackle the geo-spatial sector 
in	India	for	the	first	time.	He	said	
that the decision is an extension 
of a series of visionary reforms 
undertaken in the space sector. 
He pointed out that it heralds 
the unlocking of geo-mapping 
from restrictive use to wider use 
in the interest of nation building 
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and creating an Atmanirbhar 
Bharat.

Dr. Jitendra Singh said, this is one 
more distinct example of removal 
of some of the colonial legacies 
that India was still grappling 
with and added that deregulation 
of map-making is historic in the 
sense that geo-map is now going 
to be recognised as an instrument 
for development rather than only 
a tool for securing the country.

Dr. Jitendra Singh also invited 
Indian businesses to take the 
lead and utilise the opportunities 
being thrown open for the 
making of Atmanirbhar Bharat. 
He said the collaborative efforts 
from industry, academia and 
Government will make India 
a world leader in geo-spatial 
knowledge. The Minister urged all 
sections to grab the opportunity 
and	 fulfil	 the	 aspirations	 of	 the	
nation	 to	 become	 a	 five	 trillion-
dollar economy.

Secretary, DST, Professor 
Ashutosh Sharma gave a 
presentation on the geo-spatial 
guidelines. He said the new 
guidelines will be “stimulating 
and empowering Indian industry 
and surveying agencies without 
diluting security concerns. 
Atmanirbharta in geo-spatial 
products and solutions will be 
a Rs. one lakh crore business 
by 2030 plus economic impact 
through development.”

To realise India's vision of 
Atmanirbhar Bharat and the goal 
of	 a	 $five	 trillion	 economy,	 the	
regulations that apply to geo-
spatial data and maps henceforth 
stand radically liberalised. The 

can detect antimicrobials or 
antibiotics that have an inhibitory 
effect on bacteria in water bodies 
by a ‘see and tell’ mechanism. As 
the world is tackling the effects 
of	 one	 pandemic,	 the	 scientific	
community has warned that 
Antimicrobial Resistance (AMR) 
could be the next big pandemic, 
and this would involve a battle 
with several pathogens. 

Water bodies are the major 
source for the dissemination 
and transfer of AMR. Periodic 
monitoring of antimicrobials 
and antibiotic-resistant genes 
is the key to assess the current 
situation of AMR in India. In 
these conditions, low-cost and 
field-deployable	 sensors	 to	
detect antimicrobials in water 
bodies could be a viable tool for 
environmental surveillance.

The novel strategy for low-
cost fabrication of the robust 
Laser	 Printed	 Microfluidics	
Paper-Based Analytical Sensors 

Demonstration of sensors to NERC team

Department of Science and 
Technology has announced 
sweeping changes to India’s 
mapping	 policy,	 specifically	
for Indian companies. What is 
readily available globally does 
not need to be restricted in 
India. Therefore, geo-spatial data 
that used to be restricted will 
now be freely available in India. 
Furthermore, our corporations 
and innovators are no longer 
subject to restrictions nor do they 
require prior approvals before 
they collect, generate, prepare, 
disseminate, store, publish, 
update digital geo-spatial data 
and maps within the territory of 
India.

Paper-based sensors 
developed by IIT Madras 
can detect antimicrobials 
and related pollutants 
easily
Scientists have developed 
a paper-based sensor that 
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developed by IIT Madras will help 
detecting antimicrobials easily 
in the parts per million range. 
It will also help understand the 
relationship between AMR and 
AMR-triggering pollutants and 
assist policymakers in framing 
solutions to tackle grand societal 
AMR challenge. 

Department of Science and 
Technology (DST), Government of 
India Water Technology Initiative 
in bilateral collaboration with 
UK’s Natural Environment 
Research Council (NERC) and 
Engineering and Physical 
Sciences Research Council 
(EPSRC) under Indo-UK Water 
Quality Research Programme, has 
supported IIT Madras to develop 
the sensors. The novel strategy 
of combining adsorption based 
pre-concentration using reagents 
that undergo a measurable colour 
change enabled parts per billion-
level detection of antimicrobials. 
The process utilises the easily 
available laser printer and hence 
offers tremendous potential for 
large scale sensor fabrication. It 
could enable community-driven 
microfluidics	 and	 facilitate	 mass	
surveillance. 

new material that can 
tune electromagnetic 
(eM) waves to scatter 
in one direction and 
useful for thin-film 
solar cells
Scientists have crafted a new 
material with the ability to tune 
electromagnetic (EM) waves 
dynamically to scatter in one 
direction, which can be used 
in	 thin-film	 based	 solar	 cells,	

optoelectronic devices, and anti-
reflection	coating.

Scattering of electromagnetic 
(EM)	 waves	 find	 immense	
applications in optics and 
materials	 science.	 Artificially	
crafted materials having a 
property that is not found in 
naturally occurring materials, 
technically called metallic meta-
materials with an intrinsic 
electric dipole, are tweaked with 
an	 artificial	 magnetic	 dipole	
to realise forward scattering. 
However, they exhibit high 
intrinsic losses due to absorption 
and thus conversion to other 
forms such as heat, restricting 
their practical uses. On the 
other hand, high-refractive-index 
dielectric meta-materials exhibit 
inherent electric and magnetic 
resonances. Hence, they emerge 
as highly sought-after materials 
because of the reduced absorption 
losses due to absorption and ease 
of fabrication.

To this end, a research group 
led by Dr. Geetha Nair with Amit 
Bhardwaj and Navas Meleth 
Puthoor from the Centre for 
Nano and Soft Matter Sciences 

(CeNS), an autonomous institute 
of the Department of Science and 
Technology (DST), demonstrated 
dynamic tuning of unidirectional 
(forward) scattering in a colloidal 
dielectric metamaterial. This 
work is published online in The 
Journal of Physical Chemistry C. 

They achieved this by dispersing 
sub-micron sized titania particles 
of high refractive index activated 
with a carboxylic acid in a 
transparent or translucent liquid 
(nematic liquid crystal medium) 
that causes the polarisation of 
light waves to change as the 
waves pass through the liquid. 

The resonators dispersed in the 
liquid crystal scatter light in 
the forward direction and form 
highly concentrated, propagating 
beams of light called ‘photonic-
nanojet’. The intensity and the 
directionality of the nanojet get 
tuned due to the change in the 
optical property of the liquid 
crystal medium brought about 
by the application of an external 
electric	field.	

Amit Bhardwaj, one of the 
researchers in the study, pointed 
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out	 two	 significant	 advantages	
of	 the	 system	 −	 the	 tunability	
of the unidirectional scattering 
by exploiting the soft stimuli 
nature of liquid crystal medium 
and	 the	 efficient	 and	 simplistic	
route of colloidal processing for 
material preparation. Both these 
advantages can help realise large-
scale	 applications	 in	 thin-film	
based solar cells, nanostructured 
optoelectronic devices, and anti-
reflection coating. 

new material found 
can efficiently convert 
waste heat to electricity 
to power small home 
equipment and vehicles
Scientists have found a new 
lead-free material, which can 
efficiently	 convert	 waste	 heat	 to	
power our small home equipment 
and automobiles. Thermoelectric 
energy conversion allows 
generation of electrical voltage 
when one end of a material is 
heated while keeping the other 
side	 cold.	 Finding	 an	 efficient	
material	 to	 realise	 this	 scientific	
principle has been a daunting 
task	for	scientists.	It	entails	fitting	
in three seemingly different 
properties into a single material 
−	 high	 electrical	 conductivity	
of metals, high thermoelectric 
sensitivity of semiconductors, 
and low thermal conductivity of 
glasses. 

Most	 efficient	 thermoelectric	
materials developed by scientists 
so far use lead (Pb) as a major 
constituent element, restricting 
their use for mass-market 
applications. Scientists from 

Jawaharlal Nehru Centre for 
Advanced	 Scientific	 Research	
(JNCASR), Bengaluru, an 
autonomous institution of the 
Department of Science and 
Technology (DST), Government of 
India, led by Prof. Kanishka Biswas 
have	 now	 identified	 a	 lead-free	
material called cadmium (Cd)-
doped silver antimony telluride 
(AgSbTe2),	 which	 can	 efficiently	
allow recovery of electricity from 
‘waste heat’, marking a paradigm 
shift in the thermoelectric puzzle. 
They have reported this major 
breakthrough in the journal 
Science. 

Prof. Kanishka Biswas and 
his group doped (internally 
introduced) silver antimony 
telluride with cadmium and used 
an advanced electron microscopy 
technique to visualise the 
resultant ordering of atoms in 

nanometre scale. The nanometre-
scale atomic ordering scatters 
phonons that carry heat in a 
solid state and enhance electrical 
transport by delocalising the 
electronic state in the material. 

Previously reported state-of-
the-art material is exhibiting 
the	 thermoelectric	 figure	 of	
merit (ZT) in the range 1.5-
2 in the mid-temperature 
range (400-700 K). The team 
reported a record increase in 
thermoelectric	 figure	 of	 merit	
(ZT) to 2.6 at 573 K, which can 
provide the heat to electrical 
energy	 conversion	 efficiency	 to	
14 per cent. Prof. Biswas is now 
trying to commercialise the high-
performance thermoelectric 
materials and devices; in 
collaboration with TATA steel 
where lots of waste heat is 
generated in steel power plant.

(a) Schematic of the atomic ordering optimization strategy and its impact on 
thermoelectric parameters: electrical conductivity (σ) and Seebeck coefficient (S). 
(b) Electron microscopic image exhibits the formation of cation ordering in 6 mol% 
Cd-doped AgSbTe2. (C) Temperature dependent thermoelectric figure of merit, ZT 

of pristine AgSbTe2 and 6 mol% Cd-doped AgSbTe2
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This work is supported by 
Swarnajayanti Fellowship and 
project fund from Science and 
Engineering Research Board 
(SERB) and Department of 
Science and Technology (DST), 
India, along with support from 
New Chemistry Unit (NCU) 
and International Centre for 
Materials Science (ICMS), 
JNCASR, Bengaluru.

Integrating concepts at 
the intersection of algebra 
and geometry could 
provide better machine 
learning algorithms 
Scientists may soon develop 
robust algorithms that can 
provide	 more	 efficient	 machine	
learning applications by 
focussing on concepts that lie at 
the intersection of algebra and 
geometry. 

Hariharan Narayanan, Assistant 
Professor, Tata Institute of 
Fundamental Research Mumbai, 
a recipient of this year’s 
Swarnajayanti Fellowship 
instituted by the Department of 
Science         and Technology, 
Government of India, wishes 
to create machine learning 
algorithms that can learn 
from observations and make 
improved predictions based on 
mathematical objects known as 
manifolds and Lie groups. This 
can lead to improved modelling of 
data arising from certain sources, 
such as visual observations.

Machine learning can be broadly 
defined	 as	 a	 discipline	 whose	
goal is to enable a computer to 
make inferences from observed 

data about future observations. 
There are two directions in 
which progress is crucial to make 
progress in machine learning. 
The	 first	 is	 making	 inferences	
from very few observations. 
The second is dealing with 
complex data, which has risen 
to prominence through recent 
applications in vision, imaging 
like cryoelectron microscope, 
and the World Wide Web. 

The use of manifolds and Lie 
groups can help in addressing 
both of these issues and may 
lead to algorithms that make 
better predictions in real-life 
applications.

new platform to measure 
DNA modifications can 
have potential application 
in early detection of 
cancer, Alzheimer’s and 
Parkinson’s 
Scientists have developed a 
new technique to measure DNA 
modifications	 that	 can	 have	
applications in early diagnosis 
of multiple diseases like cancer, 

Alzheimer’s, and Parkinson’s 
diseases. 

Alteration in DNA affects their 
expression and functions. DNA 
controls cell survival through 
the genetic code as well as via 
modifications	 to	 its	 structure.	
There is a demand for techniques 
with very high resolution to 
measure	 such	 modifications	 of	
DNA structures and observe 
and understand the molecular 
mechanisms associated with it to 
track rare diseases. 

The novel nanopore-based 
platform developed by the 
scientists can directly measure 
such	 modifications	 or	 branched	
DNA properties with the single-
molecule resolution even with 
extremely low amounts of 
sample. 

The platform and associated 
analysis techniques developed 
by a team of scientists led by 
Professor Gautam Soni from 
Raman Research Institute, 
Bengaluru, an autonomous 
institute funded by the 
Department of Science and 

DNA of different conformations are shown to translocate through the glass nanopipette. High 
resolution electron microscopy images of typical nonpores are shown at bottom left and device 
schematic is shown at bottom-middle. DNA of different conformations carry unique signatures 
in single molecule electrical measurement (top right)
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The luminosity of BL Lac observed on 27 October 2020 (left panel of figure) was 
around 2.95*1012 Lʘ and after 80 days, i.e., 16 January 2021 (right panel of figure) 
was ~7.25*1012 Lʘ, i.e., ~ 250% increase in the luminosity, which is equivalent to 

more than 4 trillion Lʘ (here Lʘ is luminosity of the Sun)

Technology, Government of 
India, can quantitatively assess 
the distribution of supercoiled 
branches on DNA plasmids 
(DNA molecule outside the 
chromosome). This research work 
done by researchers Sumanth 
Kumar, Koushik S., and Dr. Soni 
has been recently published in 
the journal Nanoscale.

The measurement principle of 
the novel platform is analogous 
to the Archimedes principle. 
Individual analyte molecules are 
driven through a nanopore under 
an applied voltage, which, during 
translocation, results in a tiny 
electrical blip. Charges excluded 
by the analyte (supercoiled DNA) 
in the nanopore are directly 
proportional to the volume 
of the particle and is directly 
measured as the current change. 
This method utilises extremely 
low amounts of sample and 
can measure DNA structural 
changes ranging to a resolution 
of a few nanometres in the axis 
perpendicular to the translocation 
and few tens of nanometres along 
the translocation axis.

Further optimisation of the 
technique can help in the 
development of portable nano-
bio sensors for detection 

and quantification	 of	 protein	
aggregates and cell-free DNA 
or nucleosomes. This may help 
in the early diagnosis of many 
diseases like cancer, Alzheimer’s, 
and Parkinson’s diseases. 
Currently, researchers at RRI are 
also exploring applications of 
this method for virus detection. 

Indian astronomers 
detect huge optical 
flare in one of the 
oldest astronomic 
objects
Indian astronomers have reported 
one	 of	 the	 strongest	 flares	
from a feeding supermassive 
black hole or blazar called BL 
Lacertae.	 Analysis	 of	 the	 flare	
from this blazar, one of the oldest 
astronomical objects, can help 
trace the mass of the black hole 
and the source of this emission. 
Such analysis can provide a lead 
to probe into mysteries and 
trace events at different stages of 
evolution of the Universe. 

Blazars or feeding supermassive 
black holes in the heart of 
distant galaxies receive a lot of 
attention from the astronomical 
community because of 
their complicated emission 

mechanism. They emit jets of 
charged particles travelling 
nearly at the speed of light and 
are one of the most luminous 
and energetic objects in the 
Universe. 

The BL Lacertae blazar is 10 
million light-years away and is 
among the 50 most prominent 
blazars that can be observed 
with the help of a relatively small 
telescope. It was among the three 
to four blazars that was predicted 
to	 be	 experiencing	 flares	 by	 the	
Whole Earth Blazar Telescope 
(WEBT), which is an international 
consortium of astronomers.  

A team of astronomers led by 
Dr. Alok Chandra Gupta from 
Aryabhatta Research Institute of 
Observational Sciences (ARIES), 
an autonomous institute of 
the Department of Science and 
Technology, Government of India, 
had been following the blazar 
since October 2020 as part of 
an international observational 
campaign. They detected the 
exceptionally	 high	 flare	 on	 16	
January 2021, with the help of 
the Sampurnanand Telescope 
(ST) and 1.3m Devasthal Fast 
Optical Telescopes located in 
Nainital. 

The data collected from the 
flare	 observed	 will	 help	 in	 the	
calculation of the black hole 
mass, size of emission region, and 
mechanism of the emission from 
one of the oldest astronomical 
objects known, thus opening a 
door to the origin and evolution 
of the Universe. 

(DST Media Cell)
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