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Directed basic research*

R. Chidambaram

India can become a global innovation leader provided we have ‘technology foresight’ to make the
right technology choices, provided we introduce ‘coherent synergy’ in our science and technology-
related activities and provided we establish an effective ‘innovation ecosystem’. In this context,
‘directed basic research’ has an important role.

In its execution and in the requirement of no other deliverables than knowledge generation,
directed basic research is no different from conventional (self-directed) basic research. The se-
lected areas are determined in a national perspective. Directed basic research may be in an area
where knowledge generation would benefit Indian society in the long term, or it may be in an area
where the results of the research would benefit Indian industry or our strategic interests in the long
term.
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Basic research, a cultural necessity in any civilized soctinue to be so in the future. Technology domination is
ety and which also lays the foundation for sustainabkought both by companies and by countries, in fields as
economic growth, needs substantially increased fundindiverse as human genomics and strategic weapon systems,
Support for self-directed research, by the highest intelledtsrough the instruments of Intellectual Property Rights
on fundamental problems of their choice, is essential. Wad Technology Control Regimes. Therefore, India must
must also selectively promote some technology aredscome self-reliant but, as | have been saying for many
through ‘directed basic research’. These areas, selecteg@ars now, that self-reliance should no longer be inter-
a national perspective, relate to the needs of society in thieeted as self-sufficiency but as ‘immunity against tech-
long term and of Indian Industry or strategic interests inology denial’.
the long term. In today’s world, self-reliance does not mean avoidance
Every effort in science and technology (S&T) requiresf international scientific and technological cooperation.
synergy among the concerned parties, and every suchfact, the latter is a must and today’s India must take
synergetic effort gives India a momentum for developand must give in equal measure in international coopera-
ment. But there should also be coherence among the vaion. That is, India must go for international cooperation,
ous (synergetic) efforts. This is what &lk ‘coherent including in ‘mega-science’ projects, on an ‘equal partner’
synergy’ and this is needed for fast economic developasis. This is also true for nuclear technology, where
ment of the country. India needs the world in the short term, but there is no
doubt that the world will need India in the long térm

Technology is power
yTechnology foresight

The modern futurologist, Alvin Toffler had said man

years ago: ‘Yesterday Violence was power, today Wealth L , .
is power and tomorrow Knowledge will be power’. What! €chnology foresight involves forecasting of possible futures,

is the common thread in all this — technology! So | pard@king into account existent as well as emerging techno-
phrase Toffler to say: ‘Technology is power’. And this idogies, with the objective of achieving the maximum eco-

true today more than at any time in history, and will cof?®MiC, social and security benefits. Technology foresight

analysis has to be in a national perspective. If you ask

guestions in this context, the answer may sometimes be
*Based on a lecture in the Symposium on Science and Technology@ifferent from India and from, say, the United States of
the Service of Society, 76th Annual Session and the Concluding Fundmerica. An example of this is fast breeder reactors. It is
tion of the Platinum Jubilee Celebrations of the National Acadeimy Qmportant for India to reprocess the Spent fuel and close
Sciences held at IIT Bombay on 6 October 2006. the nuclear fuel cycle, because we have limited uranium
R. Chidambaram is the Principal Scientific Adviser to the Gdvt o , .

eserves and the world’s largest thorium reserves. USA,

India, 318, Vigyan Bhavan Annexe, Maulana Azad Road, New Delhi~ g ~ .
110 011, India. e-nik rc@barc.gov.in with easy access to the world’s relatively cheap uranium,
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may put away the spent fuel as ‘waste’ for decades. Bt close the nuclear fuel cycle with thorium. Any emerg-
we must remember that plutonium, with its half-life ofing international cooperation in the nuclear field would
24,000 years, is not running away anywhere. In fact, thead to additionalities to our own vigorously pursued
later you reprocess, the easier it becomes because ottieee-stage programme.

shorter-lived radioactivities would have died down signifi-

cantly. It is not surprising, therefore, that four of the si .

advanced reactor systems proposed under Gen. IV by iﬁﬁgral technology delivery

consortium led by USA would require reprocessing O|fn spite of a great deal of rural development-related tech-

spent fuel. nology efforts, their impact, particularly in the non-farm
India’s choice of fast breeder technology as part of the gy ’ pact, p Yy R

. séector, has not been significant. A variety of initiatives

closed nuclear fuel cycle strategy, illustrates how tech-

nology foresight analysis helps in the selection of critica?re now on to correct this deficiency. One of them is Rural

) ) ; echnology Action Group (RUTAG) started by my Office.
technologies for development at any point of time. In T A
. . he RUTAG initiative is based on the realization that
broader sense, what are the critical technologies for India, . L
o : active scientists are not the best people for grassroots
today? India is a large country and its technology re- oo o . g
: . : echnological intervention in rural India. This is because
quirements also correspondingly span a wide range, from . : .
; they are busy in their own areas of R&D. However, if
nuclear to rural. It has to continue to develop strategic o
. spme voluntary organization or a government agency has
technologies — nuclear, space and defence-related. TeCnh-

. . Iy recognized a problem in a rural area and implemented a
nologies related to energy securifgpod and nutitional . . : )
. : : technological solution up to a point, the higher-level R&D
security, health and water security, environmental secu-_ .. . ; " . ;
: . . hstitutions and universities can carry it further. Here is
rity, advanced manufacturing and processing, advance ' .
ere my Office can help to create the required synergy.

. . W
mateials, etc. are all important for us. So are the so-calle We have made beginnings in Uttarakhand and Tamil
adu and are making a start in the NE region. Some of

knowledge-based technologies (information technologK]
particula_lrly ha_rdware; nanotechnology, particularly nanqy projects taken up atttarakhand through HESCO are
electronlc'_s, b_|otechnology, and convergence of the%%gradation of water mills with assistance from IIT Delhi,
technologies like nano-biotechnology for drug dellvery)"mproved packaging and food processing technology with
Among all these, | place rural development-related tec elp from CFTRI Mysore, increased water recharge tech-
nologies also at high priority. : . ! : :

Success in the development of most of these criticnPIogy introduction through BARC using the isotope hy-

technologies would be predicated on tackling basic resear%k?logy technique, low-cost solar drier through a design

problems underlying these technologies. And much feveloped by BARC, etc. In Tamil Nadu, s have

this basic research would need to be directed basic resea*c‘:ﬁe.n 'Fak_en up in the areas of natural dyes (con_w_arsmn
. : rom liquid to powder), improved and energy-efficient
The support for basic research in nuclear and related sc'énufacturing process for ayurvedic medicines, etc
ences by the Bhabha Atomic Rese_arch Centre, along W'nstitutions such as IIT Madras, CLRI, Anna University
nuclear technology development, is an excell_entexampat?hd NIOT are providing technology as well as R&D
The three-stage nuclear power programme is the fulcrumpport The Rutag Centres for these regions are located
of our efforts in nuclear technology. We are now one cl’STrtJONG.C Dehradun. IIT Madras and T Guvah
the leaders in the world in Pressurized Heavy Water Re'Much of rural tec,hnology delivery can take place on

actor (PHWR) technology. We have self-reliance in thﬁ’le basis of known science what Gerhard SoAaits

entire fuel cycle in this technology. This is the first stageB conian science’. However we also need what he calls
The second stage involves reprocessing the spent fuf? ' ’

from the PHWRs and using the resultant plutonium in effersonian science’ — securing a social need thrqugh
new knowledge — for example, rural development. This is

fast breeder reactors. A test reactor has operated SUCCESS- | call ‘directed basic research’

fully for more than two decades and the first 500 MWe '

prototype fast breeder reactor is under construction in

Kalpakkam. By closing the fuel cycle with plutonium, weAcademia—industry interaction

can extract 50 times more power from our limited re-

sources of uranium. For using our vast reserves of thoriuReverting to hi-tech industry, we have success stories in

we would then enter the third stage of our nuclear pratomic energy, space, etc. —the outcomes of successful

gramme. ThoriurR32, used as blanket in the fast reactorsnteractions between academia and industry. For conven-

gets converted to uranium-233, which is an excellent nience, | am using the term ‘academia’ to include both the

clear fuel. By going into the thorium—uranium-233 cycleiniversity system and the national laboratory system.

which, of course, would require an enormous amount éfowever, the driving force for these interactions in the

research and development (R&D), we can effectivelffelds of atomic energy and space came from the mission-

produce 600 times more power starting from a given reriented agencies. Can we have a similarly strong acade-

source of uranium. That is why it is so important for Indiania—industry interaction with the driving force originat-
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ing in the industry? | think that the mindset problem imials and manufacturinglternate populsion and automo-
scientists and industry leaders, which has prevented thige infotronics, every one of which involves basic
from happening in a significant measure in the past, iesearch directed eventually to benefit the automotive
changing in the current liberalized environment. Techsector. Projects in these areas are currently funded for
nology transfer from abroad is becoming more and mogge-competitive applied research jointly by the Depart-
difficult because foreign companies can set up shop here andnt of Heavy Industries, the Department of Science and
are, therefore, less willing to share technologies. Moreovérechnology (through TIFAC) and my Office. | think this
Indian companies are becoming more and more globabyould be expanded to include directed basic research in
competitive. If industry begins to interact actively withsome areas. This initiative has had significardcess.
academia, it can also play a greater role in guiding acBellowing the same model, my Office has set up an R&D
demic activities in the direction of industry interests, be dvisory Group for the machine tool industry and is
human resource development, R&D prioritization, or thplanning to set up one for the electronic hardware industry.
choice of areas of international cooperation.

At the end of several academia—industry interactio
meetings in 2002 in my Office, in which distinguishe
representatives from both academic institutions and indu&-

i , strong and vibrant innovation ecosystem requires an

try took part, we came up with a series of recommenda- . . i
. . 1 , .education system which nurtures creativity, an R&D cul-
tions. One of them, which can seed ‘directed’ basi¢ . .
. . ; ture and value system which supports both basic research
research is the following. Very often people with degrees

in engineering do not go in for research and technoloand applied research and technology development, an in-

development, even though they may have a talent forgfﬁstry culture which is keen to absorb academic inputs, a

but opt for jobs in IT, management, or just go abroa(é)ureaucracy which is supportive, a policy framework

X . which encourages young people to enter into scientific
Now, if the industry were to send some fresh employees e o :

. ) 2 “careers, and an ability to scan scientific developments in
(from among those they recruit during placement mte{-

views in academic institutions) — the mtsented among the world and to use technology foresight to select critical

them — to do research with professors whom the industr%ChnOICJgIes na natlon_al perspective.
T A part of the innovation ecosystem is the courage to
respects and in institutions that they respect, and p

B¥e risks on the part of the scientist and support of risk-

for industry-oriented research. The student should be %%Ehng _byr:he_Sk&_T system. The_ greater tl?e mlnovatlon,
different from any other student of the professor and higdner 's the risk in converting It Into a mar etable product
or process. Armbrechthas said that ‘the Advanced

research sho_uld _not be Iimi_te_d to problem-solving for th‘Fechnology Programme of USA provides a unigue source
company, Wh'Ch s too restrlctl_ve. Although the employeedf early stage support of emerging technologies, those
igundsec?;urg;ghtsnu%c%i:ggzigrl%éhigfnmzin’is prrgglljecr%ﬁ” at a stage in their evolution too risky for any but an-

Y y panys p el investors’. India must initiate a similar programme.

would manifest in his (or her) thoughts and actions in aﬁ'e also says that (South) Korea, while increasing R&D

professional interactions. Over a period of 4-5 years, he or . . . : )
. expenditure, is focusing on areas of its strength, viz. tele-

she could evolve into someone very useful for the com- o . S
, . ommunications, electronics, computers and medi-optical
pany’'s product or process development. J. J. Irani, whQo

: : ; . . ; guipment — on ten next-generation technologies in these
was actively involved with us in developing this model o . . : -
. . . L areas. The buzzwords in this context, | think, are ‘risk-
interaction, told me recently, that this is beginning to hap- . ", . ]
. . aking’ and ‘focusing’.
pen in the Tata companies and also some others.

nnovation ecosystem

Patterns and priorities in Indian R&D
The automotive sector

An important factor which influences the pursuit of R&D
Arising also from the discussions during the academian India is what | have called many years back as ‘velocity
industry interaction meetings | referred to earlier, a cor® R&D’. This is a relative velocity, and is a ratio of the
group for R&D in the automotive sector, appropriatelyime our peers abroad take to complete an R&[Jeptan
called CAR, was formed by my Office in April 2003.a frontier area of S&T, and the time we take to complete
Though it is called CAR, this group deals with all vehiclea similar project. Though things have improved considera-
from two-wheelers to heavy vehicles. CAR is mandatédy over the last couple of decades, our velocity of R&D
to identifying frontier technologies, so as to promote das still lower than that in a developed country. There are
velopment of vibrant, world-class automotive systemsnany reasons for this, including infrastructure weak-
sub-systems and parts industries. The group has drawnngsses, communication inadequacies, buradicatelays,
a technology road-map for the Indian automotive sectoron-availability of industrial products from local sources,
and its recommended programme includes advanced matesufficient access to scientific literature, lack of adequate
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peer groups, inadequate synergy between the national latechnology system; excessive value given to recognition
ratory system and the university system etc., but the irand accolades from them), because it may distort our own
portant fact is that things are improving in the countrgational priorities.
across-the-board. When the velocity of our R&D comes Even Bell Labs has changed its paradigm for research
on par with that in the developed countries, India will seée recent years. Th&all Street Journabf 21 August
spectacular technology growth and we should all work006, says ‘Lucent Technologies Inc.’s Bell Labs, the
towards that. | have classifitthe types of R&D work birthplace of the transistor and the laser, has... set more
done in India today into several categories. What | theof its scientific stars to work on breakthrough technolo-
considered important were: basic research; missiogies that could quickly turn into businesses. ...Steven
oriented applied research and technology developme@hu, who won a Nobel in Physics... says: “working on
country-specific applied research, and industry-orienteapplied things doesn’t destroy a kernel of genius... it fo-
research. Now | consider directed basic research assesthe mind™. India should do this today in nanotech-
equally important. nology, using technology foresight analysis to make the
My Office had a meeting in Decemb2002 with a right technology choices in this field. My own choices are
group of scientists to discuss the issue of measuresnanoelectronics and nano-biotechnology for drug delivery.
progress of S&T in India. The group observed that, We should thus select areas of directed basic research
while a count of publications is a good measure of the an Indian perspective. The approach could be from the
progress of basic research in a country, it does not cagide of societal interest. Examples are basic sciences behind
ture correctly the progress of the S&T system of th&yurveda, health-related (related to diseases endemic to
country, especially for the mission-oriented agencies, fomdia) macromolecular crystallography, megaprostheses
industry-related applied research, for country-specificnplants for cancer-affected patients, etc. The approach
applied research and for application of S&T for rural dezould be from the side of industry or strategic interests.
velopment and societal needs. My Office has, thereforExamples are nanoelectronics, cyber security and auto-
sponsored projects to develop the necessary measuremistive infotronics.
these various areas. The culture gap that exists between the practitioners of
basic research on the one hand and applied research and
product development on the other (this gap also exists,
though to a lesser extent, even in already developed coun-
tries), could be closed through directed basic research and
0;Pre-competitive applied research (see Figure 1). In its
xecution, and in the requirement of no other deliverables
time is a ‘matter of wisdom’ (quoting Frederick S&jtz han knowledge ger_1eration, di_rected basic research_is no
L : different from self-directed basic research. So the univer-
Current ‘exciting’ areas of basic research are often, thougn academics should be comfortable with this kind of
not always, ‘directed’ by the interests of the industries in y

the developed countries or their strategic interests. Exaﬁ?—seamh' From a national perspective, scientists carrying

. o O%It directed basic research in any area would find it easier
ples are high-temperature superconductivity a couple Of .

decades ago and nanotechnology now. This happens go interact with the related industry or related strategic

e- . .. . .
R . . .~ mission or to participate in related societal development
cause their scientific research is at the frontiers of SC'enCFogrammes

and their industry, active at the cutting edge of technolog@, The Department of Atomic Energy, Govt of India has

absorbs quickly the results of applied basic research S .
L een successful in directing basic research to areas of rele-
based on current scientific knowledge. When a new pheé- ; ) .
C . . vance to their mandate and has benefitted greatly from it.
nomenon is discovered like high-temperature supercon- . : .

o Though linkages among the various kinds of R&D efforts
ductivity or novel carbon nanostructures, USA and other .~ .
. . . gre indicated, the borders between them are fuzzy, parti-
already developed countries see the possible potential Tor, ) . "
L . . . . cularly between directed basic research and pre-competitive

their industries and direct their basic research to these ar- . : .
plied research. The difference between self-directed

S ; - p
eas. High impact factor journals V\_/elcpme publlganon an ic research and directed basic research may often be
the results of such research. What is directed basic researciﬁ S : '
. . only a matter of problem choice in a proximate field of
for the developed countries then inevitably becomes T )

) . ; .tﬁe scientist’s own interest area.
frontier area of basic research for us, if we want to publis
in front-line journals. We must be in these areas because usu-
ally they also involve excellent science and perhaps al3tne need for ‘coherent synergy’
help Indian technology in the longer term. What we
should guard against is to prevent such research from b@eherent synergy’ is a new phrase | have defined in the
coming ‘parasitic’ (excessive collaboration with deve-S&T context. The S&T system, to contribute maximally
loped countries, feeding exclusively into the latter’so national development, requires a variety fbres —

Directed basic research and the frontiers of
science

India is too big a country to absent itself from any field
S&T. But how much it invests in any field at any point o
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Industry or Industry-
Societal Strategic Consortium
Interest Interest Mode
\ / Applied
P N Pre- Research
Basic Directed Competitive And
Type: Research Basic Product

Applied
Research

Research Development

Sourced by: Universities, Universities, National Industry
N ational Lab t i’ d
Laboratories aboratories an
Industry

Figure 1. Linkages among needed research and development efforts.

human resource development, R&D with prioritizationlogy choices, provided we introduce coherent synergy in
academia—industry interaction, international collaboratiomur S&T-related activities and provided we establish an
etc. Every S&T effort requires synergy among the coreffective innovation ecosystem. We must also selectively
cerned parties and every such synergetic effort givespeomote technology areas through directed basic research.
momentum for development. And momentum is a vector.
All the vectors must point in the same direction for rapid - - - -
development of the country. This requires space-tinjre Chidambaram, R., Nuclear science :?md technolc_)gy in Indlg: The
. . . . status and the future perspective. Invited lecture in the Atomic En-
synchronization and phase relationship among the ef'forts:.ergy Society of Japan Seminar, Aso Mountain Area, Japan, 13 July
This is coherence. That is, synergy in every effort and 200s6.
coherence among all thdfats! In R&D (industial) 2. Sonnert, G., with the assistance of Holton, I@ory Bridges The
globalization, this implies coherence between the motiva- MIT Press, USA, 2002.

. . . Armbrecht, R., R&D and Innovation in Industry, AAAS Report
tion of the transnational corporates and national teChnOIOﬁyXXIX: Research and development, Industrial Research Institute, FY

needg' 2005; http://www.org/spp/rd/05pch4.htm

4. Chidambaram, R., Patterns and priorities in Indian R&Dxr. Sci,
1999,77, 859-866.

5. Chidambaram, R., Measures of progress in science and technology.
Curr. Sci, 2005,88, 856-860.

The focus of this article has been on directed basic researchgeitz, F.,The Science Matrix: The Journey, Travails, Triumphs

and on elucidating its significance in relation to critica] SPringer Verlag, New York, 1992. , _

technologies in a national perspective. | must clarify thdt géggaggai%r;’_li'é Is science in India on the decliefr. Sci,

this is in addition to self-directed basic research. Sustaig- King"D_" The scientific impact of nationSature 2004,430, 311—

able economic development at all times requires exten-31s.

sive and high-calibre basic research of both types. Wh#le Chidambaram, R., The need for ‘coherent synergy’ (in globalization

directed basic research should be encouraged, self-directedf R&D). Invited Iepture in IRI Anqual Meeting on Globalization of

basic research should also receive suligtiyincreased &D: Implementation, Tucson, Arizona, 14-18 May 2005.

support. The study of the ultimate structure of matter or

of the origin of the universe, for example, is a cultural

necessity. You also do not ask a Raman or a Ramanu@%NQWLEDGEMENT' | am grateful to Dr P. Rama Rao and Dr
. . . . . K. Sikka for valuable critical comments on the manuscript.
why he is doing what he is doing!

India can become a global innovation leader provided
we have ‘technology foresight’ to make the right technareceived 16 Januag007; acepted 22 Januag007

Conclusion
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