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SUMMARY

This report is an updated version of the document initially published in June 2004. During the last 18
months, new statistics reveal an upswing in Indian scientific production on the world scene, as seen in both
the number of scientific articles published by Indian scientists and the visibility of this growing output. The
causes of this trend are likely structural, as India develops its scientific and technological potential.

I ndia's position in world science and technology does not yet match the ambitions which the leaders of
this huge and still emerging economy have for their country. India's share in world scientific publications

as reflected in the Science Citation Index is only 2%. As for Indian-origin patents, although they have
clearly increased in number, they still occupy a very modest place in European and American industrial
property systems.

This low profile is the result first of all of the low intensity of the country's R&D effort, three-quarters of
which is underwritten by the national government. The ratio of gross domestic R&D spending (GERD) to
gross domestic product (GDP) is only 0.80%, or half that of the European Union. Another reason for India's
weak performance relative to its stated goals lies in the strategic choices expressed in the country's research
policy, the central axes of which are arms, space, and nuclear research. These three priorities account for
two-thirds of the research accomplished by India's principal scientific and technological agencies.

India's modest position in world science and technology ought not, however, blind the observer to the centers
of excellence in the country that rival the best institutions in the world. This is true of fundamental research
centers like the Indian Institute of Science (IISc) in Bangladore or the Tata Institute of Fundamental
Research (TIFR) of Mumbai. The impact of research results produced by these institutes is incomparably
higher than the average impact of Indian research. This is also true in several fields of technological research,
especially those linked to the nation's strategic priorities or to areas known as «knowledge-based». The latter
include, for example, information and communication technologies (ICT) and biotechnologies, areas in
which the excellence of Indian research and engineering talent combines with its low labor cost to put Indian
research in these areas in the front rank.

This analysis of the economic competitivity of centers of research and development provides the key to
understanding the path India is taking towards the international integration of its science and technology
(S&T). Recent waves of R&D centers moving offshore to India have called attention to the phenomenon
while raising concerns in industrialised nations about future impact on employment, especially in the United
States.

Looking at Indian science from an Asian perspective provides another slant on this nation's
internationalisation strategy, as Indian leaders have recently moved to reinforce scientific cooperation with
two major powers on the continent. One is China, with whom India has been involved for decades in a web
of relations whose complexity reflects the size of the two societies. The other, Japan, is exercising a growing
influence in India in industrial and scientific areas.

France, for its part, occupies a more discreet but nonetheless noticeable place in the Indian scientific
landscape. It has worked effectively to forge strong relationships, particularly through the use of creative
mechanisms of bilateral cooperation. France, however, has not succeeded in attracting any significant portion
of the Indian scientific diaspora, even though Indian research skills have become a resource for world
science.
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India

. INDIA AT A GLANCE

India is a united federal republic of 29 federal States and six Territories. Its parliamentary system
is bicameral. The lower house — Lok Sabha or Chamber of the People — comprises 545

representatives, of whom two are appointed and 543 are elected by local districts. The Rajya
Sabha or upper house has 245 members, of whom 12 are appointed while the remaining 233 are
elected some by the lower house and some by the parliaments of the States and Territories.
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The true chief executive of the Indian Union is
the Prime Minister, who is the leader of the
parliamentary majority of the Lok Sabha
(lower house). Since the Fall of 1999 this
office has been held by Atal Behari Vajpayee
of the Bharatiya Janata Party (BJP).
Legislative elections in the Spring of 2004
resulted in the return to power of the Congress
Party, at the head of a coalition. Manmohan
Singh was named Prime Minister. The largely
figurehead position of President of the
Republic is chosen by an electoral college
made up of representatives from the two
houses of Parliament and by members of the
legislatures of the States and Territories
(Vidhyan Sabha). The current president of
India, elected in 2002 for a term of five years,
is Abdul Kalam.

Figure 1: India

Official Name Republic of India
Capital of the Union of India New Delhi
Population (2005) 1.095 billion inhabitants
Area 3.3 million km’
6DP (2005) 624 billion euros
Currency Roupie

1 euro was worth 54 roupies in December 2005
Public debt (2004) 5.4 % of GDP
Inflation rate (2004) 4.5%
Unemployment rate (2003) 9.5%
Exports (2004) 64 billion euros
Imports (2004) 80 billion euros

Table 1: India

Source: European Union, Eurostat, Economist Infelligence Unit
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An ambitious national R&D policy programme

Il. AN AMBITIOUS NATIONAL R&D PolLicy
PROGRAMME

In the course of the first four decades following its independence in 1947, India pursued a policy of
rigorous protectionism combined with the special technological trade relations it enjoyed with the
former Soviet Union. By 1991 the regional superpower had begun to modify this proud stance of
semi-autonomy in favor of participation in world economic exchange. Since this time, India has grown
from being not only a political force to be reckoned with but an emerging economic one as well. With
a population that has recently surpassed one billion, India has strong global ambitions in science,
technology and innovation, ambition which can be felt at the state and local level (I11.2) as well as at
the federal level. (I1.1)

Il.1. SCIENCE AND TECHNOLOGY AS VECTORS OF NATIONAL STRENGTH

Indian leaders readily refer to the important role Indian civilisation played historically in science —
especially mathematics ("home of the zero") and astronomy — as justification for the ambitious goals
they have set for national research policy. These goals are clearly laid out in the declaration of
scientific and technological policy presented in 2003 as an update to the founding texts of 1958 and
1983, by then Prime Minister Atal Bihari Vajpayee, in which the quality of Indian scientific
infrastructure is underlined. Well-established networks of research laboratories and universities as well
as a ready supply of qualified personnel are cited by the declaration as the reasons for India's success
since 1947 in increasing agricultural production while eradicating or getting control over dangerous
pathologies threatening the country.

This progress can be seen in lengthened life expectancy, among other signs. Beyond the evident self-
satisfaction of the document, the head of the world's largest democracy makes clear the strategic stakes
of scientific and technological advancement for a country concerned with its influence: "Knowledge
has become a source of economic power and might. This has led to growing restrictions in the
circulation of knowledge and to new norms in intellectual property".

From this starting point, Indian leaders have elaborated a policy framework which reflects the
preoccupations shared by industrialized nations in matters of science, technology and innovation
(STI). Research is assigned sweeping objectives in the areas of food, health, energy, environment,
national security, and others. Specifically, Indian university researchers are encouraged to increase
their level of excellence to reach the highest international standards. At the same time they are urged
to forge international cooperative ties which will favor India's development. In a more applied vein,
government policy is aimed at promoting innovation by stimulating scientific exchange among public
and private institutions. As a mean to accomplish these goals, public officials hope to establish a
system of intellectual property which will provide better incentives to knowledge production and
protection.

COUNTRY STUDY - INDIA 11




An ambitious national R&D policy programme

Such policy goals as these require particularly high levels of public investment since nearly three
quarters of India's national R&D effort is funded publicly. The declaration of 2003 cites a plan to
increase the national R&D commitment so that by 2007 (the end of the current ten year plan) it will
have surpassed 2% of GDP. This figure represents a tripling of current R&D expenditure levels (see
table 2). An increase of this magnitude in DERD' would require an increase in both public and private
expenditure on research while it supposes the development of scientific infrastructure as well as an
increase in the number of researchers. Despite several specific measures taken in 2005 (a one-billion-
roupie grant to the Indian Institute of Science, and the establishment of a two-billion roupie fund
especially to underwrite nanotechnology research), R&D expenditure as a percentage of GDP has
fallen off slightly over recent years, as reflected in the latest official Indian statistics’.

Table 2 : DERD/GDP Trend

Year DERD (in MRs) GDP (in MRs) DERD,/GDP (%)
1987-88 28530.7 3133740 0.91
1988-89 33472.6 3739950 0.90
1989-90 372574 4322890 0.86
199091 397417 5034090 0.79
1991-92 45128.1 5790090 0.78
1992-93 50046.0 6615760 0.76
199394 60730.2 7692650 0.79
199495 66224.4 9039750 0.73
1995-9%6 74838.8 10597870 0.71
1996-97 89136.1 12304640 0.72
199798 106113.4 13769430 0.77
199899 12473.17 1583159 0.79
1999-2000 14397.62 1746407 0.82
2000-01 16198.80 1884890 0.86
2001-02 17038.15 2065908 0.82
2002-03 18000.16 2241722 0.80
2003-04 (estimé) 19126.19 2505707 0.76
2004-05 (estimé) 21639.58 2830460 0.76

Source : (i) DST and Economic Survey, 2001- 02. In December 2005, a euro was worth approximately 54 roupies.
MRs: one million of current roupies

India has also clearly proclaimed its ambition for technological research, as in the study "Vision
2020", an exercise in technological foresight conducted by the Ministry of Science and Technology at
the end of the 1990s. The study resulted in the elaboration of development strategies aimed at
reinforcing the competitivity of the national economy in 17 advanced technological sectors such as
aeronautics, avionics, sensors, robotics, artificial intelligence, and the like.?

! DERD: Domestic Expenditure for Research and Development, a measure of all R&D expenditure on Indian soil,
regardless of source of the funds
2 DST (2005), Research and Development Statistics 2004-05, Ministry of Science and Technology

3 http://www.tifac.org.in/do/vis/vis.htm
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An ambitious national R&D policy programme

Alongside these policy goals, which are fairly conventional by Western public policy standards, there
is another, less orthodox Indian ambition that should be noted, and which concerns indigenous
ressources and traditional knowledge. The Indian Minister of Science and Technology in the Vajpayee
govenment was a particularly vocal defender of an emphasis on traditional forms of knowledge. A
preoccupation with cultural identity was a signature issue for the ruling party at the time, the BJP, but
it has translated into few concrete initiatives, apart from a program to identify the active molecules in
certain traditional ayurvedic medicines.”

India's federal R&D policy is chiefly in the hands of the Ministry of Science and Technology under
the aegis of the Prime Minister (in particular for matters related to atomic energy and space). The
initiatives of the Research Ministry are implemented by ministries, departments, and councils (see
flow chart p16).

Public entities under the control of the Ministry of Science and Technology, which are examined
individually below, are the following: the Department of Science and Technology (DST), the
Department of Scientific and Industrial Research (DSIR), the Council of Scientific and Industrial
Research (CSIR), the Department of Biotechnology (DBT), the Department of Ocean Development
(DOD). Those which are jointly controlled by the Research Ministry and the Prime Minister are the
Department of Space (DOS) and the Department of Atomic Energy (DAE). Research agencies under
the control of other ministries include the Indian Council of Medical Research (ICMR); the Defence
Research & Development Organization (DRDO); the Department of Information Technology (DIT),
the Indian Council of Agricultural Research (ICAR), and the Department of Environment (DOEn). As
for the research centers attached to universities, they are under the Ministry of Human Resource
Development at the federal level as well as — but to a lesser degree — at the state level.

The various departments, agencies and councils shown in Table 3 are at the head of a network of
nearly 300 laboratories identified as national laboratories. The latter received 56% of all domestic
expenditure for R&D India in 1998-1999° and are clearly the mainstays of the Indian national R&D
system. The budgetisation shown in this table reveals the importance of certain strategic areas (arms,
space, nuclear research) which account for nearly two thirds of all research carried out by India's
principal scientific and technological agencies.

11.1.1. THE DEPARTMENT OF SCIENCE AND TECHNOLOGY

The Department of Science and Technology (DST) is charged with defining national R&D policy and
identifying new cutting-edge sectors. It is also responsible for the promotion and coordination of
national and international activities as well as cooperative science at the regional level. For this, the
DST works together with twenty or so ministerial departments and with the Science and Technology
Councils of the States in the context of the Indian Union. Furthermore the DST directly controls a
dozen fundamental research laboratories and three national-level agencies for meteorology (Indian
Meteorological Department of New Delhi) and cartography (Survey of India in Dehradun and the
National Atlas and Thematic Organisation in Kolkata). The DST also manages the money allocated to
the four principal Indian Academies of Science: the Indian National Science Academy of New Delhi,
the Indian Academy of Sciences de Bangalore, the National Academy of Sciences in Allahabad and

Padma T. V. (2005), Ayurveda, Nature, Vol 436, 28 July 2005, p. 486
s DST (2002), Research and Development Statistics 2000-01, Ministry of Science and Technology, 109 p.
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the Indian Science Congress Association in Kolkata. Finally, the DST controls the Science and
Engineering Research Council (SERC), an important policy instrument for funding programs carried
out by public laboratories.

Table 3: R&D carried out by principal Indian scientific agencies (1998-99) as a share of total R&D by
these agencies

Percentage of total R&D by all

Scientific Agency agencies listed
Defence Research & Development Organization (DRDO) 31.8
Department of Space (DOS) 21.0
Indian Coundil of Agricultural Research (ICAR) 17
Department of Atomic Energy (DAE). 11.6
Council of Scientific and Industrial Research (CSIR) 9.9
Ministry of Environment (MOEn) 5.2
Depariment of Science and Technology (DST) 4.1
Department of Biotechnology (DBT) 1.3
Department of Ocean Development (DOD) 1.2
Indian Council of Medical Research (ICMR) 1.2
Depariment of Information Technology (DIT)* 0.9
Ministry of Non-Conventional Energy Sources (MNES) 0.1
Total 100.0

N.B.: * The Department of Information Technology (DIT) has hecome the Ministry of Information Technology (MIT).
Source: DST (2002), Research and Development Stafistics 2000-01

11.1.2. THE DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH

The Department of Scientific and Industrial Research (DSIR)® is most notably in charge of the CSIR
(see below) which controls a huge ensemble of national laboratories, and the National Information
System for Science and Technology (NISSAT), which organizes a network of Centers for the
dissemination of scientific and technological information. The DSIR is also in charge of designating
the Centers of Scientific and Industrial Research that are to receive an official status, a status which
includes a set of incentive measures, particularly fiscal ones, aimed at spurring international
collaborative research and acquisition of scientific equipment. Among the some 1200 Centers
(employing approximately 50,000 persons) granted this status several clear geographical
concentrations emerge — one quarter are located in Mumbai’ — as well as patterns of field distribution
that emphasize chemistry and alloys on one hand and electricity and electronics on the other, each of
these areas accounting for about one quarter of all officially recognized centers. The DSIR also plays a
central role in the technology transfer the public research system and the industrial sector via the
Scheme to Enhance the Efficacy of Transfer of Technology (SEETOT) and a state corporation called
the National Research Development Corporation (NRDC), of which the DSIR holds a controlling
share. The DSIR also works on developing the technological independence of the country, particularly
through the Programme Aimed at Technological Self Reliance (PATSER).

6 http:/dsir.nic.in/

Mumbai is the new name for Bombay.
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11.1.3. THE COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH

The Council of Scientific and Industrial Research (CSIR), under the aegis of the Prime Minister, is an
essential piece in India's technology policy apparatus. Raghunath Anant Mashelka, its director since
1995, is a major figure in the national R&D system. The CSIR brings together under one head forty
national research laboratories mainly in fundamental research, which are among the leading
laboratories of the nation. The CSIR is also equipped with 80 regional offices and employs more than
21,000 persons, while funding numerous research programmes carried out by external laboratories and
taking place in a range of fields: aeronautics, food and agriculture, molecular and cellular biology,
botany, chemistry, leather, the environment, metallurgy, mines, oceanography, physics,
pharmaceutics, and others.

11.1.4. THE DEPARTMENT OF BIOTECHNOLOGY

The Department of Biotechnology (DBT)® was created in the mid-1980s in order to spur the
development of public and private activity in this sector and to encourage collaborations between these
two spheres in biotechnology and in particular in genetic engineering, immunology, tissue culture, and
enzymatic engineering, etc. The DBT controls a network of laboratories of which three are considered
as specialised in fundamental research: the National Institute of Immunology (NII) in New Delhi, the
National Institute for Cell Sciences in Pune and the National Brain Research Center (NBRC) in
Gurgaon. In addition, the DBT includes a laboratory specialised in genetic identification, the Center
for DNA Fingerprinting and Diagnostics in Hyderabad (CDFD); and a network of bioinformatic
centers throughout the country (10 primary centers and 53 secondary ones). The DBT runs two
vaccine-producing firms: Bharat Immunologicals & Biologicals Corporation Limited (Bibcol) based in
Bulandshaha and pecialising in producing an oral vaccine against polio; and the Indian Vaccines
Corporation Limited (Ivcol) based in Gurgaon and associated with the Merieux Institute. These state
industrial firms, however, are generally considered to be a failure’. The DBT has also contributed to
the launching of fifty or so biology laboratories within universities.

11.1.5. THE DEPARTMENT OF OCEAN DEVELOPMENT

The Department of Ocean Development (DOD)' is in charge of public action in the areas of ocean
ressource use, marine environmental protection, and polar research. The DOD is also responsible for
developing new strategic areas of research such as seabed mineral extraction. The Department had
three laboratories of its own: the Indian National Center for Ocean Information Services at Hyderabad,
the National Institute of Ocean Technology at Chennai'' and the National Center for Antartic and
Ocean Research at Goa.

8 http://dbtindia.nic.in/

? BHARGAVA M. p., CHAKRABARTI C. (2002), The Saga of Indian Science since Independence, Universities Press,
Hyderabad, 248 p.

10 http://dod.nic.in/

1 Chennai is the new name for Madras.
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